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Edltorlal------------------------------------------------------------­
Hard Disks for the Masses? 

The point of this argument is not to debunk the new 
software. On the contrary: the revolution in software can 
extend the power of computing to millions of people as 
well as making life more enjoyable for current microcom­
puter users. If the software revolution is to make 
microcomputing a true mass phenomenon, however, 
there must first be a reduction in the price of high-speed 
mass-storage hardware. Lower prices for Winchester 
hard disks would be an ideal solution. Making hard disks 
standard equipment on 16-bit computers would help 
bring down the cost of the disk drive somewhat. And 
because hard disks operate up to 20 times faster than 
floppy disks, the delays required to read in software 
would cease to be a problem. In the office, hard disks will 
no doubt be the standard answer to the new software's 
need for high-speed mass storage. 

But hard disks are likely to remain too expensive to 
become standard equipment outside the office. Prices 
have plunged in the last three years, but hard-disk 
systems still cost at least $1500. More often the prices are 
closer to $2500. (See 'The Winchester Odyssey," page 
122, about why hard disks that cost $600 in quantity at 
the factory cost much more by the time they're integrated 
into hard-disk systems.) The mechanics required to rotate 
the disk at very high speed while the magnetic head floats 
microns above the disk are not simple and the manufac­
turing process cannot get much less expensive. 

The only remaining area for significant cost savings in 
hard disks is the controller. Several companies are reduc­
ing Winchester controllers to single chips or small chip 
sets. Western Digital Corporation has a series of Win­
chester controller boards based on its own LSI (large­
scale-integration) chips. The Western Digital WD1001 
board cost $245 last year. The WD1002 cost $195 at the 
end of 1982. The company plans to introduce the 
WD1003 at $175 this summer, and the WD1004 at $150 in 
the fall. In other words, Western Digital's advances can 
squeeze about $100 out of the cost of hard-disk systems 
by the end of the year. 

National Semiconductor will introduce a four-chip 
Winchester-disk controller this summer. The. DP8464 
disk pulse detector, the DP8460 MFM data separator, the 
DP8462 MFM data encoder, and the DP8466 disk data 
controller together make up a sophisticated, high­
performance controller capable of handling multiuser 
and multitasking operations. Single-user systems will not 
require the entire chip set; in fact," the National Semicon­
ductor chips needed for a hard-disk controller in a typical 
personal computer will cost less than $100. 

Adaptec, a start-up firm (1625 McCarthy Blvd., 
Milpitas, CA 95035), also is offering its own Winchester 
controller chip set and boards based on the chips. 
Adaptec's products are based on five chips in the 
ACS-500 series. The complete chip set required for high­
performance, multiuser and multitasking systems costs 
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$190 in quantity. The Adaptec product of most interest to 
personal computer users is the single-chip controller 
called the Winchester Controller Chip. This chip costs 
only $75 in large quantities. NEC, too, has announced a 
single-chip Winchester controller at less than $100. 

As with the Western Digital boards, these other LSI 
controllers will reduce Winchester prices for single-user 
systems by about $100. That is a significant saving, but 
even a saving of $200 would probably not induce manu­
facturers of personal computers to make Winchester 
disks standard equipment. Replacing one floppy disk 
with a Winchester disk would add at least $1000 to a 
computer's list price, and probably more. Manufacturers 
seem reluctant to raise list prices that much. And yet, 
keeping the hard disk optional prevents the kind of 
volume savings that would come with making the hard 
disk standard equipment. Thus, hard disks remain more 
expensive than they really have to be and add $1500 to 
$2500 to system costs. 

If hard disks will remain too expensive to host the soft­
ware revolution in personal computers, where will we 
put the friendly new operating systems and applications 
programs? 

Solving a Read-Only Problem 
Businesses and individuals who need to write and read 

large amounts of data at high speed will have no choice 
but to use hard disks. But we don't need to write and 
rewrite the new operating systems and applications pro­
grams; we only need to read them into RAM time and 
again every day and to update them on disk every few 
months. Most people's requirements for writing data are 
not so great as to require hard disks. Few of us generate 
enough data each day to overflow an ordinary floppy, 
much less the new high-capacity floppies (see "New 
Developments in Floppy Disks," page 68). 

Is an inexpensive form of ROM (read-only memory) on 
the horizon? NEC's new 1-megabit semiconductor ROMs 
are remarkable bargains at something more than $40 per 
megabit, but the real requirements of the new operating 
systems and a set of applications programs may approach 
a megabyte. That would require more than $320 worth of 
ROMs. Moreover, software updates and bug-fixes would 
pose major problems. Software houses, computer manu­
facturers, and computer dealers could not be expected to 
swallow the cost of replacing the ROMs. Erasable and re­
programmable ROMs and the equipment needed to pro­
gram them would be prohibitively expensive. 

The Laser Card from Drexler 
Fortunately, a new form of read-only mass storage, the 

Drexon Laser Card (from Drexler Technology Corp., 
2557 Charleston Rd., Mountain View, CA 94043) is just 
coming to market (see photo 1). The size of a credit card, 
the Laser Card has a storage capacity of 2 megabytes. 
With 1 megabit or 125K bytes prerecorded, Laser Cards 
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DISCOVER TllE DYSAN DIFFERENCE 

pysan · . 
Software Duplication: 

It's your name on the package label. 
And your company's reputation on 
the line. Whether your program retails 
for $40.00 or $400.00, or is for com­
pany internal distribution, the cost of 
duplicating it on diskettes is just a frac­
tion of the value of your product. 
Doesn't it make sense to protect the 
time, money and talent invested in 
your software with the finest and most 
complete software duplication ser­
vices available? 

Quality Software Deserves 
the Quality Media. 

Dysan's software duplication ser­
vices are unsurpassed for fidelity of re­
production. Not only is your program 
copied unerringly onto the finest me­
dia made-the Dysan diskette-but 
it's also copied on proprietary equip­
ment manufactured by Dysan, exclu­
sively for Dysan. Plus Dysan offers you 
the widest variety of support services 
available-from software protection li 
serialization and packaging. 

Isn 't it time you discovered the 
Dysan difference? For more informa­
tion on Dysan software duplication, fill 
out and return this coupon today, or 
call (800) 551-9000. 

Circle 159 on Inquiry card. 

r--------------------
Dysan Software Duplication Division 
5201 Patrick Henry Drive 
Santa Clara, CA 95050 
(800) 551-9000 
(408) 988-3472 

Please send me more details on 
Dysan's Software Duplication Services. 

Name: - --- --- - -----------­

Company: ---- -------------­

Address:------------------­
City: _______ State: ____ Zip: ____ 

Phone: .._(___-'----------------­



Edltorlal-------------------------------­

Photo 1: The Drexon Laser Card. This card can store 2 million 
bytes of data. The small object resting on the card's recording 
stripe is the semiconductor diode laser required to write data on 
the stripe. Either a diode laser or a photodetector array can read 
the data. 

will cost about $1.50 each; with the full 2 megabytes en­
coded, the cost will remain less than $6. At that price, the 
Laser Card will be less expensive to distribute than 
today's floppy disks. It will not present a barrier to fre­
quent software updates. Indeed, software houses will be 
able to distribute updates in the same mass mailings that 
banks use to distribute new credit cards. 

The name Laser Card is somewhat frightening because 
lasers are expensive. But lasers are required only to write 
data on these cards; an array of inexpensive photode­
tectors can read the data. In fact, the equipment required 
to read data from a Laser Card at a rate of 125K bytes per 
second will cost less than $100. The read rate has no in­
trinsic limit. To increase the rate to that of hard disks, 
manufacturers can just add more of the inexpensive 
photodetectors to the array. The cost of laser writing 
equipment, estimated at about $500, will not deter com­
puter manufacturers or software houses. For very high­
volume high-speed writing operations, such as printing 
100,000 Laser Card copies of a piece of software, photo­
lithographic processes will be more economical than 
lasers. 

New peripheral technology usually requires expensive 
redesign of existing equipment, but the Laser Card seems 
to escape that problem. The reading equipment is com­
pact and will not require significant changes in the hous­
ings of today's personal computers. The most conspicu­
ous sign of the Laser Card's presence, in fact, will be a 
slot in the side or the front of the computer. The size of 
the slot is like that found on automatic teller machines. 

The Laser Card has another feature that will appeal to 
software houses and program authors: every vendor can 
encode optical data at a different level of reflectivity. For 
this and other reasons, software piracy will be more dif­
ficult with Laser Cards than it is with magnetic storage. 

One of the features that will appeal most to manufac­
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turers and computer users is that Laser Cards do not wear 
out as floppy disks do; in fact, Laser Cards show no signs 
of wear at all. Futhermore, Drexon coatings-the record­
ing material used on the Laser Cards-are resistant to 
damage from bending and are invulnerable to magnetic 
hazards. (For more information about the Laser Card and 
the nature of its recording medium, see "Optical Memory 
Media," page 86.) The reading equipment itself is ex­
pected to require much less maintenance than a floppy­
disk drive does. 

To encourage use of the Laser Card, Drexler is licens­
ing the technology needed to read and write the cards. 
For a one-time fee, companies can purchase information 
on read/write equipment design, gain the use of patents 
for read/write equipment without paying royalties, and 
acquire the right to distribute Laser Cards to end users. 
Toshiba is the first announced licensee. Others may be 
announced by the cover date of this issue. Drexler intends 
to be the principal supplier of the cards but will license a 
second manufacturer. Drexler is now capable of making 
100,000 cards per day. 

The Laser Card has many possible applications besides 
the one that now looks most important: serving as the 
read-only medium for large operating systems and appli­
cations programs that comprise the software revolution. 
Dictionaries and other large reference books could be en­
coded compactly, especially when the Laser Card's ca­
pacity goes up to 10 megabytes, as Drexler expects. The 
compactness and reliability of the card and the reading 
equipment also seem to suit the Laser Card ideally for use 
in portable computers. When computer users leave their 
home or office, they will not have to leave behind the 
software to which they're sure to become addicted. With 
all the software in a Laser Card, the need for read/ 
write/rewrite data storage in the portable computer may 
be reduced to a single microfloppy disk or bubble-mem­
ory cartridge. While Laser Cards will find many uses in 
the office, they are likely to coexist there with hard disks 
and floppy disks. The read/write capabilities of magnetic 
storage will remain indispensable for most business ap­
plications. 

The coming availability of inexpensive 10-megabyte 
read-only mass storage, in the form of the Laser Card, 
will no doubt broaden the application of the microcom­
puter in ways unforeseen. One of the delights of watching 
the microcomputer industry is that each round of pro­
gress feeds on the next in a combination of synergism and 
serendipity. Just as 16-bit microprocessors and 64K-bit (8 
of these chips make up 64K bytes) RAMs made possible 
today's software revolution, and the software revolution · 
demands new mass-storage technology and finds the 
Laser Card ready, so this new mass-storage technology 
will feed the software revolution. What software will this 
new technology make possible? What new hardware will 
that new software demand? Something is bound to turn 
up.• 

Circle 224 on Inquiry card . .._. 
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CALIFORNIA COMPUTER SYSTEMS 
ASYNCHRONOUS INTERFACE . . $129.00 
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PROOF READER.... ... .. . . ....•. . 50.00 

EAGLE 
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FORCE II 
MATH* .... .. . . . . ....... . . ... . . $99.00 
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dUTIL . . .. ..... ... ... . ... .. .. . .. $68.00 
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DATASTAR.. . .. . .... . ... . .. . . . . 199.00 
MAILMERGE . . .. .. .. .... .. .. ... 139.00 
SPELLSTAR .... . ... . ........... 174.00 
SUPERSORT I....... . ...... . . . . . 174.00 
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TASC APPLESOFT COMPILER .. .. 149.00 

NORTH AMERICAN BUSINESS SYSTEMS 
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we want vou to know... 
MICROHOUSE, because we don’t just answer phones, we 
answer questions. 
we want you to know... 
MICROHOUSE continues to feature great prices and quality 
softwares and hardware. 
we want you to know... 
MICROHOUSE introduces new products: 
THE ANSWER NORTH AMERICAN BUSINESS SYSTEMS, INC. �
Now you can truly have Information at the touch of a button from the world’s first self• �
teaching database system. THE ANSWER uses "electronic cards" or computerized ver›�
sions of Index cards. These cards hold all your pertinent Information In the sequence �
you want It. With THE ANSWER’S report generation feature, you can also do malllngs, �
business reports, math, and high level searching. �
LIST PRICE: $295.00 MICROHOUSE PRICE $249.00 �
FAST CRAPHS INNOVATIVE SOFTWARE 
FAST GRAPHS Is a complete graphics and plotting program designed for the IBM•PC 
with a color or high resolutlon black and white monitor. completely menu driven, FAST 
GRAPHS automatlcally scales axes, tltles, and creates graph legends; using manual 
data Input or direct data Input from Vlslcalc, or most other spread sheet and database 
programs. speclal draw mode with painting and erasing feature allows you to creatively 
edit your graphs and charts. 
List Price: $295.00 MICROHOUSE PRICE: $189.00 

CALSTAR CALIFORNIA COMPUTER SYSTEMS, INC. 
CALSTAR Is a brand new, expandable, slngle board computer system which Is Ideally
suited to business appllcatlons. It combines high priced benefits at a cost any business 
can afford. Calstar offers 2•8" double sided-double density disc drives <2 meg capacltYll. 
Software Included In every CALSTAR: CPI M, PERFECT WRITER, PERFECT SPELLER, PERFECT 
CALC, and PERFECT FILER. CALL MICROHOUSE FOR DETAILS! 
List Price: $2995.00 MICROHOUSE PRICE: $2695.00 
PRINTMASTER F-10 C. ITOH 
The PRINTMASTER Is built on an aluminum base and uses high quality metal parts for 
rellablllty and dependablllty. It streams along at 55 LOcps !letter quallty characters per
second> with all the qualltles Of a STARWRITER. MICROHOUSE IS an authorized C. ITCH re›
pair center. 

