




The Chill-able Computer System 
Configure Your Severe Environment System With Our 
SECS 80/IOA Microcomputer And Support Modules 

Buy a few cards or a complete system 
Take our ruggedized SECS 80/10A Microcomputer, 

a functional counterpart of Intel 's standard iSBC* single 
board computer, surround it with our equally ruggedized 
support modules, and you have the building blocks you need 
to design a system which will operate under the most 
severe environments. 

This versatile SECS 80 System likes it cold - or hot. 
Meets Mil-E-5400, 4158, 16400- and more, making it perfect 
for space, missile and other military systems and tough 
industrial applications. 

A multitude of modules 
With these versatile modules, you'll save valuable time 

and development costs. 
• SECS 80/10A Microcomputer 
• RAM, ROM & EPROM Memories 
• Digital Tape Recorder & Controller 
• 1553 Serial 1/0 Board 
• Digital Input/Output Board 
• Analog To Digital Converter 
• High Speed Arithmetic Unit 
• Power Supplies 

SESCO 
A Subsidiary of Electronic Memories & Magnetics Corporation 

20630 Plummer Street• P.O. Box 668 • Chatsworth, California 91311 
Telephone: (213) 998-9090 •Telex : 69-1404 

System packaging 
All system modules are mounted on 9" by 6" shock and 

vibration resistant boards. A 7.62" by 4.88" 12.62" chassis 
(V2 ATR) holds up to 6 boards. 

Other EMM-SESCO products 
We've got core and semiconductor memories for military 

and commercial use, a Digital Data Acquisition System for 
the 1553 bus, and a compact Digital Tape System with 23 
megabit capacity. 

When you're faced with 
a tough environment -
"Buy SESCO ... it works!" 

•Trademark of Intel Corporation 
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The Anadex 80 Column Printer. 

First check 
the specs. 
Then check 
the price. 

Our new 80-column dot 
matrix line printer - the 
DP-8000 - combines high 
performance and operating 
convenience with a low price 
that's worth checking into . 

[M'check Performance 
The DP-8000 features a 

precision engineered , heavy 
duty printing mechanism that 
can print the complete 
96 ASCII character set , bi ­
directionally, at 84 LPM. 

~Check the Interface 
Included at no extra cost , 

are two input connectors (see 
photo) that provide three basic 
ASCII compatible interfaces: 
EIAStd. 
RS232C, for 
interfacing at 
up to 9600 
Baud with 
most mini-

The DP-8000 includes 12 
lines of internal FIFO buffer 
storage and can accept data 
continuously or in bursts. 
Optionclly, increased buffer 
storage of 2048 characters 
can be supplied for CRT dump 
and similar applications. 

ur"check Printer Quality 
A 9 x 7 character font 

provides virtually half-dot 
resolution for clean crisp print 
quality on the original plus 
three copies. 

Precise paper 

computers 
and modems; 
the 20/60 ma 
current drive 

.. 
. ~ 

·' '2::i 

positioning is ensured 
by a sprocket-feed 
paper advance, user­
programmable Top 
of Form control, and 
up to 8 vertical 

mode re-

' ' " 

quired by Teletype® ASR33-35 
printers; and the parallel-bit , 
serial character synchronous 
Centronics compatible interface. 

tab positions. 

~Check 
Convenience 

For operating ease, the 
DP-8000 accepts paper through 
the rear or bottom of the unit, 
provides programmable Skip 

Over Perforation control , and 
Out of Paper ind ication and 
logic signal. And movable 
sprockets allow the use of forms 
or paper from under 3 inches to 
91h inches wide. 

[l(' Check the low Price 
The best news is the price. 

A complete DP-8000 is unit­
priced at under $1000, with 
substantial discounts in larger 
quantities. 

Once you've checked out 
the performance and price, 
we think you'll agree that the 
DP-8000 is definitely worth 
checking into. Contact us today 
for complete details and a 
demonstration . 

ANADEX, INC. • 9825 DeSoto Avenue• Chatsworth, CA 91311, U.S.A.• Tel: 213/998-8010 •TWX 910-494-2761 
ANADEX, LTD. • Dorna House. Guildford Road• West End, Woking. Surrey GU24 9PW, England• Tel: Chobhom (09905) 6333 •Telex: 858762 ANADEX G 
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Image processing. Your way. 

Now, with the Grinnell GMR-270 Image Proc­
essing System, you can have pipeline image 
processing tailored to fit your application. 

The GMR-270 combines the best features of 
our proven GMR-27 line of high speed graphic 
display systems with a special package of 
sophisticated image processing features. The 
result is a modular image processing system 
that can be furnished with any or all of the 
following : 

- Convolution 
- Image multiplication and ratioing 
- Zoom and pan 
- 512 x 512 panning window on a 1024 x 1024 

image 
- Function memories 
- Pseudo-color tables 
- Video digitizers with frame averaging 
- Split screen and image toggling 
- Full graphics and alphanumerics 
- Up to four overlay memory planes 
- Independent cursors 
- Trackballs and joysticks 
- External synchronization 
- Plug compatible interfaces for most 

minicomputers 

In addition, the GMR-270 has a display 
resolution of 512 x 512 pixels and a video for­
mat that is RS-170 compatible. It is housed in a 
rack-mountable chassis and drives standard 
TV monitors. 

Besides the GMR-270, Grinnell manufactures 
two complete lines of graphic television display 
systems: the GMR-27 Series and the GMR-37 
Series. GMR-27 units are high speed, graphic 
and image display systems; GMR-37 units are 
low cost graphic display systems. Both are 
available with display resolutions from 256 X: 
512 to 1024 x 1024. 

So, whether you want to analyze images 
from outer space or monitor a process in a 
plant, Grinnell has a system that can do it. For 
detailed specifications and/or a quotation, call 
or write today. 

Photographs provided by Stanford Univers ity Department of Appli ed 
Earth Sciences, Palo Alto , California. 

GRINNELL SYSTEMS 
2159 Bering Drive, San Jose, California 95131 (408) 263-9920 
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Features 

24 Logic Analyzers 
Are you selecting a logic analyzer'! If so, you may be bewildered by the 
seeming lack of clear ru les for comparison. Fret not; even though logic 
analyzers are still in a state of transition , such se lection criteria - such as 
factors to be measured and measurement environment - do exist. 

32 Microcomputers 
Several tre nds will continue in 1980. OEMs (and end users) will buy more 
for function than engineering reasons, OEMs will see more user insist­
ence on transparency, and further shortages . 

38 Alphanumeric Data Terminals 
Two significant trends will take place in alphanumeric data terminals: a 
growing trend to low-cost smart terminals and terminals with the ever­
improving graphic modeling capability. 

42 Special Report: Add-In/ Add-On Computer Memories 
Whether yo u are act ively examining add-in/on boards or boxes for your 
micro or minicomputer expansion needs or merely interested in long-term 
applications, you wi ll find no truly comprehensive treatment published 
elsewhere . So, to help you avoid the pitfalls in selecting add-in/on 
computer memories , Digital Design's engineering staff has researched 
the field and prepared thi s comprehensive Special Report. 

72 Semiconductor Memories 
The early 1980s will see a trend to pin-compatible families of semicon­
ductor memory devices and new memories with special on-board fea­
tures . This technology forecast examines the future of CCDs, ROMs, 
RAMs, TTL, ECL, HMOS and other technologies and the ir effects upon 
system designers . 

Departments 

8 Letters 

14 Speakout 

16 Technology Trends 
• Competitive Pricing Restrains Low-Speed Printer Prices 
• Independent Software Shows Fast Growth 
• Self-Contained Profess ional/Personal Computer Offers BASIC/CAD 
• OEM/Systems House Market - A Hotbed of Activity 
• Computers and Communications To Merge in 1980s 
• Will Bubble Memories Replace Micro-Winchesters/ Floppies in 1985'! 

58 Product Highlight 
l 0-Mbyte Winchester Disk Memory System For 6800 EXORcisor 

62 New Products 

75 Advertiser's Index 

77 Designer's Notebook 
• 8086 Single-Step Eases Software Debugging 
• 8080 Routine Displays Console Messages 
• Dec imally-Programmable Divide- By-N-Counter 

ON OUR COVER 
Add-in and add-on memory can upgrade micro­
computer. rrnnicomputcr and mainframe.: 'torage 
capaclly. and incrca'e comp.uter perfonnancc.:. 
Photo> coune>y Ampex Corp .. El Segundo, CA. 
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Letters 
Software Maintenance 

Dear Editor: 

Software maintenance (June 1979) 
was an interesting article; it makes a 
welcome change from other magazines 
to be able to read about the strategy of 
design . 

N.R. Bailey 
GEC Computers Ltd . 
Boreham Wood , GB, WD 6 IRX 

Can Supply Documents 

Dear Editor: 

I doubt that you will want to publish 
my letter. In your Speakout, "The 
Winds of Change," yo u briefly pointed 
to "certain firms" that practice age 
control or discrimination by controlling 
salaries; in particular , one whose presi­
dent was also an IEEE president! You 
failed to elaborate on this. Many (per­
haps most) other companies practice 
age control under other pretexts. One 
was based on declining creativity of 
mature engineers as evidenced by the 
age distribution of awa rded patents. A 
high-level manager of the same large 
corporation later proved the falsity 
and absurdity of this contention (but 
the controls are still in effect). 

At least they were three years ago 
when the company's famous research 
lab refused to even look at many older 
EEs out-of-hand, despite their impec­
cable qualifications. It 's illegal, so how 
do they do it? Here is the " Legal" way 
out: the company closes down a mature 
activity (preferably during a reces­
sion). Then , when it hires again, at 
nearby locations , the laid-off, older en­
gineers get the runaround until all 
positions have been filled with younger 
people (even though senior personnel 
on layoff are supposed to get "first 
crack" at new jobs). 

In my case, the violation was so bla­
tant that I filed a complaint. The New 
Jersey Division dragged its feet, to 
finally come up with a verdict of "no 
probable cause" in spite of company 
documents that proved my contention. 
An appeal to the Division VP (com­
pany rules had been violated as well) 
remained unanswered. 

If you decide to publish this letter , 
1 can supply all legal documents, in­
cluding names , dates, etc. However, at 
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this time my job could be in jeopardy 
if my name ge ts known prematurely . 
What measures can working EEs take 
to protect me and other misused EEs? 
How can l reveal the gory details? Cer­
tainly the IEEE won ' t help us , will it? 
With another recession coming up , the 
topic of age discrimination is very time­
ly. You can contact me by writing to 
the following address. 

Name withheld 
Box 4 
Boonton, NJ 07005 

Against Conflict of Interest 

Dear Editor : 

Congratulations on your Speakout 
"The Winds of Change" (Sept. and Oct. 
1979). You pinpointed the conflict of 
interest between the present IEEE es­
tablishment and the practicing EE. 
There was only one statement that I 
could not understand: that Leo Young 
has suddenly changed his views in 
favor of the working EE. Leo has a 
long record of working to improve our 
professional environment. For exam­
ple: he was U.S . Activities Committee 
chairman before it became an IEEE 
board, organized the Professional 
Act ivities Committee within the 
IEEE MTT society , started an ad hoc 
professional activities committee in 
the S .F. Bay area before professional 
activities became part of IEEE and is 
the Pension Committee Chairman. 
These are only a few samples from a 
long record of service. Yes , I'm sure 
that we' ll see a lot more from our new 
IEEE president. 

Al Heme], SM 
Cupertino, CA 

A Better Future ... 

Dear Editor: 

Witn regard to Mr. Barauck's letter de­
fend ing Leo Young, there are several 
points he ignored. 

First, where were Leo 's outcries 
about that outrageous lunch (cost = 
$45 per attendee) sponsored by IEEE 
at the "2 1" Club? Leo had no criticism 
of IEEE about this, especially since he 
was unable to speak with his mouth 
full. Second , where were Young's out­
cries when IEEE authorized fully ten 
members of IEEE's Board of Directors 
to go to Great Britain this Spring? Or 
is it possible that Young's criticisms 
could not be heard because little 
sound that emanates from London is 
received here in the U.S .? Third , 

Young (and his wife) did not hesitate 
to publish (under the aegis of Bethesda 
Books, Inc.) the information about 
pensions gathered for IEEE . I have re­
ceived no reply to my questions about 
the sales of the book , or if either one 
ever received fees , salaries, or expenses 
from IEEE in connection with the 
gathering of material for this book. 
Fourth, where is Young's proof (even 
in the flimsiest sense) for his untruth­
ful statement that I have repeatedly re­
ceived offers to serve IEEE but that I 
have always turned them down? Fifth, 
at our dinner meeting on 3/12/79 in 
Washington and Arlington (VA) , 
Young refused to endorse the principle 
that no foreign engineers should be ad­
mitted to the U.S. He also declined to 
support the position that IEEE should 
help with the fight to stiffen the back­
bone of the Labor Dept. in the matter. 
By contrast, Burk Schneider supported 
this position and IEEE is now actively 
involved in this matter. 

In any case , this is now history. 
hope that the future is better. 

Irwin Feerst 
CCEE 
Box 19 
Massapequa Park, NY 

Editors Never Make Misteaks 

In Part 1 of "The Winds of Change" 
(September), we inadvertently mis­
worded a sentence. "Although an 
IEEE VP for 5 years and a member of 
the Board . .. " was intended to be "Al­
though an IEEE VP and a member of 
the Board for 5 years ... " 

As for the speakou t , reader mail 
and Reader Service Card comments 
have been favorable with approximate­
ly a 9-to-l ratio, IEEE's members have 
given Dr. Leo Young their mandate . 
We wish Dr. Young the best in his re­
form efforts; and, if he accomplishes 
his campaign promises for reform , 
IEEE will change for the better. 

If your address label 
on the front cover 
is printed in red, 
you must till out 

the subscription form 
on p. 11 

to continue your 
free subscription. 
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Three band LANDSAT image of San Francisco Bay Eight-to-one zoom of Suisun Bay 

II i111a1e a11algsis a11d aq11isilia11 is 
1a11r prallle111. 1a11 eed 

Ille IP lilll l111age Arra1 Pracessar. 
The display system that: 
• Stores up to one megabyte of data for single or multi­
ple image arrays. 

• Has complete independence between refresh memory 
(raster scan output) and host computer addressability of 
memory. 

• Includes memory management and data control for 
direct high speed access to refresh memory. 

• Includes a powerful, pipe-line processor to perform 
high speed image array processing and statistical 
analysis. 
• Performs pixel replica zoom of 2 :1, 4 :1 or 8:1 in 
real time. 

• Can selectively change format between 525 line and 
559 line video formats with external sync capability for 
525 line formats. 

• Is capable of scrolling, in any direction, a pixel or line at 
a time or multiple pixels and lines without causing tearing 
of the visible image. 

• Digitizes video signals up to 8-megahertz bandwidth 
with true 8-bit precision. 

• Has multiple intensity transformation tables for grey 
scale, color or pseudo color displays. 

• Has proven reliability with field installation at some of 
the top names involved in image processing and display. 

For further information and a list of satisfied users, 
contact DeAriza Systems, Inc., 118 Charcot Ave., 

San Jose, CA., 95131, (408) 263-7155. 

De l\nza Systems Incorporated 
GIVE YllllELF I IETTEI IMAGE 

,... ; __ ,_ .. " - -"----'- - •- - --!-- - - . 
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PDP-11 * 
TCU-100 • $495 
• Provides month, day, hour, minute and second. 
• Can interrupt on date/time, or periodic intervals. 

TCU-150 • $460 
• Provides year, month , day, hour, minute and 

second . 
• Automatic leap year. 
• Patches for RSX-11M, RT-11 FB/SJ V02, V03 

and UNIX. 

LSl-11/2* 
TCU-500 • $325 
• Provides month , day, hour, minute and second. 
• Dual size board . 
• Patches for RT-11 SJ /FB V02, V03B. 

Lockheed SUE 
TCU-200 • $550 
• Provides year, month , day, hour, minute, second 

and milli-second. 
• Interval interrupts between 1/1024 seconds and 

64 seconds. 

Computer Automation (Naked Mini) 

TCU-310 • $385 

Multi-Bus** 
TCU-410 • $325 
• Provides year, month , day, hour, minute and 

second . 
• SBC/BLC compatible . 

HP 2100 
TCU-2100 • $395 
• Correct time restored after power failure . 
• Compatible with the HP TBG card . 

Serial Clock (RS 232 or 20 mA) 
SLC-1 • $640 
• Connects between any terminal and host computer. 
• Provides date, time and more! 

All Digital Pathways TCUs have on board NICAD 
batteries to maintain time and date during power 
down. Timing is provided by a crystal controlled 
oscillator. Prices are U.S. domestic single piece. 
Quantity discounts available. 

For more information on these products, contact: 
Digital Pathways Inc. 
4151 Middlefield Road 
Palo Alto, CA 94306 
Phone: (415) 493-5544 

• Provides year, month , day, hour, minute and 
second. ~ ~~ 

*Trademark of Digital Equipment Corporation ~/ ~ ** Trademark of Intel Corporation 
* **Tra demark of Computer Automation Incorporated 

DIGITAL PATHWAYS 
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REQUALIFY 
NOW! 

Your subscription to Digital 
Design is about to expire. 

If your address label on the 
front cover is printed in red, 
you must fill out and return 
the subscription forn1 on 
page 11 to continue your free 
subscription. 

If you are reading someone 
else's copy of Digital Design 
use the form on pg . 11 to 
subscribe now . 

If you have already sent us 
a qualification form, then 
do a good turn for your col­
leagues. Pass along this copy 
and remind them to qualify 
for the ir own subscription. 
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~~eakout 
Harry Shersh ow 
Associate Editor 

There May Be Smoke, 
But There's No Fire! 

Gla nc ing through so me of th e other compute r m agaz in es in this 
spec iali zed world o f publi ca ti o ns, 1 rece ntl y no ti ced an edito rial 
headline: "The 8-in ch Short fa ll! " 1 forge t the name o f th e 
magazine or th e nam e of th e fe ll er wh o wrote the word s unde r 
th e head . But I do rememb er so me of the things he sa id: 

"With all the hoopla sur ro unding the 8
11 

Win chester disk 
drive sweepstakes, systems designers would be wise to ques­
tion when they will be avail able in volume ' Th ere's consider ­
able conce rn that media suppliers won 't be ab le to meet the 
demand' Sho rt fa ll of the devices will deve lo p until media 
make rs can ramp up prod uction and that probably won 't 
happen until next sp ring ' " 

Well. I for o ne, ca n assure sys te ms d es igne rs around th e co un­
try no t to fret abo ut producti o n . While mag ne ti c m edia m a nu­
fac ture rs are no t able to swit ch fro m 14" to 8

11 

di sks as eas il y as 
shoe facto ri es sw itc h fro m size 12 to size 5 shoes, the need for 
re too ling is ha rdl y the fo rmid able ta sk fa ced by De troit whe n 
th ey' re read y to ma rke t a new auto m o bile mod el. Th e major 
diffe re nce between th e 14" a nd 8 11 is the o utsid e a nd in sid e 
di ame te rs o f th e di sk. 

1 lea rn ed all thi s a ft e r a rece nt visit to 3 M's Data Reco rding 
Pro du c ts Div is ion . Las t Se pte mb er 1 spe nt a few cl ay s a t that 
co mpa ny's bu stling pl ant a t Wea th erford , Oklahoma. They are 
wo rking three shi fts a round th e clock a nd turning out a stead y 
strea m of ord ers fo r 14" di sks a nd 5" a nd 8

11 

diske ttes and will 
be re ad y to ha ndl e o rd e rs fo r the 8

11 

disk by the time y o u read 
this. Jn fa c t , 3M's ge ne ral man age r for the Data Recording Prod­
ucts Divi sio n , Al Smith . says: " An y sy ste m s designe r th a t ca n ' t 
fill hi s need s, pl ease contact us. We' ll h ave yo ur 8 11 qu a lifi ca tion 
di sks o n o ur shipping pl a t fo rm the d ay afte r we ge t yo ur o rd er. " 
And if 3M is ready , ca n th e o th er co mp a ni es be fa r be hind ? 

As o ur lo cal chi e f, Barn ey Gooser , t e ll s hi s newly-hired fire­
m e n : " Before yo u fe lle rs pull a .1 ala rm - m ake go !' d arn sure 
the re's a fire out th ere !" 





Technology 
Trends 
Competitive Pricing Restrains Low-Speed Printer 
Competition will reduce the average 
unit price for low speed printers 67</ 
year in 1982, as market values rise 
I 1.2r/c :11111uall y in the rece ive-only 
(RO) segment and 2.9rlr in the key­
send-rcccive (KSR) segme nt. 

Shipm ent va lues will reach S I 
bi lli on for ROs and S450 million for 
KSRs in 1982. th e study est imates. 
Unit shipments will in crease 187< 
annually on the RO side and I I% on 
the KSR side through th e foreca st 
period. 

Competition among tcc\1nologics 
will cha rac ter i;c the low-speed printer 
market through th e ea rl y 1980s as the 
ongoin g shift to mat ri x printing con­
tinues. Impact printers will continue 
to dominate at first. but will yield mar­
ket sha re to ink jct des igns over th e 
long term. 

Ink jet printers will find app lica tion s 
in the fast-g rowin g office automation 
and business graphics markets on the 
strength or th ei r speed and paper hand­
lin g cap;ib ilities. Nonimp;ict page print­
ers. however. will begin to edge so lid-

LOW SPE ED PRINTE R MARKET TRENDS (1) 
(US Produced) 
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Printers (RO) 

Quantity 

World 
+23% 

us 
+18.5% 

Price 
- 6.2% 

Marke t Value 

Wo r ld 
+16% 

us 
+ 11.2% 

Key board-Printers ( KSR) 

Quantity 

World 
+10.3 

us 
+7.3% 

Price 
- 4 .1% 

Market Va lu e 

World 
+6 .5 

us 
+2.9 

( 1) Exclu sive of electrostati c pr inters, typewriter s and strip / label p ri nters 

chara cter printers out of WP. 
The above techn ology forecast was 

condense d from th e report. " Low 
Speed Printers," which analyLcs the 

market to 1982 for serial and line 
printers at 200 !pm and below. Gnos­
ti c Concepts. Inc. 27 10 Sand Hil l Rd . 
Menlo Park . CA 94025. 

Independent Software Shows Fast Growth 
The comp uter serv ices/software indu s­
try has become a S7 billion-plus market. 
With demand for computing growing 
faste r than ·the number of programmers 
available for implementation, more 
use rs are seeking ou tsidc help for solu­
tions to their dp problems. By 1983. 
revenues for the services/so ftware mar­
ket should reach S 15 billion - more 
than doubling in five yea rs. This ac­
counts for IBM and minicomputer 
makers' shift in emphasizing software 
costs and slashing memory prices. 

Process in g services accounted for 
SS bi llion in 1978 - a I 77r increase 
over 1977 - and 1979 is up eve n more. 
This segment of the se rvices/software 
market will broaden steadi ly reachin g 
Sl0.7 billion by 1983 . Examining th e 
growth of thi s market in terms of ac­
cess methods clear ly indicates that 
today's processing scrPiccs co111pa11F is 

co11111w11ica1 io11s oric111 cd. Carry-i n 

l<i Digital Design JAN UA RY Jl)X() 

batch se rvi ces - 747' or th e market in 
1979 - wi ll comprise only 28% of the 
market by 1983. Batch se rvi ce ve n­
dors. even th e smaller S I mi ll ion firm s. 
are now providing remote capabilities 
and adding minicom puters to th eir 
li sts of service offe rin gs. Remot e-ba tch 
processing wil l grow rap idly in the 
comin g years - 257' annually com­
pounded through 1983 . 

Independent so ftware. the fastest 

lndependen t Packaged Software 
Revenues 

Type 1978 'lo Per 1983 
Year 

Sys te ms $ 102M 16% S 21 8M 

Utility $243 27 $ 806 

Application $ 325 3 1 $ 1,276 

Total $6 70M 28% $2,300M 

growing market segment , wi ll jump 
from an 18% share of the overall mar­
ket to 22% of the tota l by 1983 . During 
th e sa me time frame . processing se r­
vices will decrease slightl y. dropping 
from 72% to 70%. Indepe ndent so ft­
ware generated revenues o f S 1.3 bi l­
lion in 1978 - up 21 % fr om 1977 -
and wi ll exceed S3 billion by 1983. 
Pac kaged so ftware will show the grea t­
es t ga in s. Growing a whopping 34%. 
packaged software accounted for half 
(S670 mil lion) of th e entire software 
market. Looking ahead, 1983 will sec 
packaged software accounting for 70% 
(S2.3 billion) of all software reve nues. 

Th e above research was condensed 
from a report from I DC's Servi ces and 
Software Information Program: "Sta­
ti sti ca l Refe rence Book 1979" 
(S2.5 00) . For more information, co n­
tact !DC. 214 Third Av , Waltham , MA 
02254 . 



PDP-11 ready for the 80s ? 

1 2 3 4 

The future is here. The decade is dawning. 
Upgrade your PDP-11 for work of a new age. 

Upgrade your PDP-11 by front-ending it 
with our UMC processor system. It plugs into 
your UNIBUS, shares work with your PDP-11, 
and gives you powerful yet independent 
processing. 

Use it to support network expansion . Have 
it control data acquisition, translation, 
formatting and processing. Or maybe 
emulate peripheral controllers. Or serve as 
terminal concentrator. 

The UMC is a modular system of boards 
and support software. Since it's modular, it's 
flexible . It conforms and grows to meet your 
needs. 

The UMC Processor Board might be all you 
need . You get a Z80 microprocessor, 4K 
bytes static RAM and room for 16K bytes 
PROM. Plus 2 full-duplex serial lines and up 
to 3 OMA channels. 

Wire-Wrap is a registered trademark of Gardner­
Denver Co PDP and UNIBUS are registered 
trademarks of Digital Equipment Corp Z-80 is a 
trademark of Z1log . Inc 

Need more memory? A UMC Memory 
Expansion Board gives up to 64K bytes RAM 
and space for 32K bytes PROM. Need more 
memory? Add others at any time-up to a 
whopping megabyte. 

Extra serial lines? Our UMC Serial Line 
Expansion Board accommodates up to 16 
full-duplex lines. It has up to 8 Z80-CPUs, 
each with dedicated expandable memory. 
Extra lines? Extra boards! A system of more 
than 100 low-baud-rate lines is possible. 

Custom work? Use our ProtoHex Wirewrap 
Board. It has universal layout and access to 
all UNIBUS and UMC Bus signals. 

And as for software, run our Software 
Development System in your PDP-11 to 
support writing UMC software. Or maybe 
you need a turnkey network program, 
available soon for 2770, 2780, X.25 and 
other protocols. 

How can the UMC serve you? Check with 
ACC today. It may just put your system in a 
whole new light. 

ASSOCIATED COMPUTER CONSULTANTS 

Brighten your future! 

228 EAST COTA STREET, DEPT. C, SANTA BARBARA, CA 93101 . 
(805) 963-8801. TWX 910 334-4907. 
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GLITCH- EE! 
Today's Decitek Floppy Disk Drives 

You can bet "Decitek" earned its " glitch­
free" disk drive reputation honestly. And, 
through long experience in manufacturing 
computer peripherals. 

For example, DecitekPunched Tape 
Readers are considered the "recommended 
reading" of the industry. 

The same goes for Decitek single-sided disk 
drives. Decitek believes "glitch-free" is just as 
imperative in disk drives as in tape readers. 

Here are some of the features that 
give Decitek Floppy Disk Drives fail-safe 
dependability plus long-life with minimum 
maintenance. 
•direct linear head positioning • microproces­
sor controlled drive electronics • industry com­
patible formats • sealed front panel • jumper 
configurability. 

If you need single-sided drives today; 
go glitch-free. Get Decitek. When Decitek 
announces its double-sided drive you can 
bet it will be glitch-free, too. 

Write or telephone for complete informa­
tion: Decitek, 129 Flanders Road, Westboro, 
Massachusetts 01581, (617) 366-8334. 

Decitek Standard Floppy Disk Drive 
uses 811 removable diskettes single­
sided, single and double density 
recording. 48 TPI, industry compatible 
formats . 

A Division of Jamesbury Corp. 

HARDWARE SOF'IWARE Barcelona Spam • Telex #54682 NAVJS • !ER Courbevo1e 
France • Telex 1'620289 !ER COURB • TELEPRINTER EQUIPMENT Trmg, Herts, United Kingdom 

• Telex 1'851 82362 BA TECO G • OEM ELECTRO NIK GMBH Echterdmgen, West Germany • Telex "7255812 OEMD 
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Self-Contained Professional/Personal Computer Offers BASIC/CAD 
Paul Snigier, Editor 

Look in g fo r a one- unit , low-cos t , stand­
·tlone personal computer with built-in , 
interac tive graphics? The HP-85 is a bit 
diffe rent fr om the TRS-80 , Apple , Sor­
cere r and th e rest : its typewrite r-like 
key board , CRT display, printer, tape 
ca rtrid ge and graphics come co mple te 
in a fully se lf-contain ed sys tem the size 
of a portable elec tri c typewriter. Jr 
yo u' re not a whiz at BASIC, fret not ; 
th e HP-85's English-like BASIC lan­
guage programmin g makes it easy to 
use . Its 16

11
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1-f size 
and 20-lb . we ight suit it to desktop 
use in the enginee rin g environment 
or lab. 

It s one-unit , se lf-contained structure 
se ts it apart fr om personal co mputers 
and may even signal a ne w ge nerati on 
of personal computers tha t are eas ier 
to use and ca rry, and distin ctl y tail ored 
to the enginee rin g professional. 

Interfacing peripherals made easy 

Want to expand the sys tem to in clude 
plot ters, printers, di sk drives and oth er 
per iph era ls? Easy. Fo ur 1/0 parts make 
this a snap, giving your unit data ac ­
qui sition and cont ro l capabilities. 

The 16-Kbyte R/W memory (14 .5 
Kby te, use r access ible) can be ex panded 
to 32 Kby tes by plugging a me mory 
module in to one of th e ports. The 
BASIC offers 12-digit accuracy, string 
opera tions. edi tin g, 42 prede fin ed fun c­
ti ons, fo ur leve ls of program security 
and output fo rm attin g fo r designing 
program outpu t wi th headings, columns 
and spaces. 

Built-in graphics 

With the built-in , interactive graphics, 
yo u can plo t da ta on the disp lay to 
check and tes t bo th result s and ca lcu­
lat io ns by do ing curve-fitting and dis­
tributio n analys is o n the screen (or see 
trends graphica lly). The CRT graphics 
disp lay can be printed with the built-in 
pri nter. 

Our enginee ring editors fou nd the 
5" high sc reen a bi t small , but with 
one programme r wo rkin g at hi s desk 
in front of it, thi s wou ld be accep table. 
The high-contras t , B&W CRT displ ay 
holds up to 16 lines of data at 32 
charac ters/lin e. It " remem bers" up to 
64 lines, which <1re viewed by sc rolling 
the da ta up or down. 

Wh at about the graphics mode? The 
display is a 256W-by- I 92H-do t fi eld . 
HP-85 stores both the las t alphanumeri c 
di sp lay and las t graphics di splay, whi ch 
is conve nient when yo u want to switch 
fro m one mode to th e o ther - with out 
losing data. 

The therm al prin te r was quie t , and 
would not upse t anyone else. It prints 
two 32-charac ter lin es/sec. In the 
alph anum eri c mode, it prints th e full 
l 28 ASCII se t - U&L case with under­
linin g. 

In graphics mode, it reproduces any 
plot on the CRT unde r program con­
tro l (or by a button) . When plo ttin g, 
the printer "rotates" the display 90° 
- a nifty feature that le ts it prin t end ­
less strip charts. With the ports avail able 
fo r interfacing with the outside world , 
perh aps with suitable 1/0 modules, it 

seems th at the l IP-85 could repl ace 
oth er tes t equipm cn t. 

As fo r storage, I IP-85 uses 2 17-
Kbyte HP Data Ca rtridges and opera tes 
at a J 0-ips R/W speed and 60-ip sea rch 
speed. It se ts up a tape directo ry at the 
beginnin g of each tape, and usin g this 
" table of contents", it loca tes pro­
grams and data. 

