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AT NEC. YOU'LL FIND QUALITY
MEMORIES IN EVERY CATEGORY.

Allin one place.

Chances are, we have the exact
memories you're looking for. Leading-edge
25ns 4K static RAMs. 64K static RAMs.
128K UV EPROMs. New 256K DRAMs. And
our remarkable one megabit ROM—the
highest density ROM in the world.

These aren’t promises of things to
come. They're here. Now. And ready for
your next design.

You can trust our memories.

At NEC, quality is understood. Fact
is, you can expect 100% burn-in, standard.
And a guaranteed AQL of 0.1%. Which
means, with NEC, your memories will be
worry-free.

A complete package deal

Be reminded, our memory devices
come in a variety of packages. Standard
and skinny. Plastic and ceramic DIPs. Flat
packages and leadless chip carriers.

So if you have designs on the future,
remember NEC. For a never-ending line of
quality memories.

NEC Memory Products

Technologies Densities
Type of Memo e
¢ T |EEEs|esvszyiiEs
Static RAM? LRI o
Dynamic RAM o o . . . .
ROM . . e o 0 0 o
PROM o | e e o o
EEPROM . .
UV EPROM o o e o oo

]_MM( )S refers to Mixed-MOS technology (CMOS and NMOS).
~High speed 4K and 16K devices available.

WERE TAKING ON THE FUTURE.

For a fast response about NEC Electronics' complete line of memory products, call
TOLL FREE 1-800-556-1234, ext. 188. In California, call 1-800-441-2345, ext. 188.

NEC sales offices: Woburn, MA (617) 935-6339 - Melville, NY (516) 423-2500 -
Poughkeepsie, NY (914) 452-4747 - Pompano Beach, FL (305) 785-8250 - Columbia, MD
(301) 730-8600 - Norcross, GA (404) 447- 4409 - Arlington Heights, IL (312) 577-9090 -
Southfield, MI (313) 559-4242 - Bloomington, MN (612) 854-4443 - Dallas, TX
(214) 931-0641 - Orange, CA (714) 937-5244 - Cupertino, CA (408) 446-0650

© 1983, NEC Electronics







Model 6470 Cartridge Recorder — the latest distinguished member of a

Kennedy didn't just pioneer the ¥4” cartridge field — it e Automatic Read Thresholds — during read retry three
started it, with the first practical recorder using the new 4" different thresholds are automatically selected, a feature
3M cartridge. usually found only on large 9 track tape transports.

Model 6470 continues the tradition with- the qsual package e Backward Compatibility — Model 6470 will read tapes

of new features, such as: wrltten by Model 6455.

* High Capacity — Model 6470 can store up to 54 MBYTE ‘Theseare,but a a few of Model 6470’s many features. Write or
of formatted data on one cartridge. L gl “ day. for | the complete story of the newest

« Start/Stop with data streamings at 37.5 ips. e %

e Full Command Repertoire, utilizing either the Pico Bus
Pertec interface.

_v«.

KENNEDY

- ./An Allegheny International Company

1600 Shamrock Ave., Monrovia, CA 91016
1« ITT TELEX 472-0116 KENNEDY

o NS P

KENNEDY e+« QUALITY* COUNT ON IT
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29 Packaging & power:
Power and logic devices are merging on the same chip

38 Computers:
Matrix array processor breaks through supercomputer barrier

44 Software:
Big Blue makes a major move to link computers

53 Software:
Multitasking Unix look-alike supports 11 IBM XT users

60 Peripherals:
Flat panels approach monochrome CRT specifications

System design

77 Packaging & power: Connectors—the missing link in EMI suppression
by Frank Drzymkowski and Dave Goodman—Computer equipment
must meet stringent FCC restrictions on rf emissions. Although the first
line of defense for designers is proper packaging, electromagnetic
interference can occur between units if attention is not paid to
connector design.

91 Software: Software quality: design it in from the start
by M. Ghiassi—A comprehensive software quality assurance program
should be an integral part of the development process. This program
ensures not only that functions work as planned, but that planned
functions are useful.

Midcon/84 and Mini/Micro Southwest

65 Midcon and Mini/Micro Southwest, two major southwest OEM
electronics and computer conferences, are being held concurrently this
year in Dallas, Texas on September 11-13. Keynote speaker Admiral
‘““‘Bobby’’ Inman, CED of the Microelectronics and Computer
Technology Group, will lead off the two programs of technical sessions.
Of specific interest to computer system designers are the technical
sessions at Mini/Micro as well as many at Midcon.

KD
o
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Special report on
semiconductor memories

101 Fed by breakthroughs in cMOS and the insatiable demand of
modern systems for memory, semiconductor memory technology
is branching beyond mere ‘‘by 1°’ density increases. VLSI
memories are providing system solutions and breaking down
performance bottlenecks. In addition to more efficient, denser
main memories, RAMs, EPROMs, and EEPROMS are appearing in
the parts of the system where their special features are most
needed and offering new design possibilities.

Special report on
minicomputer operating systems

161 Minicomputer system designers will find a Unix operating
system or a Unix look-alike often meets their needs for
increased operating system functionality. In fact, the latest
minicomputer operating systems for the past five years are more
like operating environments and sport both realtime capabilities
and fault-tolerant features—whether or not they are Unix based.
Computer system designers opting for minicomputers need to
know how minicomputer operating systems determine their
computer’s behavior.

This month’s cover was prepared
by Mark Lindquist on the Digital
Effects Video Palette 111 and D-48
high resolution camera system.
The data base was constructed by
Joe Pasquale. The cover was
based upon material supplied by
United Technologies Mostek.
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It's easy
to make points
when you'Te a pro.

For the name, ad-

: : Ny 4 | alternate protocols avail- [l 4 dress and phone num-
E:t':: gﬁgzoalfea:rg :ﬁp;i_stl able. The DMP-41 is easyto i ber of your nearest
et b At oF live with, adhering to FCC i re;.)resentahve,
the surveyor, drafter, Class B requirements. UL list- o v}mte Houston

: ) . - nstrument, P.O.
oceanographer, geophysicist g peraing, Box 15720, Austin,
and land developer . . . to _ " TX 78761. Phone
name but a few. You can gen- POINT ... Minutely [ 512-835-0900, or
erate superior architectural defined step size and high- 800-531-5205 if outside
elevations, contour maps, resolution logic—combined Texas. In Europe contact
circuit-board layouts and with robust drives and opti- Houston Instrument Belgium
assembly drawings quickly mized pen ballistics enable NV., Rochesterlaan 6, 8240
and accurately on bond, you to create plots of high pre- Gistel, Belgium.
vellum or synthetic media. cision and surpassing quality. Tel 059-27-74-45,

tlx 846- 81399.

hiouston
nstfrument

*suggested US retail $2,995
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UP FRONT

System will attack fault-tolerant price barrier

Founded less than a year ago, EnMasse Computer Corp (Acton, Mass)
is in the late stages of developing a 32-bit Unix-based multiprocessor
system with fault-tolerant features. The system is currently scheduled
for introduction during the first quarter of 1985 and is list priced
below $50,000 for a basic configuration that will support up to 32
users. Customers will be able to expand on the basic hardware to
build a single system that can support up to 768 user terminals while
handling multiple tasks simultaneously, all with no sacrifice in
processing speed. Incremental cost for adding each new user is claimed
to be reduced to as low as $500. The computer runs under Unix
System V, the emerging de facto standard operating system for
program portability. EnMasse Link architecture creates a high speed
network of file processors and distributed application processors. The
system will have gateways to other EnMasse computers, IBM and DEC
hosts, and IBM PC and compatible workstations. The system is
designed for distributed online transactions, office, communications,
and other multi-user applications.—J. H.

Low cost PC video imaging system performs at less than 1 s

A single-board, high performance frame grabber-based subsystem to
be released within the next month or two by Data Translation
(Marlboro, Mass) fits into any expansion slot of an IBM PC or PC/XT
and provides realtime video digitization and display. The DT2803
hardware will sell for about $1500 and operates with realtime video
1/0 software called Videolab. Comparison benchmark tests for the
board alone in a PC indicate a required time of 10 min for a 3 x 3
convolution pixel operation. With a math coprocessor board in place,
the operation required only 50 s. However, the frame grabber board is
designed to operate optionally with an array processor board, to be
supplied by Sky Computers (Lowell, Mass). With that board, the
operation requires 1 s or less.—S.F.S.

Automated design processes—heading toward complete integration?

In the CAD/CAE/CAM environment, some equipment offers only
schematic capture, while others will not only help you with the design,
but will carry the process all the way through to production. The most
apparent trend, as noted at the recent Design Automation Conference,
is that the industry is heading for total integration of the design
process, from chip to system level. Even such ATE firms as GenRad
(Concord, Mass) and Teradyne (Boston, Mass) are becoming links in
the design chain and offer entries that provide logic design simulation
throughout an entire design evolution, as well as the test generation to
improve all testing efficiencies. These procedures include program
generation testing, prototype testing, and digital IC manufacturing
testing. While integration seemed to be the main theme of the
conference, the wide range of available hardware and software
indicates that everyone can become involved in design automation.
The low end process, usually running on the IBM PC, offers the
potential to speed the design cycle at minimum cost. At the high end,
Control Data Corp provides complex software that includes an
integrated data base and engineering data library. The power behind
this approach is that it allows simulation of complete systems rather
than of individual components.—AM.B.
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UP FRONT

Design tools simulate entire system

NCC ’84 melts away

Design tools that Control Data (Minneapolis, Minn) engineers used
internally to design ICs for the CYBER 200 series supercomputers are
now available as commercial products. The company’s Modular
Integrated Design Automation System (MIDAS) consisting of logic
simulation, fault simulation, and layout has been developed and
continually enhanced by Control Data for the past 10 years. MIDAS
operates on the company’s CYBER computers and uses the Cybernet
data services network to transfer integrated data bases and engineering
data beween stations. Designers can thus simulate complete systems
rather than being limited to simulating individual components. Control
Data engineers have designed boards with 120,000 logic gates using
MIDAS, a hundred-fold increase over current densities. MIDAS’ shared
data base allows the designer to make numerous design and layout
changes before a board is committed to fabrication. Control Data
claims that its engineers routinely perform system-level simulation
following completion of the physical design steps for system
complexities up to 300,000 gates. A minimum, fully configured system
based on the CYBER 810, with all the necessary hardware and MIDAS
software applications, costs $500,000.—N. M.

in Vegas

Although the American Federation of Information Processing Societies
was eager to predict a large attendance in its promotion for NCC ’84,
no one at that organization will now release even an estimate of the
final attendance figures. Preconference estimates from AFIPS, the
central organization among the several sponsors of all National
Computer Conferences, were for a minimum of 100,000 attendees.
Whether it was the expected oppressive heat of Las Vegas in July or
any of a seemingly endless number of reasons offered by those persons
who did attend, that original figure was not even nearly met.
Estimates from among a number of press and exhibitor personnel who
have been to many National, Spring Joint, and Fall Joint Computer
Conferences agreed that the final attendance was probably not over
60,000—and even that may be a generous figure. Additionally, last-
minute cancellations left several booth spaces unfilled, a true novelty
for NCC in the past several years. Whatever the true reasons were for
this year’s ultralow attendance, NCC ’85 will be in Chicago—and
although it again will occur in July, no one presumably will be able to
logically blame the heat if people or exhibitors stay away—S.F.S.

Semicustom IC design—a movable service

In what amounts to taking the semicustom IC design business to the
customer instead of having the customer seek out a semicustom chip
vendor, RCA Solid State (Somerville, NJ) has signed an agreement with
distributor Hamilton-Avnet (Culver City, Calif) to both design and sell
RCA’s COSMOS gate array and standard cell 1Cs. H-A plans to open 12
design centers across the United States over the next year to assist
users in the logic design of semicustom chips. Customers will be able
to implement the completed logic design and debug the chip at
workstations set up at the design centers and then forward the MIMIC
data base to RCA’s manufacturing facilities for fabrication. In this
way, the customer will be spared the necessity of learning the rest of
the design automation tools and will only need to learn the MIMIC
software. This market is expected to reach a $2 billion volume for gate
arrays and standard cell 1Cs by 1987, according to Integrated Circuit
Engineering Corp, a research firm based in Phoenix, Ariz.—N.M.
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Like DE(Cs.

$8,845 system price*

Media and software
compatibility with
B DEC’s RX02 8” floppy
256 KB minimum... (vs. Micro/PDP-11’s

up to 4 MB! non-compatible 5%” floppy)

8-quad slot
Q-BUS card cage

Supports RT-11, RSTS,
RSX-11M-PLUS,
UNIX, and
TSX-PLUS

Two fans in card cage
area (vs. one in
Micro/PDP-11) er
g

RLO2-compatible
514” Winchester disk;
10 MB, 20 MB, or
40 MB capability

1.0 MB floppy disk
back-up (vs. 2 x 400 KB
for Micro/PDP-11)

You can buy DEC’s Micro/PDP-11 with its impressive
array of features...or you can get Dataram’s A22 —an
LSI-11/23 based minicomputer that gives you a whole
lot more...for a lot less dollars! Like an 8”
RX02-compatible floppy. 40 MB 514” Winchester and
14" cartridge tape capability. And two fans that
provide push-pull air flow in the card cage area.

For more information, forward this coupon to us, or,
for faster response, call (609) 799-0071.

Cartridge tape
capability

O Send information. O Contact me immediately.

Name

Company
Address

*$8,845 is single-quantity domestic price for A22 with LSI-11/23, City State Zip Phone
256 KB, 10 MB Winchester and RX02-compatible 8” floppy

DEC, LSI-11, Micro/PDP, PDP, RSTS, RSX, and RT-11 are trademarks of Digital Equipment Corporation
TSX-PLUS is a trademark of s&h computer systems, inc
UNIX is a trademark of Bell Laboratories

DATARAM

Dataram Corporation O Princeton Road O Cranbury, New Jersey 08512 O Tel: 609-799-0071 O TWX: 510-685-2542

Dataram Corporation, Princeton Road, Cranbury, NJ 08512
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UP FRONT

Al development tools available for the professional personal computer

An expert system development package using the Professional
Computer from Texas Instruments (Dallas, Tex) incorporates all
necessary features for a designer to prototype and develop
sophisticated commercial applications. The Personal Consultant
development tools are aimed at users who are interested in developing
rule-based expert systems at their desktops without the need to learn
the popular AI Lisp language. TI researchers have coded their program
using a similar data file format to the EMYCIN developed at Stanford
University. As opposed to programming MYCIN in Lisp, users of the
Personal Consultant can write their rules in a Basic-like rule
specification language. The tools will be available in the last quarter of
1984 for $3000 a copy. A 3-day training course is also available for
$1500. In addition, the package can be obtained bundled with the
Professional Computer for $15,500. Creating end-user knowledge bases
from the tools can be done for a one-time license fee of $25,000 and a
royalty fee of $25 for each application copy.—N.M.

PDI handles data transfer PDQ

A new twist in the standard interface situation, the Parallel Device
Interface (PDI) promises to bridge the gap between high and low level
devices. To accomplish this, PDI, a level 2 definition of the Intelligent
Peripheral Interface (IPI) specification, will support data transfers
occurring at rates between 15 and 80 Mbits/s. Promoted by Control
Data Corp (Minneapolis, Minn) and supported by Emulex (Costa
Mesa, Calif), the specification provides for maximum transfer rate
over a maximum cable length, simplifies controller design, and
promotes future compatibility. In addition to supporting the
specification, Emulex is managing the development of a chip to
implement PDI and thus ensure compatibility to controllers. PDI is
expected to see red line print this month and to achieve blue line by
the end of this year. First products should be forthcoming by
mid-1985.—P.K.

Scuttlebutt heard in dark corners

Rumors and general data wafting around the environs of the recent
NCC ’84 hint that a major manufacturer is readying a featherweight
portable computer—so light, in fact, that it needs no handle. Details
are sparse, save that it is said to incorporate an LCD, two sub-5Y%-in.
disk drives, and the obligatory keyboard. There’s also no handle as to
price and delivery. Keep tuned—J. H.

Unix starts to appear in smaller packages

Efforts to provide real Unix environments to an ever-increasing
community of users are meeting with some success, thanks to some of
the newer microprocessors and advances in memory technology. At the
same time, this push is spurring developments in other areas. Unix
means disk storage, so developments in half-height, large capacity
Winchester drives are rising to meet the challenge. Advanced Storage
Technology and Qume Corp (both of San Jose, Calif) have announced
half-height 5%-in. Winchesters using plated media. The Qume line
ranges in capacity from 13 to 40 Mbytes, and the AST from 61 to 220
Mbytes. Processors such as the Intel iAPX 256 and the Motorola 68010,
which support virtual memory, are making it possible to build a range
of multi-user, Unix-based systems that can support different numbers
of users but that aim for a per-user cost of about $2500. With the
small, high capacity drives becoming available, these systems should
appear in even smaller packages as well. —7. W.
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The LAN nut.

When you're developing a
LAN-based computer system,
you're faced with a tough nut to
crack. You need to know what's
going on in your Local Area
Network system. Many com-
puters are carrying on many
conversations. Simultaneously.
And at speeds 10,000 times
faster than traditional data com-
munications. How do you test it?
How do you debug it? How does
the system really perform?

Excelan can help you crack
that nut with the Nutcracker™,
the world’s only comprehensive
analyzer/simulator for Ethernet
systems. Packaged as an
integrated workstation, the
Nutcracker provides advanced

Crack the

LAN instrumentation hardware
capable of making real-time
diagnostic decisions at 10 mil-
lion bits per second. Also in-
cluded is an 8086-based CPU,
about 1 MB of RAM, a 20 MB
disk, a 600 KB floppy, keyboard,
12" CRT and 100 cps external
printer, and complete menu-
driven software that brings the
power of the Nutcracker to you.
With the Nutcracker con-
nected to the Ethernet cable,
you’re in control. You can create

EXXELAN

“‘Excellence in Local Network Technology”’

2180 Fortune Drive
San Jose, California 95131
(408) 945-9526 TELEX 176610

CIRCLE 5

and detect pathological condi-
tions for shake-down testing.
Powerful filtering facilities allow
you to extract precise packet
substreams for triggering and
tracing functions to find those
elusive bugs. You can generate
traffic for simulation of various
load conditions. And high resolu-
tion time-stamping means you
can track system performance
against this regulated traffic
load.

Increase your productivity,
speed development time, and
get your network system up and
running — with confidence in it's
performance and integrity.

Join computer industry lead-
ers. Crack the LAN nut with the
Excelan Nutcracker.

Nutcracker is a trademark of Excelan, Inc. Copyright Excelan, Inc., 1984. All rights reserved.




HERE'S A TANDON

As you can see, the Tandon theory of vertical
integration doesn't leave much room for outside
manufacturers. That's precisely what we liked
about it from the start. And we've been right about
our hunch.

Were the leading manufacturer of microcom-
puter random access disk drives in the world. We
didn't get here by following in the paths of our
competitors.

Instead of piecing together someone else’s
parts, we manufacture our own. We know every
detail about every part in all our drives. From
manufacturing the button head for the recording
head assembly, to producing our own plated
media, we're involved with it all. As a consequence,
Tandon-built parts comprise 80% of the cost of our
drives. There’s a lot to be said for that.

Quality, for one thing, is a lot easier to control.
The toughest Tandon specifications are met every
step of the way. Revisions and improvements can
be implemented when they're needed, where
theyre most effective, resulting in higher reliability.

DISK DRIVE WITHOUT
TANDON-BUILT PARTS.

That tight control makes it easier for us to
keep our costs down, and manufacturing yields
high. Per unit savings mean the lowest overall
prices available. Which is obviously to your
advantage.

And since we're a supplier as well as a
manufacturer, we'll get your order to you quickly.
WEll always deliver the drives you need when you
need them.

We've recently made a move to expand our
vertical integration even further. Our new $5 mil-
lion facility produces plated disks for use in all of
our Winchester drives. In keeping with Tandon
quality, cost-effectiveness, and advanced
technology.

All this is what we're calling vertical integra-
tion. A strategy we initiated before many of our
competitors even existed. But what it comes down
to for you is a reliable, high-performance disk drive
at the lowest of possible costs.

And, all theory aside, you just won' find a
better combination than that.

landon

THE DRIVING FORCE BEHIND THE SMALL COMPUTER INDUSTRY.

Tandon Corporation, 20320 Prairie, Chatsworth, CA 91311. (818) 993-6644, TWX: 910-494-1721, Telex: 194794. Regional Sales Offices: Boston (617) 938-1916 «
New York (201) 851-2322 « Atlanta (404) 934-0620 « Chicago (312) 530-7401 « Dallas (214) 423-6260 « Irvine (714) 669-9622 « Santa Clara (408) 727-4545 «
Frankfurt, West Germany 6107-2091, Telex: 411547 « London, England (0734) 664-676, Telex: 848411. Distributors: Hall-Mark, Kierulff, Schweber.
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UNIX IS A DINOSAUR
CPIM & MS-DOS ARE TOYS

MULTI SOLUTIONS PRESENTS

THE WORLD’S FIRST
4" GENERATION

OPERATING SYSTEM

A SERIOUS FOR TODAY
OPERATING AND
SYSTEM TOMORROW
‘E ING

* PORTABLE

« MODULAR ~ +DISTRIBUTED PROCESSING _

IT MAPPED DISPLAYS
« MULTIUSER * HIERARCHICAL DIRECTORIES  » FULL SCREEN MANAGEMENT
* MULTITASKING . *KEYEDFILES | ULL SCREEN EDITING
« MULTI PROCESSING e ULL MEMORY MANAGEMENT
* PARALLEL PROCESSING VS * VIRTUAL MEMORY
* 64 CHARACTER NAMES [/« B-tree ~ + SEMAPHORES & LOCKS
* 3COMMAND PROCESSORS .« RECORD LOCKING XTENSIVE UTILITIES
« REAL TIME « UNIX SOURCE COMPATIBLE  » AND MUCH, MUCH MORE

S1ISTHE ONLY OPERATING SYSTEM WORTHY OF THE TITLE:

“THE NEXT WORLD STANDARD.”

ONLY S1 DOES IT ALL.

NO OTHER OPERATING SYSTEM e
COMES CLOSE. CUTS DEVELOPMENT SOLUTIONS
TIME FROM MAN YEARS TO MAN MONTHS. [

IUI‘uIti Solutions, Inc.
123 Franklin Corner Rd.
Lawrenceville, N.J. 08648

Please send for our FREE S1 Book or Call 609-896-4100 794100 Telex:821073

IN TIME, ONLY THE BEST WILL SURVIVE: S1

*Reg. Trademarks: CP/M of Digital Research; Unix of Bell Laboratories Trademarks: MS-DOS of Microsoft, Inc.
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EDITORIAL

SHOWTIME IN LAS VEGAS

As I write this, it is July and I am at the National Computer Con-
ference in Las Vegas. The people at our office in Massachusetts
tell me my editorial is late and that I have to rush it to them today.
But, the temperature hit 110 degrees today, and my usual problem
of technostress has been replaced by a new problem—heat stress.

This town appears to be controlled by its cab fleet owners.
Because parking facilities are inadequate for major conventions,
conventioneers are forced to the streets in search of cabs. This
week, people waited an hour or more for cabs, and then were
jammed, four at a time, into cabs without air conditioning. As
if this weren’t enough, some of the drivers had the nerve to col-
lect the full fare from each rider. Any city that is serious about
attracting convention business should have corrected its transpor- i
tation problems long ago. But then, as we heard today from some of the casino owners,
Las Vegas doesn’t like conventioneers—especially those from our industry—because they
don’t gamble enough. Did the casino people honestly believe that otherwise-intelligent
engineers came to Las Vegas in July to have fun? How could they really believe that
entrepreneurs and salespeople in the fiercely competitive computer industry would need
the extra risk and excitement of the crap tables to spice up their lives?

Besides, physical survival in Las Vegas can be quite a gamble. In fact, if you have
ever wondered what happens if the power fails here, I can now give you a first-hand
account. When the subject is under discussion, the standard response is ‘‘Don’t worry,
they have backup power.”” Well, after 60 mph winds downed some city power lines, I
was able to see ‘‘Plan B’’ in action.

Yes, the hotels do have backup power; but that doesn’t begin to supply the total
need. So, with a characteristically inverted set of priorities, the gaming tables and slot
machines took precedence over ‘‘less important’’ things like air conditioning and
elevators.

I think it’s obvious that we don’t need this city and this city doesn’t need us. So, why
are we here? Unfortunately, Las Vegas is one of the few cities with convention and
hotel facilities extensive enough to accommodate a show the size of NCC. An added
problem is that this year NCC is competing with other events such as the Olympic games
and the national political conventions. As a result, Las Vegas grabbed most of the big
computer shows this year. Thus, we were here in March for Interface, we are here now
for Ncc, and some of us will be here again in November for Comdex.

There are no easy solutions to the problems posed by trade shows and conferences.
There are too many of them and they are becoming too large. Ironically, some of the
better organized ones are already being strangled by their own success. We can’t expect
the organizers or exhibitors to voluntarily cut back on their activities. That would be
conceding victory to their competitors. The shakeout will be precipitated only by a
market boycott—and we are the market. We have to vote with our feet and start
attending only those conferences that are vitally important to us—and at the best times
and in those locations where the conditions are most tolerable. Therefore, I hereby serve
notice that, although I will be attending Wescon in Anaheim, I will not be attending
Comdex in Las Vegas. Other editors will represent our magazine, but I won’t be one of
them—we are cutting back on our coverage.

N Lo fod

Michael Elphick
Editor in Chief
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YOU WON'T
FIND MANY
SHUGART DRIVES
AROUND
THESE PARTS.




You find Shugart new genera-
tion drives where they were built to
be. In all kinds of systems. Under
all kinds of conditions. Running.
And running and running.

Setting a world standard for
quality. A standard that doesn't
allow room for failure. Because
you don't.

To insure the reliability of your
system, we begin with our suppliers.
They go through a lot. Learning
and qualifying, even building drives
themselves.

We also involve our manufac-
turing engineers. And our quality
control experts. From the very
beginning. The design stage.

With their full collaboration,
every new drive is designed for top
quality. Unbeatable reliability. And
ease of assembly. Using the fewest
number of parts possible.

In other words, the same un-
compromising quality you design

Milpitas, CA (408) 263-2600; Costa

into your system is designed and
built into every new Shugart drive.
Right from the start. So you can
count on consistent reliability. For
example, 20,000 hours MTBF for
new generation Winchesters.

Of course, every Shugart drive
is subject to the most stringent
testing and inspection at every
stage. But inspection doesn't
insure quality. At Shugart, we be-
lieve there's only one way to insure
a reliable product. By eliminating
the cause of failure from the
product design.

At Shugart, quality is designed
in. Not inspected in.

Let us prove it. Write for our
white paper on quality to Shugart
Corporation, 475 Oakmead
Parkway, M/S 3-5, Sunnyvale,

CA 94086. Or call, (408) 737-4360.

Shugart

Right from the start.

sa, CA (714) 979-1935; Thousand Oaks, CA (805) 496-5388; Rochester, NY (716) 235-7190, Minneapolis, MN (612) 546-4411,

Mes ' S
Richardson, TX (214) 234-3568; Framingham, MA (617) 879-1700, Saddle Brook, NJ (201) 368-8445, Smyrna, GA (404) 436-0953; Markham, ONT (416) 475-2655,
West G

Paris, France (3) 946-42-66, Munich, Wes

ermany (089) 786-021, London, UK. (44) 4862-27272, Wanchai, Hong Kong (852) 5733307 © 1984 Shugart Corporation
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UNFORGETABLE MEMORIES

MULTIBUS — QBUS

MULTIBUS MEMORY
512KB TO 2MB EDC

@ Error Detecting and Correcting (EDC)
® Faster Access Times
SINGLE QTY. PRICE

Without/EDC ~ W/EDC
512KB 89500  1495.00
2MB  4775.00  5775.00

0-BUS MEMORY

256KB TO 4MB

® Battery Backup Mode

® Block Mode DMA, ECC or Parity

® Works with LSI-11, J-11, MicroVAX
SINGLE QTY. PRICE

“OFFERING QUALITY WITH AFFORDABLE PRICING”

<\ Chrislin Industries, Inc.

l 31352 Via Colinas ® Westlake Village, CA91362 e 818-991-2254
TWX 910-494-1253 (CHRISLIN WKVG)

J-11, LSI-11, MicroVAX, Q-BUS are trademarks of Digital Equipment Corporation. MULTIBUS is a trademark of Intel Corporation
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KELTRON has the answers in High Voltage Power Supplies
for the color ormonochrome OEM...

* 1V anode ripple max! )
¢ Filtered input leads.

Custom design HVPS for the OEM
KELTRON CORPORATION
225 Crescent Street, Waltham, MA 02154  (617) 894-8700

See what Keltron
has to offer!
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Before TEMPLATE,
% aphics software
that ran on mainframes
and minis and micros

all looked like this.

Which is to say,
nonexistent. Some
manufacturers make
graphics software
packages for main-
frames. Others for minis. Still others make
it for micros. But no one made high-level
graphics software that ran on all three.

TEMPLATE just changed all that. By
becoming the only high-level graphics soft-
ware available on micros, minis and main-
frames. And it took our extensive experience
in graphics software to do it.

Now all computer-using design engi-
neers and scientists can utilize the industry’s
finest software. And bring mainframe appli-
cations right to the bench. Or vice versa. Which
means TEMPLATE’s device-intelligence
and computer-independence is even further
enhanced. And you get the graphics func-
tionality for mechanical and electrical CAD,

scientific analysis,
seismic work, VLSI, and
molecular modeling
that puts TEMPLATE
in a class by itself. In
any environment, whether it’s batch or
interactive, 2D or 3D.

TEMPLATE features table-driven archi-
tecture, 3D software display lists, metafile
capability over 250 user-callable FORTRAN
routines, workstation model, post process-
ing capability, run-time selection, and complete
support functions.

So when you’re looking for graphics
software that’ll run on all your computers,
call Megatek.

And find out all about TEMPLATE.

The product that just gave micros,
minis, and mainframes a

new computer -.. MEGATEK
graphics image.
... B CORPORATION

» A UNITED TELECOM COMPANY
Making History out of State-of-the-Art

World Headquarters * 9645 Scranton Road * San Diego, CA. 92121 - 619/455-5590 « TWX: 910-337-1270
TEMPLATE is a registered trademark of MEGATEK CORPORATION.
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~ Youll never get trapped into dead-end designs with




Zilog’ high-speed Z80B CPU’s and Peripherals.

Here’s more proof that nobody does more to extend
the life of your 8-bit designs than Zilog. Because now
you can increase 8-bit Z80® performance up to 6

o MHz with the high-speed Z80B CPU and its family
— of peripherals. You can join the hundreds of design
Q. engineers that have already tested this claim with

winning results. Or wonder...
Is there something here they know that you don’t?
Like the fact that the Z80B CPU has the same 158
instruction set and the elegant registers and interrupts
o that you’re used to working with, but runs them 50
4 percent faster than the Z80A chip?

o That the Z80B processor is completely software
- compatible with the rest of the Z80 family, permitting
o you to upgrade to higher performance without get-

ting trapped into software redevelopment? That soft-
ware compatibility also means you can use the Z80B
device in co-processing and/or multi-processing
environments along side our other Z80 processors?

And consider the fact that you can surround our
Z80B CPU’s with a complete family of Z8400 and
Z.8500 peripherals and really boost system performance.
They help you keep your parts and space require-
ments to a minimum and increase system throughput
because we build more functions into every device.
The peripherals include a PIO, a CTC, an SIO, an
SCC, an FIO, an FIFO, a CIO, and a UPC.

For complete specifications and applications data
on the Z80B and peripherals, fill out the coupon and
mail to: Zilog, Inc., Components Tech. Publications,
1315 Dell Avenue, MS C2-6, Campbell, CA 95008.
Or call our TOLL FREE Literature Hot Line at
800-272-6560. For information on Zilog’s other com-
ponents, call (408) 370-8000.

Z80 is a registered trademark of Zilog, Inc.

[ I’d like more information at this time.
[] Please have a salesman contact me.
Name

e,

Company.______

Address.

City  State Zip

Phone /
Z.80B/Peripherals

an affiliate of g

exXoN Corporation

Pioneering the Microworld
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MIGROSOFT
STRIKES GOLD.




This is what paydirt
looks like when it’s
turned into silicon.

Intel’s iAPX 80286
MiCroprocessor.

Together, Microsoft
and Intel used this gem
to create another: the
XENIX* 286 Operating
System. The most power-
ful implementation of
UNIX* on the market
today for any micro-

processor. And the most
reliable, functional, com-
mercial enhancement

of the UNIX operating
system ever created.

The XENIX 286 Oper-
ating System includes
UNIX enhancements
available from both
AT&T™and U.C. Berkeley.
But Microsoft has also
added loads of other com-
mercial enhancements to
make your life richer, in
more ways than one. For
instance, there are record
and file locks, sema-
phores to help manage
multiuser/multitasking
data, and auto-
matic disk
recovery for
better reliability.

Which makes
XENIX 286 an
ideal Operating
System for
applications
software devel-
opment. Over
one hundred and fifty
customized business soft-
ware packages have been
developed for XENIX,
making it one of the most
useable multiuser Oper-
ating Systems available
today:.

For Microsoft, the
unique advantages of
Intel’s 80286 micro-
Processor were most
appealing. As Bill Gates,
chairman of Microsoft,
said, “On-chip memory
management and protec-
tion offered by the 286
ensures code compat-

Bill Gates,
Chairman of Microsoft Conp. When vOu Want’

ability and makes it easy
to port XENIX between
different OEM systems.”’

In addition, its ability
to run in fast 8086 mode
makes the 286 the only
processor that can sup-
port both XENIX 286 and
MS-DOS without addi-
tional hardware. “With
this ability, users get the
best of both worlds in
one piece of hardware;’
said Gates.

What's more, it’s the
only microprocessor
architecture with the flex-
ibility to offer you entry
at whatever level of inte-
gration you
choose: chips,
boards, or com-
plete systems
(including, of
course, our
new 286/310
supermicro
system. ) So you
' get to market

in the way you want.

Why not dig a little
deeper, and call us toll-
free at (800) 538-1876.
In California, (800)
672-1833. Or write Intel,
Lit. Dept.#S9,3065 Bowers
Avenue, Santa Clara,

CA 95051.

And don’t be surprised
if you hear shouts of
“Eureka!” coming from
your product develop-
ment team.

intal

*XENIX and MS-DOS are trademarks of Microsoft Corporation. UNIX is a trademark of Bell Labs, Inc.
ATET is a trademark of Ameriean Telephone & Telegraph. © 1984 Intel Corporation.
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You choose from all the best technologies at

KEYBOARD
HEADQUARTERS

DIN compatibility in the most advanced keyboard technologies.

Only from Cherry: Where we are ready today to meet 1985 ergonomic standards.
Only from Cherry: Where we make all the most cost-effective technologies for
your application.

Only from Cherry: Your Keyboard Headquarters. Worldwide.

— Full Travel Hard Contact
-

Gold crossbar contact configuration re-
‘j‘ lied on in millions of applications

worldwide. A first from Cherry more than
adecade ago. Now proven and improved
to meet the low-profile challenges of the
80's.

Gold
Crossbar
Contacts

Full Travel Sealed Contact

NEW: A next generation keyboard that
combines full travel with the quality and
reliability of sealed silver contacts for long
life, low cost. Conical steel spring ac-
tion with linear feel. .. or elastomeric ac-
tion with tactile feel.

Full Travel Capacitive

Pad capacitive in a uniquely simple
design requiring only five parts and a
snap-in angled pad. Another keyboard
technology alternative from Cherry ...the
folks with the most logical alternatives.

Flat Panel Membrane

Unlimited design options thanks to our
state-of-the-art production techniques
and in-house fabrication. Thin, light-
weight, reliable, low cost. All this and
sealed contacts, too!

SEND FOR COMPLETE DATA

[x[e[v|eloja[rip| [H[E[a[p[a[u]A[R][T[E[R]S]
CHERRY ELECTRICAL PRODUCTS CORP.
3614 Sunset Avenue, Waukegan, IL 60087 « 1-312-578-3500
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LETTERS TO THE EDITOR

Unix: a closer look

I have enjoyed reading the April issue,
especially the items concerning the Unix
operating system. Sam Bassett’s article,
““Operating Systems Contend for Position
as Industry Standard”’ (p 42), reflects a
good grasp of the matter. His description
of Unix as ‘‘endlessly modifiable’” high-
lights a strength of its modular design.
OEMs are using Unix as a meta-
environment (an environment for building
specific environments) to develop vertical
market applications such as CAE systems,
fault-tolerant systems, secure systems,
business systems, and realtime SCADA
systems. When desirable, it has been
straightforward to add demand-paged
virtual memory, record locking, and bit-
mapped windowing.

Naturally, Bassett would be remiss if
he did not point out the flaws in the Unix
operating system. Its user interface was
designed over 10 years ago for low baud
rate teletypewriters and dumb CRTs.
Until five years ago, it was lauded as a
paradigm of user-friendliness. But the
advent of microcomputers for the masses,
with software designed for a whole new
class of users, has changed that.

Hence, the article contains a few unfor-
tunate statements concerning the Unix
operating system, such as ‘‘nobody can
be expected to understand [Unix] in a
finite period of time.’” Because under-
standing is a qualitative abstraction, the
same statement can be made of any oper-
ating system whose code will not fit on
the back of an envelope.

