Designer’s Reference: Software standards remain elusive for CAE, networks
Personal Computer Survey: Users look for a wide variety of improvements

Graphics workstation sculpts 3D models with high resolution, brilliant color

GaAs RAM
creates cache
that cycles

at hal

the speed
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Now there’s a VLSI Ethernet chip set you
can take on the open road.

The Am7990 LANCE and
Am7992A SIA are ready to roll.
Fasten your seat belts.

Thanks to IMOX" the Am7992A Seria
Interface Adapter has the blinding speed
it needs to meet demanding Ethernet specs

And the Am7990 is just as hot.

Jointly developed with DEC, this
10MHz LANCE is made to work with
every leading CPU.

Together, the Am7992A and Am7990
form the first perfectly matched Ethernet
chip set to hit the streets for under $100
anode. And, they're already second-sourcec

You're all alone at the
checkered flag.

The Am7990 family can put you as fa
ahead of the competition as we are. And
it’s just one of our VLSI families.

There are controllers, bipolar and MO¢
microprocessors, communication circuits,

signal process
The International Standard of ors and more
oo parmeters AC s DG, And ever,
over the entire operating range. part m every
tamily meets

or exceeds

the International Standard of Quality.
So grab a phone, ask us for our Ethernet
booklet, and put on your driving gloves.
You're about to blow the doors off
your competition.

Advanced Micro Devices ct

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088
For direct factory response, call (408) 749-5000, outside California, call toll free (800) 538-8450, ext. 5000.
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ROCKWELL
SEMICONDUCTOR
TECHNOLOGY
BREAKS THE

1 CMOS
) BARRIER.

1y

Rockwell's R65C21, R65C24,
R65C51 and R23C64 are the latest
members of our high-speed, low-
power CMOS family.

500 ns instruction time is our
CMOS microprocessors’ record-
breaking speed—two times faster
than NMOS—with power con-
sumption of only 80mW. And
now Rockwell International offers
peripheral devices such as the
R65C21 (PIA), R65C24 (PIAT) and
the R65C51 (ACIA) for your :
system design.

Our low-power, high-speed
combination is not all you get from
Rockwell's CMOS; you also get latch-
up immunity, a bit manipulation and
byte operation instruction set, power
and temperature variance toleration,
low noise generation, high noise im-
munity and a small die size. All these
features combine to save you
design time, lower your
costs and improve
system performance.

If all that doesn't
convince you, write on your letterhead
for a free sample of our R65C02 CPU.

\

Led by the R65C02 microprocessor, |

(It's pin-and bus-compatible with the
popular R6502). Using is believing.

For your high-speed CMOS storage,
we're accepting codes now for our R23C64
CMOS Static ROM. This 64K ROM has an
access time of 150 ns and consumes only
10mW active, 50uW passive. With 24-hour
code approval and competitive lead times,
too, you won't find CMOS any faster.

Find out how our breakthrough CMOS
family can perform for you. Contact your
local Rockwell distributor or sales
representative today.

Rockwell Semiconductor

ProductsDivision
Rockwell International, P.O. Box C,
MS 501-300, Newport Beach,
CA 92660. Call Toll Free
+. (800)854-8099. In California,
. (800)422-4230.

N

Rockwell International

..where science gets downto business
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Youcan
seethe
dvantages.

Bright. Legible. Versatile. We're ready
to help you use the advantages of plasma
panel displays wherever you need to con-
vey information. Our new bar graph models
handle a wide range of control and indi-
cation needs. Each has dual linear graphs
with 201 or 101 elements, resolution down
to 1/2% and requires a minimum of drive
circuits. In addition, standard segmented
and dot matrix styles with up to 256
characters are available with complete
drive electronics. To get more details
contact: Dale Electronics, Inc.,

2064 12th Ave., Columbus, NE 68601

‘niormaton: 402-564-3131
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“are ready :

from stock.

Dales X0-43.

We're ready to match your timing
requirements from a ready-to-ship stock of
clock oscillators in 23 standard frequencies
—1.0 to 50 MHz. Dale X0-43 clocks will
drive up to 10 TTL gates and are available
in accuracies from .005% to 1% over a
temperature range from 0 to 70°C. Input
voltage is +5 VDC. Their rugged, resist-
ance welded metal case provides a her-
metic seal and requires minimum board
space (.225”H x .600"L x .515W). Ground-
ing for EMI shielding is also provided. For
information on the frequency you need,
contact Dale Electronics, Inc.,

1155 West 23rd St., Tempe, AZ 85282.

Zg;arirlwgrga”: 602'967‘7874
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BEHIND THE COVER

t the outset, their goal was lofty but con-
ventional enough: mass-produce a 1-ns,
1-kbit gallium arsenide RAM by the start

of 1985. Unexpectedly, they may also have in-
vented what could become a classic memory ar-
chitecture.

“In the new realm of speed, the traditional
RAM design would not work,” says Stewart San-
do, strategic marketing director at GigaBit Logic
and one author of this issue’s cover story (p. 157).
“Below a 5-ns cycle time, the rule book starts
changing wildly,” confirms coauthor and director
of RAM development, Andy Graham.

Not that mass-producing any RAM with such
speed is easy. To date, 1-ns cycle time has be-
longed in the laboratory. So starting in 1983,
Graham led GigaBit’s team of GaAs experts and
commercial silicon designers in developing a
manufacturable 1-ns RAM. By early this year
they had seen “first GaAs” and verified their
novel high-speed cell’s operation.

Then for a month, equipped with timing dia-
grams, proposed pinouts, and block diagrams,
Sando and Graham discussed the target specifi-
cations with potential customers—the makers of
supercomputers, array processors, and signal
processors. Observes Graham, “Each was
running into different fundamental limits. Yet
the more we talked, the more clearly a common
denominator emerged.”

Evidently at a 1-ns cycle time, no asynchrony
among RAM inputs would be tolerated. Nor
could inputs remain rock-steady till the output
pulse was ready. Worst of all, a write pulse of
500 ps was essential yet extremely elusive.

A generic solution soon evolved. On-chip latch-
es and an on-chip clock would synchronize inputs
and regulate outputs, pipelining the two sets of
signals would save time, and on-chip timing gen-
eration would expedite the write pulse. By the fi-
nal few interviews with manufacturers, Sando
recalls, he and Graham were simply marching in
with their revised specifications and “getting in-
stant concurrence.”

The new RAM paves part of the way for the
fifth generation of computers. “We can also see
its architecture becoming the standard for sub-5-
ns memory design,” says Sando.
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177 Software tool generates test programs for GPIB

in hours, not weeks
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for bus-driven test equipment. An interactive menu does the trick.
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speed, and power
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Software 344 Hybrid micrometer works at 200°C
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APEX MICROTECHNOLOGY CORP.
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CONTENTS SPOTLIGHT

Designer’s Reference 85

f one word were needed to define the search for standards,
Ithat word would have to be “elusive.” Nowhere is that truer

than in the realm of software standards. The abstract and
frequently changing nature of software dictates extremely
adaptable standards. This year’s Designer’s Reference
examines standards in three particularly difficult areas: net-
works (p. 87), computer-aided engineering (p. 99), and oper-
ating systems (p. 119). Though much is still left to the imag-
ination, cooperation within the industry is producing some
standard software protocols and practices that system de-
signers can put their hands on.

Personal Computer Series 135

o matter how quickly the manufacturers of personal
N computers rush new ideas and architectures into pro-

duction, the voracious appetites of users quickly push
those plans into obsolescence. Besides the inevitable cry for
power and memory, the second part of our reader survey pin-
points one area in dire need of improvement: the user interface.
Though slightly more than half the respondents admit that
their current systems are sufficient, their expectations for the
next three to five years demand greater heights of com-
putational speed, storage, and graphics.

Cover: 1-ns static RAM 157

he blazing speed of today’s computers means that memo-
I ries must keep pace. Quick as they are, today’s silicon sta-
tic RAMs will not be able to satisfy the performance
needs of future computers, but a gallium arsenide static RAM,
cycling in 1 ns and storing 1 kbit, is positioning itself as a suc-
cessor. After all, every nanosecond saved in RAM access time
typically means an equal saving in machine cycle time.

ELECTRONIC DESIGN is growing.

If you'd like to grow with us, you may be interested in one of the editorial
opportunities we have in our New York area home office or in our California
and Boston field offices.

We are interested in people with experience in all aspects of electronics,
especially the explosive area of computer technology. To examine your
potential in the exciting world of engineering journalism, call Lucinda Mattera,
Editor, at (201) 393-6000 or write to her at ELecTrRoNIC DesIGN, 10 Mulholland
Drive, Hasbrouck Heights, N.J. 07604.
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SBL-1X

SBL-1
hi-rel and industrial
L] L] l L]
miniature, flatpack, and low profile
MODEL FEATURES Freq. (MHz) TConversion Loss (dB) L-R Isolation (dB)
one octave total lower mid upper Price/Qty.
LO-RF IF bandedge range bandedge range bandedge
SRA-1* the world’s standard . . . HTRB tested .5-500 DC-500 5.5 typ. 6.5 typ. 50 typ. 45 typ 35typ. 1195 (1-49)
hi-rel 3 year guarantee
TFEM-2* world’s tiniest hi-rel mixer 1-1000 DC-1000 6.0 typ. 7.0 typ. 50 typ. 40 typ 30 typ. 11.95 (6-49)
only 4 pins for plug-in/flatpack mouting,
SBL-1 world’s lowest cost industrial 1-500 DC-500 5.5 typ. 6.5 typ. 50 typ. 45 typ 35 typ. 3.95 (100)
mixer, only $4.50, metal case 4.50 (10-49)
SBL-1X industrial grade, rugged 10-1000 5-500 6.0 typ. 7.0 typ. 50 typ. 40 typ 30typ. 11.95 (1-9)
all-metal construction
ASK-1 world’s smallest DBM 1-600 DC-600 5.5 typ. 6.0 typ. 50 typ. 35 typ. 30 typ. 5.95 (10-49)
flatpack mounting, plastic case
= * rugged flatpack, hermeticity tested 5-1000 DC-1000 6.5 typ. 7.0 typ. 50 typ. 40 typ 35typ. 1495 (6-24)
LMX-113 thermal shocked to MIL-STD-202
*meets MIL-M-28837/1A performance finding new ways

units are not QPL listed
tLO = +7 dBm
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Domestic and International Telex 125460

setting higher standard

[ JMini-Circuits

A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500

International Telex 620156
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DIGITAL'S NETWORKING.
AN OPEN WINDOW TO
DYNAMIC MARKET GROWTH.

porate the best price performance You can communicate with main-
components in your systems.

If you want to significantly
enhance your OEM product
offerings and enable your prod-
uctstofitin easily with your cus-
tomers'’ distributed computing
environments, consider the ad-
vantages of Digital Network
Architecture.

No other company offers a
wider range of efficient network-
ing options tailoredto OEM re-
quirements. And no other com-
pany does so much to help you
and your customers achieve the
full benefits that networking can
provide.

With Digital as your OEM

path for you and your customers.

DIGITAL NETWORK
ARCHITECTURE, YOUR
WINDOW

10 THE
WORLD.

Digital Network Architecture
(DNA)is the most comprehensive
communications strategy yet
developed, and currently imple-
mented in proven, deliverable
products. It supports several
communications technologies.
And it can accommodate future
standards as they emerge be-
cause DNAisimplementedina
layered structure consistent with

supplier, you'll have the products the ISO Open Systems Intercon-
you need to make local and wide nect model.

area networking an essential

Asan OEM, DNA gives you

that opens up an endless growth  Uctopportunities. You canincor-

© Digital Equipment Corporation, 1984 Digital, the Digital logo, DECnet. Protessional 300 Series, MicroVAX | and VAX are trademarks of Digital Equipment Corporatior

£
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part of your marketing plan. And tremendous marketingand prod- S0

frame systems. You can match the
technology to the job. And, most
importantly, you can keep pace
with your customers’ distributed
processing needs asthey
develop.

DECnet™ software lets you
link Digital’s systems in both local
and wide area configurations.

It supports high-speed local area
network communications using
Ethernet. And it provides gate-
ways to allow Digital’s computers
to communicate with other ven-
dors’ systems over private lines
or packet switched X.25 net-
works. Thismeans you can tailor
your products to fitin with your
customers’ current and future
networks.



BENEFITS FOR
YOUR USERS.
BENEFITS FOR YOU.

The benefits you and your
customers get by incorporating
Digital’s networking capabilities
are virtually unlimited.

Firstof all, your systems can
incorporate recognized industry
standards. Such as Ethernet
(IEEE 802.3 specification), X.25,
and others.

In addition, our growing set
of network-based products,
including a distributed database
system, allow your single systems
to easily grow into networks. Your
applications can access remote
data and other resources trans-
parently, with no extra develop-
ment required.

This means that, with Digital,
your systems are in an excellent
position to be widely usedin
your customers’ computing
environments.

ENGINEERED
FOR SUCCESS
IN MULTIVENDOR
ENVIRONMENTS.

Your products need to com-
municate with equipment from

different vendors. Ethernet was
designed with this fact in mind.
Today, Ethernet-based networks
are proliferating across all appli-
cation segments - such as CAD/
CAM, ATE, factory automation
and medical applications.
Digital’'s networking systems
allow Ethernetto be partofa
single-source solution for your
OEM installations. And DECnet
gateways provide highly func-
tional links to other non-Digtal
communications environments.
Inshort, DNA and Digital’s
products do the mostto ensure
that your systems will fitin with
both new and existing networks.

WE’LL BACK YOU
WITH TRAINING
AND SUPPORT.

If you're already a Digital
OEM, you know the advantages
of Digital training and support. It's
secondto noneintheindustry.

We can give you the skills to
configure, market, install and
service local and wide area net-
works effectively. We'll help you
make the most of our networking
productsin your systems.

Digital representatives are

s Ay auw & W

e

: 4By aY ‘
- .

available for pre-sales consulta-
tion and installation assistance.
And our world-wide service orga-
nization can provide allthe on-site
network maintenance your
customersrequire.

from Digital part of your product
line, send inthe coupon below or
contact your Digital Sales Repre-
sentative or a Digital Authorized
Industrial Distributor. Or call
1-800-848-4400, ext. 139.

BEST ENGINEERED
MEANS ENGINEERED
TOA PLAN.

The communications sys-
temsimplemented as part of
Digital Network Architecture, like
all Digital hardware and software
products, are engineered to
conform to an overall computing
strategy. This means our systems
are engineered to work together
easily and expand economically.

Every system we make - from ¢

the Professional™ 300 Series
workstations, to our MicroVAX ™
supermicro, to our high-end
VAX™ computing systems - can
cooperate using DECnet soft-
ware. Only Digital provides you
with asingle, integrated comput-
ing strategy, from chips to 32-bit
systems, and direct from desktop
todata center.

For more information about
how you can make networking

Please send more information about
Digital Network Architecture and
DECnet

| I'd like the whole story about OEM
networking opportunities with Digital
Please have your representative call
today

State Zip
Telephone

ED 12/27/84
Sendto: Digital Equipment Corporation
77 Reed Road, HL02-1/E10, Hudson, MA
01749

THE BEST ENGINEERED
COMPUTERS
IN THE WORLD.
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amphfyor 1solate?

itdoes

both.

22 dB gan and 40 dB isolation, 10-2000 MHz. ... only $179

Either way, the ZFL-2000 miniature wideband amplifier is an engineer’s problem

solver. Some examples of solutions offered by the ZFL-2000 are

e Boosting signal/sweep/synthesizer outputs to 50 mW.

e Achieving broadband isolation, especially when combining 2 signal generators
for a two-tone intermodulation measurement.

e Increasing the dynamic range of spectrum analyzers.

e Driver for power amplifiers, such as Mini-Circuits' 1 and 2 watt ZHL series.

e Extending the frequency range of signal generators when using a frequency
doubler, filter and then amplifying.

e Creating multiple output ports for one signal generator when amplifying and
then adding a Mini-Circuits power splitter or divider.

These unconditionally stable wideband amplifiers are available with SMA connec-

tors and are housed with an internal heat sink in a rugged 1.25 in. sq. by 0.75 in.

high RFI shielded case.

Meets MIL-STD 202, these units operate from —55°C to +100°C.

One week delivery and a one-year guarantee, of course.

For complete specifications and performance curves refer to
the Goldbook, EEM, EBG, or Mini-Circuits catalog

CIRCLE 7 finding new ways

setting higher standards

[JMini-Circuits

A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156

ZFL-2000 SPECIFICATIONS

FREQUENCY 10-2000 MHz
GAIN 20 dB

GAIN FLATNESS +15dB
OUTPUT POWER +17 dBm

(1 dB compression)

NOISE FIGURE 7.0 dB
INTERCEPT POINT 25 dBm

(3rd order)

VSWR, 50 OHMS 251

DC POWER +15V, 100 mA
volt, current

HEAT SINK Internal
OPERATING TEMP —55°C to +100°C

now
computer-automated
pel?onnonce data
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ON REFLECTION

Already in short supply,
the airwaves demand
more careful allocation

of resources, it comes as quite a shock

that certain commodities are in short
supply. For communications, the electromag-
netic spectrum has practical limits that are
quickly being reached by its users—commercial,
government, military, and civilian interests.

In a recent petition for rulemaking (RM-
4829), the Land Mobile Communications Coun-
cil (LMCC) asked the FCC to consider reallo-
cating or sharing present uhf television chan-
nels to help relieve spectrum congestion. The
industry group also asked for space now used
by other interests, including the federal gov-
ernment, as well as the release of 32 MHz—
now held in reserve for future mobile use.

Asin business, where the bottom line is of -
ten boosted by limiting expenses as well as in-
creasing sales, the spectrum problem may
profit from a similar strategy —compressing
signals into narrower bandwidths and search-
ing for better ways to allocate space among
users. Technically, impressive strides have
been made in the past ten years. Digital com-
munications especially has benefited from
such spectrum-efficient techniques as packet
radio, which allows several users to communi-
cate concurrently on a single frequency. En-
couraging advances are also being made in
such frequency-conserving techniques as
amplitude-compandored sideband and cellular
radio.

But the land mobile industry is forecasting a
need for considerably more frequencies than
are currently allotted. Due to the practical lim-
its of equipment design and propagation char-
acteristics, some of those frequencies may have
to come from users who cannot show a public
good arising from the space they occupy or can-

For a society accustomed to an abundance

not demonstrate that they have been working
toward reducing the bandwidth of their
signals.

Television broadcasters are particularly vul-
nerable to a frequency attack, since they hold
some 408 MHz of spectrum below 1 GHz, the
only area that the LMCC considers appropri-
ate for mobile communications. Indeed, TV
broadcasting occupies 72 MHz—(about 27% )
of the vhf range, which is ideal for mobile radio
because of its good local coverage. Yet, while
the vhf range is quickly eaten up, many uhf TV
frequencies stay reserved but unused. Al-
though new circuit designs have made uhf tele-
vision receivers more sensitive and easier to
use, broadcasters seem disinclined to vacate
the vhf range for uhf assignments.

Condensing signals in both the time and fre-
quency domains solves part of the dilemma,
but the thorniest problem lies in reallocating
frequencies fairly and equitably. Alas, the
spectrum is not influenced by engineers alone
but by governmental agencies, such as the FCC,
and economic interests, such as the broadcast-
ing industry. Thus the mood in Congress or
such economic factors as the cost of new equip-
ment could force decisions that run counter to
sound technical advice for long-range spec-
trum use.

The issue may worsen as the land-mobile
community sharpens lobbying skills and gains
economic clout. Broadcasters should consider
the consequences of a possible protracted con-
frontation with mobile-radio users versus an
orderly move to uhf frequencies.

Py e

Harold Winard
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HERE'S EXACTLY
WHERE YOU CAN GO WITH THE
82586 LAN COPROCESSOR.




Straight to the net-
working solution you
need.

Whether it's a 10Mbps
Ethernet LAN system for
linking high-performance
graphics workstations to
minicomputers. Or a
2 Mbps LAN that links
personal computers in
a department.

Networking needs
are as diverse as city
streets and eight-lane
highways. So it’s a turn
for the better that office
LAN standards are emerg-
ing: IEEE 802.3/Ethernet,
Cheapernet and IBM*PC
Network.

And even though
all three networks are
different, they have one
thing in common:

Intel’s 82586 LAN
Coprocessor, the only
programmable LAN chip.

Because it’s pro-
grammable, you have the
flexibility to implement
any of these office net-
works. With the 82580,
you wont have to relearn
a new chip every time
the market takes a turn.
You choose the office
network and the 82586
is flexible enough to
support it. ]

In addi- ..
tion toits {111
unique programmable
features, the 82586 eases
your LAN design effort.

Its high level com-
mand interface performs
datalink functions which
means there's no low
level software to write.

The 82586’s diag-
nostic features such as
loopback and self test,

IBM PC Network

make it easy to debug
your system during
development.

And the 82586 is
designed to work with
Intel’s highly integrated
microprocessors like the
8-bit 80188 and the 16-bit
80186. So you can keep
your chip count down,
which saves time and
eases your design effort.

Find out more about
the 82586 and how Intel
can support your LAN
design efforts. For our
free brochure, call
™ toll free: (800)
538-1876. In
California, (800) 672-
1833. Or write Intel
Corporation, Lit. Dept.
W-41, 3065 Bowers Ave.,
Santa Clara, CA 95051.

Because whichever
network you need, there's
only one way to turn:

Intel.

intel

*[BM is a registered trademark of International Business Machines Corporation.

© 1984 Intel Conporation
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Applied Microsystems Corporation:
Changing your ideas about emulation.

MY TH

ALL IN-CIRCUIT
EMULATORS RUN
IN REAL-TIME

Real-time emulation is the
true measure of performance for any
in-circuit emulator. And while most
in-circuit emulation manufacturers
claim to have real-time, Applied
Microsystems Corporation is one of
the few who guarantees it.

Each one of our 8- and 16-bit
stand-alone emulators will run at the
full-rated speed of the microprocessor.
And we can prove it to you on your
system before you spend a dime. This
assures you of having the most power-
ful tool you can buy for designing and
debugging your microprocessor-
based system.

UNCOVER THOSE
HIDDEN PROBLEMS.

Real-time emulation is crucial

for isolating those hard-to-find timing

So come to us for microprocessor
development support you can believe
in. Contact Applied Microsystems

errors that are directly related to the
microprocessor clock cycle. Without
it, you could spend days looking for

dynamic faults that hide from other Corporation at:

dedicated or universal development P.O. Box C-1002

systems. Redmond, Washington
Our emulators excel because 98073-1002

we use the actual microprocessor’s Or call 1-800-426-3925

clock to time the emulation. We (In Washington, call

1-206-882-2000)

don’tinsert wait states, or place any
restrictions on the system’s memory.
To your product, our emulator is the
microprocessor. Just ask one of
our customers. They know that
every time they plug in one of our
emulators, it works.

WE OFFER REALISTIC
PRICING TOO.

You won't find this level of per-
formanace for less. Prices start at

$3.,750 for 8-bit and $7,850 for 16-bit.

Stand alone
in-circuit emulation
for 8-bit and 16-bit microprocessors

// W ﬁ'ﬁglt’:eszstems

CORPORATION
CIRCLE 8



READER

EDBACK

Sputtering goes
into volume production

must take exception to a

statement attributed to Cy-
berdisk in your News Anal-
ysis, “Sputtering, Plating Vie
for High Bit Densities on
Winchester Disks” [Nov. 15,
p. 65]. The story states: “Cy-
berdisk and Domain agree
that it may be years before
the [sputtering] process is
fine-tuned enough for volume
production.”

On the contrary, Cyberdisk
believes that sputtering has
arrived as a viable production
process. In fact, next month
we are beginning volume pro-
duction of both 51/4- and
31/2-in. sputtered media on
aluminum and glass sub-
strates. We will be using cus-
tom continuous in-line planar
magnetron sputtering sys-
tems.

Virgle Hedgcoth

Vice President, Operations

Cyberdisk Inc.

Anaheim, Calif.

A choice
of lengths, too

he article “Highest Ca-
pacity 8-In. Drive Pre-
sents Choice of Interfaces” in
the Nov. 15 issue [p. 271] pro-
vides an interesting compari-
son of features between the
SCSI and SMD interfaces, but
I would like to clarify one
point.
Mr. Czernek implies on
p. 273 that the SCSI allows
cable lengths of only 20 ft. As

he states, the reason is that
the drivers are typically de-
signed with single-ended
open-collector transistors.
However, the proposed ANSI
SCSI standard allows imple-
mentation of either single-
ended or differential alter-
natives. The differential
alternative permits cable
lengths of up to 25 meters
(82.5ft).

It is true that the avail-
ability of drivers and re-
ceivers for the differential al-
ternative is currently limited.
This limitation is due primar-
ily to the small demand in the
marketplace for such devices
and not because of the pro-
posed SCSI standard or be-
cause of a lack of technology.

David A. Strawser

Methode Electronics Inc.

Datamate Division

Chicago, lIl.

A matter for
mirth and concern

Inote, with both mirth and
concern, the contents of the
Newsfront story entitled
“Electron Microscope Takes a
Peek at Logic Levels inside
Working IC,” which appeared
on p. 50 of the Nov. 15 issue.
My mirth is caused by the
statement that the voltage-
contrast process was devel-
oped by scientists at Bell-
Northern Research Ltd. In
fact, this technique is at least
15 years old, having been used
in the early days of scanning
microscopes to investigate
the function of early inte-
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Carborundum
noninductive
ceramic power
resistors solve
tough problems.

Carborundum makes three types of
noninductive ceramic resistors that
can solve tough resistance problems,
save money and space.

5!’1900 Joules
B9YDAS (18"x1")

75 Joules
,  21AS
S\ Hixwd)

il e
. 1890SPpa'cy)

el

Regardless of the pulse shape, we
have the resistor. Our Type SP handles
large amounts of power from 60 cycles
through VHF. Type AS can absorb
huge amounts of energy in millisecond
pulses. Type A solves high resistance
problems in high voltage situations.

For more information on ceramic
power resistors and our broad line of
thermistors and varistors, contact
E. B. (Woody) Hausler.

The Carborundum Company,
Electric Products Division,
Electronic Components Marketing,
P.O. Box 339,

Niagara Falls, New York 14302.
Telephone: 716-278-2521.

A Sohio Company

CARBORUNDUM @
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: lNTo YO“R grated circuits (though not on
“EXT DESIG“ ' a stroboscopic basis).
® 7 My concern arises because

at least a score of others have
already reported significant
work in the use of sampling
techniques in combination
with voltage contrast to in-
spect and find faults in ICs.
The name of some of these
companies will be familiar to
you: Hitachi, IBM, ITT, Sie-
mens, Sony, . . ..