Nine appli ca ti on software packages 
come on prerecorded ca rtridges . Others 
arc lo come. Alth ough our engin ee rin g 
and progra mmin g editors programm ed 
th e HP-85, there was a di ffe rence of 
op inion on how read il y other BASIC 
progra ms co uld be adapted to the 
I IP-85. However, 1-1-P spokesmen 
claimed th at sin ce HP-85's language 
mee ts the ANSI standa rd , mos t ex isting 
soft wa re complyin g wi th this standa rd 

can be rea dil y adapted to HP-85 use. 

Circuit Analysis Program (CAP) 

For an alog designers modeling net­
works, the HP-85 and it s CAP ca rtrid ge 
prove a ni ce aid that permits modeling 
pass ive filters, makin g phase-m agnitude 
Bode plo ts of ac tive high-pass filters, 
etc. 

CAP is limited to stea dy-state (AC) 
analys is and 9 nodes and 12 branches 
(expanda ble in CAP 32 with 
32-Kb yte memory to 20 nodes and 44 
branches). Circuits modeled may con­
tain the usual passive ( R ,L,C) and ac tive 
sources (vo ltage-co nt ro lled and inde­
pend ent current sources). Outpu t ca n 
be any node-to-node or branch voltage, 
o r bran ch current and power. Linea r 
o r logarithmic outputs are provid ed in 
tabulated or plotted fo rm , and fa m-

The HP-85 personal 
computer features 
powerful central 
processor, typewri ­
ter-I ike keyboard 
with 20-key num­
eric pad , high-reso ­
lution CRT display , 
thermal printer, car ­
tridge tape drive , 
enhanced BASIC 
language and inter­
active graphics in a 
fully integrated sys­
tem the size of a 
portable electric 
typewriter . 

ilics o f curves can be supe rimpose d. 
As in large r CAD languages, circuit 

elements arc defin ed by nodes , value 
and branch number. The CAP progra m 
lists in dependent current sources first. 
CAP all ows modifi cations of clemen ts 
in any o f its three program sec ti ons 
(in puts, outputs, pl ottin g) witho ut 
al tcring th e rest. 

If yo u're mode lin g ne tworks with 
oth er, high-priced CAD languages, 
yo u will not find a t ra nsient-sta te 
analys is mode, or worst-case capa ­
bili ty th at consi ders tolerances, or 
more th an three curren t-controll ed 
sources, etc . Aside fro m th is, and con­
sidering th e 53250 pri ce tag. the I IP-
85 makes a ni fty design aid that coul d 
tri gge r a new breed or pro fessional and 
pe rsonal comput ers. 
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OEM/Systems House Market - A Hotbed of Activity 
Hardware expenditures for the top 20 
SMSAs has increased 20% over the last 
12 months - representing almost $1.3 
billion worth of mini/microcomputers 
and peripherals. California still has the 
largest number of these firms (21 %), 
followed by Mass. (J 1%), New York 
(J 0%), New Jersey (7%), Texas (7%), 
and Illinois (6%). 

Digital Equiprnent Corp. shows the 
deepest penetration in the OEM/sys­
tems house market of any rnini-man u­
facturer. Some 38% in this market pur­
chase equipment from DEC. Data Gen­
era l is in second place capturing 20%. 
Hewletl-Packard and Interdata are third 
and fourth with 8% and 6%, respec­
tively. IBM has moved up to fifth place 

in the number of OEM minicomputer 
custome rs. This is due to a 55% in­
crease in Series/ l purchases over the 
last six month s. IBM now has a 5% 
share of th e market. 

Of the companies, 50% price their 
turnkey system offeri ngs under $SOK. 
while 48% price them between $50-
$25 0K . Only 12% of the companies 
carry systems with price tags over 
S250K. Analysis of these compan ies 
by number of systems installed in 
1978 shows that 45 % had installed 
l-9 systems, 33% had installed 10-49 
systems, and 22% had installed over 
50 systems. 

OEM/systems houses ::ire directing 
their marketing efforts primarily to 

the following end user industries: 
manufacturing, general business , 
medical/health services, gove rnmen t, 
and distribution. General business. 
accounting, control functions, com­
munications, inventory control , and 
process contro l st ill dominate the ap­
plication functions of the turnkey sys­
tems offerin gs. 

Digital Design based the above in for­
mation on data taken from "U.S. OEM/ 
Systems House Prospect Data File" 
(TDC, 214 Third Av, Waltham , MA 
02254). It provides detailed company 
profiles and information on hardware 
expenditures for organizations buying 
mini micro computers and peripherals 
for resale. 

Computers and Communications to Merge in 1980s 
The recent AT&T delay in implement­
ing its Advanced Comm unications Ser­
vice (ACS) has given the industry 
breathing time. It is irnporlant for the 
marketplace to get some direction on 
how the commission will allow d p and 
data communications to be offered. In 
an interview. Richard Wiley, former 
FCC chairman and now a regulatory 
attorney, stated that regardless of the 
outcome, it will be important for the 
FCC to retain oversight of AT&T as 
the dominant carrier. The commission 
will need to regulate the interference 
between the parent company and the 
regulated subsid iary in the case of an 
underlying carrier such as AT&T. If 
this is not done, there will be cross­
subsidy prob lems where financial sup­
port is shifted from an ent ity to the 
other. "We want regulation to be sure 
that the rules of the game permit true 
cornpetition ," Wiley exp lained. 

Collision course ahead 

Inevitably Bell will get into nonregu­
la ted areas closer to data processing, 
either through changes in the Consent 
Decree, legislative action or more 
decisions before the FCC like the 
Dataspeed 40 case where individual de­
vices are judged on their features . 

But BeJrs dominance must be recog­
nized and the safeguards to the industry 
must be made clear. "Bell seems to be 
looking for insulation from the anti­
trust laws in this matter ," Wiley said, 
"and I don't think that will happen." 
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Comment ing on the emerging View­
data type of se rvices , Wiley said the US 
is behind other countries who are al­
ready offering these data base features. 
Current FCC rules don't permit por­
tions of the TV broadcast image to be 
used for data and the Commission will 
have to deal with this issue. These serv­
ices are co nsiste nt with broadcasting 
and they sho uld ultimately be permit­
ted. If the TV sc ree n is used for trans­
mission, then regu latio n is probably re­
quired to avoid interference with regu­
lar TV . But these services cou ld grow 
via cab le distribution o r other systems. 

The FCC or the marketplace will 
determine which methods will become 
standards. There are still many unan­
swered questions and they need to be 
addressed. Meanwhile , there is no 
doub t that a Teletext type service is in 
the public interest, although the eco­
nomic questions must be studied. 

Depending on the vagaries of the 
regulatory system, wiU the Xerox net­
work begin operating before late 198 I ? 
Per haps . Thus far, both the regulatory 
process and technical deve lopment of 
the network service seem to be pro­
gressing well. 

Will Bubble Memories Replace 
Micro-Winchesters/Floppies in 1985? 
Mini-Winchesters and low-cost floppy 
disks will dramatically impact µC sys­
tems during the next five years. During 
the next two years, several new storage 
technologies are expected to enter the 
microsystems memory market, includ ­
ing: (1) very low-cost consumer/com­
mercial grad e 5

11 
floppies, (2) 8

11 
diam­

eter mini-Winchester hard disks, (3) 4-
611 flying head micro-winchesters, (4) 
"back-end " processors combining disk 
con troll er and database management 
functions in specialized hardware and 
(5) on-line archive devices in both 
videodisk and automatic cartridge tape 

library configurat ions. Will these inno­
vations, a long with magnetic bubble 
memories, pose a se rious threat to the 
market for an expanded capacity , 
double-sided floppy disk? Definitely . 

Low-cost mini-floppy drives, made 
in J apan on a utomated assembly lines 
currently used for cassette and eight­
track tape decks, are offered in both 
commercial and consumer grades. 
These ve ry low-priced mini-floppies 
will be targeted at intelligent typewrit­
ers, home comp uters and other light 
duty applications. By 1981 , low-cost 
mini-floppies will be fun ctionally 



Write or call for 
complete information 

EPSON AMERICA, INC. 
23844 Hawthorne Blvd. 
Torrance, California 90505 
Telephone (213) 378-2220 
TWX 910 344-7390 
New York Office 
98 Cutter Mill Rd., Room 350, 
Great Neck, N.Y. 11021 
Telephone (516) 487-0660 

' 
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equivalent to currently-available mini­
floppies , accounting for over 40% of 
total floppy production , but at under 
one-third the price of conventional 
mini-floppy drives. 

R&D efforts made by manufacturers 
of hard disks have resulted in 8

11 

diam­
eter mini-Winchester disks. Over the 
next five years, prices of these "mini­
Winnies" will approach the current 

price of a 1.2-Mbyte double-sided 
floppy. The high-end unit capabilities 
will exceed 60 Mbytes through the use 
of thin film heads and track following. 

Mini-floppies will also come under 
attack from flying-head disks when 
micro-Winchesters are available in 
quantity . "Micro-Winnies" wi ll be i 
Mbyte and up , 4-6

11 

diameter disks 
(both hard and floppy), sometimes 
packaged with thin film heads in a re­
movable module about the size of an 
eight-track tape cartridge. Pricing will 
eventually approximate the level of 

Tired of 
waiting for 
the 
bus? 
Do you have a PDPll that 
is overloaded? Or a spe­
cial requirement that your 
bus can't handl e? If so, 
Datafusion Corporation 
has a number of devices 
that can help. This one is 
the OSBll-A Bus Repeater. It is the functional equivalent of DEC's* 
DBll-A, and is designed to drive at least 19 bus loads and a fifty foot 
extension of bus cable. ln a test environment it has supported 45 
loads and more. 

The repeater's simplicity of design is visually apparent. This is made 
possible by a specially designed integrated circuit. Resultant advan­
tages are the speed (about 80 nsec MSYNC to return SSYNC); the 
reliability inherent in only 34 operational circuit components; ease 
of installation and a price of $1140. 

The OSBll-A is only one of several products available from Data­
fusion Corporation which are designed to enhance the capabilities 
of your PDPll system. Among these are switching devices for auto­
matic bus reconfiguration, a bus splitter and a cable tester. 

We also have some ideas for the application of our products which 
might not have occurred to you. If you can't get the performance that 
you would like from your PDPll system, maybe we can an 
help. Telephone o ur Marke ting Manager at (213) 
887-9523 or write to Datafusion Corporation, 21031 ("fll 
Ventura Boulevard, Woodland Hills, California 91364. ., 

*TRADEMARK OF D I GITAL EQUIPMENT CORPORATION 
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today's double-sided minifloppies , 
with extra disk /head modules going 
at around $25 retail. The micro-Winnies' 
ten-times-access-speed advantage will 
be increasingly attractive as multi-task­
ing , virtua l memory , and database 
management software become more 
common on µPs, alleviating system 
bottlenecks created by the number of 
disk accesses. 

Back-end processors will enter the 
marketplace in the early-to-mid 1980s. 
Specialized LSI systems which com­
bine disk controller and database man­
agement functions, back-end processors 
will use highly parallel architecture, 
content-addressed memory , and CCDs 
or magnetic bubble buffers , in con­
junction with Winchester disks , to sub­
stantially improve file handling per­
formance. Back-end processors will 
serve as a shared database resource 
which can support an office network 
of word processors , inte ll igent copiers, 
data entry terminals , personal comput­
ers, and other workstations. 

A re lated development will be on­
line archives (OLA) at microsystem 
price points , ie, l 000 Mbytes or more 
for an end-user price of a few thou­
sand dollars. Major advantages of main­
taining all data on-line inc lude improved 
security, constant accessability from 
remote locations and unattended oper­
ation of systems. Data is staged to disk 
before actual processing , making access 
speed re latively unimportant. 

The leading OLA techno logies are 
optical video disks and automatic car­
tridge tape libraries. Video disks offer 
fast access (under 1 sec) and low costs 
reaped from utilizing consumer produc­
tion sca le economies. Automatic tape 
libraries cou ld be an adaptation of video 
cassette recorders (particularly longi­
tudinal format), 3M-tape cartridges or 
a new wide tape format. 

In the future , Arnett states that 8
11 

floppy technology can be advanced to 
at least 5 Mbytes, but the payoff from 
going beyond that is in doubt. The on­
line storage applications are vulnerable 
to the ten-times and 100-times-speed 
advantage of hard disks and magnetic 
bubbles; and the off-line storage uses 
are susceptible to low-end floppies , 
micro-floppies , micro-Winnies , data 
communications, OLAs and high trans­
fer rate sequential media more suitable 
for "save/restore" hard disk back-up . 

Want more information? It's all in a 
new report , "Rotating Peripheral Mem­
ories l: Floppy Disks And Low-Cost 
Winchesters" ($895). Contact Creative 
Strategies Intl. , 4340 Stevens Creek 
Blvd ., Suite 275, San Jose , CA 95129. 
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Parliamo 
molte 
lingue. 
(We speak many languages) 

Over 15,000 Ontel intelligent 
systems are used worldwide 
with many languages-
Eng lish , Italian, German, 
French , Spanish and Hebrew. 
Our software languages 
include-PASCAL, BASIC, 
FORTRAN and OP/L. Ontel pro­
vides everything for success­
ful OEM installations ... data 
processing ... word process­
ing ... communications ... 

' delivery ... customer support 
.. . operating systems. And 
certainly not least-highly 
attractive pricing . Contact me 
today. You 'll find we speak 
your language. 

Edward J . Heinze 
Vice President Marketing 
Ontel Corporation 
250 Crossways Park Drive 
Woodbury, NY 11797 
(516) 364-2121 



Logic Analyzers 

Bruce Farley 
Hewlett -Packard, Colorado Springs, CO 

Durin g the last few years. industry. rccogniLing a need. 
has dralllatically increased the nu111bcr of logic analyLers on 
the lllarkct. I::stilllatcs for total logic analyze r sales in 1979 
run as high as 60 lllillion dollars. 13ut despite the prolifera­
tion of analyzers . few of the lllany lllodcls share a cOllllllon. 
stamlardizcd feature set. 

Lad, of definition for logic analyze r features does not 
surprise those who feel the industry has not yet reached 
111aturity . People who select and use logic analyzers lllUSt 
choose the best instru111cnt for their needs. But since the 
variously defined feature se ts defy comparison. potential 
buyers lllUSt approach the selection decision frolll a different 
va ntage point. 

In any selec tion process. the fir st factor lllUSt be a colll-
111on baseline fro111 which to lllake a co111parison. In choosing 
mcasu1elllcnt tools, this reference point is the 111casurelllent 
application. Understanding the factor s to be measured and 
lllCasurcmcnt environment is the keystone in choosing 
mcasu re Ill en t tools. 

Once the needs arc defined. study the available features 
not a silllple task in purchasing a logic analyzer . 

• Few feature sets arc collln1on to all logic a11alyLcrs , or 
even large subsets of ana lyzers. 
• Fea tures often scclll the salllc, but , when implc111cntcd 
under operating conditions, arc not. 
• Features should not be judged singly. but rather in co111-
bination with other features, for exalllplc. se lec tive tracing 
and lllClllory depth in state analyzers. 

To understand the JllCasuremcnt application , first break 
the overall Jllcasurelllcnt into its colllponent factors. Docs 
the lllCasurelllCnt req uire analysis of state now, tillling Se­
quence, or both ') State ana lysis is based on sequences of 
"words," Jlloved th rough a digi ta! syste111, in parallel, usually 
with a synchronous strobe signal. Timing analysis is appro­
priate for investigating asynchronous events, ei ther logic 
states or control signals. Some JllCasu re men ts rcq uirc both 
state and tillling analysis, such as studying state now in re­
lation to handshake signals. 

Timing analysis 
Reviewing control bus signals and 1/0 signa ls arc the lllOSt 
colllmon applications of tillling analysis; both are genera lly 
asynchronous to a system's pri111ary data strobe. Of asyn­
chronous llleasurements . function analysis concerns the se­
quence of even ts; parallletric timing analysis measures par-
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ticular ti111cs and is used in fine tuning. If you perform a 
timing analysis to check whether line 2 went high during 
the period line 3 was ac ti ve, you arc performing a functional 
analysis. If you measure the elapsed time between a signal 
on line 3 and a responsive signal 011 line 6 . you arc perform­
ing parametric tillling analysis. 

Rules of thulllb have evolved for the proper speed (reso­
lution) required of a timing analy1.cr. The number varies 
with the reference thumb, but, for functional timing analy­
sis. resolution 5 to I 0 times the normal data rate is recom­
mended. For exa1nple, in an MPU-bascd system with 
lllClllory cycles around 500 ns and a 2 Ml IL maxilllUlll data 
rate in th e sys tem under test . a timing analyLer should have 
a re so lution as good as 20 to 200 ns. This rule for reso lution 
prcsu111es that the analyLer has a se parate mechanism for 
glit ch capture and that functional analysis only is applied. 

By contrast, paralllctric timing analy sis requires finer 
timing, as for setup and hold tilllcs. TTL circuits require a 
resolution of a few nanoseconds for adequate paralllctric 
measurements. even in a microprocessor system slogging 
along at a sedate memory speed or 500 ns. Resolution at 
the nanosecond leve l is expensive, both in acquisition cir­
cuitry and lllemory depth rcquiremen ts, and it's question­
able whether you can achieve a reasonable economic pay­
back. Currently , the highest timing resolution available is 
±5 ns (plus skew on multichannel llleasurelllcnts) on a 
$20,000 instrument with a 200-MIL,: sa111ple rate . The 111orc 
comlllon solution is to use a synchronized ou tput signal, 
available on most logic analyLers , to trigger an oscilloscope 
for these fine tuning instruments. 

Analysis landmarks 
In timing measurelllents, determine which .. landmarks" can 
serve as reference points for analysis. What kinds of events 
will you use to trigger an analyzer to collect inlonnatwn·r 
Two triggering lllethods for logic timing analyzers are syn­
chronous and asynchronous. The synchronous lllethod 
samples the lines of interest using the internal clock. The 
trigger state se lected must exist on the lin es when the sample 
is taken. A lunger time interval between samples causes a 
longer time window while sacrificing the ability to detect 
a "narrow" trigger event. In contrast, asynchronous trigger­
ing is independent of the sample rate , and allows you to 
specify an event and a time filter. The time filter defines a 
111i11im um valid sta tc to avoid triggering transitional states 
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MOB Interface Products: 
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2. Quality Workmanship 
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4. Competitive Pricing 
S. Better Delivery 
6. One-Year Warranty 
7. Worldwide Sales 

Find your reason here! 

•PERIPHERAL DEVICE CONTROLLERS 

MDB-4034 Line Printer Controller, programmed 
1/0 

New! MDB-42XX Line Printer Controller, Data 
Channel (OMA), optional Programmable 
Interval limer/Real-lime Clock (accommodate 
most major manufacturers models) 

MDB-4011 Paper Tape Reader Controller 
MDB-4012 Paper Tape Punch Controller 
MDB-4016 Card Reader Controller 
MDB-4017 Incremental Plotter Controller 

(controllers above include 15 foot cable) 

•GENERAL PURPOSE INTERFACE MODULES 

MDB-4040 Basic Board includes BUSY and 
DONE logic, multiple device selection, 
provides for 105 logic IC positions, accepts all 
size DIP packages ; options include 16-bit 1/0 
registers (two each) with byte pack/unpack, 
Data Channel Connection , wire wrap pins 
inserted, and lo-profile sockets. 

MDB-1021 All Wirewrap Interface Board, up to 
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protective cover. 

•COMMUNICATIONS/TERMINAL MODULES 

New! MDB-MIOB Teletype/RS232 Controller, 50 to 
19.2K baud, switch selectable functions and 
addressing, includes RS232 or current loop 
interface; options include second device 
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controller, Real lime Clock, Modem Control 
MDB-8063 Four or Eight Channel Asynchronous 

Communications Multiplexors, maximum 64 
channel system capability 

•CHASSIS ASSEMBLIES/ACCESSORY HARDWARE 

MDB-NEC-01 Expansion Chassis, six boards on 
314" spacing 

MDB-NTM-01 Chassis Bus Terminator 
DGEB Extender Board 
MDB-CPNL Communication Panel , four or eight 

channels 
GPIO Cable Subassemblies for 20, 26, 34, 40 

and 50 conductor ribbon cable ; edge 
connector with 10 foot unterminated cable 

MDB-120 & 250 Power Supplies, both linear and 
switching , five different configurations 

MOB interface products always equal or exceed 
the host computer manufacturer 's specifications 
and performance for a similar product. MOB 
interfaces are completely hardware compatible 
and software transparent to the host computer. 
MOB products are competitively priced, delivery is 
30 days ARO or sooner. MOB places a limited 
one-year warranty on its controllers and tested 
products. 

MOB also supplies similar interface modules 
for DEC PDP*-11 and LSl*-11 , Perkin-Elmer 
(Interdata) and IBM Series/1 computers. MOB 
has also announced new interface modules for 
use with Intel Multibus Single Board Computers.:. 
Product literature kits are complete with data 
sheets, pricing and discount schedules. 

r:l IJ fl 1995 N. Batavia Street 
Orange, California 92665 
714-998-6900 

SYSTEMS INC. TWX: 910-593-1339 
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that momentarily satisfy trigger conditions only by chance. 
You can accompUsh glitch detection, an integral part of 

timing analysis, in two ways. You can "stretch" short dura­
tion even ts so they can be clocked in to the analyzer like 
any other data bit (the drawback is the lack of differentia­
tion between legitimate data and the glitches) or you can 
use a separate memory for recording glitches, apart from 
the data memory. When more than one transition occurs on 
a line during a single samp le period, it is recorded in glitch 
memory, and can be displayed simultaneously yet di fferen­
tiaUy with the other, normal activity. This method guaran-

• 
The log ic analyzer market has grown over the past seven years to a 
pred icted total sales of $60M in 1979 . 

tees the capture of all detectable glitches. Also, the occur­
rence of glitches can be added to trigger conditions , a handy 
feature when you must distinguish iUegitimate from legiti­
mate signals. 

For a given memory depth, increasing the sample ra te 
reduces the size of the time window that can be viewed 
with a logic timing analyzer. Therefore, you must be able tu 
focus on the information you need for analysis. With more 
sophisticated triggering, the presence or absence of a care­
fully defined trigger condition can solve many problems 
directly. 

All timing analyzers have mechanisms to trigger data 
collection. With more sophisticated trigger features , you 
can more narrowly specify the system activity to be viewed. 
As an example, OR triggering al lows you to view activity 
when either of two trigger states occurs. Some analyzers 
offer NOT triggering for situations when, knowing a proper 
state or word, you want lo collect information when the 
next (unknown) state sequence occurs. 

Delay features let you collect information beginning a 
long time after a trigger point is recognized. Delay can be 
based on elapsed times or number of events; some timing 
analyzers offer both forms of delay. Delay features bolster 
situations in which the only convenient, unique event to 
define as a trigger occurs long before the trouble spot , which 
is buried in a long string of recurring, non unique even ts. 
Co llecting information only at the point of interest results 
in a more narrow window, with a correspondingly higher 
degree of resolution. 

In review, when comparing logic timing analyzers, 
• Describe the major characteristics of your measurement 
needs and determine whether they call for functional or 
parametric measures. 
• Specify the resolution required for your measurements. 
Be realistic; faster is not always better. 
• List the landmarks , the distinguishing characteristics of 
your system's operation most convenient to use in specify­
ing trigger points. 
• With your measurement needs well defined, investigate 
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the feature sets of logic timing analyzers available . Evaluate 
these features in actual operation. 

State analysis 
"State analysis" is the recording of logic states versus a syn­
chronous strobe signal of the target system. Although some 
refer to state analysis as "software analysis", state analysis 
provides a hardware and software window into the system 
by portraying a real-time view of the interactive operation 
of both. The strobe signal is chosen from the edges active 
when the information you need for analysis is valid. 

Sometimes this window is the system's master clock ; 
more often , a memory enable signal is used. Note that these 
are functional rather than parametric measurements; the 
basis for analysis is word or data flow rather than electrical 
or timing variables. Again , you must describe the measure­
ments you need before comparing feature sets of logic 
analyzers. 

Consider word width first. You will probably want to 
see the address (16 bits) with the associated data (8 to 16 
bits) simultaneously. For timing analysis , memory depth 
is a critical factor; for state analysis, word width is more 
important. 

When applied to memory depths for logic state analyzers , 
the old adage "more is better" is only half-true . You can 
always add a printer to a system (or take advantage of an 
existing print-out capability) and examine program code 
line by line .. . If this is your usual analysis mode, and real­
time measurement isn't mandatory , you don't need an ana­
lyzer; but, for most situations, this only was.tes your time 
and skills. Analysts are interested only in particular state 
sequences, or in specific system transactions. Then, a given 
logic state analyzer's memory depth must be evaluated in 
conjunction with capacity for selective capture of informa­
tion. Analyzers that allow you to collect only the states of 
interest measure more efficiently and eliminate your need 
for a deep memory. 

tj .................. .. 

Logic state analyzers di splay t he sequ ence of log ic statu s occurring 
at the t ime of strobe signals in the system under t est. Stat e ana lysis 
is based on functio na l ra ther than parametric measurements. 

In a simple tracing function , where you may only want 
to know if a program branched correctly or incorrectly, you 
need no more than the three or four incoming and ex isting 
states at the branch node. If you check data written to a 
set of memory locations , memory depth requirements vary 
with the number of locations or entries you want to con­
sider. But if you can specify only those locations and omit 
all the program flow associated with each memory write, 
you can vastly reduce extraneous material you must scan. 
The same situation exists in analyzing 1/0 interactions. An 



·-

.. ... 

Delivery That's OEM Responsive 
Perkin-Elmer tape and disk drives are avail­
able now. When we saw the demand for our 
drives grow, we responded by making the 
investments necessary to be responsive to 
OEM delivery requirements . Our commitment 
to OEMs includes a new 250,000 square foot 
manufacturing complex with the production 
capacity that can meet today's requirements . 

Our OEM Commitment Our commitment 
to the OEM goes beyond new facilities . It's a 
multi-faceted corporate commitment that in­
volves a powerful combination of investments 
in advanced product ion and testing equip­
ment, responsive management, financial 
strength and competitive products . A commit­
ment that assures product reliability, on-time 
delivery , and responsiveness for our OEM 
customers . 

Responsive Products We offer the OEM 
tape and disk drives that have become the 
industry standards . Our tape drives are avail­
able in sizes from 7 inches to 10V2 inches 
with speeds ranging from 12.5 ips to 75 ips 
and recording densities up to 1600 cpi . 
Our Super Series cartridge disk drives are 
available in front-loading and top-loading 
configurations . Storage capacities are from 
2.5 to 20 megabytes. 

Responsive Answers For a responsive 
answer to your tape or di sk requirements , 
write or call today. Then , you 'll see what it 
means when we say we 're OEM respons ive . 

Perkin-Elmer, Memory Products Division , 
7301 Orangewood Avenue , Garden Grove , 
CA 92641 (714) 891 -3711 
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effective logic state ana lyzer lets users track only data of 
interest and ignore date irrelevant to the measurement 
application. 

Logic state analyzers offer various features for selective 
tracing. Their names and functions vary with each in st ru­
ment. ln evaluating these fea tures, you must not only know 
if a feature exists, you must know how it is implemented. 

Besides considering how features work yo u should also 
check their work in combination s. For example, yo u might 
se t a "trace onl y" specifica tion to collect states meeting 
certain criteria , such as on ly states from addresses in the 
range from 2000 16 to 2FFF 16 • Then you could add a 
"clock qualifier"; in this case yo u might monitor a set of 
control lines, and co ll ect data whenever the state of control 
lines indicates a read from memory. The resulting 
trace would be reads only from m emo ry locations 2XXX 16 • 

Many logic systems use multiple clocks. A microprocessor 

I 
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Hewlett-Packard 1600A and 1607 A logic state analyze rs working 

together produce 32-channel data do main display, e.g., to show 16-

b it address with 16-bit data located there . 

system could have individual st robes for READ signal s, 
WRIT E signals and 1/0 tra nsactions. No signa l can strobe a 
combination of these three activities into a logic analyze r ; 
yet , most logic ana lyzers have a single input clock. Two 
routes cut through this apparent dilemma. You can try an 
ana lyzer that uses two or three input clocks, or buy or build 
a preprocessor fo r use with single-clock logic anal yze rs. Pre­
processors demultiplex complex bus structures so address , 
data , and l/O information arc aligned for display on one lin e 
of a single-clock logic ana lyzer. Since each preprocessor is 
specific for the system unde r test , all compatibility and bus 
loading factors are au tomatically accommodated. 

Logic state analyzers that offer true demultiplexing best 
monitor multiplexed systems for which no preprocessors 
are available. Ana lyzers with multiple clocks do not nec­
essarily offer this feature. If address and data arc multip lexed 
on a system bus, true demu ltiplexing permits defining a 
trigger using both address and data, and displays the asso­
ciated pairs of address and data on single lines. 

28 Digital Design JANUARY 1980 

Synchronous digital systems often permit transitions to 
occur immedi ate ly following the master strobe signal. (Just 
prior to the master strobe signal , all data must be stab le and 
latched by the circuits, but once the strobe signal occurs, 
transitions to th e next state may begin at once.) There is a 
set up time , but no ho ld time requirement. Many logic state 
ana lyze rs have zero hold time. A !ways make sure that setup 
a11d hold times meet tile constraints of the system under test. 

Trigge rin g features are an even more criti ca l factor in 
logic state analyzers than in logic timing analyzers. Logic 
state analyzers usually trace program flow in real time . 
Trigge ring requirements vary with the complexity of th e 
programmin g. For simple , in line code, sim ple triggering 
modes suffice; complex programs with many branching 
operations, nested loops , recursive and reent rant routines 
req uire correspondii1gly more complex trigge r modes. Jf 
most of the analysis merely requires checking program fl ow 
from a defin ed point , any logic state an alyze r providing a 
single- term trigge r will suffice . If th e analysis is more com­
plex , yo u should consider other trigger modes. 

Various instruments offer a large assor tment of trigger 
modes. Sequenti al triggering comes in man y guises . Yo u 
can use a first trigge r world to "enable" or "arm" the sea rch 
fo r a second trigger conditi on , or yo u can select up to seven 
terms, each appearing a specified number of times, before 
initiating data co llec tion. So me instruments provide a re­
sta rt te rm ; if proper trigger conditi ons are n ' t met before the 
restart term ap pears in the data fl ow , the search for the 
trigger sequence begins from the first step again. 

With triggering features, look at how they 're implement­
ed. Logic analyzers are still relative ly new , and few standard­
ized co ncepts are in general use; in triggering modes parti c­
ul a rly, similar terms do not necessarily describe similar 
functio ns. 

Excursions into fo rbidden areas 
A convenient tool for quick,, globa l analysis is an ove rview 
of sys tem activity. Many logic analyze rs offer a (static o r 
dynamic) map o r grap h mode to present a macro view . Static 
maps show data is sto red in memory; dynamic maps show 
system operation and responses, and ca n display the entire 
ad dress space. Excu rsions into "forbidden" areas , system 
crashes , frequent interruption s and stimulus/ respo nse rela­
tionships stand ou t boldly on a dynamic map. The state 
space graph shows state magnitude plotted as a function of 
sta te seq uence. For example, i f the system slips into a loop­
ing sequence, th e graph shows the characteristi c sawtooth 
pattern as th e o rigin al state value is continually reset. Wh en 
maximum and minimum limits can be set for the axis, the 
grap h provides immediate feedback on operations that cross 
the boundaries. 

Many logic state ana lyzers offer some form of count for 
events or time. Count capability permits measuring execu­
ti on times o r path lengt hs in sub routines or code segments. 
These parameters serve as crude measures of system per­
formance as well as troubleshooting criteria , and sign ifi cantly 
add lo th e analyzer's utili ty . 