In addition, ‘‘[Unix] is written in C—
a far cry from Cobol, in which most
applications are written,”” and ‘‘The
whole system has a bad habit of changing
completely every time a new system pro-
grammer works on it.”” First, micro-
computer software applications written in
Cobol are rare. They are almost exclusively
written in Pascal, Basic, or assembler.
Now, C is becoming the language of
choice. Ask Digital Research, Microsoft,
Lotus, or VisiCorp. Second, the system
changes fault lies with system administra-
tors, not Unix. Uncontrolled change is
risky regardless of the operating system
involved.

Bassett went on to say that ‘‘the sup-
plied documentation, by its sheer weight
and incomprehensibility, is guaranteed to
give an English major a hernia and hys-
terics,”” and that ‘‘when [a program] must
be halted for some reason, the entire pro-

gram and data are swapped out to disk.
When it can run again, it must be reloaded
from disk and reconnected to the oper-
ating system.”’

In reality, large operating systems per-
force have extensive documentation.
Look at the number of manuals supplied
with Multics or A0s. Technical manuals
are notorious for misjudging their audi-
ence. The Unix System v manuals are a
marked improvement over the past. And,
now that AT&T has a desktop micro, the
3B2, I suspect we will see manuals that
satisfy the needs of microcomputer users.
In the interim, there are numerous books
that will fill this gap.

Also, multitasking systems must either
swap or limit the size and number of tasks
that can be executed concurrently. Swap-
ping definitely degrades performance in
the face of low performance drives. But,
the situation is not as dark as Bassett
paints it. Unix System v swaps a waiting
program only when there is insufficient
memory to load the current program.
Since text (instructions) is shared, this seg-
ment of program may not get swapped
at all.

Fred Christiansen
Motorola Microsystems
2900 S Diablo Way
Tempe, AZ 85282

Don’t ignore a good chip

I can understand Surendar Magar’s desire
to push TI’s TMS320 in his article, ‘‘Signal
Processing Chips Invite Design Compari-
sons’’ (Apr 1984, p 179). It is a very nice
chip and I use it. However, I cannot
understand how one can ignore, in an
informative article, the existence of a high
performance chip such as the Fujitsu
MB8764, with such features as a 100-ns
cycle, microprogramming, and a 256-
word memory. This chip has been avail-
able for some time and can hardly be
overlooked.

Gideon Keydar

Scitex Corp Ltd

PO Box 330

43103 Herzlia B, Israel

Please eliminate “jaggies”

I must applaud your use of computer
graphics techniques to create cover art for
Computer Design. However, I feel that
you are giving computer graphics a bad
name by continuing to allow your artists
to use equipment that produces output
with severe spatial aliasing. I am sure
many of your readers are becoming dis-
enchanted with computer graphics as an
output medium because of the ‘‘jaggies’’
in your cover art.

There are many anti-aliasing techniques
available and, undoubtedly, one of them
would be appropriate for your system. I
would encourage you to explore these
techniques as they could significantly im-
prove the quality of your covers without
incurring excessive cost. Also, computer
graphics neophytes will not get a negative
impression before they have a chance to
experience higher quality displays.

L. Jay Bass
Burroughs Corp
11010 Roselle St

San Diego, CA 92121

Other readers have questioned our use of
relatively low quality graphics techniques
when today’s most advanced equipment
allows much higher resolution. For this
reason, beginning in September our
covers will be created using a wider range
of computer graphics techniques—
including three-dimensional effects. One
problem, of course, is that computer
graphics can now create pictures that are
almost indistinguishable from hand draw-
ings or photographs of solid objects. Our
dilemma, therefore, is to show textually
that we are using computer graphics,
while also availing ourselves of the full
potential of the technology. For this rea-
son, we may sometimes deliberately intro-
duce ‘‘jaggies’’ into our cover art, even
though the equipment is capable of elimi-
nating them. Thus, we would be creating
the high-tech equivalent of brush marks
in an oil painting.

Michael Elphick
Editor in Chief

(continued on page 24)
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LETTERS TO THE EDITOR

(continued from page 23)

They don’t have to be whiz kids

I read with great interest the editorial in
the February issue (p 11) on Computer
Literacy. [The following are excerpts
from a short article Mr Eisenberg sent to
members of his local school board.]

““The time has come the walrus said...”
With this phrase Alice was swept into
Wonderland. Today, we are all being
swept into a different Wonderland—
Microland. Computers will continue to
pervade many facets of our lives. Our
children are exposed to them before they
enter grade school (remember the video
game hooked to your living room TV).

In our grade schools, ‘‘computer liter-
acy”’ is the new buzz phrase all educators
are striving for. Everyone wants it—but
how many know what iz is? I have heard
people at all levels of our educational sys-
tem echo the theme ‘“Computer literacy
is necessary to survive in our technological
society.”” Without it, they fear that our
kids will be somehow left out. My ques-
tion is, left out of what?

Are we forgetting the primary purpose,
perhaps the only purpose, of our schools
is to teach our children the skills necessary
to live in the world they will see when they
graduate? Now, I know that most of us
do not understand computers; we feel
threatened by them, and we see them as
invading our workplace and our homes.
But does that mean that we need to raise
a generation of programming wizards? Or
does it really mean we must teach our
children to function in a world that will
use computers much the way we use TV’s
today?

I have been working with computers
for over 20 years; I have been using a TV
for longer than that. I am fully willing to
admit that I have no real understanding
of how a Tv works, but this lack of
knowledge has not proved a significant
handicap to watching what I want, when
I want. The TV is a foo/l—one designed
to provide entertainment.

The computer is also a tool, a multi-
functional tool perhaps, but a tool none-

The Cost Efficient EPROM Programmer!

SOUTHERN COMPUTER CORP

HHE ﬂ HH

@
o
-1
]
2
2
g
E3
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=
7]

DISPLAY [ Bright 1" high
display system [] Progress
indicated during programming
[J Error messages

KEYBOARD (] Full travel entry
keys [J Auto repeat [] Illumi-
nated function indicators

INTERFACE [J RS-232C for
data transfer [ 110-19.2K
baud [] X-on X-off control of
serial data

FUNCTIONS [J Fast and stan-
dard programming algorithms

[ Single key commands

[J Search finds data strings up
to 256 bytes long [J Electronic
signatures for easy data error
L.D. [J “FF" skipping for max
programming speed [] User
sets memory boundaries [ 15
commands including move,
edit, fill, search, etc. functions
(] Extended mode reads
EPROM sets

GENERAL [J Stand alone
operation, external terminal
not needed for full command

set [] Total support [ 28 pin

sockets [] Faulty EPROMS indi-

cated at socket [] Programs 1
to 128K devices [ Built in
diagnostics [J No calibration
required [] No personality
modules to buy [] Complete
with 128K buffer (] Only

$995.00
COMPLETE

Dealer inquiries welcome.

SOUTHERN COMPUTER CORPORATION
3720 N. Stratford Rd., Atlanta, GA 30342, 404-231-5363
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theless. For most of us, knowing how to
use a tool is both necessary and sufficient.
Understanding how it works from the
inside out, or how to program it is unnec-
essary. Providing this functional under-
standing of how to use computers is what
I mean by ‘‘computer literacy.”’

I think there is a problem in assuming
that all children need to know how to pro-
gram computers to survive in the world
of 1988 to 1995. That kind of perception
leads us into wanting to train all our kids
in computer programming. What is the
role of the computer in our schools?
What functions can it serve? How can we
provide the right form of ‘‘computer liter-
acy”’? And, perhaps most importantly,
how can we use its power to augment the
educational process? Clearly, turning our
children into a generation of hack pro-
grammers is not the answer to these
questions!

Just as Alice strayed into Wonderland
and experienced both exciting and fright-
ening adventures, so too can the novice
wander in Microland with equal delight
and profit. How good or how bad the
experience is depends only on the quality
of the planning done beforehand and the
understanding of the real needs of the
organization.

A. M. Eisenberg
E. I. DuPont de Nemours & Co
Wilmington, DE 19898

Another view on reliability

In response to Michael Hordeski’s letter
in the June 1 issue, my point is that reli-
able designs require a lot of careful work.
There are many potential problems, and
some of them are quite obscure. I do not
think reliable microprocessor design is a
lost cause—far from it. Many of them are
very good.

The use of normal MTBF (MIL STD 217)
reliability prediction simply takes into
account the reliability of each individual
component. This does not account for
race conditions, noise problems, or even
designs that don’t work. The MTBF
method of reliability prediction is simp-
listic and is only one small part of a truly
reliable design. If we could only use this
method as Mr Hordeski suggests, anyone
could beat us.

Carl Oppenheimer
12 Depot Rd
Kingston, NH 03848



Once in a generation:

introducing the
- 32-bit microprocessor
~ performance standard.
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new system with the MC68020:
mMiCroprocessor.

The new performance standard.

Motorola’'s new MC68020 performs
at speeds typically 400% of the estab-
lished standard of comparison, the
MC68000. It's up to ten times faster in
dedicated 32-bit applications.

No other 32-bit MPU makes this ex-
tensive a leap in performance improve-
ment. At 16.67 MHz the MC68020 typ-
ically runs at 2.5 MIPS for integer pro-
cessing. MIPS rates several times typ-
ical are achievable in dedicated 32-bit
applications.

The advanced two-micron HCMOS
manufacturing technology which
allows this unparalleled performance
also results in very low power dissipa-
tion. In fact, the MC68020 consumes
less power in a system than the
original MC68000.

The MC68020 creates opportunities
you've never had before--opportuni-
ties to unleash the full potential in
your 32-bit MPU-based systems be-
cause it sets the standard for 32-bit
microprocessors. And, because it's the
first complete 32-bit microprocessor
available, more than just a 16-bit design
on a data bus stretched to 32 bits. A
detailed look at the architecture re-
veals this totality.

A fully compatible M68000 Family
member.

Yes, the MC68020 has features new
to the M68000 Family to maximize its
true 32-bit capabilities.

Yes, it's an all new design built with
advanced, highly manufacturable
HCMOS technology.

And, yes, it's a fully-compatible
member of the M68000 Family of
MPUs and peripherals. All user object
code written for previous M68000
Family MPUs executes without re-
vision. In fact, MC68020 enhance-
ments allow it to run more than three
times faster.

Family compatibility is further en-
hanced by dynamic bus sizing, which
supports the use of 8-, 16- and 32-bit
ports in 68020-based systems. In fact,
the MC68020 can be used in existing
8- or 16-bit systems.

New features enhance 32-bit
architecture.

The MC68020 design is new, how-
ever its architecture is based on the
proven M68000 Family 32-bit register
set. And, the MC68020 is highly en-
hanced.

On-board instruction cache speeds
operation and provides increased
multiprocessing efficiency. The copro-
cessor interface allows direct expan-
sion of the architecture off the MO68020
chip to coprocessors or customer-spec-
ified processing systems.

New addressing modes, new instruc-
tions and a 32-bit barrel shifter support

new capabilities. Operating system ef-
ficiency is improved with a 32-bit pro-
gram counter.

These enhancements and more op-
timize the MC68020 for 32-bit opera-
tions.

Design support brings projects
together, fast.

Making the most of your new 32-bit
design opportunities with the MC68020
is simple and effective with the
backing of powerful new hardware
and software support from Motorola.

The Benchmark 20™ evaluation sys-
tem has been developed as a maxi-
mum environment testbed for result-
ant software. For initial software de-
velopment, cross-support packages
under both the UNIX™-derived System
V/68™ and the real-time VERSAdos™
operating systems run on standard
Motorola VME/10™ and EXORmacs®
hosts.

You'll find MC68020 designs a
breeze with Motorola's advanced
development tools--real time emula-
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tion and bus-state analysis with the
HDS400 development system.

Move up to the MC68020.

The opportunity to design new-gen-
eration systems around the MC68020
and the M68000 Family is yours today.
Marketplace attention will be focused
directly on the growth-oriented com-
panies that take advantage of this
opportunity. Motorola’s sales engineers
and field applications specialists are
available and equipped to assist you in
moving up to the new 32-bit micropro-
cessor performance standard. Contact
one of them today.

Additional technical information is
available by writing or sending the
completed coupon to Motorola Semi-
conductor Products Inc., P.O. Box 20912,
Phoenix. AZ 85036.

Benchmark 20, SYSTEM V/68, VME/10and VERSAdos are
trademarks of Motorola

EXORmacs is a registered trademark of Motorola
UNIX is a trademark of AT&T Bell Laboratories.
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Mini-MAP makes it practi-
cal to apply array process-
ing to general-purpose sci-
entific and engineering
computing.

Practical in terms of use:
Mini-MAP’s compiler allows
you to program the array
processor directly in FOR-
TRAN. An assembler, a
linker, and a debugger are
also part of the package.
Plus you can use our library
of over 250 highly opti-
mized scientific subroutines.

Practical in terms of
throughput: Because it is
an array processor, Mini-

Practical in terms of cost:
Mini-MAP is available as
an economical, four-board
set or as a packaged sys-
tem. Now, with Mini-
MAP, OEMs can offer
their customers a better
product at lower costs.
Mini-MAP’s low power
demands, small size, and
high reliability make the
package extremely attrac-
tive. And end users will
find our FORTRAN com-
piler and other software
tools minimize program
development costs.

“’ - 2¢ad ™
e bullt Mm1‘M_AP ° Some practical things to

MAP increases the computing speed of a mini or super-
mini computer as much as 10 to 100 times. Where it takes
a typical minicomputer minutes to perform tasks such as
image rotation, Mini-MAP reduces interactive response
times to seconds. Your computer may require hours to
perform each step of a trial-and-error-process such as simu-
lation, but Mini-MAP, can zip through in mere minutes.
DEC, PDP-11, LSE11, and VAX-11 are trademarks of Digital Equipment Corp.

Mini-MAP is a trademark of CSPI

know about Mini-MAP:
32-bit DEC™ floating point format [] Interfaces to DEC
PDP-11, LSI-11, and VAX-11 series [] Up to 16 MBytes
of data memory [] 1024 x 1024 2-D FFT in 8.8 seconds
[] Extensive software tools plus dedicated applications assis-
tance including training, convenient parts depots, and field
service staff support our worldwide installations.
To find out how Mini-MAP can work for you, call toll
free 1 800 325-3110.

40 Linnell Circle, Billerica, Massachusetts 01821 e 617/272-6020 ® TWX 710-347 0176

CIRCLE 17



SYSTEM TECHNOLOGY/ /(60 01% & (01

Power and logic devices are merging on the same chip

A revolution is brewing in the field
of power semiconductors. Sheer
brawn is giving way to brawn and
brain, as power semiconductor
devices gain greater intelligence in the
form of logic on the same chip hold-
ing the power transistor(s). Advances
in merging bipolar and MOS tech-
nologies have made this possible.
Although the technology of joining
logic and power on the same chip is
still very young, it holds immense
implications for circuit and system

designers. With decentralized micro-
processor power already widely avail-
able, the next step is likely to be truly
intelligent power devices with micro-
processors on the same chip holding
the power device, leading to distrib-
uted power control.

Much of the success of intelligent
power IC technology rests on the
ability of process engineers to merge
such unlikely partners as CMOS
devices, generally used for logic func-
tions, with high speed and high power

B

BIDFET row (top) and
column (bottom) driver
ICs can drive up to 32
electrodes each. Each
device has its own
32-bit shift register
and drives thin-film,
flat-panel
electroluminescent
displays. The row
driver withstands up to
225 V and supplies a
50-mA current output.
The column driver
provides a 60-V output
swing, a 15-mA output
source, and sink
current.

bipolar and double-diffused MOS
(DMOS) devices. Until a few years
ago, such merged technologies were
difficult to master and uneconomical
to use. However, with the advent of
improved lithographic etching and
ion-implantation equipment, as well
as greater experience in making
merged processes work, intelligent
power ICs made with mixed technol-
ogies are looking economically more
attractive.

Designers are discovering that not
only does the merger of logic and
power technologies on one chip pro-
duce smaller size ICs than if two
separate devices are used, it also
means lower overall costs, increased
performance levels, and higher reli-
ability. Moreover, circuit designs are
simplified considerably.

The ultimate goal is to create intel-
ligent power devices with the fastest
possible switching speeds and the
most efficient operation, at the lowest
possible cost. This pursuit of theoret-
ical performance limits has MOSFET
power device designers chasing after
all sorts of cell layout geometries, to
get the most performance from the
least amount of silicon area. The goal
is to achieve maximum packing den-
sities and the lowest MOSFET on
resistance. The larger the ratio of the
FET’s source width to area, the more
active silicon in the form of individ-
ual cells that can be achieved on a
given chip.

The shape of things to come
Thus, it is not surprising to see a
plethora of MOSFET cell shapes
emerging, with square and hexagonal
cells predominating. The square cell
is the choice of such device manufac-
turers as Motorola Semiconductor
Products Inc, Siemens Inc, and
Siliconix Inc. Japanese manufac-
turers like Hitachi Ltd, Nippon Elec-
tric Corp, Toshiba, and Matsushita
are also opting for the square-cell
(continued on page 30)
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Power and logic devices
(continued from page 29)

DMOS

NMOS

The BIDFET process brings together on one chip double-diffused M0OS (DMOS),
npn, NMOS, and PMOS transistors. It allows the merging of precision-control and
self-isolated cMOS logic devices with high voltage interface circuitry through the
use of standard junction-isolation techniques.

approach. International Rectifier
Corp, on the other hand, feels that
the hexagonal cell it pioneered is
superior; so does General Electric
Co, Unitrode Inc, and RCA Semicon-
ductor Inc. Others, like Texet Corp,
are using triangular cells, while
Supertex Inc uses an interdigitated
approach. Besides the square cell,
Siliconix also uses the interdigitated
approach.

Regardless of what cell shape is
used, all are achieving record levels
of silicon-area utilization, record high
voltage capabilities, and new lows in
MOSFET on resistance. And, they are
doing it while successfully mixing
with other process technologies. The
Texas Instruments, Inc (PO Box
225012, Dallas, TX 75265) BIDFET
driver ics for electroluminescent flat-
panel displays are but one example.

The SN7551/7552 row drivers and
SN7553/7554 column drivers are made
by the BIDFET process that mixes
bipolar, DMOS, and FET transistors
on the same chip, hence its BIDFET
name. The BIDFET process merges
precision-control, self-isolated CMOS
logic with high voltage interface cir-
cuitry on a common monolithic sub-
strate, by using standard junction-
isolation techniques. It solves the
high voltage limitation problems of
conventional ICs while retaining their
logic capabilities. BIDFET devices
have been produced with working
voltages of up to 250 V and break-
downs of more than 300 V. This is
achieved by replacing the conven-
tional bipolar output stage with a
DMOS transistor.
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Driving 32 electrodes, the row
drivers can withstand up to 225 V and
provide a 50-mA output current.
Input is cMOS compatible. The
column driver IC also drives 32 elec-
trodes with a 60-V output swing, and
a 15-mA output source and sink cur-
rent. It features high speed serially
shifted data, and totem-pole latched
outputs.

The junction-isolated process TI
uses in making the BIDFET drivers is
gaining in popularity over another
process known as self isolation. The
former process provides higher
onchip current (about 10to 20 vs 2 to
4 A), and lower on resistances. The
trade-off is a lower maximum voltage
rating (about 150 vs 400 V), and an

additional processing step for an
epitaxial layer.

Yet another mixed process yielding
intelligent power devices is the Bi-
MOS process used by Motorola. This
process not only allows power devices
with minimum power dissipation,
high efficiency, and direct interfacing
with external digital circuits, but also
the ability to block both negative and
positive high voltage transients.

In this power process, a vertical
pnp bipolar transistor is used at the
output of a power device. As a result,
die area is minimized through the
presence of a substrate collector that
eliminates both the top collector
contact area and the lateral spacing
needed to maintain high breakdown
voltages. Collector series resistance is
decreased by using the package
header as the output. With this type
of structure, better gain is possible
than with lateral transistors having
the same die area. There is a price,
however. Latching is more common
due to the forward biasing of the
epitaxial-substrate junction during
device operation, leaving the transis-
tor’s output collector at a high poten-
tial. This can be alleviated using MOS
transistors that are less susceptible to
latching than bipolar ones.

Motorola has made a high side
driver with the BiMOS process. The
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A high side driver 1C merges bipolar and

MOS transistors with a BiMOS process.

The driver, with TTL-compatible inputs, can drive loads to within a few hundred
millivolts of the supply voltage, and features voltage and thermal shutdown
capability, current limiting, and a saturation detector. Lateral pnp transistors and
laterally diffused MOS transistors within the device block negative, as well as

positive, 125-V transients.




circuit has TTL-compatible inputs
and can drive loads to within a few
hundred millivolts of the supply volt-
age. The device features thermal and
voltage shutdown capability, current
limiting, and a saturation detector.
Lateral pnp bipolar transistors and
laterally diffused MOS transistors
block negative and positive transients
of up to 125 V.

Intelligent regulators too

Motorola Semiconductor Products,
Inc (5005 E McDowell Rd, Phoenix,
AZ 85008) makes an entire family of
intelligent power devices appropriately
named SMARTpower. One such
device is the MPC100, a 5-V fixed
regulator with an 80-W output tran-
sistor. The device can deliver up to
10 A, has internal thermal protection
and short-circuit protection, overcur-
rent limiting, and, thanks to the regu-
lator’s low saturation voltage,
features a low differential-voltage
operation of just 1.5 V at the maxi-
mum output current of 10 A. The
device is intelligent enough that it
becomes a variable voltage regulator
when a pair of external resistors are
added to it.

Yet another SMARTpower device is
the MPC2005, an overvoltage and
temperature-protection circuit made
of a combined CMOS and TMOS pro-
cess. (TMOS is so named because
drain current is split into a T forma-
tion.) The device, which combines the
best of CMOS and bipolar transistor
characteristics, discharges up to
150-A peak currents and operates at
up to 15 A of continuous anode
current. It trips when voltage exceeds
6.2 V or when the junction tempera-
ture rises over 125°C, to remove the
voltage supply from the system to
which it is connected.

One of the most intelligent mono-
lithic voltage regulators is the LT1005
from Linear Technology Corp (1360
McCarthy Blvd, Milpitas, CA 95035).
The dual output device has two inde-
pendent 5-V regulators and is logic
controlled by a TTL- or CMOS-
compatible enable signal. Its 5-V out-
put can be switched to near zero by
a logic low signal. The auxiliary out-
put is unaffected by the logic control
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One of the most intelligent monolithic voltage regulators is the LT1005. This
dual-output IC has two independent 5-V regulators and is logic controlled.

The main regulator’s output can be logically controlled by a TTL- or
CMOs-compatible enable signal, with its 5-V output switchable to near zero by a
logic LOW signal. Meanwhile, the other regulator works without being affected
by the logic control signal or by any fault condition at the main regulator.

signal, as well any fault condition at
the main regulator circuit, and will
continue to deliver its 5-V output.
Such a dual structure allows a system
to be designed such that the main 5-V
supply can be shut down for power
savings or protected in the event of
failure, while the auxiliary supply
continues to apply power to other cri-
tical circuits.

Fault protection is what distin-
guishes the IM2925 monolithic regula-
tor from National Semiconductor
Corp (2900 Semiconductor Dr, Santa
Clara, CA 95050). The 5-V, 750-mA
device with a small 1/0 differential of
just 600 mA, automatically shuts
down in case of a short circuit, ther-
mal overload, or the presence of in-
put transients anywhere from — 50 to
60 V. Not only that, but it automati-
cally resets itself and restarts after a
delay that can be set by the user. That
delay can range from milliseconds to
seconds, depending on the value of
an external capacitor that is con-
nected to one of the IC’s pins. The
regulator continues operating with an
input as high as 31 V. When a fault

occurs, the regulator’s pin 5 shows a
normally high reset flag, which can
be sensed by a microprocessor for
switching over to another voltage
regulator.

TI has used its BIDFET process to
make an intelligent and adjustable
monolithic voltage regulator supply-
ing up to 1 A over a range of 5.25 to
200 V all in a TO-220 package. Unlike
the firm’s display drivers, most of the
regulator’s transistors are bipolar,
and the output stage is a lateral
DMOS transistor.

Intelligence also lends a hand in
making monolithic voltage regulators
more versatile, as can be seen in the
Unitrode Corp (580 Pleasant St,
Watertown, MA 02172) UC1834 three-
terminal regulator. It includes many
features that would normally require
external circuitry for other three-
terminal regulator 1Cs. For example,
besides its high gain error amplifier
and output-driver stage, the unit has
onchip provisions for current sensing,
remote-voltage sensing, and thermal
protection. The regulator’s output

(continued on page 32)
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Power and logic devices
(continued from page 31)

DMOS NPN

v ~
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CMOS logic devices (right) may share the same substrate space with high current
DMOS transistors (left). Siliconix has used this process to build a controller 1C
with exclusive-OR logic to switch 12-A peak currents at 120 V and at 200-kHz
rates. The process can handle 150-V potentials and 20-A peak currents.

transistor can serve as a sink or a
source, allowing one device to serve
as either a positive or a negative out-
put supply. The chip furnishes 200
mA over ambient temperatures from
—55to 125 C.

Smarter power transistors

Thanks to a BiMOS process that
General Electric Corp, Semiconductor
Division (W Genesee St, Auburn, NY
13021) perfected, 500-V power tran-
sistors have been teamed with 20-V
cMOS logic devices, on a single
junction-isolated 1C. There is only
one drawback to such devices—the
emitters of the bipolar transistors and
the sources of the MOSFETs must be
connected to ground for operation.
This slightly limits the devices’
flexibility.

GE achieved the 500-V breakdown
rating by a technique known as lateral
charge control. The technique permits
lateral high voltage devices to be built
in 7-um, lightly doped n — epitaxial
layers grown on a p~ substrate.
Unlike standard processes where the
voltage breakdown of a transistor is
a function of the thickness of the
epitaxial layer, the breakdown volt-
age for the GE BiMOS devices is a
function of the length of the charge-
control drift region and the depth of
the implanted impurity ions. The
longer the drift region, the less the
charge per unit area for a given
voltage.
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Until recently, if designers wanted
to control power MOS transistors
with 5-V logic signals, they not only
needed special level shifting circuits,
but also an additional supply voltage
to drive those circuits. This is because
it takes at least 10 V between a power
MOSFET’s gate and source terminals
to get it into full saturation. The
logic-level FET (LLFET) family of
MOSFETSs from RCA Corp, Solid State
Division (Rte 202, Somerville, NJ
08876) has done away with all this.
They can be driven into saturation
with just 5 V between their source
and gate terminals, sacrificing no
speed, resistance or current-handling
capability.

Teledyne Semiconductor Inc (1300
Terra Bella Ave, Mountain View, CA
94043) also makes level-shifting
devices. Three dual power CMOSFET
drivers translate a low level TTL or
CMOS input signal into an ouput volt-
age swing within 25 mV of the power
supply rails. The TCS426 has two
inverting drivers, the TCS427 is a non-
inverting driver, and the TCS428 has
one inverting and one noninverting
driver. Without external capacitors to
speed their operation, each device can
swing a 1000-pF load to 18 V in just
30 ns. This combination of high
speed and a wide voltage swing en-
sures that power MOSFETs are fully
turned on or off, minimizing conduc-
tion power dissipation. At low supply
voltages and with high threshold

power devices, the rail-to-rail swing
is particularly useful in minimizing
power loss in switch-mode power
supplies, motor-control systems, and
dc-to-dc converters.

Because the gate-drive requirements
of power MOSFETs have been
reduced, the FETs are becoming
attractive candidates as output
devices for smart power ICs. For
example, International Rectifier
Corp, Semiconductor Division (233
Kansas St, El Segundo, CA 90245)
takes a LED, illuminates a pile of
photovoltaic cells with the LED’s out-
put, and triggers the gate of a
MOSFET with the resultant electrical
output of the photovoltaic cells. All
of these functions are on one chip,
and allow switching up to 1000 V.
The device includes a bidirectional
MOSFET known as bidirectional
output-switch FET (BOSFET) and con-
trol logic on one chip.

The company also uses the photo-
voltaic principle in its solid-state
switch with zero crossing (s*X) solid-
state relay chip. The IC contains an
optical receiver, signal conditioner,
zero-crossing detector, and a high
power thyristor, all on one substrate.

Another example of a smart power
switch is the experimental XPC1500
logic-to-power switch for Motorola,
for switching up to 16 A, on com-
mand signals received from CMOS
logic or TTL inputs. The firm is also
developing the XPC1600, a pulse-
width-modulated power IC that can
handle 150-V potentials at a maxi-
mum current drain of 10 A. The
MOSFET device is designed for
switching-regulator and motor-
control applications.

Siliconix Inc (2201 Laurelwood Rd,
Santa Clara, CA 95054) has devel-
oped a controller chip to handle up
to 150-V potentials and peak currents
as high as 20 A. This chip combines
DMOS and CMOS devices on one sub-
strate for greater intelligence in power
devices. The junction-isolation pro-
cess employed uses n * channel power
devices implanted in an n ~ epitaxial
layer, and CMOS devices built in a p

(continued on page 35)
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FLEXIBLE SOLUTIONS
FOR A FUTURE OF CHANGE

Tek software sheds new light on your VAX.

Turn your VAX™ computer
into a powerful microprocessor
development system.

Tektronix software. The same
powerful tools that set the stan-
dard for high-level programming
on Tek’s 8500 series of micro-
processor development systems
are now available for use on your
VAX. Get the sophistication of
Pascal and C Language Devel-
opment Systems (LANDS). Plus
real-time emulation and debug

U.S.A,, Asia, Australia, Central & South America, Japan:
Tektronix, Inc., P.O. Box 1700, Beaverton, OR 97075.
For additional literature, or the address and phone number of
the Tektronix Sales Office nearest you. contact: Phone:
(800) 547-1512. Oregon omgz (800) 452-1877, TWX:

 (910) 467-8708, TLX: 151754, Cable: TEKWSGT

Europe, Africa, Middle East; Tektronix Europe B.V. Euro-
) Headquarters, Postbox 827, 1180 AV Amstelveen, The
hone: (20) 471146, Telex: 18312-18328

when you integrate Tek’s 8540
emulation unit to your system. Add
4105 Color Graphics terminals to
access Colorkey+, Tek's single-
key interactive user interface. All
fully integrated with VAX-specific
communications software.

Support from the first line of
source code to the last line of
debug.

Call your Tektronix sales
engineer. With your VAX, we'll help
you create a system that suits

your engineering environment, and
show you how Tek and your VAX
have met the challenge of micro-
processor software design.
Tektronix Microprocessor
Development Systems.

bttt/

Call 1-800-547-1512

™VAX is a registered trademark of Digital Equipment
Corporation.

Tektronix

Circle 18 for Literature
Circle 19 for Sales Contact

COMMITTED TO EXCELLENCE

Copyright ©1984, Tektronix, Inc. All



It’s easy to see why our new CRT
series is an improvement down the lii

Improvements that give our HD-100
Series the good-looking features
you expect from a quality CRT. You
get sharper, cleaner lines and char-
acters, plus improved focus and stabil-
ity—even in the corners. And you
can display over one million pixels on
15- or 17-inch screens, vertically or
horizontally. In your choice of standard
video or inverted displays, with line
rates from 26 to 36 kHz. In effect, you
can have enhanced visibility any
way you want it, no matter whether
your customers are processing
words or graphics.

Our CRT line includes a number of
other significant improvements. The
HD-100 Series displays are 33% light-
er than our previous HD Series. That
adds up to easier handling, integrating
and lower freight costs.

We also built in an efficient switch
mode power supply that reduces
power consumption for your cus-
tomers while enabling a stable dis-
play over a wide voltage input range.
In addition, our new HD-100 Series
features an advanced CRT /yoke com-
bination for better focusing. All our
improvements are packaged neatly in
a compact chassis design that of-
fers convection cooling and makes
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service a breeze, and naturally, our
CRTs are UL-478 approved and
CSA certified.

All these enhancements put the
focus on quality inside and out. High
quality manufactured with great ef-
ficiency to give you a new, low price
that's an improvement in itself. Call
your nearest Ball sales office and ask
to see our new HD-100 Series. The
CRTs designed to give you a clear
advantage with every line.
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Power and logic devices
(continued from page 32)
well. Power and logic transistors are
isolated from each other by a p*
region. The controller, which has a
pair of power transistors with
exclusive-OR logic on the same chip,
can switch peak currents of 12 A at
120 V (per transistor) at 200-kHz
rates. The company has also built a
high speed MOS controller IC with
blazing speeds. The device has a
100-ns dead time, which is about one-
fifth that of previous devices, to
allow it to operate up to 600 kHz.
One intelligent controller that sim-
plifies the design of switching power
supplies is the UC1846 from Unitrode.
This pulse-width-modulated IC oper-
ates in the current mode to improve
not only regulation and transient re-
sponse, but can also be connected in
parallel for high current applications.

Going the gate-array route

Semicustom and gate-array ICs are
also being used to make intelligent
power devices. This approach speeds
the design turnaround time and prod-
uct availability, and makes design
prototyping simpler and less
expensive.

With its TMGS002 gate array,
Telmos Inc (740 Kifer Rd, Sunnyvale,
CA 94086) has the highest gate-array
voltage rating at 200 V. The complex
array chip has 16 output stages, each
of which is rated at 200 V and 40 mA,
and a complementary output pair,
also rated at 200 V and 40 mA. The
TMG5002 has an assortment of 5-V
CMOS transistors, 160 uncommitted
gates, 23 D-type, dual-latch, flip-
flops, six MOS or TTL 170 buffers, 10
input-only buffers, and four low volt-
age utility amplifiers.

The array’s 200-V performance
stems from the use of DMOS transis-
tors and dielectric isolation process-
ing. Not only does the entire CMOS
section of the array reside in its own
dielectrically isolated island, but each
200-V DMOS transistor (either p- or
n-channel) does too. As a result, the
transistors interface with 5-V cMOS
logic as if they were discrete devices,
forming, for example, a 200-V push-
pull, three-state output.

Making it easier for users to try out
the Telmos chip is a kit of parts that
contains the three-state circuit that is
driven by 5-V logic, as well as an
n-channel and a p-channel 200-V
10-mA DMOS transistor. Each of the
transistors has resistance of less than
600 2 at 10 mA.

American Microsystems Inc (3800
Homestead Rd, Santa Clara, CA
95051) also has cMOs standard cells
that allow combining of intelligent
power circuits. The transistors have
complementary output buffers that
swing between 0 and 100 V and are
of the parasitic substrate npn variety.

For really high power in an intelli-
gent device, designers can turn to the
Tuff chips from Sprague Electric
Co’s Semiconductor Division (115
NE Cutoff, Worcester, MA 01606).
The ULN-2350C and ULN-2351C are
rated at 80 V each, with the former
and larger device handlingupto 1 A,

thanks to four npn transistors on its
chip, connected in parallel. The
oxide-isolated polysilicon resistors on
these chips are dielectrically isolated
from the remainder of the chips’ cir-
cuits to accept up to 500-V potentials.
As a result, the use of an external
resistor and zener diode, hooked to
one of the IC’s pins, allows protec-
tion against 500-V transients.
—Richard Parker,
Contributing Editor

SYSTEM TECHNOLOGY
(continued on page 38)

September Preview
Watch for a special article
on peripheral ICs

In 1978 we introduced the FAST™ family of high-
speed logic.
In 1983 we had our first million-unit customer.

place, for a total of 100 FAST devices available.
. For the FAST in your future, see your nearest
sales office or distributor or contact the Product
Marketing Dept., Fairchild Digital Products
Division, 333

Western Avenue, R T S
South Portland, FAIRCHILD
Maine 04106. T T e
A Schlumberger Company

FAST (Fairchild Advanced Schottky TTL) is a trademark of Fairchild Camera and Instrument Corporation
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Andin 1984 we'llintroduce FAST LSlintothe market-
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Interconnections are key points of susceptibility to EMI/RFI problems. In your
battle to knock electronic noise out of your system, Amphenol Products may be
your best ally. We've developed cost-effective anti-pollution solutions for your

connection needs.

Using shielding to control radiated emissions, filtering for line conducted
interference, and fibre optic technology for EMI/RFI protection, we can help

you get your data straight. Call Amphenol Products, the new connector

company, for more information, technical assistance and prices.

Shielded data communication
cable assemblies. For compatibility
with systems environments,
Amphenol® interface bus cables
are multi-shielded designs featuring
double-shielded cable with addi-
tional shielding around the inner
data bus lines. IEEE488-1975 style
bus cables are terminated with
24-contact connectors.
RS-232C/RS-449 style EMI/RFI
shielded modem/data cables use
tin-plated D-subminiature
connectors with grounding
indentations.

Reader Service Number 140

©1984 Allied Corp.

Shielded D-subminiature
connectors. As the most commonly
used input/output connector in
business equipment, shielded
D-subminiatures are a key element
in FCC compliance. We provide
radiation protection using a variety
of backshell configurations, from
c¢onductive plated plastic, to
stainless steel, to die cast alloy.
Our backshells provide shielding
coverage for all Amphenol®,
Bendix®, and Spectra-Strip®
RS-232C/RS-449 D-subminiatures.