Furthermore, there are
products that are designed to
do what is described in this
story, and they have been sold
in the commercial market-
place for a number of years. I
saw an early demonstration
of one of these products about
two years ago.

Arnold Frisch

Chief Electronic Engineer

Tektronix Inc.

Beaverton, Ore.

READER FEEDBACK

Correction

The switch manufacturing
division of Eaton Corp., Aero-
space & Commercial Controls,
was omitted from the Direc-
tory of Manufacturers accom-
panying our Aug. 23 Product
Report, “Focus on Subminia-
ture Switches” (p. 301). The
division produces a complete
line of Cutler-Hammer sub-
miniature switches, including
pushbutton, rocker, paddle,

Because we offer the broadest range of image sensors available—linear, afea,
and circular—it's easier for you to find the right one for your application. And in
case you can't, were prepared to put our experience and expertise to work for
you in developing a cost-effective custom cenfiguration that meets your needs.
[J Thousands of EG & G RETICON solid state image senhsors are already in toggle, and pe-mounted types.

use in applications such as page and character scanning, spectroscopy, robot-
ics, and non-contact inspection instruments. [1_Contact us today for com- ; : )
.plete information. At RETICON, the solution to your imaging application is E:e.f"m'ZDes'g" o ol etk
within sight. (] EG & G RETICON 345 Potrero Ave. Sunnyvale, CA 94086-4197 M. ey
(408) 738-4266 [1 Chicago (312) 640-7713; Boston (617) 745-7400; letters to Editor, Electronic l:;esign, 10
Japan 03-343-4411; England (0734) 788666; Germany 92 692666. Mulholland Dr., Hasbrouck Heights, N.J.
07604. Try to keep letters under 200
words. Letters must be signed. Names

érIQ EG 2 G R E ‘l‘ I C O .\. will be withheld upon request.

WHERE VISION AND TECHNOLOGY MEET
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RELI-APLANE BACKPLANE

ASSEMBLIES / COMPONENTS
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Methode backplane components are available in solid
pin or compliant pin technologies and have been field-
- proven for reliability and long life. Our complete line of
contacts, insulators and discrete pressfit connectors
permit versatile, in-house backplane assembly to the

most stringent industrial or military requirements. Effi-
cient assembly and test equipment to serve a wide
variety of production requirements is also available
exclusively from Methode.

It's your choice . .. Methode assembled and tested
Reli-Aplane® Backplanes ... or Methode supplied
components and equipment for your in-house
assembly.

ETHODE ELECTRONICS, INC.

CONNECTOR DIVISION
7447 West Wilson Avenue ® Chicago, lllinois 60656
In lllinois (312) 867-9600, Toll Free (800) 323-6858 ¢ TWX 910-221-2468
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When reliability is imperative;

P

Abbott Military Power Supplies have performed i to DCCONVE RTE RS

successfully during the past 20 years in the most

demanding environments known, including such IYPIGAL  “NOOASE PONED AKGE
diverse applications as Apollo, F-111 and Trident MODEL  MTBF* RANGE (WATTS)
programs. C 277,000 5-100 10-100

At Abbott, reliability is the prime consideration. cC 176,000 +3-+30 3-20
Quality assurance begins with the basic design. Each B 626,000  5-500 2-170
military power supply is inspected or tested no less BN 112,000 5-48 25-100
than 41 times during assembly to ensure that its per- *Ground benign 50°C baseplate temperature per

s - . 2 MIL-HDBK-217C
formance exceeds published specifications before it

is encapsulated and hermetically sealed.

Abbott offers four models of DC to DC converters
for your specific military application. The high perfor-
mance Model C provides exceptional line and load
regulation of 0.1% and peak to peak ripple of less
than 50 millivolts. The CC dual output version is
available in 20 output voltage ranges with tracking
accuracy of better than 1%. Model B provides high
reliability at less cost than the Model C. Single output
BN and dual output BBN high efficiency switchers
have a wide input range of 20 to 32 VDC. All units
perform over the full military temperature range of
—55°C to 100°C. For full information, write or call:
Abbott Transistor Laboratories, Inc., Power Supply

Div.: 5200 W. Jefferson Blvd., Los Angeles, CA 90016.
(213) 936-8185. Eastern: (201) 461-4411. Southwest: a o
(214) 4370697
Send for Full Line Catalog. 1,355 Models MILITARY POWER SUPPLIES
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U.S.MEETINGS

1985 International Winter Consumer
Electronics Show, Jan. 5-8. Las
Vegas, Nev. Dennis Corcoran, CES,
2001 Eye St. NW, Washington, D.C.
20006; (202) 457-8700.

PC Fab Expo ’85, Jan. 8-10. Sheraton
Twin Towers Hotel, Orlando, Fla. Julia
Wilson, PMS Industries, 1790 Hembree
Road, Alpharetta, Ga. 30201; (404)
475-1818.

Automated Test Equipment West
Conference (ATE), Jan. 14-17. Ana-
heim Convention Center, Anaheim,
Calif. Morgan-Grampian Expositions
Group, 2 Park Ave., New York, N.Y.
10016; (212) 340-9780.

Caldon West ’85, Jan. 14-17. Anaheim
Convention Center, Anaheim, Calif.
Morgan-Grampian Expositions Group,
2 Park Ave., New York, N.Y. 10016;
(800) 782-0009.

1985 Measurement Science Confer-
ence, Jan. 17-18. Marriott Hotel,
Santa Clara, Calif. Darlene Diven,
Lockheed Missiles and Space Co., PO
Box 3504, Sunnyvale, Calif. 94088; (408)
756-0270.

Uniform, Jan. 21-25. Infomart, Dal-
las, Texas. Pemco, Inc., 2400 E. Devon
Ave., Suite 205, Des Plaines, I1l. 60018;
(800) 323-5155.

Rf Technology Expo ’85, Jan. 23-25.
Disneyland Hotel, Anaheim, Calif. K.
Kriner, Cardiff Publishing, 6530 S. Yo-
semite St., Englewood, Colo. 80111;
(303) 694-1552.

1985 Society for Computer Simula-
tion (SCS) Multiconference, Jan.
24-26. Bahia Hotel, San Diego, Calif.
SCS, PO Box 2228, La Jolla, Calif.
94038; (619) 459-3888.

Communication Networks Confer-
ence and Exposition, Jan. 28-31.
Washington Convention Center,
Washington, D.C. Louise Myerow,
CW/Conference Management Group,
375 Cochituate Road, PO Box 880,
Farmingham, Mass. 01701; (617)
879-0700 or (800) 225-4698.

Mini/Micro West, Feb. 5-7. Anaheim
Hilton Exposition Center, Anaheim,
Calif. Electronics Conventions Manage-
ment, 8110 Airport Blvd., Los Angeles,
Calif. 90045; (213) 772-2965.

Conference on Optical Fiber Com-
munication(OFC ’85), Feb. 11-13.
Town and Country Hotel, San Diego,
Calif. Optical Society of America, 1816
Jefferson Place NW, Washington, D.C.
20036; (202) 223-8130.

IEEE International Solid-State Cir-
cuits Conference, Feb. 13-15. New
York Hilton Hotel, New York, N.Y.
Lewis Winner, ISSCC, 301 Almeria,
Coral Gables, Fla. 33134; (305)
446-8393.

Integrated Machine Loading/Mate-
rial Handling Systems Seminar, Feb.
19-21. Holiday Inn Livonia-West, De-
troit, Mich. John R. McEachran, SME,
1 SME Drive, PO Box 930, Dearborn,
Mich. 48121; (313) 271-1500, Ext. 382.

Automated Design and Engineering
for Electronics Conference and Ex-
hibition (ADEE), Feb 26-28. Anaheim
Hilton and Towers, Anaheim, Calif.
Cahners Exposition Group, Cahners
Plaza, 1350 E. Touhy Ave., PO Box
5060, Des Plaines, Ill. 60018; (312)
299-9311.

Nepcon West ’85, Feb. 26-28. Con-
vention Center, Anaheim, Calif. Nep-
con West '85, 1350 E Touhy Ave., Des
Plaines, Ill. 60018; (312) 299-9311.

American Institute for Design and
Drafting (AIDD) Exposition, March
3-8. Albert Thomas Convention Center,
Houston, Texas. Philip Nowers, AIDD
National Headquarters, 901 N. Wash-
ington St., Suite 509, Alexandria, Va.
22314; (703) 548-1263.

Interface ’85, March 4-7. Georgia
World Congress Center, Atlanta, Ga.
The Interface Group Inc., 300 First
Ave., Needham, Mass. 02194; (617)
449-6600.

(continued on p. 21)
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Best
switch
on earth
and beyond!

Shooting for the moon?

Our rotary switches have been there
and back. And on almost every NASA
project since the space program began.

We make everything from micro-
miniature rotary selector switches to
totally enclosed explosion-proof
power selector switches, for major
airframe and aerospace contractors all
over the globe.

And, if we don’t have what you need,
we can design and custom build a
switch to your exact specifications.

Even if they’re out of this world.

sRERC- O
WAn ESOP Corp.

P.0. Box 3038, 3111 Winona Avenue
Burbank, CA 91504 Phone (213) 846-1800
TWX 910-498-2701
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SCSL.

our letters that let
ou hook any host...

to any periheral.

Presenting SCSI. Small Computer Systems
Interface. An interface standard that lets you
connect small computers with virtually any
peripheral device — even those still on the drawing
board. Without overhauling your hardware and
software. So the best can go with the best, period —
not the best of what’s compatible.

SCSI works by masking the internal structure
of the peripherals from the host. It uses an eight-
port bus which can accommodate either single-
or multiple-host systems. Its impressive transfer
rate of 1.5 Mbytes per second allows direct
copying between devices, too. Freeing the host for
more important work. And giving it lots of power
for lots of /O activity.

In developing SCSI as a truly versatile standard
interface, the American National Standards Institute
(ANSI) enlisted some of the best minds in the industry
— including more than a few from NCR-Wichita.

INCR is the undisputed leader, too, in designing
and manufacturing SCSI components. We offer a
complete line, from host adapters for Multibus and

IBM PC architecture to ST-506 and SMDO disk
controllers to PERTEC and QIC-02 tape controllers.
We've also made numerous advancements in
reducing the size of the components — and in
reducing their price.

And this same quality of expertise in
applications engineering is available to our OEM
customers, as well.

SCSl is changing the face of system integration.
And NCR has been there all the way. With
capacity and technology second to none...and a
century of quality behind us.

If you want to know more about what SCSI can
do for you, call NCR at 1-800-325-SCSI.

SCSI products from...

Product Marketing-Wichita, KS 67226
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(continued from p. 19)

Southcon ’85 and Mini/Micro South-
east, March 5-7. Georgia World Con-
gress Center, Atlanta, Ga. Electronic
Conventions Management, 8110 Airport
Blvd., Los Angeles, Calif. 90045; (213)
772-2965.

Integrated Services Digital Net-
works Exposition (ISDN ’85), March
6-8. Bally’s Park Place Casino Hotel,
Atlantic City, N.J. Joan Barry, Infor-
mation Gatekeepers Inc., 214 Harvard
Ave., Boston, Mass. 02134; (617)
232-3111.

National Design Engineering Show
& ASME Conference, March 11-14.
MecCormick Place, Chicago, I1l. National
Design Engineering Show, 999 Summer
St., Stamford, Conn. 06905; (203)
964-8287.

1985 ACM 13th Annual Computer
Science Conference (CSC), March
12-14. New Orleans Marriott Hotel,
New Orleans, La. Della T. Bonnette,
Computing & Information Services,
University of Southwestern Louisiana,
Lafayette, La. 70504; (318) 231-6306.

Picosecond Electronics and Op-
toelectronics Meeting, March 13-15.
Hyatt Lake Tahoe, Incline Village, Nev.
Optical Society of America, 1816 Jeffer-
son Place NW, Washington, D.C. 20036;
(202) 223-8130.

International Computer and Tele-
communications Conference (Comtel
’85), March 18-20. Infomart, Dallas,
Texas. Comtel 85, 5080 Spectrum Drive,
Suite 707E, Box 17, Dallas, Texas 75248;
(214) 631-6482.

Robotic End Effectors: Design and
Applications Seminar, March 19-20.
Holiday Inn Livonia-West, Livonia
(Detroit), Mich. John McEachram,
SME, 1 SME Drive, PO Box 930, Dear-
born, Mich. 48121; (313) 271-1500, ext.
382.

Second Annual International Con-
ference on Artificial Intelligence for
Robotics, March 21-22. Stouffers Con-
course, Crystal City, Arlington, Va. Dr.
Diener, IIT Research Institute, 10 W.
35th St., Chicago, Ill. 60616; (312)
567-4376.

1985 Eastern Similation Conference
(ESC), March 24-29. Williamsburg
Hospitality House, Williamsburg, Va.
Charles A. Pratt, SCS, PO Box 2228, La
Jolla, Calif. 92038; (619) 459-3888.
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FOR APPLE Il + and lle
Save time, get professional
quality, in all your drawing
projects! Robo CAD-1 is a
super-fast drafting system for
the standard Apple*. ‘
INTERACTIVE DRAWING
Robo’s precision joystick is
both drawing instrument and
menu function selector. Real-
time image manipulation aids
visualization, speeds the
drawing process.

CREATE PICTORIAL
ELEMENTS FAST

Robo’s unique command
structure lets you draw much
faster than with other CAD
systems. And, you never draw
the same thing twice!
Schematic symbols become a
one-time task; draw them,
store them, use them over and
over. Or, you can choose from
our Professional Graphics
Library (optional) of pre-
drawn material, including
standard pad layouts

for PCBs.

PLOT YOUR ARTWORK
Robo software is available
(optional) for over 30 types of
drafting plotters. Your choice!
HIGH SPEED, LOW COST
Machine code programming
makes CAD-1 the fastest
micro-based drafting system.
We've cut learning time, too,
with an excellent self-help
manual. The CAD-1 package
sells for only $1,095.

* A registered trademark
of Apple Computer, Inc.

ROBO

SYSTEMS

CHESSELL-ROBOCOM CORPORATI(
111 Pheasant Run
Newtown, PA 18940 (215) 968-4422
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one-piece design defies rough handling

Check these features:

v" Each unit undergoes high-impact shock test
v’ Available from 1 to 40 dB

v DC to 1500 MHz

v’ Unexcelled temperature stability, .002 dB/°C
v 2W max. input power (SMA is 0.5W)

v BNC, SMA, N and TNC models

v/ Immediate delivery, 1-yr. guarantee

Precision 50-ohm terminations ... only $6.95 (1-24)
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1
BNC (model BTRM-50), TNC (model TTRM-50)

SMA (model STRM-50), N (model NTRM-50)

[ JMini-Circuits

A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500

Domestic and International Telex 125460 International Telex 620156

CIRCLE 15 C92REV. A

*Freq Atten. Tol.| Atten. Change, (Typ.)
(MHz) | (Typ.) over Freq. Range VSWR (Max.) -
‘ DC-1000|1000-1500 | DC-1000 MHz | 1000-1500 MHz
DC-1500 MHz } +0.3 0.6 0.8 13 1.5

*DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models)
MODEL AVAILABILITY
Model no. = a series suffix and dash number of attenuation
Example: CAT-3 is CAT series, 3 dB attenuation
B denotes 75 ohms; add —75 to model no
@ denotes 50 ohms

ATTEN SAT (SMA) CAT (BNC) NAT (N) TAT (TNC)
1 [ ] L] [ ] [ ]
2 ®
3 ® on ® ®
4 [ ]

5 [ ]
6 [ ] on [ ] ]
7 [ ]
8 ]
9 ®
10 [ ] on [ ] L]
12 ®
15 L]
20 ® (] ] ® ®
30 [ ] L] ® [ ]
40 ® [ ] [ ] ®

PRICING (1-49 qty.): CAT (BNC)..$11.95, SAT (SMA)..$14.95
TAT (TNC)..$12.95, NAT (N)..$15.95



PERSONALLY SPEAKING

Keep a watchful eye

on single boards

for IBM PC look-alikes

computers has left the software and

hardware for the IBM PC family in the
enviable position of being nearly defacto stan-
dards. As a result, a number of design projects
are under way with the express aim of creating
compatible machines with a single board.
These efforts, coming largely from start-up
companies, mean more than just smaller ma-
chines; they promise smaller price tags as well.

By turning to highly integrated CMOS gate
arrays, denser memories, and microprocessors
and their peripherals, it’s possible to trim the
IBM PC’s hardware from three boards down to
one. In the process, a great deal of discrete TTL
circuitry and several high-performance MOS
chips can be left by the wayside. In fact, as few
as three arrays—packed with several thousand
gates each—can stand in for nearly 80 low-
power Schottky TTL circuits, as well as the
chips that make up the computer’s parallel
170, clock generator, and keyboard and printer
ports.

There will be an even greater use of CMOS
gate arrays in the board-level subsystems that
are now on the drawing boards for the IBM PC
XTs and PC ATs. Standard cells will also be
putting in an appearance. Allowing more flex-
ibility than gate arrays, the cell approach can
potentially do away with most of the personal
computer’s discrete logic—shrinking a single-
board computer even more. But the high-
current buffer circuitry needed for bus drivers
doesn’t lend itself to such neat solutions. For
the foreseeable future, the PC will continue to
implement it in bipolar logic.

Also squeezed onto the same board will be
the 256-kbit dynamic MOS RA Ms that are now
making the scene. These chips are coming just

I et’s face facts: the shakeout in personal

in nick of time. As more challenging jobs are
assigned to personal computers, a minimum of
1 Mbyte of memory becomes a must and 2 to 8
Mbytes sound more realistic. On top of that,
software in silicon, which incorporates an
operating system in ROM or EPROM, is
memory hungry.

Designers also are keeping a close watch on
the world of 32-bit microprocessors. Any chip
that includes memory management, for exam-
ple, would be worth far more than its weight in
gold.

Surface-mounting can further save board
real estate. Hard-disk controllers and high-
resolution graphics, to name only two func-
tions that call for an additional card, are ideal
candidates for surface mounting. That way,
both the cards and their connections are elimi-
nated.

PCs will move into now unfamiliar territory,
like factory automation and integrated engi-
neering workstations. Until now both have de-
pended on supercomputers to takle the more
difficult back-end design problems.

Moifin H-20

Martin Gold
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Introducing CHIPMASTER?

Integrated CAE and

CAD. Faster, by far, than
the sum of its parts.

means screens paint at up to 240 Mpixels
per second. Windows paint in seconds.
And that means less waiting.

Part one: the next-generation system for
VLSI mask design.

Part two: the industry’s leading, full-
function CAE workstation.

Integrated.

Integration means the designer or design
team no longer struggles with multiple
databases, multiple interfaces, and
multiple system approaches to different
phases of the design cycle.

The result: a faster design cycle.

And you get all the functionality of the
industry-leading LOGICIAN™ CAE system
in the price of your layout system. More
value for your dollar.

We know you won’t buy a mask
design system without comparisons.
Compare:

MAX, the mask editor, delivers full
mask layout functionality in an incompar-
able working environment. Multiple
window displays let you make visual cross
references to different design portions
quickly. Pop-up menus and a very efficient,
very powerful command editing language
let you concentrate on the design, not
the tools.

Greater productivity: CHIPMASTER
users spend far less time waiting for
system response.

Graphics hardware, optimized for array

Less waiting = more productivity =
shorter design cycles. You can measure it.

Jump on a new product life cycle.
Here’s an investment designed for
growth.

The all-angle database is technology
independent.

32-bit precision means there is virtually
no size restriction on your design.

Here is capacity and performance for
next-generation VLSI, today.

For tomorrow, there’s more.

Expect the company that invented the
first commercial correct-by-construction
gate array layout system to apply that
technology to VLSI layout.

And expect your system investment to
evolve gracefully upward.

Our upgrade record: the very first
LOGICIAN shipped can fully integrate with—
or even upgrade to—-the performance and
capacity of the CHIPMASTER.

Are you ready for faster VLSI
design?

The Daisy Engineering Environment™
now includes the next-generation VLSI

layout system. ®
II L] ="

J
SYSTEMS CORP

To find how it can accel-
erate your next design call

(415) 960-6598 today.

IS ENGINEERING

©1984 Daisy Systems Corporation. CHIPMASTER, LOGICIAN and Daisy Engineering Environment are trademarks of Daisy Systems Corporation.
Corporate Headquarters: 700 Middlefield Road, Mountain View, CA 94043, Telex: 858262
European Headquarters: Berk House, Basing View, Basingstoke, Hampshire, England RG21 2HQ, Telephone: 256-464061, Telex: 858071 DAISY G
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Tough systems terrifory.
Gate array performance.

On military turf, where performance

in heat, cold, and radiation is the name of
the game, you’d better be in shape. With
total military performance gate arrays.
By design.

O Raytheon Semiconductor Division designs
for military performance: Refined bipolar
technology designed from scratch expressly for
high speed, low power and radiation tolerance over
the full military operating temperature range.
Double the speed and half the power of LS.
Documented radiation hardness.

[0 Service and support: Complete in-house inte-
gration of design and manufacturing. Fully auto-
mated CAD (including conversion from logic
simulation to placement and routing, linkage
between logic simulator and tester).

O Credentials: Trident ll, Milstar, F-111, F-15,
F-16, F-18, B-1, SICBM, JTIDS, AIM-7M, Patriot,
ALQ 135 and other programs.

YTHEON

Semiconductor Division

O Advanced technology: Five array densities
from 800 to 2400 gates. Efficient Integrated
Schottky Logic (ISL) bipolar technology. 2.3nS,
350uW (typ) gate performance . . . for 0.8pJ
speed-power product. Selective enhancement to
1.8nS.

O Call Raytheon Semiconductor

Division: Specifications, application notes,
technical and cost proposal for your application.
415/966-7716.

Advanced Analog and Digital VLSI Products for
Commercial and Military Applications

Access to the Right Technology
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NEWSPULSE

Alloy puts erasable optical disks ‘in the pink’

thin-film alloy that changes color when heated may make erasable optical disks

standard fare. The silver-zinc compound, developed by Hitachi Ltd. (Tokyo),

turns pink when it is heated above 300°C; reheating it to between 100° and
300°C returns it to its original color. Using a semiconductor laser, data can be written
without burning pits into the recording medium, and any portion of the disk can be
erased simply by reversing its color. The company expects to use the alloy in video
and file-memory systems.

PC XT handles the phones, screens callers

T he first voice-store-and-forward application generator for the IBM PC XT gives
the machine the power to record messages from telephone lines, verbally
annotate local text files, and positively identify callers. SoundWare, from
Digital Pathways Inc. (Palo Alto, Calif.), comprises a plug-in board and a series of
software tools stored on a separate disk. The board carries a telephone line transformer
and a combination analog-to-digital and digital-to-analog converter, which works with
adaptive delta pulse-code modulation (ADPCM). The converter transforms speech into
a digital stream that is passed through the PC to the hard disk, and vice versa. The
software enables the computer to handle a number of voice and data-terminal tasks.
Until now, such jobs could be tackled only by minicomputer-driven terminals.

Universities to get $25 million for materials research

mpelled by the need for new materials and a better understanding of existing ones
at the atomiclevel, IBM Corp. (Armonk, N.Y.) will donate $25 million for research
to a dozen universities across the country over five years. Graduate-level programs
will focus on developing an extremely flat and smooth material—perhaps a new
ceramic—which may well become a critical element in new computer components,
particularly those involving high-speed switching. As for existing materials, the aim
will be to gain a better understanding of how unlike substances interact. Of course,
none of these things will be useful unless the project also explores new processing
techniques, advanced instrumentation, and packaging and interconnection
technologies. Information gathered from the research will be available to the public.
Each university will be awarded up to $1 million for expenses and another $1 million
in IBM equipment and software. Interested universities should submit an initial short
proposal to IBM Corp., Old Orchard Road, Armonk, N.Y. 10504, by April 2. Grants
will be made early in 1986.

200-MHz video generator tackles CRT system development

esigners of high-speed, high-resolution monitors and terminals will get a big
D assist from a video signal generator that works at up to 200 MHz—nearly twice

the bandwidth of current displays. The Opix box, from Quantum Data Inc.
(Carol Stream, Ill.), proves a versatile development tool: It can fill screens with
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text, graphics, or both, emulating various pixel resolutions, scanning frequencies, and
video bandwidths. Based on a 68000 microprocessor and some fast digital-to-analog
converters, the generator stores the frames in a battery-backed RAM, so that terminal
designers can compare them during development.

Infrared light builds cableless local network

ith cable-based local networks currently the norm, one that shuns cables in
Wfavor of infrared light is sure to make abig hit. The unusual system bounces

infrared light off walls and ceilings, thereby eliminating the need for direct
transmission paths between sending and receiving nodes. The network, devised by
Becos Industries Inc. (Campbell, Calif.), can handle as many as 99 channels, sending
data at a rate of 400 kbits/s. The network might well find its primary application in
open offices that use modular partitions to separate work areas.

EIA sets standards for voltage levels and packaging

he operating-voltage levels of the next generation of VLSI circuits and the

pinout conversions between DIPs and leaded chip carriers have been spelled

out by the Electronic Industries Association (Washington, DC). JEDEC
Standard 8-1 defines a set of interface levels that allow 5-V TTL ICs and 3.3-V devices
to be mixed without buffers or level shifters. JEDEC Standard 11 establishes criteria
for going from DIPs to 20- or 28-pin leaded chip carriers for CMOS digital logic circuits.

Those interested should contact the Electronic Industries Association, 2001 Eye

Street, Washington, DC 20006; (202) 457-4981.

Cosmic Cube matches the prowess of supercomputer

T hough it has roughly one-tenth the power of the Cray-1, the so-called Cosmic
Cube—a 64-node parallel processor—has proved the supercomputer’s equal.
Designed and built by researchers at the California Institute of Technology,
the Cube showed its mettle by working out high-order physics problems that until
now have only been solved using the supercomputer. Each of the parallel processor’s
nodes is fitted with a 16-bit 8086 and 8087 and 136 kbytes of RAM—approximately
equal to that of an IBM PC personal computer. The system executes programs
concurrently, using a network based on a six-dimensional cube, and comes in at about
one-hundredth the cost of the Cray.
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INMOS has natural answers on military strength.

The new IMS-2600M 64K x 1 DRAM. Your best choice
when you're aiming for 883 reljability and performance.

strength and durability?