Why no t the best? 
To summarize, if yo u want th e best logic state ana lyzer for 
your needs, include the fo ll owing considerations: 
• Dete rmin e the number of channels you want to view 
simultaneo usly. 
• Outline briefly the likely analysis modes you ' ll use , so 
you can specify the most conveni ent trigger modes. 
• Describe the pa rtic ular information types you' ll need, so 
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changed more minds 
than any other 
company. 
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~NICOLET ZETA CORPORATION 2.JOO Stonwell Drive, Concord, Co. 94520 Coll (415) 671-0600 

Circle 24 on Reader Inquiry Card 



BY 
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MAGNETICS 

Proven, World-Wide Performance 
Field proven, economical means for col lecting data from 

magnetic stripe cards or badges. 

Standard models read ANSI X 4.16-1976, any combination of 
tracks 1, 2, or 3 (75 and 210 BPI); special models available for any 
track density up to 400 BPI. 

Self-contained spatial decoding electronics provide TTL 
(data and strobe) outputs. Card velocity range 3to120 inches/ 
second; completely acceleration independent. Less than one 
error per 10s bits. 

Reliability in reading warped and soiled cards is achieved by 
means of a patented read head assembly - each head individ­
ually suspended on parallelogram springs in a gimbal mount. 
Low contact force guarantees lowest head and card wear. 

Rugged construction permits outside installation and 
exposure to the elements. Virtually maintenance free. 

Many major system manufacturers, after extensive testing, 
have chosen our readers which out-perform all others in read­
ing "real world" cards. Our MAGSTRI PE'" Readers are used 
world-wide in a variety of applications including: 

• Airline Ticketing Terminals 
• Bank Terminals 
• Building Access Systems 
• Bulk Fuel Dispensing Terminals 
• Data Input for CRT Terminals 

• Computer Access Devices 
• Fare Collection Systems 
• Identification & Badges 
• POS Terminals 
• Self-Service Gas Stations 

For more information and 
technical data, contact: 

American Magnetics 
Corporation 
2424 Carson St. , Torrance, Calif. 90501 
(213) 775-8651, TWX 910-349-6956 
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you can decide on the most useful forms of selective tracing. 
• Check your systems for setup and hold time specs. 
• Do any buses of the system to be analyzed use multiplex­
ed transmission? 
• Consider the potential worth of preprocessors for your 
measurement and analysis needs. 
• Rank the values for an overview feature, count time or 
state feature. 
• Compare the probing schemes and available accessories of 
the analyzers you're considering. 

Combined state/timing analyzers 
To prepare yourself fur any contingency, you might be 
tempted to buy a logic analyzer offering both state and tim­
ing analysis. Taken individually , logic state and logic tim ing 
analyzers are complex measurement instruments. Combining 
the two functions in one box requires a new technology , a 
degree of compromise, or both. Some of the more sophisti­
cated features of a dedicated instrument may be missing. 

Most combined analyzers offer state and timing analysis 
as mutually exclusive operations; only a few offer simulta ­
neous and interactive state and timing analysis. Combined 
analyzers best serve measures such as debugging a DMA 
operation or an asynchronous 1/ 0 operation - cases where 
you want to monitor the program flow and keep track of 
asynchronous signals on the control lines. 

Some factors apply to buying any instrument. Consider 
the Operator interface. Operating modes should be conveni­
ent and easy-to-learn; the instrument should assist , rather 
than hinder. Most analyzers offer several numerical bases so 
the operator can view parameters in the system's numerical 
base. Not al l analyzers permit keyboard entry in all display ­
able bases; operators must make conversions. 

A key-per-function is an obvious user aid for simpler 
analyzers, but as more functions are added some variation 
of the "menu" approach is easier to use . P;obing (connect­
ing to the system-under-test) should be easy, reliable and 
nonintrusive. Sufficient impedance should be prov ided and 
capacitance loading specifications observed. In comparing 
capacitance specifications, note wl1ere the measure is made; 
some manufacturers list the ca pacitance at the point of con­
nection to the system, the probe tip, while other manufac­
turers only specify capacitance back to the probe body. 
Since the greater part of the probe capacitance load exists 
in the probe wires , these specifications can be confusing. 

Currently, few accessories are interchangeab le between 
manufacturers. Be sure that any accessories important to 
your applications are available for the instrument you select. 

Don't forget progrnmma bility for automated control or 
enhanced measurements in the lab. If you are selecting a 
logic analyzer for the first time and are unsure you need 
automated measurements, you should consider this feature's 
future potential. Many analyzers can be converted after 
purchase with field installed kits; you can always add auto­
mated modes later. 

Price may be the last factor you consider in selecting a 
logic analyzer. After determining your measurement needs 
and matching them to the analyzer that offers the optimal 
solutions, fit your purchase into your budget restraints. Re­
member, buying a logic analyzer that falls short of your 
needs is false economy. You are not obliged to buy the top­
of-the-Line - just th e best logic analyzer for your job. 

Rate this article . circle 5L, 5M or 5H 
on Reader Inquiry Card 
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If you've taken a shine to Shugart, 
you're in luck. 

Specifying Shugart means you're also 
specifying Remex. We're your alternate 
source for fast, volume delivery. 

Remex single and dual-headed drives, 
single or double density; are physically 
and electrically compatible to Shugart 
SA850R/851R units. So you can switch over 
to Remex without re-design. 

Our drives are also available packaged 
two drives to a Remex subsystem, in the 
head/density combination you specify and 
with their own de power supply. The 
subsystem includes rack-mountable guide 
rails. Just slide it into your system, plug it in 
and go. Even your operating manuals 

remain unchanged. 
What's more, Remex has solved 

the dual-head media wear problem for 
good with a new; improved head and 
carriage assembly. 

So remember this: If the Shugart fits, 
Remex fits, too. 

Call today for more details or to get your 
order rolling. Ex-Cell-O Corporation, Remex 
Division, 1733 East Alton Street, Irvine, CA 
92713. (714) 957-0039 TWX: 910-595-1715 

Ex-Cell-O Corporation 
REMEX DIVISION 
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Some industry standardization of 
microcomputers is slowly beginning to 
emerge. But there are three different 
classes of this product, and each of 
them is sometimes called a microcom­
puter. In this article, the term "micro­
processor" (µP) will refer to semicon­
ductor large scale integrated (LSI) cir­
cuits that are essentially only central 
processing units; that is, they do not 
have sign ificant amounts of on-chip 
memory and 1/0. Devices that include 
these (and other) functions on-chip will 
be r")ferred to as microcomput ing un its 
(µC). Using these definitions, the 6800 
and 8080 are typical µPs; the 680 I, 
8048, and 3870 are representative µCs. 
The term ''microcomputer" will be re­
served for products of printed circuit 
board of greater complexity. The 
microcomputer usually, but not al­
ways, uses either a µP or a µC as its 
centra l element. 

The years prior to 1978 were a time 
of new-product introduction and de­
sign. Manufacturers began delivering in 
vo lume during 1978 and 1979. And 
now, the mid-range and a large part of 
the low end arc entering the ma tu re 
portion of the product life cycle. 

The low , mid. and high ranges cor­
respond loosely to bit lengths of 4 , 8, 
and 16, respectively . However , bit 
length is becoming a misleading mea­
sure of perfo rmance. For example , 
many of the 8-bit µCs are now cost ef­
fective enough to use in applications 
areas previously served only by 4-bit 
devices. A more meaningful distinction 
to make is between µPs and µCs. The 
µCs, with just the right amount of 
ROM and RAM (and with 1/0 on the 
same chip as the central processor) 
have been optimized to provide the 
most cost effective so lution in many 
low end applications. More than 75% 
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Microcomputers 

Al Moore 
System Products 
Motorola Semiconductor Group 

of all units being shipped today are 
single-chip µCs and the percentage 
wou ld probably go higher if manufac­
turers could supply the demand. 

Relative cost is a function of per­
formance and representative device 
performance is normalized to 8-bit 
general purpose (6800, 8080) perfor­
mance. Low-end performance is asso­
ciated with high volume, low cost, 
consumer orien led applica lions. How­
ever, many low end µCs have enough 
performance and features to be used 

APPLIANCE 

GAME 

COMMERCIAL 

AUTOMOTIVE 

as components in instrumentation, pro­
cess control, automotive, etc. µCs are 
an ex tension of the original micropro­
cessor thrust toward replacement of 
random logic. 

The original processors have also 
evolved upward toward more comput­
er-like devices in both their internal 
architecture and in the peripheral de­
vices that support them. As expected, 
the high end devices have the mos t 
compute r-li ke characteristics. In this 
region software becomes as important 

INSTRUMENTATION 

PROCESS CONTROL 

HOBBY 

LOW EN D (4-BI T) 

MC6805 
3870 
S2000 
8021 
TMS1000 
etc. 

COMPUTER RELATED 

TELECOMMUNICATION 

OFFICE AUTOMATION 

SCIENTIFIC 

BUSINE S DATA PROCESSING 

MID RA NGE (8-BIT) 

MC6800, MC6801, MC6802 
Z80 
8085 
8080 
8048 
etc. 

HIGH END (16-BIT) 

MC68000, MC6809 
Z8000 
8086 
8088 
9900 
etc. 

Fig 1 Chart shows range of usage of µ P and µ C in applications categor ies and lists some repre ­
sentative devices. 
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PRINTED IN U S A . ,. A. T£ N T ll" C N OI NC 

MOS-2428 

EX-2 
MOS-1416 MOS-40 

WK-7 COMPLETE IC INSERTER/EXTRACTOR KIT $29.95 

INDIVIDUAL COMPONENTS mJ 
MOS-1416 14-16 PIN MOS CMOS SAFE INSERTER $ 7.95 
MOS-2428 24-28 Pl N MOS CMOS SAFE INSERTER $ 7.95 
MOS-40 36-40 PIN MOS CMOS SAFE INSERTER $ 7.95 
EX-1 14-16 PIN EXTRACTOR TOOL $ 1.49 
EX-2 24-40 PIN CMOS SAFE EXTRACTOR TOOL $ 7.95 

MINIMUM BILLING $25.00. ADD SHIPPING CHARGE $2.00. NEW YORK RESIDENTS ADD APPLICABLE TAX. 

OK MACHINE & TOOL CORPORATION 3455 CONNER ST., BRONX, N.Y. l0475 (212) 994-6600/TELEX 125091 

Circle 41 on Reader Inquiry Card 

JANUARY IY8U Digital Design 33 



FACTO RY L EV EL MANUFACT U RE 

SEMI CONDUCTOR COMPONENTS 
(Chips-MS!, LSI , VLSI) 

Principle Suppliers are Semiconductor 
Houses; some OEM downward integra­
tion into sem ico nductors. 

SYST EMS COMPONENTS 

(Boards, Boxes, Software, & Service) 
Supplied by both semi-conductor and 
OEM houses. 

SEM ICONDUCT OR & SYSTEM 
COMPONE NT S 

THIRD PARTY PARTICIPAT ION 

Principle activity is Original Equipment 
Manufacturing (OEM) : Hardware 
Ma nu factu re 

Hardware & Software Cus tomizing 

Foreground (application) Software 
Generat ion 

El ectromechanical Per ipherals OEM 

Repackaging 

Reshipping 

Sales /Service 

SY STEMS 
SUPPLIERS 

PR INCI PA L END USES 

Business Data Processing 
Communication 
Des ign and Drafting 
EDP Support 
Indu str ial Automation 
Instructiona l 
Lab and Computational 
Speciali zed Dat a Acquisition and Control 
Speciali zed Data/Word Process ing 
Consumer 
Personal Compute rs 
(Others) 

SYST EMS USERS 

Fig 2 Typical f low of product -t o -m arket for board and box level microcomputers involves a midd le man. 

as hardware. Programs in the lowe r 
performance ranges tend to be sma ll 
and their developme nt costs ca n be 
amo rtized ove r many thousands o f 
syste111s. In the high end , the programs 
are much larger and unit volumes are 
lower. Th is point is illustrated by the 
current situation in computers in ge n­
era l. For mainframe s, mi nicomputers , 
and microcomputers, hardware costs 
are 15%, 40%, and 75% respectively. 
Thu s, the higher the performance, the 
greater the software cost. For all three 
categories, that portion of sa les revenue 
directly attr ibutable to software is on 
the increase. 

The performance of the newest high 
performance µP s is in th e gray region 
between micros and minis. Supp liers 
of high performan ce µP s are taking ad­
vantage o f the inert ia impose d on mini ­
computer suppliers by their large in­
sta lled base of hardware and software. 
They do thi s by offering lower cost, 
modern software capab ility, and inno­
vative arch itect ures. 

Microcomputers 
LS I and the soon to be availab le VLSI 
(Very Large Sca le lnt eg ration)are elim­
inating the number of ch ips used in a 
system dramatica ll y as add itional sys­
tem functio ns are reduced to silicon. 
The bui lding of low and medium per­
for mance systems has been great ly sim­
plified to not much more than se lect­
ing a few semiconductor components 
and putting them toge ther. The µ P 
and other VLSI products are , at th e 
sa me time becoming more comp lex. 
yet they are being used for a wider 
range of applicat ions in different indus­
tries that are becoming less fami li ar 
with the in creasing co mplexitie s of 
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compu ters. These types of users are no 
longer simply looking for semiconduc­
tor compo nents. They now are con­
ce rned with buying a fun ct ionand they 
don't care whether it is on a chip , on a 
board, or in a box . They are prepa red 
to buy the hardware and then add their 
own area of special expe rtise to arrive 
at a marke table end use produ ct. 

The market is beginning to sea rch 
for products in which the processor 
will be more tra nsparent to the user 
through the use o f high leve l languages, 
thus all owing so ftware transportation 
between co mpet ing products. Emerging 
component markets and traditional sys­
tems 111arkets are beco111ing less and less 
distin gui shable from each other. This 
is now lead in g to some chan ges in the 
traditional Factory-to-OEM-to-End­
User now of products. "Th ird party 
participant s", who have no desire to 
perform the classica l OEM hardware 
manufacturing function are beginning 
to eme rge. This ha s led to the deve lop­
ment ofa ge nerationofmi crocomput er 
board and box leve l prod ucts sup plied 
by both traditiona l OEM s and se micon­
ductor compan ies. Microcomp uters are 
an outgrowth of semiconductor com­
ponent evolution and depend for their 
ex iste nce on applicat ions having high 
volume re lative to minicomputers. 
Microcomputers are by design aimed 
at high volume, low cost , "just enough 
performance ., app li cat ions and depend 
on ge nerat ing vo lu me by providing cos t 
effec tive so lutions. 

Thi s second tier indu stry is we ll 
estab lished and suppliers are beginning 
to concern themselves with bus stan­
dards , seco nd sources, e tc. That is , they 
are rega rding the mi crocompute r as a 
co111pu11e11/ rather than a syste111 and 

the goa l is lo achieve similar kinds of 
standard iza tion. It remains to be seen 
whether or no t the market needs this 
new co ncept , except perh aps in the 
area of software transportability. This 
is, at any rate , an area in wh ich 1980 
may well be the shake-au t period. 

Perso nal computers 
Personal co mputers (broadly defined 
as systems affordab le by individuals 
and intended for personal rather than 
commercial use) were expected to de ­
ve lop a major impact in the market in 
1979. While over 500 thousand unit s 
will be purchased in 1979 , personal 
co mputing sti ll has not ga ined the wide 
acceptance that was predicted. This 
has ca used a number of small er sup­
pliers to re-direct their atten tion toward 
commercia l sma ll business app li cat ions . 
Several of the slower entering large 
firms, particu larly the sem iconductor 
houses, also ap pear to be forego ing the 
personal co mputer market in favor of 
the more profitable small business arena. 

The unexpected ly slow accepta nce 
of personal co mputers can be at tri­
buted to two factors. Th e first is the 
lack of a suit ab le network of retail out­
lets that would provide effective after­
sale se rvice. Only Tandy , with it s TRS-
80 se ries and ubiquitous Radio Shack 
outlets, has successful ly marketed per­
sonal computers in significant volume . 
The second limi tation is related to ease 
of use. Personal computers still are 
difficu lt to use for the non-technical 
operator. The best avai lab le prod ucts 
require owners to be co mputer pro­
grammers. In order to ga in wide accep­
tan ce, persona l computers arc go ing to 
have to acqu ire rudi111 entary speech 
recog ni tion and some synthesis capa-



Personal Computing 
Can Help You 

Forecast trends 
Retrieve records quickly 

Learn a language 
Control inventory 

Improve investments 
Figure your taxes 

Produce flawless documents 
Estimate costs 

Schedule jobs 
Make logical decisions 

Have fun with games and 
do many other useful projects. 

Introductory Combination Offer 
$15 for both 

If you're not afraid to do it yourself (or with a friend) 
with a personal computer, this is the magazine for you. 
We show you how to use a computer to solve all the 
above problems quickly and have fun doing it, not how 
to build or repair a computer. 

Each month, our informative , easy-to-read articles 
bring you ready-to-use application programs; just type 
them in and tell your computer to run. In addition, we 
feature tutorial articles showing you how to plan and 
write your own programs, using professional methods 
and the latest programming techniques . 

Note - Current subscribers can extend their subscription 
one year for $12 and get the Best of PC free. 

-------------------------------------------! 
I O I accept your rnrnbinati on ollerfor $ I 5 . Check enc losed or charge my: DD l / 80 I 
I 0 l want onl y Perso11a/Co111pllli11gfor $ I.+ . O M t Ch ov· I 

0 I I 7•1 .rp I C · · 5.7 5 as er arge 1sa want o n y 1e Best o1 ersona 0111p111111g lo r . U. I 
I O Extend my current ,ub,cription o ne year for $ 12 anu >e nd .. The Be> t .. free . Account # I 

i '"'~' ''"'" '"'' I I I I I I I I I I I I I I I I I 
I ame Signature I 
I Card Expiration date I AJ<lr-:!ss __________________ _ 

I City tate 1p I I I I I ~~!~:';dig its above date l 
I I 
I Mail to: PERSONAL COMPUTING, 1050 Commonwealth Ave., Boston, MA 02215 Offer ends June 30, 1980. I 
L------------------------------------------~ 
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REQUALIFY 
NOW! 

Your subscription to Digital 
Design is about to ex pire . 

lf your address label on the 
from cover is printed in red, 
you must fill out and return 
the subscription fo rm on 
page I I to continue your free 
subscripti on . 

If you are reading someone 
el se ' s copy of Digital Design 
use the form on pg. 11 to 
subscribe now . 

If you have already sent us 
a qualification fo rm , then 
do a good turn for your col­
leagues. Pass along this copy 
and remind them to qualify 
for the ir own subsc ription . 
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Fig 3 Relative system cost as a function of device performance. Performance normalized with 
respect to 6800, 8080 classes. 

bili ty. These ca pab ilities are avail able 
thro ugh pre sen l day semicondu ctor 
technology ; however, their deve lop­
ment has bee n slower than expected. 
Experts are sti ll predicting that per­
sonal computing wi ll grow at a rate 
greater than 60% per yea r, but 1980 
may he disa ppo inting beca use volume 
production of cos t-effec tive speech 
circuit s is still some time away. 

Capacity cru nch 
Semicondu cto r manufacturers have, in 
a sense, done their work too we ll. 
They have co ntinuously improved and 
refin ed their technology and manufac­
turing processes so tha t they are now 
able to provide a wide va riety of pro­
ducts. The prese ntly avail able cost-per­
for mance range spans the spectrum 
from the under $5.00 µP aimed at 
dedica ted applica tio ns (National 
COPS , Texas Instruments TMS I 000 , 
Intel 802 1, Motorola 6805, e tc.) to 
µP s that ca n perfor m with the CPUs of 
present generation minicomputers 
(Zilog Z8000 , Motorola MC68000 , 
etc.) 

Int eg rated circui t densities have 
also increased by al least two orders o f 
magnitude during the past ten years; 
and an additional order of magnitude 
increase is expec ted within the next 
fo ur yea rs. The lower-cos t products re­
sulting fro m these advances have stim­
ulated a demand that is being trans­
lated into expanding markets fo r elec­
t ro nic products. They are eliminating 
res traints in es tablished market seg­
ment s an d ope ning up whole new 

areas. In many instances, newly 
crea ted demand has quickly exceeded 
the ca pacity to supply. Even the threat 
of a major natio nal recession has fa iled 
to quench the indu stry's ap petite fo r 
silicon. Capac ity limitat ion is easily 
the biggest problem fac ing both sup­
pliers and use rs in I 980. 

The semicond ucto r industry is be­
ing accused, wi th some just ifica tion, of 
failin g " to put its money where its 
mouth was" by no t deve lop ing ade­
quate capacity in a timely fas hion. Be­
cause of the characte risti c long-ra nge 
planning of the auto motive industry, 
their massive µP and µC needs have 
been known fo r some time. A rap idly­
growing high volume consumer seg­
ment was also predicted. Ea rly ac­
ce ptance o f new high perfo rmance 16-
bit processors was expec ted and ti me ly 
ca pac ity was added to hand le thi s. But 
manu fac turers were caugh t un prepared 
by the higher than expected dema nd 
fo r some of the older , mature sta n­
dards. And the ca pac ity crun ch was 
increased by an unexpec ted dema nd 
fro m all q uart ers. The in dustry it 
see ms, is not qui te ready for the 
grea ter than 60% growth ra te that oc­
curred in 1979 and which is expected 
to continue during the next few yea rs. 
For 1980, at least, users shou ld be pre­
pared to scramble fo r products. They 
may also see risin g prices. a rarity for 
the semiconductor business! 

Rate this article: circle 4L, 4M 
or 4H on Reader Inquiry Card. 



Now you can get the industry's widest range of peripheral 
controllers for DEC LSI-I I® and PDP®-11 from Dataram 
Corporation - the company that's built its reputation by 
delivering performance, reliability, and savings on 
ADD-ON / ADD-IN mini-micro memory and disk emulation 
systems. 

In its second decade of understanding and meeting the needs 
of end users, OE Ms and system houses throughout the 
world, Dataram now offers DEC users an impressive array 
of state-of-the-art controllers, based on efficient, high-speed 
bipolar microprocessors. Controllers that follow in 
Dataram's proven tradition of providing LSI-I I and 
PDP-I I users increased performance, improved reliability, 
denser packing, and dramatic savings. 

T03 reel-to-reel/tape controller. Emulates TM 11 / TU IO 
magnetic tape system and interfaces to DEC's LSI-I I Bus. 
The T03 is compatible with all DEC standard operating 
systems and occupies two DEC dual slots. Operates NRZL 
7 track (200, 556, or 800 BPI) or 9 track (800 BPI). Tape 
speeds up to 75 ips . 

C03 and C33 cartridge disk controllers. The LS 1-1 I 
Bus-compatible C03 and the UNIBUS®-compatible C33 
emulate DEC's R K-11 / R K-05 disk system, and support 

industry-standard 2.5, 5, 10, and 20 MB drives. Both the 
C03 and C33 are packaged on a single standard DEC quad 
board. 1500 or 2400 rpm drives accommodated. 

S33 SMD controller. The industry's first single-board 
software-compatible SM D controller, and it's available only 
from Data ram. It interfaces to DEC's PD P-11 and emulates 
DEC's RM02. Operates with industry-standard SMDs. Up 
to four SMDs per S33 controller. Internal self-test, with 
LED error / status display, is standard. 

They're all ready to plug into your LSI-I I or PDP-I I 
backplane .. . they're all totally software compatible ... they're 
all available now ... and they're offered with confidence, not 
promises. 

Tape, disk and SM D controllers ... three more reasons -
with more to come! - why Dataram Corporation is the 
recognized innovator and leader in mini-micro memory ... and 
its control. And the largest company in the world dedicated 
exclusively to this important area. 

Dataram ... the company to call to get your peripheral 
applications under control. 

DI C. I S I- I I. PDP a nd l J '\I HUS are regh tcred trademark' of D ig ital f4 uipment Corporation 

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512 
TEL 609·799·0071 TWX o510-685·2542 
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Alphanumeric Data 
Terminal 

Low-cost "smart" terminals to proliferate 

K. Phillip Hwang 
Tele Video Inc., Santa Clara, CA 

By far the most significant event in 1979 in the Data Ter­
minal Market was the introduction and shipment into the 
marketplace of the low cost "Smart" data terminal . The 
design of the data terminals to include the latest "State of 
the Art" in µP teclmology now places this formerly high 
cost feature to data terminals in the reach of everyone, ex­
panding the market and supporting the growth trends pro­
jected for this equipment market. 

The past . . . 
Designed for hlgh volume mass production and low labor 
content, as well as taking advantage of semiconductor tech­
niques to provide all the "Smart" features offered in any 
data terminal , the series of data terminals that came into the 
market in the early 2nd quarter of '79 proved that well de­
signed and economically produced terminals were an attrac­
tive product for the market. 

The real "secret", if there is one in this type of "smart" 
terminal , which can offer all the editing and visual attri­
butes of terminals listi ng hundreds of dollars more , is the 
proper implementation of an engineering design plan that 
has been targeted for high volume mass production and ease 
of assembly. With this modular approach , maintenance cost 
is low because of a low MTTR and high module reliab ili ty. 
Looking at the current market acceptance of these products 
only reinforces the conclusions that smart termina l featur­
ing is applicable to all kinds of uses and not just the sophis­
ticated high technology application. Most office environ­
ment users fee l that a µC coupled to a smart CRT and small 
printer offers the low cost "do it yourself' WP system. 
That is why features offered - such as characte r and line 
insert and delete, line and page erase, send line and page, 
tabbing, conversational and block mode transmission, line, 
local keyboard selectab le , protected and unprotected fie lds , 
reverse video, underline and blink and blank (formerly 
available only in higher cost terminals) - now make the 
smart terminal ava ilable for every appiication (including 
computer hobbyists). 

Another major factor in the terminal business in 1979 
was the increasing demand coupled with increasing lack of 
availability that has extended lead times on some products 
up to 120 days. This means that high volume mass produc­
tion designs are eventua lly the real so lution to the expected 
rapid growth of this dynamic market. 
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.. . and the future 
What can we look to for the future? In 1980 and 1981 , ap­
plications and demand for CRT data terminals will grow. 
The trend in the CRT market is toward low cost with high 
performance ; in today 's inflationary spiral , products that 
will become accepted are those offering this high va lue and 
performance ratio to data terminal users. 

This same rationale applies to OEM system companies 
who will prefer purchasing low-cost, high-performance ter­
minals rather than invest in costly capital equipment and 
engineering skills to develop their own product to compete 
in this upcoming low-cost , high-performance marketplace. 
The future is bright and growing . The opportunity for suc­
cessful growth of the market share for those who have 
made the investment in engineering design and volume pro­
duction is good. 

Will CRTs challenge graphic terminals? 

Paul Snigier, Editor 

With 16-bit micros growing in power, with upcoming 32-bit 
micros and with widely-available 64K RAM s available by 
1982 , a new trend to more intelligent terminals with limited 
3-D images will accelerate. With so much number-crunching 
capab ility and inadequate software to date , true graphic 
capability has been confined to higher -priced graphic termi­
nals. This will change, and the next 24 months will see this 
trend emerge ; and by 1984, the trend to intelligent termi­
nals with limited 3-D graphics will become a factor. 

The future of graphic modeling? l predict lower-cost 
units available in new industrial and commercial applica­
tions. Graphic mode ling will occur in low- , medium- and 
hlgh-end applications. With greater processing power, better 
algorithms and software, better texturing , improved blend­
ing (to avo id double imaging, size changes, edge wobb ling , 
etc), costs will continue to fall , until these displays are af­
fo rdable by markets now untapped. Costs will plumet. 

Increased intelligence and greater processing power at 
lower costs is having an effect upon computer graphics; and 
computer displays now produce color pictures in full 3-D , 
with dimensional capabi li ty approaching that of photo­
graphs in their realism. Will stick drawings remain the main­
stay among CAD/CAM users? Yes, although improved soft­
ware and newer computers are making reali stic displays at 
lower cost more attractive to users . Low-cost CAD has al­
ready come down to personal computers; and our ed itors 
recently evaluated such a unit (see "Self-Contained Profes-



WHEN IT COMES TO PUTIING IT ALLON DISPIAl 
THE ORION-60/54 STANDS ALONE. 

!ftt ••• t(k 

Magnavox mrnbines the superior 
display and mntrol features of the 
plasma-panel-based Orion-60 ter­
minals with the ~rful S4 l\!licro­
O:miputer System 

The result is a stand alone 
graphics system that allows you 
the freedom to develop a wide 
variety of graphics application and 
development programs-while 
maintaining mmplete mntrol 
over program storage, program 
generated data, library routines 
and other facilities. 

The Orion-60 display terminal 
offers full graphics with floppy­
disc storage, as \\ell as optional 

rear-
projection func-
tions. It lets you create 
your own displays and enter data 
by simply touching the screen with 
your finger. So you can program 
your own character sets and gen­
erate vectors of any length to 
absolute mordinates. And because 
the Orion-60 is plasma-based, 
you'll get bright, high-mntrast 
unages free of jitter or distortion. 

The S4 l\!licro-O:>mputer has 
system software with development 
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capabilities that are as 
good or better than those 

found in many larger mm­
puter systerrn. 

Features include 
CP /M* 8080 system utilities, 

Fortran with 32K RAM, and a 
full range of graphic utility rou­

tines including wmdow, zoom, 
sub-image rmvement and rotation. 

The Orion-60/S4. 
For a dermnstration, call or 

write Tyler Hunt at Magnavox 
Display Systerrn, 2131 South 
O:>hseum Boulevard, .Fort \Vctyne, 
Indiana 46803, (219) 482-4411. 

•·im;m™~~ 
•CPI Mis a trodemark of Digital Research. 



sional/Personal Computer Offers BASIC/CAD" in this 
month's Technology Trends). 

Basic research can be borrowed by the CRT makers from 
pioneering work done by graphic terminal makers. Shadow 
placement , extensive calculations and perspective altera­
tion - these and other techniques requiring extensive soft­
ware have been overcome ; and realistic displays are now 
being used to generate product promotions, instructional 
films, flight simulations, advertising materials and fill the 
needs of a sundry host of other applications that grow as 
costs plummet. CRT terminals will first use stick figure 
modeling with matrix multiplication for perspectives. 

As for the high-end graphic terminals , programmers will 
define surfaces of objects; and clusters of these polygons 
will form the surface, with prioritization determining which 
polygon can mask which other one when maneuvered about 
in three dimensions . With surface definition via polygons 
now possible, the next step is to s imulate lighting effects , 
whether from a single source, or multiple sources, whether 
sunshine or indoor lighting. A vector of a given magnitude, 
which corresponds to polygon surface reflectivity , is defined 
such that it is normal to each polygon surface. Thus, vector 
magnitude defines the amount of reflected light. With a 
program knowing the position of the light source and the 
reflectivity vector for that polygon , it performs a scalar 
multiplication to obtain a scalar value to be associated with 
that polygon . This is the shading of that polygon. 

The object , now comprised of a multi-faceted array of 
different-shaded polygons, begins to resemble the object. 
To smooth out these polygons , software-smoothing rou­
tines alter the reflectivity vectors and break the polygons 
into pixels (small squares) . Interpolation smooths the inten-

sity over each polygon , creating a gradual transition of 
intensity . 

By the later half of the decade , other low-end CRT ter­
minals will use other techniques, such as solid-description 
geometry, where fundamental geometric shapes (cones , 
cubes , pyramids and spheres) with software adding or re­
moving elements . This creates the final shape . Instead of a 
matrix of vectors , this solid description geometry (used a 
good deal in CAD/CAM) stores in memory an array of 
separate solid characteristics. 

As for 3-D motion , don 't expect much outside of graph­
ic terminals ; and even with some of the larger machines , 
using software to perform the numerous calculations 
needed for realistic and continuous motion, with an updat­
ing of frames at a sufficient rate to avoid jerkiness , is cer­
tainly asking the software to do too much . Instead. dedi­
cated software is used , and utilizes pipelining and can haa­
dle large vectors or arrays of data. A single instruction can 
perform an operation (such as multiply , subtract or add) 
concurrently on a large array of data. A data block passing 
through the pipeline processor is first operated upon by one 
operation , followed by a second , and so on , with subsequent 
data blocks following behind it. When the pipeline is full , 
the first data block will be outputted. Lower-cost array pro­
cessors should provide increased number crunching capabil ­
ity needed and will lower overall graphic processing costs . 