MICROHOUSE PRICE: $1749.00 

we want you to know... �
MICROHOUSE has a 24 hour computerized order system�
called MICROLINE which enables you to access specific pro›�
duct information and place an order if you wish. MICROLINE �
can be reached at 1-215-868-1203. �

P.O. BOX 499/1444 LINDEN ST., DEPT. 201 .. BETHLEHEM, PA 18016 
IBM IS A REGISTERED TRADEMARK OF INTERNATIONAL BUSINESS MACHINES. CP/M IS A REGISTERED TRADEMARK OF DIGITAL RE• 
SEARCH, INC., APPLE IS A REGISTERED TRADEMARK OF APPLE COMPUTERS, INC., PERFECT WRITER, PERFECT SPELLER, PERFECT CALC 
ARE TRADEMARKS OF PERFECT SOFTWARE, INC. THE ANSWER IS A TRADEMARK OF NORTH AMERICAN BUSINESS SYSTEMS. FAST 
GRAPH IS A TRADEMARK OF INNOVATIVE SOFTWARE MARKETING, INC. CROSSTALK IS A TRADEMARK OF MICROSTUFF. INFOSTAR IS A 
TRADEMARK OF MICROPRO. PRICES, SPECIFICATIONS AND AVAILIBILITY SUBJECT TO CHANGE WITHOUT NOTICE. NOT ALL PROGRAMS 
AVAILABLE IN ALL FORMATS. PLEASE CALL FOR ADDITIONAL PRODUCT INFORMATION. DEALER INQUIRIES WELCOME. 

WE WANT YOU TO KNOW... 

MICROHOUSE �
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1 Letters 

Mlsleadlng Advertising 

I read with great interest an advertise›
ment for the AMI II++ Computer, 
manufactured by Apollo Computer Com›
pany of Taiwan and distributed by Orien›
tal Investments Limited of Switzerland 
(November 1982 BYTE, page 332). The 
computer is advertised as being "Apple II 
Plus Compatible" and appears nearly 
identical in its physical characteristics to 
the Apple II. The terms of sale for the 
computer, which is offered at an enor›
mous price reduction over the usual dis›
counted cost of an Apple II, require pre›
payment by money order or by certified 
check. 

Because of recent articles concerning 
the potential infringement of copyrights 
owned by Apple, I contacted the U.S. 
Customs Service in Washington [(202) 
566-5765] to inquire on the legality of im›
porting the AMI II+ +. I was told that all 
Apple II "look-alikes," specifically includ›
ing those manufactured by Apollo Com›
pany, will be seized by Customs upon im›
port. 

In my opinion your magazine has done 
a great disservice to your readers in carry›
ing the ad for the AMI II++ Computer. I 
hope that not many of your readers have 
responded to this alluring ad and sent 
in their prepayments only to have their 
purchased equipment impounded at the 
border. 

Richard L. Merriam 
7 Thoreau Rd. 
Lexington, MA 02173 

As is true of most publications, BYTE 
periodically receives complaints from one 
advertiser (or individual) about the activi­
ties of another advertiser. As is also true 
of all magazines, it is quite impossible for 
us to act as judge and jury and arbitrate 
commercial disputes between advertisers. 
In addition to other problems, the cost of 
the technical and legal expertise that we 
would have to hire would put our maga­
zine out of the price range of most of our 
readers and advertisers alike. 

Is there nothing, then, that a magazine 
like BYTE can or should do? Of course 
there is. Every advertisement from a new 
advertiser is reviewed both by an editor 
and a publisher in an attempt to spot 
problems and potential reader rip-offs 
before they occur. While this is not fool­
proof, we are pleased that we have headed 
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off several problems before they found 
their way into print. 

The other step we can take is to adhere 
rigorously to the rulings of government 
tribunals or agencies, who, after all, are 
the appropriate ones to respond to dis­
putes between advertisers. Unfortunately, 

1 

unless the prevailing advertiser or the 
tribunal itself thinks to inform us of a rul­
ing, there is no automatic way we receive 
this information. Thus, it was somewhat 
fortuitous that we received a copy of a 
Customs Department Newsletter men­
tioning the importation ban against some 
Apple II "look-alikes ." As soon as we 
received that notice, the ad in question 
was removed f ram all issues not yet 
printed . ... Gordon R. Williamson 

Language Flexlblllty 

Jerry Poumelle’s exposure of the high 
priests of computer software is long over›
due (see ’1Jser’s Column," October 1982 
BYTE, page 254). 

Since the microcomputer revolution 
began, these high priests have stood by 
their "cure-all" languages and have had a 
put-down attitude toward us poor slobs 
using "nonstructured" code (anything 
with a GOTO statement). Fact is, it’s 
easier to defend a familiar language than 
to tread on unfamiliar territory by trying 
to learn another. 

Let’s get with it, gang! Every language 
on the market has its share of strengths 
and weaknesses. Just as a wood craftsman 
requires a variety of special tools to do the 
job right, the professional programmer 
needs to • understand which software 
"tools" are available to get the job done. 
There is no "best" programming language, 
but given any particular problem, there 
are several languages that will do the job 
quite well. 

The software engineer needs to be able 
to select which language is suitable for the 
task at hand. That might involve breaking 
down a project into modules written in 
BASIC, FORTRAN, COBOL, and assem›
bly language to capitalize on the strong 
points of each language. I admire Digital 
Research, Microsoft, and others for tak›
ing steps in this direction to allow the pro›
grammer to "link" modules written in dif›
ferent languages into a single program. 

The hardware side of the computer rev›
olution is leaps and bounds ahead of, and 
being held back by, the software develop›

ment side. It’s high time that we move 
software development from the mystical 

I 
black art of the ’60s into the rapidly 
changing environment of the ’80s. The 
high priest stuck holding onto ALGOL/ 
Pascal/FORTRAN/whatever as the cure›
all language will be much like the elec›
trical engineer of the ’50s left holding a 
vacuum tube. 

Robert S. Walden, President �
XL Computer Products �
POB 805 �
Mesa, AZ 85202 �

Almost a Tlnkerer's Dream 

I just had to write and compliment you 
on the November 1982 BYTE. I am an 
electrical engineer and a hardware hacker 
from way back, and I was about ready to 
let my subscription to BYTE lapse. While 
hardware hackers are a dying breed, I had 
begun to think that we were entirely for›
gotten. I realize that there aren’t many 
left, but there are probably more of us 
than there are disabled microcomputer 
users (see the September 1982 BYTE on 
"Computers and the Disabled") or artist 
microcomputer users (July 1982 BYTE, 
"Computers in the Arts and Sciences") or 
even microcomputer users that program 
in Logo (August 1982 BYTE, "Logo"). 
While these are probably worthy causes 
to devote an issue of BYTE to, it seemed 
that the tinkerers were entirely left out. 
And then came the November 1982 issue. 
While not quite a tinkerer’s dream, it is in 
the general direction of one. Steve 
Ciarcia’s "Build the Circuit Cellar MPX-16 
Computer System, Part 2" (page 78), Phil 
Lemmons’s informative article "Victor 
Victorious: The Victor 9000 Computer" 
(page 216), a vector-graphics construction 
article (Billy Garrett’s "Microvec: The 
Other Type of Video Display," page 508), 
and even Phil Lemmons’s "An Interview 
with Chuck Peddle" (page 256) were all 
interesting. No long, boring articles about 
why this DBMS (database management 
system) is better than that (for a home 
computer7), no articles on a language that 
needs five full-time programmers and a 
mainframe computer to maintain it, and 
no one telling me to rush right out and 
plunk down $4000 for the latest do-every›
thing-but-change-the-baby gizmo. 

While I am not advising that you 
change the editorial direction of BYTE, I 















Videoterm Utilities Disc includes: 
•Graphics Template System 
•Font Editor 
•Mid-Res Graphics 
•Applesoft Read Screen Utili ty 
•Top & Bottom Scrolling 

----­ •Pascal Vidpatch 

Videoterm 
Character Set 
EPRDMs 

Suggested price ffi37 .DO 

•French • N. European 
•German • Russian 
•Inverse • Spanish 
•Katakene [Japenese) • Super & Subscnpt 
•Math & Greek SymbOls Suggested price 
•Norsk $29.00 each . 

The Soft Video Switch is an automatic ver­
sion of the popular Switchplate. It knows 
whether it should display 40 or 80 columns 
or Apple graphics. It does the tedious work 
of switching video-out signals so you don't 
have to. The Soft Video Switch can be con­
trolled by software. May be used with any 
Videoterm with Firmware 2.0 or greater. 
The single wire shift mod is also supported. 

Package price is $35.00. 

ENHANCER][ 

The Enhancer ][ features a typeahead buf­
fer. Your keyboard has upper and lower 
case, and will auto repeat any key held 
down. A single keystroke can become a 
word or an entire sentence. Controlled by a 
powerful microprocessor. Enhancer ][ 
allows you to re-map your keyboard or add 
specialized features. Changing a chip 
creates a totally different keyboard. 
Enhancer ][ Utilities Disc included. 

Suggested retail price $149.00. 





BOXED IN THE CORNER 
BY YOUR SMALL 

BUSINESS COMPUTER? 

The trouble with many of tocjay's better known 
small business computers is they box you into a single 
user system. So after your big initial investment you 
still have a single user system. You always will. 

Now there's the ZeµS 4 from OSM Computers.The 
ZeµS 4 is the first multi-user, multi-processor miao at 
single user prices. The Zeµs 4 is less than one cubic foot 
and weighs 24.6 pounds. 

Yet it's like four separate, powerful small business 
computers in one. It allows up to four users to share 
a common data base or work independently. Each has 
his own CPU,64K of RAM and 1/0 ports. That means 
greater operator independence, more processor power 
and greater reliability. 

You needn't worry about running out of storage 
capacity either. The Zeµs 4 comes with a built-in hard 
disk, so users share up to 19MB of storage, about twice as 
much as most other multi-user systems. 

You'll enjoy maximum flexibility in software appli­
cations too, because Zeµs 4's MUSE operating system 
runs programs compatible with CP/M. Plus MUSE 
provides extensive file management functions typically 
found only on mini computers. 

Here's another big advantage: The Ze11s 4 is 

designed for low maintenance, low down-time. Its four 
modules snap in and out with a few minutes work 
So if repairs are ever needed, modules are simply 
replaced through OSM's limited warranty program. 

Maybe the best thing is that you can buy the 
powerful and expandable ZeµS 4 for $4,595 ($6,595 fully 
configured for four users). 

The Zeµs 4 from OSM, the latest in a family of 
powerful, multi-user small business computers. It's the 
little box that lets you grow without boxing you in. 

To find out more, 
call (800) 538-5120 
or (415) 961-8680 in 
California or write to 
OSM Computer Cor­
poration, 665 Clyde 
Avenue, Mountain 
View,CA 94043. 

asm 
Computers. Your power to expand. 
CPIM is a registered trademark of Digital Researcl’ Inc. �
Zeµs 4and MUSEare trademarks of OSM Computer Corporation. �
© 1983 OSM Computers. �
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ARE YOU STILL LETIING 
YOUR PRINTER 
TIE UPYOUR COMPUTER? 
While your printer is running, your 
computer is tied up. You can't use 
it for processing, computing, data 
entry. Nothing. All you can do is 
twiddle your thumbs until the 
program is finished. 

Pretty ridiculous. 

MICROBUFFER"ALLOWS YOU �
TO PRINT AND PROCESS �

SIMULTANEOUSLY. �
You just dump your printing data 
directly to Microbuffer, whoosh!, 
and continue processing. 
No waiting. 

Microbuffer accepts data as fast 
as your computer can send it. 
It stores the data in its own 
memory buffer then takes control 
of the printer. 

It's that easy. 

THERE IS AMICROBUFFER �
FOR ANY COMPUTER/PRINTER�

COMBINATION. �
Whatever your system, there is a 
specific Microbuffer designed to 
accommodate it. 