We found some of the answers whagee i re looking for DRAMs that are as rugged and
our new IMS-2600M 64K x 1 DE# Bs anything nature has to offer, enlist our new
to MIL-STD 883. Its spgeéi M into your service. We'll send you more product
define it as the indu
military DRAM that
and “CAS before RAS"

Screened to Method
our new IMS-2600M ca

urlington. Mass. (617)273-5150 — TWX 710-332-8777 » Columbia. Maryland

yOU Superior‘ tOtaI dose rad ; & 99¢F : /X 710-862-2872 » Minneapolis, Minnesota (612)831-5626 — TWX 910-576-2740
= . ha g 214) 669-9001 — TWX 910-9 22 * San Jose, Calif. (408) 298-1786 — TWX
also count on 120 and 150 access Speeds with 190 338 rrance, Calif. (213)530-7764 0-347-7334 # Bristol. England 0272-290-861

o - g B 5 3 e immeuble Monaco (1) 88 TLX 201222 » Germany (089) 319-1028 —
and 230 ns cycle times. And it comes in highly reliable /
and IMS are trademarks of INMOS' Group of Companies.
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AMP Micro Series 50.

Good things come in
high-density packages.

Connecting more and more conductors in less and less space isn’t such
a big job anymore. The reason: AMP Micro Series 50 high-density

connectors.

We've engineered high performance into a micro-miniature
package designed to meet rigorous military specifications. Low
mating force contacts make it easy to connect up to 100 circuits,
and positive contact retention in the housings is assured with
full potting on both flying lead and pc mount styles. There are
single in-line styles as well, for very low profile applications.

We know you need more than product, too, so we
provide more. Engineering. Design. Delivery. Anywhere
you want help in developing small high-density packaging,
just ask. At AMP, we're getting smaller in a big way.

CIRCLE
NUMBER

40

For more information, call the AMP Micro Series 50 Desk
at (717) 780-4400. AMP Incorporated, Harrisburg, PA 17105.

BN means productivity.

Available in both metal and plastic configurations, only AMP Micro Series 50 connectors
have positive lead-in pin and socket contacts to avoid stubbing.

AMP is a trademark of AMP Incorporated



This is the 2nd in a series of technical papers from Zilog, designed
to give engineers new insights into Zilog microprocessors—what
advantages they provide for particular products and why they are
the choice among engineers who need optimum performance.

SOLVING THE MYSTERY OF
THE BLUE SKY PHENOMENON.

In the microprocessor world, the "Blue Sky
Phenomenon” refers to microprocessor develop-
ment code crashes. The code simply and quite
mysteriously disappears. The most common culprits
are bugs. And the fact is, simple program bugs
will crash most microcomputers.

The hosts for some of these bugs have famous
names. What they all have in common is an
absence of mechanism to protect against crashes.
There is one exception.

The Zilog Z8000® family provides comprehen-
sive hardware protection to help create systems
that are resistant to system crashes so common in
primitive architectures. The Z8000 CPU is not only
more reliable in this sense, but it's easier to learn
how to use. Especially if you already know how to
use the ubiquitous Z80® CPU.

LOST IN THE WILD BLUE YONDER.

There is a technological reason why some
microprocessors are so prone to corruption. It stems
from the direct connection of the memory to the

i

processor. Without any checking hardware between
the processor and memory, the processor can
change any area in its memory at will —without
regard to the consequences. Such a lack of restric-
tions allows illegal operations such as changing
program memory stack underflow (running the
stack into the data area), and even modifying the
code of the operating system. This lack of appro-
priate technology has two glaring results:

« [llegal operations cannot be detected
before damage has occurred.

« Any damage to the program and data
cannot be undone.

There are far-reaching implications for a
lack of memory protection. Systems designed
without it do not support multiple users, nor even
UNIX™very well. The simplest bug will crash the
system. There is no protection and no recovery
mechanism against even minor problems of access
violations. The ability to handle more than one user
is usually not allowed, or is strongly discouraged.



A typical Intel 8086-to-8088 configuration, the lack of memory
checking hardware —the memory to the processor. The processor
can change any area in its memory at will, without regard to
the consequences. The result: illegal operations cannot be detec-
ted before damage has occurred; and any damage to the
program and data cannot be undone.

THE Z8000 CPU—THE
FULL-PROTECTION MICROPROCESSOR.

Zilog's Z8000 CPU solves these problems by
inserting a chip called the Z8010 MMU (memory
management unit; available in paged or seg-
mented versions) between the processor and
memory. This chip normally passes addresses from
the processor to the memories—checking each
memory access for its address and type of operation
as it occurs. If the MMU chip detects an illegal
operation, or the use of an unauthorized address,
it suppresses the illegal operation and interrupts
the program. It passes control to the operating
system. Once the program is stopped, the operating
system can inspect, correct, or abort the program
that caused the error. All with no wait states.

A system constructed with the Zilog MMU
can allow many different programs to run without
the fear that one program could entirely stop
the rest or even corrupt the rest. But, the memory
management hardware goes beyond providing
protection. It also simplifies system implementation.

Zilog's configuration system prevents the Blue Sky Phenomenon
by inserting a chip called the Z8010 Memory Management unit
between the processor and memory.

HIGH LEVEL LANGUAGES
REQUIRE MEMORY MANAGEMENT.

One of the strengths of 16-bit microprocessors
—and the Z8000 CPU in particular—is that they
support high level languages such as C, PASCAL
and FORTH. A goal of most users is to allow more
than one of these high-level language programs
to execute in the processor at the same time
(multi-user/multi-tasking) —gaining more effective
utilization of the computer. The challenge is to
provide an architecture that allows a language
compiler to produce code targeted to run at
one address, but allows the actual placement at

a different physical address. This mapping is
known as logical to physical translation—a feature
of the Z8010 MMU.

Zilog satisfies the common requirement for systems to share
information with our MMU. The logical-to-physical translation
capability allows more than one logical area to access a
common physical area.

SHARED MEMORY
IN THE Z8000 CPU.

Another common requirement for systems is
the need to share information. With Zilog's Z8010
MMU, the logical-to-physical translation capability
allows more than one logical area to access a
common physical area. When combined with the
protection capabilities of the Zilog MMU, you can
set up areas that can be common read-only while
the same physical area could be read AND write
when accessed under different conditions
(operating system access).

For example, you could construct a process
control system that posts status information into a
common area. The central core of the system is
allowed to read and write this common area. Appli-
cation programs that need access to this information
can read it through a totally different segment
that is translated into the proper physical address—
but with the provision that all access must be reads,
not writes. If an application program were to run
wild and attempt to corrupt the common area by
writing into the read-only space, it would be
intercepted before any write could occur.

The key benefit to using Zilog’s MMU to
implement shared memory is its flexibility to make
multiple logical segments access a common
physical area with all of the protection—or lack
of protection—desired. All with no overhead
per access. What's more, Zilog's MMU and other
78000 devices are available from a host of reliable
second sources.

Solving the problem of the "Blue Sky
Phenomenon” is only one of the technological hall-
marks of the Z8000 CPU. Others will be discussed
in this continuing series of technical papers from
Zilog, Pioneers of the Microworld. For details on the
Z8000 CPU, call our Literature Hot Line at 800-
272-6560! Or write: Zilog, Inc., Technical Publications,
1315 Dell Avenue, MS C2-6, Campbell, CA 95008.
*For seminar dates and training information from
Zilog, call 408-370-8091.

Unix is a trademark of AT&T Bell Laboratories
Zilog is licensed by AT&T Technologies, Inc.

All Zilog products named are either trademarks or registered
trademarks of Zilog, Inc.

]
leOg' Pioneering the Microworld

an affiliate of
ExoN Corporation
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“We need a logic analyzer for
all these problems... a real workhorse?”’
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FLEXIBLE SOLUTIONS
FOR A FUTURE OF CHANGE

Tek’s 1240.

EXECUTE SCROLL

START sT0P auto

Lo

Versatility is its middle name.

Hardware analysis. Software
analysis. Integration. The 1240 lets
you master them all, thanks to
features like glitch detection and
triggering. Autorun. 50 MHz
synchronous, 100 MHz asynchro-
nous data acquisition. 72 channels.
Performance analysis. A powerful
trigger and qualifier. The only dual
timebase in the industry. Plus sup-
port for the 80186, 68000, F9450
and 15 other chips.

MENU
CONFIG

Booo

uTILITY
GLITCH

We know Murphy can strike.

We built the 1240 to make
those unexpected problems a little
easier to handle. It's modular, so
you can add capability when you
need it. Take a look at your choices:

Acquisition | ¢ 9 channels, 100 MHz
Cards * 18 channels, 50 MHz

* Microprocessor disas-
sembly (18 processors)

ROM * Performance Analysis
Packs * Master/Slave Support
* Line Printer Support
* Mass Storage
* Extended Diagnostics
« RS-232
¢ Parallel Printer Port
Talk about easy.

Easy to learn. Easy to use
with smooth scrolling and touch-
sensitive, menu-driven displays.
Plus multiple levels of operation,

Yfrsfrales
B ol &
8 0@
g
e

G-

CURSOR

e

DON'T CARE

s s 0 0

So you can start with the
basics and add progressively
more advanced features.

Time to talk.

When your team needs logic
analyzers to solve many problems,
and you want to get your money’s
worth, call your Tektronix engineer
and describe your applications.
We'll help you put together a 1240
solution for your team.

TEKTRONIX LOGIC ANALYZERS

WiiasiZs

For further information, contact:

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 only 800/452-1877,

TWX: 910-467-8708, TLX: 15-1754, Cable: TEKTRONIX
Europe, Africa, Middle East Tektronix Europe B.V. Euro-
pean Headquarters, Postbox 827, 1180 AV Amstelveen, The
Netherlands, Phone: (20) 471146, Telex: 18312-18328
Canada, Tektronix Canada Inc., P.O. Box 6500, Barrie,
Ontario L4M 4V3, Phone: 705/737-2700

Copyright @ 1983, Tektronix, Inc. All rights reserved.  LAA-058

Tektronix
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programmed for success!

Move up to the T1-66. The easy 512 step programmable.

You're in the fast lane now, and the
last thing you need is a calculator that
slows you down. That’s why you need
the TI-66 program-
mable calculator

J_s\

from Texas Instruments. The TI-66
offers full programming power and
flexibility so you can handle complex
and repetitive math problems quickly,
easily, and with fewer keystrokes.

[ts 512 merged program steps and
over 170 built-in scientific, engineer-
ing, and statistical functions make for
powerful programming. And its sleek,
streamlined design makes for easy use.

[ts Algebraic Operating System lets
you key in problems as they are writ-
ten, left to right. And its 10-digit
angled Liquid Crystal Display not
only makes it easy on your eyes, but
provides alphanumeric notation of

Copyright ©1984 Texas Instruments Incorporated

your program steps so you can make
easy modifications as you go along.

The keys are readable and large
enough for your fingers. The guide
book is a quick study. And at $69.95
suggested retail, the price is easy. So
instead of spending extra time on
routine calculations that won't get
you noticed, promote yourself with
the TI-66 programmable

calculator. °
]
TEXAS l"
INSTRUMENTS

Creating useful products and services for you.
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High-energy implanter
cuts SOl processing time
by a factor of 20

Long a sore point with silicon on insulator,
processing time plummets with an oxygen
implanter that also eliminates latch-up.

he prototype of a high
I energy oxygen im-
planter slashes the
time needed to deposit an in-
sulation layer within a silicon
substrate from 20 hours to
just 1. Although silicon-on-
insulator schemes have long
promised denser CMOS chips
that are free from latch-up
and unwanted capacitance,
the technology’s extensive
processing time has—until
now—relegated it to the labo-
ratory.

Jointly developed by the
Ion Implantation Division of
Eaton Corp. (Beverly, Mass.)
and Nippon Telegraph and
Telephone Public Corp. (Tok-
yo), the implanter works with
a technique called Simox
(separation by implanted ox-
ygen). It forms the buried sili-
con dioxide layer by forcing
large amounts of oxygen (2 X
10" ions/cm?) into a semicon-
ductor substrate.

The implanter develops an
oxygen-ion current of 200 mA,
compared with the 10 mA of
previous machines. Since
total dosage is linearly pro-
portional to both current and

time, its beam-current rating
accounts for the twentyfold
jump in speed.

Bringing the silicon-on-in-
sulator technique to the com-
mercial arena will only spur
the spread of CMOS chips.
The insulation layer created
beneath the substrate’s sur-
face is well suited to the insu-
lation wells that are one of the
hallmarks of CMOS. Addi-
tionally, the buried oxide
completely isolates each cir-
cuit element, cutting down on
parasitic capacitance and
significantly reducing propa-
gation delays.

Tighter packing

Further, since devices are
isolated on their bottoms as
well as on their sides, they can
be squeezed more closely to-
gether. Leakage through the
substrate is essentially nil
(see the figure), and latch-up
is completely eliminated be-
cause the substrate is no long-
er an element of the parasitic
vertical device.

Insulating circuit elements
not only from the substrate
but from each other also

makes it possible to place
high-voltage components like
thyristors alongside logic—a
first that should yield some
interesting combinations. Fi-
nally, silicon-on-insulator
chips demonstrate a particu-
larly high level of radiation
resistance: Particles striking
the device have virtually no
effect because the insulating
layer prevents any leakage
from the active device’s ele-
ments to the substrate.

The unit was built using
some of the knowledge gained
by scientists at the Chalk
River Nuclear Laboratories
(Chalk River, Ont.), who have
been working on equipment
for generating high-energy
hydrogen ion beams. Many of

Well

Well

AN P 4 A 2

A /

Device Substrate

Implanted insulation layer
(SiOy)

(b)

Transistors built in conventional
wells supply some isolation (a);
however, they must be well
spaced to minimize leakage
through the substrate. In com-
parison, the implanted silicon di-
oxide layer allows devices to be
placed side by side, since the
transistors are insulated from
the substrate (b).
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the problems they encoun-
tered turned out to be com-
mon for both gases. The cor-
rosive effects of hydrogen and
oxygen, for instance, called
for exotic alloys and ceramics
to be used for all parts that
come in contact with the ion
beam. What’s more, lenses
and magnets demanded ex-
haustive computer modeling
to minimize the so-called
space-charge effect, where
ions with like charges tend to
repel one another.

The development of the

high-powered implanter her-
alds a brighter future for
silicon-on-insulator chips,
but there are still some bugs
to be ironed out. The machine
focuses 200 kV at 200 mA, re-
sulting in 40 kW that must be
dissipated from the target
wafer. The solution, research-
ers believe, lies partly in
spreading the energy out over
a number of wafers—a’sin
batch processing—as well as
in thermally coupling the wa-
fer to some form of heat sink.
Gary Elinoff

Lightly doped n—

drains put

the freeze on hot electrons

caling down MOS ge-
S ometries cuts cost and

increases speed, but it
also opens the door to the hot-
electron effect, which can
wreak havoc with transistor
reliability. Now, researchers
have discovered that lightly
doping a transistor’s drain
region with an n~ implant

forms an effective voltage di-
vider that reduces the poten-
tial of the high-speed elec-
trons.

The approach, devised at
Texas Instruments Inc.
(Dallas), boosts a transistor’s
reliability by an order of mag-
nitude at the expense of only a
10% to 20% reduction in per-

Polysilicon gate

Hot electrons

trapped in
\ / oxide layer

1-3 eV
photons

Hole substrate
current

formance. And it adds only
minimally to manufacturing
complexity. Until recently,
many designers believed that
the only way to sidestep the
problem would be to lower
supply voltages, in turn slow-
ing down the electrons within
a transistor.

Electrons on the loose

Hot, or high-speed, elec-
trons knock loose holes, as
well as other electrons, and
lead to three types of failures
(Fig.1). First, the unmoored
holes tend to be attracted to a
transistor’s negative sub-
strate, creating a current that
ultimately leads to latch-up.

Second, the free electrons
migrate toward and gather in
the gate oxide layer, changing
the operating characteristics
of the transistor. Since the

Sidewall oxide

N

(" Gate T

Drain

n- n

Source | n nt
/—) Lightly doped ;

drain implant

Polysilicon

(a)

Gate

Source

Polysilicon

Lightly doped
drain implant

(b)

1. In an MOS transistor, hot electrons can dislodge
both electrons and holes, leading to three different
failures. Holes migrating toward the substrate can
create a substrate current that causes latch-up.
Electrons trapped in the gate oxide can change de-
vice characteristics and ultimately lead to complete
failure. Finally, photons may be generated that can
force nearby transistors to change state.
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2. Tl fabricated two different
structures for its lightly doped
drain transistor. While one (a) is
easier to manufacture and it re-
sults in some unwanted capaci-
tance. The more complex struc-
ture (b) is harder to produce but
yields superior performance.
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A 1553 BC AND RTU
WITH JUST THREE HYBRID TYPES

BUS-65101
Dumb RTU

BUS-66106
Protocol

BUS66108 '\
RTU Protocol

DDC’s flexible building block
components allow implementation
of most MIL-STD-1553 terminal
configurations with just a few types
of hybrids. As an example, a com-
plete dual redundant Bus Control-
ler (BC) and Remote Terminal Unit
(RTU) can be achieved with a
Dumb RTU hybrid (BUS-65101),
an RTU Protocol hybrid (BUS-
66108), and a BC Protocol hybrid
(BUS-66106). As shown in the
functional block diagram, these
hybrids plus data bus transformers
and state sequencer IC complete the
design.

The RTU provides decoding and
response to 13 mode codes with no
subsystem intervention. Any com-
bination of mode codes can be ille-
galized with the use of an external
PROM. The subsystem interface is
quite simple. Messages are trans-
ferred to and from the subsystem
with a request-grant-acknowledge

Bus Controller

BUS-25679

BUS-66106

DUMB : - ; B paTA
XFMR RTU <:— . (P15 98¢ V> HIGHWAY
BUS-65101
T i
X L LI BROADCAST
4 \
———-———S SO —— b oo
- RTU JENMDEIAM0N V) WORD
V| proTocOL
BUS-66108 N
RT T i CURRENT
e ) [
RTU 0 CONTROL
SUBSYSTEM STATUS
: BIT FLAGS
<
BUS25679 CONVROL@ RTBC
DumB <:
RTU
S BUSB XFMR BUS-65101 BC /0 CONTROL
- I
. Y BC ({ ABAT 1) ADDRESS
g . /| PROTOCOL N

BC fe——< INITIATE
bt SEQUENCER

825105 f————> INTERRUPT

MIL-STD-1553 BUS CONTROLLER AND RTU

DMA type handshaking. Chip
Select and Memory Write signals
are provided for direct control of
subsystem memory. Separate out-
puts are provided for Command
Word and Current Word Count, so
that subsystem memory addressing
may be controlled by the RTU.

The Bus Controller supports all
message formats. Status word and
data word responses are validated
by the BC Protocol hybrid with no
subsystem intervention. The sub-
system interface to the BC is similar
to that of the RTU, Data“4s trans-
ferred with DMA handshaking,
and address and control line out-
puts are provided.

The Bus Controller sequence
starts with the loading of a control
word and a command word into the
BUS-66106 storage registers. Since
the control word contains message
format and channel selection infor-
mation, the BC Protocol hybrid

pIp|c

completes the operation, on its
own, after receiving a start com-
mand. Interrupt flags are provided
to the host CPU for conditions of
end of message, error, status bit set,
and timeout.

The functional block diagram
shown in the figure illustrates a
combined Bus Controller and
Remote Terminal Unit. Since the
RTU Protocol and BC Protocol are
contained in separate hybrids, the
BC or RTU functions may be im-
plemented individually by just
omitting the appropriate protocol
hybrid.

Contact the nearest DDC office
for full details and assistance in im-
plementing a 1553 BC or RTU with
these high performance hybrids. [

C p]p|C|
FULLY CERTIFIED TO
MIL-STD-1772

ILC DATA DEVICE CORPORATION

HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, (516) 567-5600, TWX: 510-228-7324
WEST COAST: WOODLAND HILLS, (818) 992-1772, TWX: 910-499-2674; SANTA CLARA, (408) 244-0831
WASHINGTON, D.C. AREA: (703) 893-7989, TWX: 910-997-0967; NORTHERN NEW JERSEY: (201) 785-1734
EUROPEAN OFFICE: 01-387 4599, TLX: 851-261967; UNITED KINGDOM: (44) 488-82141, TLX: 851-848826; FRANCE: (1) 333-5888, TLX: 842-630609
WEST GERMANY: (08191) 3105, TLX: 841-527128; JAPAN: (03) 490-0203, TLX: 781-34158
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oxide layeris aninsulator, the
electrons have no place to go
and if enough electrons col-
lect, the transistor can fail
completely. Third, the energy
level of the electrons can be-
come high enough to actually
generate photons. Though the
light produced is relatively
weak and will dissipate with-
in a few hundred microme-
ters, it is strong enough to
cause adjacent transistors to
change state, particularly in
high-density dynamic RAMs.

The company has actually
created two similar tran-
sistors, which can be differen-
tiated by the length and lo-
cation of the lightly doped
implant (Fig. 2). Both elimi-
nate the problem associated
with hot electrons.

Although the device with
the longer implant is easier to
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Lightly doped drain implant dose (cm ™ 2)

3. Though lightly doped drain
structures reduce the peak sub-
strate current, cutting supply
voltage (Vpg) from 5 to 3 V has a
far more dramatic effect on sub-
strate currents.
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fabricate, it introduces some
stray capacitance. It is being
used in TI’s family of 2-um
parts, but the company will go
with the second design for de-
vices made under the VHSIC
program.

Not a cure all

For now, transistors with
lightly doped drains are the
best way to handle hot elec-
trons, but the technique has
its share of problems. Too
heavy a doping concentration
will reduce the electric field to
the point that the transistor
will fail to operate. Alterna-
tively, drain current (trans-
conductance) and saturation
current decrease in devices
that are too lightly doped.

Reducing the supply volt-
age (Vpg) from 5 to 3 V may
prove to be the answer to
clamping a lid on the sub-
strate currents associated
with hot electrons (Fig. 3).
But a change in supply volt-
age seems unlikely at present,
since greater attention to
noise immunity and tighter
circuit control go hand in
hand with lower voltages.

Heather Bryce

Read-ahead algorithm
speeds disk access
in Unix-based systems

disk caching algo-
Arithm specifically op-

timized for Unix oper-
ating systems increases hard
disk access speed 15% t040% .
The algorithm, a read-ahead
routine incorporated in a disk
controller, assumes that
search requests made under

Unix will repeatedly ask for
data that is contiguous to the
previously read sector. In ad-
dition, the head will begin
reading data the moment
it lands on the appropriate
track—virtually eliminating
rotational latency delays.

Under conventional con-
trol, the read head first moves
tothe selected track, but
there is no guarantee that the
point at which the read head
intersects the track will coin-
cide with the beginning of the
first sector to be read. In fact,
it seldom does. For instance,
if the read/write head falls on
a sector of a track which fol-
lows the first sector of a series
of requested data, it will be ig-
nored until the disk rotates so
that the first of the series has
been read calling for at least
another half-revolution—
adding a minimum of 8 ms to
the data access time.

The peripheral controller,
devised by Interphase Corp.
(Dallas, Texas) for its Multi-
bus controllers, overcomes
this problem by reading the
data sectors at the very point
at which the read head inter-
sects the track. If, for exam-
ple, the user requests infor-
mation located on sectors
three, four, and five of a par-
ticular data track, and the
head lands on sector four, the
Interphase controller will ac-
tually begin by reading sector
five (the beginning of the next
contiguous sector). The con-
tents of sector five, and all
successive sectors on the
track, will be automatically
read and transferred to a
buffer memory space on the
controller. When sectors
three, four, and five have been
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read, the entire block will be
transferred to the host. If the
next request is for informa-
tion on sectors six, seven, and
eight, the time required to ac-
cess it on disk is eliminated
since that information al-
ready exists in RAM.

In many situations—espe-
cially where there are no oth-
er read/write requests in the
disk queue—the contents of
the entire data track will be
read and transferred to a
16-kByte buffer. The buffer
serves the data cache, and will
be examined first when the
controller receives the next
read data request.

Interphase’s disk cache
scheme speeds disk access
dramatically when data is lo-
cated on contiguous sectors.
But it does not have as great
an effect with the scattering
and gathering problem plagu-
ing Unix systems—especially
likely in a multitasking envi-
ronment where the controller
must respond to concurrent
disk I/0 requests. However,
Interphase claims that a
hardware memory manage-
ment system can overcome
that by building a scattering
and gathering priority
scheme into the controller.
The head could then reach
scattered files directly and in
sequence without host inter-
vention.

for the Multibus I structure.
The computer, installed on a
NCR 3200-based development
board, can either serve as a
powerful add-on coprocessor
in an existing system to pro-
vide 32-bit processing power
in a Multibus I environment
or emulate a computationally
intensive processor. More-
over, when linked to an IBM
PC personal computer or a
compatible machine, it can be
used as a development system
to create programs for the
NCR 3200 chip set.

‘Risky business

Developed by NCR Corp.
(Dayton, Ohio), the NCR/
32-7T96A board draws on the
salient features of RISC ar-
chitectures, including simple
instructions, a straightfor-
ward pipelined structure, and
a high-speed instruction cycle
of 150 ns. Based on that last
figure, it can execute as many
as 6.5 million instructions a

second. In addition, it can
move local data easily with
only a few instructions.

As expected from its model
number, the board carries the
basic NCR 3200 chip set, in-
cluding the CPU, the address
translator, and the extended
math chip (Fig. 1) along with
local storage and I/0 buffers.
The translator works with
a 4-Gbyte virtual and a 16-
Mbyte physical addressing
range, while the math chip
tackles floating-point and
other advanced arithmetic
operations.

The board itself runs in two
modes: direct and micropro-
gram (or emulation). In the
first it directly executes an
external program comprising
NCR 3200 instructions; in the
second, it locally executes an
external program, calling on
microprogram subroutines
and macros.

The Multibus card is de-
signed to aid software devel-

Stephan Ohr

Multibus-based RISC
brings 32-bit power
to the board level

or the first time a 32-bit
Freduced-instruction-set
computer (RISC) has
been reduced to a single board
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1. Aboard the NCR/32-796A are the resources for developing and de-
bugging software for the NCR/32 chip set.
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opment and debugging. The
necessary diagnostic soft-
ware is stored within part of
the ROM of the instruction
storage unit. For example,
each microinstruction word
inthat memory carries a
breakpoint bit that can be set
during debugging. Further-
more, a special 128-word
scratchpad memory is used
for intermittent debugging,
keeping that activity inde-
pendent of the target
program.

Microprogrammed

Initially, the board’s in-
struction storage unit, which
contains the microprogram
and direct execution oper-
ations, will hold 16,000 words,

NEWSFRONT

each 16 bits wide. Eventually
it may store as many as 64,000
words.