Reader Service Number141

Fibre Optic Connectors. For the
ultimate in reliable data transmis-
sion, we offer a broad range of fibre
optic interconnection technologies
and styles. Amphenol® and Bendix®
connectors. From epoxy/polish and
epoxyless/polish to epoxyless/no-
polish. From single-channel, to
duplex, to 29 channels in a single
connector. Fram low-cost plastic
connectors, to SMA styles. From
rectangular styles, to environmental
circular connectors. Also, for
mounting semi-conductor devices.

Reader Service Number142




Low-cost filtered input/output
connectors. Our new cost-effective
design uses stress-isolated NPO
dielectric filter chips to eliminate
conducted interference in each
line. Available in a full range of
D-subminiature and ribbon connec-
tor types and sizes, the connectors
are intermateable with most existing
industry standard non-filtered
products. A pricing break-through,
these filtered connectors can be
matched to your insertion loss and
band-pass requirements by
capacitance value selection.

Reader Service Number143

G

Filtered Military/Aerospace
Connectors. Intermateable and
intermountable with standard
Mil-Spec circulars as well as
MIL-C-24308 rectangulars.
Amphenol® and Bendix® filtered
connectors pass desired low
frequency signals while attenuating
line conducted EMI/RFI. These
connectors are also designed for
maximum protection from radiated
EMI/RFI. Available in a broad range
of filtering characteristics, shell
sizes, styles and contact
termination options.

Reader Service Number 144

Shielded planar products. Planar
cables and mass terminated insula-
tion displacement connectors are
increasingly important in data trans-
mission applications. Spectra-Strip®
shielded planar cables, connectors
and cable assemblies are your best
choice for putting an end to garbled
data. Cable is available in coax and
28 AWG versions, with integral
aluminum/mylar shielding and
optional drain wires. Stainless steel
backshells provide total coverage
and a low impedance path to
ground for D-sub connectors.

Reader Service Number145

Call the new connector company

1-800-323-7299

Amphenol Products world headquarters: Oak Brook, IL 60521

Amphenol
ANLLIED gzt
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Matrix array processor breaks through supercomputer barrier

Embracing both loosely and tightly
coupled hardware architectures, the
FPS-164/MAX matrix array coproces-
sor boasts peak performance from 33
to 341 million floating point opera-
tions per second. As such, its cou-
pling with DEC VAX-11, IBM 3081, or
Apollo Domain processors rivals per-
formance previously attained by such
supercomputers as the CRAY-1 or
Control Data Corp’s CYBER 180.

In addition to all this power, the
system is easy to use. Users do not
need extensive knowledge of its inter-
nal architecture to obtain optimum
performance. A Fortran subroutine
library provides the necessary hooks
for application programmers to access
both the matrix arithmetic elements
as well as the floating point arithmetic
unit. Assembly language facilities are
also provided for those problems that
require custom programming.

Design philosophy

The FPS-164/MAX, like its FPS-164
predecessor, is designed by Floating
Point Systems (3601 SW Murray
Blvd, Beaverton, OR 97005) to be a
high speed Fortran engine. As such,
it dedicates hardware logic to acceler-
ate both floating point and matrix
operations such as dot products,
matrix multiplication, and matrix
factoring. This makes them especially
suitable for such areas as structural
analysis, computational chemistry

and physics, semiconductor physics,
and molecular modeling.

However, this system does not act
as a closely coupled coprocessor in
the same way as an Intel 8087 float-
ing point processor does with the 8086
microprocessor, according to Dr
John Gustafson, one of the chief
architects. Gustafson notes that the
FPS-164/MAX does not act as a hard-
ware ‘‘subroutine’”’ summoned during
execution of a program on the host
processor. Rather, program develop-
ment using the company’s brand of
Fortran-77 first occurs on the front-
end processors (DEC VAX-11, IBM
308x/303x/4300, or Apollo Domain)
with the compiled code then down-
loaded to the FPS-164/MAX for actual
execution.

Furthermore, the attached proces-
sor has its own local memory of 56
million words (one word equals 64
bits) as well as auxiliary disk storage
so that it does not rely on host
resources. As a result, the matrix
array coprocessor can run syn-
chronously with programs executing
on the host processor. This is because
its performance is not limited to the
bandwidth of the link between it and
the host processor.

In this way, the attached processor
looks more like a high speed
peripheral device than a memory-
mapped peripheral dependent on
DMA transfers. For example, the

FPS-164
MATRIX
ARRAY

COPROCESSOR

48 MILLION
WORDS/S

MAX

= S

688 MILLION WORDS/S

High throughput on the matrix array coprocessor (33 to 341 MFLOPS) is due to
loose coupling between the processor and its frontend host, and tight coupling
to the matrix accelerator portion. Relative throughputs are shown for a DEC

VAX-11 configuration using a Unibus link.
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bandwidth of the Unibus link
between the FPS-164/MAX and a
VAX-11 host is approximately 46 mil-
lion words/s, while the attached
processor’s internal bus can transfer
data at 688 million words/s. Since
most memory transfers can be
handled on its own bus, the system
is relatively insensitive to the service
interrupts that occur on Unibus from
memory-mapped peripherals.

Hardware architecture

Interrupt servicing becomes a per-
formance bottleneck for other closely
coupled coprocessor schemes because
there is only one path between
memory (both local and global) and
the arithmetic processors, Gustafson
says. This can be a problem for appli-
cations with a high degree of redun-
dancy in either the operations
performed or the data used. Examples
include floating point operations such
as fast Fourier transforms that have
repetitious operations, or matrix
operations like dot products that
have redundant data.

The matrix array coprocessor seeks
to overcome this bottleneck by creat-
ing as many local paths between
arithmetic units and memory as pos-
sible. The MAX portion itself consists
of from 4 to 30 identical arithmetic/
memory cells that perform matrix
operations in parallel. These cells are
mapped into the top 1 million words
of the 56-million word memory pre-
viously inaccessible to users. Since
these arithmetic/memory cells look
like “‘smart’’ memory to the control
unit of the FPS-164/MAX, they can
either be individually addressed (or
addressed as a single unit) by Fortran
or assembly language routines.

This scheme enhances parallel
operations by allowing the bus to be
used once to distribute a problem

over several cells. In fact, vectors
(continued on page 40)



If youre a major league VAR,
we want you on our team.

IBM is scouting for the most valuable of
VARs: those with outstanding new ideas and a
great batting average.

If you're one of them, you could become a
Value Added Remarketer of IBM products. And
what could that mean to you?

First, IBM can add clout to your marketing
efforts. For example, we can help with product
literature, direct mail and business show sup-
port. To add to your skills, IBM offers a wide
range of professional classes for VARs.

Furthermore, thanks to the online referenc-
ing system used by our own sales force, we can
direct prospects with special needs right to
VARs with appropriate solutions.

And, as one of the finest of VARs, you'll be
selling the finest equipment: some of IBM’s most
competitive products. Our VARs can apply for
the YBM 4300 systems, System/30, g)eries/ !
System/38, the IBM Personal Computer and
the System 9000 family.

To find out more about the advantages of
becoming an IBM VAR, simply send in the cou-
pon below or call 1 800 IBM-VARS. Ext. 562.

If you think your company ==
can qualify, now’s the time =
to touch base. s

| Larry Humphreys i |
' IBM Distribution Channels |
| P.O. Box 76477 |
| Atlanta. GA 30358 l
: Please send me your free booklet, “Looking for Leaders.” }
} Name Title }
} Company ,'
l Address |
l |
| City State Zip |
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Matrix array processor
(continued from page 38)
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written into these cells are processed
synchronously and in parallel with
other operations occurring in the
remainder of the system’s memory.
As a result, as many as 124 vector dot
products can be computed simul-
taneously.

In addition, this memory-mapped
technique keeps setup and postpro-
cessing overhead low. Thus, even
operations involving short vectors
can take advantage of MAX with
minimum penalty. Furthermore,
Gustafson notes that the matrix array
coprocessor reduces the time needed
to process a system of equations so
that it equals the time spent in setup
and postprocessing. Present imple-
mentations have about 30 percent of
the execution time spent in setup and
postprocessing, with the remaining 70
percent involving the actual process-
ing of the system of equations.

As a result, the system is fast even
when compared to a VAX-11/FPS-164
operating in tandem. Gustafson has
run a benchmark that utilizes an
earthquake analysis of a building in
San Francisco. The VAX-11/FPS-164
combination performed the analysis
at the rate of 7.5 million floating
point operations per second
(MFLOPS). In contrast, a similar con-
figuration with MAX capability ran
the same code at 20 MFLOPS. A
VAX-11 executing the code without
the benefit of either ran the code 46
times slower than the VAX-11/FPS-164

benchmark.
Programmers need not worry

about these varying performance
levels if they use the fast matrix solu-
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tion library (FMSLIB) provided with
the system. The library contains a
package of matrix algebra routines
written in FPS-164 assembly language
that can be incorporated into new or
existing Fortran programs. The rou-
tines can handle either real or com-
plex data with the ability to efficiently
manipulate a variety of sparcity pat-
terns (the distribution of non-zero
elements along the diagonal of the
matrix).

Programmers wishing to access the
system’s resources can use a
Fortran-77 cross compiler that runs
on the host machine, or an assembler
that generates binary object modules.
The generated code for the Fortran
cross compiler is optimized for use on
the attached processor’s hardware
architecture, and includes extensions
to access the FPS-164 disk subsystem,
host files, and the user’s host
terminal.

Since the system can run in a stand-
alone fashion, a system job executive
is also available to manage perma-
nent and scratch files, support For-
tran 1/0 operations, and track
runtime overlays. The executive can
accept commands from either inter-
active foreground sessions on the
processor itself or from background
batch job streams on the host com-
puter. Users can attach/detach the
processor from the host and copy
files between the two in addition to
executing complete jobs on the sys-
tem itself.

—Joseph Aseo, Field Editor
SYSTEM TECHNOLOGY
(continued on page 44)
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Ps:B ... the power
house of the 80’s.

For switching power supplies with the technology
and reliability your design requires, rely on Potter &
Brumfield. With U.S.-based design and manufactur-
ing functions, we can provide the affordable, high
quality switchers you need, when you need them.

Subsystems Experience

We’'re primarily known as a component manufac-
turer, but for nearly 20 years we have been designing
and building electronic subassemblies on a custom
basis for major OEMs. This expertise in electronics
is now being committed to a standard line of switch-
ing power supplies.

Meeting Your Needs

Experienced design engineers and assembly techni-
cians, with the aid of CAD/CAM, optimize the perfor-
mance of our standard switchers for your particular
application. Automated manufacturing equipment
helps assure consistently high quality, and com-
puter-based testing of each unit helps us meet our
goal of 100% customer satisfaction.

Standard Models Available

Our standard open-frame models incorporate an ef-

ficient, MOSFET design. As many as five outputs
are offered on 100 - 300 watt units. All are certified to
meet FCC and VDE requirements for conducted and
radiated EMI/RFI, as well as safety standards
established by UL, CSA, IEC and VDE.

Discover Our Capabilities

Find out more about switching power supplies from
Potter & Brumfield. Call one of our sales offices and
review your needs, or call toll-free 800/223-1416 for
the name of your nearest sales representative or
authorized distributor. Potter & Brumfield Division
AMF Incorporated, 200 Richland Creek Drive,
Princeton, IN 47671.

Regional Sales: Oak Brook, IL, 312/887-0811; Braintree, MA,
617/848-6550; San Juan Capistrano, CA, 714/493-4503; Norcross,
GA, 404/449-4601.

International Sales: Guelph, Ontario, 519/822-1576, TELEX:
0695-6522; Bristol, England, (0272) 716301; Yokohama, Japan,
(045) 812-1418; Hong Kong, TELEX: 39555; Singapore, TELEX:
RS 34686; Chatswood, N.S.W. Australia, (02) 411-5222.

Potter & Brumfield
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Introducing the MK68200 16-bit microcomputer/microprocessor.

Unlike any other 8- or 16-bit single-chip micro-
computer, the new Mostek MK68200 performs
equally well as a single-chip microcontroller and as
a peripheral I/O controller. In the latter type of
application, the MK68200 can provide local intel-
ligence required to handle typical computer system
I/O functions. Without tying up the host processor.
In addition, it can transfer data to and from system
memory using a software DMA function. So, as an
example, it’s ideal as a front-end processor for han-
dling complex serial I/O protocols.

Actually, the 16-bit MK68200 gives you a whole
new dimension of system control. One that enables
you to monitor, measure, regulate, sense, and inter-
connect with more precision than ever before.

The operative word is more. More speed. More
powerful instructions. More I/O functions. More
efficiency. More versatility. All of which mean more
application opportunities. For robotics. Engine
control. Pattern recognition. And real-time meas-
urements and control — as a stand-alone device, or
in tandem with other microprocessors as an intel-
ligent peripheral controller.

First, consider speed. Using the 6 MHz instruc-
tion clock rate, the MK68200 can execute a 16-bit
multiply as fast as a 3.5ps; a 32 x 16 divide in 3.8s;
and a 16-bit add/subtract in as little as 500ns. In
other words, it’s faster than any other general-
purpose, single-chip micro currently available.

One reason for this faster speed is code efficiency;
most MK68200 instructions are just one word. That
not only saves code space, it also improves execution
speed. And the powerful instruction set incorporates
more than 50 instruction types which operate on

\\\I/g;

UNITE

both byte and word operands.

Next, look at the available versions. The MK68200
comes in a 48-pin DIP with 0 or 4K bytes of ROM
and 256 bytes of RAM. It is expandable to address a
full 64K byte address space externally. And finally, an
84-pin LCC version (with no ROM), is available for
system development or for multiple bus applications.

For single-chip applications, up to 40 pins of the 48
pins are available for /O to include two 16-bit parallel
ports. Plus a full-duplex USART with double-buffered
transmit and receive capable of operating at data
rates up to 1.5Mbps (using a 6MHz instruction clock).

The MK68200 offers extensive interrupt capa-
bilities. One non-maskable interrupt input is provided
as well as 14 maskable interrupt sources. In addition,
all 14 independently vectored interrupts are user-
assignable in software for any priority scheme. And
to enhance serial communications, there’s also an
innovative wake-up interrupt on the serial channel.

As for support, there’s a powerful Macro Cross
Assembler, along with a host of other software
tools. As well as RADIUS™, a very cost-efficient
remote development station. And to expand the
MK68200 family, plans include higher performance
versions with denser memory and faster throughput.
Plus power-conserving CMOS.

Look beyond the limits of conventional single-
chip systems into the realm of ultimate control. It’s
yours with the MK68200. For more information,
contact Mostek, 1215 W. Crosby Road, MS2205,
Carrollton, TX 75006, (214) 466-6000. In Europe,
(32) 02/762.18.80. In Japan, 03/496-4221. In the
Far East (Hong Kong), 5-681157-9.

RADIUS is a trademark of Mostek Corporation.

% TECHNOLOGIES
MOSTEK
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Big Blue makes a major move to link computers

Code-named vM/IX, this IBM licensed
version of AT&T’s Unix operating
system clarifies the line of march that
IBM is taking toward networking
workstations, terminals, microcom-
puters, minicomputers, and main-
frames. Operating as tasks under
IBM’s interactive VM mainframe
operating system, the VM/IX operat-
ing systems serve as IBM’s next step
on the way to accomplishing its net-
working goals. This was the senti-
ment of Unix community insiders
attending USENIX, the Unix operating
system user’s group meeting held in
Salt Lake City, Utah, last June.

The VM/IX operating system and
specific machine-tailored versions
will eventually operate on IBM main-
frames that run vM, as well as mini-
computers such as the 43XX series,
Series/1 machines, the XT/370, and
the IBM XT itself. In short, computer
system designers will be able to link
such machines in Unix-controlled
communication networks while the
machine’s native operating system
does specific computing chores.

VM/IX is the result of IBM’s work
with Interactive Systems Corp. Inter-
active developed the single-user Unix
for the XT that became IBM’s PC-1X
operating system. VM/IX is right in
line with IBM’s long-term goals. Cur-
rently, IBM dominates the mainframe
market. Thus, the first goal is to
make sure that other computers/
workstations that are directly con-
nected to an IBM mainframe remain
IBM machines running IBM operating
systems. The vM/1X will help ensure
that this goal is met.

The second goal is to ensure that
IBM minicomputers grow in market
share [Digital Equipment Corp (May-
nard, Mass) dominates the minicom-
puter market], and that IBM micros
continue to be best-sellers. IBM feels
that improving the product, cutting
the price, and allowing networking
through the use of vM/IX builds the
strategy for achieving this goal.

The Unix operating system was
chosen for this application because it
can run on almost any machine. It is
portable because of its design and its
C-code, which has minimal hardware

44  COMPUTER DESIGN/August 1984

CLUSTER

Al
( i3
MS-DOS LOCAL
MODE
DATA IBM
PROCESSING PC-3270
PROGRAM TERMINAL/
DEVELOPMENT PERSONAL COMPUTER
il MS-DOS IN LOCAL MODE
il Buec | sosBeAsED | BMAT | [ nnons
MAINFRAME COMMUNICATION
COMMUNICATION
< | wsos FoR
LOCAL MODE
1BM
SERIES 1
UNIX FOR
X1/370 NETWORK
COMMUNICATION
1BM
X1/370 é{)gxx
MINICOMPUTER
OTHER
S MANUFACTURERS ENIX FOR NETWORKI
UNIX MACHINE COMMUNICATION

e
“f:’:;‘g&‘n'gg‘ HIGH END PERSONAL
COMPUTER/WORKSTATION
68000-BASED sty
(MOTOROLA)

i (INTEL) UNIX FOR
S NETWORK COMMUNICATION
oo MS-D0S FOR LOCAL MODE

(MULTITASKING AND
NETWORK NETWORKING?)
COMMUNICATION :

The communication link hooking all the departments in the corporate
environment will feature a Unix-based communication system that links 1BM and
other vendors’ machines, regardless of type. Both local and remote machine
operation will be possible. Each machine will be able to access data or programs
from the others and will perform either general purpose or dedicated functions.

dependencies. (C is a language mid-
way between assembler and a high
level language.)

In addition to its utilities and pro-
gram development tools, Unix is the
only portable operating system with
so much experience and exposure.
Thus, while most operating systems
are proprietary, Unix can run on any
manufacturer’s minicomputer. More-
over, it allows system designers to
link, not only IBM minis, but prod-
ucts from other companies such as
DEC, Data General, Hewlett-
Packard, and Gould.

As a bonus, the system designer
can even link IBM’s Motorola
68000-based 9000 Series scientific
minicomputer/workstation. Because
it already runs on Microsoft Corp’s
(Bellevue, Wash) Unix-licensed Xenix

operating system, conversion would
be straightforward.

Versatility and development
This common VM-based operating
system can serve as the basis for net-
work communication either using a
peer-to-peer or master-slave variation
of IBM’s systems network architec-
ture (SNA) architecture or the Inter-
nal Standards Organization (ISO)
seven-layer model for computer com-
munications. In some cases, the soft-
ware that takes care of these protocol
functions will run on the operating
system in the computer. In other
cases, for the sake of low overhead,
it will run on a frontend processor.
And, for those just needing a per-
sonal computer/workstation and a
(continued on page 46)



SOFTWARE DEVELOPMENT TOOLS
“One-Stop Shopping™

OASYS provides a “One-Stop
Shopping” service for software el
developers and managers in need

of proven, cost effective, cross- W ) ms-r(z)
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C
OASYS can save you time, energy COMPILERS VAX, PRIME
and money! We understand what it

VAX 68
por s |
4 ’ COMPILERS PRIME 08
of working code.
me" VAX 16000
We not only develop our own tools, COMPILERS PDP-11, LSI-11 8086/88
but also specialize in evaluating,

(
selecting and distributing the best (4) | VAX, PDP-11, 680(/)3,812000,
complementary tools from other ASSEMBLERS LSI-11, PRIME, 8086/88, 28000,
IBM/PC, IBM 370 | 680X, 808X, Z80

suppliers.

VAX, PDP-11
] 68000, 8086/88
Our tools are currently in use in L:ﬂ';':; P'I‘;“:‘Eém 808’X, 780
over 1,000 installations worldwide IBM/PC,

on micro-, mini-, and mainframe (1) WE DISTRIBUTE PRODUCTS FOR: GREEN HILLS SOFTWARE, VIRTUAL SYSTEMS,
computers for a variety of 8-, 16- COMPLETE SOFTWARE, PACER SOFTWARE; %OSFTW:_PE M::U;égﬂdnf;?ﬂ
; 2) HOST OPERATING SYSTEMS INCLUDE: VMS, RSX, RT-11, PRIMOS, ;
and 32- bit UNIX (and non-UNIX) i Ill, V, BSD 4.1, 4.2, UNOS, IDRIS, XENIX, MS/DOS, VM/CMS, CPM 68K
systems. (3) OTHER TARGETS ARE: M6801-8803, 6805, 6809, 8080, 85, 28, 35, 48, 51; Z-80
(4) ALL ASSEMBLERS INCLUDE LINKER, LIBRARIAN AND CROSS-REFERENCE FACILITY
(5) AVAILABLE ON: CALLAN, OMNIBYTE, CHARLES RIVER DATA, PLEXUS,
Most likely, we have what you're SAGE, FORTUNE, WICAT . . . to name a few.

looking for (even if it doesn’t

T we don', well be glad 1o tell /UNIX NATIVE TOOLS

you who does.

86 AR e e T NATIVE ASSEMBLERS FOR 68000s “

information and start shopping the SYMBOLIC C SOURCE CODE DEBUGGER

smart way, the fast way, the C-TIME PERFORMANCE UTILITY

dai e UP/DOWN LINE LOAD UTILITIES

“The One-Stop Shopping Way.” COMMUNICATION UTILITIES

C-BASED FLOATING POINT MATH
PACKAGE

HSLIJS BASIC-TO-C TRANSLATOR ... AND MORE

60 ABERDEEN AVENUE TRADEMARKS: UNIX IS A TRADEMARK OF BELL LABORATORIES, XENIX AND MS/DOS ARE MICROSOFT

CORP'S: IBM/PC, VM/CMS, AND IBM 370 ARE INT'L BUSINESS MACHINES; VAX, PDP-11, LSI-11, VMS, RSX,
CAMBRIDGE, MA 02138 AND RT-11 ARE TRADEMARKS OF DIGITAL EQUIPMENT CORP; CPM 68K IS DIGITAL RESEARCH'S; PRIMOS IS
(617) 491-4180 PRIME'S; UNOS IS CHARLES RIVER DATA'S; IDRIS IS WHITESMITH'S LTD
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Big Blue's move
(continued from page 44)
mainframe link for program develop-
ment, there is IBM’s VM/CMS
approach, which will be network-
linkable through the mainframe.
vM/CcMS links the program
development/personal computer
XT/370 to a mainframe through a
common operating system. This is

done without using Unix, whose
capabilities are not needed for this
application. The XT/370 was
introduced mainly for local develop-
ment of mainframe programs under
VM. But, it also allows the use of
MS-DOS-based personal productivity
software in a local mode.

BREAKTHROUGH!

Totally new optical fibers like these
handle data communications in computer
installations far better than wire.
(And the cables are as easy to
handle as wire coax.)

Ensign-Bickford’s new proprietary hard cladding chemically
bonds to the silica core. Resultant fibers are so tough they handle like
wire, install quickly and reliably, provide long, EMI-resistant life.
Large core and high NA mean easy coupling. High strength and
microbend resistance mean easy deployment—and you can use
standard, off-the-shelf connectors!

Call or write for the data you need to specify from a wide range of
fiber, cable and terminated assemblies.

I=nsign-ickford Iptics company
a subsidiary of Ensign-Bickford
660 Hopmeadow St. Simsbury, Conn.06070 203/658-4411
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IBM moved portions of its VM/CMS
operating system to the XT/370 so it
could become the micro part of a
micro-to-mainframe link’s common
operating system. This link, specifi-
cally designed for professional pro-
gram developers of mainframe and
minicomputer software, is geared to
the mainframe/XT/370 subnetwork
(cluster).

In part, IBM introduced the
VM/CMS operating system because it
already exists on mainframes. The
existence of the same operating sys-
tem on both sides of a micro-to-
mainframe link facilitates file access,
information transfer, and program
execution across the connection. A
cluster of XT/370s operates as a stand-
alone or communicates with net-
worked computers through a
mainframe.

vM/CMS offers advantages on the
mainframe side of the link also.
Here, it is used for data processing,
software program development, and,
many management information sys-
tems departments in major firms
already know it. This saves learning
time as well.

VM/CMS will run in standalone
mode on the 4301 and 4311
machines—tying IBM’s neat com-
puter network world together even
more tightly. These high end, desk-
top superminicomputers allow all the
functions of such machines for the
computer designer. Designers must
also realize that upcoming engineer-
ing and scientific applications (eg, on
the 43XX series) will cut into worksta-
tion applications heretofore domi-
nated by firms like DEC and Data
General.

The soon-to-be-announced, multi-

| tasking, high end personal computer/

workstation, code named Popcorn,
will also be part of I1BM’s contribu-
tion to these applications. This new
machine will use Unix for networking
(its Intel 80286 has memory manage-
ment capabilities), and will have a
version of MS-DOS that will handle
either multitasking, networking, or
both for local mode, personal prod-
uctivity operations. If I1BM has Pop-
corn run VM/CMS-based software,
and has the printed circuit boards

(continued on page 48)



DIALIGHT LED
CIRCUIT BOARD

INDICATORS STEP UP
YOUR PRODUCTION BY

you insert the assembly you
are ready for wave soldenng

ELIMINATING oo
PRODUCTION STEPS. z?;z%*;:fg'.ﬂ?

You'll save money when you
stop mounting LEDs on PC
boards the oldway — bending
leads, inserting holders,
adding resistors — and start
using LED Circuit Board Indi-
cators from Dialight.
Mounting our LED Circuit
Board Indicators is easier and
less time-consuming. They
eliminate production steps
and reduce labor costs. Not
only is positioning faster, it's
farmore accurate. As soon as

See us at Midcon, Booth #930

mounting on PC bocrds And
we've developed over 50 dif-
ferent Circuit Board Indicators
in red, green, yellow and red/
green bicolor. Choose single-
element LEDs or QUAD-LED™
four-element arrays with awide
range of voltages with or
without currentlimitingresistors.

Send for our catalog. And
the next time you need LEDsfor
PC boards, eliminate steps
and save money — specify
Dialight. 203 Harrison Place,
Bklyn., NY 11237 (212) 497- 7600
TWX: 710-584-5487

DIALIGHT

meets your needs.

A North American Philips Company
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Big Blue's move
(continued from page 46)

(which define the XT/370) incorpo-
rated as Popcorn add-ons, computer
system designers will have more flexi-
bility. They will also be able to pro-
vide customers with a variety of
minicomputer and mainframe fea-
tures on a personal machine.

Behind the design

As designed, the XT/370 has two
operating systems—the most recent
version of PC-DOS, and IBM’s VM/PC,
which is a subset of mainframe-based
cMS. The theory behind this design
is that VM supplies mainframe users
with virtual terminals. It works with
an operating system like CMS to exe-
cute an application program. But, a
dedicated microcomputer like the
XT/370 does not need software to set
up virtual terminals or the CMS parts
that take care of punched card inputs
to mainframes.

Even though these software func-
tions were not incorporated into the
XT/370, the remaining software
would have been crowded on a

10-Mbyte hard disk. Thus, the XT/370
is equipped to swap software between
its RAM, hard disk, and mainframe
counterpart.

Such swapping is usually slow and
inefficient. To avoid these problems,
the XT/370 has three microprocessors
that operate all vM/CMS mainframe
software, as well as the entire IBM 370
instruction set. With one IBM propri-
etary 68000 processor and one stan-
dard 68000 processor, plus an Intel
8087 floating point processor, the
machine is far more advanced than
the IBM PC or XT, which have only an
Intel 8088 processor.

In addition to the processors, this
machine has a special control pro-
gram that makes up for cMS needing
a VM environment, and allows Ms-
DOS to do 170 chores in collaboration
with cMS. Of course, MS-DOS is still
able to run the application programs
designed for it when the XT/370 is in
its local mode.

Thus, the XT/370 will be a link with
IBM mainframe operating systems

NEW JUST RELEASED! FREE
Delay Line Catalog Features
|

ﬁgure of merit, atten-
uation and phase
compensation.

The product section
presents over 650
standardized active
and passive delay
lines including TTL
digital and function
modules. Manufac-
turing is at our off-shore
Carribean plants to assure
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and software, and a local, personal
computer that runs application pro-
grams such as Lotus 1-2-3, WordStar,
and VisiCalc. To encourage the suc-
cess of this venture, IBM is prompting
third-party vendors to supply PC
software that runs under VM/CMS.
Expect IBM to encourage VM/CMS
software for its minis, and maybe
even for the Popcorn.

But, IBM is not the only company
using VM/CMS. Several other manu-
facturers of micro-to-mainframe
links (there are about a dozen
announced products) are porting
their software to work under this
operating system. This means that
once data is downline-loaded from
the mainframe to the XT/370, it can
be directly transferred from the vm
operating system to the PC-DOS oper-
ating system application. The XT/370,
by design, can look for and read
mainframe directories and access
files, downloading them to the PC-
DOS operating system.

Ultimately, the success or failure of
these networking plans hinges on
computer system designers’ operating
system choice. This choice depends
largely on IBM’s ability to persuade
designers to opt for its Unix rather
than AT&T’s. AT&T will counter this
pressure with arguments of its own.
In any event, it remains a guaranteed
winner whatever the choice because
it licenses Unix.

The most persuasive argument may
turn out to be experience. Many
designers prefer to obtain all of their
software from one source, thus
avoiding the blame shifting typically
encountered when something goes
wrong with multivendor systems.

Understandably, 1BM will be reluc-
tant to port its Unix to competitive
machines. Thus, AT&T or any of the
Unix software houses that have re-
cently emerged will likely supply Unix
for other vendors’ equipment within
the IBM network.

—Harvey J. Hindin,
Special Features Editor

SYSTEM TECHNOLOGY
(continued on page 53)



The Stl'ategic Suppliel' Capital-intensive program development is the price
of the innovative product that takes the market by
ls one Who Shar €S8 storm. The more external resources available to
your company, the shorter development lead time,
The RiSks As well and the quicker return on investment.
Even in an erratic economy, GE Plastics continued
As The Rewards' to invest in facilities and people that are ready to
help expand your own technology and opportuni-
ties. The $25 million Plastics Technology Center
now nearing completion at the Plastics Group’s
global headquarters is just one example of major
new application development and manufacturing
sites worldwide, and of the demonstrated com-

mitment to an active partnership role in enhancing
your innovations.

The strategic supplier is one who commits tangible
support to gain mutual growth. The strategic
supplier is General Electric Plastics.

LEXAN" NORYL VALOX"®

sheet/film/foam/resin foam/resin film/foam/resin
ULTEM® XENOY®
foam/resin resin

We bring good things to life.
—— GENERAL &3 ELECTRIC



Versatec and Expert are trademarks of Versatec, Inc.
Xerox is a trademark of Xerox Corporation.
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The NewW'Y 1000 Microcomputer

BUILDING
BLOCKS

Powerful, Affordable, Expandable.

®

Plus, we added color capability, Bestof all, we
when used with our color terminal. priced the WY1000

And on top of that, we added a from only $1995. Itall
stacks up to Winchester Disk Drive option providing adds up to a system builder’s dream.
be a lot of ma- an additional 10 megabytes of storage. For a complete brochure on the
chine from a few N FEATURES: WY1000 contact Wyse Technology toll
simple pieces. By add- + 80186 16 Bit 8 MHz Processor free at 800/421-1058.
ing the WY1000 microcomputer to the 128KB to 768KB RAM Memory
good-looking, ergonomic WY50 display Two Floppy Disk Drives (725 KB)
terminal, we created the most exciting Optional 10 MB Winchester Drive WYS E
concept in desktop workstations on the RS232 & RS422 Serial Ports
market today. Optional Graphics/Color Graphics I 1 1 1 Makethe Wyse Decision.

We also added sophisticated high Networking Capability ;

resolution graphics, suitable for the most + CP/M™, MS-DOS™ Compatible CA 95134, 408/946- I g side
demanding applications. * Priced from only $1995 CA call toll-free, 800/421-1058, in So. CA 213/340-2013
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Multitasking Unix look-alike supports 11 IBM XT users

Many computer designers believe that
the last thing they need is yet another
Unix look-alike to add to the bewil-
dering array of similar operating
systems. However, an alternative
now exists that makes a multi-user
Unix available on the 1BM PC XT and
its clones. This look-alike also offers
runtime or production operating
system versions at a greatly reduced
price and furnishes the tools for easy
program development of multi-
tasking, multi-user Unix Version 7
compatible software.

Network Consulting, Inc (Discov-
ery Pk, Suite 110, 3700 Gilmore,
Burnaby, British Columbia, Canada
V5G 4M1), has taken the Coherent
operating system, a two- to three-user
multitasking Unix look-alike (see
Computer Design’s Special Report on
Operating Systems, July 1984, p 153),
and adapted it to a multi-user envi-
ronment on the industry standard PC
XT. Using the Unix Version 7—which
is compatible with the NCI Coher-
ent—and hardware added to the IBM
PC XT, up to 11 users can simultane-
ously operate the PC XT. The system
can handle many vertical applica-
tions, including order entry, record
keeping, and other office activities
(see Panel, ‘‘A practical system’’).

To design its operating system,
NCI, under license, made major
changes in the Mark Williams Co’s
(Chicago, Ill) two- to three-user Co-
herent operating system. Coherent
itself, was developed independently
from the original AT&T Bell Labs
Unix Version 7, but was designed to
be a look-alike. In particular, says
NCI marketing engineer Dale A.
Thomlison, parts of the original
Coherent kernel have been rewritten
for faster multitasking operations.
For example, new serial line drivers,
disk driver DMA interrupts, and
schedulers are all the result of the NCI
design.

There are a variety of other modifi-
cations implemented with the goals of
making the NCI operating system
Unix-compatible and optimizing the
system for designers and software
developers. According to NCI vice
president of research and develop-
ment Angus E. Telfer, the 165 to 175
Unix Version 7 commands are geared
toward allowing software developers
to create Unix-compatible applica-
tions to run with either a runtime or
production operating system version.

In order to ensure faster execution
of Unix Version 7, Telfer rewrote the
Coherent mathematics library in

UP TO 10
TERMINALS FOR
MULTI-USER
MULTITASKING
OFFICE
APPLICATIONS

The multitasking,
multi-user NCI
Coherent operating
system is compatible
with Unix Version 7

ADD-ON CARDS PROCESS and is application
WITH CONTROL OR oriented. It allows
KERNELS FOR ROBOTICS the IBM PC XT, or
IEEE 802 WITH PRODUCTION one of its clones’ to
OR OTHER OR REALTIME be the hub of
NETWORKS EXECUTIVES e the hub of a
computer system
serving realtime and
vertical applications,
program
PROGRAM MULTIPLE DISKS, L. development, and
INTELLIGENCE
DEVELOPMENT TAPES, AND DEVELOPMENT niore
THROUGH 175 1/0 DEVICES THROUGH 3
VERSION 7 THROUGH PROLOG
COMMANDS RESIDENT DRIVERS INTERPRETER

assembler and reworked some
features of the kernel code, including
the scheduler and the C library. The
CAT command (to concatenate and
print files at the user’s terminal), for
example, now executes two to three
times faster. According to Telfer, the
mathematics library in the proposed
IEEE floating point format, is the
fastest floating point routine—
proven by its benchmarks—that he
has seen thus far.

NCI Coherent incorporated such
Unix system memory routines as
memcopy, memchr, memcmp,
memcpy, and memset, which ensure
memory locks and shared memory.
These make Unix System V compat-
ible with the multitasking NCI
Coherent kernels that Telfer wrote
for various IBM XT add-on cards. The
add-on cards such as an Arcnet card
and the 8088-based Persyst smart serial
interface card. Computer designers
opting for this hardware can enjoy,
for example, RS-232-C based network-
ing with hardware handshaking and
flow control. By design, realtime
interrupts go from the Persyst card
by message passing to the XT’s oper-
ating system kernel.

Telfer chose to pack the operating
system with software development
tools. For example, he has included
a multipass assembler intended for
use as a target by the NCI Coherent
C compiler. The assembler is avail-
able only for small assembly routines
and supports Intel’s iAPX-86 assem-
bler. The operating system also sports
a Prolog interpreter written in C for
artificial intelligence (AI) applica-
tions. With this C interpreter—simi-
lar to the University of Edinburgh’s
DECsystem 10 Prolog developed by
Claude Sammut at the University of
New South Wales, Australia—the
system integrator can enjoy a Unix-
based Al language for PC XT-based Al
research and development projects.
With additional work, the system can
accommodate a multi-user Unix
interface with the Lisp language
through one of the workstation

(continued on page 54)
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Unix look-alike
(continued from page 53)

A practical system

Some industry observers feel that the single-user Unix
developed by Interactive Systems (Santa Monica,
Calif) for IBM’s PC XT is just a toy—largely because of
its speed limitations for 1/0 intensive applications.
Well aware of this feeling within the computer design
community, NCI has taken pains to explain just what
it means by multi-user operation and what kind of per-
formance can be expected from its operating system
(see the Table).