When will low- or medium-end intelligent CRT terminals 
develop 3-D motion? Certainly not in the foreseeable future. 

Rate this article: circle 2L, 2M or 2H 
on Reader Inquiry Card. 

TV FRAME GRAB! 
Grob it, store it, process it. 

The CVI 274 Video Frame Store allows 
you a choice : 

• put video in , get either digital or 
video out 

• put digital in, get digita l or video 
out 

Standard features: 
• 256 level grayscale 
• resolution to 256x512 pixels 
• store a single field or full frame of 

video 
And the 274 interfaces easily with most 
minicomputers. 
Specifications cheerfully sent on request. 

Colorado Video Incorporated 
Box 928 • Boulder CO 80306 USA• 303 /444-3972 •TWX 910-940-3248 (COLO VIDEO BDR) 
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Beehive's family of 
custo1211 

OEM 
ter1211inals 

prov 
hardwa 

Miera.EB 
ModelDM1A 

EXPANDED 
CONVERSATIONAL 

14 Key Numeric Pad , Line Drawing, 
Video Attributes , 

128 ASCII Character Set 

lug-in 
ftware! 

MODULAR CONSTRUCTION 

Miera.EB 
ModelDM20 

EDITING 
Full Editing Features, 

Buffer Transmission Modes, 
Expanded Keyboard 

with 16 Function Keys 

Miera.GI 
ModelDM30 

ADDITIONAL MEMORY 
All features of the DM20 

plus SK RAM Two Page Capability , 
Parallel Printer Port, Beehive's 
B300 Characteristic Emulator. 

Call for applications assistance and delivery 

;~~! (800) 453-9454 
CALIFORNIA Costa Mesa (714) 540-8404 TWX 910-595-2572 • Sunnyvale (408) 738-1560 
FLORIDA Altamonte Springs (305) 830-4666 ILLINOIS Arlington Heights (312) 593-1565 

MASSACHUSETTS Woburn (617) 933-0202 NEW YORK New York (212) 682-2760 UTAH Salt Lake City (801 ) 355-6000 
VIRGINIA Falls Church (703) 356-5133 

EUROPE Amsterdam, The Netherlands Phone 020-451522 

BEEHIVE INTERNATIONAL 
"A proven competitive manufacturer of smart terminals" 
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SPECIAL REPORT Paul Snigier, Editor 

Add-In/ Add-On 
Computer Memories 

Traditional add-in/on computer memories, so critical to system integrators, are going through sudden change. 

"Jr was r/1c bcsr of ri111cs, it \Vas rhc \Vorsr of ri111cs . .. " 
A Talc of Two Cities 

Charles Dickens 

The add-in memory and add-on memory market never 
looked so good for OEMs and end-users - and so bad for 
independent add-in /on memory makers. A price war, chao ti c 
parts shortages an d stre tched lead times - all th ese and 
other fa ctors (such as n1ini makers following IBM 's aggres­
sive memory price cut s) ha ve sent independent add-in /on 
make rs reeling. Some ha ve (or will) quit the business; 
others are diversifying. 

Independents in a vise 
Pressured by mainframe and mini makers' price cut s and 
their new mark et ing stra tegy on one side and on the oth er 
by a growin g number or IC houses goi ng into systems. and 
with so man y independent s competing in what once was a 
good 111arke t , th e minico mputer acid-in /on market will be 
hit by lean times. 

Other fa ctors also spe ll gloom for inclcpenclents. Histor­
icall y, inclcpenclents sold memory at two- thi rds to a half of 
mini makers. Thi s is changing. Main fra111e and mini makers, 
tradition ally makin g little on CPUs but more on 111emory. 
are chan gin g strategy and cutt in g memory whi le rai sin g 
software cos ts. Alth ough th e marke t is growi ng (20%/year). 
th e semiconductor houses have an edge over the inclepen­
clen ts and could emerge as th e dominant force in th e add-in / 
on marke t by 1985. 

Will the above gloomy scenario come to pass? Probably 
not, sin ce severa l areas arc open ing to ind ependen ts. And. 
for yo u, th e OEM (and end user). ba rgains in add-in/on 

Memory 1979 ($115M) 1985 ($353M) Increase/Decrease 

NMOS 63.9 63.0 - 1.4 

Core 21.7 8.6 - 60.4 

Bipolar 9.1 10.1 +11 .0 

CCD 2.2 4.0 +81.8 

Bubbl e 1 .6 12 .7 -tB93 .8 

Other 1.5 1.6 +6.7 

By asking add-in/on market ing ma nage rs and a uthorities for t he ir es­
timates and averaging t hem, t hese resu lts emerged. There are no su r­
pr ises. All va lues a re percentages. 
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memories have neve r been bett er. Howeve r, pitfalls exist. 
To help you avoid these pitfalls we have prepared thi s com­
prehensive report (the mos t exhaustive published to elate) 
to help yo u se lec t an acid-in /on memory maker and to prop­
erl y eva lu ate manufacturers' models. 

Watch out 
Some of the small er inclepcnclen ts offer as good or better 
memories; others are co ttage outfit s bombing the market 
with bargain basement prices. Lock into one of th ese and 
yo ur troubles have just begun. Such add-ins may lack com­
patibility, provide different interfacin g and not comply 
with specs. If speed is below specs. th e vendor usually will 
rep la ce it, but it' s a hassle. A PDP- I I mcmo ry-e xpan sion­
on ly that's supposed to serve as well for SBC-slot ex pansion , 
but that you suddenl y discover doesn't. can hold thin gs up. 

Then th ere's customer support . For many small gJ ra gc ­
typc o utfit s. it's minimal or doesn' t ex ist . Intel has it s own 
se rvice force; IBM docs: and sin ce using an independent 
acid -in/o n memory maker adds a second vendor, then thircl ­
party maintenance can make fo r some interesting finger­
pointing ga mes when something goes wrong. Of co urse. the 
way things are going, there's th e possibi lity this won't mat­
ter; many independents won't be around in a few years to 
service any thin g. And even if they survive th e near-te rm 
shakeo ut , what happens in severa l yea rs wh en IBM , DEC. 
Data General and others ca tch up with th eir backlogs? A 
bargain board or box whose maker won't he aro und in two 
years is no bargain. 

Co111pa11y reputation and the determination and abi lity 
to survive in a tough market are good signs. If overall sys­
tems cost savings of an independent is , say, under 3%, can 
you as a user ri sk thi s against the security of one-vendor 
se rvice? But there is another side ... 

Independents offer advantages 
Users want 111e111ory now: what DEC or IBM announces 
th at's two years off clue to stagge ring backlogs is no help to­
day. Whi le play in g ca tch-up , th ey cann ot supp ly enough ad­
ditional memory. 

But independents tout more than faster delivery and 
lower prices. They offer easier financing terms , will lease for 
shorter peri ods (6 mo. vs. IBM 's two-yea r minimum) , will 
se ll in small er increments, will acid more memory per 
system, may suppl y unique techn ology and offer additional 
fea tures. Now, with all thi s going for th e independents, you 
would expect computer ma kers to oppose the m. 



Another Able card trick which 
SCAT/45•· 

(ADD-IN FASTBUS MEMORY) 

Applicable Computers- PDP-11/45, PDP-11/ 
50, and PDP-11/55. 
Run and Response Time - Run time reductions 
up to 67% make possible the same amount of 
computing functions in 33% of the time required 
without SCAT/45. 
Switch Selectable - Can be used across the 
124K word range. Beginning address on any 4096 
word boundary gives user up to 124K words of 
330 nsec cycle time memory instead of the 32K 
word limitation of MOS or bipolar memory option 
if purchased from computer manufacturer. 
Expandability - Expands in 32K word incre­
ments with each increment requiring one circuit 
board. Only half the available FASTBUS space 
required to accommodate a FULL 124K word 
memory complement. 

can make your 
PDP-11 run 
three times 
faster. 
Teach your computer our latest card trick. You'll 
get performance you never thought possible at a 
price which makes SCAT/45 the biggest bargain 
in the industry, using 1/4 the power and 1/4 the 
space at 1/4 the cost of the DEC "equivalent" 
bipolar. That's a pretty good trick! Write for 
details, and find out why our customers call us the 
leader among manufacturers of DEC enhance­
ments. Able Computer, 1751 Langley Avenue, 
Irvine, California 92714. (714) 979-7030. TWX 
910-595-1729. 

Able, the computer experts 
DEC, F ASTBUS and PDP are registered trademarks of Digital Equipment Corporation. 
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February 1980 Special Report: 

Uninterruptable Power Systems 
Switching Power Supplies 

• Trends 
• Problems 

• Comparisons 
• Developments 

• Selection Criteria 

In-depth market overview of switching , uninterruptable (UPS), 
linear, modular, open frame and microprocessor power supplies. 

Also articles on microcomputer system addressing and magnetic tape cartridge drives. 

March 1980 Special Report: 

Single Board Computers (SBCs) 
Single Chip Microcomputers 

• Trends 
• Problems 

• Comparisons 
• Developments 

• Selection Criteria 

Advantages and disadvantages of single-board computers and 
selection criteria. Also covered : single chip microcomputers. Al­
though difficult to design with and suitable for more than simple 
logic replacement they have more on-chip memory and will impact 
the low end of SBC markets. 

April 1980 Special Report: 

Floppy Disk Drives 
Bubble Memories 

• Trends 
• Problems 

• Comparisons 
• Developments 

• Selection Criteria 

Covers single-sided, double-sided, standard 8", 5-1I4" diskette 
and magnetic bubble memories. 

Also articles on fiber optics data communications, graphic terminals and logic analyzers. 
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Do comp uter makers hate inde pendents? 

The computer-ind ependent memory maker rela tionship is 
one of love-h ate. To ship more unit s, computer makers wi]I 
put le ss memory into a sys tem so th ey can shi p fa ste r. They 
le t in de pendents take up the slack , which has helped the 
computer makers, wh o the independents fee l should be 
thankful for ba ili ng out customers in need of memory and 
kee ping th em from buyin g, say, DEC mini s, ge ttin g 111ad at 
DEC and switchin g to Data General. Bu t times change , and 
at thi s stage. man y mini 111akcrs see independents as takin g 
busin ess away . 

Add-o n versus acid-in 
Add-on memory , as it s nam e implies, hooks onto the com­
pu tc r as an ex tc rn al ex pan sion chass is that is often core. 
Add-in mc111 ory rep laces 111 e111ory within th e computer and 
is in se rted direc tly into th e conn ec tor ba ckpan els. These 
add-in boa rds arc spec ifi call y cl cs ignccl to sli de in with min­
imal e ffort and may have a mechanical cut-out to all ow 
clearan ce for an internal fan asse mbly . Acid-on me mory, 
now fadin g from th e 111a rke t, is indcpencl en t 111 e111 ory. A 
separate power supp ly in a se parate chassis usuall y provides 
power, and th e use r' s memory and interface board are in a 
se parate enclosure, with a cab le conn ec tin g it onto the 
processor bus. 

How big arc th ey? Add-ons may ran ge fr o111 shoebox-size 
to large cabin ets in th e case of main fram es. Ty pi call y, me111-
ory modules and controll e rs arc in se rted in th e rear of th e 
expansion chassis or enclosure, which may in clude a back­
plan e, powe r supply, coolin g fan , programm ing plu gs and 
1/0 ca bl cs. 

Aci d-on memory was once more popu lar for seve ral rea­
sons. an d it is for th ese ve ry reasons (which have grown less 
signifi cant with each passin g ye ar) th at add-ons arc now 
fad in g l'ro m the sce ne. When se micondu ctor manufacturers 
made smaller chips, adding extra memory to a system added 
com plex it y, took 111o rc board space and value, and in­
crease d power consumpti on. With backplan es fil led and 
with out sufficient power fo r such added memory , the onl y 
alte rn ati ve in many cases was an add-on memory. 

With higher-capac ity memory devices , th e pictu re 
clrn1ged , and the larger-ca pac ity boa rds proved chea per for 
seve ral reasons. Fo r example. alth ough two 64k add-on 
board s need two busloa ds (taking up ano th er backpl ane 
slo t) , one sin gle-h ex I 28k boa rd fo r the PDP-I I /34 takes 
one busload, th ereby sav ing more th an just cos t. Addition-

Bipolar 

0.8 0.9 1 .0 

With decreasing access times and falling cost/ 
bit , all AIM/AOM memory categories will 
migrate toward the lower left origin . Certain 
categories - such as magnetic bubble mem ­
ories (MBM ) and fixed-head d isks (FHD) -
will decrease in cost more rapidly than 
others, (such as CCDs, which appear to be 
long-term losers) . MOS and bipolar will over­

lap more, but MOS add-in/on memories will 
remain more popular . 

al power suppl y, ex tra chassis, interface control ler card and 
greater size - these drawba cks of add -on boxes account fo r 
th eir wan in g popu larity, not to menti on their lack of nex ­
ibility . 

However , actuall y selectin g acid-on memory is straight­
forward ; add -in memo ry, 111 ore co111pli catecl. Th e reason for 
thi s is th at acid -on systems are t reated mechani call y as peri­
phera ls and have bus-compatib le cable asse mb lies . There­
fo re, the add-on box gene rall y can be aclclecl to an y com­
puter (of that manufacturer' s fam il y) simpl y by breaki ng 
the bus chain and in se rtin g the acid-on sys tem. On th e o ther 
hand , acid- in sys tems req uire more carefu l selec tion to 
ensure complete co mpatibi lity - that is. interfacing. elec ­
tricat, electronic and mechanical. The greater var iety 
offered by acid-in memory makers means yo ur choice s 
arc be tte r, but it is also rn ore reason fo r takin g greater care 
in selectin g. 

Will acid-on memory die? 
Despite th e trend away from acid -on boxes , there is a ni che 
for such add -on memories: in higher storage-capacity sys­
tems. In such sys tems, such as th e VAX- I I /7 80 or PDP-l I / 
70. sin ce use rs address a lot of memory, and since ifs oft en 
imposs ible to acid in an ext ra megaby te or so of merno ry, 
th en th e most economi c:il way to enh ance co111puter pe r­
forman ce is with an acid-on sys tcrn. If a use r sta rts out with 
a minimum am ount of memo ry, but anti cipates large mcrn­
ory ex pansions imrnediatcly (or in the future), then se lec t­
in g an acid-on sys tem makes sense . If future memory expan­
sion up to th e maximum addressab le is contemp lated , th en 
a sin gle model (or combin a ti on) wi ll permi t in cremental ex­
pansion as needed. Such unit s wil l typi call y fal l into one of 
three catego ri es: ( I) for th e PDP-11 /70-typc. large wo uld 
be 5 ! 2k on up , (2) 111cJi11111 , I 92 k o r 25 6k or so and (3) 
small, at 64k or I 28k or so. 

Through use of memo ry inte rl eavin g, sys tem th ro ughput 
is raise d. lnte rk:avin g, th e spli ttin g of memory into two (or 
more) sections wi th two path s to th e CPU. speeds proces­
sin g: it le ts a second word be read whi le th e previously-re ad 
word is being written back in memory. In terleaving takes 
foll advantage o f the asy nchronous nature o f processo rs; thi s 
all ows, as we said , fo r simultaneo us R/W from di ffe rent 
memory sec tors at th e higher speed or th e expand able 
111 emory. By provi ding two-. fo ur- or eight-way inte rn al in­
terl eavin g, or ex te rn al interl eaving with DEC or oth er plug­
comp<1tib le acid-on memories, the fa ster e ffec tive cy cle time 
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increases throughput (by I5% or so for four-way internal 
interleaving) . Other add-on memory makers claim a 30% 
faster-than-rated-maximum for the PDP-I I with fully -inter­
leaved systems. 

The success of the PDP-I I /7 0 is partially due to its easy 
upgrade path , not to mention its versatility , since it is just 
as suitable in an office environment or front-ending for a 
mainframe. But no mini lives forever. The 32-bit, (4 Gbyte 
virtual address space) , top-lin e V AX-11 machine wi!J even­
tually replace the PDP-! 1 /7 0 , whose 16-bit addressing limi­
tation prevents addressing a lot of real store. 

By assuming a long-term 50% drop in memory cost/b it/ 
year, this means an in crease of one extra bit of physical ad­
dress /yea r is needed ; hence , 32-bit (not 24-bit) virtual ad­
dress was chosen by the VAX designers , who also made this 
address space linearly addressable. With memory capacity/ 
chip rising and long-term costs falling, the V AX-11 /780 

Intel's 5150 multifunction add-in memory board features on-board 
cache memory, cuts cost and improves memory system performance 
for the Data General Eclipse. 

should continue its growth throughout the 1980s until the 
size of typical ph ys ical memories approaches the virtual ad­
dress space. I use thi s exam ple to illustrate the move of 
mini makers into the 32-bit arena as a possible niche for 
add-ons' survival. 

A brief aside. Virtual storage, a storage management 
technique first used in 1974 on the IBM 37 0 , allows th e 
CPU to have storage capacity many times that physically in 
th e CPU. By breaking th e program into segments ex ternal 
to the CPU , and ca llin g the segment s (or pages) up as 
needed , memory costs are cu t. th e comput e r can process 
longe r program s than co uld origina lly be ph ys icall y stored 
in th e CPU memo ry , thus extendin g computer processing 
power and cuttin g memory costs . Virtual sto rage is like 
readin g a magazi ne page-by-page, with th e only trouble 
coming from the number of times to turn pages ; the more 
movement in and out of the CPU (swapping) of these sec­
ti ons of coding, the mo re time-consuming it ge ts . Many 
mainframes provide large virtual address spaces but break 
th em into man y segments. Sin ce th e VAX-11 's address 
space is linea rly addressable , the re is no further segmenta­
tion. Unlike the mainframes, the PDP-11 operating system 
needs little virtual memory management ; the small programs 
are often swapped en toto. The V AX-11 , on the other hand, 
has large virtual ad dress space, and programs often will be 
larger than the syste m 's physical memory. What will the 32-
bit minis of th e 1980s be like? Much like today's medium 
mainframes - a megabyte of cen tral m emory, 1 OOs of 
megabytes of disk storage, etc. 

What docs thi s mean fo r th e add-on / in memory makers , 
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OEMs and end users? Perhaps a different perspective . Cer­
tainly , the 16-bit micros - more and more resembling minis 
- offered by semi makers like Intel, National , Zilog , Moto­
ro la and Texas will need add-in memory , and is one reason 
why these firms are vying for a share of this market. When 
will the micro makers alter their memory and software mar­
keting strategy to follow the DECs and Data Generals (who , 
in tum , have begun to foll ow IBM's footsteps)? Soon. 

Although IBM's strategy will impact semi and micro 
makers indirectly at first, in the long term it will strongly 
affect them , despite their present protes tations to the con­
trary. Also, since semi-makers-turned-system-makers are 
moving in to a direct head-on clash with mini makers in the 
I6-bit arena , the semi makers will be forced to adopt a 
similar marketing strategy. 

Buses make memory expansion possible 
One thing that will not be affe cted that much by such 
chan ge is buses . When adding in /on additional memory , the 
key to this is the bus used by that particular computer (that 
is, the added memory must be bus-compatible). Since most 
add-in /on memory is designed for the PDP-l J , I will use the 
PDP-I 1 "Unibus" for my example. The PDP-I l 's Unibus 
stru c ture, one of the PDP-11 's original strengths. enabled 
everyon e and his uncle to attach peripherals to it. 

ln al l PDP-l J s, Unibus , chained from e lement to e lement 
interconnec ts everything. Since it is a tran smission line, 
with all the problems of reflection and unwanted multiple 
switching from impedance mismatches , it must be termin­
ated at the end of the chain by a resistor network. Signal 
connectors (A and B) at each connector assembly input are 
wired compatible with Unibus, as well as the A and Bout­
put connectors. This accounts for the 11 's building-block 
moduJanty. Peripherals are wired just like connectors, and 
have two or more input connectors for a bus cable. The 
peripherals each have two A and B output connectors to 
continue the bus, unless , as we said, it's the end of the 
chain. 

If we want to add peripherals or memory or Unibus­
compatible connector assembly , we can brea k into the bus 
anywhere. Although the 1/0 A and B connectors are Unibus , 
the internal A and B connectors need not be . In the PDP-
1 l /34 , A and B connectors on the single-board co re and 
semiconductor memory systems have a Mudbus (modified­
Unibus) interface. Internal connector assemblies for 11 /34 
memories have this Mudbus interface. Is system compatibil­
ity a problem? Not if Mudbus is connected to Unibus at the 
l/O A and B connectors . 

This Mostek MK8012 add-in memory system for DEC'sPDP-11 fea­
tures density up to 128K words X 18 bits on a single board with a 
parity option . 



Now Ampex gives you proven, 
non-volatile RAM in a single­
board, 16K byte module: the 
MCM-8080. It'll work with Intel 
SBC 80/ 05, 80/10 and 80/20, 
System 80, the MDS-800 Micro­
computer Development System, 
and the 888 System Develop­
ment Center. 

MCM-8080 is pin compati­
ble with the Multibus~ fits in a 
single card slot, has data save for 
out-of-tolerance power supplies, 

and won't lose data when the 
power goes off. 

Remem her, a system is only 
as reliable as the memory, and 
Ampex non-volatile core RAM 
is the most reliable memory you 
can use. Write Ampex Memory 
Products Division, 200 North 
Nash Street, El Segundo, Cali­
fornia 90245. Or call Ted Conant 
at 213/640-0150. Try 16K bytes 
of reliable memory for only $885. 

AMPEX 
*Trademark, Intel Corporation 

Circle 35 on Reader Inquiry Card 
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What do two such interfaces mean for add-in/on makers? 
They should offer both, since boards inserted into internal 
connectors must conform to that connector assembly's Uni­
bus or Mudbus interface . 

Add-on memory mul tiprocessing systems 
Add-on memory systems with a dual-port option enab le 
two CPUs (or one CPU and a direct access peripheral) to ac­
cess one plug-co111patible expansion memory through its 
Unibus. Since each system Unibus has its own CPU and 
probably its own resident memory and peripherals, one sys­
tem accessing the add-on expansion memory won't stop the 
independent operation of the other. By usin g two or more 
add-ons to three or more slave CPUs, system design e rs may 
configure multiprocessin g systems to a specific application. 

The add-on memory future ... 
Although add-on memory is quickly di sappearin g from the 
memory scene , it will survive. In the situation of an inade­
quate power source for add-on, or filled-up backplanes, then 
add-on makes sense, sin ce it takes only one slot. Di sk emu­
lation will remain an add-in stronghold. Basically , a full sys­
tem , with controllers, doesn 't lend itself that well to an add­
in approach. 

Al though the add-in approach is cheape r (no extra sup­
port , ca bles, supply , encl osures , etc.), with large capac ity 
memory modules, th e emphasis shifts to the add-on ap­
proach. But a warning for independents: they will find in­
creasing com petition from semi makers like Mostek when 
they design add-on systems. 

Solid sta te disks 
Solid state disks are a form of add-on memory and are 
core-, CCD- or RAM-based (with bubbles expected to come 
on strong). CCDs are being replaced by 16-k RAMS , aggra­
vating a shortage already made worse by unexpected de­
mand , multip le ordering, JBM going outside for I 6k RAMs 
and Intel 's switch to more lucrative UV-EPROMs and static 
RAMs. 

If yo ur system will be accessing data stored in peripheral 
swapping devices a lot, the cumulative delays from acces­
sing and transferring data into the computer will seriously 
lower throughput. The rotational (and positional) latency of 
fi xed- and moving-head disks slows accessing information. 
Must the sub-µs processor wait around for a pure rotational 
latency (8 .5 ms or so) of a fixed-head disk? No. The way to 
increase system performance is through solid state disks, 
with megaword capac iti es and speeds typi ca lly 4,000 to 
8,000 times faster. 

Such add-on systems typically consist of controll er, card 
rack, power suppl y, blowers and logic modules permitting 
future expansion . If possessing dual-port capabi lity (two 
controllers), two co111putcrs can access th e solid sta te disk, 
with simultaneous access through both ports. Such sys tc111s 
are transparen t to the host co mputer. Control signa ls are 
tran smitt ed from th e CPU: status signals, to th e CPU: and 
few (if any) prcgramming or electrica l chan ges shou ld be 
made. 

Yo u sho uld conside r using solid sta te disks for several 
advantages: (I) increased system throughput (higher proc­
ess sytem control loop bandwidths , greater data acquisi­
tion system sampling frequencies, etc.), (2) environmental 
- atmospheric and ruggedness - reasons, (3) negligible 
maintenance costs - motor bearing failures. head crashes, 
etc., (4) ease of expansion , (5) increased system ava il a­
bility - more communication lin es/processo r in data com-
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Data ram 's 128 K X 18 DR -113S semiconductor add-in for the LS l -
11 /23 typifies t he new µC boards. 

munication systems), (6) increased uptime, (7) elimination 
of redundant devices and (8) applications (eg , seismic proc­
ess in g) that require buffering high volumes of real-time 
data. The disadvantage? Extra cost. 

Add-on/ in cache 
Cache (buffer) memory lets a computer incorporate both 
high speeds and large memory capacity. To maximize mem­
ory performance and minimize cost/bit, a perfor111ance-cost 
hierarchy of memory is used: (I) at the bottom is slow , 
low-cost bulk storage (disks , tapes, bubbles) to minimize 
cost, ne xt (2) processor NMOS RAM main memory and 
finally (3) high-speed, high-cost cache memory (typically 
bipolar). A fou rth category, buffer sto ra ge (CCD or bubbles) 
cou ld operate between main memory and cache to rnini­
mi Lc main rnemory. 

Since certain memory location s arc accessed often, to 
speed system th rough put. a small-bu !-very-high-speed mem­
ory buffer between processor and main memory stores 
(buffers) contents of the most-recently accessed addresses 
in a scratchpad within the cache. Now, the trick is to trans­
fer large batches of data into the small memory in one cycle. 
Wh en th e processor prescn ts an address. the memory checks 
its cache for data: if resident, it's accessed quickly: if not, 
it initiates a normal memory cyc le and reads data into CPU 
and cac he. 

Now , if the cache always contained data required by the 
processor, performance wou ld be 100% (all "cache hits" 
and no "misses") with minimum system overhead due to 
storage access. In reality, no such thing occurs and perform­
ance ("hit ratio") may be half the theoretical maximum 
(more with a larger cache). For example, with a 2-kbyte 
cache (290-ns access time) and 2-Mbytc main me111ory 
(500 ns), 95% of all memory accesses find the data in cache; 
and the memory system behaves like it 's 2 Mbytes of 310-ns 
memory. This provides a memory system performance im­
provement of 38%. By way of comparison with minis, all 
4300s have an 8-kbyte cache. 

Generally , program instructions are in scqucn ti al loca­
tions and blocks of data are in successive locations. Although 
mainframe cache can improve processor speed three- or 
four-fold. minicomputer cache (which is smal ler) may on ly 
double it. 



Cac he buffe rs a re o ffered for mini s, such as the PDP- 11 / 
45 and save the use r fro m havin g to shift to an 11/70 for an 
equivalent processin g speed in crease. By using an on /o ff­
lin e switch , use rs can run be nchmarks to de te rmin e th e d if­
fe rence (o r for main te nance checks) . A cache registe r also 
sh o uld pe rm it (dis )enab lin g cache softwa re con t rol. Inci­
dentall y , indepe nd ent s offe r cach e as both add-in and add­
o n . Fo r compa ri so n , one in depe nd en t's 2-kby te cache is a 
PDP- I I /4 5 ad d- in ; ano th e r, an 8-by te cache, an add-o n. 

Wi th a view to kee pin g th e rat io o f bi pola r cache to main 
MOS memo ry constant , some me mo ry expan sion boards 
con tain bo th , so tha t addin g memory modules won ' t alte r 
thi s ratio . 

One advant age of an asy nch rono us memo ry cyc le (mo re 
common on minis) is th at th e sys tem can opera te as fa st or 
slow as necessa ry, so th a t sys tem throughput can easily be 
in creased by upgradin g th e me m o ry by addin g cache mem­
ory (o r using fas te r ma in memo ry ). In any event , cache 
mem o ry was first deve loped fo r ma in fr ames and now minis. 
lligh-cn d micros by th e mid- I 980s sh ould co mmonly use 
add -in/on cache, and will exhi b it more min icom pute r and 
eve n mainframe fea tures. Distin ctions will b lur. 

Wh en sho uld an OEM or end-use r look at acid -in /on 
cache? Wheneve r hi s sys tem needs th e ex tra rese rve to pre­
vent bogging down durin g pea k CPU loads. Or , wh en all the 
n umber-crun chin g power he can ge t is neede d . In se lec tin g 
cache ad d-in /on memo ry, choices involve ba lan cin g several 
fa cto rs - aci d-on vs. acid-in cache and in c reased pe rfor­
man ce and overall saving vs. ad ded cost. Othe r fac to rs to 
consid e r include increased demand s, added main memory , 
decision to rep lace th e p resent com pute r syste m and ex ­
tended de li very elates due to back logs. 

The fu tu re of cache? Expect to see new, hi gher-speed, 
th rifty MOS emerge to cha ll enge TTL and comm onl y ­
ava ilable, off-the-she lf, lower-power and affo rd able ECL 
sh owing up (as we ll as ECL-compa ti ble MOS RAM s). The 
ba tt le fo r cache may sec fas t MOS lose some of its powe r 
advan tage, although its low-power standby feature will 
lower dissipation . As cache memory size grows , and with 
mo re sta tics in main memory, dissipa ti on will become a fac ­
to r to be reckoned with. High-speed , power-down MOS 
with a ten-to-o ne switchin g rati o (O .J-to- 1 fo r bipolar) 
make cache layout design a nightmare. For now , the ne xt 
ge nera tion fo r high-speed cache will be the 16k X l sta ti c 
RAM. 

General purpose memories : fl exible ga p-fillers 
Ge nera l p urpose add -in / on memo ry provides various con­
figu ra ti o ns fo r ge nera l use. Si nce they mus t be nex ib le fo r 
the many poss ible O EM/ user app li cations , standa rd fea ­
tures generall y include the fo ll owing. Switch -selectable 
add ress range is a must , sin ce for maxim um n ex ibil1ty in 
sys tem configurati on , sta rt ing add ress and me mory size 
mu st be selectable in increments. For TTL-compatible in ter­
face lines , da ta o utput lines are open-collecto r and respec­
ti ve data I/ Os can be in te rconnected , fo rmin g a bi-d irec­
tio nal data b us. Byte-control capability al lows inclepe ncl en t 
R/W on each by te. Eac h byte may be up to a give n max i­
mum . If dynamic , an in ternal-external refresh switch en­
ab les the memory to refresh its R AM automatica ll y from 
an on-board clock that automa tica ll y inserts a refresh 
- o r to avo id confli cts between refresh and cycle req ues ts , 
can be switched t o externa l refresh to sy n ch roni ze re fresh 
with the processor. 

Battery backu p pro tects data d ur ing power-off o r failure . 

It may be fro m separate bat tery backup inputs or internal. 
One mode may employ a constan t outpu t at lower voltage ; 
a second , the bu rst-refresh mode wo uld su ppl y fa r less 
curren t. 

General-purpose add-in /on memo ries aren 't as common as 
the rest , but do provid e flexib ility for applications requ iring 
access to large ban ks of da ta th at can ' t be met by o ther 
auxili ary modules o r boxes . Howeve r, ex pec t to pay: such 
fl exibili ty comes at ad ded cost. 

Terminals need auxiliary storage 
Upgrad ing high -en d te rminals and graphic sys tems will 
beco me in c reasin gly-important for OEMs and end -users in 
the ea rly 1980s. Su ch ad d-in s tend to be m ore dedicated 
than oth e r acid-in / on syst ems, bu t will respond to fu ture 
p ri ce cu ts . 

Wi th makers shoeho rnin g mo re capabi lities in to th eir 
te rmin als, and with graphic systems inc reasing, and with the 
need for enhancing terminals , add-in/on memory for ter­
minals represent a growing market. Graphic systems , with 
their need to run large programs, need additi onal workspace 
area t o generate more effective graphics and manipulate 
large am ounts of data. With acid-in memory , programming 
time is cut and program revision made easie r. Shoeh orning 
a program in to 8k and was tin g programming time - when 
add -ins co ul d easil y ex pand the mem ory - is unwi se . 