The CPU accesses local
memory through either the
Multibus itself and on-board
memory through the faster
iLBX bus, with the board act-
ing as a primary master (Fig.
2). Interfacing the 32-bit pro-
cessor with the 16-bit wide
Multibus entails double buff-
ering the input and the output
data. The card uses the bus’s
full 24-bit address path, and
its dynamic address trans-
lation unit maintains a set of
16 active pages, which can be
1, 2 or 4 kbytes deep. Natural-
ly, versions of the card are in
the works for 32-bit buses.

Ray Weiss

or
compatible

Printer

iLBX bus

Multibus

2. Tied into Multibus |, the development station—composed of the
NCR/32-796A board and a memory and an interface card—easily
hooks up with an IBM PC or similar machine.

A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers
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compan that has
all the oil it needs
use solar power?

To save money, thats why.

Today cost-conscious oil com-
panies are using Solarex modules to
power remote telemetry units by
the thousands—in oil and gas fields
all over the U.S.

These modules are photovoltaic
power cells, which convert sunlight

’ ,chrect ly into electricity.
What makes them so economical?:

Well, compare solar power to
primary batteries.

Batteries die, and have to be re-
placed frequently.

(In fact, when you consider
what it costs to replace a battery—
including labor and disposal —
you end up paying many times the
original price.)

Photovoltaics, on the other
hand, last 20 years.

There are no fuel costs, ob-
viously. And with no moving
parts, the systems require little
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Forth forsakes its image,
moving from laboratory
to software engineering

An adaptive language gets a second chance
to show its strength—from numerical
control to expert systems.

orth, a computer lan-
Fguage devised in the

1970s for real-time pro-
cessing, is coming under in-
creasing scrutiny as an alter-
native to its brethren for the
coming generation of comput-
ers. Long ignored and rele-
gated to the laboratory, Forth
has been quietly building a
hardware and software base.
It is almost universally avail-
able, is portable, and boasts
an interactive development
environment.

New implementations of
Forth seem to be popping up
every day, ranging from dedi-
cated microprocessors with
Forth embedded in ROM to a
microprogrammed version
for a 32-bit chip set. And
Forth is being increasingly
turned to as the language of
choice for applications that
run the gamut from sophisti-
cated data processing to con-
trol software. Even expert
systems—normally the do-
main of languages like Lisp
and Prolog—have appeared in
Forth as well.

Ray Weiss

Forthis morethana
high-level language; it alsoin-
cludes a software method-
ology, an interactive environ-
ment capable of incremental
development, an assembler,
and an operating system.

Forth and moving up

Forth has already been
adapted for most popular
minicomputers and micros,
and is starting to surface for
the newer computers as they
arrive. One example, Mac-
Forth, from Creative Solu-
tions Inc. (Rockville, Md.) is
the first truly usable software
development package for the
Apple. The package takes full
advantage of the Macintosh’s
hardware and software, and
employs a 32-bit software ar-
chitecture to mesh the lan-
guage with the machine’s
operating system, user inter-
face, file system, and toolbox.

Though compatible with
the Forth-79 standard, Mac-
Forth has added some words
and operators, so that it in-
cludes most of the Mac-
intosh’s commands. Round-
ing out the package is a 68000

assembler, which takes an in-
direct token approach to im-
plementing threaded code.
The package operates on top
of the Macintosh operating
system, and it is able to define
and delimit memory space.
MacForth occupies 25 kbytes
of memory, partly because of
its 32-bit addresses and part-
ly because of the interfaces
to the Macintosh core pro-
grams.

MacForth is a descendant
of Multi-Forth, an adaptation
for the 68000. Multi-Forth it-
self runs on the HP 200, the
Motorola EXORmacs, and the
VME 110, as well as on most
single-board computers built
around the 68000. Addition-
ally, when wedded with Unix,
the resultant Uniplus pack-
age can run on the Perkin-
Elmer 7300 and gives users
access to the Unix file system
and shell commands.

For newer processors

Forth’s proliferation into
newer processors is typified
by the polyForth Il system
now running on the 9300, from
NCR Corp. (Dayton, Ohio),
which is based on the com-
pany’s recently released 32-
bit 3200 chip set. The lan-
guage was easily transported
to the system because the
computer was designed for
microcode emulation. The
software, a version of poly-
Forth, from Forth Inc. (Her-
mosa Beach, Calif.), places
the Forth primary definitions
in the 16-bit-wide writable
control store, with the secon-
dary definitions in dynamic
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memory. Only 8 kbytes of the
available 128 kbyte control
store contains the entire pro-
gram.

Simple Forth instructions
execute in 1.2 to 4 us, because
of the 9300’s 150-ns clock cycle
and pipelined architecture.
Moreover, the call and return
overhead for high-level Forth
instructions is only 3.45 us.
The machine can compile a
full Forth block (16 lines) in 50
to 100 ms, depending on the
definitions involved. The
system is presently hard at
work in a hospital, running
between 30 and 40 terminals
in real time. It will soon be in
charge of up to 250 terminals.

The powerful combination
engendered by matching
Forth and the 3200 chip set
will not be restricted to the
9300. Board-level products are
expected soon; initially de-
signed for the Multibus, they
will also feature polyForth as
an option.

A world to win

AsForthisembeddedin the
ROM of single-chip micro-
computers, its horizons are
considerably broadened. One
way in which it serves the
need for fast, local processing
in board-level systems can be
found in the RSC-Forth of the
6500 family of single-chip
microcomputers, from Rock-
well International Corp.(New-
port Beach, Calif.).

The R65F11 and R65F12
are 8-bit NMOS processors
that carry the run-time por-
tion of RSC-Forth, another
modification of Forth-79. The
run-time code occupies 3072
bytes and contains 133 Forth
operators and words. The
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chips themselves can handle
up to 8 kbytes of off-chip
RAM for active program
memory and contain 192
bytes of on-chip RAM.

For program development,
a separate ROM chip, the
R65FRx, retains the Forth de-
velopment systems, com-
prising 153 development oper-
ators and an assembler. A
simple development system
can be configured using this
chip, one of the processors,
and the necessary RAM.

No experts need apply

An interesting variation on
the embedded Forth scheme
is seen in the MA 2000 family,
from National Semiconduc-
tor Corp. (Santa Clara, Cal-
if.). The family ismade up of a
set of small, stackable plastic-
encased modules that form a
fully self-contained Forth-
based computer system when
assembled. A stand-alone en-
tity rather than a board-level
system, it can be used to tack-
le various control, testing, or
monitoring tasks. Amazingly
enough, setting up the system
requires no engineering ex-
pertise.

Further, the MA2000 car-
ries its own power-supply
module and can be linked with
a terminal and a printer. It
also features its own CMOS
RAM disk with battery back-
up. Another of Forth-79’s off-
spring, MVP-Forth, from
Mountain View Press Inc.
(Mountain View, Calif.), is
embedded in its ROM.

But there is more on the
Forth front than just sys-
tems: The language is being
applied to new areas, such as
artificial intelligence. Like

Lisp, one of the more promi-
nent AI languages, Forth is
both a functional and an ex-
tensible language. Thus it can
be easily tailored to build and
functionally process rules for
expert systems. Moreover, un-
like Lisp, Forth is fast, needs
little memory, and is avail-
able on most computers.

For instance, one simple
implementation of Forth
models the basics of expert
systems. The expert system
tool kit, distributed by Moun-
tain View Press and Miller
Microcomputing Services
(Natick, Mass.), includes the
Forth source code, a rule
interpreter, a fact file, a
knowledge base, and a user in-
terface. Designed as an ex-
ploratory tool, the program
can be easily altered.

On the right track

A far more complex and so-
phisticated undertaking is
the diesel electric locomotive
troubleshooting aid (Delta)
expert system. Completed
and now being evaluated by
General Electric Corporate
Research and Development
(Schenectady, N.Y.), the
system, as its name suggests,
tackles the formidable job of
troubleshooting and provid-
ing guidelines for repairing
railroad locomotives.

Originally designed in Lisp,
Delta’s field prototype was
written in Forth (to ensure
portability) and run on a Digi-
tal Equipment PDP-11/23. It
has been housed in a rugged
unit that holds the computer,
a 10-kbyte disk, a VT100, and
agraphics board. It uses a col-
or monitor and works in con-
junction with a Sony laser-
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video disk player to enhance
the graphics display.

Delta has a grand total of
530 rules: 330 for trouble-
shooting and 200 for help. As
the system is tried and evalu-
ated, the rule base is expected
to grow to over 1200. Its rule
processor consists of both a
backward and a forward in-
terpreter; that is, both back-
ward and forward chaining
are used.

Forward chaining is a
search through the rule base
that is initiated by some ac-
tion (including adding a new
fact) to determine what the
results of the action will be.

The search itself may gen-
erate a new action through
the success of an “if . . . then”
rule. And the rules in the
system are weighted, which
means that they can carry dif-
ferent values based on the
certainty of their assertions.

Don’t look back

Alternatively, the system
uses backward chaining to
search the rule base in order
to prove a hypothesis. A
search can be initiated by the
system while it is tracing a
fault or by a user in response
to a question. The search may
generate new facts during the
evaluation of “if ... then”
rules, which will in turn
trigger a forward search.

Essentially, forward chain-
ing is used to update the
knowledge base, and back-
ward chainingis used to prove
or disprove each hypothesis
and the system works toward
a solution. Both searches may
result in system actions and
the creation of new facts.

Forth has proved to be a
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particularly suited medium to
implement the expert system.
Forth words were used to
create the necessary high-
level operators to build the
system, which is easy to set up
and can be used without any
programming. Additionally,
nine predicate functions—
operators that assign truth
values to the rule premises
(the fronts of the rule) —were
added to Forth’s basic vocab-
ulary. Also added were eight
verbs, operators to specify ac-
tions for successful rules
(send messages, make new
facts, and the like). Finally,
five utility functions were
defined for the user interface
and for graphics representa-
tion.

In the same class

Because of its full range of
properties, Forth has been
used as the base for a number-
of end-user data-base sys-
tems for machines in IBM’s
personal computer class. One
such is Savvy, from Excalibur
Technologies Corp. (Albu-
querque, N.M.), a natural-
language system for gener-
ating application programs.

Another is Simplex, an in-
tegrated data-base system
with a pascal-like inter-
pretive language, word pro-
cessing, communications,
Macintosh-like windows, and
graphics. Simplex is based on
Forth-32, a full 32-bit version
of Forth, and has been devel-
oped by Quest Research Inc.
(Huntsville, Ala.). A third ex-
ample is Salvo, a fourth-
generation data-base system
from Software Automation
Inc. (Dallas, Texas). Salvois a
relational data-base system

that is coupled with an appli-
cation generator and works
with an English-like lan-
guage.

Despite its bright future,
there are a number of crit-
icisms and weaknesses that
will have to be addressed be-
fore Forth gains complete ac-
ceptance. For example, Forth
code tends to be cryptic and
hard to read because it uses
keyboard symbols and ab-
reviated mnemonics for
Forth operators. Also, due to
Forth’s unique environment,
individual programmers tend
to tailor systems to their own
needs, in turn restricting the
speed of higher-level devel-
opment tools. Furthermore,
Forth places a lot of power in
the programmer’s hands with
little or no checks to limit pos-
sible system damage.

Finally, Forth lacks the
general-purpose utilities that
are common in more popular
operating systems, such as so-
phisticated record and file
services and generalized 1/0
processing. It also lacks
higher-level programming
constructs. At present, Forth
is a high-level language, with
incredible power and versatil-
ity, targeted only to the best
programmers.

Luckily, it is quite mallea-
ble and it can be modified as
needed. As it becomes more
widely used, the language will
evolve to meet software engi-
neering requirements. In all
probability, there will ulti-
mately be a number of levels
of Forth, ranging from a rela-
tively unstructured program-
ming tool to a heavily struc-
tured tool under the control of
software engineering.0



TOYODA/CHOSE AN
IPl OPERATING SYSTEN}
TO GIVE ITS ROBOT ARM
A HELPING HAND.

~

Our MTOS-86 real-fime operatfing system
helps Toyoda's 6-axis, articulated robot
to operate with maximum efficiency.

MTOS was chosen, in part, for its
ability to respond very rapidly to outside
events, which allows the Toyoda robot to
move with great precision. In addition,
MTOS synchronizes tasks so quickly that
high-level functions can be freely added
without affecting performance.

Of course, Toyoda isn’t the only
large company fo recognize the advan-
tages of MTOS. In fact, the MTOS family is
used in more control applicafions world-
wide than any other operating system.

MTOS is the only multi-tasking
operating system that supports multiple
microprocessors on a common bus. If's
especially well suited for control applica-
tions. And since our systems are concep-
tually compatible, once you've learned
one, you can use them all.

Versatile, user-friendly MTOS is
available for a variety of micros. For more
information on the fastest, most efficient
0/S software on the market today, contact
Industrial Programming Inc., 100 Jericho
Quadrangle, Jericho, NY 11753.
800-228-MTOS, (in New York,
516-938-6600). Telex: 429808 (ITT).

m MTOS-86MP

for the 8086
= MT0S-86

for the 8086
= MT0S-86/PC generator

for the IBM® PC m MTOS-68KF
firmware

m MTOS-68K = MTOS-80MP
forthe 68000  for the 8080/85
m MT0S-68KFG = MTOS-80
firmware for the 8080/85
= MT0S-68
for the 6800
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Introducing the ZX 186/30 CPU Board

Areasonto call Zendex
instead of “Blg Br”

(No wonder “Big Brother”ls watchlng us!)

The 7ZX-186/30 is an 80186-based CPU board which is an of an 8086 CPU board. It also offers 2 DMA channels,

ideal replacement for the iSBC-86/30 or iSBC-86/12A. one parallel [/O port and two iSBX connectors.

In fact, it’s fully software compatible with the ¥ With the CPU, system clock, RAM, PROM, inter-

ZX-86 and the entire iSBC-86 family. rupts, timers, DMA and [/O all on this powerful

Its advanced features: single board computer, the ZX-186/30 can

1. 256KB Zero-wait-state on-board fulfill your 16-bit Multibus CPU needs.
RAM. (Expandable to 1 MB.) Zendex has 195 reasons why you

2. Up to 128KB on-board PROM. should call us second (assuming you

3. Optional multi-protocol dual call Intel first as a matter of course).
serial I/O ports. This time our advantage is so great,
By utilizing the 80186, it can you may not even want to call

deliver twice the performance “Big Brother”
- — N ) ‘
The other glant in the Multlbus Market
6700 Sierra Lane, Dublin, CA 94568, Phone: (415) 828-3000 Multibus, iSBC. iSBX. Intel are
TWX: 910 389 4009. Zendex products are available worldwide. trademarks of Intel Corporation.
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Perfect
for mad
scientists.

And angry engineers.

You're trying to perform complex

research with a computer that lacks
the horsepower you need.

That expensive supermini from
the “big”’ manufacturer required
costly add-on hardware for real-time
processing. And you still don’t actu-
ally have real-time power.

Makes you mad, doesn't it?

Masscomp has a suggestion for
scientists and engineers. Don’t get
mad. Don’t even get even. Get the
32-bit, virtual memory MC-500 com-
puter system.

Inside is an architecture that
would make Frank Lloyd Wright

proud. Multiple high-speed processor

oo L
g

T

e

“gram development. Multi-tasking.

™ most fully integrated system avail-

(including dual
CPUs and our own
array processor) con-
nected by multiple
high-bandwidth buses.
We call it Performance
Architecture™. You'll call
it brilliant. It offers capabili-
ties no other system can
match: real-time data acquisi-
tion, analysis, and graphics. All
simultaneously. Without one task
degrading another’s performance.
You control all this power with
an enhanced UNIX™ real-time oper-
ating system we call RTU™. You'll
call it rewmm‘.“lt lets you get at
C-500’s power easily. For pro-

Prioritized real-time processing. (For
example, how many computers let
you acquire analog data at one mil-
lion samples per second using only
C, FORTRAN, or a menu system?)
Only the MC-500.

Users say the MC-500 is the

e B
el

able for the technical market, but
we've got a lot more to say about it.

Send for our free 16 page technical
brochure, complete with bits

|
) f | and bytes. You'll be impressed.
: . s I(;oyr:)\iji?;?géent computer makes
9, 9. . .
LI‘: mad T::jd r::' nort l\ﬁ‘();l.lg%(gob:alc(ﬁ 'rtea“y TR0 | you mad, look into the MC-500. You’d
: ase se you R | be crazy not to.
|
| Name Title | Call 800-451-1824;
| Combpan Tel. in Massachusetts, (617) 692-6200.
| PRy I TWx: ESL 196520; Telex: 704353;
| Address | cable: MASSCOMP
: . |
City State Zip
|
| | MASSCOMP
HH | One Technology Park,
| MASSCOMP One Technology Park, Westford, MA 01886 Att: Marketing I Westford, MA 01886
H S I G I S SEEE DS S SN SESE SN SN NS SN S SN S S S G S S S

Performance Architecture and RTU are trademarks of the Massachusetts Computer Corp
UNIX is a trademark of AT&T Bell Labs
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Wire-Wrap can’t be used
with High Speed Logic

... and Bumblebees can’t fly!

An aeronautical engineer once “proved” that bumblebees can’t fly, because
they couldn’t possibly move their wings fast enough.
And a lot of people still believe that.

But Bumblebees can fly.

Some electronic engineers believe that
Wire-Wrap can't be used with high-speed
logic, down to the sub nanosecond range.

But Augat's been doing it for years.

So you can have high-speed logic, plus
all the advantages of Wire-Wrap: faster
time to market, design flexibility, better ther-
mal management, component pluggability,
and the lowest possible development costs.
Along with the kind of engineering support
you would expect from the market leader.

VAX-BASED WIRING SOFTWARE
MAKES IT FLY

The key to making high-speed logic per-
form in Wire-Wrap is Augat's VAX-based
wiring software.

You might expect problems with cross-
talk, uncontrolled high impedance, and
propagation delays.

But, in fact, crosstalk can be minimized
through the selective use of twisted pair
wiring, and transmission line reflections can
be nearly eliminated by the proper wiring of
terminating resistors. Orthogonal wiring is
always routed to minimize line length, and
even point-to-point wiring is automated.

Once the VAX is done routing and analyzing your circuit
requirements, a machine-readable set of documentation is
provided to you to assist you in debugging the board and
back-annotating your CAE database.

tions are minimal.

WIRE-WRAP BRINGS YOU A BEEHIVE OF BENEFITS

Wire-Wrap offers numerous advantages in developing and
producing high-speed logic boards.

Write for the
AUGAT
“Wire-Wrap

Flight
Manual”

This unretouched photo shows a .8 nsec rise
time pulse at the entry point (top wave form) and
at the end (bottom wave form) of a 21" Wire-
Wrap transmission line. By using twisted pair and
properly terminating the line. ringing and reflec-

L

F100K ECL devices and terminating resistors on
a Wire-Wrap panel

“INTERCONNECTION
SYSTEMS

The inherently low capacitance of a Wire-
Wrap transmission line increases signal
velocity. Circuit changes are easy to make,
without incurring sudden, unexpected costs
or delays.

Wire-Wrap boards run much cooler than
multilayer, because the pins act as radia-
tors. One test showed that the ambient
temperature for a large Wire-Wrap board
was a full 7 degrees C. cooler than the
same circuit in multilayer. That means in-
creased component life and product re-
liability.

Pluggability makes it easy to replace
parts when they fail or upgrade with new
components when they become available.
Or to work around component scarcity,
building boards in advance and plugging in
components as they arrive.

Wiring information can easily be extract-
ed from your CAE workstation, so you can
transmit the data to one of the Augat wiring
facilities and have fully wired and docu-
mented panels sent back to you in days, not
weeks.

AND THE SWEETEST PART OF ALL —
YOU GET TO MARKET FASTER
Augat has all the design and engineering tools in place to
support you when you need it the most. And the largest in-
ventory in the industry of standard Schottky, 10K ECL, and
F100K panels — all available from a nationwide network of
distributors.
So, before you design that next generation high-speed
board, you should have Augat's Wire-Wrap Flight Manual.

Because, after all, bumblebees can fly: -,
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40 Perry Avenue, P.O. Box 1037, Attleboro, MA 02703 (617) 222-2202 TWX 710-391-0644



CLEAN SWITCHING.

SPR ‘ “U F Sprague Hall Effect Digital Switches and Latches are magnetically activated for improved
v & B4 switching in many applications, such as: automotive ignition, speedometer pickups,
7 A ' i tachometers, gasoline flow meters,
MAKES HALL EFFECT Serssts.
: : N~ WA : ; : = "~ % peripherals. Each Hall Effect IC is
SWITCHING FASIER, &
) | i _ ‘ b @ voltage generator, signal amplifier, Schmitt

trigger, and open-collector output on a single silicon chip. Output is clean, fast, and switched with no bounce.
No moving parts . . . no contacts to wear.

For applications assistance, contact our Customer Service Center at 603/224-2755. For technical information, write for
Engineering Bulletin 27701 (28 page applications guide), Engineering Bulletin 27607A (UGN/UGS -
3040U), and Engineering Bulletin 27608 (UGN/UGS-3075U) to Technical Literature Service, (‘:_. ); SpRnGUE
Sprague Electric Company, a Penn Central unit, 347 Marshall St., North Adams, Mass. 01247. =
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More cooperation is needed
from operating system makers
to reap the benefits of SCSI

Phil Devin

Marketing Directory
Xebec Corp.
San Jose, Calif.

he Small Computer
I Systems Interface
(SCSI) is not getting
the support it needs from
operating system manufact-
urers, who provide the driver
subroutines for SCSI storage
devices. The reascn, suggests
Phil Devin, is that most exist-
ing operating systems are de-
signed to work with one con-
trolling CPU and not with an
intelligent peripheral device
within the I/0 channel.

The SCSI, which can speed
up the process of finding,
storing, and organizing infor-
mation, evolved from the
original SASI (Shugart Asso-
ciates System Interface),
which itself has many varia-
tions. “SASI controller manu-
facturers,” says Devin, “have
traditionally implemented
very low-level features of the
SCSI command set. In addi-
tion, they provide their own
software to integrate the de-
vice with the host’s operating
system.” This situation, he
feels, has led to cautiousness
on the part of manufacturers

Stephan Ohr

in incorporating full SCSI
command sets and in devel-
oping drivers that take ad-
vantage of its capabilities.
The best of the low-level
SCSI drivers can use com-
mands such as Read Capacity,
which provides the host with
the number representing the
logical blocks on a disk or tape
and the number of the blocks
used in data transfer. The
most basic of these drivers,
however, implement only
Read, Write, and Request
Status commands, which
make the SASI implementa-

Phil Devin has more than twenty
years of experience in the com-
puter and peripherals industry.
He is currently marketing direc-
tor at Xebec. He holds a BSEE
from lowa State University.

tion little more than a dumb-
device interface.

At the opposite extreme,
explains Devin, SCSI imple-
mentations resemble IBM
block-multiplexed I/0 chan-
nels and thus would require
substantial engineering in-
vestments in SCSI driver pro-
grams. The block-multiplex-
ed channels typically use
intelligent host adapters with
a “mailbox” structure, which
must be perpetually address-
ed and maintained by the
host. While the mailbox helps
cue I/0 for peripherals in a
multitasking environment,
Devin points out that “writ-
ing software drivers for those
host adapters is a project re-
quiring many man-months of
engineering labor.”

Operating system manu-
facturers have a tendency to
interpret “I/0 performance”
as “terminal response time”
and have therefore parti-
tioned the available I/0 buses
according to the way that the
host CPU would normally
handle data and address
transfers.

SCSI controller manufact-
urers, Devin contends, would
like to see the priority for bus
access more equally distrib-
uted between the host com-
puter and the intelligent pe-
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ripheral controller. “This
would allow the controller to
make more efficient use of the
buses, especially when deal-
ing with different periph-
erals”.

For example, Unix has
emerged as an outrageous
“disk hog” because of its tend-
ency to scatter and gather
files on multitasking systems.
That problem could be greatly
reduced if the operating sys-
tem were oriented to relin-
quish some of its priorities for
bus control to the intelligent
controller.

In many ways, the situation

between SCSI intelligence
and current operating sys-
tems is similar to the situa-
tion in which an operating
system must accommodate
more thanone master.
Though they have begun to
deal with multitasking and
concurrency issues, most
operating systems still re-
volve around one CPU jug-
gling many tasks.

In the foreseeable future,
Devin projects, “the needs of
small computer systems will
be less complex, with a single
SCSI controller handling the
resources of disks and tapes

on a multitasking, multi-user
machine running under a sin-
gle host.” Already ANSI has
proposed allowing a control-
ler to state the level of SCSI
intelligence in response to an
operating system inquiry.

Devin recognizes that there
will be no simple solution to
any of the conflicts, though he
does suggest that as many as
possible of the operating
system makers and SCSI con-
troller manufacturers begin a
dialog on these issues. The an-
nual SCSI forum, he feels,
might be one appropriate
place for that to begin.

Storage subsystems will
maintain tomorrow’s
relational data bases

David L. Childs

Vice President
Set-Theoretic

Information Systems Corp.
Ann Arbor, Mich.

he real achievement of

I relational data bases
was wresting the data

base itself from the tyranny
of a user’s organization and
management. But to handle
the extremely large data
bases of tomorrow, asserts
David Childs, a further sepa-
ration is called for. The link
between the data-base man-

Carole Patton
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agement system and the
secondary storage devices
must be severed as well.

In fact, he emphasizes, any
system that necessitates
knowing how secondary stor-
ageisorganized will be
doomed to failure.

“By the end of the decade, I
like to think that storage
management will have to be
taken over by the Morlocks,”
the underground workers in
H.G. Wells’s The Time Ma-
chine. “They were superbly
efficient at such mundane
tasks as storage, garbage col-
lection, and maintenance.
And in the computers that are

on the way, storage-mainte-
nance chores will be handled
by computer subsystems that
are independent of users.”

Childs conceives of these
subsystems as intelligent de-
vices coming between the sec-
ondary storage and the actual
data-base management sys-
tem. They will be able to
transfer access requirements
to storage.

Now, a relational record is
stored as a physical entity, so
whole records are pulled into
the computer’s buffer during
an operation. But 90% of the
information brought in is
subsequently thrown out be-



There’s a little tiger in
every erry switch

... DUt we’re pussycats to do business with

Our products are tough, but our people aren't... technically trained sales representative...through
and that's the beauty of dealing with Cherry. careful analysis and recommendations by engineers
You see, we can control the quality of our switches  who are really concerned about your problem...to
because we fabricate most of our own parts (moldings, production scheduling and customer service men
stampings, springs, printed circuits, etc.) And we can who follow-up and expedite to make sure we keep

keep the price down because we're loaded with our delivery promise to you.

automatic equipment to handle high volume. Of course we're proud of our modern facilities
But the real difference is in the people you work and equipment...but what we're proudest of is our

with at Cherry...from your first contact with a reputation for customer service. Try some.
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CHERRY 3"SWITCHES

CHERRY ELECTRICAL PRODUCTS CORP. 3609 Sunset Avenue, Waukegan, IL 60087 ¢ 312/578-3500



cause only a portion of it is ac-
tually needed.