FOR APPLE II COMPUTERS, 
Mircobuffer II features on-board 
firmware for text formatting and 
advanced graphics dump routines. 
Both serial and parllel versions 
have a power-efficient low­
consumption design. Special 
functions include Basic listing 
formatter, self-test, buffer zap, and 

transparent and maintain modes. 
The 16K model is priced at $259 
and the 32K, at $299. 

FOR EPSON PRINTERS, Microbuffer/ E 
comes in two serial versions ­
BK or 16K (upgradable to 32K) ­
and two parallel versions - 16K 
or 32K (upgradable to 64K). The 
serial buffer supports both hard­
ware handshaking and XON-XOFF 
software handshaking at baud 
rates up to 19,200. Both interfaces 
are compatible with standard Epson 
commands, including GRAFTRAX-80 
and GRAFTRAX-80 +. Prices range 
from $159 to $279. 

ALL OTHER COMPUTER/PRINTER 
COMBINATIONS can be untied by 
the stand-alone Microbuffer In-line. 

The serial stand-alone wil I 
support different input and output 
baud rates and different hand­
shake protocol. Both serial and 
parallel versions are available in a 
32K model at $299 or 64K for 
$349. Either can be user-upgraded 
to a total of 256K with 64K add-ons 
- just $179 each. 

SIMPLE TO INSTALL. 
Microbuffer II is slot-independent. 
It slips directly inside the Apple II 
in any slot except zero. 

Microbuffer/E mounts easily 
inside the existing auxiliary slot 
directly inside the Epson printer. 

The stand-alone Microbuffer is 

installed in-line between virtually 
any computer and any printer. 

MICROBUFFER FROM �
PRACTICAL PERIPHERALS. �

So what are you waiting for? Write 
to us for more information or ask 
your dealer for a demonstration. 

When you see how much 
freedom Microbuffer will allow, 
you'll understand why it's so silly 
to be without one. 

PRACTICAL PERIPHERALS, INC.™ 
31245 LA BAYA DRIVE 
WESTLAKE VILLAGE, CA 91362 
(213) 991-8200 



MICROBUFFER FREES COMPUTERS. �
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Ciarcia’s Circuit Cellar �

Build the ECM-103, �
an Originate/ Answer Modem �

The Texas Instruments TMS99532 component 
forms the heart of a Bell-103-compatible modem. 

Back in the August 1980 BYTE, I 
presented an article on how to build 
an originate-only modem for under 
$50 (see reference 2). It must have 
been the right project at the right 
time; I know that several thousand of 
you ordered the kit versiOn. Since 
then, however, technology has ad­
vanced. The degree of. functionality 
that took about a hundred com­
ponents and a fair amount of con­
struction complexity in 1980 can now 
be obtained with less effort and can 
offer even better performance. The 
limited originate-only design from 
21/2 years ago may not be adequate 
for all applications. I believe a new 
design is warranted. 

This month's project is the con­
struction of a reliable and versatile 
300-bps (bit-per-second) data-com­
munication device called the Circuit 
Cellar ECM-103 modem (see photo 
1). It requires no calibration or 
critical adjustments, uses ·only 30 
components, and operates in both 
originate and answer modes. I think 
you'll be intrigued with its simplicity. 

Copyright © 1983 by Steven A. Ciarcia. 
All rights reserved. 
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Steve Ciarcia 
POB 582 

Glastonbury, CT 06033 

Let's begin with a quick review of 
modems and data-communication 
techniques. 

What Is a Modem? 
The word modem is a contraction 

of the two words modulator and de­
modulator. The modem converts dig­
ital signals from the computer into 
analog signals, which can be trans­
mitted via a telephone line. Various 
techniques can be employed in this 
conversion. 

Modems are generally categorized 
by the speed at which they transmit 
data. The data-transmission rates are 
properly expressed in bits per second 
(bps), although you often hear the 
term baud used. Strictly speaking, 
"baud" measures the number of tran­
sitions in state of the communication 
link, rather than the amount of data 
represented by these transitions. A 
single change of state may in some 
cases represent multiple data bits, and 
therefore the data rate may not equal 
the baud rate. The difference can be 
important. 

Modems are commonly divided in­
to four categories, based on their 
speed of transmission. The low-speed 
modems are those operating at speeds 

from 0 to 600 bps. The medium-speed 
modems operate from 1200 to 2400 
bps. From about 3600 bps to around 
16,000 bps are a group of modems 
generally called high-speed, but still 
higher in speed are the wide-band 
modems, which work at speeds from 
19,200 bps on up. 

The higher the data rate, the 
greater the price of the modem. Most 
low-speed (300-bps) modems are 
generally under $200, while most 
1200-bps units are in the $700 to 
$1000 range. Low- and medium-speed 
modems generally use voice-grade 
telephone lines, but the higher-speed 
units require dedicated communica­
tion-grade lines. And as the speed of 
data communication increases, the 
techniques required to ensure error­
free reception become, by necessity, 
more sophisticated. 

How Modems Work 
The process of translating digital 

information into a form that can be 
sent through telephone lines is called 
modulation. Current practices in­
clude several techniques. 

Low-speed modems generally em­
ploy a technique called frequency-shift 
keying (FSK), which uses two distinct 



Photo 1: Prototype of the Circuit Cellar ECM-103 300-bps modem. The TMS99532 is the chip on the left next to the crystal. 
The circuit can be dtrectly attached to the telephone lines through a DAA or acoustically coupled through the coupler shown in 
photo 3. 

tones of different frequency to repre­
sent logic 1 and 0. Data is sent by the 
modem's alternately transmitting the 
two frequencies (i.e., shifting the fre­
quency of its transmitted carrier 
tone). The amount of information 
that can be sent using FSK in a given 
interval of time is limited by the fre­
quency bandwidth of the telephone 
line: a transmitted data bit must con­
sist of at least the number of cycles of 
a 1 or 0 tone required for the receiver 
to recognize it, and the number of 
cycles of the transmitted tone taking 
place in a time interval is the same 
thing as its frequency. The frequen­
cies used cannot exceed the capability 
of the line. 

Higher-speed modems use more 
complex and sophisticated transmis­
sion techniques, all of which to some 
extent modulate not only the frequen­
cies of the tones but their phase, and 
possibly amplitude, as well. These 

phase-shift keying (PSK) methods 
permit more compact data encoding, 
with more information transmitted in 
less time, by making a single change 
in the state of the physical communi­
cation link communicate more than 
one data bit. (In such a technique, the 
data rate differs from the baud rate; 
see reference 1. ) 

The most popular variation of PSK 
is called quadrature amplitude modu­
lation, or QAM. Widely used in 1200­
bps modems, QAM employs both 
amplitude and phase modulation to 
encode 2 bits of data in every state 
transition (see reference 4). 

The chief drawback of any PSK 
technique is the sophistication re­

. quired in the decoding mechanism of 
the receiving modem, which must 
sort out the information-bearing 
phase and amplitude variations in the 
received signal from the meaningless 
phase and amplitude distortions in­

duced in the signal by the communi­
cation link. 

Because this article is about build­
ing a low-speed modem, I'll save the 
discussion of these more sophisticated 
encoding techniques for a more ap­
propriate time in the future. 

How an FSK Modem Works 
In computer communication via 

modems, one of the two modems in­
volved is called the originating 
modem because the communication 
link is established beginning with it. 
The other modem is called the 
answering modem. In the archetypal 
case, the originating modem is 
associated with a video-display ter­
minal, and the answering modem is 
connected to a remote host computer. 

In frequency-shift-keyed communi­
cation, a modem is said to operate in 
either originate or answer mode. Each 
of these modes has its own unique set 
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there will be a Circuit Cellar project 
to build a 1200-bps modem.) But for 
now, a 300-bps modem can neatly 
serve most needs for everyday data 
communication. 

The ECM-103 uses the latest LSI 
technology and is a considerable im›
provement over previous designs. Be›
cause it is crystal-controlled and uses 
no external filtering or frequency-set›
point components, it offers substan›
tially improved performance and 
long-term reliability. The TMS99532 
is a relatively new chip and as such is 
very expensive. Because of this, I 
have limited the complexity of the 
ECM-103 so that even with the other 
components it is still economical to 
build. 

Next Month: 
After you’ve built the modem, 

you’ll need to connect it to your com›
puter or terminal. In April, we’ll look 
at a "break-out box," a diagnostic aid 
for making RS-232C connections 
work.� 

To receive a complete hst of Clarc1a • s 
C1rcu1t Cellar project kits available from the 
Mlcrom1nt. rncle I 00 on the reader service 
1nqu1ry card at the back of the magazine 
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The following items are available from: 

The Micromint Inc. 
561 Willow Ave. 
Cedarhurst, NY 11516 
(BOO) 645-3479 (for orders) 
(516) 374-6793 (for information) 

1. ECM-103 modem kit: Comes com›
plete with all components, printed›
circuit board, RS-232C and power con›
nectors, TMS99532 chip, and assembly 
manual. Requires acoustic coupler and 
power supply, not included. 

Complete kit ... . .. . . .. . . . . ... $60 �
2. Acoustic-coupler kit: Includes 2 
rubber cushions, a 2-inch 8-ohm speak›
er, and a 2-inch ceramic microphone. 

Complete kit . . . . . ..... . . . .. .. $18 �

Editor’s Note: Steve often refers to previous 
Circuit Cellar articles as reference material for 
each month’s current article. Most of the past 
articles are available in reprint books from 
BYTE Books, McGraw-Hill Book Company, 
POB 400, Hightstown, NJ 08520. 

Ciarcia’s Circuit Cellar, Volume I contains 
the articles that appeared in BYTE from 
September 1977 through November 1978. Ciar›
cia’s Circuit Cellar, Volume II contains the ar›
ticles from December 1978 through June 1980. 
Ciarcia’s Circuit Cellar, Volume III contains 
the articles that were published from July 1980 
through December 1981 . 

3. 600-ohm matching transformer for 
connecting to a DAA in direct-connect 
applications . . . . .. . . . .. . ... . . . .. . $9 
4. Universal three-voltage power›
supply kit (size: 2 .1 by 4.5 inches) Pro›
vides +5 Vat 300 mA, +12 Vat 50 
mA, -12 Vat 50 mA. 

Complete kit........ . ... . . .. . $27 �

All printed-circuit boards are solder›
masked and silk-screened and include a 
user’s manual. 

Prices include shipping and handling 
charges in the continental U.S. ; please 
add $10 for orders from anywhere else. 

Residents of New York State please 
include 7 percent sales tax. 



a a a �
MDBS Ill� 

Mainframe-quality DBMS from �
Micro Data Base Systems, Inc. �

International Software Enterprises-USA �
(312) 981-9200 �

a �
INMASS� 

Integrated Manufacturing and 
Accounting Software System 

MICROCOMPUTER CONSULTANTS 
(916) 756-8104 

ACCOUNTING PLUS� 
A comprehensive microcomputer 

business accounting system. 
sonwARE DIMENSIONS, INC. 

(916) 722-8000 

a �
DATA COMMUNICATIONS �

SOFTWARE �
ASYNC, BISYNC & SNA-SDLC protocol �

data communications software. �
IE Systems, Inc. & Micro-Integration, Inc. �

(603) 659-5891 �

QUICK CHECK� 
Instant Answers for Money Matters, 
Bookkeeping/Accounts/Inventory 

CHUCK ATKINSON PROGRAMS 
(817) 249-0166 

a �
PC/FORTH� 

Program development systems for Z-80 �
and 8086/88 microcomputers �
Laboratory Microsystems, Inc. �

(213) 306-7412 �

Circle 148 on inquiry card. 

The logo. tagline and CP/M are either trademarks or 
registered trademarks of Digital Research Inc. 
Cl9S2 Digital Research Inc. 



The Enhanced VIC-20 �
Part 2: Adding a 3K-Byte Memory Board 

Joel Swank �
12550 SW Colony #3 �
Beaverton, OR 97005 �

OUT OF MEMORY is one of the most annoying error 
messages you can get. It usually happens just when 
you’ve almost finished writing that essential program. 
This article, the second in the Enhanced VIC-20 series, 
will show you how to prevent this problem by adding 
more memory to your microcomputer. 

Essentially, the addition of memory fills a "gap" in the 
VIC’s memory. The memory circuit is relatively simple, 
but building the board demands a certain amount of ex›
perience with electronic components. 

As supplied by Commodore, the VIC-20 comes with 
SK bytes of programmable RAM (random-access read/ 
write memory) which is logically divided into two sec›
tions. One kilobyte (four pages) is located at the low end 
of the VIC memory space spanning addresses 0-1023 
($0-$3FF hexadecimal). This block of memory is used by 
the VIC control program (called the KERNAL) and is not 
available to BASIC programs. The 6S02 microprocessor, 
which controls the VIC, requires that page zero (0-2SS or 
$0-$FF) be used for direct-page machine instructions and 
that page one (2S6-Sll or $100-$1FF) be used for the 
hardware stack. The KERNAL program uses pages two 
and three (S12-1023 or $200-$3FF) to store such impor›
tant VIC data as vectors, current color, and the screen 
buffer location. The keyboard input buffer and the tape 
buffer are also located there. Almost all of the first lK 
bytes of memory are dedicated to some use. 