Although Dale Thomlison of NcI feels ‘‘there are
lies, damn lies, and benchmarks,’’” he contends that

the NcI Coherent’s benchmarks prove the operating
system can convert the PC XT into a practical, multi-
user system for certain vertical applications. The oper-
ating system is a capable single- to two-user system
when the XT is to do compilation intensive develop-
ment work, according to Thomlison.

It is good for three to five users when performing
tasks such as editing and word processing, Thomlison
adds. Moreover, it can handle 10 or 11 users if a single
application is accessed or if it is used as a telephony
controller.

Benchmark Comparisons

* NCI COHERENT

(Not latest version)

Disk test
Machine (read-write) Piper Procedure Calls Sieve Test System Calls
11/780 10.2/23 2.6/6 31.9/32 4.8/5 1.8/2
11/750 14.5/24 4.2/8 52.5/53 8.7/9 3.0/3
Codata 16.0/73 4.4/11 43.7/44 7.5/8 3.5/5
11/34 127.0/310 15.7/111 97.0/98 17.2/18 8.6/9
* IBM/XT 65.1/117 40.6/54.4 93.2/94 18.1/18 12.5/13

[times are in seconds (CPU time)/(elapsed time)]

computers that handles applications.
These workstations are offered by
LISP Machines, Inc (Culver City,
Calif) and Symbolics, Inc (Chats-
worth, Calif).

Put it to use

All these features have been incor-
porated with an eye toward design-
ing an application-oriented operating
system that presents more than just
an elaborate monitor program. For
example, the PC XT can be used as a
database-oriented machine such as a
data multiplexer. It has such built-in
networking features as login, pass-
word, encryption, and file protection.
The XT can also serve as a protocol
converter, allowing up to 50 differ-
ent kinds of terminals on a multi-user
system to communicate using the
Berkeley termcap data base. Finally,
it can monitor a private branch
exchange and log telephone calls.

The operating system handles pro-
cess control and robotics functions
because it has a realtime executive
that can be burned into PROM. Here,
Telfer said, real time might mean 5 s
in a process control application. The
executive is geared to operate on
intelligent add-on cards that serve as
IBM PC XT 1/0 processors. The Persyst
card, for one, can run four 1/0 lines
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at 19.2-Kbyte rates. This operation
can use RAM-disk support.

Other Coherent modifications of
interest to the computer system
designer include a screen editor and
a source-code control system. The
former allows easier application
development while the latter allows
developers to keep track of different
versions of the code they have
written. Further capabilities for soft-
ware developers include a lexical
analyzer (LEX) and a compiler-
compiler (YACC).

The operating system design also
allows for word processing, calcula-
tions, printing, and electronic mail
without additional application soft-
ware. Moreover, in recognition of
marketplace realities, the operating
system uses the PC XT as a main con-
sole emulator for reading MS-DOS 1.1
files and running 1.1 programs. A
DOS 2.0 version is on the way.

The PC XT multi-user capability is
said to have no memory management
or execution speed problems, even
though the Intel 8088 at the heart of
the machine has no provision for
Unix-like memory management. It is
just a matter of applications, Telfer
said. He pointed out that the vertical
market applications for the 2.5-Mbyte
NcCI Coherent are not compile or 1/0

intensive, adding that customers of
the typical application program for
dental and insurance companies, and
similar services with specific needs
have had no problems with it. “‘I
wouldn’t expect a lot of compiles to
go on in applications,”” he said,
noting that program development in
an environment requiring heavy com-
piling is a one- or two-user operation.
The NCI operating system uses 2.5
Mbytes compared to 5 Mbytes for the
Interactive Systems’ single-user, mul-
titasking licensed Unix for the PC XT
(and about 8 Mbytes for Unix itself).
This is because the TROFF utility pro-
gram, the Unix dictionary, and some
macros are not included. Space is
saved because NCI Coherent is not
the same as Unix and, therefore, has
been written differently. Use of even
shorter run time or smaller produc-
tion kernels—which Nc1 will help
develop for computer system
designers—further minimizes the
code size, according to Telfer.

Lots of hardware
One of the major chores of an
operating system is to allow for a
wide variety of hardware to be used
on the computer on which it operates.
The NcI Coherent is no exception.
(continued on page 56)



“With the Interphase Storager,

| can make a
514" hard disk
perform like
an 8" disk?

Frank Emser

Manager Hardware Development

Paradyne Corporation

The Interphase Storager Multi-
bus® controller can give a 5%4"
Winchester disk capabilities
never before possible. Storager
not only gets more performance
from existing ST506
drives, but also supports
the new ESDI and
ST412HP interfaces for
more power and capacity
than ever before. And
since Storager can con-
trol two Winchester disks,
four V4" taPes (QIC-02),
and two 3%" 5Y4" or 8"
floppies, the same con-
t oﬁ) er can be used for
every storage need.
Storager features 1:1
interleave, with concur-
rent disk and tape trans-
fers and simultaneous disk and
bus transfers for speed and high
performance. And Storager’s
unique “virtual buffer” architec-
ture with UNIX®-optimized

intelligent caching can reduce
or eliminate disk rotational
latency and overcome data

overrun/underrun problems of

FIFO-based controllers. Plus,

for the very first time on a con-
troller, Storager has an on-board
68000 CPU.

The Storager controller is the
latest product in Interphase’s

B INTERPHASE

corporation
2925 Merrell Rd.¢Dallas, TX 75229
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line
of high-

erformance

ultibus controllers. Interphase
also offers Multibus controllers
for SMD disks, local area
networks and video mon-
itors. Plus powerful disk
controllers for the IBM®
PC. They're all backed by
a great customer support
team that works full time
with Interphase cus-
tomers to assure that our
products work the way
they should — in the
system.

Find out how Storager
can make a 5%" disk

erform like an 8" disk.

all Interphase today at
(214) 350-9000.
Storager is a trademark of Interphase Corporation
Multibus is a trademark of Intel Corporation
UNIX is a trademark of Bell Laboratories

IBM is a registered trademark of International
Business Machines



SYSTEM TECHNOLOGY/ 0711

Unix look-alike

(continued from page 54)

For example, NCI Coherent supports
the control system, an 8-line serial
port card for the PC XT. If two regu-
lar 1BM serial lines are added, 11
users can work. Both X-ON/X-OFF
and clear to send (CTS) handshaking

with 5, 6, 7, or 8 data bits, with or
without parity, may be used in either
an interrupt or polling mode. Other
hardware supported by drivers built
into the operating system include
IEEE 488 interfaces to talk with any

VGME-512

Features and Specifications
e High Resolution
512 x 512 Pixels
Dot Addressable via Cartesian
Coordinates
4 Bits-Per-Pixel
Color/Intensity
Eight Colors with Dual Intensity
Blink at 1Hz to Black or Reduced
Intensity
High Performance
800,000 Pixel-Per-Second Vector
Generator
All Planes Drawn Simultaneously
60Hz Non-Interlaced Refresh Rate
Line by Line Vertical Scroll
Multiple Cursors of Arbitrary Shape
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GPS Subroutine Package

Points, Lines, Circles, Arcs,
Rectangles and Polygons

Line and Area Texturing

Alphanumerics—96 Characters—
2 Sizes

Picture Storage & Retrieval

GSis:
Strategies, Inc.

1445 Koll Circle, Suite 107
San Jose, CA 95112
(408) 294-1300
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controller satisfying this protocol,
some dozen hard disks, most PC XT
compatibles, standard storage
module device (SMD) gigabyte disks,
nine-track tape reads or writes, and
the previously mentioned smart com-
munications cards. The operating
system allows over 50 different kinds
of terminals to communicate with it
through use of the Berkeley termcap
data base.

The licensing fee for NCI Coherent
is included in the purchase price. The
total price is far less than what is
charged by licensed Unix look-alikes
because AT&T does not receive a
share of NCI Coherent’s profits. Note
that the fee includes the full multi-
user facility—there is no extra for
additional users. Even less expensive
(less than $100 in quantity) are the
runtime and production versions.

The NcI Coherent operating
system allows a computer network
system to be IBM PC XT-based with up
to 10 remote terminals at a price
competitive with that of a dedicated
multi-user Unix system, according to
Thomlison. Depending on the hard-
ware configuration used, the NCI
Coherent operating system could be
more cost effective than multiuser
Unix systems. The PC XT with NCI
Coherent is 1/50 the cost of the DEC
VAX traditionally used for Unix-
compatible package development,
has about 1/10 the power, and needs
no support.

Plans for NcI Coherent may
include moving it into the Unix
marketplace with its large array of
add-on hardware device support for
the PC XT and its clones. The firm is
also working to develop NCI
Coherent-based application software.
And, as a specialist in fast p-System
software, NCI is working to port p-
System applications to its new multi-
tasking, multi-user operating
environment.

—Harvey J. Hindin,
Special Features Editor

SYSTEM TECHNOLOGY
(continued on page 60)



looks like a million, p

How we created an MDS that

erforms like 100

and costs under $20,000.

Introducing Emulogic’s ECL-3200
universal development system.

It wasn't simple. And it took a lot more than
seven days.

But when you start with the world’s most
advanced emulator, you're already way ahead.
The ECL-3211 universal emulator gave our
new MDS a repertoire of features you can't find
in any comparable system. Like full-speed,
no-wait-state emulation. Eight real-time, multi-
function breakpoints for every chip. Real-time
trace decode. And full-speed, full-range mem-
ory mapping with single-word resolution.

And then DEC™ made our job a little easier,
too. We built their powerful new desktop com-
puter-the Professional 300-right into the
system. With RT11XM" 11/23 with MMU, 22-bit
addressing, 512KB memory, 800KB dual diskette
and optional 5 or 10MB Winchesters.

We didn't skimp on looks, either. We wrapped
the ECL-3200 in a clean, compact package that,
frankly, we call beautiful. But you tell us what
you think.

You might conclude that, with all we've put
on the inside, the price tag on the outside
would be just as impressive. Not so! We
brought the ECL-3200 in for 25% less than
expected. So now you can buy a full-function
development system for under $20,000-

25% less than you'd expect. Including an 8-bit
emulation package for the Z80;" 6502, 6809 or
another popular chip. And you can also use it
with all 16-bit emulation packages and our
new high-level software development tools
like C and Pascal cross-compilers and our
just-introduced SLICE™ Symbolic Debugger.

So you see, creating our miracle MDS wasn't
all that difficult. But we don’t recommend
anyone else try.

For detailed information, call 800-435-5001
or 617-329-1031 in Massachusetts. Or write
Emulogic;” Three Technology Way, Norwood,
MA 02062.

Professional 300, RT11XM and DEC are trademarks of
the Digital Equipment Corporation. SLICE is a trademark,

and Emulogic is a registered trademark, of Emulogic, Inc.

Z80 is a registered trademark of Zilog, Inc.

EMULOGIC

MICROPROCESSOR

DEVELOPMENT SYSTEMS
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European Distributors: Austria: Walter Rekirsch, (43 222) 235555; Denmark: Instrutek, (45 5) 611100; France: YREL, (33 3) 9568142; Sweden: Aktiv Elektronik AB,
(46 8) 7390045; Switzerland: Instrumatic AG, (41 1) 7241410; United Kingdom: MSS, (44 494) 41661; West Germany: Instrumatic Electronic GmbH, (49 89) 852063.






The clear lead we established with our
8" medium-capacity Winchesters has
now been extended. Our 5%" drives are
out front now, too. With both 8”and 5%4"
drives leading the field, we now make
more medium-capacity disk drives than

anyboc%y.
If there’s a lot riding on your disk
drive decision, you may want to consider
our record as a consistent winner.
5Y%"drives, from 20 to 40 megabytes.
8" drives, from 10 to 85 megabytes.
Quantum Corporation, 1804
McCarthy Boulevard, Milpitas, CA
95035, (408) 262-1100, TWX 910-338-
2203. Eastern Regional Sales Office:
Salem, NH (603) 893-2672. Western
Regional Sales Office: Santa Clara, CA
(408) 980-8555. European Sales Office:
Frankfurt, West Germany 611-666-6167.
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Flat panels approach monochrome CRT specifications

In the efforts to increase size and
resolution of today’s flat-panel dis-
plays, active matrix technology has
made recent breakthroughs. These
developments promise an avenue to
flat panels that can rival CRTs, at
least for monochrome displays. The
active matrix approach places an ac-
tive element, in the form of an elec-
tronic switch, at each pixel. The most
common such switches are thin-film
transistors or metal-insulator-metal
nonlinear resistors. The aim is to
enable update of the display at video
rates and with CRT resolution.

Since good gray scale is vital to
pocket LCD television, several other
active matrix technologies are being
investigated. In addition to thin-film
transistors (TFTs), and metal-
insulator-metal (MIM) resistors, diode
rings are candidates for active matrix
applications. MIMs are nonlinear
devices that can be driven at video
rates and yield a gray scale.

The diode ring approach appears
to offer a very small variation of
threshold voltage, is simple to repro-
duce, and can be used to build dis-
plays of up to 5000 lines. Displays
implementing gray scale have actually
been produced using the diode ring
as the active element.

More elusive is the quest for the
ultimate flat-panel display—the one
that will offer the same resolution
and color as a color CRT. Significant
strides in that direction have been
made in Japan. These were discussed
at the recent conference of the Soci-
ety for Information Display (SID) in
San Francisco by the Suwa Seikosha
Co, Ltd (Suwa, Japan) and Hosiden
Electronics Co, Ltd (Osaka, Japan).

The Seikosha display, a 4%-in.
(10.8-cm) panel with 480 x 480 pixels,
features TFT arrays. The display uses
back lighting through the LCD array,
which acts as a light valve for a color
filter. In the Hosiden display, micro-
color layers of red, green, and blue
are aligned with corresponding TFT
pixels, yielding a still rather grainy
color display.

The liquid crystal medium
While various methods of produc-
ing active matrix black and white dis-

60 COMPUTER DESIGN/August 1984

plays were also presented at the
conference, a flat-panel display incor-
porating TFT with a liquid crystal
medium has been announced by
Panelvision Corp (265 Kappa Dr,
Pittsburgh, PA 15238). Although
Panelvision designers choose liquid
crystal media, the TFT active matrix
approach lends itself to all forms of
display media currently used.

In fact, the real breakthrough of
active matrix technology lies not so
much in the display material as in its
ability to address and drive a large
number of display elements. With
LCDs, each pixel can operate at 100
percent duty cycle, thus achieving
very sharp contrast and viewing angle
in comparison to time division multi-
plexed LcDs. The TFT approach also
lends itself to eventual incorporation
of gray scales.

SOURCE
SOURCE N

GATE M-1

CAPACITOR

THIN-FILM
TRANSISTORS
BLACK LIQUID

GATE M |PLANE WcRYSTAL [

The actual transistor takes up a small
part of the pixel area in this one-pixel
elementary cell for the active matrix
display. Vacuum deposited on glass,
the cell can be replicated according to
the size limits of the vacuum
equipment.

Multiplexed dot-matrix LCDs have
an inherent limitation in that, as the
number of multiplexed lines in-
creases, the differences between the
on and off voltages for each line of
pixels decreases and the contrast be-
tween pixels degrades. One way to
combat this is to increase the drive
voltages as the number of lines in-
creases, but this too has obvious
limitations. In addition, since multi-
plexed LCDs form passive arrays, the
nature of the material determines
threshold voltage, response, and
switching speed.

The unit announced by Panelvision
features an active area of about 4 x
3 in. (10 x 8 cm) and displays 512

chars using a 5- x 7-pixel matrix. The
pixels total 24,576. In addition to the
512-char product, Panelvision is cur-
rently engineering an 80-char, 25-line
display that will be a 400-line resolu-
tion bit-mapped matrix. As the dis-
played information approaches that
of a standard 24- x 80-char CRT, the
number of pixels that must be directly
addressed approaches 250,000.

Matrix resembles a fully decoded RAM

Panelvision has solved this by
creating what is, in effect, a 5%- x
4-in. (13- x 10-cm) IC. The TFTs are
vacuum-deposited on a glass sub-
strate that takes up an arbitrarily
large area dependent only upon the
size of the vacuum equipment. The
LCD material is injected and the
panel sealed. The same kind of TFTs
can be used to produce row and
column drivers and shift registers,
thus integrating peripheral circuitry
onto the display panel. This reduces
the number of connections needed
for external circuitry to about 10. The
entire matrix is analogous to a large,
fully decoded RAM. Since the full
duty cycle is available at each pixel,
there is room to introduce levels of
gray scale in later products.

Panelvision designers emphasize
that active matrix technology is in-
dependent of the display material and
can theoretically be used for plasma,
electroluminescent or LED displays.
These materials, however, have their
own inherent limitations in terms of
resolution, power consumption, and
threshold.

For example, electroluminescent
displays have a sharp on/off thresh-
old. This allows multiplexing of
more horizontal lines, but it does not
allow for gray scale control of the
pixels on the lines. On the other
hand, the threshold characteristics of
liquid crystal allow sufficient range
because the material appears to
modulate the light gradually as volt-
age is increased. As other materials
exhibiting the desired characteristics
are developed, the active matrix
addressing method should make use
of them.

—Tom Williams,
West Coast Managing Editor



CONNECTORS, WITH OUR
ADVANTAGE.

The Contact Advantage:

*second source interchangeability gives you an econom-

ical alternative in meeting your electronic connector needs
*major inventory availability means shorter lead times
in filling your orders

* local distributor network for convenient localized service
whenever, wherever needed

* rush hotline service and guaranteed delivery (call us for
details)

IDC Connectors: 9-50 Positions; quick economical
mass termination with round conductor flat ribbon cable.

Eurocard-DIN Connectors: Solder Pins, Solder Loops,
Angled Solder Pins, 2-3-Level Wrap Post, Angled Wrap
Post. Conform to DIN 41612 & 41617.

Cardedge Connectors: Solder Pin, Eyes or Solderless
Wrap Terminations. Conform to MIL-C-21097.
For more information on our electronic

*connector quality you can count on
—quality built in, not just “inspected” in;
UL recognized.

D’ Subminiature Connectors: 9-50 Posi-
tion Solder Cup, Solder Pin, Wrap Post,
Crimp (Insulators & Contacts); 9-37 Position
PC Mount Right Angle. Conform to
MIL-C-24308.

connectors, hoods, mounting hardware and
other products offering money-saving, short-
lead-time, second source interchangeability
and other benefits with our advantage,
ask for our catalog. Just write or call us
toll-free:

800-221-1451

£-) Contact Electronics, Inc.

30 Plymouth Street, Fairfield, NJ 07006 + Phone 201-575-7660 » Telex 130-216
Western Regional Sales Center: 1900 Wyatt Drive #10, Santa Clara, CA 95050 ¢ Phone 408-988-5400
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THE BEST PLACE
TO BOARDTHE BUS.




Of course,we're talking
about the MULTIBUS*
architecture. The most
widely accepted, best sup-
ported bus architecture
in the world.

But since you've
already made the wise de-
cision to use MULTTBUS
as your road to riches,
were NOw going to show
you the best place to start
your journey.

Right here. Because
as you might suspect, we
know just about all there
is to know about MULTT-
BUS. After all, we invented
it. And we have the larg-
est selection of MUITIBUS
products to be found.
Anywhere.

For starters, there are
our boards. We've pro-
duced over a million
since 1976.Which should
give you an indication
of the experience we have
in manufacturing quality
boards. Quality that's
not easily achieved.

Our boards are scrutin-
ized at every level of
integration. From chip
through system level. And
each board is tested to
make sure it does its job
in every one of its config-
urations. We even pull
finished product from our
warehouse for retesting
and inspection. Just to
make certain nothing
slips by.

You can count on the
road being smooth for
along time to come,
too. Reliability is assured
from start to finish.We
continually monitor each
board throughout its
entire production life.
Even going so far as lot
sampling older boards
and putting them through
5000-hour life test
studies.

Then there’s the selec-
tion. A big one.

Over 115 different

© 1984 Intel Corporation

board-level products.
Supporting 15 CPUs (from
our 8080 to 80286). So
you won't get stuck into
one or even two design
approaches. A tranquil
thought when you consid-
er how fast things change
in the marketplace.

What’s more, you can
count on getting every-
thing you need. From
peripheral controllers to
memory expansion, data
communications and
graphic boards. Plus card
cages and software (in-
cluding iRMX 86" the
most popular real-time
operating system in
the MULTIBUS world).

One more fact about
our MULTIBUS products.
You can get fast service
anywhere along the road.
We've got one of the
largest field engineering
forces in the world. Over
600 factory-direct people.
Not to mention localized
support from our world-
wide network of trained
distributors.

So don't miss the bus.
Travel safely. And arrive
sooner. Call toll-free (800)
538-1876. In California,
(800) 672-1833. Or write
Intel, Lit. Dept. C-20,
3065 Bowers Ave., Santa
Clara, CA 95051.

We'll be happy to
welcome you aboard.

intel
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Chairmen of the boards!

The UDS shipping crew has directed a lot of boards!
Modem boards for a multitude of OEM customers are on
their daily agenda.

Upstream from our chairmen of the boards is a highly
automated, high-volume modem manufacturing facility,
and a staff of industry leaders in OEM modem design and
economical board layout.

UDS modem boards are available in 103, 201, 202, 208
and 212A Bell-compatible versions, as well as a 9600 bps
modem that’s operable over either dial-up or dedicated
lines. All our dial-up versions are FCC certified for direct
connection to the switched network.

In low-cost standard configurations or space-saving
custom layouts, UDS OEM modems set the highest stan-
dards for reliability and cost effectiveness. Prove it to
yourself with your next modem buy. Contact Universal
Data Systems, 5000 Bradford Drive, Huntsville, AL 35805.
Telephone 205/837-8100; TWX 810-726-2100.

Universal Data Systems

MOTOROLA INC.
Information Systems Group

)

e

UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area.
DISTRICT OFFICES: Atlanta, GA, 404/998-2715 « Bellevue, WA 206/455-4429 « Blue Bell, PA 215/643-2336 * Boston, MA, 617/875-8868  Columbus, OH,
614/895-3025 « Englewood, CO, 303/694-6043 « Glenview, IL, 312/998-8180 » Houston, TX, 713/988-5506 ¢ Huntsville, AL, 205/837-8100 « Mountain View, CA,
415/969-3323 » Old Bridge, NJ, 201/251-9090 * Richardson, TX, 214/680-0002 » Sliver Spring, MD, 301/587-0166  Tampa, FL, 813/684-0615 * Tustin, CA, 714/669-8001
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Midcon/84

High Mini/Micro
Technology Southwest
Electronics Computer
Exhibition M Conference
and M and
Convention Exhibition

Dallas Convention Center, Dallas, Texas

September 11 to 13, 1984

This year, Dallas, Texas will be the location for
the jointly held Midcon and Mini/Micro
Southwest Conferences and Exhibitions, on
September 11 through 13. Both will be housed
in the Dallas Convention Center. In addition

to separate Professional Programs for Midcon
and Mini/Micro, technical products will be on
display at more than 900 booths in the
Convention Center.

This year’'s speaker at the Keynote Luncheon
will be Admiral B. R. “Bobby” Inman, USN
(retired), who is currently president, chief
executive officer and chairman of the board of
directors for Microelectronics and Computer
Technology Corp (MCC) of Austin, Texas. The
Keynote Luncheon is a separate function with a
$15 fee and will be held on Tuesday, Sept 11.

Midcon has a much larger technical program
than does Mini/Micro Midwest—20 sessions
compared to nine—but only half of Midcon’s
agenda is aimed at the system designer. On the
other hand, all of Mini/Micro’s sessions touch
on some phase of digital technology. Midcon
sessions that are technology oriented include
such diverse subjects as speech technology,
surface-mounted technology, programmable
logic, communication network design, testing of
programmable logic devices, the integrated
services digital network, nonvolatile memory,
emi/rfi regulations, digital signal processing
chips, and computer aided engineering.

Mini/Micro sessions cover integral modem
design, serial protocols, cM0S single-chip
microprocessors, VLS| bit-mapped graphics
controllers, multiprocessor systems, system-
increasing system throughput, microprocessor
development, 16-bit development tools, and high
performance Multibus systems. Some are
design oriented, others are application oriented,
but all involve the system designer.

Midcon/84 technical sessions

At Midcon, the Tuesday early morning and
late afternoon “Premier Sessions’ are probably
the only ones on that day that will be of primary
interest to the design engineer. However,
because these sessions are considered to be of

importance, both will be repeated on
Wednesday and Thursday for registrants who
cannot attend the sessions on Tuesday.

The first of these Premier Sessions, from 9:30
to 11:30, acknowledges the importance of
speech as the ultimate interface between
humans and machines. Speakers will discuss
system- and board-level advances made in
speech technology—covering both recognition
and generation. The session organizer and
speakers are from semiconductor innovators
such as Motorola, Texas Instruments, and
American Microsystems. As might be expected,
discussions will be divided between prototype
and production devices, but emphasis will be on
widespread application of speech technology—
advancing speech technology from novelty
status to accepted, everyday usage.

Recent proliferation of available components,
from ssI to VLSl circuits, has increased interest
in surface-mounted technology. Considerations
and application of this technology in the design
and manufacture of printed circuit boards will,
therefore, be covered in the late afternoon
Premier Session. Emphasis of the papers will be
on the design considerations, particularly on
ramifications for the future.

Wednesday will offer a much wider range of
sessions oriented to the design engineer.
Among these are the application of
programmable logic devices (PLDS) and
communication network design in the morning;
and testing of PLDs, the integrated services
digital network, nonvolatile memories, and
emi/rfi regulations in the afternoon. These
sessions are in addition to the repeated Premier
Sessions mentioned above.

Basis for the sessions on PLDs is the
prediction that their use will increase by 10
times in the next few years. The early morning
session will explain just what PLDs are, what
their benefits are for designers, and where they
fit into the design of future subsystems.
Emphasis will be on software and programming
as well as designing-in testability. In the early
afternoon session, speakers will discuss

(continued on page 67)
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ARC's new INTERVIEW COMSTATE

data comm protocol analyzer family.
The ultimate in programming power and simplicity.

ARCs new INTERVIEW COMSTATE
data protocol analyzers are the
ultimate in high level programming
power yet simple to program. Their
new programming technique is so
logical to use that after only a one
hour introduction, you will be able
to develop effective and previously
difficult to program tests. SO why
spend days reading manuals and
learning how to program other
testers? Evaluate the COMSTATE
family now.

The COMSTATE programming
technique parallels the latest
protocol development tool—State
Diagrams. Because of this, our
COMSTATE analyzers are easier to
program and they emulate data
communications protocols more
precisely than any other
analyzer/emulator.

COMSTATE Programming. A

powerful, entirely new, easy-to-use,
programming technique was
developed specially for the
COMSTATE family. This programming
technique follows simple protocol
logic: 1) look for conditions 2) take
actions, and/or 3) go to another
state. A state clearly defines all
expected inputs and related
actions. Protocol specific inputs
and their directly related actions

are presented as a trigger menu.
Powerful. The COMSTATE Il will
look for up to 16 triggers in any ____TEST A
one state. 128 triggers (look for, e L i e - B
take action, new state) can be used TP & eteU YO EONTROLLER
in the same test. One COMSTATE SRS
trigger may equal many lines of >
complex code in other instruments. oL D
Engineering Applications. The e T
power of the COMSTATE data ’ PRSI
analyzers makes them ideal for Az s
both hardware and software g
development. New prototypes and
software can be tested without o
having to connect to an on-line ki
system. New products will be
developed faster and with less "
post-production debugging .
required. You will be able to: 1) test 5 N
all normal operating parameters, 2) SOOI o
force errors to test fault tolerance LM
and error recovery, 3) document « acTEU
test results, and much more.
Call immediately to schedule
the most rewarding hour you can

spend to increase your productivity.
'cp\ ATLANTIC RESEARCH CORPORATION
< * ) Teleproducts Division

7401 Boston Boulevard/Springfield, Virginia 22153
Telex: 197733 ARC TP TWX: 710-832-9828

#*EM DCE

EBCDIC/B
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* UNBIND:
SEND
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DACTPU:
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LINKUF:
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The COMSTATE Il provides CRT trace and date/time
stamped printouts of actual test sequences for accurate
documentation of tests and results.

Call Now (703) 644-9190




2 AA

(continued from page 65)

detailed methodologies for testing various types
of PLDs, including programmable and field-
programmable logic arrays. This session will
consider the application of PLD testing methods
in a variety of circuits, as well as the hardware
and software necessary to implement those
techniques.

Another Midcon Wednesday morning session
of interest to engineers concerns communication
network designs. Emphasis will likely be on
applications for business systems but the
network design technology discussed should be
universally valuable. This session is backed up
in the early afternoon by one on the Integrated
Services Digital Network. System component/
equipment design will play a large part in the
discussion but emphasis will be on the use of
semiconductors to solve communication system
design problems.

Late afternoon Midcon sessions rounding out
the Wednesday program for designers include
one on the latest in nonvolatile memory
developments and another on emi/rfi. In the
memory session, speakers from companies such
as Intel, Monolithic Memories, and Mostek will
discuss the features and applicability of EPROMS,
EEPROMS, bipolar PROMS, NOVRAMS, and CMOS
static RAMs, as well as battery backup where
applicable. The second session will cover both
the regulations involving emi/rfi and the
problems involved in the compliance to those
regulations. Included will be discussions on
testing for Fcc compliance and UL regulations, as
well as the use of properly designed enclosures
and shielding with conductive plastics, paint,
and plating.

Thursday again will include repeats of the
speech technology and surface-mounted
technology Premier Sessions. In addition, there
will be a potentially valuable morning session on
digital signal processing and an afternoon
session on computer aided engineering.

The digital signal processing session will
focus on applications for presently available
chips. This discussion will include comparisons
of different architectures, technologies, and
expected performances in specific uses. Two of
the speakers will cover generic approaches in the
use of these chips to implement the designs.

Recent advances in CAE technology will be the
subject of the other Thursday session of specific
interest. Speakers will discuss solutions to
problems in design modeling, simulation, and
validation—as well as the benefits offered to
system designers.

Single Board
Computer

Fast, Powerful and Compact
Microcomputers

® 4 or 6 MHz Z80* CPU

= 2K to 64K ROM or EPROM

= Expandable RAM from 64K to 256K

® DMA for Floppy and Hard Disk Data Transfers

® 2/4 RS-232 Serial Ports

m Centronics Parallel Port

® 50 Pin Expansion Bus for Additional I/O Capability

® CP/M Operating System and Networking Available

m Custom Systems and Private Label Packaging Available

Drvatitus

———msm. P.O.Box 1869
Bueliton, California 93427
*Z80 is a registered trademark of Zilog (805) 688-9598
CIRCLE 40

All of the sessions scheduled for this year’s
Mini/Micro Southwest are of specific interest to
computer system designers. Emphasis is on
technology throughout, whether the particular
subject is data communications, peripherals, or
microprocessors.

Mini/Micro conference sessions

Data communications will be stressed on
Tuesday, with two of the three sessions on a
phase of that subject. The early morning session
will be on low speed modem integration
alternatives, but aimed at the design engineers
who may not be aware of all facets involved.
Intent of the session is to provide these
engineers with the information necessary to
understand the choices available to them when
designing communication systems. The session
will also include a review of the available LsI
modem components—with emphasis here on
applications.

The second communication session, in the
early afternoon time slot, will examine and
compare serial bus systems and protocols, and
the interfacing techniques involved. Varying
viewpoints will be supplied by speakers from
Motorola, Hewlett-Packard, Signetics, and RCA
Solid State Division.

A third communication-related session will be
held in the late afternoon on Thursday. This

(continued on page 69)
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A powerful choice. You can use the GANG/SET speed and accuracy. With a device in

GP256 with a dumb terminal
or CPU, or as a stand-alone
tool. Either way it is capable of
programming most JEDEC-compat-
ible byte-oriented EPROMs and
EEPROMSs on the market, from 16 to
256K bits.

Terminal Power. The GP256 con-
verts a dumb terminal into a versatile
tool for gang and set programming. Contents
of multiple devices can be combined in its
on-board 256K bit buffer memory. Program-
ming time is dramatically reduced
through enhanced programming
methods — Intel®/Fujitsu® algorithms.
SET programming permits different data sets to
be simultaneously programmed into different
devices. 16-bit data can be SPLIT into odd-
and-even byte addresses, or conversely combined through
SHUFFLE for uploading to a host CPU. Data can be edited
with memory modify, insert, delete, transfer, etc.

Stand-alone power. Even as a stand-alone device, the
GP256 is remarkably powerful. It can gang program up to
8 devices or set program up to 4 sets, with exceptional

PROGRAMMER
GIVES YOU
SO MUCH
POWER
FOR UNDER
52000

the socket, a few simple key-

strokes issue all necessary

instructions. Functions include
Blank Check, Copy, Program and
Verity.

Applications power. Development
engineers find the GP256 useful for
combining data from different files for
programming, or using multiple sockets
as masters when copying. Set copying
speeds debugging and evaluation of system
firmware. In fact, its speed and range of
commands make the GP256 flexible
enough to meet nearly any program-
ming need.

And it’s simple to use. So simple that
operators can be trained in a matter of
minutes. And multiple self-diagnostics guar-
antee accurate and dependable operation.

Call or write today for full details. Ask about our low-
cost companion benchtop RAM and EPROM test system,
the M256. And the MATE TC2000 TTL/CMOS Functional
Tester or the MICE Il microprocessor in-circuit emulator.
They all feature the same cost-effective versatility.

Outside U.SA. & Canada

MICROTEK INTERNATIONAL, INC.
2-1 Science Road 1

Science-Based Industrial Park

Hsinchu, Taiwan, 300, R.O.C.

Telephone: (035) 772155

Telex: 32169 MICROTEK

USA. & Canada
MICROTEK LAB, INC.
17221 South Western Avenue
Gardena, CA 90247
Telephone: (213) 538-5369
Telex: 696334 BENNY GDNA
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session will present concepts on the use of
Multibus for high performance systems.
Speakers will concentrate on 16/32-bit processor
systems. Further emphasis will be on
applications for multiprocessor systems to back
up some of the other sessions in this conference
on that subject.

Tuesday’s final Mini/Micro technical session
will be on cMoOs single-chip microprocessors, |
with stress on performance characteristics. |
Further detail will be on the expected benefits of
CcMOS and the new application areas that are
becoming available to designers, especially in
industrial activities such as automotive.

Further discussion of microprocessors will be
included in the Thursday morning session on
cost-effective microcomputer development. The
speakers promise to provide insight into
alternative development tools. Both traditional
and nontraditional approaches will be included in
the review. The key point that will be made is
that it is often possible to develop
microprocessor systems without spending great
sums of money.

The Thursday early afternoon session also will
be microprocessor-related. This one will provide
an update for system designers on available
development tools. Discussions will include both
software and hardware aspects.

Multiprocessor systems will receive detailed
coverage in two Wednesday afternoon sessions.
The early session will show how multiprocessor
systems provide the additional computer power
often needed for complex applications. Stress
will be on realtime and fault-tolerant systems.

Increased system throughput that results from
multiprocessing and coprocessing will be the
theme of the second Wednesday morning
session on multiprocessors. This session will
emphasize applications involving both 16- and
32-bit microprocessors. Part of the discussion
will cover architecture and performance of
selected floating point coprocessors.

The remaining Mini/Micro technical session,
this one early on Wednesday morning, will be on
developments in the vLsI bit-mapped graphics
controllers that are being used in so many
applications. Concentration of speakers will be
on graphics controllers per se, especially their
architectures and features. Part of the discussion
will, of course, include applications.—S.F.S.

Midcon/84 and Mini/Micro Southwest are
cosponsored by Regions 4 and 5 (Chicago and
Dallas Sections) of the Institute of Electrical and
Electronics Engineers. For further information,
contact Kent Keller, Electronic Conventions, Inc,
8110 Airport Blvd, Los Angeles, CA 90045.

Tel: 213/772-2965.

MILES
AH"E“AD
ENGINEERING,
SERVICE

AND
AUTY

Pioneer in power
distribution for over
20 years. When it
comes to ultra-reliable
laminar bus bars for
electronics, nobody
comes close to Rogers
for innovative engi-
neering, comprehensive
service and quality.

The perfect power distribution package. Rogers
laminar bus bars are installed correctly the first
time and provide better value and higher reliability
than bulky wiring harnesses. (Not one of our bus bars
has ever experienced an electrically-related field
failure.) They fit space requirements exactly, feature
low inductance, low impedance and high distributed
capacitance.

Fully customized designs. Rogers engineers bus
bars in a wide range of materials, tab and body
configurations while offering full production runs,
complete prototyping capabilities and application
engineering expertise.

Worldwide service. Rogers facilities in the U.S.,
Japan, France and Belgium offer customers around
the world the industry's best combination of innova-
tive engineering, quality, price and delivery.

Free design/value analysis. To find out how our
laminar busses, MINI/BUS" PCB bus bars and
QUIK/BUS" do-it-yourself bussing can give you a head
start on packaging reliability, call the Rogers Power
Distribution Engineer today at (602) 830-3370.

© ROGERS

Rogers Corporation

Bus Products Division

5750 East McKellips Road, Mesa, AZ 85205
602 830-3370
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IT TAKES A LOT OF DR

In CAD/CAM. In seismic and Access times of 21 milliseconds.
transaction-based systems. Or PBXs. Or Plus the best price per megabyte
anywhere else you need a lot of data fast. on the market.