Child’s premise is that a
record does not have to be
stored as a physical entity.
“The only criterion should be
whether someone can per-
form a task and get the same
record out every time.

Technically, Childs views
the problem as “drawing”
maps between incompatible
types of secondary storage.
The solution lies in building
subsystems by modeling each
storage device using extended
set theory, a branch of mathe-
matics that Childs conceived.
Using this approach, he can
capture the precise internal
structure and characteristics
of any storage device and

David L. Childs devised the ex-
tended set theory. At Set-
Theoretic Information Systems,
he has applied the concepts to set
processing and relational sys-
tems. He holds a BS and an MA
from the University of Michigan.

ment. Once performance and
capacity have been mathe-
matically modeled, “mapping
even between incompatible
devices is an almost trivial
task.”

“These new systems will be
on the go continuously, and
they’ll never go down.” That
means that their data bases
will have to be maintained,
modified, updated, or com-
pletely changed while they
arerunning, so automated
subsystems for storage man-
agement will become critical.

“Sometimes,” Childs spec-
ulates, “I think we’re still toy-
ing with computers just to
keep our hands on the steer-
ing wheel. But subsystems
can do the driving for us, and
doit better.”o

When you manufacture precision parts,

simulate the storage environ-
there’s no room for mistakes. At Swiss Tech,
we often work in tolerances as fine as

- DEAD ACGURATE 3=

Most people can’t even imagine a distance so small — much
less measure it. But at Swiss Tech it’s a day to day unit of
measure, like tablespoons to a chef.

Because precision is our business.
That's why Swiss Tech has one of the largest
concentrations in the country of single-
° spindle Tornos screw machines.
That’s why we meet our customers’ require-

ments for accuracy by making our own cams
%7 and tooling.
¢ = \ That's why we work with diverse materials,
/// \ like stainless steel, ferrous and non-ferrous
g1 \ alloys, nylons, plastics, silver, TEFLON*
i / //// /(/ /( /f, LA fluorocarbon resin, and DELRIN* acetal
i ,rf | |
i ‘ “ “\‘x
I
.

resins.
\\
.
N\

That's why we maintain some of the world’s
most exacting quality control standards.

Because precision is our business.

So if you need a manufacturer of precision
machined parts, call Swiss Tech.

Dead accurate. Two shifts a day, year in,
year out.

N
SRR
\\::\

*Du Pont's registered trademarks _ ;.

. swiss-tech
woisconsin, INC.

1441 Wisconsin Street, Delavan, WI 63116 Action Line: (414) 728-6363

nastees
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Introducing the World's First

MIL-C-28876 Fiber Optic
Connector.

Now, mil spec reliability in a rugged, sea- B Hughes exclusive, field-proven contact
going, multi-channel fiber optic connector. alignment system yielding repeatable low
Developed to meet stringent Navy requirements, insertion losses
these connectors incorporate all the qualities
you'd expect and the Navy demands in a ship- For more information about our new mil
board fiber optic connector. spec fiber optic connector, or any of our other

first-with-the-military multi-channel types, phone
B Environmental sealing, corrosion resistance, Tom Cobb at 714-660-6710. In England, call
fluid immersion protection Hugh Mclnally at 932-47262.

B Mechanical shock/vibration resistance

B Maximum cable range accommodation/cable HUGHES
strain relief AIRCRAFT COMPANY

CONNECTING DEVICES DIVISION
Industrial Electronics Group
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CENTERS OF

lot of gate array
manufacturers are
talking about their new
design centers. The
ones they're planning, or just starting to build.

Not Fujitsu.

We're not building any right now.
We think the three we have already will do
quite nicely.

That's right. We have three design
centers now.

Fully built.

Fully equipped.

Fully staffed.

As a matter of fact, Fujitsu is the only
company to make such a large commitment
to the gate array marketplace.

FUJITSU

MICROELECTRONICS, INC.

57 WELLS AVENUE
NEWTON CENTRE |
MASSACHUSETTS 02159 |

L

Boston Design Center
57 Wells Avenue
Newton Centre
Massachusetts 02159
(617) 9647080

The FMI Design Centers are located
in Boston, Santa Clara and Dallas. Each has
a multiple station CAD system. High-speed
job entry terminals. Time-share terminals.
Dual-terminal engineering work stations. And
a sophisticated telecommunications network
for an added measure of support.

With high-speed leased-line and satellite
communications, information can be trans-
ferred almost instantly. Not only between the
three Design Centers in the (1.S., but also to
and from FMI host computers in Japan.

'SU

IRONICS, INC.

3320 SCOTT BIYD

Santa Clara Design Center
3320 Scott Boulevard
Santa Clara
California 95051
(408) 7271700

[t amounts to some pretty exceptional
resources. And the best way to eliminate
alot of risks.
You'll also get all the help you need
at every stage of design.
From experienced gate array specialists.
And the company that's brought more
than 3,000 successful designs to light.



ATTENTION.

Dallas Design Center
1101 East Arapaho Road
Suite 225
Richardson
Texas 75081
(214) 669-1616
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You'll be able to make the most of
various technologies — CMOS, TTL and ECL.
And you'll work with one of the broadest
selections of packaging types and styles in
the world.

So call the FMI Design Center nearest
you.We'll be very happy to make you our center
of attention.

Literature request line: 800-556-1234 (ext. 82).
In California, 800-441-2345.

FUJITSU
MICROELECTRONICS, INC.

Technology that works.
3320 Scott Boulevard, Santa Clara, CA 95051 - 408/7271700

INSTAVIEW



The latest in high technology.
Now In cans!

Mepco//Electra has filled them to the brim — our new line
of large can aluminum electrolytic capacitors, power-packed
with the very latest technological advances in design and
manufacturing.

Take, for example, our new Series 3195, which utilizes a
proprietary high-gain anode foil to dramatically reduce case size
for a given voltage and capacitance. Previously, our industry
standard Series 3186 packed 600,000 yF at 5WVDC into a
3.0X5.625-inch can. Now, with our new foil technology,
we're packing the identical capacitance and voltage rating into
a3.0x3.625-inch can. That's a 35% reduction in length.

But there’s more. An innovative non-DMF electrolyte
system enables our Series 3189 to deliver the lowest ESR ever
offered. Result: longer life, cooler operating temperature, and
maximum efficiency.

When your requirements call for large can computer
grade aluminum electrolytic capacitors, call for the technology
leader — Mepcol//Electra — at our Columbia, SC facility:

(803) 772-2500. To obtain complete information regarding the
entire product line, send for our Resistor/Capacitor Data Book.
Mepcol//Electra, Corporate Headquarters, Columbia Road,

Morristown, NJ 07960. (201) 539-2000. TWX 710/986/7437.

CIRCLE 37

Mepcol//Electra Large Can Aluminum
Electrolytic Capacitors — Typical Characteristics
C Temp. Case Size
Series (WF) WVDC (°C) DxL(in,)
389 | 320000 | o | 2O
Low ESR | 760,000 +85
3190 -40
Long Life 257(?858 3=75 to 1375
Low ESR i +85| "
2125
3194 =55
High Perf. | 2700 1150-250 10 | 19
SMPS Input d +105 'X
35| 280010 ~d0| 862
High C | 200 000 5-100 | to
per volume | +85
3196 —-40
Long Life I]b%(())o(ltgo 3-100 | to
High C B +85

Reliability across the board™

Mepco//Electra

A NORTH AMERICAN PHILIPS COMPANY
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Clever techniques adapt
CMOS layout software
to Schottky TTL circuits

With some tricky maneuvers in the design
stage, placement and routing packages
geared for CMOS prove acceptable for TTL.

hough industry-stan-

I dard placement and
routing packages af-

ford a safe and fast way of
producing cell arrays, they
usually are optimized for
CMOS designs. TTL design-
ers, for the most part, are left
outinthe cold, literally forced
to handcraft their cell arrays.
Designers at Siemens AG
(Munich, West Germany)
have broken that barrier, de-
vising a shrewd strategy for

Mitch Beedie

adapting CMOS-optimized
software to Schottky TTL ar-
rays—without the 50% size
increase normally incurred
with that software.

TTL designers encounter
two basic problems that com-
plicate the use of CMOS soft-
ware packages. First, the cir-
cuits consume significantly
more power than their CMOS
equivalents, meaning that re-
sistors with values of up to
20 kQ must be placed between
the circuit elements and
ground or Vec. Second, TTL’s

high output current drive de-
mands power distribution
lines with a heftier capacity
than provided by either
CMOS power lines or TTL
signal lines.

A conventional software
package would solve those
problems by placing the
current-limiting resistors in
the TTL cell itself consuming
silicon area unnecessarily.
When manually constructing
TTL cells, however, designers
normally opt for putting
them in the base diffusion re-
gion, which lies beneath the
routing channels outside the
cell. Because CMOS arrays
have no such current-limiting
requirement, the placement
and routing packages cannot
accommodate that structural
positioning.

Siemens circumvents that
obstacle by literally deceiving
the placement and routing
algorithm. It informs the al-
gorithm that a cell is 150 um
shorter than its actual length

By tricking the placement algorithm into thinking that a TTL cell is 150 um shorter than it actually is, Sie-
mens can lay interconnections over current-limiting resistors in the base diffusion region—something that
CMOS-optimized layout packages cannot do. Here the software puts down the U-shaped resistors so that
they project 50 um over the left end and 100 um over the right end.
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and then fits U-shaped re-  reserves the first metal layer  ently. In the I/0 region the
sistors into the extra area  for X axis interconnections  first metal layer is given to
(see the figure). Using that and the second layer for Y  cell interconnections, the sec-
information, the algorithm  axis connections. That treat-  ond to power lines. When in-
responds by placing the inter- ment proves no problem for  terconnection lines in the
connection lines over the CMOSarrays,sincethepower  first layer must cross, de-

base-diffused resistors. lines can be as thick as the signers manually lay down
Siemens defines a min-  other connections. small bridges to areas in the

imum routing channel width The power lines of TTL cir-  second layer that are not used

of 200 um, a figure that pre- cuits, however, must be much by the power lines.

vents overlapping of resistors  heavier than other connec- The entire placement and

in different cells. As aresult, tions so that they can handle routing technique is now be-
the TTL cells can be packed high current drain from ingused in a new generation
more tightly, a trick that ulti-  many bus drivers. Thin lines, of Schottky TTL support
mately enables the software  in addition, have too high an  chipsfor the 8086/8088 micro-

to cut chip area by upto40%. inductance, causing unaccep-  processor family. The chips
The device can be shrunk  table spikes. are about the same size as
further by manually retouch- Siemens’ solution is hand-designed circuits, and

ing the automatically routed  straightforward: It leaves the = were automatically placed
lines on the chip’s periphery.  channels between cells intact  and routed using industry-
In double-metal CMOS cir-  but routes areas on the pe-  standard software packges, in
cuits, the routing algorithm riphery of the chip differ-  only a few weeks.o
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Central Data
is Multibus™ I/O

The new Multibus Multi-Media Controller

is the industry’s first to support up to 12 stor-
age media — four each 5'4" Winchester
disks, floppies and QIC-02 streaming tape

drives, and at an economical price. On-
board buffers provide 1:1 interleave trans-
fers and the board supports both bus-vec-
tored and non-bus-vectored interrupts. The
board self-tests internally and corrects up to
11-bit burst errors with a 32-bit ECC for Win-
chester drives. For even greater perfor-
mance, an optional iLBX* DMA interface is available with the board’s (80188) 8/16-bit processor. The
B1030 is available in 100 up pricing at $895.

The new High Performance Terminal Con-
troller can operate at 9600 baud-full duplex
to all eight channels without loss of input
characters. Each channel can be program-
med for baud rates to 19.2Kb. The powerful
Intel 8088 processor handles all I/O inter-
rupts, freeing time for the host processor.
64K of dual-port RAM is used as buffers for
data in and out, with bus lock and parity

L error detection supported on both ports.
Jeff Roloff, President Bus-vectored and non-bus-vectored inter-

“Our commitment to excellence is clearly visible in our rupt modes are supported. And for maximum convenience and reliability, the board comes complete
Multi-Media Controller and High Performance Terminal with two 60-pin locking right angle headers. The B1031 is available in 100 up pricing at $705.

Controller. Both offer you the quality and performance you
have come to expect from Central Data.”

New 1984-85 Fall Product Catalog
now available. Call or write for your

copy.

Central Data

Central Data Corporation
1602 Newton Drive
Champaign, IL 61821-1098
217) 359-8010

TWX 910-245-0787

(800) 482-0315 Outside lllinois

* Multibus and iLBX are
trademarks of Intel Corporation CIRCLE 41




How toDRIVE
YOUR BEST DEAL

Shift to SRAMs from NEC and you're on
the fast track to success. We're geared up to
give you the winning combination. Competi-
tive pricing, immediate delivery from stock
and quality you can count on. All the way
down the road.

8K x 8 in CMOS or MIXED-MOS

Our MIXED-MOS uPD4364 combines
N-channel memory cells and CMOS peripheral
circuits. So you benefit from the best of both
worlds. Low cost plus low power. In the
industry-standard 28-pin DIP. Or a surface-
mount miniflat pack ideal for battery-backup
and portable applications.

If you need full CMOS, try our uPD4464.
And get standby power savings on the order
of 100 to 1.

Better on the bottom line

CMOS or MIXED-MOS, NEC memories
graduate from some of the toughest tests on
the commercial market. Every single one
goes through electrical screening. Not once,
but twice. Both before and after 100% burn-in.
The result is 0.1% AQL.

Because NEC product qualifies for ship-
to-stock programs, you can reduce your
incoming inspection expenses. Or eliminate
them with confidence. Knowing that NEC
delivers the most reliable SRAMs on the
market. PD.Q).

Here’s how to get immediate delivery:.
Call 1-800-556-1234, ext 188. In California:
1-800-441-2345, ext 188. And ask
for the name of your nearest
NEC franchised distributor
or sales office.

© Copyright by NEC Electronics, Inc. 1984.




INTERNATIONAL MEETINGS

Cadcam International Show, Jan.
8-10. National Exhibition Centre, Bir-
mingham, England. Peter Walker or
Landy Hashimi, PWA, 32 Fitzroy
Square, London W1P 5HH; (01) 388-
9871.

Micro-Computer ’85, Jan. 29-Feb. 3.
Frankfurt, West Germany. Philippe
Hans, German American Chamber of
Commerce, 666 5th Ave., New York,
N.Y. 10103; (212) 974-8856.

Middle East Electricity and Elec-
tronics Exhibition, Feb. 2-6. Jeddah
Expo Center, Kingdom of Saudi Arabia.
Len Bennett, Logisties, 237 Park Ave.,
21st floor, New York, N.Y. 10017; (212)
551-3530.

AFIPS-Asia ’84, Feb. 14-March 2.
m.v. World Wide Expo, Tokyo, Osaka,
Kitakyushu, Taipai, Hong Kong and
Singapore. AFIPS, 1899 Preston White
Drive, Reston, Va. 22091; (703) 620-8926.

Autotech Hong Kong ’85, March 7-8.
Hong Kong. Autotech Hong Kong 85,
Hong Kong Productivity Center, 12th
floor, World Commerce Center, 11 Can-
ton Road, Tsimshatsui, Hong Kong;
3-7235656.

Componentes Electronicos 85,
March 12-15. Mexico City, Mexico,
March 19-22, Guadalajara, Jal., Mexico.
Raquel Polo, United States Trade Cen-
ter, Liverpool 31 Col., Juarez 06600,
Mexico, D.F.; or PO Box 3087, Laredo,
Texas 73044.

The Scottish Computer Show and
Conference, March 12-14. Anderston
Exhibition Centre, Albany Hotel and
Holiday Inn Hotel, Glasgow, Scotland.
Cahners Exhibitions Ltd., Chatsworth
House, 59 London Road, Twickenham,
London TWI 3SZ, England; (01)
891-5051.

China Tronic ’85, March 14-19. Tian-
jin Exhibition Centre, Tianjin, Peoples’
Republic of China. Asdale Exhibition
Services, 109-111 Gloucester Road, 21st
floor, Wanchai, Hong Kong; 5-8920511.

Comtel ’85, March 18-20. Infomart,
Dallas, Texas. Comtel ‘85, International
Computer & Telecommunications Con-
ference, 5080 Spectrum Drive, Suite
707E, Box 17, Dallas, Texas 75248; (214)
631-6482.

Automatic Testing and Test Meas-
urement 85, March 19-21. Rhein-
Main-Halle, Wiesbaden, West Ger-
many. Network Events Ltd., Printers
Mews, Market Hill, Buckingham, MK18
1JX, England; (0280) 815226.

Networking ’85, March 23-31. Tokyo,
Japan. Brad Ketchum, INC. Publishing
Corp., 38 Commercial Wharf, Boston,
Mass. 02110; (617) 227-4700 or Aki Tsu-
rukame, Pacific Catalyst Group, 650
Grand Ave., Suite 1004, Los Angeles,
Calif. 90017; (213) 614-0049.

IEEE Infocom ’85, March 25-28.
Washington, D.C. Celia L. Desmond,
IEEE Infocom '85, Room 1855, 160 Elgin
St., Ottowa, Ont., Canada K1G 3J4;
(613) 239-4510.

Bit ’85 Computer Show and Confer-
ence, March 26-29. National Ex-
hibition Centre, Birmingham, England.
Cahners Exhibitions Ltd., Chatsworth
House, 59 London Road, Twickenham,
London TW1 3SZ, England; (01) 891-
5051.

Comdex In Japan, March 26-28.
Tokyo International Trade Center,
Tokyo, Japan. Milton Berns, The Inter-
face Group Inc., 300 First Ave., Need-
ham, Mass. 02194; (617) 449-6600.

32nd International Electronics, En-
ergy and Aerospace Exhibition (Rie-
na), March 26-31. Rome, Italy. Riena,
Via Crescenzio 9, 00193 Rome, Italy; (06)
6569343/4/5.

Internepcon/Semiconductor Inter-
national, March 27-30. Korea Ex-
hibition Center (Koex), Seoul, Korea.
Cahners Exposition Group, 7315 Wis-
consin Ave., PO Box 7007, Washington,
D.C. 20088; (301) 657-3090.

Unix Systems Expositions '85, April
2-4. Palais des Congres, Paris, France.
Networks Events Limited, Printer
Mews, Market Hill, Buckingham, MD18
1JK, England; (0280) 815226.

Electronics and Electrical Engineer-
ing Exhibition, April 17-24. Hanover,
West Germany. Hanover Fairs, PO Box
338, Whitehouse, N.J. 08888; (800)
526-5978 or (201) 534-9044.
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highest figure-of-merit

phase
etectors

only $189%

IN STOCK. . .IMMEDIATE DELIVERY

* highest figure-of-merit, 129:
(DC output, mV/RF power, dBm)
1000 mV typ. output, with +7 dBm
input atL,R ports

¢ very low DC offsetonly 0.2 mV typ.

* hermetically sealed
to MIL-STD 202

* MIL-M-28837 performance*

* miniature size,
only0.2x0.5x0.25in.

* one-year guarantee

*Units are not QPL listed

MPD-1 SPECIFICATIONS

FREQUENCY RANGE

L and R ports 1-100 MHz

Output ports DC-60 MHz
SCALE FACTOR 8 mV/Degree
IMPEDANCE

L and R ports 50 ohms

I port 500 ohms
L AND R SIGNAL LEVELS +7 dBm
ISOLATION, L-R 40 dB min.
MAXIMUM DC OUTPUT, mV 1000 mV typ
DC OUTPUT POLARITY Negative
DC OUTPUT OFFSET 0.2mV typ.

Call or write for 64-page
RF Designers Guide, or see guide in EEM,
EBG, Gold Book or Microwaves Directory

finding new ways
setting higher standards

[ JMini-Circuits

A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers

PO. Box 166, B'klyn, N.Y. 11235 (718) 934-4500

C101-3REV. ORIG
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We make computers
that design what you make.

We're Apollo Computer, the fastest growing professional work-
station company in the world. And for some very good reasons.

We introduced a new standard in the computer industry.

In1981, we introduced the next step in the evolution of the
computer. With the logical successor to time sharing: DOMAIN ® processing.

DOMAIN processing puts on the desk of every technical profes-
sional exactly what they need to design and develop new products. Dedicated
32-bit workstations with the compute power of a mainframe. Closely-integrated,
bit-mapped graphics. And a high speed local area network that shares information
and resources. The result is a fully integrated, dynamic environment that lets
your technical professionals produce better, more innovative new products in
considerably less time. With considerably lower development costs.

R TR
From left to right

application software from: TR
Mentor Graphics Corp., Design
Interleaf, Zirclzgz'ngdof a
Auto-Trol, ulkhead.
The MacNeal-
Schwendler Corp.
Racal-Redac,
Sulomuies Impact, Documentation
GE/CAE International, ; 4 R
ORACLE Corp. with
and GE Calma Co. integrated Stress
graphics and analysis of
text. a soft-drink
S bottle.
&
Logic design 3

simulation.




We have a family of compatible workstations.

Today, we have an unprecedented range of DOMAIN workstations
to meet whatever design and development needs you may have. From our high
performance VAX" 780-class DN660 (color) and DN460 (monochromatic) for
applications like finite element analysis and solids modeling, to our midrange
DN550 for applications like integrated circuit and printed circuit board design.

To our low cost DN300 series for applications like software engineering and tech-
nical illustration. And all of our DOMAIN family of workstations are completely
compatible.

We have nearly 300 technical applications packages.

To stay competitive today, you have to look beyond automating
individual tasks. So we allow you to automate the entire development process.
With nearly 300 of the most powerful and prestigious third party applications
packages available today.

If you'd like to know how we can help boost your technical
professionals’ productivity and shorten your product development cycle, you
have only to ask. Write or call Marketing Communications, Department Al,
Apollo Computer, 330 Billerica Road, Chelmsford, Massachusetts 01824
(617) 256-6600 Ext. 4497.

DOMAIN® s a registered trademark of Apollo Computer.
VAX™ s a trademark of Digital Equipment Corp.
ORACLE® is aregistered trademark of ORACLE Corp.

© Apollo Computer, Inc. 1984. \ ‘
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Now Burndy oflers
variety of Eurocard

Including design options conforming to

® 2-piece, high-density “.100 Grid” design permits greater
packaging densities.

e Housings available in up to 96 contact positions to provide
unlimited arrangements and configurations.

e [_ow mating forces for easy installation.

Standard Reverse

Euroconnector Euroconnector Types
(PI Series): (RPI Series):

AW
F\ ¥
“.
R
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= Z EE
N ok
STD PI SERIES: Conforms to DIN TRUE INVERTED STD RPI INVERTED PRESS-FIT RPI
41612 and VG 95324 styles B & C (with SERIES: Conforms to DIN41612 SERIES: Features male press-fit
appropriate platings). Available in 2 or 3 styles Q & R. Available in 96 (3 row) contacts for assembly into plated-thru
rows versions (32, 48, 64 or 96 contact or 64 (2 row) contact positions. UL holes. Press-fit eliminates soldering
positions) UL recognized and CSA certified. recognized and CSA certified. New and affords economical contact

48, 120 & 150 positions coming soon. replacement. Also available
pre-assembled.

NOW! Everything you’ll ever want—or need—in We’d be happy to demonstrate the advantages of

a Eurocard Connector System from a single our Eurocard Connector System and to provide
reliable American source. Everything! IDC flat technical assistance for your application needs.
cable. Discrete wire IDC. System 12 connectors. So when your application demands reliability,
Pre-assembled Press-Fit receptacles’ Power and service and variety, come to Burndy — the number
Coaxial connectors that conform to DIN #41612  one source for Eurocard Connectors. Or contact
style M. You name it—we’ve got it! your local Burndy Distributor for all Standard

IN EUROPE: Burndy SA, POB 66, Chene-Bourgeries CH-1224, Geneva, Switzerland. Tel. (41) 22-49 48 48



you the largest
connectors in the US.
DIN 41612,VG 95324,and IEC 603-2. specs.

e Fully interchangeable with all other Euro-Card connectors.

e Duplex or selective plating options provide maximum cost
effectiveness.

e Choice of housings, contacts, arrangements, materials and
platings provide maximum versatility.
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NEW TRI-GRIP™COMPLIANT PIN PRESS-FIT NEW SURFACE-MOUNT RPI
CONTACTS: Featuring the TRI-GRIP contact designed to SERIES: Provides all the features of surface-
insure contact concentricity, eliminate rotation, provide low mount in a true reverse DIN connector.

insertion and high retention force. TRI-GRIP contacts provide
reliable gastight connections even under severe environmental
conditions. L.M.E. inverted versions accepts 42 press-fit
signal contacts and 6 power contacts.

Eurocard Connectors. For details, call or write:
Eurocard Connector Product Manager, Burndy
Corporation, Norwalk, CT 06856, Tel: (203)
852-8425. TELEX: 965920

*Call for availability. ; B U n N DY

Offices in principal cities throughout the United States

IN THE FAR EAST: Burndy Japan Ltd.. Shuwa Shinagawa Bidg., 26-33, 3-chome, Takanawa, Minato-ku, Tokyo, Japan 813-443-7211
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GENERAL &3 ELECTRIC

New top-of-the-line capacitors for electronic and
switching power supply applications.

GE Capacitor Products Department has once again
combined advanced technology with superior materials
to offer you high performance capacitor products for
electronic and (specifically) switching power supply
applications.

Value that can’t be topped

The HI-C blocking capacitor is specially designed to pro-
vide superior operating characteristics. Utilizing a graded
metallized polypropylene dielectric system, it provides for
high current capability, lower dissipation factor at high
frequencies, and superb clearability for input/output filter-
ing, snubber and switching power supply applications.

The bottom line in economy

The HI-F, RFI suppression capacitor is an economical
approach to meeting the stringent suppression require-

ments required for newer, high frequency switching cir-
cuits (i.e. Switching Power Supply). Input filters consisting of
these capacitors have been successfully tested and ap-
proved by VDE. The GE HI-F product line has VDE approval.

HI-C and HI-F—superior, dependable products from
General Electric.

For more information, contact your local GE Sales Repre-
sentative or General Electric Company, Capacitor Products
Department, Hudson Falls, NY 12839

GE Capacitors When The Bottom Line Is Top

—\
VALUE

GENERAL % ELECTRIC
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And your patterns and characters, too. They are
available on a wide variety of Hitachi liquid crystal
display modules, from small single-line numeric units
to one of the largest (128 x 480) dot-matrix graphic
displays on the market today.