The other 4K bytes of memory on the standard VIC are 
located at 4096-B191 ($1000-$1FFF). This RAM, which is 
used to hold the BASIC program and variables and the 
screen buffer, has a special use. It can be accessed by the 
6S60 video interface chip (hence VIC). The 6S60 is the in›

Editor’s Note 
The VIC-20 is one of the new breed of low-cost computers that offer a 

surprising amount of computing power for the money. But its low cost 
also means that it lacks some of the features we've come to take for 
granted. In this series of articles, author Joel Swank will "enhance" the 
VIC-20 and in so doing increase the utility of ihis very interesting com­
puter . .. S./. W. 

tegrated circuit (IC) in the VIC that creates the color im›
ages that are sent to the screen. Special circuitry allows 
both the microprocessor and the video interface chip to 
access this 4K-byte block of RAM. It is the only RAM in 
the system that can contain the screen buffer and alter›
nate character sets. This block of RAM must occupy a 
4K-byte boundary. That’s why it’s located at 4096 
($1000) instead of 1024 ($400), leaving a 3K-byte gap in 
RAM at 1024-409S ($400-$FFF). Filling this memory gap 
with RAM will expand the VIC’s memory to BK bytes. 
Commodore offers two memory cartridges that fill this 
gap: the 3K-byte Memory Expander and the Super 
Expander. 

The KERNAL program checks for the presence of 
RAM at 1024 ($400) during power-up initialization. If 
RAM is present, it is used by BASIC. BASIC will then 
display the message 66SS BYTES FREE instead of the nor›
mal 3SB3 BYTES FREE. That makes available 3072 more 
bytes for BASIC programs and variables. It also moves 
the start of BASIC to 1024 ($400), which frees the RAM 
in the special video block for use with special characters 
and lets you use full high-resolution graphics. (See the 
VIC users manual for information on high-resolution 
graphics.) The VIC LOAD command automatically 
relocates BASIC programs when they are loaded, so any 
programs you save on a SK-byte VIC will also work on 
an BK-byte VIC. 

Design 
A 3K-byte RAM board must be connected to the VIC 

via the expansion connector slot in the right rear of the 
case. Inside this slot is a standard 44-pin card-edge con›
nector with contacts on 0.1S6-inch centers. This connec›
tor will accept a standard industry card-edge plug. Com›
modore cartridges consist of a printed circuit (PC) board 
to which a plastic case is bolted. The case helps to guide 
the edge of the PC board into the connector. You can also 
insert a board without a case if you carefully align the 
board and the connector. 
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VIC Expansion -bus Pin Assignments 

Pin # Use 

GND 

2 coo 
3 CD1 

4 CD2 

5 CD3 

6 CD4 

7 CD5 

B CD6 

9 CD7 

10 BLK1 

11 BLK2 

12 BLK3 

13 BLK5 

14 RAM1 

15 RAM2 

16 RAM3 

17 VR/W 

1B CR/W 

19 IRQ 

20 NC 

21 +5VDC 

22 GND 

Pin # Use 

A GND 

B CAO 

c CA1 

D CA2 

E CA3 

F CA4 

H CA5 

J CA6 

K CA7 

L CAB 

M CA9 

N CA10 

p CA11 

R CA12 

s CA1 3 

T 
,_ 

l702 
u TT(j3 

v S02 

w NMI 

x RESET 

y NC 

z GND 

Table 1: VIC expansion-bus pin assignments using the 
nomenclature in the VIC users manual. 

VIC Expansion -bus Select Lines 

Signal Space Addresses Intended Use 

BLK1 BK $2000-$3FFF RAM EXPANSION 

BTR2 BK $4000- $5FFF RAM EXPANSION 

BLK3 BK $6000-$7FFF RAM EXPANSION 

BLK5 BK $AOOO-$BFFF ROM CARTRIDGE 

RAM1 1K $400-$7FF RAM EXPANSION 

RAM2 1K $BOO- $BFF RAM EXPANSION 

RAM3 1K $COO-$FFF RAM EXPANSION 

1702 1K $9B00-$9BFF 1/0 EXPANSION 

1/03 1K $9C00-$9FFF 1/0 EXPANSION 

Table 2: VIC expansion-bus external select lines, their ad­
dress ranges and intended use. 

Page 150 of the VIC users manual shows the signals on 
each pin of this connector. Table 1 lists the pin numbers 
and their signals. The 6502 microprocessor uses these 
signals, which are collectively called a bus, to com­
municate with all parts of the system. The memory­
expansion port is not the entire 6502 bus because the two 
high-order address lines are missing. But all standard 
6502 control and data lines are present, along with nine 
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select lines . A select line exists for each unused block of 
the VIC address space. Table 2 shows the select lines and 
their corresponding address ranges. (Note that there is an 
error on page 150 of the users manual. The two select 
lines I/02 and I/03 (pins T and U), like all the other 
select lines, are negative logic signals . They should be 
shown with a line or bar over them.) 

Figure 1 shows the schematic for a 3K-byte RAM board 
that will plug into the VIC expansion bus . Implementing 
a 3K-byte RAM board is very simple because no external 
decoding of the address lines is needed. The VIC provides 
a select line for each lK bytes of RAM in the range 
1024-4095 ($400-$FFF) . 

I chose 2114 static RAM ICs for my board, the same 
parts used for VICs SK bytes of memory. Each 2114 con­
tains 4K bits organized as lK of half bytes or nybbles. 
Each lK bytes of RAM require a pair of 2114s. One 2114 
contains the high-order nybble of each byte, and the 
other contains the low-order nybble . Six 2114s are need­
ed for 3K bytes of RAM. Each pair is selected by one of 
the RAM select lines. 

Construction 
Although the logic of the 3K-byte board is simple, con­

structing it is more complicated. The pin numbers shown 
in both the VIC users manual and table 1 do not use the 
standard industry nomenclature for the 44-pin card-edge 
connector. It's actually a mirror image of the industry 
standard. If you buy a plugboard or a connector whose 
pins are marked, they won't match the VIC pin numbers. 
(I almost wired my board wrong before I realized that .) I 
guess Commodore used this numbering scheme to be con­
sistent with the rest of the connectors on the back of 1the 
VIC. Table 3 lists the VIC pin assignments in standard 
nomenclature. 

The dimensions of the expansion-interface slot also 
present a problem. A PC board plugged into the VIC ex­
pansion connector has only 1/8-inch clearance below and 
5/8-inch clearance above the edges of the slot. This 
clearance is no problem if you're using an etched printed­
circuit board, but most people who build their own 
boards use one of the wire-wrapping methods of con­
struction. Wire wrapping requires space below the board 
for wrap posts and wires. 

To work around the physical constraints, I built my 
board upside-down. That is, I built the board so that it 
would plug into the VIC with the components facing 
down and the wire-wrap pins facing up. To make the 
scheme work, I had to leave the first 21/z inches of the 
board bare, which brings all components and wiring out­
side the VIC case (see photo 1). The 5/8-inch clearance 
above leaves room to install wires to bring the signals out 
to the components. It looks a little strange, but it works 
well. It also means you have to use a third pin-assignment 
nomenclature. Table 4 shows the VIC upside-down bus 
pin assignments. 

Once you have the pin assignment nomenclature 
down, constructing the board is fairly straightforward. I 
have used Vector Electronic Company's Slit-N-Wrap 
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Introducing the Rana 1000disk drive. Its a whole new game forAtari computers. �

This two digit LED readout This beeping button tells you 
displays a code that tells you your write protect feature is 
everything you need to know keeping your information safe. 

When Rana Systems introduced the Elite 
Series of Apple® compatible disk drives, we didn't 
know what a tremendous impact they would make. 
It turned out to be a line so outstanding in perfor­
mance, styling, capacity, and price, that it instan­
taneously made us a major force in the market. 
Well, needless to say, the response was so great 
that we were forced to create the same highly ad­
vanced disk drive for Atari!® A disk drive that when 
coupled with Atari's computer, could perform 
everything from accounting, financial planning, 
and stock charting, to word processing, business 
management, and letting you write your own pro­
grams. Plus, we made it simple enough for a child 
to use, for learning anything from the alphabet to 
a foreign language. 

Working with adiskette 
versus playing with a cassette. 

Let's face it. The only reason Atari made a 
cassette option to their computer was to make it 
affordable. But now you don't have to settle for less. 
Because now you can get a diskette for your Atari 
computer which outperforms their cassette and 
costs V3 less than their disk drive. With Atari's cas­
sette you only get half the functions of a com­
puter compared to what our floppy disk can give 
you. Their cassette is not only limited in the soft­
ware available, but it also takes 20 times longer to 
get the information you need. And Rana's disk 

RanaSystems �

The remaining buttons beep This button beeps when you 
when touched, and provide touch it, and the LED readout 
readouts on density storage, tells you what track you're on. 
error status, and drive number. 

drive offers twice the storage capacity of either 
their cassette or disk drive. 

Why even stylewise our new low profile design 
not only looks 100 times more spectacular, but it 
occupies 3 times less space. And our new Rana 
1000 also gives you a piece of its mind every time 
you use it, because our disk drive gives you informa­
tion as well as takes it. And we think that says a lot. 

The diskdrive �
that has all the answers. �

Rana offers you a myriad of features Atari 
couldn't even conceive of. Like five electronic func­
tions on the front panel that actually beep and give 
you a LED readout when touched . Our disk drive 
tells you what track you're on, and what density 
and how much information you're storing. It lets 
you switch from a single density of 90,000 letters to 
a double density of 180,000 letters, on a single 
diskette. And, we have a write protect feature which 
protects your diskette from being erased. In fact, 
no other disk drive can offer you that. 

As you can see, it was easy to build a disk 
drive superior to Atari's. Because for every reason 
you buy a disk drive, Rana has superior technology 

The Rana 1000 disk drive. It brings your Atari 
computer to a higher level of sophistication for a 
price one third lower than Atari's. So your choice 
shouldn't even be a matter of logic. 

Just common sense. 

A.Jways a step ahead of the originals. 

20620 South Leapwood Avenue, Carson, CA 90746 213·538·2353. For dealer information call 
toll free: 1-800·421-2207. In California only call: 1-800·262-1221. Source Number: TCT·654 

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

®Apple is a registered trademark of Apple Computer, Inc. ®Atari is a registered trademark of Atari. Inc .. a Warner Communications Company. See us at the West Coast Computer Show. 
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A User’s View of COMDEX �
The Industry Begins to Mature 

Jerry Pournelle �
c/o BYTE Publications �

POB 372 
Hancock, NH 03449 

COMDEX is a big show put on 
mostly by manufacturers for dealers, 
and dealers definitely ought to at›
tend. Users are another matter. 
COMDEX isn’t set up for users, and 
paradoxically, there’s too much to 
see. The most recent COMDEX, held 
in December in Las Vegas, had over a 
thousand exhibits and more than 
40,000 attendees. 

For all that, COMDEX is impor›
tant. It’s here that suppliers convince 
dealers they should handle their hard›
ware and software products. Because 
everyone wants to be first with new 
technol9gy, a lot of new develop›
ments are announced and shown at 
COMDEX. Some are the products of 
mature technologies, some are pro›
totypes, and some are half-baked 
schemes that aren’t going anywhere. 
For computer journalists, COMDEX 
is a good place to pick up background 
material. 

My first impression of COMDEX 
was lines. Lines for taxis at the air›
port; a long and inexplicable check-in 
line at the Imperial Palace hotel; a 

About the Author 
Jerry Pournelle is a former aerospace engineer 
and current science-fiction writer who loves to 
play with computers . 

line for a taxi to the Convention 
Center; long lines for badges; and 
long lines for taxis to get back to my 
hotel when the day was nearly over. 
As working press I didn’t have to 
stand in the badge line, but that was 
the only one I missed. 

My second feeling was dismay: 
there’s no way to cover a thousand 
exhibits in three days, nor is it much 
easier to characterize an entire in›
dustry in a few sentences. (The Com­
puter Dealer, a show newspaper pub›
lished daily, ran to 168 pages!) Con›
sequently this report will be highly 
personal. I saw as much as I could. 
I’ve consulted experts when possible. 
Still, there’s much I missed, and if I’ve 
overlooked something significant, I 
can only apologize. 

One more warning: this is a show 
report. It is, therefore, much more 
impressionistic than my User’s Col›
umn. I can describe what I saw, and 
what I thought about it; but I am not 
making recommendations and won’t 
until I can use some of this new stuff. 

I can remember when the micro›
computer industry consisted of little 
more than MITS kits and some home›
brew machines; one had to be a deter›
mined hobbyist, or at least have a 
pioneer spirit, to become involved in 
"this crazy new game" back then. 