New game, new rules 
Since rising software development , plumenting semicon­
ductor prices and blurring computer-comm unication dis­
tin ctions are occ uring, the se mi (micro) , min i , mainframe 
and communica ti on fields will merge as these firm s ·inte­
grate ve rtically to survive. They will awaken in th e mi cl­
l 980s to d iscover themselves in com petition. 

IBM 's unbundling portions of its operating systems and 
all its software maintenance services , charging a monthly 
fee fo r software ca pabilities (previously free) , and it s slashing 
mem ory costs represents one stage in this inev~table se­
nario. With semiconductor prices falling and software costs 
grow ing, th e shi ft was in evitable. With furth er mem ory 
price cuts ex pected, a se ries of memory pri ce reducti ons 
amo ng the m in i , mic ro and eventually semi house will con­
tinue, proddin g them all to in te grate upwards even faste r. 

Al th o ugh use rs can an ticipa te hi gher software and sup­
por t costs fro!ll al l colll pu ter make rs, fa lling hardware costs 
will lllOrc than compensate . 

So me in dependen ts forecas t in c reased sales fo r them­
se lves as use rs an tic ipa te 4 300 de live ries and the myste rio us 
H-Seri es . The 4 300 has fo rced users to mak e decisio ns; and , 
as they await 4300 de li ve ry el ates , many will o pt to upgrade 
th eir curren t insta ll at ions. Desp ite the downturn in earnings 
fo r indepe ndent add -in /on memo ry make rs, caused by th e 
4300 ann oun cements, perhaps the longer-term outlook is 
bright. The large independents will do well. 

But what abo ut the H-Se ries? Ru mors say it will have so 
much memory it will make today 's mainframes look posi­
ti ve ly pedes trian. This means th at 158 , 168 and 303X use rs 
wi ll wan t to re t read with seve ra l megaby tes of add-o n 
!llemo ry. It 's poss ible that th e H-Se ries wil l create a need 
fo r add-on boxes . Then again , if IBM uses a 25 6-k RAM in 
its H-Series, the memo ry p rices will plu mme t once mo re 
and a $2,000/megabyte price is distinctly possible . What­
ever th e out come , these changes will affect everyone fro m 
se miconductor and microcomp uter makers to m in ico m­
pute r and sys tem manufacturers. 
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Not "apples and oranges" ... 
IBM , by far the world's largest maker of semiconductors, is 
said to have developed the µP two years before Intel's 4004 ; 
and while other semi makers grapp led with 4k memories, 
IBM was mass-producin g 8k RAMs for in-house use. No one 
cared that much , as long as these deve lopments were used 
in-house and didn't upset the ballgame for everyone else. 
With IBM producing almost as much memory chips as 
everyone else put together , and mass-producing 64k RAMs 
while everyone else cannot get l 6k RAMs, let alone the 64k 
RAMs, the news that IBM is going outside for 16k RAMs is 
not reassuring. 

IBM , traditionally good on service , has extended its ad­
vantage over independents with lower-priced memory. The 
$15k/megabyte barrier reached by IBM , as shocking as it 
was to the ind ependents, was discredited by edgy inde­
pendent spokesmen. But if it is an "apples and oranges 
comparison" for mini add-in/on makers, as some claimed , 
they st ill have every reason to worry. IBM 's price cuts 
are about to enter the minicomputer add-in /o n market. 
IBM 's General Systems Division hasn't been idle, and its 
price cuts in purchase (32%), lease and rental (19% or so) 
for memory increments include the System 13 and 34 , 
5100, 5 110, two Series 1, 3741 Data Station and 3747 
Data Converter. DEC , Data General and other mini makers , 
owning more of the mini market , are under less pressure 
than independents, but are forced to follow IBM 's pricing 
and marketing strategy (i.e. , cut memory prices and raise 
so ft ware prices). 

Although mini makers claim that IBM 's price cutting 
had littl e effect on them , they've also begun cutting their 
prices. DEC cut 20% off its DECsystem; 1-1 -P, 40% off its 
HP-1000 (dropping its memory from $32k/MB to $18k/ 
MB) ; and Data General is cutting its Eclipse series. I-I-P's 
3000 and 300 were cut by 12- 14% (with add-on memory 
prices dropped) , and H-P has altered its software support 
program. By the time this appears in print, expect to see 
more price reductions. And , by late 1982, expect to see a 
memory price per megabyte in the $2k to $3k ballpark. 

With mini and mainframe makers forced to overlap 
each othe rs' markets , and with mini makers prodded from 
below by semi (micro) makers invading the J 6-bit arena , 
it's certain that mainframe , mini and micro makers will 
more closely resemble one another by the end of the next 
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The MBB-80 magnetic bubble memory sys­
tem provides 92,304 bytes of non-volatile 
mass data storage, and is memory-mapped 
for CPU control. Each MBB-80 requires 16 
memory locations in the µC address space. 
As few as one or as many MBB-80 modules 
as desired may be incorporated into the µC 

system to provide the required non-volatile 
storage capacity . 

decade. Furthermore , IBM and AT&T will be forced into 
inevitable confrontation as the dividing line between com­
munications and computer systems blurs even more -
despite their denials. Computers or communications? Ul­
timately the users will decide , not IBM or AT&T . 

lt is my feeling that those mainframe , mini or micro 
makers who choose not to actively enter the computer­
communications arena will grow weaker and be relegated 
to the sidelines by the end of this decade. Those semi 
houses that refuse to continue their vertical integration 
further will be relegated to component makers and will 
survive doing custom work or as the acquisition of a rich 
parent firm. Another factor , the Space Shuttle , will cut 
satellite communication costs drastically and open the 
door for these computer systems makers . To survive , IBM 
and later the rest , will be forced into satellite communica ­
tions, with IBM dividing itself up by function (not product) 
categories. But that is a different story. Other more im­
mediated problems confront the industry, such as partials. 

Partials: yes or no? 
With semi makers cranking out 64-k memory chips , a ques­
tion emerges: what to do with scads of "almost good" 
RAMS? With a couple of bad bits on a 1-k RAM , junking 
it made sense ; but junking partially good 64-k RAMS 
("partials") when they can be saved for internal use as 32-k 
chips makes no economic sense. This is especially true, con­
sidering that yields are inherently lower for a greater-capa­
city chip, which also costs more to fabricate. 

Now. since partials aren't a first-line product, semi 
makers have a sudden need for a product that they can 
manufacture that will use these chips, thus improving chip 
yields. Add-in /o n memories are well-suited to this . This 
advantage in partials is just another edge semi makers have 
over independents. As of this writing , certain semi firms 
(Mostek , Motorola) condemn use of partials; others (Intel , 
Texas) say that there is no difference that they 've detected. 

Despite the stigma attached to partials by some semi 
makers , I feel that they will see increasing acceptance. 

64K , 16K, 4K RAM shortages persist 
Semiconductor memories remain the bread-and-butter 
mainstay of semi houses . Over half the U.S. market ($1 B 
last summer) for semis was in RAM sales , with dynamic 



RAMs the largest, at $300M . By contrast , UV-EPROMs 
were at $1 QOM ; mask programmed , fusible lfr1k and EA­
PROMs , $3SOM. CPUs and other family chips are still seen 
as a way to sell more memory. How wil l IBM and mini 
makers' new st rategy to raise software prices and bomb 
memory prices affect the semiconductor makers? OEMs 
will benefit , users definitely will , and semi makers claim 
they are in su lated from the mini/ mainframe memory price 
slashing - at least in the short term. In the long term, the 
new strategy will affect semi makers. With less rea l profit s 
in memo ry chips themselves , sem i firms that expect to be 
mo re t han mere co mponent makers in the 1980s will be 
forced to accelerate their already-upward move into making 
higher-level computer systems. 

The l 6k RAM sales will peak in a couple years as the 
64k RAMs become available in quantity. The industry­
standard , 16-k, three-supply 4116-type memory is supp lied 
by Mostek , Texas, Intel , Motorola (together producing 
70%), and the J apanese (Nippon Electric , mostly) supply ing 
the rest. 

What are these semi makers doing about the shortages? 
Fearing ove rexpansio n in the face of a Jo ng-predicted reces­
sion and growing 64k RAM produ ctio n , most haven ' t in­
creased l 6k RAM production as quickly as they cou ld 
have . Unfortunately , the 64k RAM didn't materialize as 
quickly as the rule of doubling chip capacity per year had 
predicted. 

Delays in 64k RAMs occurred due to the quest for a SY , 
single supply device; and so me firms first worked o n a SY 
l 6k RAM as a lea rning experience fo r their 64k RAMs , 
costing them deve lopment time and pushing 64k RAM 
availabi li ty into the future an ex t ra year. But the problem is 
more fund ame ntal. 

The approx imate doub ling of memory size every year 
and t he "learning curve" (n% price reductio ns for each dou­
bling of total units manufactured) will no lo nger hold true . 
The game has ch anged, and it's not merely supply and de­
mand that wil l alter the learning curve philosophy. Balloon­
ing product development costs and design limitations will 
hamper VLSI. New lithographic technologies (direct-writing 
E-beam , X-ray, etc .) will be needed. Wafer-fabrica tion pro­
du ctio n module costs at $ !OM and mask aligners at $ lM by 
l 98S may be the norm. Due to the amo unt of R&D and 
equipment costs needed to remain at the leading edge of 
techno logy , those marginal firms that a ren ' t acquired or be­
co me specia lized custqm houses will fo ld. The result ? Tech­
no logy li fe cycles will lengthen d ue to these skyrocke ting 
costs, large r applicatio n base and greater number of com ­
mitted custome rs. Then , too, as we approach the limits of 
silicon more closely, progress will asy mpto tica lly approach 
the limi t and the emphasis must be shifted to new architec­
tures for memory (more abo ut that later). 

As if these changes aren ' t enough to make p red icting the 
future of add-in /o n me mories a b it like read ing tea leaves, 
o ther memory trends are being set by semiconductor 
makers . Here are the latest developments .. . 

Bipolar memory : a trend to ECL 
High-speed cache (and not main memory) uses most of the 
bipolar add-in /on memory , although higher-speed MOS is 
moving in , with fast 4k-static RAMs the first proving 
gro und . MOS deve lopments have prodded bipolar makers 
into action , and new tech no log ies such as isoplanar-sca ling, 
12 L and integrated Schottky logic wi ll ex tend bipolar speed , 
increase de nsity and cut power consump t io n . Bipolar speed 
is diffusion-dependent in fabr ica tion and co nsequen tly is 

easier to control than MOS , which depends on li thographic 
registration - inherently prone to greater variations. So , to 
get high-speed MOS requires skimming off the top MOS 
devices. 

As a rule, memory devices trade speed for power ; and 
MOS is no exceptio n : high-speed MOS chips generally co n­
sume more power. Although firms - like Fairchild whjch is 
deve lo ping a 64-k static bipolar RAM for 198 1 - are push­
ing bipolar , the co nsensus is that lower-cost, high-speed 
MOS will win out. Bipo lar makers fee l that device scaling 
(not circuit shrinking) will cut gate delays to 300ps. 

A trend to ECL with its higher speed (due to its smaller 
voltage swings) is emerging, and more complex chips are on 
the way. If integrated Schottky logic memory chips can be 
fab ri cated eco nomically with Signetic 's ternary logic, cou ld 
this lead to denser chips? 

Prognost icat ing the future of semiconductors beyond 
two years is risky. Bipolar makers , like Fairchild , claim o ne 
thmg ; MOS manufacturers, like Intel , claim another. 

MOS challenges bipolar's speed 
Main computer add-in /o n memories , which are mostly 
NMOS , fall into three categories - dynamic , static and 
pseudostatic. Although traditionally slow, new fast MOS 
RAM s will continue eroding b ipolar markets. 

Despite their increased complexity and refresh circuit ry, 
dynamic RAMs cost less and dissipate less than statics . Ac­
cess times fo r some l 6k dynamic MOS RAMs are at 80ns. 
In tel , the leader in the MOS speed race , is repositioning its 
emphasis from dynamic l 6k RAM s to statics (further aggra­
vati ng shortages). Any OEM who still sees the future of 
MOS in trad itio nal terms (low dissipation , but slow) wou ld 
be advised to look at the trends,ofwhichthe4kX 1 2147-
type RAM (SS -ns access time) 4k 93F470 (30ns) , 4k 
2 147 H (3Sns) , lk 93F4 1S (20ns) and l k 2 12S H (20ns) 
will typify . 

Bipo lar wi ll be hard pushed to keep up with new MOS 
speed breakthroughs and this wiU create a trend to ECL 
(sub -1 Ons) for high-speed buffers and cache memory. 

Static RAMs are faster than dynamics, require no re­
fresh ing and are easie r to design with , but are less popular 
d ue to extra cost. Pseudostatic RAMs co mbine dynamic 
(internal refre sh) and static NMOS advantages , and permit 
accessing cells during refresh. If pseudostatics can move up 
into the 64k market soon , they will find a niche . 

Fina lly , the advantage of single-supp ly, SY-only , l 6k 
and 64k MOS dynamic RAM s ca nnot be overemphasized. 
They cut add-in /o n memory costs by freeing up space now 
used for the extra 12Y, so that the add itional memory 
add ed wi ll lower the cost /bit ratio. Compet it ion for these 
devices cou ld crea te shortages as memory makers compete 
for the devices at steeper-than-pred icted prices. 

CMOS backs up NMOS 
CMOS , with its ex tremely low dissipation , will show up 
more as nonvo la tile backup in case of power fai lure ( 18% 
grow th per year) . Backup batteries for NMOS are no 
panacea (a fact overlooked by too many end users). For the 
megabyte region , backu p can be five to fifteen minutes, and 
periodic maintenance is need ed to check batteries. OEMs 
too often forget to consider how much space the battery 
will take or even to include it in the ir cost ca lculations. 

CMOS ' lower junction temperatures and noise immunity 
suit it fo r severe environments. Unfortunate ly, CMOS 
never took off - except for watches and ca lcu lators - due 
to cost (2S% over NMOS) and y ie ld (it uses 10 ma sking 
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steps instead of NMOS' 7) . CMOS needs two transistors at 
each switching stage , making chips 35-40% larger. 

Since CMOS reduces heat dissipation by 15¢/W - and 
since it cost $ 1 /W of power supply and another half dollar 
per watt to dissipate the heat - CMOS looks attractive . 

As for backup in case of power interruption - a concern 
add-in /on users will face soon due to oil shortages and nu­
clear plant construction slowdowns - these power inter­
ruptions will be taken into account more by the system de­
signer of the 1980s when he is specifying add-in/o n mem­
ories. NMOS , as we said , needs an expensive , bulky battery­
backup system to preserve memory ; CMOS , on the other 
hand , can hold data for seven days with only a few, tiny 
NiCad batteries. · 

CMOS is resistant to soft errors from alpha-particles of 
specific wavelengths. (See " ew Static RAMs Combat 
Alpha Threat ; ' by P . Snigier , Digital Design, September 
1979 , p. 24.) For development and small jobs (where a sys­
tem crash only means hitting the reset button), it's not 
worth using conventional statics (2114, 2141) to combat 
the alph a threat; dynamic 16k RAMs will do. Then again , 
with ECC, most soft errors are ca ught. Single-bit error-cor­
rection produces an 85-fo ld improvement in memory relia­
bility . When examining add-in/on memory modules , look 
for ECC detection/correction, error status storage for CPU 
access , LEDs to indicate chip row /co lumn , error interrupt 
for multiple-bit errors , and various other options. 

Core headed for extinction? 
Core will always survive in military , aerospace , process co n­
trol and in adverse envi ronmental uses where nonvolatility 
and rugged ness count. Otherwise, co re , a mature technol­
ogy, will fall off fast in the fa ce of semiconductor's plum­
metting prices. Ampex and Dataram stand to profit , taking 
up the slack orders dropped by those getting out. Core 
won't die , since custom and special memories will come to 
overshadow general add-ins. 

Also , since o ld computers never die - they merely 
migrate to third-world nations - core may keep a toehold 
there throughout the 1980s. Wi th embassy takeovers , riots 
and frequent blackouts a way of life in these backward 
nations, · core 's nonvoJatility can ' t be beat. With battery 
backup times of ten minutes for 1 megabyte of NMOS, core 
looks attractive for these add-ins/ons. 

For core memory makers , there's also another advantage 
ove r semiconductor : less cutthroat pricing. Still , dynamic 
RAM is selling for one-fourth core's price. For example, a 
64-Kbyte memory is $695 (unit qty .) ; 64-Kbyte core, 
$2900. But co re is still the o nly no nvola.tile memory viab le 
in large quantities, despite the large power needed to flip 
the cores and the odd voltages that will soon be non­
compa tible . 

Core· will survive in two areas - core for main memory 
and bulk (0.5 to 1 MB) co re for emu lating fixed-head disks 
(peripheral) systems with their slow , 8 .4ms access times. 
Bulk co re is sold in swapping disks , multi-pro cesso r shared 
memory , video storage , high-capacity buffers (for seismic 
processing , etc.) and also main memory expansion. 

Unlike earlier forecasts of co re's impendjng doom , this 
time the handwriting is on the wall ; its effective demise 
cou ld come by 1984. 

CCD revival? Not likely. 
Will CC Os ever compete against bubbles and NMOS dynam­
ic RAMs? If they can improve yields and make a quantum 
density jump, yes; if not , no . Although volatile , CCDs can 
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move data in blocks , which is fast for moving entire pages 
around. The unexpected l 6k and 64k CCD yield problems 
slowed manufacturers down, so the needed fourfold edge 
over MOS never materialized. CC Os were also int roduced 
to act as low-cost, high-speed buffers between cache and 
main memory. 

Only TI and Fairchild remain in CCDs (with TI a bit 
erratic on deliveries awhile back) ; and STC has replaced its 
CCDs with l 6k RAMs on it s so lid state disk, further aggra­
vating l 6k RAM shortages. CCDs will survive in line imag­
ing, filtering and delay line applications. As for CCD's ana­
log nature , cou ld it prove cost effective as a base-3 memory 
for tenary logic applications? Probably not. Only if CCD 
can steal a two-generation lead on NMOS can it make it in 
the add-in/on market. Prospects look bleak. 

Bubbles will explode 
Bubble memories will be utilized by designers first in those 
replacement applications where nonvolatility , ruggedness 
and size constraints are paramount. Other applications will 
come later. (See "Magnetic Bubble Memories" by P. Snigier, 
Digital Design, December 1979 , pgg. 88-91 .) 

Bubbles won 't co mpete with core, since access times of 
200-300µ s don't co me near core's sub-µs speeds. Through­
put is comparable , i.e. , not sepa rated by more than an o rd er 
of magnitude. Bubble won ·t compete with MOS yet. 

Bubbles will compe te against mechanical mass-storage 
drives and add-in /on boards for environmental and cost 
reaso ns . Expect to see them first in process control and data 
acquisit ion. They will compete first in µC systems in in­
telligent terminals , POS systems and text ed iting. Bubble 
Tee 's $650 MBC-11 ("Bubbl-Board") for the LSI-1 J is an 
example. LSl-11 system designers can add up to 655 KB in 
40 ,960-byte increments. Six modules provide the capacity 
of a single-sided floppy. The MBB-80 add-in for SBC-80-
type boards provides 92,304 bytes in 8-b it bytes . The 
$ 1695 (23 m¢/ bit) memory , using 8 T l 92-Kbit bubble 
modules, transfers 22 Kv/s with 7.3ms access time. 

Bubb les won ' t rep lace mainframe fixed-head disks for 
awhile (probably late 1980s). When they reach 5-Mbit-plu s 
ca pacity, they cou ld serve as buffers for moving-head disk 
systems . 

An infant technology , bubbles guarantee a fast cost/bit 
drop . By 1983, prices wi ll drop tenfo ld or lower. By 1982, 
expect a 4-Mbit device on the market ; by 1984, 16Mb ; and 
by 1986, 32Mb. But bubbles over 4Mb will require a switch 
from chevron to contiguous-disk propagating structure to 
handle sma ller bubbles. The big quantum cost /bit decline 
will come when field co ils are replaced, cutting costs and 
bubble size by a third. Bell 's current-access bubbles promise 
a 20-M Hz speed limi t (up from today's l MHz). 

Independents will offer add-in /on bubble memory 
boards in 1980 for minis and micros. Eventually , Texas, 
Intel , National , Rockwe ll , Nippon and Fujitsu will drive 
the costs down and may repeat the present hard-times 
scenario for today 's independen ts. But for now , since 
bubb le memory is relatively easy to design with (no messy 
support circuitry as in MOS) , this will prove a lucrative 
market. 

Dumb, smart, intelligent memories? 
Everyone knows increased density will beget higher-capa­
city devices. Other novel possibilities open up by fabricat­
ing other functions on the RAM . Chips (such as the 6801) 
combine a CPU with a relatively small amount of memory. 
A microcomputer? Definitely . But look at what happens 
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in the future as RAM capacity keeps growing: is it then a 
µC with o n-chip RAM - or a RAM with on-chip intelli ­
gence? Th is trend to intelligent memor ies will co me from 
dis tr ibuted processing's growth. It's popularly claimed in 
other elec tronic magazines that distributed processing will 
be adop ted on a large sca le. But , are µP s suit able for thi s? 
No, and even consid ering ce rtain µP s with features that lend 
themse lves to interprocesso r co mmun icat ions , there's still 
a long ways to go . 

Will these intellige nt memo ries' 1/0 structures be the 
sa me as today's memory devices? 1o . Since data is stored 
o r fetched every few µs, memo ries require parall el address 
and data buses. With growing capacity /ch ip , packaging 
co nstraint s mu st be reckoned with. Intelligent memories 
cou ld all eviate this. Surely , such smart / intelligent memories 
would t ransfer da ta among themse lves , ye t also would 
spe nd t ime processing their own stored data . 

Un like today's ROM s, RAMs and PROMs used in inter­
device co mmunica tio n, speed may not be so critica l in such 
intellige nt memories and parallel buses co uld be rep laced by 
fast se ri al paths. Each smart memory 1/0 wo uld posses 
high-speed SPCs (se rial-to-pa rallel co nverters). 

The fi rst such memories co uld be used in military sys­
tems and be fabrica ted with wa fer-sca le integra tio n (i.e., 
over the face of an unbroken wafe r) . If WSI succeeds , the 
rules of memory and sys tem design wi ll radica lly alter . On­
wafer intel lige nce. ECC , se lf-tes t and memory se lf-repair 
(thro ugh reconfiguring memory) co uld crea te bu lk-wafe r 
memor ies riva ling bubb les fo r ma ss storage (an o rder or 
mo re fas ter) and be used fo r so lid-state disks . 

By fabr ica ting many µP s on o ne wafer with , say , a mega­
byte or two o f memory , an adaptive multiprocesso r system 
with these CPUs working in para ll el wo uld promise in­
creased system throughput. And , with short , o n-wafer 
propagat io n paths, delays will be reduced further. With the 
multiprocesso r able to adapt and a lter interco nnections , 
and with spa re memory arrays on-wafer , memory arrays 
damaged in fabr ica tio n could be rep laced by spares auto­
matically by the multiprocesso r. This keeps yield s high . 

Su ch a ·'system-o n-a-wafer" wou ld co nsume 25 W for a 
511 wafer if mad e with MOS . Prese nt experimental wafer 
systems use meta l-nitrid e-ox ide (MNOS) , an inherently­
no nvo lati le FET approach that co nsumes power on ly 
during R/W. Such a 5" wafer wo uld co nsume on ly 2 .5W. At 
present. the mi li tary·s very high-speed IC (V HSIC) program 
is looking into o ne-wafe r multiprocesso rs. 

If WSI becomes ava il ab le , expec t system design to alte r 
rad ica lly . Howeve r, one-wafer, adapt ive mu ltipro cesso rs 
won't be a factor until well into the 1980s. 

Another deve lopment that would affect memory users 
and OEMs wi ll be the blurring o f distinctions betwee n dif­
fe rent memo ry types - perhaps between RAM and ROM . 
Assume that a high-speed , low-cost , single-co ntrol SY-only 
RAM is deve loped that offers fast program and erasure and 
is switchab le between read-o nly and read-write. If so, and if 
enduran ce is at I 07 cycles or more, enginee rs designing a 
prototype µC system co uld load a program in one hal f 
( RAM) . debug it , then switch to nonvo latility. But greater 
possibi li ties open up to the designer: software-modified 
ROM opens the door to se lf- modify ing code, the elimina­
t ion of a good dea l of indirect addressing and resultant in­
crease in speed. 

Now that we've see n the trend s taking place among add ­
in /o n make rs and in the memory techno logies, a logica l 
question emerges - "Should I make o r buy?" - and lead s 
in turn to the questio n of custo mer suppo rt. 
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Memories : make or buy? 
For OEMs with large-volume systems and co mprehensive in ­
house enginee ring ca pab ility, manufactur ing proprietary 
memo ry systems will save substantial ad ded-value to their 
end product. La cking either of these, system integ rators 
mu st purchase memory systems ready-mad e o r have a cus­
tom memory maker design one . 

A memo ry maker who ha s designed and in ve nto ried an 
array of memory systems for a large number of ap plica tio ns 
has a staff of memory system des ign specialists. Since they 
specialize in develo ping "standard" and propr ietary "cus­
to m" memory systems , they have an edge. This edge ex­
tend s to other areas. For LSI testing, a large investment in 
equipment, fa cilities and qualified techs is needed. Only 
consta nt use of such a capability th ro ugh large -vo lume 
memo ry manufacture makes this cost-effective . 

This brings up the matter of warranty and service. 

Customer support: how critical? 
Semi conductor-manufacture rs-tu med-memory-makers wil I 
be more likely to offer th e total product from manufactu r­
in g and market ing to se rvi cin g. Certa in in depe ndents with 
third-part y se rvice have bee n criti cized by some use rs, some 
who related unpleasant ex peri ences. Is sa vin g $ 1 Ok /mega­
byte worth ri sking two-clay downtimes? 

Mini and ma inframe makers stress service. For exa mple , 
IBM is known for dispatching a tech within hours, or fo r a 
worse difficulty, a centra l-fie ld rep. If th e app li cati on is a 
process control type, it' s one thin g: but for a complex . user­
oriented in stallation , it makes no sense having to ca ll severa l 
vend ors and risk poor coo rdin ati on , vendo r fin ge r-po inting 
games and delays. 

Add-in / on makers provide severa l levels of se rvice sup­
port fo r purchasers. These r::in ge from return-to-factory 
warranty se rvice through full rou tin e maintenance agree ­
ments to providin g support fo r individual purchase rs. 
Return-to-factory warranty support provides fo r factory re­
pair of defe c tive modu les or subsystems. It's best suited to 
OEMs provid in g their own sys tem integrati on and mainten­
ance, in clu din g stocking spares . 

On the other hand , on-demand service support un der an 
annual agree ment , provides assistance as nee ded , includin g 
origin al in stall at ion. Howeve r, be sure to purchase spares. 
Wan t fu ll maintenance suppo rt? Such an agree ment pro­
vides install at ion, plu s ro uti ne and emergency service , and a 
fu ll -support , use r-package that includes all req uired parts. 
The ca tch? It costs more. The advan tage? Les hassles la ter . 

But se rvi ces under on-demand and full se rvi ce agree­
ments are ofte n provided not by th e memory makers, but 
by a computer se rvi ce organi za ti on with th e memory maker 
re tainin g basic respon sibility . Be sure to ask about customer 
support. Can th e memory maker 's staff provide adequate 
trainin g, technical assistan ce and on-site assistan ce? If so, 
can they deli ve r it when required at any support leve l? 

Remember. ad d-in /on memory makers are not in bu si­
ness for hand-h oldin g or se rvicin g boards; they ea rn th eir 
livi ng se llin g memori es. And the busin ess does contain it s 
share of memory makers no better than co ttage shops , not 
to men ti on others that are or soon will leave th e bu siness. 
OEMs and users wi ll be left high and dry soon in in creas ing 
num be rs - a po tential bonan za for se rvi ce orga ni za tions. 

Independent service organizations 
When an ou t-of-warranty board fa ils, what do users do? 
Either they send it back to th e manu fac turer or to an inde-
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256 KB Increments 
Pin Compatible-Software Transparent 

For 
Fast Delivery .. . 

Low Prices . . . 
Field Proven Base . • • 

One Year Warranty 

Call Today . .. 
800-854-3792 
800-432-7271 (In California) 

STANDARD/ /MEMORIES 
3400 W SEGERSTROM AVENUE, SANTA ANA , CALIF 92704 

• (714) 540-3605 • TWX 910·595·1596 

A DIVISION OF lt9J Tr~~l~R~i!! 

VAX-11 /780 & PDP-11170 ARE RECOGNIZED 
TRADEMARKS OF DIGITAL EQUIPMENT CORP. 

Circle 36 on Reader Inquiry Card 
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FLOPPY DISKS 
Storage capacity : limited. 

Handling problems. 
Low cost. 

REEL-TO-REEL TAPE DRIVES DISK CARTRIDGES 
Low performance: 36 megabyte capacity. Storage capacity : 5-10 megabytes. 

High performance: 90-100 megabyte capacity. Back-up data remains on a disk. 
Large, bulky, high cost drives. Large drive mechanisms. 

Cost: very expensive. up to 20 times that of Cost: up to $5000.00. 
floppy disks. 

HERE'S1HE 
Storage capacity: 75 

megabytes formatted 
(144 Mbytes unformattedl. 

Drive dimensions: 
4.62 " x 7" x 8.625 ". 

Preformatted tape, 
allows unlimited record 

replacement. 

Built-in error detection/ 
correction capabilities. 

3M HCD -75 DATA CARTRIDGE DRIVE 
Fully-buffered 1/0 channel , permits 
asynchronous data transfers. 
Serpentine recording, eliminates 
wasted rewind times. 
List price. including Controller. 
$2 ,150.00. 
To learn more. check the listing 
at the right and contact the Data 
Products Representative nearest 
you . Or write : Data Products / 3M, 
Building 223-5E/3M Center. 
Dept. 125, St. Paul. MN 55101 . 