Thin, Clear & High-Performance

Hitachi engineers know your needs, so they’ve
developed these modules to be ultra slim. They’ve
used twist-nematic type liquid crystals to improve
brightness and background contrast. And they’ve
used their advanced manufacturing skills to ensure
sturdiness, reliability and long service life.

Designed for Immediate Application

Each module either comes with an external controller
or has its controller built-in. That means you can
apply Hitachi LCDs immediately in calculators, digital
clocks/watches, computer peripherals, office-type
telephones, portable electronic typewriters, compact

We’ve got your

computers, facsimile machines, medical/scientific
equipment... the possibilities are virtually unlimited
when you choose Hitachi.

B Graphic Displays

Type

Display Capacity

External Dimensions

No. (dot x dot) WxHXT (mm) | Controller
H2525 20x 239 220x 53 x 15 max.
External
LMO021 24 x 479 290 X 60 x 13 max. CB1020R
(HD61830)
LM200 64 x 240 180x 75x 15 max.
LM213B 64 x 256 184 x 75 % 12 max. Built-in
LM211 64 x 480 270 x 82 x 13 max. External
CB1026R
LM212 48 x 640 270 x 63 x 14 max. (HD61830)
External
LM215 128 x 480 270 x 110 X 15 max. CB1030R
(HD61830)

Note: Character displays also available in 1-line, 2-line and 4-line series.

@ HITACHI

For more information:

Hitachi America, Ltd., Electron Tube Sales &4§er¥ice (lg'fl\gs)ic_;r_}:3 S
«500 Park Boulevard, Suite 805, Itasca, lll., 60143, Tel: -070(
+2099 Gateway Place, Gateway Office Park, Suite 550, San Jose, Calif., 95110, Tel: (408) 277-0134
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Moving loop PC board relays use approximately
one-third the board space while reducing power
consumption by as much as two-thirds.

Through advanced
manufacturing technology,
we're keeping an eye on
quality without letting
production costs get out

of sight.

Look to Omron for the

state-of-the-art in component
manufacturing.

Our totally automated assembly
lines are helping us produce
more than 700,000,000 relays and

CIRCLE 51 FOR MORE INFORMATION

Quality. Quantity. \

switches per year. Advanced com-
puter monitoring systems are
scanning continuously for the
slightest variations between prod-
ucts at every stage of production.
Through our advanced Q.A. sys-
tems, we're holding tolerances

so tight that, in many cases,

we’ve completely eliminated a
customer’s need for incoming
inspections.

Our expertise in high-volume pro-
duction of “standardized”” com-
ponents helps us hold the line on

CIRCLE 67 FOR VIDEO PRESENTATION

costs. And those manufacturing
efficiencies are reflected in the
quality and cost-savings we pass
on to our customers.

How an electronic component is
made tells you a lot about per-
formance, reliability and cost.
That’s why we’d like to show you
a short video presentation of our
manufacturing capabilities. Please
call 1-800-621-6413.

In Illinois: 312-262-7783.

OMRON

snap-action, thumbwheel, illuminated, key, DIP switches - printed circuit board, general purpose, power, solid-state relays - photomicrosens.

We're in control
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Tadiran Electronic Industries Inc.

350 5th Ave. New York N.Y. 10018 U.SA. Telephone (212) 947-4600

Lakeland Plaza Professional Bidg. Suite 263 Lewisville TX 75067 USA. Telephone (214) 221-7523
6312 Variel Ave. Suite 203 Woodland Hills CA 91367 U.SA. Telephone (818) 884-3884
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Tadiran Ltd., 11 Ben Gurion Street, Givat-Shmuel P.O. Box 648, Tel Aviv 61006 Israel. Telephone (03) 713111. Telex 341692




SO FAR, ENGINEERS HAVE COME TO DIALIGHT WITH

Helping thousands of you find the perfect switch for your
front onelsqhos taught us a few things about engineers.

or one, you're an incredibly creative bunch. So for many of
you choosing a switch is an important personal statement.

Just like choosing a tie.

But that's not all we've learned. We've
also learned over a million ways to make a
better switch.

WE HAVE THE SWITCH THAT’LL TURN YOU ON.

For example, we've learned how to
make switches more reliable. So when
one engineer needed a switch for a heart

- ' LU monitor, naturally he came to Dialight.
When reliability is critical, depend He knew we make all our switches here
on Dialight’s 100% testing. in the U.S.A. Where we can keep an eye on
quality. And we test every single switch we
sell before we ship it.

We suggested a rugged little lever with a full 25° of motion.
He flipped. Because not only
was it reliable, doctors can
check the monitor’s status at
a glance.

DRESS UP YOUR DESIGN IN A
DIALIGHT ORIGINAL.

As you can see, Dialight
knows it takes an enormous
variety of designs to suit
everyrengineer.

hat’s why we offer you

This split-screen lighted pushbutton
installs in a snap.




1,000,000 DIFFERENT IDEAS OF WHAT A SWITCH IS.

thousands of styles in pushbuttons. With momentary or alternate
action. Neon or LED illumination. Hot stamped or engraved
graphics. And legends from the word GO to HALT.

We've even come out with illuminated
Eushbuh‘ons with built-in resistors, to help .

utton down wiring costs. T -

If you're in the market for rockers, T '
toggles or levers Dialight can show you
over a million combinations of actuators,
terminations, contact ratings, functions,
mounting styles and colors.

Should you need to mount one on a ;
circuit board, our sealed switches can save §
production steps. You just insert them along
with other components and automatically wave solder and clean
the finished board. That can save a lot in manufacturing costs.

Which brings us to our final point.

Dialight switches can save you money.
We can supply you with exact
equivalents for C&K switches, for example.
At a fraction of the cost. And we can send
you a sample within 48 hours.
So call us at 718-497-7600. Or
write Dialight Corporation, 203
Harrison Place, Brooklyn, NY 11237-1587
and we'll send you our catalogs.
When you have some time, browse
through them. And, please, if you don't
see exactly what you like, just ask.
A North American Philips Company

DIALIGHT SWITCHES
Products

of yoarn imagination.

i You can easily insert,
solder and clean
~ our sealed switches.
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“To get accuracy that good, you have to be committed to excellence.”

“My name is Bob Spector.
Because I'm a fanatic about compo-
nent performance, my friends here
at Hybrid Systems call me ‘Specs!

“OK, I'm a perfectionist. But I
have to be. Many Hybrid Systems’
components are used in complex sys-
tems where there’ virtually no room
for failure. So when we design a new
product, we see to it that it doesn’t
just meet our specs — it exceeds
them. Whether it’s for military or
commercial use, we're meticulous
about the design and manufacture of
every Hybrid component. We want
them to be incredibly accurate and
extremely reliable.

“Take the HS 9516-6, for exam-
ple. We have created the industry’s
first ADC with true 16-bit (0.0008% )
linearity.

“The HS 9516-6 is completely
self-contained with clock, reference,
comparator, successive approximation
register and low power 16-bit DAC,
and features 100 psec conversion
time and six user input ranges. Using a
precision CMOS DAC, the HS 9516-6
is rated at 1.2W — much lower than
comparable ADCS.

“I don’t mind being called ‘Specs;,
because I help Hybrid deliver the fea-
tures and performance you need in
your design. And the reliability, too.

Hybrid Systems

ORPORATION

That’s why we’re the leader in pre-
cision data converters, hybrid
data acquisition systems, and thin-
film products.

“So you can call me ‘Specs. Or
better yet, just call me. Hybrid’s here
to help?”

Hybrid Systems Corporation, 22
Linnell Circle, Billerica, MA 01821.
(617) 667-8700.

Hybrid
Systems

Precision Data Converters, Hybrid Data Acquisition Systems, and Thin-Film Products.
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oftware is maturing. It
s has a long way to go, but it

has reached the point at
which the benefits of standardi-
zation clearly outweigh its in-
hibitory effects. The growing at-
tractiveness of networking, the
need to process the same infor-
mation on different computer
systems, and the obvious de-
sirability of having to write just
one version of any given applica-
tion program are all combining
to convince even the most inde-
pendent of designers of the need
to standardize.

What standards to adopt, and
when to adopt them, are ques-
tions that have yet to be an-
swered. In the field of network-
ing, software will probably
follow in the footsteps of hard-
ware—that is, several stan-
dards are likely to emerge. At
present, however, no single set
of software protocols, suitable
for both local and global net-
works, has emerged. As our
progress report on software
standards for networks indi-
cates, work in this direction is
proceeding apace. Already the
International Standards Or-
ganization has released stan-
dards for two of the seven layers
of its Open Systems Inter-

esigners
eference

connection (OSI) reference
model.

For some computer users, the
software standards problem is
not so much real-time communi-
cation as it is simply common-
ality of language. Chip and
board designers, for example,
need a standardized hardware
description language (HDL), so
that different parts of the de-
sign process—including test
generation—can be carried out
by different people on different
machines. Progress in this area
is covered in our second report,
which is on software standards
for computer-aided engineering.

The third report in this year’s
Designer’s Reference is on oper-
ating systems, specifically Unix.
Despite the attractiveness of
having to write only one version
of any given application pro-
gram, there is just about no hope
of ever developing a single uni-
versal operating system. One
might think, however, that a
single version of a popular oper-
ating system like Unix might
come into being. But no, as the
third report points out, there
are four main Unix camps with-
in each of which some progress
toward standardization is being
made.
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RELAYS
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When your relay applications require unflinching, long- your more demanding applications
term reliability, rely on solid-state relays from ITT Components For more about the family of solid-state relays you can rely
We have a full family of compatible solid-state relays, avail- on day after day after day, contact your nearest ITT distributor
able now, to meet your most demanding needs. or ITT Components, a unit of ITT Corporation, 1201 East
Our new C3 and C4 switching modules, for example, have McFadden Avenue, Santa Ana, CA 92705. Telephone: (714)
extended power range with the addition of back-to-back SCR 836-0351. Telex: 681-389. TWX: 910-595-1744. Or in Canada
output devices available up to 110 amps. contact ITT Components, adivision of ITT Industries of Canada
Our product line alsoincludes C1, C2, P1, P6 and P9 Limited, 4001 Chesswood Drive, Downsview, Ontario M3J2R8.
switching modules, as well as input/output modules Telephone: (416) 630-7971. Telex: 06-22703

Every one of our solid-state relays is 200% tested for
optimum reliability, and each relay is UL and CSA approved

Whefdrggi%lrzgﬁy we offer custom design assistance for I T T COM PON ENTS
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Local and global networks are

inciting the industry to develop

standard protocols, albeit slowly

omputer networks are set-

‘ ting the course for distrib-
uted processing systems.
Besides sharing expensive re-
sources and passing documents
back and forth, users can send jobs
off to idle computers in the net-
work while their local machine is
occupied with something else. In a
more advanced network, the com-
puter can automatically break
down jobs and send them to other
machines, giving the system the
power of a mainframe at a fraction
of the cost. Moreover, the network
could be incrementally expanded
to meet changing processing needs.
Though the advantages of global
and local networks have already
been enjoyed by engineers and oth-
ers, their benefits ultimately lie in
the future, awaiting the establish-
ment of standard protocols for
hardware and software. Hardware
protocols—such as IEEE-802.3
(Ethernet) or IBM’s 2-Mbit/s
broadband local network —specify
how bits of data travel from one
computer to another; software pro-

Curtis Panasuk

tocols spell out which bits are
transferred and what they mean.

Because of their more abstract
nature, software protocols are
more difficult to define than hard-
ware ones. Consequently no com-
plete set of software protocols has
emerged from any major stan-
dards organization. Preliminary
steps were taken by the Interna-
tional Standards Organization,
which last year released a network
protocol (layer 3) and a transport
protocol (layer 4) representing
only two layers of the seven-layer
Open Systems Interconnection
(OSI) reference model.

In the absence of official soft-
ware standards, manufacturers
and other organizations have been
busily creating their own proto-
cols. A decade ago, long before pri-
vate companies even embarked on
their protocol project, the U.S. De-
partment of Defense developed its
Transmission Control Protocol, or
TCP, the specifications of which it
released immediately.

Three years ago Xerox Corp.
(Stamford, Conn.) released the
equivalent of layers 3 and 4, which
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it calls the Transport layer, along with layer 6,
which it calls the Courier, for the Xerox Net-
work Systems protocol, defining them in a
functional specification. Though the company
has been using a complete protocol since 1981,
it publicly released the application layer speci-
fications only last April.

IBM Corp. (Armonk, N.Y.) only recently
came on the local network scene: In August it
announced PC Network, specifying broad-
band hardware and several high-level soft-
ware layers. Though naturally geared for the
IBM PC personal computer, the network
might well become a de facto standard for any
type of computer.

IBM’s interest in computer communication
did not start with small computers. Its System
Network Architecture (SNA) aims at main-
frames, and though it proves too inefficient
for today’s emerging local networks, it can
easily handle global systems. Similarly, the
X.25 standard of the International Consul-
tative Committee of Telegraphy and Tele-
phony (CCITT) is suited to global networks,
but its expensive error-checking mechanism
consumes too much processing power for local
networks.

The requirements of global and local net-
works are quite different; consequently it is
difficult to design a software package to do
both jobs. Consider the basic differences be-
tween the two network types. Local networks
connect computers over about a mile square
with high-speed and reliable hardware. Glob-
al systems send data over much longer dis-
tances but with less reliable connections—
telephone lines, terrestrial microwave radio,
and satellite links (F'ig. 1). Those connections
are susceptible to dropouts caused by bad
weather, switching noise, and other condi-
tions.

Most local network software protocols as-
sume a virtual connection that depends on
data traveling through the network continu-
ously. Some damaged data could pass, but the
system could not tolerate the 1- or 2-second
dropouts encountered in global networks. On
the other hand, global network software must
be able to send data in small packets, carefully
logging which packets have been sent or re-

ceived. In that manner, if a disturbance arises,
the system could send the packets again later.

TCP, SNA, and X.25 all have that “data-
gram” capability and thus are suitable for
global networks. However, the ISO’s OSI
model and the Xerox Network Systems proto-
col cannot handle datagrams; thus they are
limited to local networks.

The ISO is working to rectify that problem
by adding the capability to its transport layer.
In doing so, it would give the communications
industry a worldwide software standard, one
that would make possible a single prefabricat-
ed software package that could handle any lo-
cal or global network.

Already the networking industry has seen
some prefabricated software packages,
though they do not represent a standard pro-
tocol. Nevertheless, most adhere to some as-
pect of the ISO’s classification system, which
serves essentially as a guide to developing pro-
tocols and divides networking into manage-
able “chunks.”

The model divides networking into seven
layers, each of which has independent func-
tions (Fig. 2). Technology advances can be ap-
plied to the appropriate layer without affect-
ing the other layers. A perfect example is the
hardware evolution of the two lowest layers—
from a boardful of chips to a micropro-
cessor-firmware combination to a pair of dedi-
cated chips such as those available from Intel,
Seeq, and Advanced Micro Devices. In a simi-
lar fashion, software layers might be im-
proved with better algorithms or eventually
converted into hardware without affecting
the layers above or below them.

Layers 1 through 6 are the equivalent of an
operating system upon which application pro-
grams can be written. Layer 7 hosts another
class of programs—subroutines that are
called by the application programs, which
themselves become the user-machine inter-
face. The amount of code written at layer 7
vastly outweighs the amount written for all
six other layers.

The ISO’s process of creating standards for
these different layers is a formal procedure
that starts with a committee of professionals
who create a draft. After review by members
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worldwide, the committee decides which com-
ments and recommendations to incorporate
into the draft. The member countries then
vote on the draft, and if a majority approves it,
it becomes a draft international standard and
is redistributed for further scrutiny. If, after
subsequent modification, it receives another
majority vote, it is cleared as an international
standard. Right now only layers 3 and 4—
network and transport levels, respectively —
are international standards, but the others
are in various stages of proposals and drafts.

With the standard definition of layers 3 and
4 and with the IEEE standards for the phys-
ical and data link hardware, data can flow
between computers from different manu-
facturers. At the National Computer Confer-
ence earlier this year, Intel, Hewlett-Packard,
IBM, Digital Equipment, and several other in-
dustry heavyweights gathered to demonstrate
an unusual network. All independently imple-
mented layers 3 and 4 of the ISO standard, ei-
ther writing the software for those two layers
from scratch or buying it—in the form of a

Local network in New York
Preferred protocols:
TCP (Arpanet)
ISO OSI
Xerox Network Systems
PC Network (IBM)

| Computer Computer "
1 2 Gateway
to global [
r & 1 network
Computer
3
Local
network
in Paris

Global network
Preferred protocols:
TCP (Arpanet)
X.25

SNA (IBM)

Local
network
in Los Angeles

Local
network
in London

1. Ideally, networking software should be independent of hardware. In reality, the protocols that work
best over the telephone-based global networks are not well suited to low-noise high-speed local networks.
The Department of Defense’s TCP, developed for Arpanet, works well in both types of networks.
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board —from Intel or Interlan. The companies
also used two hardware standards, the IEEE-
802.3 CSMA/CD and the IEEE-802.4 token-
passing bus, to show that the software layers
were independent of the hardware connection.
They agreed to one file-transfer application
program, which they implemented on top of

connected to the network.

Since the ISO specification is not complete,
an engineer creating a network system has
two alternatives. He can base the system on
ISOlayers 3 and 4 and then add his own imple-
mentation of layers 5, 6, and 7, even though his
version will probably have to be rewritten

when the ISO finalizes those upper layers
some time late next year. The other approach

layers 3 and 4. Thus they could transfer files
among the 10 different computers that were

User programs: Subroutines:
in Date and time of day
Password checks Job transfer
File transfer and access Virtual terminal
: Application layer ey D"::‘d?gd": S e
e e Airline reservations Authentication
Stock prices Printing protocol
Credit checks
Inventory checks
l/
P lg:errre: character sets (example: EBCDIC or ASCII)
Presentation layer splay formats
6 (implemented with Dis S The Stome
host software) Coder:onsgrsior:lg
IS
— Replace names with addresses
Session layer Dlal:'?ue control (who, when, how long,
5 (implemented or full duplex)

with microprocessor

Opening and closing of connections
and firmware)

N V
T t Error detection and recovery
fa"s'p°" aggr Multiple connections for requlred throughput
4 (implement End-to-end acknowledgment of successful jons

with microprocessor

and firmware) Disassemble and reassemble data packets

S
L
Establish routes for packets to travel
{?,?,",;{3,’,',‘9',‘,’,{5; Control flow (match receive data rate to buffer size)
3 with microprocessor Count transmitted bits for billing information-

and firmware)

el
e Add flags to indicate beginning
Data link and end of mi
2 (implemented in Add CRC check bit for detecting
hardware) transmission errors
V . Bit time in microseconds.
_ Physical link Voltage levels for 1 and 0 bits
1 (impiemented in Coaxial cable, rf connection,
hardware) optical fibers

Off to other computer

2. The ISO divides the task of networking computers into seven levels,
but manufacturers can develop their own applications and imple-
mentations within the guidelines of each layer.
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THE PEOPLE WHO GIVE VMEbus
WHAT IT NEEDS MOST, GIVE YOU THE
MOST VMEbus MEMORIES. PLESSEY.

Plessey Microsystems makes life easy for the VMEbus
designer with the most comprehensive range of VME
memories in the world. All backed by Plessey’s worldwide
resources, technical support services and total corporate

commitment to VMEbus.
Plessey VME Memories
for your systems. The Plessey
VME memory range includes
every popular memory
technology, including DRAM,
ROM/EPROM and fast static
RAM. As shown in the
accompanying table, our
capacity range spans 128
Kbytes to 3 Mbytes with EDC
and 4 Mbytes with parity
DRAM. Plessey VME
memories are available with
full 32 bit support to take
advantage of the MC68020
and NS32032. So, no matter
what VME route you're taking,

Plessey VME: a continuing commitment. Plessey VME
memories are just a part of the rapidly expanding range of
Plessey VMEbus board level products which also includes
single board computers; controllers, graphics and I/O boards;

backplanes; power supplies; software and firmware, including

PLESSEY VMEBUS MEMORIES
« i Write  Read

Maximum  Plessey Data  Access HAccess

Capacity Memory  Parity EDC  Bits nS nS
4 Mbyte DRAM* PME 2EP @ 8/16/32 150 270
3 Mbyte DRAM* PME 1EA e 816/32 150 300
2 Mbyte DRAM PME 048D ° 8/16 190 300
1 Mbyte DRAM* PME 512EP ° 8/16/32 150 270
3/4 Mbyte DRAM  PME 256EA ® 816/32 150 300
512 Kbyte DRAM  PME 012D - 8/16 190 300
512 Kbyte EPROM PME CRR-1+
or ROM; 8/16 User Adjustable
128 Kbytes SRAM
128 Kbytes SRAM PME 128St 8/16 140 140

* with optional daughter board
+_on-board battery backup

there’s a Plessey memory to take you there better.

PLESSEY

> MICROSYSTEMS
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languages, operating systems

and drivers; and of course

that famed Plessey guarantee

and backup. With even more

Plessey VME on the way. %
For details on Plessey P

VME memories or our other P

VMEbus products and capa- ,/

bilities, call or write Plessey 7

Microsystems, One Blue 7

Hill Plaza, Pearl River, ,7

NY 10965. (914) ARG

735-4661 o toll-free ,* & >

(800) 368-2738. * '8

Or use the
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opts for an existing structure—TCP or Xerox
Network Systems, in particular—that carries
all the required layers.

TCP, one of the most well-documented pro-
tocols, is already used by computer systems
throughout the country because of its origins
in the Department of Defense. Its application
programs can transfer files and share re-
sources like printers and plotters. In addition,
several ready-made software packages have
been devised by companies like Advanced
Computer Communications Corp. (Santa Bar-

Expanded support for networking

e File sharing

® Record locking down to byte level
Program interface with network software
e Redirection control

e [nstallation checking

o Direct execution of Net BIOS functions
e Multiple servers

IBM PC Network program
Full-screen interface

Redirector

o Allows use of shared printers

® Allows use of shared disks and directories
® Provides capability to send messages

File servers

® Password protection

e Variety of access modes supported (e.g.,
read only)

® Record locking to control multiple updates

Printer server

® Shared use of named printers

e Password protection against unauthorized
access

e Automatic spooling and queuing or output

e Queue management facilities on server station

Message server

e Interactive message editing, transmission,
reception

® Preserves foreground application context

e Automatic notification or logging to disk printer

bara, Calif.), whose software runs on mini-
computers, and Excelan Inc. (San Jose, Calif.),
which puts its software on Ethernet boards.
TCP is also part of Unix version 4.2, developed
at the University of California at Berkeley.

Though Xerox Network Systems is now a
complete protocol, not too long ago system de-
signers could work only with layers 3, 4, and 6.
The first two (the Transport product) transfer
data reliably between computers, the last (the
Courier product) sets up high-level subrou-
tines that can be called by application pro-
grams. Many engineers decided to go with the
well-defined layers and fill in the blanks with
their own implementations.

Xerox has since introduced its own applica-
tion software, including one program that can
send a document to any printer in the network
and another program that essentially actsasa
“clearinghouse,” holding the names, descrip-
tions, and addresses of all system users. A
third package controls access authorization,
and a fourth determines the time and date of
transmissions. Advanced Computer Commu-
nications develops XNS software in addition
to TCP packages.

Faced with the problem of how to link its
personal computers, IBM chose to develop its
own software protocol. Its PC Network prom-
ises to have a major impact on data communi-
cations, diverting engineers’ attention from
the ISO standards. PC Network provides
workable software protocols up through the
equivalent of layer 5 of the OSI Model. The in-
terface with this network software is known
as Net BIOS, and like MS-DOS, it will foster
an explosion of application programs—from
electronic mail and airline reservations to
inventory control and hotel reservations.

Net BIOS handles such functions as file
sharing and record locking—down to the byte
level. Record locking ensures that if someone
is using a file no one else can access it; thus
there is no chance that one user might be load-
ing a file with new information while another
one is accessing the old file information. Net
BIOS works with passwords, shares the use of
named disks, and undertakes similar duties
(see the table, opposite).

Those functions, coupled with the inevitable
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SGS comes through again
with more Power MOS
Packages than anyone else.

developed N-channel Power MOS

is ready now — ready to handle a
variety of tough, high-speed assign-
ments with the industry’s widest range
of packages, including very low- and very
high-power plastic encapsulations.

The SGS Power MOS design features
two optimized technologies (100V and
400V), plus ion implantation and planar
edge structure. Working currents are
available up to 10A. Resistances in the
“ON” condition range from 20 ohms to
.07 ohms. Threshold voltages for all
devices are from 1.5V minimum to 4V
maximum.

The extensive line of SGS Power MOS
transistors is designed for high-speed
switching applications. Because Power
MOS transistors function as majority
carrier devices without storage time,
they are faster than comparable bipolar
transistors. In addition, SGS Power MOS
devices are more rugged than bipolar
devices since there is no secondary
breakdown. The increased switching
speed of these transistors makes them
ideally suited for applications such as

F ast driving, easy switching SGS-

o

i
1§

o o= .

1
b

IESEN|
&S

9

e :
TO-218, TO-220,
SOT-82, TO-3 & TO-39
PACKAGES NOW AVAILABLE.

switchmode power supplies, motor
speed control and stepper motor control.
SGS Power MOS transistors have low
voltage drive requirements, just above
the threshold voltage, and high input im-
pedance, allowing the transistors to be
driven very easily from a voltage
generator that need only provide an ade-
quate charge of the input capacitance.
Driving is not only simple, but practically
independent of load current.

CIRCLE 54

o, if you want faster switching,
s easier driving capabilities, plus

outstanding thermal stability, you
want Power MOS. If you want more
choices, including easy hybrid assembly
with SOT-82, SGS is the only way to go.
We back you with 5 packages (TO-218,
TO-220, SOT-82 plastic and TO-3, TO-39
metal) and over 100 different devices
covering 9 voltage ranges (50V to 500V)
— all interchangeable with comparable
competitors’ products. And that's just
the beginning. There are a lot more SGS
Power MOS packages down the road.

For more information, contact SGS:
(602) 867-6100/1000 East Bell Road,
Phoenix, Arizona 85022. Or call the sales
office nearest you:

Atlanta, GA (404) 446-8686; Austin, TX
(512) 459-4545; Boston, MA (617) 890-6688;
Chicago, IL (312) 490-1890; Dallas, TX (214)
733-1515; Indianapolis, IN (317) 241-1116; Ir-
vine, CA (714) 863-1222; Long Island, NY
(516) 435-1050; Los Angeles, CA (818)
991-2900; Minneapolis, MN (612) 835-1347;
Phoenix, AZ (602) 867-6100; Poughkeepsie,
NY (914) 473-2255; San Francisco, CA (408)
727-3404; Sao Paulo, Brazil (11) 853-5062.