Now there are hundreds of computers 
and thousands of programs. As the 
market expands, vendors hope to sell 
to less sophisticated users. Thus have 
grown up the "system packagers," 
who combine hardware, software, 
and "teaching aids ." I saw evidence of 
advances in hardware, software, and 
materials designed to show beginners 
how to use the stuff. 

Hardware 
The most significant hardware I 

saw was the Syquest "removable 
media Winchester." This is a 100-mm 
hard-disk drive that comes in a pack›
age half the height of a thin 5114-inch 
floppy disk and has a removable disk 
cartridge called the Q-Pak. Each car›
tridge holds 5 megabytes formatted. 
The drives have the same pinouts, 
timing, etc. as a standard 5114-inch 
Winchester and work with standard 
Winchester controllers, power sup›
plies, and interfaces. 

The Syquest drives sell for $800 
each; the Q-Paks are $50. A few sys›
tems at the show already made use of 
Syquests; these typically sold a two›
drive system with power supply and 
controller for $2500, about half again 
what you pay for a pair of 8-inch 
double-sided double-density floppies . 
Tecmar is offering a single-drive sys›
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Photo 1: Neighbors at COMDEX 
Honeywell and Apple Conzputer. 

Photo 2: A sight we all thought we'd 
never see. A "foreigner" at the IBM dis­
play booth. IBM now makes equipment 

that can be used by Apple computers. 

Photo 3: COMDEX is a wonderful place 
to meet people (left to right): Compupro 
President Mark Garetz; Tony Pietsch of 
Proteus Engineering (who builds and 
maintains all my computers) ; and 
BYTE's West Coast Editor Phil 
Lemm ons. 
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why we made the Smartmodem 300 so­
w ell. smart. You can even program it. 
In fact. we've provided one for you. 

Announcing Smartcom II.™ The 
communications program designed by 
Hayes spedfically for the Smartmodem. 
If ever there was friendly software. the 
Smartcom II is it! 

The first time out. you'll be creating 
11/P messages. sending them. printing them 

Whether they're gettingthe jump on 1/1/tJ!/J your personal computer. at 300 bits and storing them to disk. Simultaneously. 
the latest stock reports or waginggalac- per second. overordinary phone lines . Likewise. when you 're on the receiv­
tic wars in the middle of the night. more Goodbye isolation. Hello world. ing end. Only you really don't need to 
and more personal computer users are Your modem is the one peripheral that be. With Smartcom II and your Smart-
communicating. With each other. With makes your computer a computer system. modem 3 00. your computer does it all. 
offices. With networks. utilities and mail So it's only natural that you'd want the completelyunattended!That'sespecially 
services all over the country. best modem for your money. (One that helpful if you 're sending work from 

comes with a limited 2-year warranty.) home to the office. or vice versa. 
The Smartmodem 300 is a wise choice. Butit's just part ofthe story. For instance. 
Far superior to acoustic coupler modems, before you communicate with another 
which connect to the telephone receiver. system. you need to "set up" your 
And it's so easy to use. computer to match the way the remote 

It dials. answers and disconnects system transmits data. With Smartcom 
calls automatically_ operating with 11 ..JOU do this on! y once. the first time. 
rotary dials. Touch-Tone"' and.key-set After that. the information (called para­
systems. Plus it works at full or half meters) is stored in a directory on the 
duplex. which simply means that Smartcom II. Calling or answering a sys­

connectmg to a time-sharing system. tern listed in the directory requires just 
while it is a big deal. is no big Cleal to do. a few quick keystrokes. 

Indicator lights let you see You can store lengthy log-on sequences (!)HAnd Hayes is providing the commun­ what your Smartmodem is ® the same way. 
ications link:A first-rate telecomputing doing. while an audio speaker aues Press one key. and 
systemthatcombinesanintelligentRS-232 lets you hear it. (Is the remote the Smartcom IIl,· 
connect modem with a sophisticated. system down. or was the automatically exe­
easy-to-use communications program. line just busy?This way. you'll know.) cutes a whole string ofnumbers to connect 

The Smartmodem 300. Think of it Now all these extras aren't absolutely you to a utility or information service. 
as your computer's telephone. Just plug necessary. We could have gotten by And if you need it. there's always 
it into any phone jack. and the Smart­ without them. But at Hayes. we're not "help." Even while you're on-line. the 
modem 300 sends messages to and from satisfied with just "getting by." That's screen will display explanations about a 

46 BYTE March 1983 .. 



screen. 

prompt. message or parameter that will 
get you on your way in no time. 

Smartcom II also provides a directory 
of the files stored on your disk You can 
create. display. list. name. re-name or 
erase any file right from the Smartcom II 

And nowSmartcom II is available for 
the IBM PC**and Xerox 820-Ilt. 

Like all our products. Smartcom II 
and the Smartmodem 300 are backed 
by excellent documentation and full 
support from us to your dealer. 

So see him today. Link up to the excit›
ing world of telecomputing. Get a tele›
plione for your computer. 

Hayes Microcomputer Products. Inc. 
5923 Peachtree Industrial Blvd .. Norcross . 
Georgia 30092. 404/449-8791. 

Smartcom II is a. trademark of Hayes Microcomputer �
Products. Inc. �
"Trademark of American Telephone and Telegraph �
’ ’ IBM is a registered trademark of International Business �
Machines. Corp. �
t Xerox 820-11 is a trademark of Xerox Corporation �
Dl98l Hayes Microcomputer Products. Inc. �
Sold only in the U.S.A. �
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tern with controller for the IBM Per›
sonal Computer for $1795. 

The second significant trend in disk 
technology was to microfloppy disks. 
Tandon, Tabor, Shugart, Sony, and 
others were pushing these "shirt›
pocket" disks. I saw two sizes, 31/4 
and 31/z inches; each has vocal de›
fenders. I’m told, however, that a 
number of major manufacturers are 
getting together to try to agree on a 
standard size and format, and I hope 
they do. 

A third trend in disk technology is 
the "enormous minifloppy." I saw 
several demonstrations of 2-mega›
byte double-sided double-density 
51/4-inch floppy disks. 

Add to this the incremental devel›
opments in the standard nonremov›
able Winchester hard disks-up to 40 
megabytes formatted on a drive that 
costs no more than a 5-megabyte 
drive cost a year or two ago-and 
you can see that system designers 
have some decisions to make. Bill 
Godbout of Compupro went about 
looking at all the new disk systems in 
hopes of getting some clues as to what 
the future standards will be. So did 
George Morrow of Morrow Designs, 
and I’m sure they weren’t alone. 

I don’t know what conclusions they 
came to. I can offer the opinion of 
Tony Pietsch of Proteus Engineering, 
the computer engineer who devel›
oped my system and who tries very 
hard to stay current with the state of 
the art. 

"Flat prediction," Tony said. 
"Within two years, both 8-inch and 
5 1/4-inch disk systems will be obsolete 
and after that they’ll rapidly die out. I 
don’t know exactly what will replace 
them, but it will be a combination of 
hard disks and shirt-pocket floppies." 

Tony thinks the Syquest removable 
Winchester is an excellent idea, but 
he’d prefer to see the technology 
develop a bit before recommending 
the system to end users. Bill Godbout 
had the same view. Compupro will 
test the concept thoroughly before in›
corporating it into systems. The com›
pany is also working with shirt›
pocket disks, and it has multimega›
byte 51/4-inch systems working. 

The explosion in computer tech›
nology continues. Some companies, 

like Altos, are moving to erase the 
distinction between the "big" mini›
computer and the microcomputer. 
Altos President David Jackson is 
proud of his new single-board 
machines that offer all the power of a 
DEC PDP-11 for well under $20,000. 
Meanwhile, Compupro’s Bill God›
bout showed a whole line of expand›
able S-100 equipment, including a 
working processor board based on 
the 68000 chip, another built on the 
8086 with optional "math chip" 
aboard, and two prototypes based, 
respectively, on the National Semi›
conductor 16-bit external, 32-bit in›
ternal 16032, and Intel’s iAPX 286. 

Tony Pietsch put it this way: "The 
16032 is going to be a big machine. 
The internal chip architecture makes 
it equivalent in power to the IBM 
System 360 or 370. For that matter, it 
will be trivial to get it working like a 
LISP Machine." The IBM 370 is, as 
Tony says, big; the LISP Machine 
was developed at the Massachusetts 
Institute of Technology, primarily by 
Marvin Minsky, and is very impor›
tant in artificial-intelligence studies. It 
looks as if machines equivalent to 
both will be available at S-100 prices ’ 
within a year. 

We also have the 68000 machines. 
Fortune was out in force . So was 
Sage. Both had working systems and 
an expanding line of software. 

The 8088 chips were not neglected 
either. Eagle Computers, with an IBM 
Personal Computer work-alike, at ›
tracted a lot of attention. My favorite 
of those, though, is the Zenith Z-100, 
which has an S-100 bus and runs PC 
programs without making you en›
dure the PC’s maldesigned keyboard. 

There was also the Basis, a Euro›
pean machine (but which features an 
American-style keyboard) that has 
both a 6502 chip and a Z80. I was 
much impressed by the Basis, and I’d 
advise anyone contemplating an 
Apple acquisition to look it over first. 

And on, and on. 

Portables 
There are so many portable ma›

chines now that I can’t keep track of 
them. It seems a new one springs up 
every week, and all the manufac›
turers of portables are trying to build 
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dealer and repair networks to service 
them. 

There are flat-screen systems based 
on liquid-crystal displays, portable 
versions of the IBM Personal Com­
puter, machines with plastic cases 
and machines with metal cases, ma­
chines with tiny screens and machines 
with larger screens. Not only can't I 
keep up with them, I can't even list 
them all. 

Meanwhile, the "old" portables 
continue to improve. There's new 
software for the Kaypro. There's a 
new carrying case, a very nice new 
screen display, and new software for 
the Otrona. The Osborne 1 has both 
double-density disks and an BO-char­
acter screen as an option. As well it 
has the most impressive package of 
software and "learning tools" I've 
seen for any entry-level computer. 

A few of the new ones I saw: the 
Hyperion, a somewhat portable IBM 
PC work-alike; the Zorba, a 
Z80-based machine that looks a bit 
like someone crossed the Osborne 
with the Kaypro and kept many of 

the best features of both; and 
Teleram's new true portable, which 
uses a liquid-crystal display and can 
run for several hours on its batteries. 

Anyone looking for a computer 
ought to look seriously at the port­
ables. 

Software 
The exciting news in software is a 

new language by Niklaus Wirth, the 
creator of Pascal. The language is 
called Modula 2 and was first imple­
mented on the Apple; we now have it 
for our Sage 68000 computer. Modula 
2, from Volition Systems (POB 1236, 
Del Mar, CA 92014) has many simi­
larities to Pascal, and Volition Sys­
tems says that with its learning pack­
age a Pascal programmer can learn 
Modula 2 in a few days. 

As implied by the name, Modula 2 
is a modular language; each module is 
a collection of declarations that can 
be put together to make very struc­
tured and readable programs. I'm 
much looking forward to playing 
with it on our Sage. 

Another interesting development 
came from Peachtree Software: it has 
developed a voice synthesizer that 
takes considerably less memory (or 
disk space) to store significant mes­
sages, and it sounds human, complete 
with inflections and emphases. Peach­
tree is using it to develop human­
machine interfaces; this could become 
very significant. 

The other big news was Digital 
Research's CSX graphics-support 
package, Visi On from Visicorp, and 
Lotus's 1-2-3. These three companies 
all had dealers clustered at their 
booths. Unfortunately, I ran out of 
time and had no chance to see them. 

In addition to the new software, 
there were a lot of hefty im­
provements. A score of companies 
have database management pro­
grams; everyone wants to cut into the 
dBASE II sales. Altos President David 
Jackson told me he saw at least six 
database management programs that 
Altos wants to evaluate, and I noticed 
that Bill Godbout's people were col­
lecting information too. 

Did You Hear the One About the 
Computer That Talks? 

It's no joke. 
With the ECHO speech synthesizer from 

Street Electronics whatever you type on the 
keyboard, your computer can say. The ECHO's 
text-to-speech system gives your computer an 
unlimited vocabulary while using a minimum of 
memory. And now a diskette of fixed, natural 
sounding words is available to enha1 ce the 
ECHO J[ 's voice output. 
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Nearly 400 language rules are contained in the ECHO's text­
to-speech algorithm. These rules enable the computer to 
pronounce most correctly spelled words. When in the text-to­
speech mode the user can select any of 63 different pitch levels, 
and have words spoken either monotonically orwith intonation 
by using simple control character sequences. The rate of speech 
can be fast or slow; words can be spoken in their entirety or 
spelled letter by letter. The ECHOs also pronounce punctuation 
and numbers. Words can be encoded using phonemes and 
diphthongs when the text-to-speech or fixed vocabulary is not 
required. · 

Applications are unlimited, ranging from phone answering, 
educational and training programs, to games and aiding the sight 
and speech impaired. The ECHO is a complete stand alone unit 
which is compatible with most any computer; it sells for $299.95. 
The ECHO][, which plugs into the Apple][ , is priced at $149. 95. 