That's why we created the Ampex 825. Fact is, we offer a better 825 MB

This 14" Winchester family delivers price than any combination of small drives.
everything you need to take the lead in And-thanks to a design that teams RLL
multi-user, multi-tasking applications: 825, encoding with proven, standard head and
660 or 330 MB of unformatted capacity: media technologies—better yields than other

The new standard 1.859 megabyte big drives. So you won't have to wait for us
per second data transfer rate. to get our act together in manufacturing.




TOMAKE IT BIG IN PICTURES.

Or in QA. Or field service. Because
we designed the Ampex 825 with features
that keep it on the fast track. There’s a
unique control panel with an LED/keypad
for push-button diagnostics and configu-
ration. A modular head/disk assembly so you
can upgrade capacity in minutes. A reliable,
brushless DC motor, a universal power
supply and a dual port option.

Plus something else no one else can

match: our vertical integration and 20
years of computer peripheral and offshore
manufacturing expertise.

So if you're looking for someone with
the drive it takes to play a supporting role
in your next big release, contact Ampex.
Call us tollfree at 800 621-0292.

800 821-9473 in California. We'll be happy

s AMPEX
audition.

Ampex Corporation + One of The Signal Companies
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i AmT7910
M Am8052 First multi-spec
ost advanced anole chi lo
CRT Controller. i ek
AmT7901
Am29818 First programmable
First IC CODEC/Filter.

with diagnostics.
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Am275438

Am291 b\

Fastest 16-bit
MiCroprocessor.

Am27S43A
Fastest 32K
bipolar PROM.

PAL is a registered trademark of and is used under license from Monolithic Memories, Inc.,
© Advanced Micro Devices 1984.

LSI FET processor.

AmT7990/91A
First LSI
Ethernet chip set.

Am27512
First

512K EPROM.




T A BB RV NG

AS BRIGHT AS YOU ARE?

You're doing everything you can to stay
ahead of the competition. Shouldn't your IC
company do the same?

We think so.

In 1983 we spent a record-breaking
18.7% of sales on research and development.
That’s more than any other major IC
company.

And that's why 40% of our total sales
come from products that were invented here.

Our Am8052 CRT controller lets you
squeeze every last drop of performance out
of a video tube.

And our Am7910 is the only modem
you can program for any major telephone
system anywhere in the world.

We make the first perfectly matched
VLSI Ethernet chip set and the only
complete kit solution to super high speed
digital signal processing.

We make the world’s first 512K EPROM
and the world’s fastest microprocessor.

We're even an innovator when it
comes to quality.

While other guarantees run on and on,

ours 1s short

The International Standard of
Quality guarantees a 0.1% AQL on all andsweet 2
electrical parameters, AC and DC, SO, if youve

you want to

B really shine, call us. We can put you as far

: Fistest appelithic ahead of the competition as we are.
Am29516A 12-hit A/D.
Fastest 16-bit
multiplier.

AmT7990/91A
First LSI
First 1.SI PAL Ethernet chip set.

AmPAL22V10

device.

Advanced Micro Devices ¢\

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088
(408) 749-5000, outside California, call toll free (800) 538-8450, ext. 5000.

CIRCLE 45



IF YOUR

IS SHRINKING

}- - - /72.%0 /

SH) 7 LR
3}:"”%% Lyas NON BRIk FERT

NOTES I | MAIN HOUSING To B Hige
MPAET RESISTANT
F 3 W DIRECTIY TO
x mlmimm-mn w
AZD o Box

ER

o
Ll S v
Rld o g 1S AORTABLE
055-5 DEREI  COMPUTER.




These days, computer designers
everywhere face a problem of massive
proportions: How do you cram
a desktop computer into a briefcase”?

Sound familiar? If so, there's a family
of 35" single and double-sided micro-
floppy disk drives you should meet.
The Shugart 300 and 350, respectively.

The perfect drive solution for a
full-featured portable.

Tiny enough to fit easily into your
smallest design. Yet with a 6 millisecond
average access time, a capacity up
to 1 megabyte and Minifloppy™ com-
patibility, your portable computer
could easily run the same software
as someone elses desktop.

And keep it running for quite
some time.

Shugart drives are so reliable, you
can count on an MTBF of 10,000
power on hours. One reason were
projecting delivery of over 100,000
microfloppy drives this year.

At just over a pound apiece, you
could even use two. And still call your
portable computer portable.

Theres just one thing to remember.
You should always check the activity
light on a Shugart microfloppy. Theyre
so quiet, there's no other way to tell
if theyre running.

What more could a shrinking

business need? A couple of other small
things. Industry standard 3.5" micro-
cartridges, to be exact. Their track
densities offer a more than generous
upgrade path. But more important,
considering where they could end up,
they come equipped with a hard shell
plastic media cartridge. And an auto-
matic head access shutter Sure pro-
tection from all kinds of catastrophes.
Stick them in your pocket. Throw them
in your purse. Bang them around

in your briefcase. They'll survive.

YTy 2T SR

The 3.5" Shugart Miéroﬂoppy Smail than actual size, butknot much

Sound interesting? Call your local
Shugart sales office. We'll do a private
microfloppy workshop right in your
office. But do it soon. The more your
business shrinks, the more Shugart
can help.

Shugart

Right from the start.

Milpitas, CA (408) 263-2600, Costa Mesa, CA (714) 979-1935, Thousand Oaks, CA (805) 496-5388; Rochester, NY (716) 235-7190, Minneapolis, MN (612) 546-4411,

Richardson, TX (214) 234-3568, Framingham, MA (617) 879-1700; Saddle Brook, NJ (201) 368-8445, Smyrna, GA (404) 436-0953, Markham, ONT (416) 475-2655,

Paris, France (3) 946-42-66; Munich, West Germany (089) 786-021; London, U K. (44) 4862-27272, Wanchai, Hong Kong (852) 5733307 © 1984 Shugart Corporation
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Specify TRW Superfast
Flat Cable Connectors

This is the flat cable mass termination
interconnect system that’s designed to
relieve strain in every way.

The cover/strain relief is pre-assembled
as an intergral part of the connector.
So you're assured of effective cable
strain relief without extra parts to buy
or assemble. And one, simple, snap-
action operation puts it in position.

TRW Superfast connectors are just as
easy on your budget. Low prices to
begin with. More density because of
the lower profile of the overall package
height. And the Superfast design

©TRW Inc. 1984
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requires less cable, less labor and
reduces space requirements when used
in a daisy chain mode. Superfast even
meets MIL-SPEC requirements.

All this is part of the Value
Engineering that TRW built into every
Superfast Flat Cable Connector. It
also includes features like an exclusive
one-step insulation displacement
contact system with a unique contact
design for high reliability connections.

And you can get all the connector sizes
and types you need in the Superfast
system. More important, you can get
fast, off-the-shelf delivery from the
TRW Connector distributor
network—the best in the business—to
prevent strain on your commitments.

CIRCLE 47

rfast relieves str
le, on your bud

For more information on the
Superfast Flat Cable Connector
System, contact your TRW Electronic
Components Group sales office, or see
your local TRW Connector
Distributor. Or write: Connector
Division, TRW Electronic
Components Group, 1501 Morse
Avenue, Elk Grove Village, Illinois
60007. Phone 312.981.6000.

“Trademark TRW Inc

& FXWY

Connector Division
TRW Electronic Components Group
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CONNECTORS—TH
MISSING LINK IN
EMI SUPPRESSION

Computer equipment must meet stringent FCC restrictions on
rf emissions. Although the first line of defense for designers
is proper packaging, electromagnetic interference can occur
between units if attention is not paid to connector design.

by Frank Drzymkowski and
Dave Goodman

Since the early days of radio, communication en-
gineers have been concerned with electromagnetic
interference. Until recently, however, digital system
designers did not have to pay much attention to
electromagnetic interference. This was because
computer systems were large and generally isolated
in their own rooms. Even if they did radiate electro-
magnetic interference, there was nothing else close
enough to be affected. Now, with the proliferation
of computing systems and their penetration into

Frank Drzymkowski is director of engineering at ITT
Cannon Phoenix, 2801 Air Lane, Phoenix, AZ
85034, where he is responsible for product design and
manufacturing/engineering. He holds a BEE from the
University of Dayton and an MSEE from Purdue
University.

Dave Goodman is director of new product
development engineering for ITT Cannon North
America, 10550 Talbert Ave, Fountain Valley, CA
92708. Mr Goodman holds a BSME from the Georgia
Institute of Technology.

small business and home environments, system
designers can no longer afford to ignore this aspect
of computer design.

Recognizing the potential interference problems
represented by the rapid spread of digital systems,
the Federal Communications Commission has
imposed strict regulations governing the amount of
electromagnetic interference (emi) that a digital
system may emit. The FCC docket #20780 covers
computers and all other electronic devices that
generate and use radio frequency (rf) energy for
timing and control applications. For the purposes
of this regulation, rf energy includes any signal
with a frequency between 10 kHz and 1000 MHz.
As of Oct 1, 1983, any equipment under the juris-
diction of this docket that does not meet the re-
quirements cannot be sold or offered for sale. If
already sold, the equipment must cease operation
until brought into compliance. Fines of up to $2000
a day can be levied for noncompliance.

The new regulations are concerned with only two
of the several forms of emi: radiated and conducted
emissions. Other types of emi, such as ac hum and
electrostatic discharge, are not considered. The FCC
specifies the test methods that must be used to verify
compliance, as well as the permissible levels of
emitted emi.
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TABLE 1
Class A Equipment emi/rfi Limits
Frequency Distance Field Strength
(MHz) (m) (V/m)
Radiated: 30 to 88 30 30
88 to 216 30 50
216 to 1000 30 70
Frequency Maximum Voltage
(MHz) (V)
Conducted: 0.45 to 1.6 1000
(power line) 1.6 to 30 3000

Docket #20780 divides equipment into two classes:
Class A includes all devices marketed primarily
for use in a commercial environment; Class B covers
all devices marketed for home use. Class A devices
include business computers, numerical conirol
machines, and quality control equipment. Com-
puters such as Apple, even though they are used in
thousands of businesses, are considered Class B since
they are marketed primarily as home computers.

There is less potential for interference in a busi-
ness environment than in the home (businesses do
not have the wide variety of entertainment systems
and other devices that homes do). Thus, Class A
requirements are less stringent. Table 1 shows the
FCC requirements concerning radiated and conducted
emi from Class A devices. Class B devices, such as
home computers, videogames, and cordless phones
are used in smaller quarters as well as in close
proximity to televisions and radios. Therefore,
requirements are more stringent. Table 2 shows the
FCC limitations on radiated and conducted emi
from Class B devices. Note that while Class A limits
are specified at 30 m, Class B limits are specified
at 3 m. This reflects the closer spacing between
potentially interfering sources in the home.

Perhaps the most important aspect of the FCC
regulation is that it addresses system design rather
than the components or the technology chosen to
build a device. While the docket states that the
manufacturer is responsible for meeting the radiated
and conducted noise restriction requirements of the
regulation, it does not require any specific design
or component to be used. This leaves the system

TABLE 2

Class B Equipment emi/rfi Limits

Frequency Distance  Field Strength
(MHz) (m) (V/m)
Radiated: 30 to 88 3 100
88 to 216 3 150
216 to 1000 3 200
Conducted: At any frequency from 450 kHz to 30 MHz,
(power line)  conducted rfi and emi must not exceed 250 V.
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designer free to choose the most efficient and eco-
nomical method of controlling emissions for a par-
ticular application.

Digital systems and emi

In any electronic system, radiated noise is likely
to be the dominant form of interference. Virtually
any part of a circuit, whether a trace on a PC board
or a length of discrete wiring, can act as a broad-
cast antenna. Conducted emission of rf noise usually
becomes a problem when it reaches a part of the cir-
cuit where it can be radiated. These problems
become more pronounced as the frequency increases.
Conducted emi can also be a problem in equipment
with switching power supplies, where leakage back
into the power lines can cause interference in any
piece of equipment not protected by adequate
filtering.
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Fig 1 Trapezoidal waveforms approximate signals.
Controlling emi is difficult due to the large resource of
harmonics found in digital control signals because of fast
rise times and high frequencies.

Unfortunately for the system designer, digital
electronics are noisy by nature. The fast rise times
and high frequencies characteristic of digital con-
trol signals make them rich sources of harmonics,
which complicates emi control. The trapezoidal
waveform (Fig 1) is a good approximation of the
signal type found in computing devices. In the
Fourier analysis of this waveform, as shown below,
A is pulse amplitude in volts, d is pulse width in
seconds, n is a harmonic number, T is pulse period
in seconds, and ty is rise time in seconds.

Ad 2Ad o Sin n#ty/T Sin nwd/T
et) = — +
i3 i,

n=1 naty/T nrd/T

D=t 3

This analysis yields the spectrum envelope shown
in Fig 2 (the rise and fall times of the signal are
assumed to be equal).

The control signals used in the three major fami-
lies of logic—CMOS, TTI, and ECL—are each
characterized by different voltage swings and rise
times. Using a 5-MHz version of the waveform in
Fig 1 as the basis for Fourier analysis of each of
the logic types, the spectrum envelopes illustrated



in Fig 3 are obtained. Note that all three types of
logic generate appreciable harmonics out to the
gigahertz region. At the higher frequencies, where
shield integrity and conductor coupling become more
important, TTL generates the highest levels of
harmonics. This worst case will be used as the model
for discussion.

An antenna model, with a 20-cm length of 20
AWG wire 5 cm above a ground plane, and carry-
ing a current of 10 mA, will be used to estimate how
much radiated interference a digital circuit using
this signal might generate. This approximates some
of the longer wire traces on a single-board com-
puter, for instance. Fig 4 shows the result of using
the standard Maxwell field equations, and taking
into account the directional gain of such an antenna.
The signal radiated by the model is at least 10 dB
higher than the FCC allows for Class B digital
systems. [A detailed treatment of the antenna theory
behind this graph is available from the authors.]
Although the exact circumstances represented by
this model might never be encountered in digital
system design, it nevertheless illustrates the kind of
problem a digital engineer should recognize.

A designer can choose between several methods
to deal with emi: case shielding, onboard filtering,
multilayer PC boards, etc. Case shielding is a sine
qua non—no attempt at emi control will get very
far without it. Multilayer PC boards can be used to
furnish a ground plane very close to any possible
antenna element, thus limiting significant radiation
to the very highest frequencies. This approach has
two disadvantages: it is somewhat expensive; and
when system redesign is necessary to overcome
emi problems, it is rarely appropriate. Conducted
radiation can often be dealt with most simply by
providing a filter network at the output of the
board or subsystem generating the offending signal.

Dealing with emi

A good design uses one or all of these methods
as the application dictates; none are sufficient by
themselves. A case may provide a perfectly seam-
less shield, eliminating all radiated energy, but it
will not affect conducted noise. Thus, any rf noise
generated in a perfectly shielded computer connected
to an imperfectly shielded peripheral (and this
includes the power lines), will be conducted to
the peripheral and be radiated through the imper-
fect shield. A related problem is the expense of
well-shielded cable that may be needed to connect
subsystems in a digital design.

Filtering the signal to eliminate unwanted rf
components eliminates conducted noise, but without
a well-shielded design, radiation still occurs. In
some cases, when the signal itself is the source
of noise rather than its harmonics, the signal wave-
form will determine how easy it is to filter. A
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Fig 2 The spectrum envelope shown is developed from a
Fourier analysis of the waveform in Fig 1. Here, the
signal’s rise and fall times are assumed to be equal.

sinusoidal waveform is more easily dealt with than
more complex signals.

Signal frequency and power strongly affect the
efficacy and cost of each approach. The higher the
noise frequency, the smaller the aperture through
which it can escape, and the harder it is to shield.
Thus, digital systems require a case that is as seam-
less as possible. The power level of the interfering
signal determines how far radiated noise will travel,
as well as how far it will be conducted. Filtering a
high power signal is naturally more expensive.

Even a system designed with careful attention to
all of these factors can be compromised by weak-
nesses in other system components. The design ele-
ments most often overlooked are the connectors used
to link the various parts of the system. Connectors,
like power supplies, cases, and other ‘‘secondary’’
elements of a system, are often specified only after
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Fig 3 Fourier analysis of major logic families—CMOS, TTL,
and EcL—yields the spectrum envelopes illustrated. All
three logic types generate significant harmonics to the
gigahertz region.
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Fig 4 Maxwell field equations applied to a digital circuit
antenna model yield a composite signal in excess of the
FCC limits.

system design is complete—as an afterthought. As
a result, much of the digital equipment in the field
today does not meet FCC standards. (Spot checks
by the FCC have revealed that up to 30 percent of
Class B systems are not in compliance.)

Connectors specified for a digital system can
play a very important part in emi control. An
improperly designed connector can compromise an
otherwise excellent design by allowing the radi-
ation or conductance of internally generated radio
frequency interference (rfi) and emi. If a piece of
equipment must be redesigned to meet the new FCC
regulations, filtered or shielded connectors may
offer the most economic fix. A knowledge of the
basic elements of connector design for emi control
can help a digital system designer choose the con-
nectors that will enable development of a quiet and
economical system.

Shielded connectors

To gain a good understanding of the connector
design elements important in dealing with emi,
consider the most common type in the computer
industry—the D-subminiature connector. Widely
used for the ubiquitous RS-232 interface, this con-
nector is available in two versions for emi control:
filtered or shielded. Generally, a filtered connector
is used to control conducted emi, or to prevent it
from reaching a point where it can be radiated. A
shielded connector is used to ‘‘plug the holes”’
in a shielded case. Both types allow a design to
be brought into compliance with the FCC docket
without changing the basic design. Thus, the manu-
facturer does not incur a great expense. In addition,
the effect of new connectors on emi control is easier
to assess and test than any other design change.

Ideally, when shielded connectors are mated, they
should provide the same level of shielding as the
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cable shield and case. If not, the connector becomes
a hole through which emi can escape from an other-
wise well-shielded system. This requires special
attention to the integrity of the connector housings,
the backshell, and the joint between any two pieces
of a mated connector, including the cable and the
case. The method used to terminate shielded cable
is especially important, due to the fact that ex-
posed, unshielded wires at the connector termination
are free to radiate. At the same time, the method
chosen to ensure shielding integrity must do so
without compromising ease of assembly. Another
consideration often overlooked is the susceptibility
of an otherwise well-shielded design to damage
from electrostatic discharges.

To judge the relative effectiveness of each design
element of a shielded connector, some measure of
performance must be devised. It should be fairly
simple and as independent of extraneous factors
as possible. Cannon, for example, has chosen to
rate connector designs using transfer impedance, a
measure of performance that is also widely used in
the wire and cable industry. Shielding effectiveness,
which is an alternate criterion and a more direct
measurement of performance in some ways, is not
used because of its dependence on factors such as
terminal impedance and the configuration of the
measuring apparatus—factors that do not specifi-
cally affect shielded connector design.

Transfer impedance is the open circuit voltage
induced in the internal conductors of a shield by
longitudinal current flowing on the shield’s exterior
surface. The transfer impedance of a shielded
connector can be represented by Z; = Rg + jwMj>.
Here, j= — 12, M5 is mutual inductance between
two lines expressed in henrys, omega is angular fre-
quency in radians, (equal to 2 =f), Rgis a real
component of transfer impedance in ohms, and Z; is
transfer impedance in ohms. By using transfer impe-
dance, the relative effectiveness of each shielded joint
in a connector can be judged through direct mea-
surement, and an overall measurement by which to
judge various design approaches can be determined.

To illustrate the various aspects of shielded
connector design important to a system designer,
consider Cannon’s shielded D-subminiature con-
nectors. Each of the connector’s parts addresses a
specific aspect of emi control, with the overall goal
of shield integrity. The shielded backshell of this con-
nector is a one-piece, drawn brass design that encom-
passes all wiring between the cable shield and the
connector shell. Fig 5 (a) shows the transfer impe-
dance of this design versus a two-piece die-cast
design. The leakage permitted by the two-piece
design is approximately an order of magnitude
greater than that of the one-piece backshell. This is
partly due to the difficulty of producing a two-piece
design whose mating edges are perfectly smooth, and
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partly due to the formation of nonconductive (on
aluminum) or semiconductive (on brass) oxidation
layers on the joint edges. This latter effect plays a
major role in all joints in a shielded connector, and
mandates the use of some form of protective finish
for best emi protection.

The cable shield is terminated to the shielded back-
shell by means of a thin-wall cylindrical ferrule using
hexagonal crimp pliers. This shield is captured in an
annular band between the outer diameter of the fer-
rule and the inner diameter of the shielded backshell.
This technique can be used with either braided or
foil shield cable. Fig 5 (b) shows the transfer
impedance of this joint, including 0.5 in. of cable
shield. It is interesting to note that although a foil
shield with drain wire gives better shielding coverage
when cable construction alone is considered, the
transfer impedance of its joint to the shielded back-
shell is approximately an order of magnitude higher
than that with braided shield cable. This is due prin-
cipally to the inductance of the drain wire that fur-
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Fig 5 Pictured are the transfer impedances (ohms/ y axis)
versus frequency (MHz/ x axis) between, for example,
shielded backshell and connector backshell (a); between
shielded backshell and cable shield, including 0.5 in. of
cable shield (b); between plug and receptacle shells (¢); and
between receptacle and bulkhead (d). Also pictured are the
total of all contributions from aluminum bulkhead through
to shield crimp (e); and the typical braid shielded cable (f),
which is 0.3 in. in diameter.
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nishes the electrical connection between the cable
shield and the backshell crimp.

The steel connector shells continue the shielding
through the connector receptacle mounting panel.
This is an extremely important joint for controlling
emi: even if the connector and socket shells overlap
entirely, there is at best only sporadic electrical con-
tact between them unless one of two methods is used
to ensure a low resistance joint. One method—
multiple grounding dimples on the male connector
shell—furnishes a number of low resistance path-
ways upon engagement. One advantage of this
design is that it will mate with any standard female
D-subminiature connector shell. As long as the
female connector is grounded to the case, adding a
dimpled male connector will give a well-shielded
connection—a major advantage in case of FCC-
mandated redesigns. :

Another method is the use of cantilever grounding
fingers on socket connector halves. This approach
leaves both mating shells unchanged but requires that
the insulator of the socket half of the connector pair
be slotted to accept this grounding finger addition.
One advantage of this design is that it permits direct
grounding to the traces on a PC board. Fig 5 (c) illus-
trates the differences in transfer impedance between
these two designs. The dimpled shell enjoys approx-
imately a 6-dB advantage, a minor difference that
is overshadowed by other factors in connector design.

The final joint to be considered is that between
the socket half of the connector pair and the bulk-
head to which it is grounded. Fig 5 (d) shows the
difference in transfer impedance exhibited by brass
and aluminum bulkheads. Here, too, the formation
of high resistance oxidation layers plays a part, and
no amount of bearing pressure exerted between
socket and bulkhead appears to have any effect.
Again, protective finishes are a necessity, especially
in products that may be exposed to elevated tempera-
ture or humidity.

Fig 5 (e) sums up the contributions to the con-
nector’s total transfer impedance of all these design
elements, omitting only the cable shield-to-back-
shell junction, which is highly dependent on the cable
used by the design. In comparison, Fig 5 (f) illus-
trates the theoretical transfer impedance/meter
length of a 0.3-in. diameter cable with a shield con-
sisting of 7 strands of 36 AWG wire in each of 24
carriers and a 30-degree weave angle. It is substan-
tially higher than that of the entire connector.

One last part of connector design important to dig-
ital designers is the connector shroud. This insulates
the shielded backshell from electrical contact with
any other part of the system, or with operating per-
sonnel.

There are other design elements that should be
considered in selecting a connector. The method of
strain relief should not rely on the mechanical
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Fig 6 The addition of a filtered connector to the antenna
model analyzed in Fig 4 brings radiation well within rcc
specifications.

strength of the crimp, especially with foil shielded
cable. It should however, accommodate a range of
cable sizes. The latching mechanism that holds the
connectors together should be simple and reliable,
or the familiar captive screw fasteners should be used
where frequent disconnection and reconnection are
not anticipated. A designer may also wish to inves-
tigate the possibility that only a part of the connec-
tor needs to be replaced to bring a design up to spec.
The Cannon shielded D-subminiature parts can be
mated with a number of other D-subminiature
products. This capability can further reduce rede-
sign cost.

Filtered connectors

In some digital systems, the emi problem may not
result from a poorly shielded case or leaky connec-
tors, but rather from emi that is being conducted
out of a well-shielded environment to where it can
be radiated, or from straight conducted emi in
excess of FCC-mandated levels. In either case, a
filtered connector may be the proper solution.

An example of filtered connector design is the
transverse monolith filtered connector. Its electrical
design includes a monolithic capacitor that acts as
an rf bypass, shunting all signals above a frequency
determined by the combination of source and load
impedances in conjunction with the capacitance to
ground. This eliminates the harmonics responsible
for emi. The monolithic design has several advan-
tages over earlier designs that used discrete compo-
nents. For example, it is one-piece, and thus less
expensive and more reliable. It also produces better
attenuation characteristics. In addition, the one-piece
design means that any combination of contacts in
the D-subminiature shell can be filtered by one con-
nector design. It is smaller in length than discrete
tubular components, which means it can be directly
substituted for any other standard D-subminiature
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connector, and can be combined with the shielded
connector adapter kits for added protection if neces-
sary. The monolithic design is also less subject to
shock, vibration, and other environmental effects.

Fig 6 illustrates the effect the addition of this
filtered connector has on the signal from the antenna
model analyzed in Fig 4. Here, the antenna model is
assumed to represent a wire outside a shielded system
that might allow conducted emi to radiate. With the
connector in place, the emi radiated from the an-
tenna model is now well within FCC specifications.

One last advantage of both shielded and filtered
connectors to keep in mind is the ease with which
they permit testing of the effect that the additional
connectors may have on an out-of-spec system. A
monolithic filtered adapter placed between the two
halves of a connector pair reveals whether the emi
problem is due to straight radiated emi (in which case
the adapter will have no effect), or reradiated con-
ducted emi (in which case the addition of the adapter
will eliminate or cut down on the emi measured). This
is one of the first tests that should be performed on
an out-of-spec system. The same type of test can be
made with a shielded connector to see if a leaky con-
nector is permitting radiation of emi. Both of these
tests can prevent needless work and help bring a sys-
tem back into compliance quickly and economically.

Digital system designers neglect a powerful tool
for dealing with emi/rfi when they design without
considering connectors. The widespread noncompli-
ance of Class B systems with FCC docket #20780
bears witness to the consequences of such neglect.
In retrofitting for compliance with FCC standards,
connectors can mean the difference between success-
ful emission control and continued violation. Con-
nectors selected with emi in mind must cover radiated
emission as efficiently as carefully developed cable
and case shielding. Furthermore, the connectors must
control conduction—otherwise, shielding effective-
ness is diminished. The proper mix of shielded and
filtered connectors can enhance a digital design by
suppressing the radiation and conduction of inter-
nally generated rf interference. This kind of solu-
tion prones reliable, cost efficient and, most
importantly, quiet.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.
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Our SL-2000 integrated CAE system
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maintain continuous design verifica-
tion at every level.
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system for a chemical factory. You cre-
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our STARGATE™ turnkey design sys-
tem for gate arrays, or STARCELL™
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Remote measuring unit

Design decisions at one level are au-
tomatically incorporated at all other
levels, so you maintain integrity from
concept through implementation in
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Portability
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SOFTWARE QUALITY:
DESIGN IT IN
FROM THE START

A comprehensive software quality assurance program should
be an integral part of the development process. This program
ensures not only that functions work as planned, but that

planned functions are useful.
by M. Ghiassi

Developing reliable software requires a structured
quality assurance program from the very beginning
of the software design. Because the programmer/
developer tends to be biased in favor of the product,
and is under pressure to meet product development
deadlines, the customer is often the first real tester
of new microprocessor software. If software quality
assurance is not a direct part of the program develop-
ment, a healthy exchange of ideas during testing is
eliminated from the development stage. As micro-
processor systems approach the mainframe per-
formance level, and system software as well as
application software becomes much more sophisti-
cated, better software quality assurance methods
become indispensable.

Design methodologies, test criteria, and special-
ized tools contribute to a successful software quality
assurance (SQA) program, as well as the experience
level of the quality assurance (QA) personnel. Inde-
pendence from the design group is a must, as the
QA group must also act as ‘‘first customer’ in
evaluating a new software product.

According to Barry Boehm of TRW (El Segundo,
Calif) and Thomas Standish of the University of

M. Ghiassi is a member of the technical staff at
National Semiconductor, 2900 Semiconductor

Dr, Santa Clara, CA 95051. Dr Ghiassi is also
assistant professor of information systems at the
University of Santa Clara. He holds a BS in
economics from the University of Tehran, Tehran,
Iran, an Ms in economics from Southern Illinois
University, and an MS in computer science and a
PhD in engineering, both from the University of
lllinois at Urbana.

California at Irvine, the national demand for soft-
ware engineers is increasing by 12 percent annually,
while the available supply is increasing by only four
percent a year.! Even with this four-percent increase
in individual programmer productivity, there is still
a four-percent increase in the gap between supply
and demand. By the 1990s, a shortage of over a mil-
lion programmers is expected.

There are two ways to close this gap: by increas-
ing productivity even further, and/or by cutting
down the time spent on maintenance, which is the
number one software activity. Approximately 60 to
80 percent of software cost and 70 percent of
programmer time are spent in maintaining existing
programs. Obviously, time spent maintaining old
programs detracts from time available for the crea-
tion of new programs demanded by the industry.
Many industry insiders estimate that, while it takes
$40 to $60 to write a line of code, to maintain it over
a period of time can cost as much as $4000.

Meeting the need for SOA programs

Therefore, the time and cost required for program
maintenance, with an expected cost increase in the
future, give rise to a need for effective SQA pro-
grams. The use of SQA can cut down the time spent
on program maintenance by uncovering and elimi-
nating potential problems before the product leaves
the development lab. In addition, putting an SQA
program in place throughout the software product
development cycle cuts down on the time spent later
in the costly and time-consuming process of program
maintenance.

Typically, there has been no separate SQA func-
tion in software development departments; it has
been common for programmers to perform their
own QA evaluation, and to develop their own test
tools. Invariably, a busy development department
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will underestimate and underbudget the resources
required for testing and QA.

In addition, programmers/developers suffer from
the bias of the work environment. Often they are
so familiar with the program and how it ‘‘should”’
operate that it is difficult to devise valid tests for
unexpected glitches. Even very good programmers
do not necessarily know how to test due to lack of
experience. As a result, the customer often becomes
the first ‘‘critical user,”” and by default, the QA
backstop. Once a program is released to the public,
it becomes difficult, if not impossible, to halt its
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Fig 1 In product definition, the software quality assurance
(SQA) group advises the development team about potential
problems that can arise during testing, defines the
acceptance criteria, and learns about the product in
advance of final testing during the release stage. Once the
software has passed SQA criteria, it is released to beta-sites,
and if all tests are passed, it is released to manufacturing.
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momentum long enough to adequately resolve all
the bugs uncovered in the field.

To avoid this situation, the SQA group should be
the first ‘‘critical user,”’ apart from the software
development team. This eliminates the bias of the
programmer/tester and prevents critical omissions
due to overfamiliarity with the product. Further-
more, SQA sets standards for software operation. A
set of comprehensive standards ensures that the soft-
ware product will be able to stand the test of time
and field trials with actual customers. Therefore,
tests devised by the SQA group should set up much
more stringent conditions than those which will be
encountered by users.

Testing and quality assurance

Although the goals of testing and QA appear to
be the same, there are important differences. Test-
ing is done during the development phase and deter-
mines whether or not the product meets the defined
standards; QA is oriented toward defining what
those product standards should be. Unlike testing,
which asks whether or not the product performs
according to what the designer has in mind, QA
helps decide if the product does what the customer/
user needs, or expects it to do. Pfan defines QA
as ‘‘the name given to activities performed in con-
junction with the development of a software product
to guarantee the product meets the specific stan-
dards. These activities reduce doubts and risks
about the performance of the product in the target
environment.’’2

Thus, QA activities should begin at the onset of
the design cycle, and continue throughout the prod-
uct development, testing, and manufacturing pro-
cesses. In the past, software product development
without a reliable QA program has resulted in func-
tionally correct, but inadequate software that,
although meeting the designer’s or design group’s
specifications, fell short of meeting the needs of the
intended user group. Unfortunately, much micro-
computer software falls into this category.

The establishment of an independent SQA team
within the framework of a software development
group provides an independent, unbiased viewpoint
from which to judge the functionality of a piece of
software. In other words, it furnishes a specialized
resource—ie, experienced personnel who can deal
with the problems that frequently occur in software
development. In the SQA group at National Semi-
conductor, for example, there are operating system
experts, compiler testers, and utility specialists who
have accumulated years of experience in testing these
different software categories.

As shown in Fig 1, QA should be part of the early
stages of design review. Proper software develop-
ment requires the cooperation of many groups, in-
cluding software engineering, marketing, technical
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main()

int def;
double wrongtype;

def = 0;
wrongtype = 3.0;
switch(wrongtype)

case 3:
def ++;
printf("FAIL: An expression of type 'double” allowed n");

printf( in a SWITCH statement. Note that the n");
printf(" statements for ‘int" 3 were executed. n");
break;

default:
def ++;

printf("FAIL: An expression of type 'double’ allowed n");
printf(" in a SWITCH statement. Note that the n");
printf(" ‘default’ statements were executed. n');

if(def ==0)

printf("FAIL: An expression of type 'double” allowed n");
printf(” in a SWITCH statement. n");

Fig 2 The test program determines whether or not

the C compiler issues an error message for a switch
statement whose expression has a result type other than
‘int’ (integer), after the usual arithmetic conversions have
been performed.

publications, hardware engineering, and SQA. These
groups comprise the software design review team.
The responsibilities of the SQA group include being
aware of what the product is about and raising devel-
oper awareness to the need for SQA.

If the product is new, the process must allow time
for SQA to learn and grow with the product, from
the specification stage through the many phases of
product development. With such early involvement,
schedules can be planned, and procedures for test-
ing the product can be put in place before the crunch
of final testing occurs. Development of new tools,
if necessary, testing of the product against estab-
lished benchmarks, and setting up and testing recom-
mended hardware configurations all fall within the
jurisdiction of the SQA group.

The literature on software maintenance points out
that the later in the development process that a bug
is found, the more difficult and expensive it is to
correct. Thus, SQA should alert the development
team to the importance of early testing. SQA pro-
vides an awareness of test cases and the availability
of test suites and tools for developer use. (Individual
test programs are used to check particular functions
or parameters of a product, while a collection of test
programs that exhaustively tests an entire software
product is called a test suite.) The SQA group must
create and maintain a database history of test cases
against which a product can be measured. They
should also provide a set of test suites and tools that
can be used for systematic analysis of a software
product throughout its life cycle.
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Examples of test suites are those used by the U.S.
Department of Defense (DoD), National Bureau of
Standards, and Western Electric’s Bell Labs to test
conformance of compilers (Ada, Cobol, and For-
tran), and operating systems (Unix). In the case of
Ada, for example, the DoD has developed a rigorous
testing procedure to certify the proper operation of
Ada compilers. It has also certified some third-party
software houses to test commercial compilers. Simi-
larly, AT&T has set up ground rules for an accept-
able System Vv for its 16/32-bit microprocessors,
to pass these tests in accordance with its predefined
rules and procedures. Typically, the software devel-
opment team rarely takes the time to do these types
of tests, and this testing becomes part of the inde-
pendent SQA group charter.

Looking at the SQA procedure

Once a piece of code has been developed by the
design team, it is not automatically ready to be trans-
ferred to the SQA group. Release of software to SQA
should be accompanied by the following: source
code files (object files as well, when appropriate);
a complete list of files for each component; a com-
plete set of manuals or, at least, specifications; instal-
lation procedures; documents describing test
procedures and the test suites used by developers
with a list of known bugs; all supporting equipment,
when necessary; and specific information on expected
customer configurations.

After participating in the design review sessions
and approving the design team testing, SQA is ready
to test the product fully. This task requires testing
the following categories: conformity to specifica-
tions; error handling; boundary conditions; devia-
tions from standards [eg, International Standards
Organization (1SO) Pascal specs]; and extensions
(definitions and exceptions).

In the first case, there are various checks that must
be made to ensure that the product does indeed meet
the stated specifications as defined by the initial
product design team. For example, if the product
is a language, its grammar and syntax are defined
in the product specification. SQA must establish the
correctness of the spec by creating test cases for
checking each type of statement and combination
of language elements.

Fig 2 gives an example of a test program designed
to check a C compiler feature. In this case, the test
program deliberately incorporates an error, followed
by a print statement that denotes the error. If the
compiler correctly flags the error, the statement will
not be printed. If it does not detect the error, the
program will be compiled, executed, and the fail
message printed. Test programs such as this one are
developed to test programming language features—
eg, to test grammar, parameter, and argument lists,
proper variable names, etc.



Proper error handling is tested by feeding the com-
piler incorrect constructs and seeing if the compiler
handles them correctly. Whereas the conformity-to-
spec testing checks to see if the program handles
correct data properly, error handling tests confirm
that errors are correctly detected, reported and, when
possible, corrected.