Created by Martz & Assoc.
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application programs, may make PC Network
the software protocol of choice for new net-
works. Today, however, the protocol is avail-
able only on an IBM board that ties into the
personal computer’s bus on one end and a
2-Mbit/s broadband connection on the other.

Engineers are currently stymied in apply-
ing the protocol to Q-bus, Multibus, or VME-
based systems. Moreover, the broadband con-
nection means that the protocol cannot be
adapted to Ethernet or optical links. Finally,
since the software is built into a board, there

is no way to write drivers for the protocol.

Many of these limitations are expected to
end when Sytek Inc. (Mountain View, Calif.),
which actually designed the hardware and
software specifications for the PC Network
protocol, releases a complete description of
the structure. Hardware and software makers
will quickly translate the description into a
tremendous assortment of network building
blocks (Fig. 3), which will ultimately link com-
puters and peripherals from IBM and many
other companies.O

ISO layers

Distributed processing
/

: l

Purchase orders

Electronic mail

S Thousands of
application programs

I Funds transfer

Inventory system

Airline reservations

Broadband

6 { r\ /

e e e o NEBIOB | e = i e 4
i AR [ £
4 Software
Software (written by
3 non-IBM company)
IBM S Non-I1BM
u >PC Network l._] products
board
e . T LR e N BB e i e e e e e Bt &
announced
2 e |
- IBM bus Multibus, Q-bus,
1 hardware or VME hardware )

Ethernet, optical fibers,
telephone links

3. Today IBM’s PC Network protocol is incorporated only on one card. When Sytek releases
the specifications, an explosion of software and hardware products will no doubt make it easy
for the PC Network to tie together computers from other companies.

94 Electronic Design « December 27, 1984




Make room for a new assistant.




Introducing the IBM PC

Engineering /Scientific Series.

It puts answers on your desktop.

The IBM Personal Computer Engineering/
Scientific Series is an unusually flexible and talented
assistant.

As you can see from the box on the right, you can
select exactly the workstation you need from a set of
compatible engineering and scientific enhancements
to the IBM Personal Computer Family. Configure
an IBM Personal Computer to help with product
design, perform numerical analysis. or monitor and
control laboratory experiments.

For the reasonable cost of IBM PC/ES Series
enhancements to an IBM Personal Computer you
can do jobs that traditionally demanded time on a
mainframe. Display data and plot results as they
happen. Control both the business and technical
sides of your job from one compact workstation.

And if you want host or networking communica-
tions, the IBM Personal Computer has the right
connections.

Advanced color graphics.

The IBM PC/ES Series is designed to make a
graphic impression in jobs ranging from computer
aided design applications and image processing to
business presentations.

The IBM PC Professional Graphics Display can
make even good results look better with a 640 x 480
screen and up to 256 simultaneous colors available
from a palette of 4,096. An advanced anti-glare
screen makes the Professional Graphics Display easy
to work with and easy on your eyes.

The IBM PC Professional Graphics Controller’s
onboard 8088 processor can help improve produc-
tivity by speeding throughput of even the most
sophisticated graphics projects. The graphics firm-
ware support, resident on the adapter, includes 2D
and 3D graphics primitives, programmable display
lists, and a definable character set to help make your
graphics work more creative.

And there’s an emulation mode that gives you
immediate access to the entire range of graphics
programs already written for the IBM Personal
Computer.

Productive programming
environment.

IBM PC/ES Series layered graphics software is
geared for increased programming productivity.

It supports a 32K x 32K addressable point data
base, and includes high-level graphics subroutines
that are consistent with the Draft ISO and ANSI
GKS Standards.

The IBM PC Graphics Development Toolkit
provides a device-independent programming envi-
ronment to help simplify graphics programming

tasks. Device independence also helps promote
program longevity, since your graphics appli-
cations can be programmed to interface with
future generations of graphics devices.

IBM Personal Computer AT with
Engineering/Scientific Series
components.



Precise high -speed computation.

IBM PC Professional FORTRAN by Ryan-
McFarland Corporation —a full ANSI 77 implemen-
tation plus enhancements — gives your applications
optimized performance on the IBM Personal
Computer.

Professional FORTRAN helps you get precise
results when you want them. without unnecessary
use of valuable mainframe time.

It enables you to begin work immediately on large
or small host programs or to recompile existing
FORTRAN programs to run on an IBM PC with
Engineering/Scientific enhancements. And Profes-
sional FORTRAN allows you to utilize all the IBM
PC/ES Series graphics development tools in your
desktop application work.

Accurate instrumentation.

The IBM PC/ES Series gives you a single point of
control for a laboratory full of work.

You can control and monitor laboratory or indus-
trial processes, automated electronic testing, and the
status of ongoing experiments via the IBM PC Data
Acquisition and Control Adapter. Programming
support provides flexible high-level and low-level
language interfaces. Powerful built-in diagnostics
make installation of the Data Acquisition and
Control Adapter quick and easy.

A single half-size IBM PC
General Purpose Interface Bus
Adapter lets you interactively
control instruments as diverse as
plotters and spectrum analyzers
through application program-
ming. High-level and low-level
language access makes it easy
to plot and display data.
Menu-driven supporting
software includes a versa-
tile hardware configurator
to aid in installation.

IBM Personal Computer Engineering/Scientific
Series Components

Processors

IBM Personal Computer AT

IBM Personal Computer XT

IBM Personal Computer with expansion unit

Color Graphics Hardware
IBM Personal Computer Professional Graphics Display
IBM Personal Computer Professional Graphics Controller

Color Graphics Software

IBM Personal Computer Graphical Kernel System

IBM Personal Computer Graphical File System

IBM Personal Computer Plotting System

IBM Personal Computer Graphics Terminal Emulator
IBM Personal Computer Graphics Development Toolkit

High - Speed Computation
IBM Personal Computer Professional FORTRAN

Instrumentation/Data Acquisition

IBM Personal Computer Data Acquisition and
Control Adapter

IBM Personal Computer Data Acquisition and
Control Adapter Distribution Panel

IBM Personal Computer Data Acquisition and
Control Adapter Programming Support

IBM Personal Computer General Purpose Interface
Bus Adapter

IBM Personal Computer General Purpose Interface
Bus Adapter Programming Support

Complete the equation.

This assistant is ready to start work immediately.
There are over 350 independently developed engi-
neering and scientific application
programs — plus many IBM
Personal Computer business pack-
ages —available today for the
affordable IBM PC/ES Series.

For information about the IBM
PC Engineering/Scientific Series or
to order a catalog of available

engineering/scientific programs,
call 1-800-447-4700. Or write:
IBM Corporation, Dept. ES,
1909 East Cornell, Peoria,
Illinois 61614.

IBM Personal Computer with
Expansion Unit and
Engineering/Scientific Series

components.
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Circuit-Board-Design
Without the Tedium

SMARTWORK™ lets the design *
engineer create and revise
printed-circuit-board artwork
on the IBM Personal Computer.

Forget tape. Forget ruling.
Forget waiting for a technician,
draftsman, or the CAD depart-
ment to get to your project.
SMARTWORK™ software turns
your IBM Personal Computer
into a professional, high-quality
drafting tool. It gives you
complete control over your
circuit-board artwork — from
start to finish.

SMARTWORK™ trans-
forms your IBM PC into a CAD system
for printed-circuit-board artwork.
Display modes include both sin-
gle-layer black and white and
dual-layer color.

What makes smARTWORK™
so smart is that it understands
electrical connections. Con-
ductor spacing is always cor-
rect, lines dont become too
narrow, and connecting lines
do not intersect other con-
ductors. sSmMARTWORK™ can
automatically find and draw
the shortest route between two
conductors. Or you can specify
the route.

% -

SMARTWORK™ is the only low-
cost printed-circuit-board
artwork editor with all these
important advantages:

[ Complete interactive control
over placement and routing

[J Quick correction and revision

[ Production-quality 2X artwork
from pen-and-ink plotter

] Prototype-quality 2X artwork
from dot-matrix printer

[]Easy to learn and operate,
yet capable of sophisticated
layouts

[1Single-sided and double-
sided printed-circuit boards
up to 10 x 16 inches

] Multicolor or black-and-
white display

[J 32 user selectable color

combinations; coincident
points can be displayed
in contrasting
colors.

(] Can use optional Micro-
soft Mouse as pointing
device

Twice scale
hardcopy of your

artwork is produced using

the Epson dot-matrix printers or the
Houston Instrument DMP-41 pen-
and-ink plotter. Quick 1X check plot
is also available from Epson printers.

Dual-layer color display of a 2” by 4”
section of a 10” by 16” circuit board

The Smart Buy

At §895, sSmMARTWORK™ is an
exceptional value, particularly
when compared to conven-
tional engineering workstation
costs.

Call or write us for more
information on sSMARTWORK™
We'll be glad to tell you how
SMARTWORK™ helps us design
our own circuit boards and
what it can do for your business.

Send a purchase order, or
major credit card number,
and smARTWORK™ can be
working for you next week.

System Requirements
[11BM PC or XT with 192K RAM, 2 disk
drives and DOS Version 2.0

[J IBM Color/Graphics Adapter with
RGB color or b&w monitor

(] Epson MX-80/MX-100 or FX-80/
FX-100 dot-matrix printer

(1 Houston Instrument DMP-41
pen-and-ink plotter (optional)

] Microsoft Mouse (optional)

\ & - RV |

o

“"smMARTWORK"” and “Wintek” are tfrademarks
of Wintek Corporation.

WINTEK CORPORATION, 1801 South St., Lafayette, IN 47904-2993, Phone: (317) 742-8428, Telex: 70-9079 (WINTEK CORP UD)
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Languages and data formats
vie as potential standards

in the CAE design loop

omputer-aided engineering
‘ (CAE) is a nightmare of in-

compatible formats and a
Babel of different languages. No
standard hardware description
language exists, and because each
manufacturer’s workstation and
software forms an integrated
package, translators must be
devised.

The translation problem is com-
plex because the number of trans-
lators required grows as the
square of the number of worksta-
tions involved. (To be precise, N
workstations require N(N—1)
translators. Thus, 12 translators
are needed before a network of four
workstations can “speak” to each
other.) And, with no standard data
format for transmitting a finished
design to a silicon foundry for fab-
rication, even more translation
may be required.

The standards ferment

Plenty of work is now underway
to standardize both hardware lan-
guages and data formats and, five
years from now, a chip designer

Carole Patton

may be able to buy a standard that
covers all elements of design, in-
terface and communication ex-
changes. But today, no single solu-
tion exists. The current situation is
chaotic, with independent stan-
dards groups, the U.S. government,
and even individual manufactuers
all formulating their own versions,
none of which do the whole job.
Vying with each other as possi-
ble standards are hardware de-
scription languages developed by
two commercial companies —
TIDAL and GAIL from Texas In-
struments and Daisy Systems Inc.,
respectively. A third language
(VHDL) is being developed under
government contract. Also playing
arole is a method for storing CAD
data developed by commercial
firms (The Electronic Design In-
terchange Format—EDIF). Com-
peting against it is the Initial
Graphics Exchange Specifica-
tion—IGES. And, if that is not
enough, standard means for defin-
ing terms and definitions for digi-
tal gate arrays (already defined in
EDIF) are being developed by the
Electronic Industries Associa-
tion’s Joint Electronics Design
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Engineering Council —JEDEC.

A procedural layout is needed in circuit de-
sign (“Do” files, for example) and many work-
stations use Lisp, now a de facto language
standard. But designers also envision a stan-
dard hardware description language that can
adequately describe the elements of IC design
and test, and can store, transmit and even
execute design programs (Fig. 1). One such
language, an outgrowth of the Defense De-
partment’s Very High Speed Integrated Cir-
cuits (VHSIC) program, is called VHSIC
Hardware Description Language (VHDL). An

extension of ADA, it is still being refined, and
the timetable for producing an executable
version spans several years.

Another contender is the Transportable In-
tegrated Design Language—TIDAL—a hard-
ware description language developed by Texas
Instruments Inc. TIDAL was devised but nev-
er implemented, though some parts of it are
procedural. In fact, many of the structural
concepts of TIDAL have since been incorpo-
rated into EDIF (Fig. 2).

Still another language, this one addressing
layout specification, is the Gate Array Inter-

L

Register
Algorithmi Gate-level
sI?r?JIatir::‘nc trsaln"if‘?;;:gw’t‘el slmulaﬂ‘:\
i e 2 |- ,
Symbolic layout
without
| compaction |
. Automatic layout tools L
I . 1
. Symbolic layout with compaét!on ~ \
I 1
Logic synthesis
—— : -
i + . Layout language {
r 1 T |
CAD tool Silicon assembler
£ 1 ]
gr (Data path F g o
| GQenerator) . Model compilers 1
o T 2 |
“Ideal” silicon compiler
Functional and logical data 4—{—-———* Structural and physical data
escri
langu‘;ge . T 1 J T L J t
attributes High-
gh-level Register Boolean Logic Textual description Symbolic Geometric
behavioral and transfer- description diagnostics of assembly representation (mask-level)
algorithmic level and network or symbolic without silicon
system description description representation compaction description
description (with compaction)

J

Intermediate - level descriptions

1. The kind of hardware description language being envisioned as a standard must map the entire design
process. Computer-aided-design tools do only part of the job; the ideal silicon compiler will automate
much of the process, but would still need an architectural description as input.
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face Language—GAIL—developed by Daisy
Systems Corp. (Sunnyvale, Calif.). It can be
used to transfer generic gate arrays and mac-
ro designs from library patterns between the
gate array manufacturer and the Daisy Gate-
master workstation. It also allows gate-array
layouts to be transferred between mainframe-
based CAD systems. GAIL does not have the
semantic power to detail a logic design. It does,
however, fill a gap as a precise way to move
layouts between systems. Some aspects of
GAIL have also been included in EDIF.
Tracking the development of TIDAL is as

good a way as any to understand the needs of
chip designers for a working HDL. Initially,
hardware description languages were used to
drive simulators that provided logic design
engineers with logic verification and test abil-
ities such as circuit analysis programs, logic
simulators, and test pattern graders. But be-
cause each application required a specialized
format and input, the designer was required to
“speak” many different computer languages
fluently.

As design automation took hold, the HDLs
were refined to include more precise terms

e

Apply inputs
ALU (H, L, Clock)
Register Strobe out ;
puts
bank (0, 1, Mask) :
a
L ~ l
|7 Structure M . Test i
| ; . |
A L Ll ; T T L l
l Register A o l
T | Overhang| |tersection
l Register B 1 \
e dtbien e L = Z
, Structure \
| n Spacing
_I_ _l_ = Width
. o Layer rules
£ Bttt %
,’ Structure

r Minimum pulse
= |
: 1
Out I
u : ! e
1 ] ]
THL TLH
Timing Layout Periphery
Gt = v n i D‘
Behavior Logic Symbol

2. Data sections in TIDAL for describing structures, layout, timing, behavior,
logic, and even complex layer rules and definitions are included in EDIF.
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(like “clock” for registers and “clear” for
counters) and more design features (like wir-
ing programs for placement of circuits). More
refinements included a hierarchical design
concept, beginning with broad specifications
and working downward to cell levels. A part of
acircuit or chip subsystem that was replicated
often was defined as a “macro” so it could be
referenced as a single entity.

But, with each HDL creating different data
in different formats, data reformatting was
necessary at each level, and errors could be in-
troduced. Also, two different databases and
two languages were generally required, one
for the circuit layout and another for logic de-
sign. One of the first steps in pulling these pro-
cesses together was to consolidate the HDLs
and develop one common database for layout
applications.

TIDAL is a meld of TI's hierarchical HDL
and its test description language (TDL) used
to tie gate array and semicustom logic users
into the company’s design automation system.
TIDAL uses cells to describe devices with dif-
ferentI/0 characteristicslike RAMand ROM.
Each cell, which is called a procedural cell, is
first designed in software and then replicated

Write Refresh Read

|
B e

3. A circuit called Regbit (register bit) is described
as a “block” in TIDAL. Two other blocks (for the
inverter and the MOS transistor) are needed to
complete the design. Each block can house as
many as 12 data sections that further define the
circuit.

to create the complete circuit function. One
TIDAL “block” can contain as many as 12 sec-
tions that describe circuit functions, and an
entire chip design might encompass several
TIDAL blocks.

For example, a TIDAL circuit block called
Regbit (register bit) consists of three MOS
transistorsandtwo inverters (Fig. 3). Two oth-
er blocks, describing the inverter and the MOS
transistor, are needed to complete the design.
In use, a block statement (called Block Regbit)
defines the input and output signals (such as
A,,, write, refresh, read) and the output signal
(Aou). Following the block statement is a de-
clarative segment used to define any logic
signals, and a behavior segment that allows a
user to define input to output functions.

The language also includes a timing section
to specify delays or timing constraints, and a
test section for functional data (like truth ta-
bles) so that input and output can be specified.
The entire Regbit block is then broken down
into its subsections (the three transistors and
two inverters) and a final statement is added
that specifies the layout boundaries, including
such information as where 1/0 signals might
cross or connect to other blocks in the scheme.
An overview is appended that shows all
shapes comprising the various cell levels and
their relationship to other cells.

The language has a logic section for specify-
ing geometric design rules, like the width and
spacing of lines on one chip layer, and a layer
definition section for showing how layers will
be fabricated from the mask. Also, all design
data can be entered into a single data base
with a data section.

VHDL, the VHSIC language, is still in the
making. There is no real software yet that
allows it to be used, although much of its
structure has already been mapped out. For
example, the VHDL hardware design support
environment will consist of an analyzer, a pro-
filer, a simulator and a design library. The
analyzer will process a source VHDL descrip-
tion and translate it into a specified format
that can be stored in the design library. The
profiler will allow designers to select a subset
of ahardware description for simulation.

Intrinsic to the VHDL structure is the
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nce in VMEbus hardware

from one company to another
is the company.

The VMEDbus is making a tremendous impact
internationally. Through our involvement,
we've learned that all VMEbus products
appear to be pretty much alike, but there are
important differences.

Take it from us, when you're buying
VMEbus equipment you're really buying the
manufacturer. His services, standards, prices
and promises.

Products can be virtually the same.

It's the company that makes the
biggest difference. And that's why BICC-Vero
hardware is recognized by international
companies for its remarkable performance,
reliability, precision, and compatibility.

Our extensive inventory and efficiency
guarantees you immediate delivery on all
VMEbus products. Orders are handled by our
world-wide network of subsidiaries and
distributors'to ensure prompt service and
customer satisfaction.

BICC-Vero offers these VMEbus
products from stock right now: [EC
connectors, prototype boards, backplanes,
extender cards, power supply with power
monitor module, card frames and front
panels.

When you need VMEbus equipment,
turn to us.

Our hardware is as fine as anybody's.

It's the company that's better.

BICC-VERO
ELECTRONICS INC.
=

vero

A BICC Company
171 Bridge Road
Hauppauge, NY 11788

(516) 234-0400
TWX: (510) 227-8890

TELEPHONE: UNITED KINGDOM (04215) 66300 ® FRANCE (4) 402.46.74
e WEST GERMANY (0421) 828 18 ® SOUTH AFRICA 53-7846/7 ® CANADA (613) 384-1142

VME boards supplied courtesy of Mostek, Motorola & Signetics

CIRCLE 57




esigners
eference

Software Standards — Computer-aided engineering

concept of a “design entity” —composed of an
interface and one or more “bodies.” The inter-
face specifies the characteristics of a com-
ponent that are visible externally, while the
“body” describes a component’s internal
structure. Visible characteristics, for in-
stance, might include I/0 ports, their modes
and their types, and their generic parameters.

The idea of generic features should enhance
the reusability of descriptions, because they
represent, essentially, an entire class of ob-
jects. Any particular member of that class can
be specified by assigning a particular value to
the generic parameters, and the parameters
themselves can be used to capture technical
dependencies . . . like propagation delay, noise
margin, or fan-out of hardware components.

Body-building basics

In VHDL, the functional characteristics of a
design entity are specified in the body, which
is composed of a declaration followed by a
group of statements. Declarations describe
types, subtypes, etc., while the statements
operate on visible data structures and perform
any necessary transformations.

In this scheme, a body may be either behav-
ioral or architectural. A behavioral body is one
used to represent the functional character-
istics of a component in algorithmic terms,
much like any program written in a high-level
language. Most of the data transformations
that take place in a behavioral body are trans-
formations on variables—nouns with assigna-
ble definitions.

An architectural body, on the other hand,
describes the flow of data. The main category
of statement in an architectural body is a
guarded signal assignment statement. For
instance:

if enable = ‘1’ then output (=not data after 5 ns;
and if;

””

Here, “enable = ‘1’” is the guard that con-
trols the value of the signal “output.” The
guard of signal assignment is a boolean ex-
pression and is evaluated when one or more of
its inputs change. The assignment statement
is evaluated when its guard is true, and one of
itsinputs has changed, so any change in signal

value causes the evalution of a signal assign-
ment statement.

In this particular example, evaluation
causes the value of “data” to be assigned to
“output” 5 ns later. Because any change in the
target signal of one statement may in turn
cause the evaluation of other statements, the
flow of data through component hardware can
be described.

The “signal” idea is an important difference
between the VHDL and the way most pro-
gramming languages handle the concept of
time. Expressing time in terms of variables is
difficult, but a signal has a history and a fu-
ture that can be projected. This timing model
in VHDL mirrors the timing characteristics
of hardware components, and allows a de-
signer to project future values while still ref-
erencing current and past ones. So, the timing
model allows for a description of synchronous,
asynchronous, and mixed designs.

Both TIDAL and VHDL are being viewed as
possible hardware language standards, but
VHDL has an ace in the hole: as part of the
VHSC program it is government-sponsored.
In fact, an IEEE Standards Subcommittee
(IEEE SCC20 ATPG) charged this fall with
developing an HDL language standard, is
seriously considering VHDL.

The CAE incompatibility problem is, how-
ever, much broader than the design of semi-
custom ICs. It extends throughout most of in-
dustry in general. Different manufacturers
have always solved problems in different
ways, and products from different CAD man-
ufacturers most often do not communicate
with each other, nor can they talk to dissimilar
products or numerically-controlled machine
tools.

Historically, equipment vendors have been
loath to relinquish their own investmentsina
proprietary product for the sake of standardi-
zation and have preferred a custom interface
approach, developing special gateways or
translators between their equipment and
equipment from other manufacturers. There
does not seem to be a vendor in the world who
doesn’t prefer to sell his customers on a “total
solution” —made up solely of his products. But
no one vendor makes all the computer systems
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Products designed and manu-
factured by our UK parent STC
COMPONENTS LTD.
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devices to Fiber Optics, is underwritten
by the group’s reputation for Quality
and Reliability.

With numerous research and
development programs, we're always
adding to our excellence and
experience.

Want to know more about us,and
how we can contribute to your own
design and production activities?
Contact:

STANTEL Components

636 Remington Road, Schaumburg, IL 60195
Telephone: (312) 490-7150 TWX (910) 291-1280
FAX (312) 490-9707
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that most users need.

CAE relies very heavily on computer graph-
ics, one reason why the Initial Graphics Ex-
change Specification —IGES—has attempted
to expand its standards activity to areas like
printed circuit boards. IGES began as a solu-
tion to the interface problem for CAD equip-
ment using wire-frame figures from assorted
manufacturers and is being extended to geo-
metric solids and plane figures.

But even though IGES is mechanically ori-
ented, it is currently the only official standard
interface for specifying printed circuit boards.
IGES is accepted by the National Bureau of
Standards and the American National Stan-
dards Institute (ANSI). The July 1982, version
2, of IGES went beyond mechanical descrip-
tions to include electrical designs.

IGES is both a concept and a format—the
concept is that vendors should provide trans-
lators into and out of the IGES format. Users,
who used to have to literally break in to a sys-
tem in order to figure out how to send data
somewhere else, seem to be in favor of it.

IGES is a neutral format between various
CAD system vendors. For instance, one
CAD/CAM system may represent an arc by
choosing the arc’s center point, its radius, the
starting angle and the finishing angle as data
points. Another may take the arc’s center

point, its diameter, and some point on the arc
where a segment starts and another point
where a segment stops. To transfer data be-
tween systems, a user would have to mathe-
matically convert the data from one form to
another via a data base translator, and do itin
both directions. This would require N(N—1)
translators, where N is the number of differ-
ent CAD/CAM system databases. IGES re-
quires just 2N translators.

Mapping between CAD systems is difficult.
Calma systems use 12-character string labels
for graphics data, while Computervision
systems use 8-character labels. But while 12
characters cannot be compressed into 8, cir-
cles can be translated into circles and lines in-
to lines, and thisis the tack taken by IGES.

An IGES file is composed of 80-character
records, and all records belong to one of five
sections. For instance, the “Start”: section
gives the file originator a place for general
comments; a “Global” section defines general
data parameters such as delimiters used, the
sending system, destination system, units,
and even the scale. The next two sections,
“Directory Entry” and “Parameter Data,” ac-
tually carry the graphics data, and the final
section is a single “Terminate” record.

The actual mechanics of cross-translation is
done with preprocessors and post processors

. Interface A

User A
‘ Preprocessor
System
A s
Postprocessor

Preprocessor
vEome ¢ .
. H‘emesmm{qg of PDD

Postprocessor K

System
B

4. Product definition data from incompatible CAD system “A” is translated into an

IGES file by a preprocessor at interface A into the IGES file structure. The file is
translated again for System “B” by another preprocessor at interface B, allowing
both CAD devices to work on the same design data.

106 Electronic Design - December 27, 1984




The MX 580, the microcomputerized
measurement set, due to Metrix’s mastery
of multimeter technology, provides une-
qualled application flexibility.

PERFORMANCES

7 functions, 6 modes of operation, 16
multifonctional keys. Base accuracy of
0.015 % with a resolution of 26000 points.
Measures AC RMS. Permanent measure-
ment of ambient temperature with automa-
tic recalibration every 100 measurements to
guarantee accuracy.

SOFTWARE

10 linkable programs
e Offset and scaling factor:
y=x+bandy=ax+b
e Linearization:
y =ax + bx2 + cx3 + dx4
e ratios, deviations:
X—a
y =— y =

_logx
a a a

@ limits, @ Statistics,

® min/max, e thermocouples: J. K. S. T.
@ Cloc on real time or relative time,

e Printing.