Street Electronics Corporation 
1140 Mark Avenue, Carpinteria, CA 93013 
Telephone (805) 684-4593 

Call toll free for demonstration (800) 221-0339 
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What if gou want 
more assurance 
gour valuable data 

coating. Balanced coercivity means 
long-lasting signal life. 

on’t fade awag? 

Rely on SYNCOM 
disl<ettes with Ectype 

Syncom diskettes assure excellent 
archival performance in the 
following ways. 

First, with calibrated coercivity- a 
precisely balanced blend of milled 
ferrous oxides that allows Ectype® 
coating to respond fully to "write" 
signals, for strong, permanent 
data retention. 

Then, a burnished coating surface to 
boost both signal strength and 
packing density. 

Carbon additives drain away static 
charge before it can alter data 

And, finally, every Syncom diskette 
is write/read-back certified to be 
100% error free. 

To see which Syncom diskette will 
replace the one you're using now, 
send for our free "Flexi-Finder" 
selection guide - and the name of 
the supplier nearest you. 

Balanced coercivity 
of Ectype® coating 
allows write current 
to saturate fully. 

Syncom, Box 130, Mitchell, SD 57301. 
800-843-9862; 605-996-82 00. 

SYNC8M. �
Manufacturer of a full line of flexible media 

The Altos is the top end of the 
microcomputer line, and total pack­
age costs tend to be high (although 
low compared to the minicomputers 
the Altos can replace). At the low 
end, the O sborne 1 is an excellent 
total package. I'm impressed with 
both the software and the introduc­
tory materials that come with the ma­
chine; I'm even more impressed with 
the dealer and service network that 
Osborne has built. 

I didn't see any other total pack­
ages as impressive as those; but that 
was at COMDEX. I also saw hard­
ware firms out looking at packaging. 
Compupro, Otrona, Zenith, Non­
linear Systems (Kaypro), Altos, and 
Morrow Designs were all buying 
rights to software, hiring writers, and 
building up their dealer networks. 
(I'm sure many others were also; 
these are the ones I talked to myself.) 

The Bottom Line 
Tony Pietsch, who knows what to 

look for, thought the most significant 
thing about this year's COMDEX was 
that of a dozen new terminals and 
small computers, just about every 
one of them offers ANSI-Standard 
X-3.64-1979. That, he explains, is 
standard ASCII, which specifies how 
computers ought to communicate 
with each other and what the control 
characters ought to mean. This is 
what the big boys in mini- and main­
frame computers conform to. 

This trend is significant because it 
means that the microcomputer in­
dustry is moving that much closer to 
maturity. We now have microcom­
puters that can hook into the com­
munications networks used by the 
very large business systems, and that 
trend is strengthened by the adoption 
of ANSI (American National Stan­
dards Institute) standards for com­
munications. Microcomputers cost 
only a fraction of what the business 
community usually expects to pay. 
We've established a trend toward de­
cent software at reasonable prices. 
New and better manuals, instruc­
tional materials, and training systems 
are being developed all the time. 

Put it all together and there's no 
limit to the future of the microcom­
puter industry.• 
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Others are just talking about tomorrow’s technology ... ShareNet has it now! 
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Best of all it can be yours today. 
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Multiple Operating Systems Print Spooling 
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order to maintain the magnet's 
strength. This need to make the 
magnet long relative to its "waistline" 
dimension stems from the self-demag­
netization properties of all permanent 
magnets. The north and south poles 
tend to neutralize each other, with a 
net reduction in the magnet's overall 
effectiveness and resulting external 
field. Keeping the poles far apart and 
the ratio of length to thickness high 
reduces this self-demagnetization ef­
fect. The length-to-thickness ratio 
suffers as longitudinal recording's 
data density increases. 

An examination of the factors de­
termining the dimensions of these 
longitudinally recorded magnets will 
show why increased density adverse­
ly affects the magnet's length-to­
thickness ratio. Because they are re­
corded end to end along the magnetic 
track, their length must decrease as 
recording density rises. One dimen­
sion of the "waistline" is fixed, being 
set by the thickness of the tape or 
disk's magnetic coating. The other is 
determined by the across-the-track 

width of the recording head. 
Therefore, to maximize the mag­

net's length-to-width ratio, recording­
head designers strive to produce very 
narrow tracks, while manufacturers 
of tape and disk media offer products 
with remarkably thin magnetic 
layers. Both endeavors are aimed at 
creating magnetized regions with 
very narrow waistlines so that the 
reduced magnet length at high den­
sities still preserves a reasonable 
length-to-thickness ratio. 

At densities above 15,000 magnets 
per inch, however, even these tactics 
reach a point of diminishing returns. 
Thinner coatings mean less magnetic 
material, hence weaker electrical out­
put signals. Recording experts suggest 
that conventional longitudinal-re­
cording technology has already 
pushed lineal recording density close 
to its ultimate ceiling. The only di­
mension left open to improvement in 
raising memory capacity within this 
technology is the number of tracks 
per inch. Currently, the most ad­
vanced head-positioning servomech­

anism can advance the head in incre­
ments of only 1/1000 of an inch, pro­
ducing 1000 tracks per inch of disk 
diameter. It should ultimately be pos­
sible, however, to record 10,000 
magnetic zones per inch and, there­
fore, something approaching 10,000 
tracks per inch. That would yield a 
tenfold gain in memory capacity 
without need for further gains in 
along-the-track recording density. 
Improved head-positioning mechan­
isms will doubtlessly raise the tracks­
per-inch figure in the years ahead but 
perpendicular recording affords the 
possibility of major gains not only in 
tracks per inch but especially in bits 
per inch along each track. 

Perpendicular Recording 
Since conventional longitudinal­

recording technology leads to in­
creased self-demagnetization of the 
tiny recorded magnets as density is 
increased, is there some alternative 
approach that sidesteps the problem? 
The obvious way is to reorient the 
tiny magnets within the magnetizable 

-------------------------------.layer on each disk or tape, so that 

• Full Olivetti 
typewriter 
warranty 

• U.L. 
Listeel 

$695 
plus shipping 

FEATURES 
• Typewriter operation w ith no thing to disconnect • 10. 12 or 15 c haracters per 
inc h switc h selectable • Portable w ith carr y ing case • Entire inte rface m o un ted 
interna lly in the Olive tt i Praxis 30 typewriter• Underlining • Cables av ailable for 
m ost computers • Service from Oliv e tti dealers • Centronics com patib le paralle l 
inp ut• B uilt in self test • Cartrid g e ribbon• 2nd keyboard switch selectable. 
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(607) 272· l 132 
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their length-to-thickness ratio no 
longer deteriorates at higher densi­
ties. While conventional recording re­
duces the length dimension of the 
end-to-end magnets, perpendicular 
recording puts the squeeze on width 
rather than length at higher densities. 
The magnetized zones are turned 90 
degrees, so that instead of lying along 
the tape's surface, the length dimen­
sion of the zone now stands vertical­
1y, perpendicular to the surface of the 
disk or tape. You might say that the 
magnets are recorded "into" the 
magnetic material rather than along 
it. Magnet length is now determined 
by the depth of the layer of magnetic 
material. One of the width dimen­
sions is still set by recording-track 
width and the other by bits per inch 
along the track. 

Consequently, raising the record­
ing density no longer worsens the de­
magnetizing effect. In fact, the op­
posite is true. Because the recorded 
magnetic zones are perpendicular to 
the disk or tape surface, higher densi­
ties now squeeze their waistline di­
mensions, rather than their length. 
The length-to-thickness ratio steadily 
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Technology Versatility 

longitudinal read and write 
recording 

perpendicular read and write 
recording 

laser (optical) read only 
recording 

64K-bit RAM read and write 

Lineal Density Areal Density 

15,000 flux 165 x 10• flux 
reversals per inch reversals per 

square inch 

100,000 flux 1010 flux reversals 
reversals per inch per square inch 

25,000 impressions 6.25 x 10' 
per inch impressions per 

square inch 

NA 10• bits 
per square inch 

Table 1: A comparison of the theoretical performance of four memory technologies. 
Perpendicular magnetics offers both read and write capabilities and the highest areal 
densities. The 64K-bit RAM is, of course, volatile and is included here only to put 
the density of the other technologies in perspective. 

improves as recording density is 
raised, and we have a condition, rare 
in science, in which pushing technol­
ogy to higher limits actually enhances 
the phenomenon being pushed. 

Even though perpendicular-record­
ing technology has yet to emerge 
from the research laboratory, scien­
tists confidently predict that densities 
of 100,000 bits per inch will rapidly 
be realized in commercial hardware. 
Indeed, some experiments already 
suggest that a 440,000-bit-per-inch 
density will be possible. Further im­
provements will be made in the years 
ahead, with an ultimate limit set by 
phenomena-perhaps at the atomic 
level-totally different from the self­
demagnetization that limits the densi­
ty attainable with longitudinal-re­
cording technology. 

Areal Comparison with 
Other Technologies 

Recording media and technologies 
are best compared on the basis of bits 
per square inch rather than bits per 
inch. This is because you can increase 
memory capacity by raising both re­
cording density and the number of 
recording tracks. Thus, areal compar­
isons take both sources of improve­
ment into account. On this basis, per­
pendicular recording offers close to 
an immediate hundredfold improve­

1010ment, at (100,000 X 100,000) 
bits per square inch, over longitudi­
nal recording's 108 (10,000 X 10,000) 
bits per square inch. True, these 
figures represent recording densities 
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that may be attainable in the future 
rather than what can be achieved 
with today's hardware, but they pro­
vide a useful basis for comparison. 

Laser Recording 
Laser memory techniques enjoy a 

"good press," probably owing to their 
space-age novelty. There are physical 
limitations, however, to the potential 
data densities achieved by laser tech­
nology. Diffraction phenomena limit 
physical dimensions to about 1 
micron when visible light is used. 
(The same limitation crops up in geo­
metries of semiconductor layout.) Be­
cause 1 micron is 1 millionth· of a 
meter, and a meter is roughly 40 
inches, this limiting resolution works 
out to 40/106

• At best, therefore, 
based on visible-light wavelengths, 
laser recording can achieve a max­
imum density of 106/40 or 25,000 bits 
per inch. That compares to 100,000 
magnets per inch for perpendicular 
recording, which also has no compar­
able fundamental barrier to much 
higher densities. In terms of areal 
density, laser technology might attain 
a maximum of 25,000 X 25,000 or 
6.25 X 109 bits per square inch. 

64K-bit RAM 
The uses of RAM (random-access 

read/write memory) are, of course, 
different from those of nonvolatile 
memory devices such as floppy disks. 
It is worth noting, however, that the 
theoretical data density of perpen­
dicular magnetic recording exceeds 

the density of today's RAM. A 64K­
bit RAM chip measures about one­
quarter inch on each side. Therefore, 
it would be theoretically feasible to 
produce 16 such 64K-bit RAMs from 
a square inch of silicon. Thus, using 
the same hypothetical areal basis for 
comparison, the memory chip offers 
a density of 16 X 64,000 or 1024 X 
106 bits per square inch, much lower 
than laser or magnetic technology. 

Table 1 presents a brief comparison 
of the performance of four recording 
technologies as to versatility, lineal 
density, and areal density. 

The Problem of Media 
for Perpendicular Recording 

The limiting factor in the develop­
ment of perpendicular recording tech­
nology has been finding a magnetic 
material that lends itself to this re­
cording process. Today's answer is an 
alloy of chromium and cobalt, which 
is placed on the recording medium's 
surface in the form of hexagonal 
crystals that can support magnetiza­
tion perpendicularly. In other words, 
the CrCo crystal's magnetizable axis 
lies at right angles to the medium sur­
face and parallel to its crystallo­
graphic "C" axis. 

The process of depositing the CrCo 
crystals is very sophisticated, involv­
ing the same sputtering techniques 
that are used in manufacturing semi­
conductor integrated circuits. (Using 
sputtering techniques, manufacturers 
coat a surface by putting it in a 
vacuum chamber that has a cathode 
consisting of the substance to be used 
as a coating. When the cathode is 
bombarded by positive ions, atoms of 
the coating substance are transferred 
uniformly to the surface being 
coated.) This sputtering technology 
needs to be modified in order to deal 
with the requirement to coat acres of 
substrate rapidly and economically 
and realize reproducible results. 
While these techniques are being 
developed and undoubtedly will be 
commercialized, such mass produc­
tion equipment and techniques do not 
exist at the moment. It will probably 
be a year to 18 months before produc­
tion equipment becomes available to 
fabricate media in commerical quan­
tities. The development of perpendic­









ised 100,000 bits per inch, would cut 
this profligate use of tape down to 8 
inches per second. Future digital­
signal manipulation and compression 
will probably condense the amount of 
music data that must be recorded to 
preserve music fidelity. For example, 
it might be possible to develop tech­
niques for recording only the changes 
in the music rather than, for example, 
continuing to record all data for notes 
that persist unchanged for substantial 
fractions of a second. Why record all 
800,000 bits of data for a soprano 
who sustains the same note for an en­
tire second? Such digital trickery, 
coupled with perpendicular record­
ing's storage density, should put true 
digital music in the home in much less 
than a decade. 