Importance of proper error handling
An example of the problems that can crop up
when proper error handling tests are not available
is apparent in a popular database management pro-
gram for personal computers. In this program, users
can create files with file names that are considered
illegal by the operating system. This can lead to the
creation of files filled with important data which
cannot be accessed. Since the operating system does
not recognize the illegal file names, it will not per-
mit the opening, or even renaming of the files. For
this reason, ensuring proper error handling as
opposed to simply confirming correct function
implementation is vital to database management.
Often a specific language implementation, such
as 1SO Pascal, must take into account the details of
the underlying hardware system. Thus, some fea-
tures may perform differently on different hardware.
In such cases, documentation for every deviation
from the expected, as well as any alternative method
of achieving the desired result, should be written.
Some examples of deviations from Pascal stan-
dards are the specifics of 170 handling and pointer
size. If the product does not conform to standard
usage, the software development team should docu-
ment each deviation and include methods of working
around the deviation. SQA’s job is to see that this
documentation is actually there, and that the alter-
native methods outlined in the documentation do
indeed work. The same is true of extensions to a lan-
guage. All manufacturer-specific enhancements must
be documented and integrated so that they do not
interfere with the standard language subset.
Boundary conditions are checked by determining
the legal values of expressions or parameters, and
running programs that exceed those values. An
example of such a test program is shown in Fig 3,
a Pascal program to check for an illegal value in an
expression involving a MOD operator. This program
uses the Pascal MOD operator with an illegal value.
The left-hand term of an expression using the MOD
operator cannot have a value of 0 or less. In this
case, a negative value is used and a fail message is
printed if the program is compiled. If the error is
detected, it will be flagged as a runtime error. If not,
the program will run, and print the error message.
It is essential that boundary conditions be checked
for all parameters and conditions. In the QA process
for an operating system, some examples of bound-
aries are the maximum limit of active users, and the

Program NegMOD (OUTPUT);

Var
I, J, K: Integer;

Begin
=3
h= =2
K:= | Mod J; (*This is a run-time error *)
Writeln('FAIL: | MOD J not flagged when J  0');
End.

Fig 3 The Pascal test program determines whether

or not a runtime error message is issued for an illegal
left-hand term of an expression involving the MOD
operator. The left-hand term of such an expression is not
allowed to have a value of 0 or less. The test program is
concerned with what happens when the left-hand term has|
a value of less than 0.

maximum number of active processes per user. The
SQA’s function is to try to break all the rules, and
to see if the software product can detect the error,
report the error, and operate around the error in the
intended manner.

An example of a standard test suite for the test
of a language such as 1SO Pascal is the Tasmanian
test suite developed at the University of Tasmania,
Australia. The Tasmanian test suite incorporates
sections that test for spec conformance, language
deviation, error handling, implementation-dependent
characteristics, measurements of code densities, and
operational speeds.

During the last several years, the use of such stan-
dardized test suites has become the rule for many
SQA groups concerned with system software. As
previously mentioned, there are standard test suites
for Ada, Fortran, Cobol, 1SO Pascal and the Unix
operating system. Unfortunately, there are no such
standards available for application programs. Thus,
the presence of a strong SQA group is even more
important for software developers aiming at the
more diverse application market.

Regression tests and software error logs

The SQA group’s final responsibility is that of
providing a data history repository for the software
product, from inception to final release. Since revi-
sions are inevitable, SQA must fully document all
changes to the product over time. It should also con-
firm the proper operation of the software as these
changes are made. One useful method of ensuring
proper operation during such changes is regression
testing.

Software products usually go through several
modifications. In addition, construction of test suites
allows for automation of the testing process. After
each modification, the system must be retested
through regression testing. One major concern in
regression testing is the level of testing that is re-
quired when only a portion of a system is changed.
If the modification of the system can be isolated
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safely from other parts of the software, then local
testing of that software portion may be sufficient.

An important point to remember, however, is that
a correction or modification in one section of the
system can impact other portions that have not been
modified. This danger is always present and local
testing introduces a certain degree of risk to the
regression testing process. If the results of the regres-
sion testing are the same, the software can be said
to be functionally unchanged. These types of tests
are particularly useful in confirming proper opera-
tion of systems involving modifications of both hard-
ware and software.

Making changes

Another useful tool in documenting software
changes is the software error log (SEL). The SEL
should report the history of software bugs from their
first occurrence, suggest workaround solutions, and
document the corrected resolution of the problem.
There are three categories of information in the SELS
used at National Semiconductor: environmental
information, error definition, and error tracking.

SEL environmental information points out the
system where the error occurred, and describes the
SEL ID, the software component name, the host
operating system, the host hardware configuration,
and the severity of the error. Error definition, the
second category, is a description of the symptoms
associated with error, documentation references, test
case references, expected results of error correction,
and workaround solutions to the error for use with
the existing revision. Finally, error tracking, or his-
tory of the bug, logs the date first encountered, other
versions of the software that also have the error, bug
verification by other users, and any other fixes or
experiences by other team members who have found
the error.

In addition to providing a continuous history of
the software product, the SEL report provides a
structured methodology for determining where valu-
able resources should be spent in improving the pro-
gram. The severity rating of the SELs along with
with number of errors can be a determining factor
in ordering priorities that will define which errors
should receive the most attention during the revi-
sion stages. A total count of SELs for each software
component is also used as a guideline for whether
or not the product is releasable. At National, there
are three release levels with different sets of accep-
tance criteria: release from the development group
to SQA; release to beta-site installations; and release
to manufacturing.

The development group provides a complete set
of source files, documentation for constructing cus-
tomer configurations of the product, a description
of the testing procedures that were used in engineer-
ing with a summary of test results, a description of
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known errors or deviations from original specifica-
tions, and a formal release document. The latter
includes the installation procedures with verifying
routines, and a description of the development envi-
ronment. At the same time, the SQA group should
receive the latest copy of the manuals from technical
publications, usually in draft form.

At this point, SQA starts comprehensive testing of
the product. Test cases are employed, test suites run,
and all rules are broken in search of undocumented
phenomena and incorrect error handling. The SQA
group uses the SELs to find and classify all errors
into high, medium, and low degrees of severity.
Typically, high severity errors affect product use-
fulness, medium ones cause unexpected results of
undocumented features in the product operation,
and low severity errors cause minor inconvenience.

Before the product can be released to a beta-site,
all high severity errors must be resolved and a report
summarizing software behavior when medium and
low severity errors are encountered should be written.
Accompanying this report should be a suggested
workaround solution to each problem. In addition,
when released to a beta-site, the software should be
accompanied by a complete set of manuals neces-
sary for installation and operation. And finally, a
designated customer support contact should be avail-
able. For release to manufacturing, all SELs should
be resolved, a positive report from the beta-site
should be confirmed by SQA personnel, and final
customer support facilities should be in place.

When an SQA group is an integral part of the
software development cycle, the ability to produce
consistently reliable software products is improved.
Using SQA techniques throughout the development
cycle cuts down the time required for later program
maintenance. This also ensures that the product is
released according to the agreed-upon specifications
with all deviations and revisions documented and
classified.
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WHO’S GOT
DIBS ON THE DWG?

Digital Word Generators are always in demand. DWGs speed up IC characterization.

DWGs simulate prototype environments. DWGs eliminate building dedicated circuitry.

You never know where a Digital Word Generator have integral CRTs. The ability to display a large
from Interface Technology will show up next. portion of your serial data stream or parallel
From testing discrete designs before system pattern makes either instrument easy to use. Use is
integration to simulating prototype environments, further simplified by the choice of either hex or
these DWGs can handle it all. Speeds to 100 MHz binary display; combined with a block memory {ill
and up to 4096 bits of memory on each of 16 chan- for repetitive pattern entry.
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With Interface Technology's unique timing a 64K deep serial memory just add to an already
simulation capability, you can generate variable powerful instrument.
width pulses or timing patterns, thus conserv- Soputan Interface Technology RS-660 or RS-680

ing time and memory space. Data PY DWG to work at your place —all
may then be output in a single over your place. Call today to
step, burst or continuous mode. m er ace put “dibs” on your DWG.
Both the RS-660 and RS-680 TECHNOLOGY (714) 592-2971.
If it's digital, we can test it.

A Dynatech Company, 150 East Arrow Highway, San Dimas, CA 91773
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TOSHIBA 2

OUR NEW 2Kx8 STATIC RAM

= IS TWICE AS FAST AS ANY OTHER BYTE-WIDE.'

HITTING SPEEDS TO 45ns.
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consumption as low as lwA, your range structures.
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Our new TMM2018D provides them for a maximum I A standby current.
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with an access time of 45ns. This, along supply, our byte-wide. RAMs are available in
with high density, explains why they’re a 24-pin package, DIP (.300” or .600"), flat
rapidly displacing bipolar devices. pack and a variety of other configurations.
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Kx8RAMs

SPEED LIMIT.

:..% : D ram e : Part No. Type Tir:ﬁmx) Cu(r)rma('li\'ﬁx) Cursrmmax)

mewm W m [ omet [
- ns m. m.
2016AP-12 NMOS 120ns 65mA 7mA
If you’re designing cache memory, Q0IeAPIS  NMOS | 150ns 65mA TmA
‘high-speed storage, hand-helds and other R s e L L
high-density memory applications, write for 523:33‘1;;5 P v s 20mA
more information to Toshiba America, Inc., 5‘;::;’:5 :;‘;’: 2:"‘ “‘5’“‘" ’3’"“
i . . . :: . n: SSmA. 30 A
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**Also available in a plastic flat pack (small outline package).
Under development.

DSHIBA AMERICA, INC.
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Xicor E2PROMs.

Forging Your Future.

If you're designing high-performance/high-
capacity E?’PROM systems, Xicor has guaranteed memories.
your future. With the right E2PROM — created for The X2864A also features an expandable

foresighted system designers.

Xicor's 64K E’PROM, the X2864A, offers the

design innovations that make
it the right choice. For today
and tomorrow. Innovations
like automatic page write for
super-fast, write-time per-
formance. And DATA polling
for write verification.

All in the JEDEC-standard footprint for 28-pin

architecture. Leaving pin one free fo ensure your
migration to 256K — without redesigning your

XICOR
E2PROMs

Forging Your Future

system. Fact is, we’'ll be sampling our 256K
E2PROMs in the first half of 1985.

That's sooner than anyone expected.

For more information, write us at 851 Buckeye
Court, Milpitas, CA 95035. 0r call (408) 946-6920
and ask for a copy of
our free brochure.
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Introduction

Semiconductor memories: density and diversity

by Tom Williams—As CMOS technology comes into its own, system
performance bottlenecks can be broken. Moreover, the hunger of
modern computer systems for memory makes it practical to produce
chips that meet unique needs.

Joining text and graphics enhances video performance
by David W. Gulley—A dual-port RAM with a built-in shift register
eliminates bottlenecks and speeds data transfers.

CMOS 256-Kbit RAMs are fast and use less power

by William H. Righter—By using a high performance cM0OS dynamic
RAM technology, relaxed timing margins combined with faster cycles
can yield significant improvements in system speed.

Dual-port static RAMs can remedy contention problems

by Michael J. Drumm, James B. Harris, and Michel Ebertin—System
bandwidth can be used up by contention problems. A true dual-port

RAM can help by allowing simultaneous reads and writes by different
processors.

High endurance EEROMs open system opportunities

by Charles Furnweger—Because they can endure more read/write
cycles, the latest electrically erasable ROMs can handle a wider variety
of applications.
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The Ansley®shielded I/O package:
Effective suppression of EMI/RFI
spurious signals — today, tomorrow

and into the next century.
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EXCLUSIVE 50 PIN
CONFIGURATION

FOIL SHIELDING

>

Don'’t let interference get in the way of
a good design. Meet the only shielded
flat cable and metal shell /O connectors
with Ansley reliability. They’re designed
to help you comply with the latest
FCC EMI/RFI emissions directive,
with interconnection integrity to last
well into the 21st century.

QOur Pin and Socket Metal Shell
D" Connectors combine reliable
shielded performance with the mass-
termination integrity of our patented
TULIP® contact. Choose from standard
25- and 37-position types, or the in-
dustry’s first mass-terminated 50-posi-
tion metal-shell "D" connector. Plus
a full complement of metal backshells,
strain reliefs and installation hardware.

Stocked and sold by
Authorized Distributors

{; i ’ JACKETING

PRE-FESTED
“LOED ASSEMBLIES
AVAILABLE FROM
TORY-CERTIFIED
BUTORS

TULIP® CONTACT

DESIGN PROVIDES

4 POINTS OF
CONTACT

Complete your I/O interface with
Ansley® Jacketed Shielded Flat Cable —
famous for uniformity, electrical in-
tegrity and effective EMI/RFI suppres-
sion, And available in 9 through
64 conductors,

At Ansley Electronics, we're putting
spurious signals in their place . . .and
keeping them away from yours, For
complete data, contact Customer Ser-
vice, Thomas & Betts Corporation,
Ansley Electronics Division, 920
Route 202, Raritan, N.J. 08869;

(201) 469-4000.

TsE

Ansley Electronics Division

Where Interconnection Meets Imagination.
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SPECIAL REPORT ON

SEMICONDUCTOR MEMORIES

Advances in semiconductor memory technology are fueling an industry that, in turn, is
spurring greater memory advances. CMOS breakthroughs not only offer advantages in
power consumption, density, and reliability for present systems, but open a new arena
for portable computer systems, as well as data acquisition equipment, and instrumentation.
This will drive memory development even further as it becomes practical to tailor
memory chip features to specific system needs. Far from just being parts that store more
data and access it faster, memories, by their very diversity, are offering solutions to
system-level problems.

Graphics systems are prime examples. The fact that they demand large amounts of
memory has made it practical for manufacturers to design chips with specific graphics
display needs in mind. Paramount among these needs is how to keep graphics memory
updated while reading data out to the display. This section contains several approaches
to the problem using specially designed memories. Even the dynamic RAMs used in
computer main memories are developing more efficient addressing modes for certain
situations. These include static column, nibble, and page modes that allow fast access to
successive bits.

Nonvolatile storage is becoming fast enough and dense enough to graduate from its
position as the repository for bootstraps, parameters, and setup tables to containing full
operating systems and application software. Electrically erasable PROMs promise to make
systems more flexible and to reduce the tremendous burden of updating firmware in the
field. By acting as the cache memory and control store, static RAMs are becoming fast
enough, and in CMOS, economical enough, to match microprocessor speed to the rest of
the system. In the control storage role, they offer the possibility of more flexible
microcode in microprocessor-based systems.

Lastly, memory technology is not confined to separate ICs. It is migrating onto VLSI
subsystems in the form of onchip EEPROM or static cache. Because of the versatility,
density, speed, and convenience of today’s memories, there are endless possibilities for
system innovations.

L

Tom Williams
West Coast Managing Editor
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SEMICONDUCIOR

ROCKWELL

TECHNOLOGY
ACCELERATES
DELIVERY OF
CMOS ROMS.

Rockwell's R23C64 CMOS Static the benefit of lower power and higher speed.
ROM is right on time for your 2% For a fast solution to your low-power requirements, call
portable equipment applications. %%\ n Your local Rockwell sales representative today. He'll tell you

Rockwell International is in pro-
duction and accepting codes now for our
R23C64 CMOS memory—one of the latest
members of our CMOS product family. i

This mask-programmable 64K CMOS '
ROM has an access time as fast as 150
ns, yet power dissipation is extremely e
low—10mW active, 50uW passive—so
it's ideal for your low-power application

requirements. 3
And with our 24-hour code- g “

approval process and competitive lead 3<

times, you get high-speed CMOS ‘

without a lot of waiting.
In addition, the R23C64 is housed
in a 28-pin JEDEC standard (B version),
so it's pin-compatible with 64K CMOS
EPROMs—allowing for easy transition with

where to send codes and how to order low-power, high-
speed CMOS memories now from— |
Rockwell Semiconductor
Products Division

Rockwell International, P.O.Box C,

MS 501-300, Newport Beach, CA
92660. Call Toll Free (800) 854-8099. |
In California, (800) 422-4230. |

Rockwell International

..where science gets downto business
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SPECIAL REPORT ON SEMICONDUCTOR MEMORIES

SEMICONDUCTOR
MEMORIES: DENSITY
AND DIVERSITY

As CMOS technology comes into its own, system
performance bottlenecks can be broken. Moreover, the
hunger of modern computer systems for memory makes it
practical to produce chips that meet unique needs.

by Tom Williams,
West Coast Managing Editor

“All of our future designs will be in CM0S.’’ This
phrase echoes in the halls of semiconductor manu-
facturers as if it were a new litany of the electronics
industry. Having overcome restraints in speed,
latchup, yield, and complexity, CMOS technology is
now the impetus behind the driving force of digital
ICs—memory technology. No doubt, the two biggest
factors affecting semiconductor memory technology
today are the coming of age of CcMOS, and the
migration of memory devices into quasi-specialized
application areas. The latter development is de-
pendent on the circuit design type made possible by
CMOS, and the sheer size of the memory market.

No memory technology discussion can afford to
ignore the influence of the marketplace on the
kinds of devices being developed—their functions,
structure, and organization. CMOS remains the
basis and the wellspring—the sine qua non with-
out which today’s advances in memory would not
be happening.

As the market drives manufacturers toward greater
densities and more complex circuits, the transition
from dominant NMOS technology to CMOS is be-
coming a natural one. Admittedly, although the
CMOS process is more complex than NMOS—it
can require from 8 to 11 mask layers—circuits
implemented in CMOS are simpler, requiring fewer
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The Intel 51C256 dynamic RAM is
representative of the new
generation of 256-Kbit DRAMs.
Implemented in the company’s
CHMOS process, the chip features
Ripplemode for extremely fast
access to successive bits.

transistors than their NMOS equivalents. In addition,
memory circuits in CMOS can be implemented with
less than half the internal clock generators of NMOS,
and require significantly fewer and simpler periphery
circuits.

Manufacturers are willing to accept the rigors of
a more complex process in order to gain other bene-
fits, such as circuit density and simplicity. Larger
wafers (newer companies are installing 6-in. fab
lines) and more reliable techniques have all but
canceled the feared impact of smaller die size and
device complexity on yield. In some cases, manu-
facturers have even used two layers of metal for
interconnection. This technique has greatly reduced
chip layout headaches. But, it is just the beginning.

CMO0S paves the way

The advantages of CMOS extend to those very
dreams that have long lived in the minds of de-
signers. Known for its modest power consumption,
CMOS has paved the way to high density chips that
consume small amounts of power at low operating
temperatures. CMOS speeds now rival those of
bipolar circuits, while still maintaining a power con-
sumption and temperature advantage. Especially
important for memory technology, CMOS circuits
can be produced that are immune to soft errors
caused by alpha particles, and that preserve noise
immunity as geometries are scaled even smaller.

From the system’s point of view, CMOS memory
technology opens a new world of portable and
battery-powered systems—not only computers,
but also instruments and data acquisition devices.
Market size has spawned a diversity of memory
device designs that make the ‘‘by one’’ organizations
of yesteryear only one among a host of options.
Dynamic and static RAMs with a wide range of
power/speed combinations, and cell organizations
aimed at different general application areas, are
appearing. Byte-wide, nibble-wide, and ‘‘by nine”’
schemes have appeared, as have DRAMs with onchip
refresh, and SRAMs with onchip batteries.
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As a result of the huge appetite that modern sys-
tems have for main memory, today’s memory design
is driven by the requirements of the system in which
it is to be used. This was not always the case. But,
now that main memory is a commodity that can be
made at a very low cost, some portion of system cost
can be devoted to more specialized memories. And,
although these memories are more expensive individ-
ually, they enhance system performance and contrib-
ute to its overall value. Examples of this are the
control store and the cache, which are used to match
processor speed to main memory speed.

A system designer must consider many factors
when choosing an appropriate memory for a system:
reliability, speed, cost, power consumption, size,
and ease of use. But, paramount among these is
reliability—not a single application area exists where
reliability is not the number one priority.

Actually, American computer manufacturers are
beginning to imagine perfection (eg, zero failures)
in memory parts. Hewlett-Packard (Palo Alto, Calif)
is well-known for working with its memory vendors
to ensure that only fully functional parts are
received. Ultimately, the vendor produces only fully
functional parts. A number of companies have set
up joint parts qualification programs with their sup-
pliers to qualify new parts, and have established
quality circle programs with vendors to ensure
ongoing improvement of delivered chips. The indus-
try’s current sentiment is that this cycle can eventu-
ally result in 100 percent perfect deliveries, thus
removing reliability as an issue.

A summary of the memory requirements in com-
puter subsystems shows that among the ranked
requirements, reliability is not listed because it is
always number one. By far, the largest consumers
of memory are main memory and graphics memory,
and in both cases, the leading ranked requirement
is cost. For this reason, the technology of choice is
the DRAM. Performance is second because main
memory speed greatly influences overall system
performance.



This is also true in graphics subsystems that are
becoming increasingly larger, and migrating into the
personal computer arena as separate subsystems. In
fact, one spokesman for Microsoft (Bellevue, Wash)
says that in a couple of years any computer costing
over $1000 that does not have a bit-mapped display
will not be worth it. Thus, while the dollar amount
is arguable, it is clear that graphics are demanded
by the market, within economical reach of a large
market, and thus will be large consumers of memory.
It is estimated that graphics applications alone will
consume fully one-quarter of total DRAM produc-
tion. Such volume is currently moving manufacturers
to design DRAMs specifically for graphics systems
with high volume parts.

The ease of use consideration depends mainly on
the type of system involved. For example, a large
main memory subsystem would most likely use
dense DRAMs, external refresh, and control circuitry.
This makes sense both from the point of view of
cost and design simplicity. On the other hand, a
smaller system might be better served by using a
DRAM that incorporates refresh circuitry onchip, as
does the 8-K x 8 2186 iRAM by Intel (Santa Clara,
Calif), or a 32-K x 9 iRAM being developed by
Hitachi (Tokyo,.Japan). Ease of use is also a con-
sideration when a fairly small amount of memory
is being incorporated for things such as line buffers
and peripheral control ROMs. Minimizing subsystem
complexity is then an important factor.

Large systems require high speed cache and
control store memory. Thus, because size is not a
big factor, cost need not be either. The main re-

quirement is speed, and the fastest RAMs find their
way into these applications. Previously, this meant
bipolar memory, but soon, CMOS will debut in
many areas, especially as higher end systems become
microprocessor based.

As 32-bit microprocessors are complemented by
CMOS cache memories running at the speed of
bipolar Schottky, that technology is beginning to
migrate onto the processor chips, usually in sizes of
2 to 4 Kbytes. Nonvolatile memories in the form of
ROM, erasable PROM, and increasingly electrically
erasable PROM, are taking their place in main
memory. There, they hold bootstraps, operating
systems, and even canned application programs. This
is in addition to their previous roles of holding setup
parameters. Here, they are under the same kinds of
cost and performance requirements as DRAMs. Used
in peripherals, simplicity and ease of use are the
watchwords. And, as peripherals such as terminals
and printers become increasingly intelligent, the
ability to dynamically change setups and configu-
ration will make EEPROMs more popular. Once
again, we find that memory technology is migrating
onto such ICs as disk controllers and Ethernet
controller chips.

DRAMs: density and cost

No sooner had the 64-K DRAM become economi-
cal and widely used, than the world began looking
for the 256-K DRAM. But, the development of
64-K DRAMs marks a kind of watershed. For one
thing, parts of the first designed in NMOS are con-
verted to CMOS. This is not new in itself, but the
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a growing variety of memory components. Source: Texas Instruments.
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diversity of system requirements and the density
now possible on a single chip made it feasible to pro-
vide alternative organizations, primarily x1 and x4.
The x1 arrangement was best suited for high capacity
main memory needs, while the x4 made possible a
reduced chip count on equipment that did not always
require a full 64 Kbytes; 16 Kbytes with only two
ICS.

Certainly, this trend is continuing as the industry
gears up for 256-Kbit parts and beyond. The 256-K
DRAMSs already announced include the MCMé6257
by Motorola (Austin, Tex), the MK4556 by Mostek
(Carrollton, Tex), and the 51C256 by Intel—all x1
organizations—and the Mostek MK4856, which is
organized as 32-K x 8 bits. National Semiconductor’s
(Santa Clara, Calif) 256-K x1 part, the NMC41257,
uses an NMOS array with CMOS peripheral circuitry.
All parts are ‘‘mainstream main memory,’’ in that
they are optimized for cost in computer main
memory, which typically uses DRAMs with 120- to
150-ns access times. Interestingly enough, National
has said that it does not plan to introduce a full
CMOS 256-K DRAM, but that densities higher than
that will make CMOS imperative. An example of the
kind of scaling that has taken place already is found
in the fact that a 256-K cell will fit within the width
of a 16-K contact.

As for future capacities, the current horizon
(we will not speak of “‘limits’’) being discussed is
4 Mbits. A number of 1-Mbit designs were dis-
cussed at the 1984 International Solid State Circuits
Conference in San Francisco, and I1BM (Armonk,
NY) recently announced that it had produced a
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working 1-Mbit DRAM in the laboratory with a
150-ns access time.

Graphics memory requirements

Another big factor, starting with the debut of
64-K DRAMS, is the desire to design chips that meet
the special demands of graphics systems. Graphics
is a memory intensive area and, as with main
memory, cost is of utmost concern. But graphics
displays need the ability to update the display
memory almost as fast as it can be read. Because
of this, graphics memory must deal with contention
for the memory bus between the processor and the
display. Among the approaches available are dual-
port RAM, chips, memories with onchip shift regis-
ters, and chips offering static column and page
access modes.

Some methods allow the parts to be used as any
x1 DRAM. But, there are methods for reading and
writing successive blocks of data at a faster rate
than the normal per-bit access time. These include
static column mode, page and nibble mode, and
Intel’s own ‘‘Ripplemode.’’ Static column mode is
a faster method of addressing successive bits. It
addresses the first bit in the normal manner taking
the normal access time. After this first access, the
row address strobe (RAS) and column address strobe
(CAS) signals are kept low, and the user need only
increment the address signals to access the next bit.
The only difference for a write operation is that the
write signal must qualify the address and data in.

Nibble mode allows fast operation on 4 bits.
With the first of the 4 bits addressed in the norma!
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way, RAS can be kept low, and CAS cycled up and
down to read the next 3 bits. Row and column
addresses are supplied on the first access of the
cycle. After that, the falling edge of CAS activates
the next bit. After accessing 4 bits, nibble mode
wraps around to the first bit accessed.

Intel’s Ripplemode, like the page mode used by
other manufacturers, provides continous access to
successive bits. Ripplemode accesses the first bit in
the normal manner. After that, RAS is kept low,
and the CAS line cycled. But, the address is latched
on the leading edge of CAS and the data is output
on the falling edge. This provides a kind of ‘‘look-
ahead”’ or pipelining of the addressing. Page mode
is similar, but does not use Ripplemode’s lookahead
technique. Instead, the data out responds after the
address signal to CAS has propagated through the
chip. Thus, Ripplemode is somewhat faster.

Another way of serving the needs of graphics
systems is to use a multiport RAM as in the case of
Texas Instruments’ (Dallas, Tex) TMS4161. The
TMS4161 incorporates one port for random access.
It also contains four cascaded 64-bit internal shift
registers that output at a 25-MHz shift rate via a
fast serial port. With this, the registers can be
loaded after every 64-, 128-, 192-, or 256-shift
cycle, depending on how the user configures them.
Data can be written into the RAM via the random
access port, at the same time it is being shifted out
the serial port. The only time the array is unavail-
able for updating is during the loading of the shift
register(s). Articles that include examples of both
approaches to graphics subsystem design appear in
this feature section.

High speed SRAMs

From the system designer’s point of view, SRAMs,
especially the high speed variety, are becoming
the memory of choice where performance is the
prime requirement. Since SRAMS require more tran-
sistors per bit, they cannot be made as dense or at
prices per bit comparable to DRAMs. Therefore,
they are less likely to be used in large main memo-
ries. Their preferred application is in small, portable
systems, and in larger systems for CPU control
store and cache. In multi-user systems, the cache
memory represents the performance bottleneck, as
does the control store memory, in terms of the
CPU’s ability to reach its optimal performance.
Here, speed is most important, and the amount of
memory required is small compared with that of
the whole system.

Although bipolar ROM has often been the memory
of choice for control store, the availability of fast
SRAM is creating enticing possibilities. Ramtek
(Sunnyvale, Calif) recently introduced a new graph-
ics system, the microprocessor-based 2020, which
uses fast SRAM for writable control store. The
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company supplies the microcode on a 3%2-in. floppy
diskette. The ability of fast CMOS SRAM to match
the speed of the microprocessor has allowed the
system to use an older method of storing microcode,
and provide a new level of flexibility in the system.

Fast CMOS SRAMs seem to be part of an area
where smaller manufacturers are making inroads.
Lattice Semiconductor (Portland, Ore) is expected
to announce a 64-K CMOS part with a 35-ns access
time, and Cypress Semiconductor (San Jose, Calif)
is pushing 12-ns speeds with a 256 x 4-bit CMOS
SRAM, the CY2122.

Basically, there are three kinds of SRAMs: com-
modity parts, for such things as portable systems
where they run in the 100-ns and slower range; high
performance parts, pushing the speeds mentioned
above; and certain specialized SRAMs. One exam-
ple of the latter is the Amo9is1, a 1-K x 4 CMOS SRAM
with a 40-ns cycle time from Advanced Micro
Devices (Sunnyvale, Calif).

The Amo9151 incorporates three high speed 4-bit
registers: a parallel pipeline register; a shiftable
shadow register; and an initialize register used to
generate any arbitrary microinstruction for system
interrupt or reset. The shadow register controls
and observes the pipeline register during a diagnostic
or test mode. It can be used in loading a writable
control store by serially shifting an instruction
word into the shadow register and then clocking the
data in parallel into memory.

In effect, previously inaccessible internal state
information can be shifted out via the serial data
output and observed. These serial data paths can
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also be cascaded. In addition to control operations,
this serial shadow register diagnostic technique
can be used with such important state registers as
macroinstruction, status, data, and address. System
diagnostics become easier by breaking the normal
feedback and turning sequential state machines
into combinational logic blocks whose internal states
can be monitored.

The range of speeds and densities available in
mask-programmable ROMs and EPROMs has taken
them from the lowly status of holding setup and con-
figuration data for peripheral or bootstrap pro-
grams, to the ranks of the carriers of entire operating
systems, realtime kernels, and canned application
programs. Part of the decision whether or not to use
a ROM or an EPROM will always be dictated by cost.
ROMs in volume will continue to have a price edge
over EPROMS.

But beyond that, EPROMs are comparably priced
and offer the advantage of being reprogrammable.
They are often chosen for similar tasks, especially
when volume places their cost below that necessary
for a mask-programmable ROM. An example is
Am27512, a 64-K x 8 device announced by AMD.

For those peripheral applications requiring rela-
tively small numbers of setup parameters to be
stored and changed only occasionally, specialized
parts are coming into use, such as the Mostek
MK48C02 2-K x 8 battery backup RAM. This part
contains onchip lithium cells and voltage sensing
circuits that switch on the batteries when external
power is removed. Likewise, the NOVRAMs or
‘“‘shadow’’ RAMs pioneered by Xicor (Milpitas,
Calif) combine a normal RAM array with a corre-
sponding EEPROM array. When the chip is powered
up, the contents of the EEPROM are written into the
RAM, providing a default configuration. Parameters
can be changed while the system is on, and the
‘“shadow’’ reprogrammed to change the default
setting. The leading edge in NOVRAM is also push-
ing beyond DIP switch replacement with a 4-K
(512 x 8), 300-ns part expected to appear soon.

Toward EEPROM standards

Major issues affecting EEPROMS as they move to
the higher densities include providing a means of
writing the memory in a reasonable amount of time;
protecting the device against false writes during
power-up and power-down; and considerations on
the definition of pin 1 in the 28-pin Joint Electron
Device Engineering Council (JEDEC) standard
package. Read access times are also quite respect-
able, such as in the 64-K CMOS EEPROM by Exel
(San Jose, Calif), which boasts 55 ns.

The pin 1 issue appears to be the most easily
resolved. Some early 64-K announcements define
pin 1 as a ready/busy signal to send an interrupt
to the microprocessor when the write cycle is com-

112 COMPUTER DESIGN/August 1984

A full 64 Kbytes can be stored in the Am27512 512-Kbit
EPROM and accessed at 150 ns.

plete. However, this may change. While ready/busy
was popular in 16-K versions using a 24-pin pack-
age, the 64-K designs are looking to preserve their
28-pin site for anticipated 256-K versions. Hence,
they have discovered a different method of signal-
ing the microprocessor and reserving pin 1 for an
address pin (A14) for 256-K designs.

DATA polling, as introduced by Xicor, is a soft-
ware method of determining if a write cycle is com-
plete. A polling method of some sort has become
necessary in EEPROMs as density increases. Given
the 10-ms typical write time per byte, microproces-
sors would be idling too long unless they could go
off and perform other tasks while the part was writ-
ing. DATA polling allows the processor to look at
the data being written to see if a write is still in
progress. This has two advantages. First, it frees the
processor to-perform other tasks during the write
cycle, and second, it allows the system to optimize
the actual time consumed by write operations. Since
systems may incorporate large numbers of dense
EEPROMS, the savings may be considerable.

[t should be noted that some manufacturers (eg,
Intel) have assigned pin 1 as a ready/busy pin in
their 64-K, 28-pin designs. This was probably done
because it anticipates designs in the 256-Kbit range
to use 16-bit word widths. However, this would
require a different package altogether, possibly a
40-pin type.

Increased densities of EEPROMs have made their
use conceivable in an ever-expanding range of appli-
cations. The time needed to program a single byte
has become a major hindrance. At 10 ms per byte,
the time to program an entire 64-K part exceeds 81 s.
Where smaller devices latched single bytes to free the
processor, the newer ones buffer and latch groups
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of bytes, and write each group en masse, while the
processor is busy elsewhere. This is called page mode.

There is a trade-off to consider here also. Most
applications do not require the entire EEPROM to be
written over very often. Each time a group of bytes
is changed to alter 1 byte, the erase/write endurance
for the whole group is diminished. Although endur-
ances are typically 10,000 erase/write cycles per byte,
not all designers are entirely comfortable with that
figure—especially in the new application areas de-
veloping for larger capacities. Page sizes for Intel’s
projected 64-K device and Xicor’s 2864A are 16
bytes, while the Inmos (Colorado Springs, Colo)
48C64, and the AMD 2864 will have 32-byte buffers.
A 64-K part from Inmos, the 3630, sports a 64-byte
page size.

Time savings for write operations using page mode
can be dramatic. Xicor, for example, specifies a 5-ms
write cycle time. By latching and writing data 16
bytes at a time, the time to completely write 64 Kbits
is cut to 2.5 s. Of course, EEPROMs with 32-byte
pages would be half that figure.

EEPROM protection

One manufacturer, Exel, has opted to dedicate its
pin 1 to a special status word (SW) function. This
effectively locks its 28-pin package size out of the
256-K arena, but gives it extra software features to
support page mode in its 64-K X148C64. A set of on-
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chip registers can be read or written by the micro-
processor when SW pin 1 is low. Thus, the chip can
supply ready/busy status information to the proces-
sor when it reads a register during SW active. The
processor can also write commands into the X1.48C64
to set it for page mode, fast write mode, or for chip
erase mode.

Protecting an EEPROM against inadvertent writes
during power-up and power-down employs a combi-
nation of voltage threshold sensors, noise filters, and
time-outs. In addition to disabling write functions
until memory reaches Vcc, it is necessary to keep
the write disabled for a certain amount of time there-
after, to allow Vcc to settle. Intel and AMD, for
example, disallow writes if V¢ is below 4 and 3V,
respectively. Xicor has implemented a precision
Vc sensor with which the user can set the threshold
voltage by writing and locking an EE cell.

These companies also include a time-out, before
the chip can be written to, of typically 100 ms on
initial power-up, so that Vcc can become stable,
and noise does not initiate an unwanted write. Exel
makes use of its status word pin by requiring that
a pattern be written into a register that enables the
charge pump to provide the 21-V programming vol-
tage from the 5-V supply before a write can take
place. Since the registers are static, an inadvertent
write on power-up cannot take place, but the chip
must be initialized.

Electrically erasable, or E2 technology, is finding
its way into more than just straight memory
products. E2 arrays are used onchip to configure the
8001 Ethernet controller from Seeq Technology (San
Jose, Calif), and to alter parts of the microcode on
the 72720 microcomputer developed by Seeq and TI.

Another example of how E2 technology is com-
bining with other circuitry to solve cost/function
problems is the 33128 ROM from TriStar Semicon-
ductor (Santa Clara, Calif), and the Motorola
MCM683616 combination ROM/EEPROM memory
unit (CREEM). Both are described as mask-program-
mable ROMs with E2 patch. They address the need
to make changes in a firmware program or data
without having to replace an entire ROM, or without
going to the expense of using a full-blown EEPROM
in a design. Thus, they are an interim solution until
such time as E2 technology is cost-competitive with
mask ROMSs.

Motorola’s MCM683616 is a 12-Kbit combination
ROM/EEPROM device. Organized as 16 Kbytes, its
lowest order 2 Kbytes are bulk-erasable EEPROM,
and the remaining 14 Kbytes are mask-programmed
ROM. Another 256 bytes of spare EEPROM can be
mapped into the address space to replace any
256-byte page of mask ROM or EEPROM on the chip.

Similarly, the TriStar 33128 is a 16-Kbyte mask-
programmable ROM on which certain portions are
implemented as EEPROM. This is done in two ways.