1HE DISK BACK· UP SYSTEM 1HAT'S SUDDENLYWAYour FROMt 

3M 
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3M DATA PRODUCTS 
REPRESENTATIVES 
Data Products/3M 
3M Center, 223 -5E Dept. 125, 
St. Paul. MN 55101 
612 {7 33 -8892 

WEST 
Hefte Industries, Inc. 
Los Gatos, CA 
408 /264 -8319 
CTI Data Systems, Inc. 
Long Beach, CA 
213 /426 -7375 
PAR. Associates 
Denver, CO 
303 /355 -2363 
PAR. Associates South 
Albuquerque, NM 
505/881 -5000 

MIDWEST 
OASIS Sales Corporation 
Elk Grove Village, IL 
312 /640 -1850 
Carter, Mccormic & Peirce, 

Inc. 
Farmington Hills, Ml 
313/477-7700 

EAST 
J.J. Wild of New England, Inc. 
Needham, MA 
617 /444 -2366 
Wild & Rutkowski, Inc. 
Jericho, Long Island, NY 
516 /935 -6600 
COL-INS-CO .. Inc. 
Orlando, FL 
305 /423 -7615 

3M 

Add-In/Add-On Memory Manufacturers 
Able Computer Technology, Inc. 
1751 Langley Ave . 
P.O . Box 18162 
Irvine , CA 92714 
(714) 979-7030 
Circle 260 

Ampex Corp. 
Memory Products Div . 
200 N . Nash St. 
El Segundo, CA 90245 
(2 13) 640-0150 
Circle 261 

Bubbl-Tec Div. 
PC/M Inc . 
3120 Crow Canyon Rd . 
San Ramon, CA 94583 
(4 15) 837-7 150 
Circle 262 

California Computer 
Products, Inc. (Braegen Corp.) 
3320 E. La Palma Ave . 
Anaheim , CA 92803 
(7 14) 632-0400 
Circle 263 

Cambridge Memories, Inc. 
360 Second Ave . 
Waltham, MA02154 
(617) 890-6000 
Circle 264 

Central Data Corp. 
1207 N . Hagan St. 
Champaign , IL 61820 
(2 17) 359-80 I 0 
Circle 265 

Chrislin Industries, Inc. 
Computer Products Div . 
31352 Via Colinas #I 02 
Westlake Village, CA 91361 
(2 13) 991 -2254 
Circle266 

Computer Extension Systems 
17511 El Camino Real #131 
Houston , TX 77058 
(7 13) 488-8830 
Circle 267 

Computer Interface Technology 
201 W. Dyer Rd . 
Santa Ana , CA 92707 
(7 14) 979-9920 
Circle 268 

Control Data Corp. 
Computer Memory Div . 
800 1 E. Bloomington Freeway 
Bloomington, MN 55420 
(6 12) 830-6018 
Circle 269 

Datacube Inc. 
670Main St. 
Reading, MA 01867 
(6 17) 944-4600 
Circle 270 

Dataproducts 
330 1 Okon St. 
Santa Clara, CA 95051 
(408) 249-9900 
Circle 271 

Dataram Corp. 
Princeton-Hightstown Rd . 
Cranbury , NJ 08512 
(609) 799-0071 
Circle 272 

Decision Data Computer Corp. 
100 Witmer Rd . 
Horsham, PA 19044 
(2 15) 674-3300 
Circle 273 

Digital Data Systems, Inc. 
1396 N. W. 65th Terrace 
Plantation , FL33313 
(305) 792-3290 
Circle 274 

Digital Pathways 
4151 Middlefield Rd. 
Palo Alto , CA 94306 
(4 15) 493-5544 
Circle 275 

Electronic Memories 
& Magnetics Corp. 
EMM-Sesco 
20630 Plummer St. 
Chatsworth, CA 913 I I 
(2 13) 998-9090 
Circle 276 

Electronic Solutions Inc. 
5780 Chesapeake Ct. 
San Diego, CA 92123 
(7 14) 292-0242 
Circle 277 

Fabri-Tek Inc. 
590 I S. County Rd . 18 
Minneapolis , MN 55436 
(61 2) 935-88 11 
C ircle 278 

I Corp. 
735 Addison St. 
Berkeley , CA 947!0 
(415) 848-6600 
Circle 279 

Infotek 
2030 Fourth St. 
Santa Ana, CA 92711 
(7 14) 953-0383 
Circle 280 

Intel Corp. 
Commercial Systems Group 
2402 W. Beardsley Rd . 
Phoenix , AZ 85027 
(602) 869-4000 
C ircle 281 

Keronix , Inc. 
250 E. Emerson 
Orange , CA 92665 
(7 14) 974-0800 
Circle 282 

Micro Memory, Inc. 
9438 Irondale Ave. 
Chatsworth , CA 9 13 11 
(213) 998-0070 
Circle 283 

Minntronics Co. 
2599 White Bear Ave . 
St. Paul. MN 55 109 
(6 12) 770-5247 
Circle 284 

Monolithic Systems Corp. 
14 Inverness Dr. E. 
Englewood , CO 80 11 0 
(3 13)770-7400 
C ircle 285 

Mostek Memory Systems 
1215 W. Crosby Rd . 
Carrollton, TX 75006 
(2 14) 323-6000 
C ircle 286 

Motorola Semiconductor 
Products Inc. 
350 I Ed Blueste in Bivd . 
Austin , TX 78721 
(512) 928-6776 
Circle 287 

Muproinc. 
424 Oakrnead Pkwy. 
Sunnyvale , CA 94086 
(408) 737-0500 
Circle 288 

National Semiconductor Corp. 
Computer Products Group 
2900 Semiconductor Dr. 
Santa Clara, CA 95051 
(408 ) 737-5000 
Circle 289 

Peri phonics 
75 Orville Dr. 
Bohemia, NY 117 16 
(5 16)567- 1000 
Circle 299 

Plessey Peripheral Systems 
17466 Daimler Ave . 
Irvine , CA 92714 
(7 14) 540-9945 
C ircle 291 

Recognition Systems, Inc. 
15531 Cabrito Rd . 
Van Nuys, CA 9 1406 
(213) 785-2179 
Circle 292 

Southwest Data Systems 
2509 W. Empire Ave . 
Burbank, CA 91504 
(2 13) 841- 16 10 
C ircle 293 

Standard Engineering Corp. 
44800 Industrial Dr. 
Fremont, CA 94538 
(4 15) 657-7555 
C ircle 294 

Synertek Systems Corp. 
3001 Stender Way 
Santa Clara , CA 95052 
( 408) 988-0135 
Circle 295 

Texas Instruments Inc. 
Digital Systems Group 
P.O . Box 1444 
M/S 784 
Houston , TX 77001 
(5 12) 258-7305 
Circle 296 

Trendata/Standard Memories 
3400 W. Segerstrom Ave . 
Santa Ana, CA 92704 
(7 14) 540-3605 
Circle 297 

ZitelCorp. 
2900 Coronado 
Santa Clara. CA 95051 
(408) 727-2595 
C ircle 298 
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Continued from page 54 
pendent memory module repair facility. Unfortunately , 
an add-in/on memory maker is often not motivated to offer 
fast and efficient repair. Since servicing is not his main 
source of income , extended turnaround and excessive 
charges are too often the norm. But there are pitfalls with 
independent memory repair facilities; and to avoid the prob­
lems , compare typical (and emergency) turnarounds , prices 
(cost-plus), guarantees, QC , "not-to-exceed" estimates, and 
test report availab ility . 

The fu ture 
Japanese firms should increase their memory output by 
40% in 1980. They are expanding or setting up plan ts in 
Europe and America . Although the Japanese memory de­
vice makers ' chips are welcomed by U.S. add-in/on memory 
makers, it will be only a short time before the Japanese , 
too , like American semi makers , begin offering add-in/on 
memories in large quantities to OEMs and end use rs. 

Do big add-in /o n memory markets ex ist in Eastern Eur­
ope? If so, no one knows how big. CDC feels it can make 
$400M on computer sales there in five years; IBM and Sperry 
Univac , over $2 B. According to a recen.t Control Data 
study, Ru ss ia is now only two to three years behind U.S. 
computer makers - not four to five years. If so, this will 
mean a lifting of gove rnment restrictions on computer and 
memory shipments to communist nations. 

Since USSR computer products are rarely available for 
inspection (except when an occasional MiG pilot lands his 
jet in Japan) , little was known. ow, CDC has examined 
several Soviet memories , including a 16k dynamic RAM. Al­
though resemblin g an improved Mostek 4416 (rev . E), 
access time was slightly better. CDC concluded that the 
Soviets co uld produce LSI/VLSI devices in great quantity. 
If so, this will open a new market for ailing independent 
U.S. memory makers . 

But, one of th e biggest new add-in/on memory markets 
will come from 16-bit micros ; they will create gluttonous 
appetites among OEMs and end users for add-in/o n mem­
ories. This will mean a change in selecting µC add-in /o n 
memory. The 8-bit µCs used 32kB, with some at 2kB to 
4kB. Since static RAMS are easier for designers, that 's what 
8-bit µC systems designers preferred . But , with the increased 
memory addressing ranges of the 16-bit µCs , lower cost and 
power consumption grow significant, and the trend to 
dynamics makes sense. Also , until now , most add-in/on 
makers co ncentrated on the minicomputer (or mainframe 
markets); they were more lucrative than µC-compatible 
auxiliary memories. 

These coming changes that I have covered here will aid 
independents; and after a shakeout of wea ker ones, the sur­
vivors will do well. OEMs and end use rs will benefit in 
either case. 

Rate this article : circle 1 L, 1M or 1 H 
on Reader Inquiry Card . 

If your address label on the front 
cover is printed in red, you must 

fill out the subscription form 
on page 11 to continue your 

free subscription. 
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Product Higl 
10-MByte Winchester Disk 
Memory System 
For 6800 EXORcisor 
The "Storage Demon., Memory System , provides Motor­
ola 6800 EXORcisor system users with hard disk memory 
expansion ca pabiliti es. The Storage Demon comes com­
plete with disk contro ller, J 0-megabyte Winchester disk 
drive and SOOS disk operating system . It relieves prob­
lems of limited disk capacity inherent in Motorola­
supplied EXORdisk configurations and is upward- and 
downward-compatible with both the EXOR cisor I and I l. 

Storage Demon aids EXORciser 
To develop a computer, it takes a computer with even 
greater capac ity than the system underdevelopment. The 
EXORciser is such a computer, developed expressly as a 

design , eva luation and diagnosti c instrument for M6800-
based microco mputer systems. 

The EXORciser is an expandable "breadboarding" 
system that allows a lmost instantaneous emulation of 
any M6800 microcomputer configuration, from the sim­
plest to the most elaborate. Built-in programming and 
diagnostic rou tin es then faci litate the development and 
debugging of the dedicated programs for the system 
under design . 

There are important differences in system-design with 
hardwired circuitry and designing with microprocessors. 
With hardwired, dedicated circuitry , once the necessa ry 
components have been functionally inte rco nnected, the 
job is done; with microprocessors, when the hardware of 
the syste m ha s been emu lated, that's when the real design 
sta rts - the job of design ing the program that turns a 
basic un ed uca ted computer inot a functional system 
dedicated to a specific task. 

The key to deve loping a dedicated M PU system and, 
ultimately, to manufacture and service the system, re ­
quires an umbrella of support equipment ranging from 
development aids to manufacturing and service instru­
ments. The M6800 product family is already comple­
mented with an array of such user-oriented developments 
and test equipment, and addit ional items are implemented 
as quickly as a need for them is demonstrated . It's part 
of a systematic plan to keep The Family foremost on the 
"preferred product" list of the system designer; and with 
the Storage Demon , the disk capacity is extended. 

The basic EXORciser contains a power supply and 
three functional modules - an MPU Module , a Debug 
Module and a Baud-Rate Module. Together , these form 
a development microcomputer, requiring only additional 
memory capacity - such as the Storage Demon provides 
- and appropriate interface circu itry for the peripherals . 
Some of th ese additional requirements are available as 
add-on modules, permitting the designer to purchase as 



ight 

few or as many as required for the anticipated end-func­
tions of the system(s) to be developed . 

The chassis is capable of accommodating up to 12 ad­
ditional plu g-in modules to give the EXO Rciser increased 
ve rsatility , with memory capacity of up to 65536 bytes . 

SOOS provides software support 
What abo ut software support? It 's provided by SDOS, 
an in terrupt-driven disk operating system with keyboard 
permitting the d esigner to purchase a few or as many as 
requ ired for the anticipated end -fun ct ions of the system(s) 

o f the anti cipated end-funct io ns o f t he system(s) to be 
developed. 

The chassis is ca pable o f acco mmo dating up to J 2 ad ­
ditional plug-in mo dules to give th e EXORciser increased 
versatility, with m emo ry capacity of up t o 65,53 6 bytes. 

SOOS provides softwa re support 
What about software support? It' s provided by SDOS, 
an inte rrupt-driven disk opera tin g system with keyboard 
type-ahead , auto matic di sk read-ahead and d isk sector 
pooling, dy namic fil es with rando m access to th e byte 
and co mplete device indepe nd ence. SDOS also suppo rt s 
EXORdisk "i, II o r Ill , allowing use o f ex isting fl o ppy 
di sk d ro ves fo r ad ditio nal data sto rage and /o r back-up 
fo r the Wi nc heste r hard disk d rive. SDOS will acco m­
modate the powerful Software Dy namics Business Basic 
Compiler, with 10-digit BCD arithmetic, long names, IF­
THEN -E LS E, fil e 1/0 , erro r t ra pping and o the r fe atures. 
The uni t q uantity price is 56995 . Deli very : 30 cl ays 
ARO . 

Software Dyna mics , 2 1 I I West Crescent Ave., Su ite 
G, Anaheim , CA 92801 . Circle 257 

6800 EXORCISOR HARD DISK 
STO RAG E DEMON TM brmgs high performance 10 Megabyte storage capabdtt1es to 
EXORc1sor I o r I I systems Winc hester technology means high reliabil ity wi th zero 
maintenance_ Software support from SD means the best 6800 DOS available, a nd 
simu lt aneous support of EXO Rd1sk 1, 11 , or I ll along with STORACF DEMON 

6800 DEVELOPMENT SOFTWARE 
An integrated app l 1ca t 1ons deve lopment and execution system Fie ld p roven with 
over 500 pages of deta il ed documenta11on 

SOO S 
A l l devices INTERRU PT·DRIVF 1ncludmg typeahead Provides device 1ndepcn· 
dent, byte addreso;able random fdes Supports any mixture of floppy or hard disk 
drives up to 2 S BILLI ON bytes Sector read·ahead and buffer pool enhance appl1ca· 
t1on perfo rmance Access to EXbug 1s alway<; 1mmed1ately available via .... 0 key 
Flexib le: Currently run s on 7 ma nufactu rers ' systems, using 10 different d r ive/con­
tro l lers, including m1n i·f l opp 1 e~ and hard disk 

MOOS SIM U LATO R PACKAGE 
A l lows most MOOS programs to be executed, without change, under any SOOS 
system , and alrn provideo; fac d1t1es to copy ftles from MOOS diskettes to SOOS disk 
files 

BASIC CO MPI LE R 
For speedy business applicat ions 10 d 1g1t BCD; random accress to vartable size 
records ; long vartable names. formatted output. IF-THEN·ELSf , error trapping Field 
proven for over 2 years 

EDIT 
A powerful text editor with cha nge, delete, rep lace commands Automatic display 
of mod1f1cat1on or context changes, macro facil1t 1es for complex or repet1t1ve 
editing 

AS M 
2 pass cond1t1ona l assembler, 12 character labe ls; symbol table dump and c ross· 
refe rence; erro r cross·reference, extensive ari thmet ic and listing cont ro l 

A ll bu t SOOS are also avadable for SWTP, SSB 

EXO Rcisor, FXORd1sk , EXbug and M OOS are tradema rks of Motorola 

Wri te for free ca talogue. Sizable dis tribu tor discoun ts. 

'NNOV A TION '" SOFTW A RE SOFTWARE DYNAMICS 

I ED 2111 W . Crescent A ven ue. Sui te G 
j An aheim. CA 92804 

---·-· (714) 635-4760 

Circle 37 on Reader Inquiry Card 

r----------------------, 

Circle 38 on Reader Inquiry Card 





A complete series of 18 Single Output, Dual Output and Triple 
Output Microprocessor Models with no EMI problems ... an MTBF 
of 60,000 to 80,000 hours ... backed by a 6-year guarantee! 

5V @ 9Amps to 

24V @ 12 Amps. 

18 Models / 7 Configurations 

D .C. RATIN G I EFFICIENCY I MODEL NO. 
1-9 

Single Output Models 

5V €' 9A 54°, '2(', EMPS 5 9 99 00 
5V Gil 12A 54'\, t 2n,, EMPS512 109.00 
5V €" 18A 54 , ' 2 EMPS S 18 13S 00 
SV €' 2SA S4 • 2 EMPS 5 2S 180.00 
SV @ 40A S4 • 2·' EMPS S 40 220.00 
12V if' 12A S9", · 1' EMPS 12 12 170 00 
12V (ru 18A S9 ' ' 1" EMPS 12 18 210.00 
lS V Gil 1 lA 65 ' 1 EMPS 15 11 170 00 
lSV @ 16A 6S' 'l°o EMPS l S 16 210.00 
24V@ BA 68" 1 l "u EMPS 24 8 170.00 
24V0' 12A 68 'l" EMPS 24 12 210 00 

Dual Output Models 

POWER SUPPLY PRICES 

1 10-24 1 25-49 I 50-99 1100-249 

94 .00 90.30 87.60 85.80 
103.55 99.40 96.40 94.SO 

127.9S 122.80 11 9 lS 116 7S 
17100 164 00 1S9 2S 1S6 00 
209.00 200.60 194 60 190.00 
16 1.00 1S4.00 149 2S 146 00 
199 00 190 00 184 60 180.00 
161 00 1S4 00 149 2S 146 00 
199.00 190.60 184 60 180.00 
161 .00 1S4.00 149 2S 146.00 
199 00 190 60 184 60 180 00 

' 12V @6A OVER SO', DEMPS 12 6 190.00 188. 10 180.60 17S. 1S 171 6S 
' 1SV@S SA OVER so ·, DEMPS1SSS19000 188.10 180.60 17S 1S 17 16S 

Triple Output Microprocessor Models 

SV @> 12A 
' 12VCril2A OVER SO" TEMPS 3 18S 00 17S. 7S 168.70 163.65 160 40 

SV Col 18A 
' 12V @3A OVER SO''., TEMPS 4 230.00 218.50 209. 7S 203 so 199.40 

'For · 1 SV add -2 suffix to model no 
Overvoltag e protection standard on TE MPS·3 & 4, SV. output 

Specifications: All Models 

A.C. Input: 
5 V.D.C. OUTPUT UN ITS: 105-125 Vac . 
47-440Hz (derate 10% for 50Hz operation) 
ALL OTHERS: 105-125/ 210-250 Vac , 
47/ 440Hz 
Extended A.C. Input: 100-130 Vac (derate 20%) 
D.C. Outputs: See Tabulation of Models 
Control: ± 5% Voltage Adjustment 
(Screwdriver adjust pot.) 
Regulation : ± 0.05% Line or Load 
Remote Sensing: 
Standard on all models, (includes open 
sense lead protection.) 
Ripple : 5mV Peak to Peak 
Reserve Power : 
+5% of output available for externa l load 
line drop on 5V. and 12V. units; +0.6V. on 
all others . 
Temperature Coefficient: 0.02%/° C. 
Stability: 
± 0.1 % for 24 hour period after 30 minute warm up 
Overshoot: 
No turn-on, turn-off or power failure overshoots. 
Transient Response: 
Output recovers to regulation band within 
50 microseconds after an instantaneous load 
change of 50 to 100%. 
Operat ing Temperature: 
- 25° to +70° C. (derate linearly above 
+50° C. to 40% at + 70° C.; derate linearly 
below - 5° C. to 70% at - 25° C.) 
Cooling : 
Convection cooled for full power rating at 
50° C. ambient. Forced air cooling extends 
full power rating to 60° C. 
Protection : 
Overload and short circuits : Automatic 
recovery fo ldback current limiting fu ll y 
protects against overloads and short circuits . 
Reverse Polarity Protection : Prevents 
damage from reverse voltage swings . 
Inductive Load Protection : Prevents 
damage due to inductive voltage swings . 
Overvoltage: 
Optional crowbar overvoltage protection . 
(Standard on 5V. output TEMPS) 
Transformer : 
Electrostatically shielded for better line 
noise immunity. 

All Models Meet U.L. Recognition 
Requirements. 