The Future Development 
of Perpendicular Recording 

The new perpendicular-recording 
technology is being developed mainly 
by an alliance of Japanese industry 
and universities. In America, only the 
Magnetics Research Laboratory at the 
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University of Minnesota operates at 
the forefront of this new science. 

Reports from Japan provide evi­
dence of perpendicular recording at 
440,000 bits per inch. At this early 
stage of research, such density is 
probably accompanied by error rates 
that would be prohibitive in commer­
cial applications. However, digital 
music recording is less critical in 
regard to data error, so such densities 
would represent another major step 
toward commercialization of digital 
audio systems. At a 440,000-bit-per­
inch density, tape consumption for 
digital music would drop to around 2 
inches per second.· If the data can be 
distributed over several parallel tape . 
tracks, tape consumption will be re­
duced even further. 

The Japanese have a massive effort 
going on in perpendicular recording. 
On March 11 and 12, 1982, in Sendai, 
Japan, the first International Sym­
posium on Perpendicular Recording 
was sponsored by Tohoku University 
and organized by the inventor of 
perpendicular recording, Professor 

46 replacement key caps 
Replacement ROM 

SUGGESTED RETAIL 
PRICE $220 

Iwasaki. Some 320 people attended, 
and 23 papers were given at this 
meeting. Twenty of the papers were 
by Japanese authors; three by U.S. 
authors, all of them with. Vertimag 
Systems Corporation. Only seven 
non-Japanese people participated: 
three from Vertimag and ·four from 
the rest of the world. 

Virtually every well-known Japan­
ese electronics company is working 
on perpendicular recording. We 
estimate that at least 400 researchers 
are working in Japanese . universities 
and companies on perpendicular 
recording technology. The companies 
include, but certainly are not limited 
to, Hitachi, Toshiba, Fujitsu, Nippon 
Electric Company (NEC), NTT, 
Sony, Matsushita, and a number of 
smaller companies. The recent 
Toshiba announcement of a 31/i-inch 
perpendicularly oriented floppy-disk 
system is a case in point. While this 
product is still two years or so from 
production, it represents Japan's level 
of achievement in this area. . 

Initially, · the Japanese activity will 
probably be aimed at the consumer 
electronics industry because the Jap­
anese dominate this area. 

Ironically, many of the research 
managers of the Japanese companies 

. I 

were graduate students and post­
graduate fellows under Professor Jack 
Judy, director of the Magnetics 
Research Laboratory at the Univer- . 
sity of Minnesota and one of Ver­
timag' s founders. These graduate stu­
dents, whose tuition and expenses 
were completely paid by their com­
panies, are . now the leaders of the 
Japanese technical thrust in perpen­
dicular recording. This certainly does 
not speak well of the ability and 
awareness of American industrial 

I management. 
Once a medium is available and the 

technology of perpendicular record­
ing is well understood and dissemi­
nated, there will be an urgent move­
ment toward perpendicular-record­
ing-based data-storage systems. Since 
"smaller is better," we may expect to 
see a continuing movement toward 
smaller drives, even more compact 
than the new 3114-and 31/2-inch drives, 
perhaps down to something as tiny as 
a 1-inch floppy-disk system.• 
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This Programming professional deserves a �
lot more from his personal computer. �

He's earned it. As a seasoned professional, 
he's learned to master some of the world's 
most advanced programming tools.Tools 
spec iall y designed to meet the everyday 
demands of programming experts. 

But as the owner of a personal com­
puter, he's come to expect less. Less 
perfonnance. Less sophistication. And less 
flexibility. 

Why should programming a 
personal computer be any different? 

Prior to the announcement of micro/ 
SPF™ development software, experienced 
programmers felt programming a personal 
computer was a lot like playing with a toy. 
You couldn't take it seriously. 

But today, there's micro/SPF;" a solution 
to elementary program editing tools now 
offered with most micro-computers. 

With micro/SPF'" you get the same 
procedures and commands experienced 
programmers are accustomed to using at 
work.By mimicking features found in 
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standard SPF software, micro/SPF'" 
provides all the sophisticated utilities pro­
gramming professionals expect. 

Programming experts can take 
advantage of skill s they've spent 
years perfecting. 

Now, for the first time, mainframe soft­
ware is available for personal computers. 
SPF screens are fully reproduced in logical 
sequence and each screen is formatted 
identical to those found in the SPF system. 

In addition, micro/SPF'" comes equipped 
with the same primary and line commands, 
tutorial messages and program editor 
(with program function keys) experienced 
programmers are used to. 

Programming professionals who've 
spent years perfecting the art of writing 
sophisticated code deserve to work with 
state-of-the-art tools, not toys. Find out 
how micro/SPF'" can help you do work­
compatible programming on your 
personal computer today! 

�P�H�/�i�S�~� 
PHASER SYSTEMS, INC 50 WEST BROKAW ROAD �

SAN JOSE, CA 95110 �
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New Developments �
•
10 Floppy Disks �

The marketplace for microfloppies is heating up. 

The most popular method of re­
cording and storing data for micro­
computer systems is the ubiquitous 
floppy-disk drive, particularly in its 
5114-inch incarnation. The floppy disk 
offers inexpensive archival storage 
and is the medium for many widely 
available software packages. To sur­
vive in this large and robust market, 
manufacturers of floppy-disk drives 
are constantly trying to improve the 
price, capacity, size, and perfor­
mance of their products. 

Some companies are pursuing new 
technologies while others are relying 
on enhancements of proven methods. 
Those who are working with new 
technologies feel that their innovative 
methods are necessary to maintain 
the constant increase of data storage 
capacity that has occurred up to now. 
Proven methods appeal to companies 
that feel that advances can be made 
without the risks inherent in using 
less well known procedures. 

Three different technologies that 

About the Author 
Tom Moran is a freelance technical writer 

living in San Francisco. He has written several 
articles for Electronics magazine. 
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are most likely to influence floppy­
disk products for computer systems 
and electronic typewriters are perpen­
dicular magnetic recording (also 
called vertical recording, or VR), Ber­
noulli technology, and the exciting 
but muddied world of sub-5%-inch 
floppy disks. 

Perpendicular magnetic recording 
(PMR) is expected to increase the 
storage capacity of disk drives by re­
aligning the magnetic material on the 
disk surface to achieve a higher den­
sity of bits per inch on a disk. Ber­
noulli technology is a noncontact 
method of recording data in which 
the read/write head flies in close 
proximity to the surface of the disk. 
This, in combination with other tech­
niques, enables a floppy disk rotating 
at 1500 rpm (revolutions per minute) 
to perform very much like a Win­
chester hard-disk drive. 

"Aflopalypse" Now 
The term "three-ring circus" 

doesn't adequately describe the ef­
forts on the part of manufacturers to 
make smaller floppy-disk drives for 
lighter, more portable systems (see 
photo 1). A number of companies are 

now making or are about to make 
3-inch, 3%-inch, and at least three 
different, incompatible 31/z-inch 
floppy-disk-drive systems. The situa­
tion is like a tag-team wrestling match 
with six teams jumping into the ring 
at once. Each team is fighting for a 
different design. Alliances between 
the teams have been made and 
broken. However, everyone in the 
contest is striving for the same objec­
tive-to have a product with the 
prestigious and lucrative title of "In­
dustry Standard" for the sub-5114-inch 
market. 

Previously, every disk-drive stan­
dard has ultimately been decided by 
the marketplace and never by a com­
mittee. The advantage of being the 
first drive maker to ship significant 
quantities of a sub-5%-inch floppy 
disk belongs to Sony, which makes a 
drive called the OA-D30V that stores 
437K bytes on a 31/z-inch metal hub 
disk within a hard plastic cartridge. 
But an alliance of 19 companies has 
gone before the ANSI (American Na­
tional Standards Institute) X3B8 
Committee advocating substantially 
different specifications from those of 
the Sony microfloppy disk. The 
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loosely knit alliance, re­
ferring to itself as the 
Microfloppy Standards 
Committee, includes 
media makers Verbatim 
Corporation, BASF Sys­
tems Corporation, Xidex, 
Brown Disc, Memorex, 
and Dennison Kybe Cor­
poration, and drive 
makers Shugart Associ­
ates Inc., Micro Periph­
erals Inc. (MPI), Olivetti 
Peripheral Equipment, 
Luctor Corporation, and 
the Remex Division of the 
Ex-Cell-O Corporation. 

The Microfloppy Stan­
dards Committee invited 
Sony and the 3-inch­
drive advocates, Hitachi, 
Matsushita, and Maxell 
Corporation of America, 
to make technical presen­
tations to the committee, 
which they did. General agreement 
was reached on the need for a floppy­
disk drive with disks small enough to 
fit into a shirt pocket. Everyone at­
tending the meeting also thought that 
a hard shell would be pref er able to 
the standard vinyl floppy-disk jacket. 
However, the Hitachi/Matsushita/ 
Maxell group thought that the drive 
should be as small as possible, while 
the Microfloppy Standards Commit­
tee preferred not to push the tech­
nology, opting instead for the larger 
31/2-inch standard it considers more 
reliable. 

Amdek Corporation of Elk Grove 
Village, Illinois, is marketing the 
Hitachi /Matsushita /Maxell-type 
drive. Amdek is offering two of the 
3-inch drives as a unit with a total 
unformatted capacity of 1 megabyte. 
The unit is compatible with the 
5114-inch industry-standard format 
and became available for end users in 
December 1982. The suggested retail 
price of the Amdisk-3 Micro-Floppy­
disk Cartridge system is $799 for the 
two-drive unit and cables if an addi­
tional controller card is not required. 
Presently Amdek expects to have 
controller cards for the Apple II and 
III and IBM PC. 

Micro Peripherals Inc. introduced 
its model 301F 3-inch design at 
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Photo 1: 'The Incredible Shrinking Floppy-Disk Drive." The 
Tandon TM35 31/i-inch microfloppy-disk drive is shown in com­
parison with standard and half-height 8- and 5114-inch drives. 
Although occupying far less volume, the micro floppy has seven­
eighths of the data storage capacity of the 5114 -inch drives and more 
than one-half of the capacity of the 8-inch drives. 

COMDEX. It was the first American 
firm to manufacture and market a 
3-inch drive and endorse the Hitachi/ 
Matsushita/Maxell standard. Its 
drive has a capacity of 250K (unfor­
matted) bytes per side with a "flippy" 
feature enabling both sides to be used 
for data storage. The drive features a 
band-type head positioner to achieve 
a 3-ms (millisecond) track-to-track 

Sony and the 
Microfloppy Standards 
Committee disagreed 

on many points, 
Including the preferred 

disk rotation rate. 

seek time and uses standard 5114-inch 
specifications such as 300-rpm rota­
tion, 40 tps, 100 tpi, and a 250K-bit­
per-second transfer rate. Disks are 
provided by Maxell, TDK, and 
others. 

Sony and the Microfloppy Stan­
dards Committee disagreed on many 
particulars. The most important is the 
committee's wish to make 31/ 2-inch 
drives that are plug-compatible with 
standard 51/4-inch drives so that de­
signers can use standard controllers 

and users can run stan­
dard software, thus keep­
ing redesign costs to a 
minimum. 

Sony stuck by its 
600-rpm disk-rotation 
rate, while the committee 
chose 300 rpm. Sony's 
argument for the faster 
rotation is that, on 
smaller drives, the inner­
most tracks pass under 
the read/write head too 
slowly and the data­
transfer rate is impaired. 
The committee says that 
the slower rotation it pro­
poses will keep the data 
rate compatible with 
51/4-inch drives and that 
the high speed Sony ad­
vocates would generate 
too much heat, causing 
reliability problems due 
to expansion and con­

traction of the disks during use. 
Again for reasons of compatibility 
with extant 51/4-inch drives, the com­
mittee opted to widen the read/write 
window to allow more tracks without 
greater track density, recommending 
40 or 80 tracks per side (tps) on either 
one or both sides of the disk. Current­
ly, the highest capacity in this format 
would be 1 megabyte of unformatted 
storage. 