LA LLL L

metamorphosis

rapidly reduces your
designs to high performance
ECL/TTL logic arrays

— S
R
=
r
)
-
.o
<4 1
-t
-t ,
but f L.
,S,J,
<<

L] »
H”!”H””

ol kb ol et rlaloblcot oty | ANGGEGLATLLOGICARAMNG | |
reducing board real estate, material cost and assembly AMCC ECL/TTL LOGIC ARRAYS

time. AMCC metamorphosis transforms your designs _mm
from net lists to prototypes in as little as four weeks. It | EquivalentGates | 3500 | 1700 | 1500 [1000 |

S e R P I EA T

SYSLOm OF SRR RS T [yp.Powerw) | 35 | 28 | 25 |20 12| 6 |
AMCC metamorphosis pushes aside past limitationsin [ vos | 120 | 120 | 84 | 76 | 56 | 36 |
high performance system applications by offering high

density logic at sub-nanosecond speeds; ECL, TTL or *programmable

mixed I/0 on the same chip; up to 95% gate utilization;
advanced MSI/LSI macro libraries; automatic place and AMCC . . . dedicated to high performance semicustom.

route software; the highest commercial and military
quality and reliability standards (Mil. Std. 883); Class 10 ¢ p 5 !
fabrication; and mask compatible alternate sourcing. Call or write for full information on how AMCC’s meta-

; - 2 morphosis can provide high speed silicon solutions to
Our engineer-to-engineer full service commitment plus your system problems.
complete CAD capability helps provide you with fast
flexible design solutions. To us full service means
support .. . . a design implementation group; Daisy™ and ﬂJM@@
Mentor™ engineering workstations; Tegas™ via APPLIED MICRO CIRCUITS CORPORATION
Cybernet™; field applications engineering; on-site train- 5502 Oberlin Drive
ing courses; complete documentation; portable design San Diego, California 92121
centers; complete wafer fabrication; and quick turn- Telephone (619) 450-9333 ¢ TWX/Telex: 910-337-1136
around assembly and test.

Make us perform for you.

CIRCLE 64




WHERE TO MEET
THE MOST OEM’S AND
SYSTEMS INTEGRATORS
FACE TO FACE TO FACE...

Meet them at a Mini/Micro.

It's the one computer trade event that focuses
entirely on computer design needs. That means you,
as an exhibitor, can deal face to face with a prime
concentration of OEM'’s, designers, systems
integrators and software developers. On your own turf,
but in their backyard; Mini/Micros are held regularly in
the prime markets.

And many run concurrently with other high-tech
electronics shows. That gives you extra value in the
form of crossover attendees.

So if you're after OEM’s and systems integrators,
be at a Mini/Micro. For complete information, call toll-
free: 800-421-6816. In California, 800-262-4208.

Meet OEM’s and systems integrators where they live.

Sept. 11-13 1984  Mini/Micro Southwest Dallas
Midcon Dallas
Oct. 2-4 1984 Mini/Micro Northwest Seattle
Northcon Seattle
Feb. 5-7 1985 Mini/Micro West Anaheim
Mar. 5-7 1985 Mini/Micro Southeast Atlanta
Southcon Atlanta
May 23-25 1985 Mini/Micro Northeast New York
Electro New York

Sponsored by regional chapters of
|IEEE and the Electronic Representatives Association

d

4

A\l
N

Mini/Micro
FOCUSING ON THE OEM

116 COMPUTER DESIGN/August 1984 CIRCLE 65

First, the last 256 bytes of the address space are
reprogrammable. This has a certain amount of use-
fulness, but is limiting in that these bytes have a fixed
address. Programmers can easily change data in
those addresses, but they cannot change data or
instructions in the rest of the program.

There are 352 additional E2 bytes onchip that can
be mapped to any address space in the ROM area.
These 352 bytes are broken into 2-, 4-, and 8-byte
modules; a programmer selecting a module must
map all bytes in that module. The 33128 has onchip
logic to perform the mapping and can be repro-
grammed in-circuit. The ability to change certain
parts of a firmware program is useful for machine
control applications where wear may require certain
values to be updated, or for calibrating intelligent
instruments in the field.

Packaging issues heat up

If cost considerations are a driving force in
memory systems, their effect is being dramatically
felt in component packaging. This proves the well-
known truism that component size drives system
cost. For 64-K devices and beyond, there is an indus-
try trend toward the leaded chip carrier (LCC). The
LCC is comparable in cost to the DIP, yet offers high
density placement, 50-mil lead spacing, and easy
shipping and handling.

LCCs also lend themselves to surface-mount
manufacturing techniques. As surface-mount equip-
ment is phased into manufacturing facilities, cost
savings are likely to increase dramatically. The
equipment is simpler than through-hole methods
using wave solder equipment; surface mounting uses
solder phase screeners and pick-and-place robots.
In addition, LCCs have overcome the thermal expan-
sion problems that made them break free of PC
boards; their expansion characteristics have been
matched to those of PC boards.

One further development in component placement
made possible by the LCC is the single inline pack-
age (SIP). A SIP is a PC substrate on which four to
nine LCCs and capacitors have been surface-
mounted. The leads on one edge of the SIP can then
be through-hole mounted into a conventional PC
board. Thus, the advantages of LCCs and SIPs can
be made available to customers who have not yet
invested in surface-mount manufacturing equip-
ment. A strip less than 5 in. long can hold 64 Kbytes
of RAM, while using a minimum of real estate on
a conventional PC board itself.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.

High 707

Average 708 Low 709




At last! Powerful solutions for
identifying and eliminating
datacomm and network problems.

With HP’s family of protocol analyz-
ers, you can minimize network down-
time and handle even the thorniest
of datacomm problems. Choose from
the standard HP 4955A, or our new-
est member, the powerful HP 4951A,
weighing in at only 14 pounds. Th
set new standards of performance cf}(’)r
R&D and field service personnel in-
volved in solving datacommunications
problems, and end-users responsible
for network maintenance and planning.

The HP 4951A/4955A team—
your key for high-powered
datacomm testing.

Here’s high analytic power and pro-*
ductivity. The HP 4955A and HP 4951A
are fully program-compatible. You can
develop test programs on an HP 4955A
and then transfer them to your field
service personnel via a modem or tape
cartridge. With the HP 4951A/4955A
protocol analyzer team, you can now go
wherever your datacommunications
problems take you and have the con-
fidence of on-site versatility, with
back-up power just a phone call away.

HP 4955A — increase your
capability with top
performance features.

With the HP 4955A you can bring
your products to market faster, and with
a greater level of reliability than ever
before. Our datacomm-enhanced BASIC
lets you program sophisticated test
routines and perform high-level proto-
col analysis. Exercise your hardware
and software as it’s being developed,
not after it’s installed. Monitor, simu-
late, and trigger from 50 bps to 72 kbps.
You can easily identify protocol prob-
lems at the physical interface, frame, and
packet levels using the HP 4955A’s
multiple display formats. Plus, our
intelligent 256K byte buffer memory
increases real data storage by elimi-
nating line idles without sacrificing
timing information.

HP 4951A — “instant”
productivity.

The HP 4951A features advanced
one-button autoconfiguration which
easily does the setup work for you
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and gets you monitoring data quickly
on-line. Like the HP 49554, it gives
you 63 simultaneously active triggers for
extensive testing. In post-processing
mode, you can do detailed repetitive
analysis for hard-to-track errors. You
can trap on characters, error conditions
and lead transitions. To isolate prob-
lems down to the network component
level, BERT mode lets you measure
bit errors, block errors, errored seconds,
and percent error-free seconds. You
can simulate a CPU, modem, terminal,
or group of terminals for complete
interactive testing. The HP 4951A ac-
commodates most popular protocols,
data codes, and speeds (to 19.2 kbps).

For more information on the HP 4951A
and HP 4955A protocol analyzers,
call your local HP sales office listed
in the telephone directory white
pages. Ask for the electronic instru-
ments department.

HEWLETT
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HOW YOU CAN OWN THE BEST
MICROPROCESSOR DEVELOPMENT
SYSTEM IN THE WORLD

First look to ZAX. Because ZAX knows
what it takes to be the “Best.” And that means
offering development products that are intel-
ligent, compatible, fast, powerful, and, what
most manufactur-
ers forget; obtain-
able - because if
you can’t afford to
buy it, you can’t use it.

Start with ZAX emulators.
They're simply the best single

microprocessor development tool you

can buy. ZAX ICD series In-circuit emulators
offer several advanced features such as exten-
sive emulation memory, breakpoint trace cap-
ability, true realtime emulation with no wait
states, and a variety of powerful debugger
commands. And as you can see, ZAX supports
a broad spectrum of 8 and 16-bit micro-
processors as well.

But don’t stop there. To get things running,

add the capable and economical IBM PC or

equivalent personal computer. Now make it
perform with professional software from Micro-

._\tec Research. Microtec’s cross-software prod-

ucts include symbolic de-
buggers, fully manufacturer
compatible macroassemblers,
overlay linking loaders and
@ hi-level language support.

You could end there, but
ZAX doesn’t. As your needs

grow, continued support is as-
sured with System Z; an incredible complete
development program that can link your PC
with your mainframe computer.

If owning the best microprocessor devel-
opment system in the world interests you,
contact ZAX today at 800/421-0982 for more
details.
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Emulates Z80B microprocessors to 6 MHz
and Z80H to 8 MHz. Features; 64K byte user
emulation memory, 2K deep x 32 bits wide
realtime trace buffer, 29 different debugger
commands.
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Emulates 8085 processors up to 6 MHz. Fea-
tures; 64K byte user emulation memory, 2K
deep x 32 bits wide realtime trace buffer, 29
different debugger commands.
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Emulates entire 8048 family in one unit to 11
MHz. Features; 4K emulation memory, 2K
deep x 32 bits wide realtime trace buffer, 29
different debugger commands. 8748 and
8749 units feature a built-in EPROM
programmer.
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Co-emulation of 8086 and 8087 or 8088 and
8087 processors to 5 MHz. Realtime emulation
to 8 MHz for 8086/88 processors. Features;
128K bytes static RAM - expandable to 1
Mbyte, 4K deep x 40 bits deep realtime trace
buffer, 30 different debugger commands.
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Emulates 68000, 68008 and 68010 in one unitto
10 MHz. Features; 128K of emulation memory -
expandable to 256K, 4K deep x 48 bits wide
realtime trace buffer, 30 different debugger
commands.

Allemulators come equipped with these stand-
ard features; 3 hardware and 8 software break-
points, an Event Trigger and External Probe
triggered breakpoint, 14 selectable baud rates
to 19200bps,

20" processor
probe, 115/230
VAC operation.
All Zax emulators
are compact,
I|ghtwe|ght
rugged
and can
easily fit =S
into a briefcase.

ZN\X

= 2572 White Road, Irvine, California 92714
Zax Corpor at|0n (714) 474-1170  800-421-0982 » TLX 183829
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= PYRAMID Q0x

IF IT WEREN'T FOR UNIX

Ordinary computers, yes. But
not a Pyramid Technology 90x.

After all, here's a supermini
not just capable of running
UNIX™ but born to run it. And
run it up to four times faster than
the most popular UNIX host.

For a lot less money.

The secrets of this Pyramid
are athorough understanding of
UNIX, a few fundamentals of
RISC (Reduced Instruction Set
Computer) theory, more regis-
ters than 30 VAXs,and a 32-bit
proprietary architecture that out-
performs a roomful of micros.

All combined to speed up
UNIX just where it likes to
slow down.

R COULD HAVE
T THE PYRAMIDS

For example, gone are 85% of
performance-robbing memory
references. The endless param-
eter shuffling of yesterday's
technology has been replaced
with a hardware register win-
dow. Even context switching
takes less than one percent
of the CPU's time.

It's amazing what hardware
architects can do, given the
chance. It's almost as startling as
what our software wizards did.

They crafted OSx, a dual port
of Berkeley's 4.2 BSD and Bell's
System V. Because you can
switch environments at will, no
UNIX port offers more capabil-
ities. With absolutely no loss

of compatibility.

Well,almost.

We do admit to one feature
not compatible with other UNIX
systems. Our single-source
support.

One telephone number
instantly connects you to both
hardware and software experts.
In-house pros, who spend their
energy pointing you towards
solutions. Not pointing fingers
at each other.

So no matter how you see
your requirements shaping up,
contact Pyramid Technology,
1295 Charleston Road,
Mountain View, California 94043,
Or call 415) 965-7200.

Because when it comes to
running UNIX,a Pyramid looks
good from any angle.




SPECIAL REPORT ON SEMICONDUCTOR MEMORIES

JOINING TEXT AND
GRAPHICS ENHANCES
VIDEO PERFORMANCE

A dual-port RAM with a built-in shift register eliminates
bottlenecks and speeds data transfers.

by David W. Gulley

Bit-mapped video graphics systems exemplify the
need for higher density and higher performance
semiconductor memories. Yet, all too often, these
same memory devices are the bane of the system.
The newest dynamic RAM devices, however, are al-
lowing changes to the video graphics system organi-
zation. Thus, they are eliminating redundant support
logic circuitry and providing a flexible system en-
vironment.

DRAMs, long associated with the frame buffer
within the graphics section of a video system, pro-
vide the highest density and lowest cost storage for
memory-intensive displays. High resolution graphics
systems, such as those used in engineering work-
stations and computer aided design/computer aided
manufacturing (CAD/CAM) terminals, require
multiple memory planes to achieve the color capa-
bility necessary for a good user interface. In such

David W. Gulley is manager of MOS memory systems
engineering at Texas Instruments, PO Box 1443,
MS690, Houston, TX 77001. He holds a BS in
electrical engineering from the Georgia Institute of
Technology.

a system, many parameters influence the available
features while keeping the size and cost reasonable.

Often, the video display system designer is forced
into ‘‘make-do’’ solutions when deciding on value-
added features, especially where display memory is
involved. Some features are common to many
designs, and directly relate to the acceptance of a
design in the market. Features considered high pri-
ority are the efficient integration of text and graph-
ics, the time to redraw the screen image, the time
to move objects onscreen, the amount of memory
to map the display, and the support logic to use the
memory effectively.

A typical video system contains separate text and
graphics controllers (Fig 1). Thus, the system proces-
sor does not have to manipulate both the text dis-
play list and the graphics bit-mapped image. This
system has evolved from the earliest text-only ter-
minals, where there were no graphics requirements.
In early systems, display memory consisted of per-
haps 2 Kbytes for the display list RAM and 2 Kbytes
for the character ROM. The need to place graphics
images onscreen was first addressed using character
graphics. By deepening the character ROM or adding
a RAM to the character-generation circuit, user-
defined characters could be produced.

To achieve more flexibility in image control, a bit-
mapped memory i5 added into which the system can
directly store images to be displayed. The mixed text
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Fig 1 Mixed text and graphics
systems, developed from simple
text-only systems, have a lot of
redundant circuitry.

and graphics solution is really a patch to add graph-
ics capability to table-driven systems. However,
future system design will treat text and graphics uni-
formly. New memory architectures are needed to
make the transition to this type of system environ-
ment. The TMS4161 multiport video® RAM is one
device able to ensure this by providing a design path
to the development of unified bit-mapped text and
graphics systems (Fig 2).

Tracking the growth of video displays

Currently, uniformity is not in general use. Video
display evolution has moved in another direction.
As higher resolution and multiple gray-level or color
planes were added, the screen refresh required higher
data rates from the memory, giving less time to the
system processor for data management in the frame
buffer. As the resolution (pixels/in.2) of the display
increases by a factor of 2, the size of the display
memory increases by 4, and the display interval for
each pixel is reduced by a factor of 4.

The availability of dense, low cost DRAMSs
allowed expansion to higher resolutions (from a
memory chip cost standpoint), but the DRAM
architecture (1 bit wide) increased the data bus traffic
needed to refresh the screen image. Graphics system
controllers were added to the system to isolate the
large bandwidth display bus from the system bus.
If this isolation had not occurred, system processor
throughput would have been seriously degraded. The

data bus would be clogged with data passing from
the frame buffer to the display. :

The memory required for the frame buffer RAM
is typically 10 (for black and white) to 40 (for 4 bits
per pixel) times larger than the display list RAM in
the mixed text system. Display data transferred to
the screen loads the data bus so that there is con-
siderably less time available to update the frame
buffer memory than the display list RAM. Yet, since
the nature of the data is single pixels, it requires more
manipulating than display characters. More memory
must then be accessed more often, and in less time.
Hardware additions often implement many basic
display functions, since there are not enough avail-
able memory accesses for software to optimally
update the RAM.

The mixed video system consists of three memory
subsystems, each containing a memory controller,
memory logic, and glue logic. Glue logic also con-
nects the controller to the system processor, and
provides the required memory array drive. Each sub-
system contains similar logic functions. Yet, the
functions cannot be shared and still survive the data
transfer bottleneck to the screen. Therefore, this is
where DRAM features (actually, lack of features)
have most influenced video system design. The many
design approaches involving dedicated hardware
control compensate for the limited accesses avail-
able to the memory. These approaches have partially
relieved bus contention problems. But, the cost has

SYSTEM

PROCESSOR VIDEO RAM [

DRAM AND
VIDEO

CONTROL

MASS
STORAGE

Fig 2 Unifying text and graphics
eliminates redundancies. This
results in faster and lower cost
systems.

122 COMPUTER DESIGN/August 1984



been a loss of system flexibility and compatibility
for effective system upgrade. Dedicated controllers
tend to lock the system into a set of fixed commands,
character fonts, and data structures.

A high resolution (1024 x 1024 or 1280 x 1024)
graphics display, as used in CAD systems, requires
data from the refresh buffer at between 75 and 125
MHz from each plane, dependent upon the actual
display device (monitor) specification. This is inde-
pendent of the graphics controller’s need to access
the refresh buffer in order to update the image stored
in memory. In the following analysis of system per-
formance, a 1024 x 1024 noninterlaced display is
used as a guide. Table 1 values describe the timings
used in the analysis. Total frame time in Fig 3 con-
sists of the active display interval, horizontal blank-
ing interval (horizontal retrace), and the vertical
blanking interval (vertical retrace).

A typical video system design

The 88-MHz pixel data rate is in direct conflict
with the need to update the memory quickly. The
display refresh and the memory update must share
the same data bus in the mixed text system. Updating
the high resolution screen in a reasonable time frame
requires some cycles to be available during the active
display interval. A 1024 x 1024 display could be built
using sixteen 64-Kbit DRAMs. But, even with the
fastest parts, it is extremely difficult to get the video
data rate required, and to be able to do useful screen
image manipulations without reverting to a second
(double) frame buffer.

The T™MS4416 16-K x 4 RAM provides the large
video bandwidth required in medium to high reso-
lution video systems. Many systems that incorporate
16-K x 4 RAMs use the previous generation of
16-Kbit memories, and are using the x4 as a replace-
ment for four 16-K parts. A wide-word architecture
provides more data lines per depth of memory using
standard DRAM access timing. Addressing four
times as many bits per device simplifies the hard-
ware needed to create the display frame buffer.

Wide-word devices used within the frame buffer
provide the width needed to achieve the necessary
bandwidth for display (Fig 4). This brute force de-
sign yields 64 data bits and requires a 64-bit shift
register—all bits are loaded in parallel. The pixel
clock is running at 88 MHz. so and S1 control the
loading and shifting of the register. This approach
contains the advantage of data access interleaving,
first an interval for the processor access, and then
an interval for the display access to the memory. It
is more easily designed and manufactured than a
similar approach using 16-K x 1 devices, and is much
more reliable due to component and power reduc-
tions. The disadvantage is that there must be a way
to buffer the data bus in order to convert from the

TABLE 1
Display Parameters

Pixel clock frequency 88.00 MHz
Pixels per scan line 1380 MHz
Lines per frame 1063 MHz
Displayed pixels per scan line 1024 MHz
Displayed lines 1024 MHz
Horizontal blanking interval 4.05 us
Vertical blanking interval 611.60 pus
Pixel time 11.36 ns

64-bit wide video section to the 16-bit wide system
processor. In this design, a 64 to 16 multiplexer
serves this function.

In the TMS4416 implementation of this circuit,
there is one access available to the graphics controller
for each display cycle. There are no highly critical
access timings for the 16-K x 4, as the 64-bit shift
register is loaded once each 727 ns (64 times 11.36
ns), and processor timing is assumed to be tightly
coupled to the video shift rates. The storage cell
refresh required by the DRAM is satisfied by read-
ing across the memory chip rows for display accesses,
and therefore does not require any additional logic
or control. Even with all the data lines needed to
connect the 64-bit shift register, this design runs at
the top of its capability. If more flexible and higher
performance systems are needed, the x4 RAM is not
appropriate.

Many earlier high end video systems used the dou-
ble buffer technique to avoid contention problems

- 1380 PIXELS >

- 1024

e

HORIZONTAL
BLANKING
INTERVAL

FRAME TIME

1063 LINES
39—>’<——- i e ———

VERTICAL
RETRACE

-

_ | HORIZONTAL _ |

~<«———ACTIVE LINE TIME [ RETRACE

p———— AT LINETIME————

Fig 3 In a high resolution video display, the total frame
time is the sum of active display time, and horizontal and
vertical blanking intervals.
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Fig 4 A brute force frame buffer
design using wide-word memory
devices provides interleaving of
data accesses, and easier design and
manufacturing compared with
circuits using less dense memories.

CLOCK ————
S1
S0

64-BIT SHIFT REGISTER
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VIDEO

between the graphics controller and the display
refresh. In this scheme, two display frame buffers
are used—one provides information for the display,
the other is available to the graphics controller for
updates. When the new drawing is complete, the sys-
tem switches the function of the two buffers. Though
this allows more interaction with the memory, it is
at the expense of doubling the memory requirement.
Also, when the buffers are switched, the graphics
controller does not have a copy of the most recently
available data image. In many systems, a form of
DMA copies the data from one buffer to the other,
effectively cutting the time available to the controller

in half. Again, the system suffers from the lack of"

capability within DRAMS.

New systems are designed to be as functional to
the end user as possible. The system must be flexi-
ble, tailored to individual needs, compatible with sys-
tems currently in use, and cost effective. Most new
systems support multiple windows in order to display
several simultaneous functions, and allow data
manipulation within one window without affecting
the contents of another window. But, there is a need
to mix text and graphics information within a
window.

Hardware control requires a large investment in
design and components within the video system. New
system architectures are needed to remove the dis-
play data-transfer bottleneck, eliminate redundant
logic functions, and improve the system flexibility
to conform to individual needs. Just as the indus-
trial controller has progressed from a collection of
SSI devices, to MSI, and now to single-chip proces-
sors, the video system control functions are moving
from multiple subsystems to dedicated, optimized
components.

Meeting the demands

The T™MS4161 multiport video RAM remedies these
problems by combining a standard 64-K x 1 DRAM
with a 256-bit shift register, and the necessary con-
trols to transfer data between the memory array and
the shift register in a single package. By allowing
simultaneous, asynchronous access to the two ports,
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the video RAM allows the system processor and the
display refresh to work independently. Thus, the
need for double buffering is removed, giving maxi-
mum time for the system processor to access the
memory. The memory array access of the video
RAM conforms to the signal and timing require-
ments of a standard DRAM. The onchip shift register
supports high resolution data rates, and reduces
video data shift logic and timing generation circuitry
complexity. The shift register is configured as 4
linked 64-bit shift registers, able to provide shift
lengths of 64, 128, 192 or 256 bits. These features
help meet primary design criteria, and yield enhanced
features for the video system.

The video RAM allows a more flexible approach
to a video system design that eliminates mixed graph-
ics approach patches. With the latter design, a bot-
tleneck restricts data flow due to the single random
access port on standard DRAM devices. Merging
memory subsystems in a unified system substantially
reduces design effort and cost. Redundant logic is
eliminated by using the same functions for the video
RAM as for system memory control. The logic re-
quired for the DRAM and video control section is
currently implemented using several programmable
logic arrays and MSI circuits (Fig 5). These could be
placed in a gate array or other custom device.

The divider circuit is the only high speed device
required, other than the external shift register, and
provides the other logic with the appropriate timing
signals. Not shown is the control to the external shift
register, since it changes with implementation. A
microprocessor or other controller can access the
memory by issuing a MEMREQ/ with the appropri-
ate read or write strobe. All other functions and
timings are performed by the state sequencer.

A frame buffer using the video RAM could use a
scan-line mapping architecture. This approach could
also be used in the frame buffer of an existing de-
sign, although the full advantages of the dual-port
would not be realized.

Scan-line mapping refers to positioning the
memory devices to correspond to relative bit place-
ments within a display scan line. Logic reduction in
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the frame buffer is evident, since there is only a
16-bit shift register, and no data bus buffer/sepa-
rator requirement, as in the x4 example. In this par-
ticular example, each transfer from the memory
array to the shift register moves a total of 4096 bits,
which provide the data for four 1024-pixel scan lines.
Onchip shift register data is loaded into the 16-bit
shift register to accelerate the data to the required
88 MHz. The data in the memory’s shift register is
clocked at 5.5 MHz, well below the device’s maxi-
mum clock frequency of 25 MHz. The timing for
the video RAM is derived from the pixel clock to
keep the system timings synchronous.

For this design, the row address strobe (RAS)
cycle consists of 10 pixel clocks for the 114-ns pre-
charge period, and 15 clocks for the 170-ns RAS low
time, for a total period of 284 ns. All cycles (refresh,
read, write, and transfer between arrays and shift reg-
ister) use the same timings, with differences in the
sequencing of the other control inputs to the video
RAM (CAS/, W/, and TR/QE/). Each device holds
every sixteenth pixel along the scan line of 1024 pix-
els. Scan-line data comes from 64 adjacent columns
in each of the 16 devices. A 16-bit processor can
directly access the memory array for image manipu-
lation if it recognizes the appropriate addressing
arrangement. Thus, the system processor can issue
the address of the row and column for the desired
pixel. The decoding of the active chip (when access-
ing via the DRAM port) may be done in hardware
or as an internal operation of the processor.

The 256-bit register on the video RAM can be used
by the video control logic to manipulate data as well
as shift the data to the display. One way to employ
this register is to clear (erase) the display quickly.
The processor can write to the 256 locations cor-
responding to one row in the memory. This row can
be transferred to the shift register. The shift register
to memory transfer of the memory clears the remain-
ing rows of the memory in 255 cycles. [Alternately,
the serial input (SIN), could be grounded and SCLK
clocked 256 times to load the shift register with all
0s.] Thus, the frame can be erased in a fraction of
the vertical retrace interval of 612 us, for improved
performance in those applications requiring rapid
screen clear.

Unlimited access

Since the video RAM shift register can be loaded
from memory as little as once each four scan-line
times for CRT refresh, the system processor has vir-
tually unlimited access to the display memory. Dur-
ing a single 16.67-ms frame time, there would need
to be 256 display access cycles (one of the video
RAM’s shift registers loads from memory for each
four scan lines), and 1087 memory cell refresh cycles
(a minimum of 256 refresh each 4 ms), which remove
a small portion of the available time for updating
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Fig 5 RAM and video control logic for a unified design
can be implemented with programmable logic arrays and
MSI circuits. A gate array or custom device could integrate
the entire function in a high volume application.

the screen. The time for this overhead can therefore
be calculated as:

MC X (#DIS + #REF)
284 x (256 + 1087) = 381 us

Where MC is memory cycle time,
#DIS is the number of display cycles, and
#REF is the number of refresh cycles.

So, in a single frame, all but 381 us (about 2.3 per-
cent) of the interval to be used by the system proces-
sor for display update are available. The remaining
97.7 percent of the time to scan a complete frame
is available for access by the system processor. This
allows memory accesses to follow logical, predict-
able patterns, and consistent timing sequences. These
uniform cycles reduce the system hardware burden
to fit memory update accesses into a narrow window
or burst.

Modern screen imaging techniques indicate that
hardware should not be used for read scrolling, to
maintain maximum system flexibility. Designs usu-
ally call for moving data within defined regions of
the frame buffer. However, for systems with hard-
ware scrolling, the 256-bit register on the video RAM
can be used by the controller to manipulate scan-
line data in the displayed image. Data from one
memory row can be transferred to the shift register,
and then transferred back to another row (without
shifting the data), which moves the pixel data from
one displayed row to another. Several such trans-
fers can be made, giving the effect of scrolling a full
screen image vertically. This will scroll the entire
width of the screen, so it may not be appropriate
in a system with windows, where the scroll must be
done in software.



Put your computer system

back on the fast frack

IBIS puts your computer system on the fast track. If
you are building systems that require large-scale data
storage and don’t want to wait for data input/output de-
lays, IBIS has the answer. Theirs is a new standard

in disk drive technology. Especially if you are involved
with image processing, super-mini systems, or other
high performance computer requirements.

IBIS gives you 1.4 gigabytes of data storage on a single
14-inch Winchester disk drive. The data transfer rate

is 12 megabytes per second with a track-to-track
access time of 2.5 milliseconds and an average
access time of 16 milliseconds. IBIS gives

you the fastest drive in the industry with
throughput that puts your system on the

fast track.

There’s more to an IBIS disk drive system than large-
scale storage and a high-speed transfer rate. Our
“designed-in” reliability assures your system’s perform-
ance. IBIS utilizes the latest technology in thin film
plated media and advanced air filtration. IBIS disk
drives also have self-diagnostics, dynamic error detec-
tion, and modular construction that promotes ease of
maintenance and service. In fact, with the high reliabil-
ity of the IBIS drive, preventive maintenance consists
of merely changing the pre-air filter once a year.
To put your computer system on the fast track

with a reliable, high-performance disk drive,

contact IBIS Systems, Inc., 5775 Lindero

Canyon, Westlake Village, CA 91362.

Telephone (818) 706-2505.

ibis.

CIRCLE 69




TABLE 2
Maximum Accesses to Arbitrarily Located Region

Region Size Scan Line Symmetric Improvement
32/ X332 96 81 15 percent
18 x 18 54 25 54 percent
16 x 186 32 2h 22 percent
10x 10 20 9 55 percent

Bite B 16 9 44 percent
4x 4 8 4 100 percent

In scan-line architecture, a move of one row to
an adjacent row within the video RAM results in
moving the displayed line four scan lines vertically.
To scroll an entire screen of lines would take:

(MTS + TC) X #ROW
(284 + 284) x 256 = 145 pus

Where MTS is the time for a memory
to shift register transfer,
TC is the shift register to
memory cycle time, and
#ROW is the number of rows to be moved.

This scroll operation could wrap the image around
the screen, or the processor could update the dis-
play memory with a new portion of the image. The
ability to move rapidly the screen image vertically
may have application for some realtime systems or
forms of animation, since it gives the system proces-
sor more time to update the displayed image.

The scan-line technique is preferred because it is
simple and logical, and offers direct processor to
memory mapping. Although scan-line mapping is
generally best, other memory chip to pixel mapping
schemes can be advantageous. In such a system, the
drawing hardware may be able to update multiple
pixels at each memory access. Unfortunately, it is
exceptional for multiple pixels to occur in horizon-
tal lines, such that writes could occur parallel to
(along) the scan line. Data manipulations of the dis-
play involve the equally probable writing of multiple

pixels vertically, diagonally, and horizontally to cre-
ate an image. Most data manipulations involve pixels
within an arbitrary region occupying multiple scan
lines. Using the scan-line mapping technique, these
arbitrary regions will most likely not align with the
work boundaries accessed by the graphics controller,
thus requiring multiple accesses.

Opting for the symmetrical architecture

One method to reduce the number of accesses nec-
essary to transfer an arbitrary block, and to mini-
mize the access of unnecessary pixels, is to use a
symmetrical architecture for the frame buffer
memory array. The symmetrical architecture uses
one 4-bit shift register per plane rather than the 16-bit
shift register of the scan-line approach. It cascades
video RAMs by connecting the serial output of one
device to the serial input of another to move 1024-
column data bits to the 4-bit shift register. As in the
scan-line method, an array-to-shift register transfer
occurs once each four scan lines, but the data is now
shifted out of the video RAMs at 22 MHz. The
mapping to the screen shows that when the system
processor operates on the frame buffer, it accesses
a 4 x 4 block of pixels. The manipulation of an arbi-
trary memory image will generally require fewer
accesses, since the number of pixels operated on by
the system processor will be maximized (included
unnecessary pixels will be minimized).

Table 2 compares the maximum number of
accesses required to read or write variously sized,
arbitrarily located regions using the implementations
described. For the smaller regions, symmetrical map-
ping yields the greatest improvement in required
accesses. The pixels of no interest occur at the
boundary edge of the region. In addition, accesses
internal to a large region do not contain any unneces-
sary pixels.

The symmetrical mapping architecture causes the
scan-line data to correspond to the 256 columns
within the same row of four memory devices. Each
device corresponds to every fourth pixel in the scan

SCAN LINE 1

33.2 PERCENT

SCAN LINE 3

Fig 6 The video RAM organization
offers the consolidation of
memory, made possible by unified
text and graphics design.
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Fig 7 This frame buffer design
provides four planes of display
memory accessible to a 16-bit
processor using 80 video RAMs.

5-BIT SHIFT REGISTER

D12 D8 D4 DO

VIDEO 1

line. A 16-bit processor can directly access the
memory array for image manipulation, using the
appropriate addressing arrangement. The system
processor can directly issue the address of the row
and column for the desired pixel. The decoding of
the active chip may be done in hardware or as an
internal operation of the processor.

To implement a 1280 x 1024 display (which is
becoming somewhat standard), twenty 64-Kbit
memory devices are required. There are apparent
problems, however, with the use of a 16-bit proces-
sor with 20 memory devices. A bit-slice processor
with 20 data bits could be used, but may not be prac-
tical for many systems. If a 16-bit processor is used,
either the processor will access some or all of the
memory as partial words (eg, 5 banks of 4 bits, or
1 bank of 16 bits and 1 bank of 4 bits), or extra
memory is designated for use in video access. The
use of partial words is possible. However, the added
calculations to determine bit positions and increased
number of accesses needed to update the display will
cause some system performance degradation. This
can be avoided by adding memory to fill out the data
bus to a multiple of the processor width. This
memory will not be wasted, since graphics systems
typically require large regions of scratchpad memory
to be used by the processors for placing text fonts,
display lists, and for use in the calculations of draw-
ing the displayed images.

Since more memory is required, the use of 32 video
RAMSs can simplify the task of matching the memory
width to the processor width. If the memory is or-
ganized as shown in Fig 6, the transfer from array
to shift register would place 4096 bits into the on-
chip shift register. The data for 3 scan lines can be
taken from these 4096 bits, leaving 256 unused bits.
The display will use a total of 175,104 bytes (163,840
displayed and 11,264 left at the end of the rows) of
the 262,144 bytes in the RAM. This noncontiguous
memory amounts to about 4.3 percent of the total
memory. The remaining 87,040 bytes consolidated

within the second bank of video RAMs are available
for use as system memory or scratchpad memory.

Lookup table eases calculations

To make the task of calculating the starting ad-
dress of each scan line easier, a 1024-word table
(2048 bytes), is set aside as a lookup table. Using
a table to point to the start of the memory to be used
for display allows rapid changes in portions of the
screen image while not affecting other areas. When
the same memory can be used for either display or
system memory, the cost effectiveness and flexibil-
ity of the system is improved. The unified text and
graphics design approach allows memory consoli-
dation, especially in those systems where nonpower-
of-two displays are used.

Fig 7 shows a possible implementation of a 1280
x 1024 frame buffer to provide four planes of dis-
play memory accessible to a 16-bit processor using
80 RAMs. The processor will access all four planes
of data for each of four pixels, from what it con-
siders as five banks of 16 memories. The data for
display within each of the planes appears as four
banks of five devices so that the array to shift register
transfer will load four scan lines of data. The differ-
ence in this organization is the relative position of
the four pixels accessed by the processor. The map-
ping separates the four pixels accessed by 1280 pixels
into a vertical line. Depending on the address scram-
bling, the processor could map the memory sequen-
tially in vertical rows rather than horizontal lines.
The 5-bit shift registers allow the video dot rate to
go up to 125 MHz before the data capacity of the
RAMs is exceeded.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.

Low 712

High 710 Average 711
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READ  WRITE

It 1s the highest performance, most IOMEGA Corporation
reliable 5%" cartridge disk drive in the 1821 West 4000 South
industry. Roy, Utah 84067

Or call (801) 776-7330

It features more resistance to shock and
vibration than any other disk drive, fixed
or removable.

Its cartridge is the least expensive among
formatted 5-megabyte cartridges on the
market today.

Its cartridge interchangeability from drive
to drive is absolute. Its start/stop time is
the fastest available of any high-perform-
ance disk drive.

It is the Beta 5 Cartridge Disk Drive
from IOMEGA. And it is, in a word,
superlative.
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High Performance Cartridge Disk Drives
CIRCLE 71
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SPECIAL REPORT ON SEMICONDUCTOR MEMORIES

CMOS 256-KBIT RAMs
ARE FAST AND
USE LESS POWER

By using a high performance CMOS dynamic RAM
technology, relaxed timing margins combined with faster
cycles can yield significant improvements in system speed.

by William H. Righter

Applications for dynamic RAMs continue to extend
beyond mainframe computers, which have histori-
cally consumed the majority of such devices. Today,
with the increased use of advanced microprocessor
systems and increased sophistication of system soft-
ware, there is a seemingly insatiable demand for
memory. Thus, many of the new applications require
memories with capabilities beyond those offered by
standard NMOS DRAMS.