CALL OUR ENGIN EE RING SAL ES OFFICE IN YOUR AREA FOR COMPLETE DATA AND PRICES 
Arizona , Phoenix 
Phone (602) 894 2335 

California , Anaheim 
Phone (7 14) 634-9211 

~~~~~r(~a1:3~~~g-~j;th 
California , Los Gatos 
Phone {408) 354·6496 

Cal lfornia , San Diego 
Phone (71 4) 560-1009 

Colorado, Denver 
Phone (303) 688-4154 

Connecticut . Meriden 
Phone (203) 237·9232 

Florida, Coral Sprmgs 
Phone_ (305) 752· 7520 

Florida, largo 
Phone_ (8 13) 536-8536 

Georgia , Atlanta 
Phone (404) 233-6679 

(404) 981-9753 

w~~~~- ·(~~2f~8i.21ao 
Indiana, Indianapolis 
Phone (317) 844-2800 

Iowa, Cedar Rapids 
Phone (319) 362-9177 

Kansas . Kansas City 
Phone (9 13) 381 ·0004 

Kansas, Wichita 
Phone (31 6) 264·2662 

Massachusetts. Bos lon 
PhOne (617) 245-0250 

Michigan, Detroit 
Phone (313) 576- 4706 

Minnesota, M1nneapol1 s 
Phone (6 12) 861-3343 

Missouri , St LOUIS 
Phone (31 4) 569-1220 

New Mexico, Albuquerque 
Phone (505) 294-8408 

New Mexico, las Cruces 
Phone (505) 524-0126 

New York, Albany Pennsylvania, P11tsburgh 
Phone (5 18) 456-6667 Phone_ (4 12) 961 -0414 

New York , Buffalo Texas , Da llas 
Phone (7 16) 632-7880 Phone: (214) 337-2489 

New York , New York Texas , Houston 
Phone (516) 487-3966 Phone (713) 988-0991 

New York , Rochester Washington , Seatlle 
Phone. (7 16) 482-3000 Phone (206) 641-3535 

New York , Syracuse Washington , O.C. 
Phone: (315) 637-9383 Phone: (202) 363-9417 

North Carolina , Hayesv ille Wisconsin , Mi lwaukee 
Phone (704) 389-8850 Phone (414) 527-1500 

Pennsylvanla , Philadelphia 
Phone: (215) 825-9515 

Europe : ADT E CH INTERNATI ONAL , Subsidiary of Ad tech Power. 46 BO, Roger Salengro, 78 200 Man tes La Ville, France. Tel. 477S301 + 

DIST RIB UT ORS : Call Kathy Nelson, Distr ibu tor Products Group, 17 141634-92 11 , for the name of a d istr ibu tor near you. 

Power Misers are also manufactured in Europe. 
ADTE CH POWER, INC. , 1621 S. S INCLAIR ST., ANA HEIM,CA 92806. (714) 634-9211 e TELEX 68-1498 

Circle 64 on Reader Inquiry Card 



New Products 
FAST CO MBINATORIAL MULTI­
PLI E RS . Am25S558 performs a full 
8-hit by 8-hit multiplication in 45 ns . 
I t is a pin-for-pin replacement o f th e 
similar ly numbered Monolithic Mem­
ories' part (67 / 57558). Am25S557 
add s a 16-b it transparent latch between 

the mu lt iplier array and the three­
s tale output buffers. Am25S557 and 
25S558 come in 40-pin DIPs, require 
a si ng le +SY supp ly and co nsu me 
28 0mA max. From $ 700 ( 100). Ad ­
vanced Micro Dev ices Inc ., 9 01 
Thompson Pl. , Sunnyvale CA 94086. 

Circle 129 

WP SYSTEM . SDS 420 , now avai labl e 
as a word processor , is a sma ll busi ness 
comp ut er w/o WP or with a combi na­
ti o n of capabi lities. As a WP , it ha s a 
CRT display. detachable KB , fl oppy 
disk stori.Jgc , computer a nd printer. 
Un lik e many WPs w hi ch require ex­
tensive space. the 420 (less printer) is 
complete ly integrated into a small , 
desktop cabinet. It's 13" II x 10.5" W 
x 15" D . The 1 2" screen displays 15 
lines of 80 cpl. For text over 15 lin es, 
the page is scro ll ed at variab le speeds. 
The printer prints up to 96 std. c har ./ 
line or up to 88 proportionally-spaced 
ch ;.1r ./ lin c at 45 c har/ sec. S I 2 K. Scien­
tific Da ta Sys tems, 11640 B.;a tri cc St.. 
Los Angeles , CA 90066. Circle 126 

SERIAL ADDRESSABLE BOARD . 
SAMUX (Serial Addressable MUXJ 
board combi nes multiplexing with se­
rial data transmission , providing a n 
async hronous fu ll-dup lex se rial link 
bet ween a host processor and the Op to 
12 power 1/ 0 modules. Both monitor­
ing and contro l functions ca n be ac­
co mm odated by this system. It inte r­
faces with the seria l 1/ 0 port of the 
host computer ; successive SAMUX 
boards co nt ain 16 1/ 0 modules that 
can be con nected to provide up to 512 
total modules. Data is tran sm itt ed ove r 

6~ Digital Design Jr\NL'r\RY llJXU 

two twisted-pair lea ds up to a distance 
of 5,000

1
. Expansion up to 32 stations 

ca n be accom pli shed any time after 
the initial installation , providing a di s­
tributed 1/ 0 system utili z ing st d. 1/ 0 
modules. Opto 22, 15171 Rela y Circle, 
Jlun tington Beach, CA 9::>649. 

Circle 127 

GRAPHICS PACKAGE . Interfacing 
with DE C's VAX 11 /78 0 . the MGS-7F 
support s the Whi zzard 7000 graphics 
display unit wi th VAX computers 
operat in g under the VMS operating 
system. The package incorporates new 
fu ll y-b uffe red DMA tran sfer ca pabil­
ities which permit tran sfer of grap hi c 
data to th e Whi zzard 7 000 using eit he r 
programmed 1/ 0 or DMA m odes , 
whicheve r is faster or more e ffi cie nt 
given th e nature of the graphics data 
being transferred. Mega t e k Corp. , 
393 1 Sorrento Valley Blvd .. San Diego, 
CA 91 121 . Circle 128 

DEC / DG BULK CORE. A peripheral 
storage or main memory , in e ither 7'' 
or 15-3 / 4

11 

c ha ssis, with storage capac­
ities up to 2 MB / cha ssis, and with dual­
port capability available for DE C and 
DC disk em ulato rs. "Bulk Core" also 
offe rs no n-vo latility / h igh reliability. 
Dat aram Corp. , Princeton-l fightstown 
Rd .. Cranb ury, J 08512. Circle 218 

SP INWRITER PR INTERS . Mode ls 
55 10. 5515 and 5530 are receive-only 
printers (used where keyboard input 
is not required). Mode l 5530's "com­
patabi lit y-p lu s," para ll e l interface e n­
ables smooth migration from a sta n­
dard Ce ntronics printer to the Spin­
writer. Mo de ls 5510, 5515 and 5540 

offer bu ilt-in keyboard wit h num e ri c 
pad for keyboard se nd-rece ive func­
tion s. Providing full APL/ ASCII co m­
patibility, Model 55 40 featu res APL / 
/\S C I I dua l-coded keys with program 
o r opera to r-se lectab le APL o r ASC II 
m ode se lection. NEC Information 
Systems , Inc. , 5 Militia Drive, Lexi ng­
ton , MA 02173. Circle 136 

SERIAL MATRIX PRINTER . Using 
9 stored force flexible hammers to 
print a 9 x 9 clot matrix pattern bi­
directionally at 250 cps, the 4540 
printhead movements are reduced to a 
minimum for lo ng printhead life. o 
adjustment , luhri cation or much wear. 
Sharp and co nsist e nt printing resu lt s 
guaranteed for 500 millio n characters. 
Facit, Inc ., 66 Field Point Road, 
Greenwich, CT 06830. Circle 133 

LOW-PROFILE IMPACT PRINTERS . 
The IMP series stand 3.5" and print 
80, 96 or 132 col. at I lp s. Friction fed 
IMP-I mak es 3 copies o n p lai n 8.5" W 
paper for WP and handles TTY rolls. 
I t has friction and tractor feed, with 
2 .5-9 .5

11 

tractor adjustability. The 7 x 
7 dot matri x has a std. 96 ASC II char. 

set , with special char. sets avai lable. 
Doub le-widt h characters for head lin ing 
or acce ntin g. I la ndles grap hics under 
software control. 17.5

11 

W x 8.75
11 

D x 
3.5" 11 . 15 lb. Friction feed , S695: 
both friction and tractor feed, S795. 
Axiom Corp ., 5931 San F e rnando Rd ., 
Glendale, CA 9 1 201. Circle 137 

INTELLIGENT TERMINALS . The 
O P-I user programmable int e llige nt 
terminal series is a comp lete systems 
family. All terminals permit o n-site 
feature e nh a ncements. A fu ll range of 
peripheral con tro llers provides com ­
munications, mass storage and printer 
interfaces. Master processors, coup led 
with secondary processors, provide 
uniqu e distributed comput in g capa bil­
ities. OnteI Corp., 150 Crossways Park 
Dr. , Woodbury , l\/Y 11 797. Circle 138 

Y52 EMULATION . "Micro B" Model 
DM IS e mulates VTS::>. Prism, Beehive 
B 150; Model DM 2S offers editing ca­
pability, expa nd ed keyboard wit h 16-
function keys, block send; while 
DM3S offers SK RAM multi-page ca­
pability , parallel printer interface, Bee­
hive B300 Emulator. These 3 "fa mily 
p lanned" µP -based terminals ca n be 
Beehive or customer software designed 
as users require. Bee hive International , 
Box 15668 , 29 10 Amelia Earhart Dr. , 
Salt Lake City , UT 84125. Circle 130 



ENCODERS. Incremental position en­
coders: std. 1-48,000CPT and higher 
resolutions; quadrature square wave or 
direction-sensed pulsed outputs at 
TTL levels (2-1/2

11
, 2-5/8

11
, 3-1/2 11 and 

6
11 

OD packages). Absolute position 
encoders: std. resolutions to 2 2 0 bits/ 
turn , special resolutions to 2 2 4 bits/ 
turn, non-ambiguous code formats. 
BEi Electro nics, Inc., 1101 McAlmont 
St. , Little Rock, AR 72203. Circle 139 

Z80 ASSEMBLY LANGUAGE PRO­
GRAMMING by Dr. Lance Leventhal 
includes: over 80 programming exam­
ples with std. format including flow­
charts, source program, object code 
and test; Z80 - 8080A/8085 compar­
isons of instruction sets, interrupts and 
other pertinent areas ; each Z80 in­
struction fully explained ; Z80 Assem­
bler conventions; programming Z80 
interrupt system ; and Z80 1/0 devices 
and interfacing methods. 650 pgg. 
$9.50. Osborne/McGraw-Hill , 630 
Bancroft Way , Berkeley , CA 947 10. 

Circle 144 

NOY A/ECLIPSE controllers, disk 
drives and data storage subsystems are 
all in "Ball Data Storage for Nova/ 
Eclipse." This booklet covers single 
board disk, tape , and cartridge drive 
contro llers, disk drives in 3 capacities 
and integrated data storage subsystems. 
Ball Computer Products, 860 E. 
Arques Ave. , Sunnyvale , CA 94086. 

Circle 141 

DIGITAL READOUT METERS 400A 
series are for use with thermocouples , 
thermistors or RTDs. Each readout 's 
simple , interchangeable, plug-in mod­
ules convert to any of 13 different 

2 2.: 

ranges and calibrations. A "dip switch" 
which is easily accessible behind the 
front panel plexi makes conversion 
between C

0 
and F

0 
easy. Omega En­

gineering, Inc. , Box 4047 , Stamford , 
CT 06907. Circle 131 

8
11 

WINCHESTER. With a choice of 
4.2 and 8.4 formatted megabytes, 
this line of 8

11 
fixed media drives costs 

under $ 1000 (OEM qty). It is said 
that the SA 1000 provides the lowest 
cost/MB in its capacity and has detailed 
mechanical and e lec trica l similarities 
with existing Shugart 8

11 
floppy drives. 

On the drive are point-by-point physi­
ca l dimensions and matching ho les of 
a Shugart floppy. Recording density 
is 6270 bpi with a track density of 172 
tpi. Shugart Assocs., 435 Oakmead 
Pkwy., Sunnyvale, CA 94086. 

Circle 135 

TRIPLE MODEM. This series of triple 
modems, designed for remote terminal 
use , combines a Bell-type 2 12A/103 
and Yadic V A3400 in a com pact sta nd­
alone package. The V A3450 series in­
cludes 6 switched network originate/ 
answer models, all of which have been 
registered for direct connect under 

Pa rt 68 of the FCC Rules. In addition, 
there is an originate or answer ve rsion 
for leased line app lications. V A345 l 
(2 1 2A, I 03 and V A3400), from $900 ; 
VA3452 (212A and VA3400) , $85 0 ; 
VA3453 (103 and VA3400) , $825. 
Delivery, 60 days ARO. Racal-Yadic , 
222 Caspian Dr., Sunn yvale , CA 
94086. Circle 140 

WIRE WRAPPING . Version 62 H- 1979 
catalog of wire wrapping tools and 
other electro nic assemb ly tools and 
parts feat ures the PRB-1 I Ons Logic 
Probe and contain s a broad range of 
products and specs. 20 pgs. OK 
Machine And Tool Corp., 3455 Conner 
St., Bronx, NY 10475 . Circle 147 

DEVELOPMENT SYSTEM . The 
DCS/ 80 Multibus-compa tible devel­
opment/contro l system includes a I 6K 
RAM system and dual 8

11 
floppy disks 

($3595). The DCS/80 provides an in­
dustrial-quality, ra ck-mountable, inte­
grated Multibus system. Also offered is 
a comp lete range of high-leve l lan­
guages (includ ing Pasca l) , an expanding 
selection of cross-assem biers for µP s 
o th er than the 8080/Z80, and 1 BM 
bisynchronous telecommunication 
softwa re. DCS designs and manufac­
tures its own CPU boa rd s, disk con­
trollers, backplanes, etc. Distributed 
Computer Systems, 223 Crescent St., 
Waltham, MA 02154 . Circle 134 

Ad tech 
'~Pcw.ter Miser" 
Linear PoYRr 

Supplies 
(See Ad on preceding pages) 

Available through these 
key distributors: 

Allied Electronics 
Ancrona Corp. 
Cabot Associates Inc. 
Classic Components 
Component Specialties Inc. 
CTI Data Systems 
Electronic Parts Co. 
Electric Control Devices 
Fairmont Electronic Sales Corp. 
George Instrument Co. 
GMI Distributors 
Mac Bearing Co. 
MS Electronics 
Mainl ine Electronic Supply Inc . 
Marks' Enterprises 
Midwest Associates Inc . 
Moe Electronics 
Newark Electronics 
Olive Electronics 
Parts Mart Corp. 
Philadelphia Electronics 
Pioneer Electronics 
R&S Electronics 
Ralph 's Electronic Supply 
RPS 
Stark Electronics 
Summit Distributors 
Zack Electronics 

Just ca ll your nearest 
Ad tech ,_ __ • 

Distributor 
and get 
acquainted. 

DISTRIBUTOR PRODUCTS GROUP 
ADTECH POWER. INC. 162 1 S. SINCLAIR ST , 

ANAHEIM . CA 92806 (7 14) 634·92 11TELEX68·1498 
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New Products 

MULTI-l! SE R OS, fo r th e " Mi cro­
Disk" - an 8" rigid d isk drive wit h up 
to 3 1. 2 Mh y tes o f for mat ter! data 
storage ca pac ity is a full y integra t ed 
rigid disk suh syste m . With th e OSM , 
use rs ca n pl ug in a prim ary sto ra ge 
devi ce wit h perfo rma n ce charac te ri sti cs 

equ al to or surp ass ing t hat ava ilab le 
on ma n y m ini systems costi ng t wo to 
four t imes mo re. Th e subsystems come 
in for ma tt ed capacities of 6.'2, 18.7 
and 3 1. 2 Mhy tes and arc ex panda ble 
hy da isy chainin g. Up to three adrl -o n 
modu les may he co nn ected to a m ast er 
un it. From $5k. Mi eropolis Co rp ., 
7 959 Dee rin g Av e., Canoga Park . CA 
9 1304. Circle 143 

COLOR R AST ER SIGG R APH co m­
pa tible 20 co re syste m . Mod el 52 16 
Dis play Com p uter , has 2 D Core­
co mp atibl e so ft wa re. T he 5 2 16 
Aygra f/Core System includes a For­
tr:i n pac kage in st all ed in a host co m­
pute r a nd a co mp le te in te rac tive 2 0 
Co re firmw :i re package o pe ra ting in 
th e Mod el 52 16 Co lo r Displa y Co m­
pute r . Refresh 111 e 111 o ry ge nera tes fo r­
mats o f 5 I '2 x 5 I 2 or I 0 24 x I 0 24 
pi xe ls w ith u p to 256 co lo rs o n th e 
high-reso lu tion C RT. U nd er $35 k . 
Aydi n Co ntro ls , 414 Co mm erce Dr. , 
Fo rt Was hingto n . PA 19 0 34. 

Ci rc le 142 

SW IT CHER . T he 375 W, 1.35 W/i n2
, 

3-o u tput , 10 lb , 14.25
11 

x 3.9" x 5
11 

" Mighty-MIT E" MM-23 sw itchin g-reg­
ul a ted sup ply p rov ides 5 V de a t 75 A. 

with additi o nal mai n current ra t ing 
avai labl e t h ro ugh m as te rl ess stra ight 
pa rall e lin g. LH Research , 182 l Langley 
Ave., Irvin e, CA 927 14. Circle 145 

M Digital Design JANU AR Y l'!XO 

DEC-COM PATIB LE SINGL E-BO ARD 
P ROCESSO R , "U n iface," lets yo u ge t 
t he m ost fro m DEC's U n ib us an d 
develo p yo u r co nt ro ll e rs, p re p rocesso rs 
a nd inte llige nt channels - o r add 
Unibus cha nn els to ex ist ing syste ms. It 
uses bit -s li ce 29 01 , imple me nting a 
3'2-hit-mi crowo rd in stru cti o n set. Its 
20 0- ns inst ru c t io n ra te p rovid es co m­
p utatio nal musc le co mp arin g favo rably 
wit h host compu ters it o ffl oads. Th e 
Un ibus-co mpat ibl e microco nsole and 
m ieroasse m hi e r le t s you write spec ial­
ized so ftw are to d rive U ni face and 
perfo rm th e int e rface t ask. Processo r 
board sto res t hese p rogra ms in ROM . 
Ca n yo u inst: ill mo re th an o ne Uniface/ 
Un ib us CPU? Yes, o n e hoa rd ca n drive 
32 co mmun icat io ns channe ls at I 9.2 k 
ba ud/c hann e l with full mode m cont ro l. 
Boa rd mea<u res 8.5

11 

x 16.5
11

• 5V , 4A . 
$4 5 ( 100 ). Able Comp uter. 17 51 
Langley Ave., Irvin e, CA 927 14. 

Circle 146 

FOU R-COLO R G R APHIC DI SPLA Y 
uses d ual-an o de technique, usin g less 
powe r t han si ngl e-a nod e colo r unit s. 
It reduces syste m st ress and increases 
in dica tor relia bilit y and provid es 
greater co lo r sta bilit y and fewe r m ain­
tenance adj ustm e nts. Lay ered phos­
p ho r, bra m pen et ra t io n t ec hniqu e e n­
ab les simul ta neo us display o f 4 co lo rs, 
a nd full de fl ec t io n ra t es o f a hi gh­
spced dis pl ay syst em ca n be utilized 

fo r a ll 4 co lo rs. T y p . ch ar. ca n he t raced 
in '2. 1 µ s in an y co lo r. Built-in t es t 
fea t ure di sp lays test p atte rn , sho wing 
fai led mod ul es. Mode l 740 Seri es, 2 1

11 

(ve rt. o r h o ri z. ) rec tangul ar face: Mod e l 
760 Series. 23" ro un d co nfigurati o n -
each ava il a ble in desk to p o r rac k­
mo unt ed ve rsio n. Add iti o nal in fo rm a­
t io n o n t he Sa nd e rs Co lo r Indi ca to rs . 
pri ced at 740 , $ 17,5 00 ; 760 , $2 0 .000 . 
Sa nde rs Asso cia tes, In c ., Dan iel We b­
ste r llw y. South , Nashu a, NH 0 30 6 1. 

Circle 148 

ME RGERS a nd acqui siti o n co nti nu e 
in th e e lectro nics in dustry as larger 
firm s ct ive rsify, affec ti ng e nginee ring 
enviro nme nt s, and , a lth ou gh o ppo rtun ­
ities ex ist , pitfa ll s awa it th e unw ary , as 
exa m ined in D. G usso w 's 262-pg. hard ­
cover , " The New Merger Ga me." 
$ 12.5 0 . AMACO M, 135 West 50th St. , 
New York. NY 10020. Circle 178 

LOW -CO ST , MONOLIT HI C 4- BIT 
A/D CO NVE RT E R /I. low-cost, vid eo­
speed , m o no lithi c, 4-bit AD C', the 
TDC- I 0 2 11 , p ro vides digit iz in g ra tes 
fro m d e to 30 Msa mp les/sec w/o a n ex­
t ernal S&l l. The 16-pin ce ra mic DIP is 
fu lly p ara Ile!, TTL-co mp at ible and 
suited fo r app lica tio ns wh ere high 
speed , small size, a nd lo w cost a re 
important - but high reso lutio n is no t 

su ch as video d a ta co nversio n , ra da r 

d a t a co nversio n , high-speed mux 'd 
data acquisit io n . X-ray a nd ul t rasound 
im ag in g, image processi ng, a nd facs im ­
ile sy ste ms . A single co nvert signal 
co ry t ro ll ing th e o peratio n , has 15 sa m ­
p ling comp arato rs, co m bi n ing log ic, 
an d a n o utpu t buffe r reg iste r. The 25 0 
mW d evice requ ires o nly two po wer 
sources: +5 .0V a nd - 6.0V . TRW LSI 
Produc ts, Box 1 125, Redo nd o Beac h , 
C A 90 '278. Circle 181 

µ Ps/µC s. App roachin g th e µC/µP fro m 
th e 6800/ 650 2 viewpoi nt, T occi and 
Laskowsk i· s 324-pg. hard cove r , " Micro­
processors a nd Microco mpu ters: Hard­
wa re and So ftware," int ro du ces micros 
in th e tra ct iti o nal way (ch . 1-5), befo re 
mo vi ng into 1/0 -int e rfac in g (ch . 6) a nd 
µC programming (ch . 7) . Th e auth o rs 
at tempt t o emp has ize ideas co mm o n 
to most µ Ps. Prentice Hall , In c., Engle-
wood Cliffs, NJ 0 7632. Circle 177 

FLOPPY DISK EXER CISE R . Bo th 
mi n i-flo ppy and st a nd ard 8" Flo ppy 
Disk Drives, whe th e r single o r do u b le­
sid ed , sing le o r dou b le de nsity, can be 
tes ted and a lign ed , wh e th e r in th e fie ld , 
th e la b , o r in inco ming inspec tio n . It 
simp lifi es hea d align ment , ind ex de tec­
to r adj ustme nt , t rack Oadj ust ment and 
o th er no rm al mai nte na nce p rocedures. 
It 's comp atible wi t h all ma kes of drives 



using the stand ard Shugart interface; 
tw o co nn ec tors are provided, o ne 34 
pin for mini-fl oppy drives and one SO 
pin for standard 8" floppy drives. It 
need s no power supplies and uses pow­
er from the drive under test. Under 
$SOO. Ava Instrumentation , Inc. , 9672 
Manza nita Ave ., Ben Lom o nd , CA 
9SOOS. Circle 188 

6502 OPERATING SYSTEM software, 
CRS-DOS , includes a general-purpose 
monitor package , routines for handling 
serial /parallel 1/0 , cassette fil e han ­
dling and floppy disk processing rou­
tines . It provid es ge ne ral operation s 
contro l and a se ries o f uniqu e software 
deve lopm e nt aids. The user ha s access 
to all portion s of the µC syste m , in­
cluding pages zero a nd o ne (stack) and 
all interrupt processing. User programs 
can be interrupted with the BRK com­
mand , use CRS-DOS co mm and s, and 
return to the users program with sys­
tem reset to the exact state it was in 
when interrupted . With th e 6S02 Pro­
fessional Development Computer, 
$2SOO; stand alone item on ROM and 
diskette , $12S. CGRS Microtech , Box 
368 , Southampton , PA 18966. 

Circle 185 

SWITCH-MODE POWER SUPPLY has 
maximum continuous powe r rating of 
6S W up to the following limits : +SY 
6A, +I 2Y 2.S A, - I 2Y I .OA, - SY O.SA 
and +24Y I .SA . All outputs are pro­
tected from short c ircuits. The other 
dimensions are 9.4S" x S.O" x 2. 0" 

with a weight o f 1.7 lbs . The unit is 
designed to th e E M! and safety require­
me nts of UL 478 , CSA 22.2 # I SS, 
YDE 0804 and 0 73 0 and features an 
unusually wid e toleran ce of input volt­
ages ; 80 to l 40Y AC a nd 160 to 264 
YA C. Conver Corp., I 063 1 Bandley 
Dr., Cupertino , CA 9S 014 . Circle 184 

"MICROPROGRAMMING Techniques 
With Sample Prog rams," a 230-pg. 
hard cover by Dr . Stanley Evans, covers 
Advanced Basic, PL/ M, APL and lists 
referen ce tabl es (ASCII codes, II EX 
co nversi o n , etc). Emphasizes (33.S % ) 
PL / M, with 14 .3% on Basic and o nly 
4.4% on APL. Reston Publishing Co., 
Inc. (Prentice Hall) , Resto n , YA 

Circle 179 

INTERFACE BOARDS . Compatible 
with Appl e II and Superkim micros 
w/o a ny specia l adapter unit , and c0 m­
patible with thf' PFT Commodore pro­
vided an adaptf'r unit ca ll ed "Expanda­
mem * *" (formerly "Fx pandapet " ) ha s 
bee n insta llf'd in it, the 4'609 boards 
have provisions for three additional 
types o f 1/0 co nn ec to rs , extended 
boa rd area and dual heavy-duty power 
buses betwee n the DIP IC leads for 
easy , short hu s co nn ec tions . 

The Mod e l 4609 is designed for 
co nst ru ctio n of special control, com­
munica tions , periph eral or memory in ­
terface ci rcuit s using th e growing num­
ber of support devices from major 
semicondu ctor manufacturers . It also 
serves fo r hrf'a dboarding experimental 
circuits. $2 1.S0(4) . Vector Electronic 
Co ., 12460 Gladstone Ave ., Sylmar, 
CA91342. Circle186 

SDRC SYSTEM SIMULATION and 
Modal An alysis Softwa re (SDRC 
MODALPLUS and SDRC SARBA) are 
now available for use on the GenRad 
2S 08 Structural An alysis System. 
MODALPLUS is an interactive software 
package that co llec ts, analyzes , and dis­
plays data from artificial excitation 
tests of mechanical structures. S!\BBA 
is an interactive system an alysis soft­
ware pa ckage that determines the dy ­
namic response of complex machinery . 
SDRC, 2000 Eastman Dr., Milford, 
OH 4S I SO. Circle 189 

DIRECT CONNECT MODEM , the 
AJ 245, is eas ily co nn ected to a modu­
lar jack o r DAA. Line connections are 
sw it ch selec tabl e and do not require 
internal modifications. Compatible 
with Bell 103/ l 13 type mod ems , the 
Al 245 transmits and rece ives full du-

plex asy nchro no us data ;i t speeds up 
to 4SO bps. The AJ 24S provides a 
dual termin al interface for either E IA 
RS 232 or 20 mA cu rrent loo p termi­
nals. $ 192, (SO). Anderson Jacobson, 
Inc., 521 Charcot Ave., San Jose, CA 
9S 13 1. Circle 195 



New Products 

MULTIB US-compatible positioning 
servo interface for use in si ngle axis 
servo loops equipped with encoder 
feedback, PS-I 0, incorporates an ana­
log voltage o utput compatible with 
most velocity servo loops. An on-board 
12-bit incremental up /down position 
counter minimizes real-time service re­
quirements. $700. Controlsmith , Inc ., 
17 Airport Rd., Nashua , NI-I 03063. 

Circle 176 

COMPUT ER WITH CUSTOM 1/0 con­
tains dual Z80 CPUs with up to 80K 
RAM and 320K disk storage, CRT dis­
play and a full keyboard with separate 
editor/ user defined functio n keys. 
Some versions include an optional 
built-in printer. Commander computers 

execute programs in CBasic, Cobol, 
Fortran and Macro-80 Assembler under 
CP/M. Four RS-232 ports handle low 
speed 1/0 while the parallel bus sup­
ports high speed peripherals. Optional 
IEEE and OMA controllers support 
peripherals ranging from instruments 
to Winchester disks. A real time inter­
face handles bit-oriented 1/ 0 such as a 
bar code reader. Columbia Data Prod­
ucts, Comp uter Systems Division , 9050 
Red Bran ch Rd ., Co lumbia, MD 2 1045. 

Circle 197 

PAPER TAPE READER . Unique de­
sign of the 200 1-3 incorporates wide 
opening cover making tape loading 
easy, and new read head red uces e r­
rors due to out of tolerance and skewed 
tapes. Power supply is self-contained. 
Operational characteristics includ e 200 
CPS bi-directional read in either step 
or slew mode ; bi-directional rewind at 
400 CPS while under front panel co n­
trol ; the unit can h;rndle strip or loop 
tapes of paper, mylar or other combi­
nat ions not exceeding 0. 0045" in thick­
ness and punched per EIA standard 
RS 2 27 tolerances. Power requirements 
are 11 5/230 VAC, 50-60 Hz. TTL, 
DTL interface is switch selectable for 
either postive or negative logic levels. 
$595 each. EECO Inc., 160 I E. Chest­
nut Ave ., Santa Ana, CA 92701. 

Circle 196 

WHAT'S HOT 
IN 

DC\TA 
COMMJNICATIONS? 

SWITCHING REGULATOR POWER 
SUPPLY , PM2809, features two high 
power output channe ls providing out­
put voltage selectionsof 2, 3, 5, 12, 15, 
18, 21, 24, 28 and 48 VD(' and a third 
clrnnnel with voltages including 2 , 3, 5, 
12 and 15 VDC. Maximum total out­
put power is 800 W including 400 W 

max. on the main channel and 400 W 
max. on the second channel less third 
channel power which may be up to 10 
A at 15 V. $I 07 5. Pioneer Magnetics, 
1745 Be rkeley St., Santa Monica, CA 
90404. Circle 200 

" Z80 SOFTWARE Gourmet Guide & 
Cookbook," a 324-pg. paperback by N. 
Wadsworth , provides already pro­
gram med and ready-to-use routines, 
subroutines and short programs. Also 
a good deal of plain-talk explanatio n 
of the Z80. Scelbi Publications, Elm­
woods , CT 061 1 0. Circle 235 

l•TEIFlllE,~11 
PLAN NOW TO ATTEND THE ONE INDUSTRY EVENT YOU CAN 'T AFFORD TO MISS! 

THE HOT SPOT -- THE ONLY MAJOR CONFERENCE & EXPOSITION 
DEVOTED TO DATA COMMUNICATIONS 

MARCH 17-20. 1980 • MIAMI BEACH CONVENTION CENTER 
Co-Sponsored by DATAMATION Magazine 

FOR COMPLETE INFORMATION. CALL TOLL-FREE ( 800) 225-4620 • IN MASS . (617) 879-4502 

The INTERFACE Group. Conference and Exposition Management • 160 Speen Street Framingham. MA 01701 
Producers o f Doto Commun1cot1ons INTERFACE. INTERFACE WEST. FEDERAL DP EXPO. COMDEX 
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32-BIT MICROCOMPUTER includes 
5 l 2KB o f me mo ry, a fl oating po int 
processo r, writab le co ntrol sto re, the 
model 5 5 0 CRT , a 7 5 ips magn etic 
tape drive, and an 80 Mb y te disk. The 
Model 3 240 d irec tly addresses up to 
l 6 MB o f ph ysica l memory, co nfigur­
able in up to fo ur interleaved bank s. 
The processo r uses l 6K RAM chips. 
The mo del 3 240 provid es eight se ts of 
16 registers, for a toal o f 1 28 . The proc­
esso r has 2K wo rd s o f fix ed co ntrol 
sto re (ROM) ava ila ble to imple ment the 
st and ard instru ctio n se t. Erro r Chec k­
ing and Co rrec tin g, pe rform ed o n a full 
32-bit word , is sta ndard . A 8KB four­
wa y se t-assoc iative cache me mo ry im­
proves memo ry access tim es. The unit 
uses a multiplexo r bus a nd fro m o ne 
to fo ur DMA buses . So ftw are is co m­
patible with Model 7/32, Model 8/32, 
and Model 3 22 0 computers. Per kin­
Elmer, 2 Cresce nt Pl. , Oceanp o rt , NJ 
07757. Circle 180 

Q BUS ANALOG OUTPUT. The 
MP! 104 an alog o utput int erfa ces di­
rec tl y to th e DEC " Q" bus. MP 1 104 
co nsists o f four 12-bit D/ A co nvert­
ers plus add ress decodin g and control 
logic. It also incl ud es an o n-boa rd DC/ 
DC converter fo r o peratio n fro m the 
computer's 5YDC suppl y. Th e MP­
l 104's 4-channel output syste m ac­
ce pts 12-bit in puts fro m the data bus 
and co nverts th e m to a11<1log outputs 
with an acc uracy o f ±0.0 25 % FSR. 
$55 0. Burr-Brown , PO Box 11400, 
Tucso n, AZ 85734. Circle 194 

X.25 SIMULATOR/TESTER inter­
faces direc tl y with terminal s a nd fro nt­
end processo rs fo r tes ting, or it ca n be 
o perate d remo tely over full-dupl ex 
sy nch ro no us lin es using mode ms. The 
co nsole can also be used re mo tely 
fro m th e Simulato r/Tester vi a asy n­
ch ro no us lines. Princ ipa l appli ca ti o ns 
of th e Simul ato r/Teste r arc to simulate 
th e X.25 netwo rk fo r ter min al in te r-

face develop me nt and to simulate te r­
min al in puts via th e X.25 ne twork fo r 
tes tin g and de bugg ing o f fro nt-e nd 
p rocessors. After in st all atio n , th e Sim­
ul ato r/Tester is t hen used as a line 
mo ni tor and as an X.25 protoco l va li­
dato r in al l these app licatio ns. $ 1 1,900: 
Applied Data Communications, 14272 
Cha mbers Rd., Tus tin . CA 92680. 

Circle 198 

SWITCHING SUPPLY . The LH Re­
sea rch Mighty-M ITE MM-22 switching 
regulated power supply is typically 
used in main fram e and minicomputers , 
p rocess contro llers , add-on me mori es, 
medical in strumentation, satellite com­
munication syste ms, test and transmis­
sio n equipment , wo rd processors and 
vid eo display syste ms . Main output is 
rated at 5 V de @ 75A. Seven choices 
are available for the 2nd output : V de 
2 (1 2A) , 5 (1 2) , 12 (IO) , 15 (IO) , 18 
(8 ), 24 (5 ), 28 (5 ). Additional current 
rating can be obtained through maste r­
less straight paralleling. LH Research 
Inc., 1821 Langley Ave ., Irvine , CA 
9 27 14. Circle 187 

FORMS FLEXIBL E PRINTER. This 
line buffe red seri al imp act printer fea­
tures an integrated cutting device for 
handling special fo rm s such as airlin e 
ti ckets, sta te me nts, ledgers, chec ks 
and labels. The M78 uses a continuo us 
fa n fo ld paper suppl y and auto matica ll y 
cuts o ff th e co mplet ed form. The 80 
co lumn unit prints at 200 cps. The 

sta nd ard M78 has a 7 x 7 matrix font , 
but o ptio nal 9 x 9, 9 x 7 and 9 x 12 
fo nts ca n be used . Fo r fo rm s co mpati­
bilit y o r best read ab ilit y, th e ope rato r 
ca n sw it ch fro m 6 to 8 line per in ch 
spacing o r swit ch c haracter spacing 
fro m I 0 cpi to 12, 14 or 16 .5 cpi . 
Tally Corp ., 83 01 S. l 80th St ., Kent , 
WA 98 03 1. Circle202 

ON-LINE PLOTTER CONTROLLER, 
th e Model 907 pe rmit s specified Cal­
Co mp pl o tte rs to be drive n locall y o r 
re mo tely by a wid e ra nge o f co mputers 
and calc ulato rs. The 907 acce pts data 
in serial RS-232C, 20 mA current loo p , 
IEEE pa rall el for mats, o r se lec ted spe­
cial parall e l inputs. Th e Mod el 907 o f­
fers integ ral firm wa re to ge ne rate plo t­
ter co mmand s fo r drawin g lines, 
dashes , arcs, circ les and charac te rs/ 
sy m bo ls, w hich ca n be sca led and ro­
ta ted . Up to 288 cha ra cters/sy m bols, 
including a 95 charac ter AS CII se t , fo r­
eign charac ters and spec ial sy mbo ls, 
a re stored in its Read Onl y Me mo ry 
( ROM ). Up to 192 use r-de fin ed char­
ac ters ca n be do wnl oaded fro m th e 
host to th e RAM. $5, 060. Cali fornia 
Computer Products, Inc., 241 I Wes t 
La Palm a Ave. , An aheim , CA 928 01. 

Circle 201 



SINGLE BOARD COMPUTER 
$99.50* 

with 6800 MPU , 6850 serial 1/0 , 
2 6820 parallel 1/ 0 (32 line s ), 
512 RAM , socket for 2708, 2716, 
EROM . Interface modules for 
industrial control , data acqu is i­
tion , lab instrumentation , on 44 
pin 4 '12'' x6 %" PCB ' s . RAM , 
ROM , CMOS RAM / battery , 
AI D, DIA, Driver/ Sensor, Serial 
1/ 0 , Parallel 1/ 0 , Counter / 
Timer, IEEE 488 GPIB, flopp y 
controller. 

*OEM (500 piece) price 

Fil " 'IN 'l'EIC I Corp. 
1801 South Street 
Lafayette, IN 47904 
Phone: (317) 742-8428 
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New Products 

SYNCH / ASYNCH CONVERTER , the 
TP-200, permits connectio n of an 
asyn chrono us terminal to a synchro­
nous mod em , provid ed the no minal 
data rate of the termina l is no greate r 
than the mod e m's. TP-2 00 is suitable 
for polled, switched or dedicated sys­
tems and operates at stra p-selectab le 
asyn ch. data rates from 75 to 19,200 
bps. It ca n be operated in half or full 
duplex, or simplex modes. TP-200 ac­
cepts stnd . 8-b it ASCII or 7-bit IBM 
data in an asy nch. (start-stop) for mat 
and co nverts it fo r operation with 
synch. modems. $3 15.00 from Tele­
Processing Products, Inc ., 45 65 E. In­
dustrial St., Bld g. 7K, Simi Valley, CA 
93063. Circle 258 

PROGRAMMER for programming In­
tersil 6653 a nd 665 4 devices contains 
its ow n µP and 4096-bit RAM buffer. 
It ca n be operated stand-a lone from 
its own front panel or interactively 
with an ordi nary TTY or C RT termi­
nal through th e programmer's built-in 
RS-2 3 2 a nd 2 0-ma c u rrent-loop intcr­
f aces. Built-in feat ures of the Model 
660-A program me r include a full co m­
ple me nt of ed iting capabilities for 
loadi ng and check ing the programmer's 

RAM buffer and /o r 6653/6654 
EPROM. ability to accept all popular 
paper-tape formats, firmware for 
EPROM copying and verifying, ability 
to punch a paper-tape image of the 
buffer or EPROM contents, and a 
front-panel erase-check capabi lit y. 
P rogra mming time for a 4 K CMOS­
EPROM is typica ll y 40 seco nd s. $795 . 
PC / M, Inc ., 3 I 20 Crow Ca nyon Rd., 
San Ram o n, CA 94583. Circle 204 

SB D ISK CONTROLLER . The Ball 
3255 single-board disk cont ro ller re­
lieves the Data General compu ter of 
many disk syste m co ntro l operations. 
The 3255 contro ller supports up to 
four Storage Module, Winchester or 
3300-type disk drives in any mix of ca­
pacities a nd accommodates multiple 
disk orga n ization and transfer rates 
from 806 K bytes to 1. 2 Mbytes/sec. 
Ball Computer Products, 860 East Ar­
qu es Ave. , Sunnyvale, CA 94086. 

Circle 182 

COMMUNICATIONS / TERMINAL 
MODULES . For use with the PDP-I I 
co mputer, this Ansync. Serial Line 
Adapter (D L- J l type, includes oper­
ationa l features A through E) o r wit h 
Line Frequency Clock (DL- 11 W) , and 
Synchronous Serial Line Adapters 
(DU- I I types). New products include 
a DUP I I Synchronous Serial Line 

Adapter for bit or byte oriented proto­
co ls, an Eight-Line Asynchronous 
Multiplexor (DZI ! AC) , and a Byte 
Parallel OMA Terminal Interface 
( PDI- 11 ). An Asynchronous Serial 
Line In terface (DLVll , or DLVI I E 
with modem control) is availab le from 
MOB for use with the DEC LSI-II 
computer , as we ll as a Synchronous 
Serial Line interface (DUY I I type). 
MDB Syste ms, Inc. , ! 995 N. Batavia 
St. , Orange, CA 92665. Circ le 205 

T l 9900 SINGLE-CHIP MICRO . " llow 
To Build Your Own Working 16-Bit 
Microcomputer" (No. 1099), by Ken 
Tracton shows how to use interfaces 
(or even circumvent them if necessary), 
TMS 9900 family support chi ps , in­
cluding TMS 9901 Programmable Sys­
te m In terface, a look at TMS 9902 
system architecture, the TM S 9903 
synch. comm unication contro ller, 
TIM 9904 clock generator, eel. 96 pgg. 
$3.95. Tab Books, Blue Ridge Summit, 
Pa.17214. Circle209 

PDP- I I -COMPATIBLE MEMORY of­
fers 256K on single card and provides 
22-bit addressing . The SI 1 L, a direct 
replacement for DEC's MS I I se ries 
memories, uses only a single voltage 
(5V), greatly simplifying its use in sys­
tems requiring batte ry backup. Its par­
titioned power plane minimizes bat­
tery drain by powering on ly the mem­
ory elements and refresh circ uitry. 
High throughput rates due to address 
and data latches. that iso late memory 
from spurious bus noises permit the 
bus to be released within I OOns on 
write operations. Read operations are 
completed in 300ns, over 50% faster 
tha n comparable DEC memory. Mem­
ory cycle time is 450ns. $5.750. Na­
tio nal Semiconductor Corp., MS 7C-
265, 2900 Semiconductor Dr. , Santa 
Clara, CA 95051. Circle 192 



New Products 

U.C. TIMESHARED 8080/Z80 OS. 
Utilizing Bell Lab's U IX system as its 
model , CHAOS II offers multiprogram­
ming (multi-user) capability with facil­
ities for interprocess communication 
and synchronization and availability of: 
MITS BASIC, version 4.1 , 8080 assem­