Most of the physical dimensions of 
the standard suggested by the Micro­
floppy Standards Committee are the 
same as those of the Sony drive. 
However, the medium used by Sony 
is nominally 580 oersteds, 100 micro­
inches thick, while the committee's 
standard would use a medium of 650 
oersteds, 40 to 50 microinches thick. 
[Editor's note: An oersted is a unit of 
magnetic resistance used to quantify 
the performance of magnetic media. ] 
Members of the committee say that 
Sony's medium is unique, but a 
number of companies, including 
some that are not members of the 
committee, are developing new media 
similar to that specified by the com­
mittee. Although the committee 
agrees with Sony's use of hard-shell 
cases for the media, it wants to add 
further protection in the form of an 
automatic shutter that will open the 



TEK 2200 MULTI-PURPOSE THE PERFORMANCE/ 
OSCILLOSCOPES PRICE STANDARD 

Tek's most successful �
scope series ever: At $1200-$1450, �

it's easy to see why! �

In 30 years of Tektronix oscil­
loscope leadership, no other 
scopes have recorded the 
immediate popular appeal of 
the Tek 2200 Series. The Tek 2213 
and 2215 are unapproachable for the 
performance and reliability they 
offer at a surprisingly affordable 
price. 

There 's no compromise with 
Tektronix quality: The low cost is the 
result of a new design concept that 
cut mechanical parts by 65% . Cut 
cabling by 90%. Virtually eliminated 
board electrical connectors. And 
eliminated the need for a cooling fan . 

Yet performance is written all over 
the front panels. There's the band­
width for digital and analog circuits. 
The sensitivity for low signal mea­
surements. The sweep speeds for 
fast logic families. And delayed 
sweep for fast, accurate timing 
measurements. 

The cost: $1200* for the 2213. 
$1450* for the dual time base 2215. 
You can order, or obtain more 
information, through the Tektronix 
National Marketing Center, where 
technical personnel can answer 
your questions and expedite 
delivery. Your direct order includes 

probes, operating manuals, 15­
day return policy and full Tektronix 
warranty. 

For quantity purchases, please 
contact your local Tektronix sales 
representative . 

Order toll free: 
1-800-426-2200 
Extension 48 
In Oregon call collect: 
(503) 627-9000 Ext. 48 

'Price F0.8 . Beaverton, OR. Price subject to change. 

�T�e�k�t�r�o�n�i�x �~� 
COMMITTED TO EXCEUENCE 

Copyrighl@1982. Tektronix. Inc. All rights reserved. TTA-338 



CAST BETTER, FASTER �
SPELLS WITH OUR �

Cl·C86 C COMPILER �

Weave �
a spell with �
the Cl-C86 C Compiler, �
especially designed for use with: �
• CPM86 and MPM86 • DEC Rainbow • Zenith ZIOO • Seattle 
• MS-DOS • Victor 9000 • Lomas 8086 • Eagle 
• IBM Personal • Sirius • Altos 8600 • Columbia 1600 
• IBM Dlsplaywrller • NEC APC • Compupro 86/87 • And Many More 

Cl puts all the magic of C at your finger­
tips with all of K&R, a full support library, 
8087 support and much more. 
Merlin would approve! 

Disk and documentation $395. 
Overseas airmail $20. 

For further information, please contact: 

IIComputer Innovations, Inc. 
75 Pine Street 
Lincroft, New Jersey 07738 
Telephone: (201) 530-0995 

C66 and Cl-C66 ore trodemo1ks of Compute• lnnovolions. Inc 
CPM and MPM ore trademarks of Digital l'?eseorch 
MS·DOS is a trademark of Microsoft. �
IBM is a trademark ol lnlernotionol Business Machines. �
DEC is o trademark of Digital Equipment Corp. �
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head-access window when the disk is 
inserted into the drive and close it 
when the disk is removed. 

The major backers of the Micro­
f!oppy Standards Committee are 
Shugart and Verbatim, which expect 
to have limited production quantities 
of drives and media available early in 
the third quarter of 1983. Industry 
analysts believe that 4 million sub-
5114-inch drives will be produced by 
all manufacturers in 1983. According 
to Malcolm Northrup, president of 
Verbatim, in a few years shipments of 
all sub-51/4-inch systems may grow as 
large as 151 million units. 

Two years from now Toshiba Cor­
poration of Tokyo expects to be in 
production of its recently announced 
PMR 31/2-inch 3-megabyte f!oppy­
disk drive. Although a lot of develop­
ment is left to be done, the company 
clearly hopes to get a jump on com­
petitors by announcing its new tech­
nology now. The drive's hard plastic 
cartridge with autoshutter contains a 
75-micron-thick polyester disk that is 
sputter-coated on both sides with a 
0.5-micron layer of cobalt chromium. 
The cartridge is 90 by 92 by 3 mm. 
The recording density will be 50,000 
bits per inch (bpi) at 144 tracks per 
inch (tpi) compared to 5500 bpi at 48 
tpi for conventional longitudinal data 
recording. This is 7 or 8 times the 
density of most longitudinal record­
ing. The entire drive measures only 
100 by 130 by 40 mm. 

In the 3114 -inch corner, two drop­
outs from the Microf!oppy Standards 
Committee who submitted their own 
proposal to the X3B8 committee, 
drive-maker Tabor and disk-maker 
Oysan, have recently been joined by 
Seagate Technology, which will 
become a second source for Tabor 
drives. 

Tabor calls its 3114-inch floppy-disk 
drive the Model TC 500 Drivette and 
says it's the first in a family of drives 
with different capacities. The single­
sided drive uses a soft vinyl jacket 
and records in either FM or MFM 
(frequency modulation or modified 
frequency modulation) on 80 tracks 
at a density of 140 tpi. When record­
ing is in FM, the bit density is 4625 
bpi, and when in MFM, it is 9250 bpi. 
Data transfer is 250K bits per second 



IT'S TIME KIDS �
SfARTED USING SfRONG �

LANGUAGE. �
It does all this interactively. 
For instance, if you accidentally 

type "foreword:' instead of forward, 
Apple Logo responds with "I dont 
know how to foreword:' 

There is no such thing as a mistake 
with Apple Logo, only logical state­
ments telling you what needs to be 
done to make the program work. So 
the student programs the computer. 
Not the computer the student. 

And as you learn, Apple Logo 
We encourage it. learns with you. So whether you're a 
Because now the most powerful student of 5 or 55, you'll always be 

educational language is available on challenged-but not overwhelmed. 
the Apple Personal Computer. 

Presenting Apple Logo. 
It's not just a programming 

language for computers, but a 
learning language for people. 

Enough so that anyone, 
working with Apple Logo, 
can easily learn the program­
ming principles once reserved 
for college courses. 

Apple Logo encourages 
you to break problems into 
small steps, and then shows 
you how to make those steps 
automatic. 

Apple Logo runs on the Apple II 
�~�-�-�- ..... with 64K. And it comes from 

Apple, the leading personal 
computer company in educa­
tion-with the largest library 
of courseware at all levels. 

Apple Logo. It can make 
getting to know a computer 
the most positive of learning 
experiences. 

Your kids will swear by it. 

The personal computer. 
pplcz 

For more information, call (800) 538·9696. In California. call (BOO) 662-9238. Or write: Apple Computer Inc., 20525 Mariani Avenue. Cupertino, CA 95014. �
Apple'" Logo is a product ofLogo Computer Systems, Inc., 222 Brunswick Boulevard, Point-Claire, Quebec, Canada H9RlA6. �
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Photo 2: The Tandon TM35-2 microfloppy-disk drive, which is compatible with standard 51/.-inch drive controllers, has a rigid car­
tridge enclosing the magnetic medium. 

(FM). The 1.625- by 4- by 5.5-inch 
drive weighs 1.6 pounds and records 
250K bytes (unformatted) per disk in 
FM and SOOK bytes in MFM. The 
company, started in January 1982, is 
based in Westford, Massachusetts. 
Some units were in early evaluation 
in December, and volume production 
started in January of this year. 

According to Tabor, Seagate had 
previously agreed to make drives in 
the Sony format but decided not to 
when Sony would let it assemble only 
Sony components instead of making 
complete drives. Another problem 
was that Seagate thought that double­
sided versions of the Sony drive 
would be unstable. However, Sony 
can take some comfort from a 
$30-million contract with Hewlett­
Packard for drives to be integrated 
into HP's systems. Hewlett-Packard 
has indicated that it chose the Sony 
system because it is already in pro­
duction and that HP will support the 
Sony system as the standard. 

Another disk-drive manufacturer, 
Tandon Corporation, has recently in­
troduced its TM35 Microline 31/z-inch 
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microfloppy in two models (see photo 
2). The TM35-2 is compatible with 
the standard 5114-inch interface, and 
the TM35-4 is compatible with the 
Sony OA-D30V microfloppy's inter­
face, software, and disks, but it 
records data on both sides of its disk. 
Both models of the TM35 store 875K 
bytes using both sides of the disk. The 
TM35-4 has an average access time of 
70 ms, and the TM35-2, 100 ms. The 
devices measure 1% by 4 by 61/z 
inches. The TM35-4 records 7610 bpi 
at 135 tpi and 70 tps, while the 
TM35-2 records 361717610 bpi, 135 
tpi, and 40 tps. The two models have 
an onboard Intel 8084 microprocessor 
to control spindle speed and head 
positioning, and a brushless direct­
drive DC motor. Tandon is using the 
Sony-type disks for the drives and 
says that an automatic shutter is 
available for the rigid cartridge. 

Tandon says that it's not hedging 
bets, just providing products for dif­
ferent markets. According to Tandon 
representative Al Erickson, Sony and 
Hewlett-Packard will be putting 
Sony-type drives into instruments 

and new office equipment that have 
nothing to do with the 51/4-inch-drive 
market. Tandon expects there will be 
more than one market and more than 
one application for both of these 
drive forms. In fact, Tandon with­
drew from the standards committee 
because president Jugi Tandon felt 
that market acceptance will deter­
mine the standard as it has done 
before. The company planned to 
deliver evaluation units in the first 
quarter of 1983 with high-volume 
production following later in the 
year. In large OEM (original-equip­
ment-manufacturer) quantities, the 
TM35s will cost $200 to $250 each. 

Many companies don't seem ter­
ribly worried about the eventual out­
come in the sub-51/4-inch market. 
Most express confidence that the 
standards they are backing will do 
well and add that, even if the market 
goes against them, it won't take them 
more than six months to a year to 
retool to meet the new demand. 

Even if the magnetic dust clears up 
tomorrow and one microfloppy-drive 
format emerges victorious, it will still 



BENCHMARK 
2.2 3.0 DISC-LESS 

Write 1 00 files to disc 3.26 min. 2.22 min 25 sec. 
General sort functions 5.25 min. 4.17 min. 15 sec. 

2.30 min. Search and replace 1.45 min. 3 �sec. 
Document recall 45 sec. 30 sec. 2 �sec. 

Upgrade your existing 
S-100 system to DISC-LESS 

• "Ram-Disc 256" 
• "Rom-Disc" with 

CP/M 2.2 in ROM 
• � All software included 

'1295.00 

Complete slngle-user 
DISC- LESS Board Set with 
CP/M 2.2 In ROM 
• Z-80A CPU (SBC-200) 

• 256K bank select RAM (XRAM Ill) 

• Single board controller handles 
four 51/o'' or 8" drives, any mix 
(Versafloppy II) 

• "Ram-Disc 256" 
• �"Rom-Disc" with 

CP/M 2.2 in ROM 

'2750.00 

Now, add the DISC-LESS 
networkcontrollertoexlstlng 
S-100 systems and convert 
tonetworkoperatlonqulckly 
and easlly. 
• Base band coax 
• Broad band coax 

• 2 megabit/sec. 
•CSMA 

• Guaranteed message service 

• CP/M compatible 
• Turbodos compatible 
• S-1 00 single board design 

'950.00 

Under DISC-LESS 
operation networks use the 
"Ram-Disc" as local 
on - I in e cache storage for 
non-stop computing. 

CP/M 3.0Slngle-User 
Board .Set 
• SBC-200 
•Bank �select XRAM 111 

64K or 256K' 
• Versafloppy II 
• CP/M 3.0 bank select 

with documentation 
'925.00 

"Systems with 256K RAM, 

'1295.00 

TM 

The 
DISC· LESS 
approach 
toS-100 
architecture 
increases 
system
performance 
so well that 
we guarantee 
satisfaction. 

TurbodosSlngle-User �
Board Set �
• SBC-200 
• Bank select XRAM Ill 64K 

• Versafloppy 11 
• Turbodos with documentation 

'1295.00 

Versafloppy II �
Dlsc Controller �
• CP/M 3.0 bank select FREE 

Complete S-100 �
DISC-LESS System �
• Low profile system design 
• CPU, 64K RAM, floppy controller 

• "Ram-Disc 256" 
• �"Rom-Disc" with �

CP/M 2.2 in ROM �

• Oume Model 1 02 video terminal 

• Single 5W' or 8" floppy drive 

'4950.00 

Complete DISC-LESS Word 
Processing System 
• Full OISC-LESS system 
• "Wordstar" in ROM 
• � Letter-quality printer, 25cps. 

'6999.00 

�.�1 �~�r�n� 
1500 N.W. 62 STREET 
FORT LAUDERDALE. FL 33309 

1 -800-327-5567 
IN FLORIDA CALL 305-776-71 77 

at Sonics "We are Technology " 
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