To provide these features, two new 256-Kbit
DRAM product lines, part of Intel’s family of CMOS
DRAMs, make use of a high performance technology
called CHMOS-D I1I. This technology combines the

William H. Righter is a senior technical marketing
engineer at Intel Corp’s Memory Products Division,
2111 NE 25th St, Hillsboro, OR 97123. Mr Righter
is responsible for applications of cMOS dynamic
RAMSs. He has studied computer engineering at the
University of Portland.

low power of CMOS with the performance of the
HMOS 111 technology.

Since the new devices consume less power than
their predecessors, they provide longer battery life
for applications such as portable instruments and
computers. The low power consumption of CHMOS
technology makes it practical to add static column
circuitry. When combined with a self-timed write
function, this circuitry yields shorter device cycle
times and wide timing windows within the cycle. This
ability results in fast, usable speeds at the system
level. When combined with Ripplemode, a fast
access mode, static column decoding provides rapid
and random access to all data bits in a device row.
This large data bandwidth is useful in high perfor-
mance graphics applications or array and signal pro-
cessing systems.

The high density, 256-Kbit DRAMs also yield high
board densities compared with other DRAMs or
static RAMs. The s51c256 family, for example, is
organized as 256-K x 1 (Fig 1) and is a density up-
grade for the 51C64 CHMOS-D 111 DRAM family. It is
packaged in a standard 16-pin high reliability plastic
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Fig 1 One of the 256-Kbit DRAM
families is organized as 256-K x

1 bit. It features a fast access mode
called Ripplemode, and is packaged
in a standard 16-pin plastic DIP.

s

DIP and features the high data bandwidth operation
of Ripplemode. The second new DRAM family, the
51C259, is organized as 64-K x 4 and is packaged in
an industry standard 18-pin high reliability plastic
DIP. This family features static column mode
operation.

Attaining relaxed timing margins

The NMOS DRAMs present the problem of tight
and restrictive timing relationships between various
edges of input signals. These timing relations are so
constrained that it is nearly impossible to design a
high performance system that operates at minimum
device cycle times. Moreover, if system skews just
consume the timing windows on a 260-ns NMOS
DRAM, they could literally overrun and cause a
65-ns CHMOS RAM (whose timing windows were
scaled proportionately) to be useless. Relaxed tim-
ing margins, not just faster cycles, are needed for
usable speed at the system level. Static column
decoding and a self-timed write operation provide
these relaxed timing margins.

The internal column address buffer in the 51C256
DRAM family is a flow-through latch. During the
portion of the read cycle when the column address
strobe (CAS) is high, addresses flow through the
buffer. This means that the data access begins at the
instant the column addresses are valid, instead of
from the (later arriving) leading edge of CAS. This
new access specification is called t-p 5. The design
eliminates the CAS clock from the critical access
path of the system. When CAS does become active,
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it latches the column addresses and turns on the out-
put buffer. The system timing skews become more
tolerable when tight address setup times to CAS are
removed, and the need for tight control over the
leading edge of CAS or tgcp—the row address
strobe (RAS) to CAS delay—is eliminated. The net
result is usable speed in the system.

A memory cycle on the 64-K x 4-bit 51C259 device
is somewhat different. Two major differences are
found in the function of CAS and the inclusion of
an output enable (OE) pin. On these devices, tog-
gling CAS is optional because the internal column
address buffer is permanently wired in flow-through
mode (for read cycles). For this reason, the 51C259
can operate with CAS at V;; indefinitely. Operation
with CAS grounded is also possible. In this mode,
once RAS has latched row addresses, the data access
begins as soon as column addresses become valid.
The access specification is again called t-p, and
is measured from valid addresses to data output.
Because data 1/0 occurs on the same pins, a fast
response OE is provided so that bus contention on
the data 1/0 lines can be avoided.

An essential design goal is to have the system run
as closely as possible to minimum device cycle times.
One of the limiting factors during write cycles
involves controlling the width and position of the
write enable (WE) pulse. After accounting for worst-
case system skews, it may not be possible to gen-
erate a minimum write pulse width (typ). Yet, at
the other extreme, if typ is too wide, the position-
ing of the trailing edge of WE will force the cycle
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time to be lengthened by the WE precharge or some
other specification.

Particularly during the rapid cycle of other static
column DRAMs, the small window provided between
the minimum typ and the maximum (without push-
ing out the cycle) allowable system typ is absorbed
in system skews. This forces a longer cycle time just
to get a write cycle to work at the system level. To
alleviate this difficulty, the new CHMOS 256-K
DRAMs feature a self-timed write pulse that
eliminates the need to tightly control the write pulse
width and its trailing edge. This removes many re-
strictive WE timing requirements from the critical
path. The benefit of the self-timed write is the same
as removing CAS from the critical timing list. As a
result, fast and usable speeds at the system level are
more easily attained.

Because of the common 1/0 configuration of the
64-K x 4 51C259, the operation of a write cycle
differs slightly from usual DRAM write cycles. For
example, the concept of an early write does not apply
to the device if it is operated with CAS at ground
(Vy1)- Early write cycle timing is referenced to the
leading edge of CAS. Without a CAS transition, there
is no specified early write in the usual sense. The
purpose of early write cycles is to maintain the data
output in a high impedance state so that data can
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Fig 2 Addresses flow through the DRAM while column
address strobe (CAS) is high, so data access actually begins
from valid column addresses (., ,), not from CAS (a).
Eliminating the CAS clock from the critical path of the
DRAM makes short cycle times easier to use. In the static
column mode (b), one clock period is eliminated, providing
simpler system design. In this mode, the DRAM acts like a
fast static device.
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be driven into the device 1/0 lines without causing
bus contention. However, the same result is attained
by maintaining the OE line high.

Late write cycles and read-modify-write (R-M-W)
cycles are similar in that both are generated by
bringing WE low sometime after CAS. However, for
a R-M-W cycle, all of the minimum delays to WE
must be met (tgwp, tewp, and towp)- By satisfying
these minimums, Dgyr has time to become valid.
On the 51C259, the four 1/0 lines must be controlled
with OE to avoid bus contention between the read
data and the data to be written during the cycle.

Ripplemode cycles

The 51C256 DRAMS include Ripplemode, a high
speed operating mode that permits all 512 data bits
within a selected row to be randomly accessed at a
high data rate. Ripplemode is compatible with page
mode in other DRAMs, but has faster access and
cycle times. The basic timing is shown in Fig 2 (a).
Because addresses flow through the DRAM while
CAS is high, the data access actually begins from
valid column addresses (tcpp), rather than from
CAS. This technique eliminates the CAS clock from
the critical path of the DRAM system, making the
rapid cycle times easier to use.

Another access specification [Fig 2 (b)] is called
tcap- This is the access time as measured from the
column precharge, or the trailing edge of the previ-
ous cycle CAS, to the time of valid data in the cur-
rent cycle. This is a necessary specification because,
although the column address buffer has a flow-
through latch, the latch does not open for
flow-through operation until CAS returns high.
Since addresses are latched by CAS, the addresses
can usually be changed well before the end of the
cycle, thus pipelining addresses for the next cycle.
The limiting factor in this technique is the access time
from the trailing edge of CAS, which is the earliest
that the addresses can flow through the latch and
begin to access data. To guarantee valid data, both
tCAA and tCAP must be met.

Ripplemode cycles are entered with a normal
RAS/CAS sequence. After this entry cycle, in which
row addresses are latched, RAS is maintained low
throughout the time period required for the fast
column accesses, up to the maximum RAS low time
for Ripplemode (tgppg) Of 75 us. CAS is then contin-
uously toggled at the required data rate. Minimum
access time throughout this period is usually tcpp.
In this mode, the DRAM functions very much like
a 512 x 1-bit high speed latched (or synchronous)
static RAM.

Static column mode operation is the high data
bandwidth mode of the 51C259 family. The basic
timing is shown in Fig 2(b). The static column mode
permits all the data that is within a device row



(256 addresses) to be randomly accessed 4 bits at a
time. During static column mode operation, read,
write, and R-M-W operations can be performed. The
cycle is entered by activating RAS, which latches a
row address. Then, while maintaining both RAS and
CAS low, column addresses are rapidly cycled,
selecting the 4 data bits that are directed to the 1/0
lines. This technique eliminates one clock (CAS)
from the fast access mode, which provides a simpler
system design. The 51C259 in static column mode
behaves like a 256 x 4-bit fast SRAM in that each
time the addresses are changed, 4 new data bits
appear on the 170 lines within the specified address
access time (tcap)-

With the new t-a o access specification and static
column mode, it is sometimes unclear whether sys-
tem access is limited by tgac, tcaas tcacs OF tog-
Access time formulas can be produced from data
sheet specifications, but the easiest way is to draw
a simple worst-case timing diagram that shows the
relationship between RAS, addresses, and CAS as
they occur in the system being analyzed. Measure
the access time from each of the three edges based
on the data sheet access specifications. Draw all three
data output waveforms. The output data on the tim-
ing diagram farthest from RAS is the true system
access time. Remember that although the data out-
put becomes active just before the t ¢ time period
expires (t; z, or tgy z in grounded CAS systems, to
be exact), the output data is not valid until tgsc,
tcaas and toac time periods have elapsed.

Graphics design

Static column architecture in the CHMOS DRAMs
provides very high sustained data rates. Coupled
with a symmetrical cell addressing technique, static
column DRAMSs provide a solution to requirements
for high performance bit-mapped graphics memories.

There are two key requirements for memories used
in high performance graphics systems. The first is
to minimally meet or, preferably, exceed the high
serial bandwidth required to refresh the display. The
other key requirement is to maximize the rate at
which the display can be updated, because this is the
most visible sign of performance to the end user.
CHMOS DRAMs can meet these requirements.

Required Memory Bandwidth
as Inverse of Pixel Time

Display Size Pixel Time Bandwidth Required
512 x 384 66.5 ns 15 MHz
640 x 512 38.3 ns 26.1 MHz
1024 x 768 14.4 ns 69.4 MHz
1024 x 1024 10.0 ns 100 MHz
1280 x 1024 8.0 ns 125 MHz

Graphics requires a high speed serial stream of data.

A 1280-pixel x 1025-line graphics display provides
an example.

A pixel is the smallest displayable screen image,
and the pixel time is the amount of time allocated
to display a given pixel. The required instantaneous
memory bandwidth is simply the inverse of the pixel
time. The Table shows the required memory band-
widths for various screen sizes. These bandwidths
are usually achieved by parallel loading memory data
into shift registers and shifting the bits out with the
pixel clock. Fig 3 shows one way to construct one
bit plane of a 1280-pixel x 1024-line display frame
using 64-K x 4-bit CHMOS DRAMs. It takes five
devices to provide enough bits for this size display.
By arranging the memory devices in parallel, there
are 20 display pixels available per memory cycle.

The display bandwidth is met by using static
column mode cycles to burst-fill the video output
registers (VORs). The VOR is constructed with 4 x 4
register files (for example, 745670 devices), and is
arranged as 5 devices wide (20 bits) x 2 devices deep
(8 register layers). While the register files are being
emptied, the memory is available for updating by
the pixel engine. The static column mode ensures that
the bit-mapped memory can exceed the display band-
width requirements, providing enough time to steal
cycles for random update in between burst fills of
the output register. Cycle stealing is the technique
of interweaving random update cycles with the
sequential read cycles required for the display. This
method requires a higher bandwidth memory, but
provides high performance by allowing updates to
occur during the display time without flicker.

TWENTY 64-K x 4 DRAMs

Fig 3 In a high performance
bit-mapped graphics memory, it
takes twenty 64-K x 4-bit DRAMs to
construct four bit planes of a

1280-pixel x 1024-line display
frame. Arranging the memory
devices in parallel, 20 display pixels

}{—>vioeo

are available per memory cycle.
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In a high performance frame buffer design, the
ultimate limiting factor on the update rate is the
memory cycle time, which for most NMOS DRAMs
is around 260 ns. Ideally, one would like to take
advantage of the 55- to 65-ns cycle time of static
column mode to optimize the use of time available
to update. A simple address mapping technique,
called symmetrical cell addressing, allows the high
speeds of static column mode to be used for draw-
ing graphics objects.

The static column architecture
provides high sustained data rates.

In a conventional linear-addressed frame buffer,
sequential bits in a memory row are mapped to suc-
cessive pixels on a display line. For a 1280 x 1024
display, this conventional method of addressing
maps the bits from the first internal row of the
memory devices into the first four display lines. With
this organization, static column mode is not very use-
ful for updates except for events occurring within
the same line, such as drawing horizontal lines or
clearing the screen.

If, instead, the device row addresses are mapped
into a symmetrical cell on the display screen, then
all random updates that occur within a given cell can
occur at static column speeds, maximizing use of the
time available for cycle stealing. Only when a cell
boundary is crossed will a normal RAS/CAS cycle
need to be executed. Thus, cycle stealing with static
column decoding, coupled with symmetrical cell
addressing, can dramatically improve update
bandwidth.

In a 1280-pixel x 1024-line frame buffer, using
static column mode CHMOS DRAMs with symmetri-

cal cell addressing and a pixel clock of 8 ns (Fig 4),
memory device cycle times are

Normal RAS/CAS cycle time:
32 pixel clocks = 256 ns

Static column cycle time:
9 pixel clocks = 72 ns

A four bit-plane 1280 by 1024 frame buffer requires
twenty 256-K memory devices. This provides 5120
bits (20 parallel data bits times, 256 locations per
device row in the 64-K x 4 DRAM) to map into the
symmetrical cells. The cells are then 80 bits wide by
64 lines deep, reflecting the 5:4 aspect ratio of this
display. The video output register (VOR) structure
is 20 bits wide and eight registers deep to allow cycle
stealing. To determine time available for cycle
stealing:

Empty VOR 160 bits x 8 ns = 1280 ns
Fill vor 512 ns + 6 x 72 ns = — 944 ns
Time available to cycle steal = 36 ns

To determine the maximum screen update rate,
the average time to perform updates (write cycles)
must be known. Assume that a randomly drawn
vector (using Bresenham’s algorithm) will have, on
an average, 32 pixels updated within an 80- by 64-bit
cell before crossing a cell boundary. The actual cal-
culation accounts for one normal memory cycle time
to enter static column mode (256 ns) plus 31 cycles
at static column speed. The average static column
cycle time is then:

(256ins. =+ 31 x 72 ns)./32 =" FiiS s

With 336 ns available to cycle steal, an average of
4.3 updates can occur each 1280-ns interval, of which
there are 8 per line. Multiplying by the number of

LE (ONE LINE TIME)
I 1960-PIXEL CLOCKS

680-PIXEL CLOCKS —»

Y

Fig 4 Memory device cycle times
can be calculated for the 1280-pixel
x 1024-line display frame. The
normal RAS/CAS cycle time is

256 ns; static-column cycle time is
72 ns.

2. HORIZONTAL
BLANKING
TIME

‘4— 1024 LINES——»’<— 39 LINES—»‘
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PRIMARY DRAM CONTROL CIRCUIT
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display lines (1024) yields 35,225 possible updates
during the display time. Adding in the number of
updates during the blanking period gives the total
number of possible updates each frame. The update
bandwidth is N:

N 60 x (35,225 + 6.04 ms/72 ns)
N = 7.14 million updates/s

The best possible performance for a standard or
dual-port NMOS DRAM is about three million up-
dates per second.

It is evident from these simple calculations that
64-K x 4 CHMOS DRAMS provide a very high perfor-
mance graphics memory. They are a bandwidth
match to the highest performance TTL or bit-slice
pixel engines. In the near future, the trend to inte-
grate more functions onto a single silicon chip will
yield VLSI graphics controllers that can take advan-
tage of this performance.

Portable systems

Another benefit provided by CHMOS DRAMS is
low power consumption, which is particularly benefi-
cial in battery-backup systems or in portable systems.
In these applications, ‘“L’’ versions of the CHMOS
DRAMS (eg, the 51C256L or the 51C259L) can signifi-
cantly extend the battery life of the system.

There are three major design rules for construct-
ing low power systems. First, drive RAS to CMOS
high levels (Vpp =0.5V). To reap the lowest power
benefits in other CMOS technologies, CMOS levels
(not TTL levels) must be used to drive all inputs. On
the CHMOS DRAM, driving RAS to CMOS levels (with
CAS at Vjy) is the only requirement. The second
rule is to take advantage of the extended refresh

period of the ‘L’ version to reduce the amount of
time that refresh current is drawn during standby
operation. The extended refresh cycles also lower
the power consumed by the DRAM controller, espe-
cially if it is also cMOS. The third rule is to mini-
mize the period that RAS remains low during any
DRAM cycle. This minimizes the time that current
higher than the standby current is drawn and reduces
the amount of power consumed over any given
period of time.

The circuit in Fig 5 is one example of how these
three rules can be combined in a system designed
for battery-backup operation. A standard VLSI (or
TTL, or gate array, or programmable array logic)
design provides the primary DRAM control and
refresh during normal operation. When the primary
system power is removed, the DRAM controller is
powered down and isolated from the address bus.
With the battery backup power provided, DRAM
refresh is maintained by the low power discrete
CMOS circuitry. This method is an effective alterna-
tive when the normal DRAM controller consumes a
significant amount of power. For proper operation
of this circuit, the signal, which typically originates
at the power supply, must lead the primary system
power going down (out of spec) by 100 us, and must
lag the system power supply on power-up by 100 us
after it is within the specified limits.

The cMOS refresh control circuitry is divided into
three sections: the bus isolation circuitry, the
sequencer that switches the two DRAM controllers
in and out of the circuit, and the extended refresh
circuitry. Bus isolation circuitry removes the CMOS
refresh counters from the bus when primary power
is applied, and isolates the primary DRAM controller
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Fig 6 Fast cycle times and relaxed timing margins within
the cycles are useful in high performance and high density
memory systems.

from the address bus during battery-operated
standby mode. The isolation circuitry for the
primary DRAM controller consists of a 745241 high
speed Schottky three-state buffer, which is used for
two reasons. First, it minimizes the timing skews in
the address and control lines, allowing full-speed
operation of the primary DRAM controller. Second,
the high speed Schottky buffers, which lose power
with the rest of the system, have open circuit out-
puts. Some other logic families have outputs that
would drag the bus to either ground or V.
The function of the sequencer is to switch con-
trol of the DRAM address bus between the CMOS
refresh controller and the primary controller in an
orderly fashion. It consists of four 74HC74 flipflops.
Half of the sequencer is synchronized with the
primary controller so that it is never switched on to
or off of the DRAM bus in mid-cycle. This prevents
violation of the minimum RAS low-time specifica-
tion of the DRAM, which could imperil data integrity.
For the same reason, the discrete refresh circuitry
must not be switched on or off the DRAM bus dur-
ing a refresh cycle, so the other half of the sequencer
is synchronously switched with the refresh clock.
The discrete refresh circuitry consists of an RC
oscillator and a binary refresh address counter. The
counter is incremented on the rising edge of RAS.
The duty cycle of the oscillator is designed to pro-
vide a minimal RAS low time, thereby minimizing
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the DRAM current drain. The frequency of the oscil-
lator is set to provide the extended refresh interval
of the CHMOS DRAMs during standby. Because of
the extended refresh cycle, the oscillator is run at
a low frequency, thus minimizing the dynamic
current component of the total current drain.

Assuming system backup power is provided by a
450 mA-hour battery (AA NiCads), the minimum
backup time for this 0.5-Mbyte memory would be
about 150 hours (6.25 days) and 500 hours (three
weeks) typically.

High performance processors

In addition to providing a large bandwidth data
stream, internal static column decoders also provide
the system level benefits of fast single cycles and
accesses with relaxed timing parameters within the
DRAM cycle. As noted earlier, it is generally not pos-
sible to control system timing skews tightly enough
over a broad range of temperature, propagation
delays, loading, etc, to achieve the minimum device
timing through the critical access path. Meeting
trep (the RAS to CAS delay time) and the setup and
hold times of addresses to CAS (which include skews
in the CAS clock and addresses) can prove trouble-
some. These system skews are directly in the access
path, and so contribute to a lengthening of the sys-
tem access time. CHMOS DRAMs with static column
decoding eliminate these tight timing difficulties by
removing CAS and associated timings from the crit-
ical path. This provides much wider timing windows
to absorb skews, so that high performance system
design is easier to achieve.

The speedup in cycle times and the relaxed tim-
ing margins within the cycle are very useful in design-
ing high performance and high density memory
systems. Fig 6 depicts an example of such a system.
In it, the 256-K x 1 DRAMs make up a high speed
local memory for a 6-MHz iAPX 286 microprocessor
system. The memory is accessed under control of
an 8202 DRAM controller, using a synchronous status
interface to the iAPX 286. The access time of the
DRAMs is determined by the timing edge of CAS
provided by the 8208 and hence is limited by t-ac.
In addition to the fast t-pc requirement of this
system, the overall access path requires a DRAM
with a tgag of 150 ns. CHMOS DRAMs can meet
these requirements and provide no wait states at 6
MHz. The 256-K CHMOS DRAMs not only increase
system density and simplify system design, but also
improve system performance.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.
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UNIX™ System V from AT&T
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is available with battery backup to insure reliable DC power during brownouts or blackouts.
Optional battery backup eliminates the size/cost penalty of traditional backup systems. Battery
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more memory.
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SPECIAL REPORT ON SEMICONDUCTOR MEMORIES

DUAL-PORT STATIC
RAMs CAN REMEDY
CONTENTION PROBLEMS

System bandwidth can be used up by contention problems. A
true dual-port RAM can help by allowing simultaneous reads
and writes by different processors.

by Michael J. Drumm,
James B. Harris, and
Michel Ebertin

There are many advantages when multiple CPUs and
intelligent peripheral processors share the same bus.
However, to fully gain these advantages, they must
run at their top speed. This means being able to
access the necessary memory locations immediately.

All arbitration schemes, however refined, involve
waiting. With the use of a truly dual-port RAM,

Michael J. Drumm is currently product marketing
manager at Argonne Systems, Inc, 525 Julie Rivers
Rd, Sugarland, TX 77478, where he is responsible for
product planning. Mr Drumm holds a BS in electrical
engineering from Arizona State University.

James B. Harris is a development engineer at
Argonne Systems, Inc, where he is responsible for
storage control processor design. He holds an
associate’s degree in electrical engineering from
Wharton College.

Michel Ebertin is vice president of engineering at
Argonne Systems, Inc, where he is responsible for
product design. He holds a BS in electrical
engineering from Polytechnic Institute of New York
and an MS in electrical engineering from California
Institute of Technology.

however, (eg, Synertek’s SY2131), different processors
can access the same memory locations simultane-
ously. Contention is handled at the byte level with
onchip arbitration logic. Thus, the chances of any
processor having to wait for access are greatly
reduced.

To make the dual-port implementation possible,
Argonne Systems, Inc has developed the multiple
coupled processor (MCP) series of computers. This
series is based on an architecture using a system of
closely coupled processors residing in the same
backplane and sharing common peripherals. The
Tarch architecture enables different operating sys-
tems to run on different CPUs simultaneously, while
sharing peripheral resources, and communicating at
the application software level via a common bus.
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The basic building blocks of Tarch are a CPU
module containing a standard microprocessor (with
different microprocessors requiring different CPU
module implementations); a cached, dual-ported,
memory module with up to 4 Mbytes of main
memory and 16 Kbytes of cache; a storage control
processor (SCP) module providing interface, buffers,
control, and timing between the system’s main bus
and the mass memories’ Small Computer System
Interface (SCSI) bus; and an 1/0 processor module.
These building blocks can be assembled singly, or
in multiples, to create a system. Fig I illustrates a
dual-CPU option.

The first CPU module offered by the company is
designed around the Digital Equipment Corp J-11
microprocessor. This device, a single-package imple-
mentation of a PDP-11/70, executes the full PDP-11
instruction set. Used within the Tarch environment,
this module executes existing application software
faster than any other PDP-11-based system. Two
such modules in a system (with their respective
memory modules), give multiple users the ability to
run simultaneously under two different operating
systems.

As a complete 32-bit architecture, Tarch offers
up to 4 Gbytes of physical memory space and fea-
tures multiple buses. The first, the parallel system
bus (PSB), is the main bus to which all basic build-
ing blocks are tied. It is based on Intel’s Multibus
11. Other buses include multiple auxiliary PHASTBUS
(one for each CPU/memory module pair), the DEC
Q-bus, and a unique 1/0 channel.

Two of the four building blocks, with widely
differing data transmission bandwidths, simultane-
ously handle data. In particular, the SCP must

contend on one side with a PSB bandwidth of 13.6
Mbytes/s and, on the other side, with a SCSI band-
width of 1.5 Mbytes/s. Here, a static dual-port
RAM plays a significant role in preserving the PSB’s
high bandwidth. Caused by its high speed block-
mode transfers, the dual-port RAM buffers slow
speed device data on the peripheral controller side.

Looking at the SCP operation

The SCP is an intelligent module providing the
timing, control, and protocol conversions between
the PSB and SCSI buses. It emulates the digital stor-
age architecture and a TSV05 tape controller, while
using the mass storage control process protocol.

The scp handles all disk and tape 1/0 traffic for
the MCP series of computers. Multiple SCPs can
coexist in the same backplane, with each SCP han-
dling multiple CPUs, and operating as though it had
a dedicated 170 port and peripheral. The SCP han-
dles all transfers to and from the SCSI bus while
doing all mass storage control process and TSVO05
protocol emulations, servicing the communication
registers, processing interrupt messages to other PSB
arbiters, and communicating to a CPU via direct PSB
address space. National Semiconductor’s NS32016
microprocessor, Advanced Micro Devices’ AMD9516
DMA controller, NCR’s NCR5385 SCSI controller, and
six Synertek 2131 dual-port RAMs were selected to
perform the SCP’s tasks.

In the SCP’s primary function, the PSB’s high
bandwidth must be coupled with that of the much
slower SCSI bus. Thus, the buffer memory of each
SCP provides simultaneous, unrestricted access to
each bus, except where the same memory location
is being addressed. Mass storage peripheral data

Q-BUS

CPU MEMORY MEMORY

PHASTBUS

Q-BUS

CACHE

MODULE PHASTBUS | CACHE MODULE MODULE
1 1 2

i

PSB-MULTIBUS I
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Fig 1 With the Tarch architecture,
using two CpUs, all four types of
i modules exchange data via the
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parallel system bus (pSB). It is
imperative to minimize contention
on this bus and use its full
potential bandwidth.
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must be located, retrieved, and formatted into
packets before transmission; the reverse is required
for incoming data. Since the SCP is accessible to all
CPUs in the system, it distinguishes data and allo-
cates storage locations on shared peripherals, on the
basis of the storage allocation parameters specified
during system startup.

Testing determines that even a bit-slice micropro-
cessor could not keep up with the data transmission
rates while providing the necessary computational
services of protocol formatting, request queuing, and
managing data to/from the buses. The read/write
cycles necessary to move data between the buses
would be too slow.

System solution

The solution to this problem requires a DMA con-
troller to handle data on and off the SCSI bus. This
frees the microprocessor for protocol emulation.
Also needed is a custom DMA controller on the PSB
side to arbitrate for the PSB, and transfer data at the
required speeds. A truly dual-port RAM decouples
the two buses and allows simultaneous, asynchronous
data transfers.

First, a DMA controller is added to the NS32016
microprocessor architecture to handle DMA trans-
fers to and from the SCSI controller. This opens the
bandwidth of the microprocessor by removing direct
data transfer overhead between the SCSI channel
and local buffer memory. The data transfer rate is
limited only by the SCSI standard. If the NS32016
microprocessor alone were used to control data flow
to and from the SCSI controller, a minimum of four
instructions would be required per transfer. Data
transfer to and from the SCSI bus requires minimal

direct interaction between the microprocessor and
the DMA controller. The NS32016 microprocessor
places instructions and addresses for the controller
in the chaining table of the local RAM. Then, the
microprocessor issues a DMA transfer command to
the SCSI controller, and the DMA controller executes
the transfer.

A traditional double-buffer implementation, in
RAM or with first in, first out (FIFO) buffers, would
allow the DMA controller to load the buffer while
data was being transferred onto the PSB. But avail-
able DMA controllers are too slow to service the PSB,
and unsynchronized transmissions require decou-
pling the two processes. Therefore, a discrete-logic
DMA controller is placed on the PSB side of the
buffering. Note that FIFOs could provide the
required decoupling, but their high access times
make them too slow for the PBS speed requirements.
The dual-port RAM decouples data transfers from
the ScSI channel to the high PSB bandwidth. The
SCP’s PSB DMA controller allows data transfers
between the dual-port buffer and the PSB-resident
source/destinations.

This approach dictates the use of a high speed
RAM buffer able to be accessed simultaneously from
two sides. Lacking such simultaneous access, the
microprocessor’s ability to do emulation functions
would be severely impaired. Also, potential benefits
of the high speed PSB would be reduced significantly
when the two communication processes need to be
coupled. A conventional, dual-ported RAM, with
switchable but exclusive access states (ie, when one
port has access the other does not), would not be
sufficient. The SY2131 dual-port RAM not only
provides the necessary functional solution, it also
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fits within the PC board ‘‘real estate’’ constraints—
impractical with discrete components.

A truly dual-port RAM

The sy2131 is a truly, dual-port static RAM
organized as a 1024- x 8-bit array with a 100-ns
access time. Two 1/0 ports allow separate and
simultaneous access to common memory locations.
Internal logic handles data contention when conflicts
arise during simultaneous accesses of the same
memory address. Cross talk problems are also
minimized, because the address and data buses of
the two ports are physically isolated.

Writing data internally into locations 3FFH and
3FEH creates interrupt flags for each port. This trig-
gers the left and right interrupt flags, thus prompting
the microprocessors to read the locations and clear
the interrupts. Control signals providing access to
internal contention and port control logic include
chip enable, read/write lines, output enable, and
busy flags. The versatility of this device allowed the
designers not only to use it in the data buffer, but
also in device register emulator, and communication
register applications.

In the SCP, four SY2131s are used as data buffers
and as device register emulators. In these roles, the
dual-port RAM interfaces on one side to the PSB,
operating under control of a custom, high speed,
DMA controller. On the other side, it interfaces to
the NS32016 microprocessor and the DMA controller’s
common bus (Fig 2).

To transmit in DMA mode over the PSB, SCP soft-
ware uses a transaction count register, a packet count
register, a mode register, and an address register.
These discrete registers are implemented on the SCP,
and each is set up by the NS32016 (Fig 3). The mode
register can be set for 8-, 16-, or 32-bit transfers.
While the SCP is transmitting data, the DMA con-
troller can be loading data into the RAM from the
SCSI bus, or writing to the tapes and disks controlled
by the SCP.

The SCcP emulates a disk controller by creating
DEC-standard status address and purge, and initiali-
zation and polling registers inside the dual-port
RAM. Normally, system software sees these registers
on a DEC disk controller. The SCP maps a set of
these registers into the dual-port RAM for each CPU
accessing it. Through the RAM’s mapping, the SCP
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Fig 3 The storage control processor’s (SCP’s) DMA port
controller on the pSB side can set up the counters to handle
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How to debug
in your favorite language.

Now you can debug in Pascal, C
or Assembly. With Emulogic’s
new SLICE Symbolic Debugger.

First, sit back. Second, choose your
language—C, Pascal or Assembly. Then type
it in. And you're ready to start debugging.

At least, that's the way you do it with SLICE™ (Source
Language In-Circuit Emulator). And that's not the only way
SLICE makes your life easier.

It’s also friendly, interactive
and non-intrusive—which means
you don’t need a software monitor.
You'll be able to debug your code
without us getting in your way.

What's more, if you change
your mind about which language
is really your favorite, SLICE lets
you switch back and forth.
Instantly.

It’s true high-level debugging.

We didn’t compromise
when we designed SLICE,
and you don’t compro-
mise when you use it.
You can single-step by
source line or chip in-
struction—and, if you
want, step over calls to
functions. Display real-
time traces in high-level
and assembly-level code.
And manipulate stack, heap, register and static variables of all
data types, including structures and arrays.

We've even put in another exclusive feature, TRACEBACK,
that lets you examine all active functions and arguments. And
another feature that lets you track movement of fast variables
between registers and stack.

It’s a real-time in-circuit emulator.

SLICE is a true in-circuit emulator—not just a software simula-
tor. So you don't lose any of the hardware and assembly-level
debugging power of Emulogic’s universal MDS’s. You still have

eight real-time multifunction breakpoints.
“Fall-through” trapping. And full-speed,
full-range memory mapping.

But SLICE makes them even better. Now you can break
at a source line and use addresses, data and expressions sym-
bolically. And select a trace of machine cycles, instructions
or source lines.

Our Pascal and C compilers are true cross-compilers.
Which means they produce executable code that can run on an
Emulogic MDS or your target chip. Both compilers, of course,
are designed to be used with SLICE. But, if you prefer to use a
third-party compiler, we can provide you with all the informa-
tion you need to make it work with SLICE.

SLICE packages are priced from $5,000 to $12,000, depending
on your operating system and
the compilers you select.
They’re now available for the
68000 and soon will be for
the 68008, 68010, 8086,

80186, 80188 and 8088.

SLICE. Isn’t it about time
you started debugging in the
language you're actually using?

For complete information,
contact Emulogic,” Three
Technology Way, Norwood,
MA 02062, 800-435-5001 or
617-329-1031 in Massachusetts.

SLICE is a trademark, and Emulogic is a registered trademark, of Emulogic, Inc.

Y
77
a
4
3

EMULOGIC

MICROPROCESSOR

DEVELOPMENT SYSTEMS

European Distributors: Austria: Walter Rekirsch, (43 222) 235555; Denmark: Instrutek, (45 5) 611100; France: YREL, (33 3) 9568142; Sweden: Aktiv Elektronik AB,
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Fig 4 In this example of an SCP message processor and disk/tape registers, byte swapping for correct alignment
occurs on the local bus. It is placed in easily accessed locations in the dual-port RAM during the transfer operation.

appears to the system as an n-ported controller with
each port dedicated to a particular CPU and assigned
an address in that CPU’s 170 space, where N equals
the number of CPUs in the system.

Communication registers

Two Sy2131s dual-port RAMS serve as communica-
tion registers. Information stored in these registers
identifies the peripheral operation (tape or disk) and
the requesting or receiving port in a data transfer
operation. One side of the dual-port RAM communi-
cation register array (1-K x 16 bits) is interfaced to
the NS32016 address and data bus (Fig 3). A busy sig-
nal output from the SY2131 generates wait states in
the NS32016 or the DMA controller cycle if simulta-
neous writes to the same byte location occur. A
10-bit latch captures information to address the dual-
port RAM, based on the owner ID number that tells
which module it is and whether it is tape, disk, or
interconnect access. The Mutltibus II protocol also
provides interconnect access during system startup
to aid in system configuration management.

Dual-port RAM space is partitioned to separate
interconnect space operations from 1/0 space opera-
tions. Within the 1/0 segment, additional parti-
tioning separates disk and tape operations, with sets
of 16-bit registers used in each category for read/
write functions. These registers emulate reserved
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addresses in the DEC 1/0 space. There are complete
sets of these registers reserved for each of the 20
CPU modules that can reside on the PSB. Using this
scheme, each CPU in the system has its own set of
communicaton registers implemented within the
DEC 1/0 space for tape, disk, and read/write oper-
ations. The owner ID is captured for the intercon-
nect space (512 x 8 bits), which is also mapped in
the dual-port RAM, using Multibus II specifications.
When accesses are made in the interconnect space,
this register set keeps track of the originator or des-
tination ID.

A register FIFO acts as a buffer for multiple, high
speed requests to access the communication registers,
For each data transfer request, the FIFO holds the
owner ID, a read/write flag, and a flag that selects
interconnect space or 1/0 space. As soon as the FIFO
stores any information, an interrupt issued to the
microprocessor notifies it to read the FIFO until it
is empty. This action allows multiple register accesses
to occur before the microprocessor has a chance to
service the transfers.

To drive out to the PSB from the dual-port RAM,
the microprocessor generates the required 32-bit PSB
address. The SCP tags on the arbitration ID of the
receiver, and knows where in memory to store the
data/command end messages from the mass storage
control process or TSV05 protocol.



Activating the DMA port initiates the PSB’s re-
quest phase. The command line state is changed to
indicate the reply phase, and data transfer begins.
At this point, output enables and chip selects are
generated to the dual-port RAMs. The interface is
designed to do 8-, 16-, or 32-bit transfers. Byte swap-
ping on the local data bus correctly aligns words and
bytes transmitted on odd boundaries. The swapping
registers involved are transparent to the software
(Fig 4). A 16-bit command and address register holds
the physical, dual-port RAM, address, and com-
mand information. Bits 0 to 9 contain the DMA RAM
address.

Maintaining packet and bus transaction counts

During DMA data transfers, a packet count and
a bus transaction count are maintained. Eight-bit
counters are used, for a maximum count of 256
packets, with 256 transactions in each packet
(maximum of 256 Kbytes data transferred with one
initialization). The packet counter is loaded with the
predetermined number of data packets to be trans-
ferred. For each PSB access, one packet is sent and
the counter decrements by one. When the packet
counter equals zero, a completion interrupt is gener-
ated to microprocessor and an ‘‘end of cycle’’ is sent
on the PSB.

The transaction counter is also loaded with a
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