bly language and Shell (command line 
interpreter). CHAOS II includes: Utili­
ty programs for text editing and for­
matting , file/directory management, 
Clisk system maintenance and debug­
ging assembly language code . CHAOS II 
Object Code Disk , $300; Source List­
ings, $5 00 ; manual , $25. Computer 
Systems Design Group , 3632 Governor 
Dr. , San Diego , CA 92122. Circle 190 

" THE ACTIVE FILTER HAND­
BOOK" (No. 1133) by Frank P. 
Tedeschi strips away the mystery 
norm ally associated with active filters 
and thoroughly discusses filters and 
their purpose, co:npares different fil­
ters, and covers LC passive filter oper­
at ion, op amps, Butterworth filters, 
Chebyshev filters, low-pass filters, 
high-pass filters, etc. 280 pgg. $6.95. 
Tab Books, Blue Ridge Summit, PA 
I 72 14. Circle 225 

S6K BYTES OF EMULATOR MEM­
ORY expa nsio ns for the FS Series 
AMPL 16-bit µP development systems 
offer a choice of either 8K bytes or 
56K bytes of expansion. The 56K­
bytes configuration makes the entire 
64K-byte TMS9900 or SBP9900A ad­
dress space usab le in emulation . The 
8K-byte configuration fill s the 
TMS9980A/998 J address space or pro­
vid es limited TMS9900 or SBP9900A 
memory expa nsion . The 2263420-0001 
9900/9980 8K-byte emulator expan­
sion-memory kit is priced at $ I k ; the 
2263420-0002 9900 56K-byte emula­
tor expansion-memory kit, $3k. Texas 
Instruments Inc. , Box 1443, M/ S 
6404 , Houston, TX 7700 1. 

Circle 226 

MINIFLOPPY DRIV E. 70T-400, a 
simu ltaneo us standard and minifloppy 
drive and media test system measures 
bit shift and provides programmable 
write precompensation . It is a mini 
media initiali za tion system for all in­
dustry-std. formats (single or double 
density , single or two-sided , hard and 
soft sectored). As a std./mini media 
conversion and copying system, it di­
rect ly transfers data from std. floppies 
onto minis (or vice versa) and produces 
multiple co pies from one master. 
Applied Data Communications, 14 :27'.2 
Chambers Rd. , Tustin , CA 9:2680. 

Circle 206 



Semiconductor 
Memories 

S. Cash Olsen 
Signetics Corp. , 
Sunnyvale, California 

Sales of semiconductor memory chips totaled $ 1.3 billion 
in 1979 - a 50% increase over 1978. Fueling that growth 
is the ever-declining price/bit , which has plummeted some 
fiftyfold in the past five years, generating a de mand for 
memory capacity that should again double this year , as it 
has in each of the last three years . Speeds have increased 
and instruction cycle times are shorter. Vario us IC manu­
facturers have developed new techno logies; and circui ts 
over the nex t few years sh ould be twice as fast as today's 
circuits. 

Chips proliferate 
Like the supermarket shopper who has dozens of soups to 
choose from , the system designer also has a seemingly in · 
finite variety o f memo ry types open to him. Memory 
types include RAM s, ROM s, PROM s, EPROM s, EAROMs, 
EEPROM s and the new o nes continually being deve loped. 

RAM , by far the largest market segment for semicon­
ductor memories, includes three basic types of access: 
• sequential , in which data is entered at an input and a 
fixed number of clock cycles will produce the data at the 
output ; 
• random access, whe re any part of a data word can be 
reached in one clock cycle by apply ing the address of the 
data ; and 
• content-addressab le (assoc iat ive) access where data is re­
t rieved whenever a porti on of the data matc hes an input. 

RAMS can be R/W, read-only o r vari ations of each . 
Most R/W semiconducto r RAMs are volatile; that is, when 
power is removed , data stored in memo ry is lost. The major 
distinguishing feature of R/W RAM applications is that data 
must be frequently accessed and changed . 

ROMS , on the o ther hand , are used in applica tions 
where the programs o r data stored in ROM are not to be 
changed. A masking step fixes data patterns du ring the 
manufacturing oper.a tio n. As such , the pattern is nonvola­
tile; that is, removal of power doesn 't destroy the data. 

In PROMs (programmed by seve ring fu sible lin ks) a 
data pattern is burned in at low speed , and a bit of data can 
be written into a ce ll o ne time . PROMs are used in low­
volume applications . 
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While PROMs can only be written into once, EA ROMs 
can be erased and rewritten many times. The largest seg­
ment in the programmable market is the ultraviolet Erase­
able P ROM (EPROM). Content-addressable memories 
(CAMs) are memory devices which yield the remain ing con­
tents of an address when a portion (field ) of the add ress 
contents matches a presented value. 

Never before have design engineers faced such a bewil­
dering choice of semiconductor memories. The pace of ac­
tivity in the marketplace has grown more frenetic in the 
past 18 months, as new products and new processing tech­
niques debut. Static or dynamic ; MOS, HMOS, CMOS, 
CCDs or bipolar; - the choices grow more numerous, the 
opportunities for creative system design more exciting. 

To make your design choice easier, let's look at 
the most promising areas of today's memory market. 

Wl1ich techno logy to use? 
MOS and bipo lar are the two major technologies used in 
semiconductor memories. MOS technology is based on t he 
MOSFET; b ipolar technology, on the epitaxia l transistor. 
Bipo lar transistors have a I 00: 1 transconductance advan­
tage over MOSFETs. Bipolar produces significant ly faster 
memories that require higher power due to low inp ut im­
pedances and produce high peak currents due to fast capac­
itor-charging rates. 

New MOS photolithographic and process advances are 
pushing MOS memories into regions until now exclusively 
occupied by bipolar memories - and pushing bipolars in to 
on ly the speediest digital system designs. Static MOS RAMs 
have moved from a 500ns lK to 250ns l K, a 200ns 4K 
down to a 55ns 4K in seven years. Generally, MOS has a 
cost advantage over bipolar down to 50ns access time ; 
be low 50ns, bipo lars are superior. 

Although other technologies are closing in on bipo lar, 
they still can't achieve the speeds possible with this ap­
proach. Manufacturers working with bipolar technology , 
such as Fujitsu, Motorola, National , Signetics and Fairchild , 
are aiming for 10- to 20-ns access times. In addition, all of 
them are working on or samp ling 4K devices in th is speed 
range. 



In the past, the fastest bipolar devices used TTL and 
ECL. But as memories reach the 4K level , they generate 
more heat than the IC or its package can handle without 
extraordinary cooling methods. Therefore , is 4K the limit 
for TTL/ECL? It seems so. 

Bipolar memories with capacities greater than 4K will 
probably use some form of 12 L because of that logic fami­
ly 's lower power and higher packing density. Although 
static 12 L devices exhibit 20ns access times and 300 mW 
dissipation in lK versions, the breakthrough will be the 
tighter geometries that 12 L promises. 

HMOS and its sequel 
Different technological improvements have contributed to 
the MOS cause over the yea rs. MOS advances, such as 
HMOS (the H means "high performance"), introduced two 
years ago, are higher-performing processes that guarantee a 
host of faster and denser memories. A comprehensive ap­
proach to scaling was applied in developing the HMOS proc­
ess. Selective scaling of many critical physical and electrical 
parameters of the MOS devices maintained th e trend 
toward higher speeds. At the same time , reduced power re­
quirements significantly improved the power-delay product 
of MOS technology . 

HMOS II , a newer technology, goes a step farther, em­
ploying device-scaling principles to extend performance 
beyond any current MOS technology. HMOS II memory 
chips have 15ns typical address access times , twice the 
speed of HMOS memories. The fast HMOS lK and 4K parts 
appeal especially to cache-memory designers . MOS statics 
would be in the same speed range as equivalent bipolars , 
but won't dissipate nea rly as much power. HMOS II de­
signs could become a bargain once in production, since 
MOS processes are cheaper to implement than bipolar. 

A variation of the HMOS technique using a two-layer 
polysilicon HMOS structure results in a fully-static l 6K 
RAM with access times typically 45ns. The l 6K x I bit 
double-poly HMOS design does not use increased scaling. 
Its four fold density improvement over the standard HMOS 
process stems from tighter cell dimensions resulting from 
double-poly structures. 

Double-po ly HMOS J 6K static RAM s break new grou nd 
in system designs, offe ring mainframe memo ry designers a 
high performance cho ice over previous l 6K dynamic parts. 
These fully static J 6Ks operate at typically 45ns access and 
require less ove rhead circuitry than dynamics. Jn the future , 
many designers may turn to the fast statics for medium-size, 
high-performance main memory design, while moving up to 
64K dynamics for next-generation large-capac ity main frame 
app licatio ns. 

HMOS 11 is not the end of the road. With the introd uction 
of improved lithographic equipment such as direct-wafer­
stepping exposure systems, resolution well below one micro­
meter will soon be possible. But though the tech nology to 
produce submicrome ter devices is within reach , industry 
adherence to today's standard SV power supp ly cou ld delay 
introduction of such services in a commercial orocess. Al­
though HMOS II and possibly the next generation of sca led 
devices are achievab le without reducing supply voltage , 
industry acceptance of a new voltage standard - for exam­
ple , a 2- or 3-volt level - is inevitable. 

HMOS II has been in production for a while and the 4K 
by 1-bit static RAM designed to be fully opt imized for this 
process is availab le to systems designers. Not on ly is a large 
fam il y of static RAM s planned for the future, but HMOS 
II exh ibit s the same nexiblity for a broad design base en-

joyed by HMOS - it will be applied to high-performance 
µP s and a variety of peripheral chips. Because MOS is more 
suited to device scaling than bipolar technology, recent ad­
vances in photolithography and scaled wafer processing in­
dicates a bright future for MOS performance. 

More alphabet soup : CMOS and CCDs 
CMOS has a high-noise immunity , wide tolerance to power 
supply variation , low-tempera ture sensitivity and low-power 
dissipation. lts complementary nature holds the promise of 
its becoming the fastest technology. These static RAM s are 
strengthen ing their foothold in the military and high-reliabil­
ity areas with their extremely low supply-cu rrent drain and 
wide performance range. Several new high-density CMOS 
techniques will appear in 1980 in addition to the use of 
tighter lines and scaled geometr ies. Also, the use of silicon­
o n-sapphire (SOS) CMOS technology is increasing as the cost 
of producing the sapphire and processing the silicon drops. 

As pinouts become further standardized, CMOS equiv­
alents will appear for available NMOS devices. However, un­
like the NMOS market , where prices for the next larger size 
started out as just above four times the cost, 4K CMOS de­
vices cost less than four times the cost of I K RAMs. Al­
though the order of the day for CMOS is 4Kx l and 1 Kx4 , 
few companies introduced l 6K CMOS RAM samples this 
year. Jn fact, there may even be a family of l 6K devices -
J 6Kxl , 4Kx4 and 2Kx8 organizations - to satisfy a wide 
range of memory requirements. CMOS RAM speeds now 
start at 70ns for 1 K parts and on ly 80ns for 4K units. This 
coming year , look for the emergence of another CMOS de­
velopment - CMOS ultraviolet-EPROMs. 

A few manufacturers think CCD memories have a definite 
market niche , and they fee l the 64K devices will give them 
an edge in both design experience and product recognition 
if tile 256K CCD makes its debut next year. CCDs are slower 
than semiconductor RAM , are volatile; and do not offer 
true random access operation. However, they can replace 
disk products, and act as staging areas for storage peripher­
als, thereby increasing CPU throughput. With them, a CPU 
does not have to wait for the storage device to deliver or 
accept data. 

Despite it s potential for a place in the memory hierarchy 
as a block-oriented storage of high speed and density , the 
CCD has not outdistanced the dynamic RAM far enough in 
cost or avai lability to succeed. Further dampening enthusi­
asm for CCD believers is CCD susceptibility to alphaparticle 
radiation , which exceeds even that of dynamic RAM s. 

evertheless, CCD tec;hnology shou ld survive because of 
imaging and filtering app lications. 

Static or dynamic 
To use static RAM or dynamic RAM - that is the question 
in the NMOS area. Static RAM s retain data even with power 
turned off; this memory is used for data base storage. Dy­
namic RAMS need a constant source of current to keep 
data. Choosing one over the other is usually decided by 
cost. 

Static is less expensive for small systems in which the 
cost of the extra refresh circuitry cannot be amortized over 
the sma ll number of RAMs. At the 4K level , a crossover in 
cost occurs somewhere between l 2- l 6K words in the sys­
tem . Some memory users include the larger engineering 
costs of dynamic RAM in their decisions , since statics are 
considerably simpler to design. Other users opt for static 
alone to save their engineerin g talent for designing features 
into their equipment that will enhan ce its position . 

I..\ NI 1 AR\ I lJ ~ l I ninit::al n.cu:~~iinn 11 



Two distinct paths emerging in static RAMs should give 
system designers pause: very high-speed static RAMs for 
cache and mainframe applications and word-oriented , slower 
static memories for microcomputer applications. 

In the N channel static RAM area the trend is toward 
high speed and low power. There are two segments to the 
static 4K RAM market: µP-based systems in which low 
power is desirable and I SO to 200 ns or slower speeds are 
acceptable, and add-on/in memories req uirin g high speed 
(SOns). The current art in N channel static RAMs is at the 
4K level with bo th I Kx4 and 4Kx 1 versions available. This 
year, sub- I OOns versions and 1 SOns or up versions of both 
the I Kx4 and 4Kxl organizations appeared - all with the 
chip select power down feature. In addition, some vendors 
have already developed J 6K static RAMs - the next genera­
tion for high-speed cache and co ntrol-store memory. With 
an inherent speed edge over dynamic devices, static units 
are now also pressing dynamic chips in the area of power 
dissipation. 

Static devices inherently dissipate relatively large 
amounts of power through each cell's latched gate resistors , 
and buffers are also power hungry. Polysilicon resistors , 
however , lower the former loss, while several newly devel­
oped circuit techniques minimize the latter loss mechanism _ 
Power ga ting is one such method. With thi s technique , 
power goes to high di ssipation elements only when the 
memory device is se lected. Another techniqu e, edge activa­
tion , reduces power consumption by eliminating DC paths ; 
power is only dissipated when chargin g and disch arging 
capacitors. Address activation primarily serves high-speed 
systems. 

Whether power-down modes are used or no t , a static 
RAM still uses a lo t of power in read o r write modes. How­
ever, investiga tors have modified the standard six-t ransistor 
cell configuration so that some RAM designs require only 
four cells and therefore dissipate less power. Phasing this 
and other power-reducin g techniques will eliminate the 
major drawback to usin g static devices in large memory 
systems. 

When dynamic RAM s first reached the market , they 
were viable choices only for minicomputer and mainframe 
applications; thus, IC makers concentrated on nxl organiza­
tions to let large computers capitalize on the word depth 
possible with these arrangements. But x4 and x8 organiza-
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tions, always possible with dynamic RAMs, are now appear­
ing. Part of the stimulus for these new organizations comes 
from a desire to take advantage of current advances and 
provide interim design alternatives until each new genera­
tion of denser memories appears. Also , dynamic NMOS 
RAMs are now faster ; they can compete with static devices 
in many applications. However, the big development in 
1979, and the thing to watch for in 1980, is the 64K dy­
namic RAM. 

Will 64K RAMs kayo 16K R AMs? 
Highlighting the memory developments over the past year is 
the single-supply 6S,S63-by-l-bit dynamic RAM - the heir 
apparent to the industry-standard 16K device and an ad­
vance resultin g from pressure put on semimakers for higher­
density memories. With it, board capacities can be quad­
rupled with almost no power and performance penalties. 
Although dozens of chip makers produce similar l 6K 
RAMs, design approaches to the 64K successor took many 
forms. 

Fujitsu's MB8164 and Texas instruments' TMS 4 164 
were the first 64K dynamic RAMs to reach the market. 
Many other manufacturers - including Signetics, AMD, 
Fairchild , lntel , Mostek, Motorola , National Semiconductor, 
OKI, Panasonic , Siemens, Toshiba , and Zilog - also devel­
oped 64K parts , so at least half a dozen viable sources will 
appear this year. 

With the technology used, on-chip transistors will be 
closer and smaller, shortening propagation delays as well as 
overall access times. That means 64K access should range 
from 80 to I SOns instead of the typical 120 to 2SOns. 

16K RAMs win popularity contest 
Perhaps partly because of this uncertainty in the 64K mar­
ket, customer demand for I 6K dynamic RAMs has exceeded 
many manufacturer forecasts, putting these parts in short 
supply. As a result , the product lifetimes of 16K devices 
have been extended, and some manufacturers have applied 
their latest processing and design advances to produce 
" new" l 6K chips with impressive specs. Most of these im­
proved l 6K devices need only +SY, and some will boast 
access times shorter than I 00 nsec ; used in memory systems, 
they will permit simpler upgrades to 64K parts than would 
three-supply devices. 

Most of th e coming crop of SY, 16K x l RAMs will per­
mit simple system upgrades to 64K units. However, they 
will require minor redesigns of current l 6K systems - chang­
ing the bypass capacitors, strapping the supply pins , modify-. 
ing the address connections ... perhaps even altering the 
refresh timing. 

Chip makers agree: the single-supply 64K RAM is a 
double advance. Quadrupling density of today's RAMs is 
tough enough; redesigning for single SY-operation doubles 
the effort. That 's why several firms struggling with the 
power supply problem chose to develop a SY-only l 6K 
RAM as a stepping stone to the 64K part. 

Ironically , that interim measure could push back industry 
acceptance of the 64K RAM by a year or two. Chip makers 
(National Semiconductor, Intel Corp, Mostek Corp, and 
Motoro la Inc.) build single-supply I 6K RAMs with almost 
exactly o ne quarter of their 64K designs. Not only do these 
parts have be tter yields than next-generation devices , also 
they have so much more to offer than the three-supply l 6K 
RAM - super ior access time that might fall as low as 80ns, 
lower power and a scaled-down die size - that customers 
might be willing to pay a premium for them. 



ROMs, PROMs and relatives 

Developments over the next few years will focus on eras­
ab le-type ROM s. 1979 saw the first 64K UV-erasab le 
PROM. The largest segment in the programmable market 
is the MOS UV EPROM. Current EPROMs are at the I 6K 
and 32K levels, and 64K devices are immin ent. All EPROM 
makers are trying for quicker access. EPROM s have the 
slowest access of all NMOS memory technologies (350 -
450ns). But problems occur with newer µP s which' lose 
their speed advantage if EPROM program storage cannot 
meet the I 00- to 200-ns cycle times. Will chip makers get 
access times down? They 're trying. 

Offering the fastest EPROM s available, the long-con­
troversial technology of amorphous semiconductors just 
headed for market. Besides storing I 000 bits and accessing 
any bit in I Ons, amorphous se miconductors allow each bit 
of data to be individually erased and reprogrammed . ECO 
Inc., developer of this technology , di stinguishes this capa­
bility with the acronym EAROM (electrically al terab le 
PROM) . 

The parts that will eventuall y dethrone UV EPROM s 
have sur faced - electrically erasable PROM s (EE-PROMs). 
Slow to develop because no forced electrical leakage has 
proven as reliable as the photon-generated leakage of the 
UV devices, EE-PROM s are researched in many chip manu­
facturer labs, though last year there were few commercia l 
announcements of EE-PROM s as EPROM replacements. 

EA ROM s and EEPROMs differ in app licat ion. EEPROMs 
replace UV EPROM s (EAROMs are aimed at app li cations 
requiring more program/erase cyc les) ; and, as such , perform 
differently. For instance, EEPROMs must have much shorter 
access times , compatible with EPROM s. EEPROM s can 
only be block erased and lack nexibility of being word 
erasab le like EPROMs. But si nce UV EPROM s aren ' t word 
erasable, this isn't bad. In add iti on , erase time is much 
longe r than that for the EA ROM , but still exceeds UV 
EPROM speed . 

A look in the crystal ba ll 

In the next few years, a hierarchy of these nonvoltatile 
memory products will fall out: ROM types that are rarely 
reprogrammed but offer high density and relatively quick 
access times to replace EPROM s; read-most ly memories 
that provide a fair amount of endurance for the daily 
power-down situat ions to which cash registers and TV 
tuners are exposed: and nonvolat ile RAM s that provide fast 
program and erasure and supe rl ative endurance of I 0 cycles 
or more. 

In add iti on, the trend toward pin-compatible ROM , 
PROM and RAM fami li es wi ll continue , all owing designers 
to substitute one device type for another at will. Also , 
expect increased activity in byte-wide memories as the semi­
conductor industry atte mpts to achieve the next capacity 
improvement above 64K. This increase will probably re­
quire a combination of process advances, new circuit design 
and larger dies. 

Finally , as new high-vo lume markets open up , expect 
semi makers to add specia l features - such as counters and 
timers - to their 4K and l 6K design s rather than squeeze 
more bits into the smallest possib le space. 
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Designers' Notebook 
8086 Single-Step Eases Software Debugging 
Currently two execution vehicles , the 
SDK-86 System Design Kit and the 
iSBC 86/ 12 Single Board Computer 
are avilable to test and debug 8086 
software. Both of these are easily 
interfaced to lntellec Development 
Systems which allow the downloading 
of user software into the execution ve­
hicle's RAM for subsequent execution. 
The SDK-86 and iSBC 86/12 board 
utilize on-chip debugging feat ures of 
the 8086 to provide use r debugging 
aids. One of these powerful features is 
the single-step interrupt. 

PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
MOY 

AX ; SAVE AX 
BX ; SAVE BX 
ex ; SAVE ex 
DX ; SAVE DX 
BP ; SAVE BP 
BP,SP ; INITIALIZE BP 

Fig 1 Save registers and initialize BP . 

The single-step inter rupt provides a 
way of examining processor operations 
while single-stepping through the user 
program . When the trap fla g (TF) in 
the flag register is set, a type I inter­
rupt is generated after each instruction 
is executed. The interru pt se rvi ce rou­
tine can then provide a user interface 
which performs a variety of diagnostic 
function s. It can simply display the 
contents of fla gs and registers, or, if 
desired , it can di splay se lec ted mem­
ory locations and input ports. 

provid e the diagnostic functions are 
saved . For example, assume that the 
AX , BX, CX and DX registers are used. 
Nex t the contents of the base pointer 

BP 
SP___. 

FLAGS 

cs 
IP 

AX 

BX 

ex 
DX 

BP 

+8 

+6 

+4 

+2 

St ack 
Grows 

l 
Fig 2 Contents of stack. 

(BP) are saved on the stack and the 
stack pointer (SP) contents are trans­
ferred to BP. Figure 1 shows the 8086 
instructions to accomplish this and 
Fig 2 displays the contents of the 
stack . Assume that the single-step rou­
tin e now displays the register contents. 
Copying SP into BP allows the 8086's 
based addressing mode to access all 
saved data without popping data from 
the stack. Access to this data is accom­
plished by adding the con ten ts of BP 
with an offset. For this example, BP 

MOY DX , [BP+ 8] 

CALL PRINT AX 

MOY DX , f BP+ 6] 

CALL PRINT BX 

MOY DX , [BP+ 4] 

CALL PRINTCX 

MOY DX , [ BP+ 2] 

CALL PRINT DX 

cess the saved data . 
This technique displays diagnostic 

data after each instruction is executed. 
As the user software development pro­
gresses it is unnecessary and even un­
desirable to examine processor opera­
tions after every instruction . When 
using top-down structured program­
ming techniques, it is desirable to 
examine operations only for the new­
ly added software module . This can be 
accomplished by programmin g the 
single-step routine to provide diag­
nostics when instruction pointer values 
are those of the new modules. The 
single-step routine can be programmed 
to print diagnostics and continue exe­
cution of the user software or suspend 
execution until some external stimulus 
is received , such as a prompt from the 
system console. More powerful capabil­
ities can be programmed into the 
debug routine such as providing notice 
when a memory location or input port 
has changed to a predetermined value 
or when the processor attempts to 
exec ute code outside of the user pro­
gram. The single-step routine can also 

be programmed to execute a section of 
code for a specified number of times 
before providin g diagnostics . It should 
be noted that use of the single-step in ­
terrupt does not allow real-time user 

ACCESS AND 

PRINT AX 

ACCESS AND 

PRINT BX 

ACCESS AND 

PRINTCX 

ACCESS AND 

PRINT DX 

After rece iving the single-step inter­
rupt , the 8086 pushes the fl ag register 
(FLAGS) , code segmen t register (CS), 
and instructi on pointer (IP) on to the 
stack and rese ts the interrupt and trap 
flags. Rese ttin g the trap fl ag all ows the 
single-step inte rrupt routine to run 
normally without single-stepping. 
When the diagnostic functions are 
complete, an interrupt return in st ru c­
tion is executed which pops data from 
the stack into IP , CS and FLAGS. This 
res tores FLAGS with TF set and al­
lows th e next users instruction to bee 
executed fo ll owed by a type l inter­
rupt. 

Fig 3 Access and print saved registers AX, BX, CX and DX. 

Upon enterin g the sin gle-step inter­
rupt ro utine, the state of the user pro­
gram must be preserved by saving the 
con ten ts of registers on the stack . 
Onl y th ose registers that are used to 

plus 4 allows access to the saved ex 
data. Fig 3 shows code that accesses 
and prints the saved values of AX, BX , 
CX and DX. Sepa rate print procedures 
are ca ll ed with the desired register value 
passed in the DX register. Note that 
the use of BP also allows procedures 
ca ll ed by the single-step ro utine to ac-

program execution since this interrupt 
occurs after each instruction . 

Hal Kop , Intel Corp., Santa, Clara, 
CA 9505 1. 

Rate this design : circle 9L, 9M 
or 9H on Reader Inquiry Card. 
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Automated Testing for Electronics Manufacturing 

June 16-18, 1980, Hynes Auditorium, Boston, MA 

Gill fDR PAPIRS 
We invite technical papers on these subjects 

for presentation in General Sessions and Workshops 

Field Testing 
Bare-Board Testing 
Loaded Board Functional and In-Circuit 
Testing 

LSI Board Test 
LSI Component Test 
Digital Diagnostics 
Microprocessor Bus Fault Isolation 
Analog Board Test 
Analog Diagnostics 
Bubble Memory Testing 
Burn-In/Temperature Cycling 

Electro-Optic Testing 
Test Requirements Analysis 
Interfacing Devices 
Simulation 
Automatic Test Generation 
Systems Support Management 
A TE Management 
ATE Acquisition 
Testability 
Economics of Loaded Board Testing 
ATE System Calibration 

Abstract deadline February 1, 1980 

·-------Alli~u!IlActU ~QJlll~UwU©~ lf©rD~-------· 
I Please attach this form with your abstract or paper idea. I 
I Name I 
I Title Phone No. ( ext. I 
1~~ I 
1~~ I 
I City State __ ip I 
I Paper Subject I 
I I 
I Please complete one: Abstract attached ___J..bstract to come by I 
I (date) I 
I 

Send abstracts (200-500 words) and short biographies by February 1, 1980, to Meg Bowen, ATE Seminar/Exhibit, c/o Benwill I 
Publishing Corp., 1050 Commonwealth Ave., Boston, MA 02215. Or call : (617) 232-5470. 1------------------------------· (Co-sponsored by Circuits Manufacturing, Digital Design and Electronics Test magazines) 
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Designers' Notebook 

8080 Routine 
Displays Console 
Messages 
I just saw the Little Program "8080 
Routine Displays Console Message" 
(pg. 94) in the October 1979 issue. 
The routine is shown below. 

PUSH 
CALL 
DB 
DB 
POP 

MSGXP 
MSGXl 

MSG EX 

H 
MSGXP 
'READ ERROR' 
0 
H 

POP 
MOU 
CPl 
JZ 
CALL 
INX 
JMP 
I X 
PC HL 

H 
A,M 
0 
MSG EX 
co 
H 
MSGXl 
H 

I noticed some things which could 
shorten your MSGXP routine. First , 
since you have to increment HL after 
getting each character and also before 
exiting the MSGXP routine, you can 
get by with on ly one increment state­
ment. Second , if you simply need to 
test the A register for t'1e zero condi­
tion, it is shorter and faster to use 
"ANA A" instruction. Implementing 
these changes yields the following: 

MSGXP 
MSGXl 

MSG EX 

POP 
MOU 
INX 
ANA 
JZ 
CALL 
JMP 
PCHL 

H 
A,M 
H 
A 
MSG EX 
co 
MSGXl 

If CO returns the register intact, more 
reductions are possible . A typical form 
for CO is as follows: 

co MOY C,A 
COi IN UAR TS 

AN I 2 
JZ COi 
MOY A,C 
OUT UARTD 
RET 

By using the fact that CO returns A in­
tact, we get the following: 

The Tektronix Cot~~r1e(:i~<:~··· 
KMW Systems Introduces the BAC·3207T Protocol Converter 

The KMW Model BAC-3270T allows operation of Tektronix equipment 
at high telecommunications data rates . and insures error-free 
operation by utilizing the popular IBM binary synchronous 
protocol instead of ·'TWX·· transmission. The KMW Model 
BAC-3270T sends and receives EBCDIC data via IBM -3271 
binary synchronous protocol , performs all required error-
checking functions , translates the data to ASCII . and 
transmits it in serial asynchronous format to and 
from most Tektronix 4000 series graphic and 
alphanumeric devices . 

• Easy attachment to IBM Host System . no 
VTAM/TCAM "patches" 

• Allows terminal to run up to 9600 Baud 
with full error checking 

• Allows attachment of multiple devices 
on one communications line 

• No more "TWX support " 
headaches 

KMW Systems Corporation, a 
producer of protocol converters 
for many manufacturers . For more 
information . please call or write : 

•

KMW 
SYSTEMS 
CORPORATION 

8307 Highway 71 West• Austin , Texas 78735 • (512) 288-1453 

Circle 46 on Reader Inquiry Card 

MSGXP 
MSGXl 

POP 
MOU 
INX 
ANA 
CNZ 
ANA 
J z 
PCHL 

H 
A,M 
H 
A 
co 
A 
MSGXl 

Since most terminals ignore null char­
acters, one last byte can be removed 
from the routine. 

MSGXP 
MSGXI 

POP H 
MOY A,M 
lNX H 
CALL CO 

Thus , the 16-byte routine shown in the 
October Designers' Notebook can be 
reduced to only 11-bytes. While saving 
5 bytes may not be important in a 
"quick and dirty" application , these 
techniques may also be applied in time­
critica l programs . 

Tim Quilici , Rockwell International , 
M.S . 401-137 , Dallas , TX 75207. 

Rate this design: circle 11L, 11M 
or 11H on Reader Inquiry Card. 

ATTENTION! 
If your address label on the front cover 
is printed in red, you must requalify. 

Fill out and return form subscription on p. 11 
to continue your free subscription 
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Designers' Notebook 

Decimally -Programmable Divide-By -N -Counter 
Maintains Pulse Symmetry 
The divide-by- -counter with sym­
metrica l output can be programmed 
decima lly via thumb-wheel switches. 
The circuit consists of frequency 
doub les, divide-by -N-counter and a 
flip -flop for divide-by-two operation 
to get a symmetrical waveform at its 
output. The freque ncy doubler is used 
to obtain narrow pu lses, at both the 
lead ing and trai ling edges of the input 
waveform. These narrow pulses of fre-

quency 2F are then applied to the di­
vide-by-N-counter. When the counter 
(7490s) reaches a number equal to 
the set va lue , the NOR gate output 
goes to "l" level , thereby resetting the 
counter to zero. As soon as the 
counter is reset to zero the NOR gate 
output assumes "O" level. Thus a nar­
row pulse is generated at the NOR ga te 
output for every N count, resulting in 
a pulse train of frequen cy 2F/N. This 

is further divided by 2 in a flip-flop to 
obtain a squarewave output of fre­
quency F/N. 

V.L. Patil and Dilsukh Jain , NRSA, 
Hyderabad, 500 037. India . 

Rate this design : circle 10L, 10M 
or 10H on Reader Inquiry Card . 

JLJl 2F / N 

lJlJlI1f 
2F 

R
0 

(2) R
0 

(2) 

11 2 3 2 3 14 
10 14 10 

F/ N 
7490 6 7490 6 

_n_r 
7 7 

12 9 8 11 12 9 8 11 11 -= -:-
F A B c D A B c D Q 

JUl_ 6 

t 
15 14 13 12 15 14 13 12 

I 1 / 2 7476 

7442 7442 

2 

1 2 123456791011 
5V 7486 

) Hl4!l 
0 Unit s 9 0 Tens 9 

1 /4 7402 

Frequency Doubler ----tlJJ>.il411!1-------- Divide-by -N- Co unter --------11JJ>.il411i!f--- Divide by -2 -

Decimally -programmable Divide by -N- counter with symmetrical output . 
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Sometimes the true value of a product fails to relate to 
its selling price. Van Gogh's paintings once sold for less 
than $1,000. Bas~ 2's MODEL 800 printer sells for lots 
less than $1,000, but it does more than printers costing 
twice its price (and a lot more than a Van Gogh 
painting). 

Besides being beautiful to look at, the MODEL 800 
prints up to six different character fonts with .embedded 
elongation in any of five line densities (72, 80, 96, 120 
and 132 characters per line), prints up to three copies 
and is equipped with a long-life cartridge ribbon. With , 
such versatility as four interface modes (IEEE 488, in­
dustry standard parallel, 20ma current loop and RS232), 
baud rates up to 19,200, and with accommodations for 
l l 5VAC or 230VAC operation, the MODEL 800 matches 
any system decor. 

As a note of further new world refinement, the MODEL 
800 can be optionally equipped with high speed paper 
advance and graphics output, a versatile tractor feed 
mechanism, terminal buffer memory, tabs and form feed. 

Requiring only a square foot of space, the MODEL 800 
is smaller than its contemporaries; its rugged aluminu'm 
construction is designed to stand the test of° time. 

Isn't it time you added a new masterpiece to your 
collection? 

Recommended retail price: 

Standard MODEL 800 

High.speed paper advance 

Tractor mechanism 

Terminal buffer memory 

$499 

50 

50 

50 

ba/e~ inc. .0. BOX 31548 FULL. , CAL. 92834 / l714J 992-4344 

Circle 13 on the Reader Inquiry Card 
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