PROGRAMMABLE
PRINTER

The MX 580 has an integrated printer
which can print the result of the measure-
ment or a processed value. This allows the
printing of intermediate and final results at
what time they were taken. In case of power
interruption or cutt-off, it records the time.
On power up, it prints the time of cut-off
and reboots with the last program.

SAFEGUARD

Ram storage backed up by a lithium
battery (10 years life) assuring information
safeguard: function, operating mode,
programs and parameters, intermediate
calculations, real time.

IEEE 488 BUS

The |IEEE 488 interface is supplied with
the standard version without extra charge.
The MX 580 is complete, compact, perfectly
stable and entirely protected.
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(Fig. 4). A preprocessor is a software module
that takes in information structured in one
specific format and translates it into an IGES
communications file. The post-processor
takes information structured in the communi-
cations-file format and translates it into the
correct format for some other manufacturer’s
equipment. The idea not only takes the burden
of translation off the user, but gives him a file
that can be stored on magnetic tape or disc for
future use and transmission.

With IGES, graphics elements can be sepa-
rated into three categories: structure (with
annotation), associativity, and property.
Some examples of associativity might be
“signal,” or “view list,” and examples of prop-
erties might be “part number” or “pin num-
ber.” Elements like “macro” and “subfigure”
are harder to typecast, but each element’s pa-
rameter record can point to any number of as-
sociativities or properties. Translating text is
not a problem since text is stored as ASCII
strings in nearly all systems. But positioning
text can be a problem because different ven-
dors locate text in the drawing space in differ-
ent ways.

IGES was standardized in 1981 and Version

PHYS FIG CNOD

PHYS FIG CNOD
INST

5. IGES was recently expanded to define all the
elements of a printed board assembly. In this ex-
ample a connection point (CNOD) on a physical
figure is stored along with any physical connec-
tions (LINK) between electrical entities. CNOD can
be used to locate pins, pads, or holes in the graph-
ic representation of the figure.

2.1 (to bereleased this month) will include new
geometries and new capabilities for finite ele-
ment modeling and electrical properties.
Right now, it is the only official format for
specifying printed circuit boards, schematics,
cabling, and ICs (chip and board-to-board in-
terconnections on a chassis) (Fig. 5).

The missing link

But important elements are missing. IGES
defines neither an exchange language nor a
hardware definition language. And, in fact, a
graphics standard may not be the best solu-
tion for some CAE applications where specific
meanings must be applied to symbols. While
IGES lets a user put objects on the screen, an
IC designer needs to give meaning to those
symbols. Symbols alone mean very little to an
integrated circuit layout.

A circuit desigher not only needs a way to
give semantic meaning to the symbols used,
but must also specify electrical data and, for
instance, map things like connectivity (F'ig. 6).
Using IGES, it is not possible to placecellsona
rectangular grid and interconnect them . The
concepts are there, but the terminology is not.
In short, while IGES makes it possible to do
systems design, doing it at gate level is anoth-
er story. Some gates are impossible to express
using IGES.

And, some see compatibility problems down
the line for IGES, not because the IGES inter-
face will change, but because the CAD systems
undergoing translation will. In fact, one ever-
present fly in the ointment is the fast pace at
which new technology emerges throughout
the design automation field.

The Electronic Design Interchange Format
(EDIF') technical committee is not an official
standards organization by any means. Rather,
it is a cooperative venture, with representa-
tives from Tektronix Inc., Daisy Systems
Corp, Mentor Graphics Corp., Texas Instru-
ments, National Semiconductor Corp. and
Motorola Inc., all with a vested interest in
moving data between in-house design systems
via a standard interchange format. In its
present incarnation— Version 1.0— EDIF pro-
vides a method for storing and transmitting
design data. It is neither a programming
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DENSAN’'S MULTIBUS COMPATIBLE MEMORY BOARDS-
TOP QUALITY AT A PRICE YOU CAN AFFORD!!
UNMATCHED RELIABILITY AT ANY PRICE!!

* |EEE-796/Multibus® Compatible

* Selectable 8-bit or 16-bit read/
write operations

* Parity check and error status
register

* Four LED error flag indicators

* Start address can be assigned at
any 4K boundary within 16M-
byte range

* Provides four inhibited areas—
two 32K blocks and two 64K
blocks

* Uses 150 ns standard chips

* Qutstanding access time of 240
ns (typical)

The DBS-012memory board from
Densan gives you 512K bytes of
fast memory for any 8- or 16-bit
Multibus system. The typical access
time of only 240 ns will squeeze
the last drop of performance from
your 8086, 68000 or Z8000 based
system for the most demanding
applications.

Of course byte parity checking is
standard. |f a parity error occurs,
the DSB-012 identifies the error,
indicates it on four onboard LEDs,
and generates an interrupt.

£
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512K->2M DYNAMIC RAM

In addition, board addresses can be
started on any 4K boundary in the
16M-byte address space. The 24-bit
address bus and selectable 8/16-bit
data ensure the board’s compatibili-
ty with any Multibus system.

The DSB-020 is a 2M-byte memory
board that incorporates all the ad-
vanced features described above.
You can assign four 32K blocks and
four 64K blocks in memory as in-
hibited areas.

For more information please contact:

DENSAN CO., LTD.

Meiwa Bldg., 1-23-11, Kamitakaido, Suginami-Ku, Tokyo 168 Japan
Phone: (03) 329-3871  Telex: 2324050 DENSAN J  Fax: (03) 329-9266

USA: Pascot Inc.  Phone: (714) 261-5220 Telex: 181092 PASCOT UD
EUROPE: Diamond Point International Inc. UK Phone: 0276-682348
HONG KONG: Chai Luk Computer Ltd. Phone: 5-751151

TAIWAN: Mitac Inc. Phone: (02) 7150940

* MULTIBUS ia a trademark of Intel Corp
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language nor a data-base system per se, al-
though the addition of a hardware description
language may be on the agenda.

With the workstation marketplace virtual-
ly exploding, EDIF’s members found them-
selves dissatisfied with all existing inter-
change formats and hardware description
languages, including some devised by their
own companies. The group faulted some for-
mats as too proprietary, and thus too limited,
others as too narrow because only specific as-
pects of design data (like mask artwork or net
list information) was addressed.

Another complaint was that evolving for-
mats tend to become too difficult to work with,
and too difficult to extend —expecially as new
facets are added to IC design. The group was
also concerned about developing a standard
independent of any particular hardware, de-
sign style, or design tool.

Read and writing EDIF

The most current version of EDIF is actu-
ally a consolidation of TIDAL, GAIL, Technol-
ogy Definition File (TDF) devised by Motorola
and Mentor Graphics, and Common Inter-
change Description Format (CDIF) developed
at UC Berkeley for transmitting schematic

(permutable (permutable a b) (permutable (nonPermutable a b)
(permutable ¢ d)) (nonPermutable ¢ d))
a a
b . .
e
c
c d
d
(a) (b)

6. Connectivity—what is connected to what, and
whether ports can have their arranged order
shifted without affecting logical properties—cannot
be communicated completely with IGES. EDIF han-
dles connectivity by specifying links with “per-
mutability” constructs. For example, circuit pairs
A, B, and C, D, are designated permutable (not
connected) (a) and nonpermutable (b).

diagrams, symbolic layout, mask-level layout
and connectivity information. It is intended to
be both read and written by machine, but to
maintain enough legibility to allow manipu-
lation by human programmers. But, to be
human-readible, EDIF would have to be for-
matted out of a program, and into a non-LISP
structure.

It’s syntax is similar to that of LISP, in that
data are represented as symbolic expressions.
EDIF’s “atoms” are data primitives, such as
strings, signals, ports, figureGroups (for re-
presenting mask layers or colors in an illus-
tration), numbers and identifiers.

More complex structures are built by form-
ing parenthesized lists whose elements are
data primitives, or other lists. But in every
case, the first element of a list is a keyword, re-
served by the format definition to provide
meaning for subsequent elements by their
positions in thelist. The idea here is that, since
the semantic weight is borne by keywords and
not by the syntax, new keywords can be added
as demands change without changing existing
parsers. Old parsers can continue to extract
their information, while new ones can use the
new information in any extended format.

One interesting footnote to EDIF is that its
files need not be complete to be used. A file can
contain partial descriptions of designs that
express some details and intentionally omit
others, allowing, for instance, a silicon found-
ry to send a file of several base arrays, or a
library of macro cells.

In terms of overall structure, EDIF is ex-
pressed in the form of a hierarchy that is ab-
stract at higher levels, and becomes pro-
gressively more detailed as it descends the
hierarchy. At the highest level, an EDIF file
contains a single logic file which may contain
several designs and several libraries of cell
definitions. Each library is a collection of rele-
vant design information including a group of
cells with common characteristics. For in-
stance, a file might contain separate cell li-
braries for different technologies.

Much like TIDAL, EDIF has design blocks
that provide an entry point for the user by in-
dicating which cell in which library contains
the top-level description of a design. A sample
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Our constant goal 1s to provide the design engineer with
the best banana plugs and jacks made in this country.
Or anywhere.

And we've been doing it for
a long time. Since 1951 in fact.

That’s when we promised
there wouldn’t be anyone in the
world who could design and pro-
duce banana plugs and jacks the
way we could.

The world agreed.

Naturally, as the years have
passed, we've improved upon our
original designs. So much so that
today, our banana plugs and jacks
are out there alone. In their own
class.

The same can be said for ev-
ery other product we design and

produce. And each and every one
of them is trusted by the profes-
sionals of the electronics industry.

At ITT Pomona Electronics,
we know there is no such thing as
standing pat. We also know that
your needs change and your ex-
pectations become greater as the
demands become more severe. To
this end we will continue to create
a better way. A better product.

That’s a promise.

All of our products are
described and illustrated in our
General Catalog, and it’s free. Just
call (714) 623-3463 or 623-6751.
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TWX 910-581-3822. Write to us at
ITT Pomona Electronics, a Divi-
sion of ITT Corporation, 1500 E.
Ninth St., Pomona, CA 91766.

In Europe: ITT CANNON
BELGIUM S.A./N.V. Rue Colonel
Bourg Str. 105 Space A (B.3) 1140
Brussels, Belgium. Phone: 02-735-
6094.

Our products are available
through your favorite electronics
parts distributor.

ITT Pomona Electronics
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EDIF file might look like this:

(status ...)

(library ECL100k . ..)
(library nMOSlibrary)
(design Barrel shifter . . . )

A cell library is used for definitions and
technology information related to design and
manufacture of cells. Characteristics (like
gridding definitions) may be described once
for the library, rather than once for each cell.
A design block is used to identify a particular
cell within a library , and is the starting point
for extracting data from the file. For instance,
a design for a circuit might refer to the ECL li-
brary like this: (design barrel shifter (qualify
ECL100K BShiftE)). This method specifies
the name of the design (barrel shifter), and its
root cell, the “BShiftE” cell in the library
which is named ECL100K as the top level of
the design hierarchy.

Also, different “views” of a circuit design
can be used to form the definition of a single
cell (see the table, below). A simulator, for ex-
ample, may want its view as a net list descrip-
tion, but other representations are possible.
“Document,” for example, is a textual descrip-

tion of a design, while “stranger” is a catchall
category for cells that do not fit the standard
type. Mask layout can be described in one view,
behavioral modeling in another, and schema-
tic representation in still a third view of the
same circuit.

As with VHDL, both physical and behav-
ioral views can be expressed in EDIF. Infor-
mation on the technology of a design is housed
in a technology block that contains all infor-
mation related to the intended implementa-
tion of the library. However, the technology
description applies to every component in a
given library, so if CMOS cells and ECL are
used in the same design, they must be specified
in separate libraries.

EDIF also supports documentation ex-
change between companies, whether in the
form of comments in test procedures, an-
notating drawings, or writing full, textual
descriptions of design elements with an
“annotate” construct. Annotating drawings,
whether they are a schematic diagram or a
mask layout plot, requires placing text within
drawings, and “annotate” can be used
wherever a figure is legal (Fig. 7). Two points

View type Net list | Schematic | Symbolic | Mask layout | Behavior | Document | Stranger
annotate ® ® [
criticalSignal & ° @ ®
declare ° ® [ ] [ ] [} @
figureGroup [ ] [ ]
global [ ] ® [ ] [ ]
instance [ ] [ ] ® [ ] [ ]
joined [ ] [ ] @
logicModel [ ] &
measured [ ] L] [ ] ®
mustJoin [ ] ® [ ] [ ] ®
rename (] [ ] * @ ® [ )
required [ ] ® [ ] [ ]
section ® ®
unused [ (] ® ® [
userData [ J [ ] * L ] ® ® ®
wire [ ]
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are required following the character string, to
describe a containing figure. Another con-
struct—“justify” —is used to locate the text
within the containing figure. It is left to the
interpreting device to give shape to the
characters.

EDIF’s interchange format for transfer-
ring data in final form, is expressed in simple,
geometric primitives. To keep things simple,
yetstill have procedural descriptions for those
who need them, EDIF descriptions are spec-
ified on three different levels depending on the
amount of complexity required. The most

[] ===
INV
i2
NAND
i3 il
CELL 3 NOR

(cell cell3

(view Schematic cell3_Schematic

(interface
(body

(figureGroup SCHEMATIC_SYMBOL

(rectangle (point 1750 1300) (point 5600 3100))

(annotate “CELL3” (point 4800 1800) (point 5400
2000) UPPERLEFT)

(path (point 1600 2800) (point 1900 2800))

(annotate “I1” (point 1600 2850) (point 1700 2950)
LOWERRIGHT)

(path (point 1600 2200) (point 1900 2200))

(annotate “i12” (point 1600 2250) (point 1700 2350)
LOWERRIGHT)

(path (point 1600 1600) (point 1900 1600))

(annotate “13"” (point 1600 1650) (point 1700 1750)
LOWERRIGHT)

(path (point 5450 1900) (point 5750 1900))

(annotate “O1” (point 5650 1950) (point 5750 2050)
LOWERLEFT)

(annotate “INV” (point 2200 2850) (point 2400 2950)
LOWERLEFT)

(annotate “NAND" (point 2400 2200) (point 2800
2300) UPPERLEFT)

(annotate “NOR” (point 4900 1900) (point 5100 2000)
UPPERLEFT)

m

7. The “annotate” construct in EDIF can be used
wherever a figure is legal. Another construct,
“justify,” is used to place text in the rectangle.
Here, a schematic view of a cell has been created
using the “annotate” construct.

basicis Level 0, where only constant values are
allowed. The second stage, Level 1, includes
Level 0 with the addition of variables and ex-
pressions. Similarly, Level 2 includes Level 1
with the addition of procedures and more com-
plex data types. On one hand, this offers some
additional flexibility, with each level a subset
of the higher one, it is possible to move down to
a lower level by replacing parametric values
with constant values. But in doing so, errors
and ambiguities could creep in.

EDIF seems to contain almost all of the es-
sentials needed for storing and transmitting
IC data between designer and foundry—con-
nectivity description, simulation, mask layout
information for checking and building, and
test data for testing and debugging. However,
it lacks a means of expressing logic design
rules as fully as they need to be. For instance, a
standard cell designer might want to indicate
that two cells cannot be driven with any one
cell, but there is no way to expressit now. Also,
testability rules need expanding, but this is on
the agenda.

EDIF may eventually be adopted by a stan-
dards body. Its members have been ap-
proached by the Electronic Industries Associ-
ation’s Joint Electronics Design Engineering
Council (JEDEC). JEDEC has been working
at developing standards for digital gate ar-
rays. Last year, JEDEC’s JC44 subcommittee
defined terms and definitions for gate arrays,
and voltage standards for semicustom ICs.
The group has also defined a gate-array per-
formance benchmark consisting of MSI-level
macros.

Currently, JC44 has split off into two
groups, one for gate arrays and the second for
standard cells. They have completed much of
the work of generating a macro set and are
looking at interface standards for transfer-
ring test vectors from one CAD system to
another.

Some overlap among these standards-
makers is not a bad thing. It means that all
bases will probably be covered —eventually.
On the other hand, if the various groups fail to
coordinate their activities, some groups may
find they have wasted a lot of valuable time
duplicating work that is already being done.o
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Although the four main schools
of Unix remain apart,
standardization within them has begun

tandardization for Unix is
S now under way, eliminating

the last major obstacle to
further proliferation of the
increasingly popular operating
system. In one form or another,
Unix is now available on most mi-
nis, supermicros, and 16-bit micro-
computers. In fact, it is the most
widely used operating system
available today, despite the fact
that a lack of standardized defini-
tions and functions has hampered
the development of application
software that can run on all Unix-
based computers (see “What is
Unix?,” p.121).

Standardizing Unix sounds sim-
ple: Build a set of definitions for
the various implementations of
Unix that enables application pro-
grams to be moved easily from one
host system to another, regardless
of the details of the system’s hard-
ware or software base. In other
words, specify the application in-
terface to the Unix system inde-
pendently of how the hardware
and software below it are imple-

Ray Weiss

mented. Furthermore, see to it
that a minimum of processing is
necessary to adapt a software
package from one Unix system to
another; only a recompilation of
the package should be needed. Sim-
ple as this sounds, it is made diffi-
cult by the large number of Unix
and Unix-like operating systems
available today.

The Unix world

Developed initially by a single
company —AT&T —variations on
the Unix operating system are now
offered by a number of organiza-
tions. At present, there are four
main groups of Unix systems. Not
only is there no standardization
between any two of these groups,
there is also none within any of
them. The good news is that this is
changing: the majority of these
groups are moving toward some
form of internal uniformity of
implementation. The bad news is
that the groups show no sign of
combining into one overall stan-
dard, although they are sharing or
interchanging technology.

The four major groups are:
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AT&T (System III and System V), Berkeley
Unix, Microsoft Unix (Xenix), and pre-System
V (Fig. 1). The first group consists of AT&T
and the licensed implementations that are
committed to a common standardization path.
The second group, the Berkeley Unix set, is
made up of those implementations whose
starting point is the Unix implementation
developed at the University of California at

uTsS Xenix
1S/3 PC/IX
Unix Uniplus
Unity Venix
System V
Berkeley 4.2 BSD System I
Ultrix-32 | Genix
l Version 7
32V
Berkeley Unix
Version 6

1. As the Unix family tree indicates, there are three
main Unix braches: Berkeley Unix, which began
with Unix 32V; mainstream Unix, which is based on
System V; and Xenix, which branches off System
lll. A fourth group of Unix lookalikes (not shown)
includes implementations based on earlier ver-
sions.

Berkeley under funding by the Advanced
Research Projects Agency (ARPA).

The third group is a single implementa-
tion—the Microsoft Xenix system. Today,
Xenix accounts for about half of the AT&T-
licensed systems in the marketplace. The last
group encompasses the remaining implemen-
tations, some of which are licensed from ear-
lier versions of Unix, some of which are combi-
nations of other operating systems and Unix,
and others that are unlicensed versions of
Unix that were designed from the ground up.

An early success at standardization

The first steps toward standardization have
already been taken. The /usr/group, an inde-
pendent trade association for the Unix com-
munity, has developed a vendor-independent
standard for Unix systems based on the Sys-
tem III release. The standard, assembled by a
special committee on standardization, has
been accepted on a mail vote by the over 1400
/usr/group members. The committee is made
up of individuals from most of the major or-
ganizations involved in the development of
Unix systems. While the committee members
do not officially represent their parent or-
ganizations, the fact that they reached an
agreement on such a standard portends a new
era of cooperation and standarization.

The/usr/group effort represents the com-
ing together of the first Unix grouping—the
Unix systems that are System III- and V-
specific, and are moving in the direction of
AT&T’s System V evolution. In the spirit of
concession, the new standard is based on
System III, with provisions for the earlier
Version 7 release, and is aimed at moving to-
wards System V. By adopting this approach,
the committee has provided a path to System
V compatibility for many of the Unix systems
based on these earlier systems.

The /usr/group standard attempts to pro-
vide application portability by defining stan-
dards for the Unix system calls and the C lan-
guage library functions. An application
program interfaces with the user (usually
through system utilities), the C program li-
brary, and the Unix system kernel. The set of
Unix utilities is also used by an application
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What is Unix?

Unix is more than an operating system. It is actu-
ally an operating or programming environment. It
combines the basics of an operating system with an
interface that is particularly easy for programmers
to use. Developed in the late 1960s and early 1970s,
Unix carries some of the flavor of languages that
were developing at the same time—languages like
Lisp and Forth. Like them, Unix is highly inter-
active, giving the user an easily modified un-
structured environment that can be tailored to meet
individual requirement. But, as with those lan-
guages, easy tailoring can lead to unique problems.

A number of landmark features in Unix are still
being gradually accepted. A major concept was that
instead of building one large program with a main
control routine and a number of subprograms, a
number of smaller routines and utilities can be as-
sembled to handle the job. Features like program
redirection, pipes, forks, filters, and a set of general
utilities that could easily be added to, made this
approach viable.

Another feature that makes Unix so attractive to
programmers is the way I/0 is handled—all I/0 is
similar, just a string of bytes with a simple set of
commands. All detailed I/0 processing is handled
by the operating system, eliminating the need for
programmers to learn complex 1/0 sequences and
record blocking. Also files are easily defined and
found within a simple hierarchical file system with
multiple-level directories. A shell or interface lan-
guage allows the user to program the operating sys-

tem and resources directly or indirectly via files or

programs. The shell can be tailored to meet individ-
ual user needs.

A model system

Unix was one of the first programming systems
to provide a comprehensive set of programming
tools to build, debug, and maintain programs. Some
of these tools, such as SCCS (source code control
system), Make (version builder), and Lint (source
code analysis checker) serve as models for current
software engineering tools.

Unix consists of the kernel—the basic operating
system —the shell containing the basic pro-
gramming system, and a large number of utilities,
including languages and other programs.

The C language was developed for Unix, and the
system is programmed in it. C is a language midway
between assembly language and the higher level
languages. It is sufficiently high level to provide
structured programming constructs and symbolic
addressing, but low level enough to allow bit manip-
ulation and pointer manipulation. C is a very simple

and sparse language that is fairly easy to learn.
Most C compilers are built from the standard AT&T
portable C compiler.

.An application that interfaces through the high-
level Unix system calls should have no problem in
portability beyond the need for recompiling for
each new host. However, if the application takes
advantage of the host hardware architecture or in-
terfaces directly with hardware or accesses kernel
functions then it will have to be modified to run on
a different system. Even so, the transporting of ap-
plication programs among Unix systems is orders
of magnitude easier than moving programs among
dissimilar operating systems and computers.

The Unix set of operating systems is not yet sta-
ble enough to allow applications to be transported
between systems without experienced programmer
help. For one thing, each Unix system can be differ-
ent in that the system is tailored differently and
may have a different set of utilities.

Good, but not perfect

Unix is not the ideal solution to all operating
systems needs. To paraphrase Winston Churchill:
Unix is not that good an operating system, until you
compare it with all the others. A number of prob-
lems revolve around the Unix file system. While
easy for the programmer to use, it cannot support
heavy file usage because of the mechanism used for
file allocation: It lacks adequate journalization and
recovery features and it lacks a sophisticated record
organization. Files in Unix are just strings of bytes,
and the system cannot index files. Unix, with the
exception of Berkeley Unix, is not designed for real-
time processing and lacks virtual memory capabili-
ty. Also, the communications features are not a so-
phisticated as they should be.

Unix is also a very difficult system to learn due to
the conciseness of its language, its cryptic documen-
tation, and poor user interfaces. For business and a
number of other application areas, the shell inter-
face is just not friendly enough. Furthermore, Unix
lacks any standard windowing or graphics pack-
ages. Another problem arises from the ease of
adapting Unix to individual needs—it is difficult to
control the system when so many different varia-
tions can be created. Programmers become accus-
tomed to their own utility set, making common util-
ity bases difficult to maintain.

Furthermore, Unix is a very large system: it can
contain over 400 utilities and its source code can run
to over 10 Mbytes on hard disks. Maintenance and
system programming can therefore be quite a chore
in many cases.
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program via system calls. Thus, if the inter-
faces to an application are given standard
definitions and if all accessible functions have
common definitions, then application pro-
grams can be easily moved among different
Unix systems.

Thirty-nine system calls for the system ker-
nel are defined for the interface between an
application program and the kernel (Fig. 2).
Given Unix systems based on those defini-

tions, applications would still have to be re-
compiled to the new system, but further modi-
fication would be minimal. The utilities and
user interface are not defined in this standard.

One of the major flaws of Unix—the ab-
sence of a file- or record-locking feature—has
been corrected under the /usr/group stan-
dard. Here a system call is defined for record-
level locking, which will eliminate the
problems of concurrent access to a record by

User interface

C language
and library

System kernel
(over 39 system calls)

Hardware

User

Standardized
C library, C

Standardized
system calls

2. Fixing the system calls to the kernel and the C language library is the first step toward applications
portability. Applications interface with the kernel only through system calls. The /usr/group standards
define the system calls and the C language library routines.
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different processes. The Lockf function will
lock the area for the exclusive use of the re-
questing process; if the area is already locked,
the process will “sleep” until the area becomes
available. If locking the area causes a deadlock
between requesting Lockf processes, the area
will not be locked, and an error message will be
returned to the requesting processes.

The /usr/group approach to file locking has
been adapted by AT&T Technologies Inc. for
later release. A subroutine function is being
added to that release to emulate the standards
approach to file locking. But, System V will be
upgraded to furnish this feature—an indi-
cation of the acceptance and the need for
standardization by the Unix community.

Furthermore, an IEEE committee, the
working group on Unix Operating System
Standards, has been formed to develop Unix
standards. This committee will use the
/usr/group standards as a base document.
The committee will be examining application
portability, user interfacing, media compati-
bility, and communications standardization
issues. Also, an ANSI committee has been
formed to develop standards for the C lan-
guage. All in all, standardization seems to be
the next step for Unix.

AT&T moves toward standardization

Meanwhile, AT&T Technologies is also tak-
ing significant steps toward the standardiza-
tion of Unix. First, it is working closely with
the standards committees and is willing to use
developments from that standardization ef-
fort in its product—Unix System V. Second, it
wants System V to be accepted as an indus-
try-wide standard for Unix operating sys-
tems. And finally, it wants to standardize
Unix itself so it can be a stable base for both
software and hardware. It has already prom-
ised to continue to sell or license Unix, as well
as to keep it an open system that vendors and
developers can rely on as an operating systems
base.

Specifically, AT&T is going to define the
System V interfaces to create a standard with
which applications programs can mesh. While
Unix System V is provided by AT&T and its li-
censees, the System V interfaces will be

defined for all systems, licensed or not.

These interfaces will be specified by a docu-
ment, “The System V Interface Definition,”
which is now in limited distribution and will
be available for general distribution in Jan-
uary 1985. This document defines the min-
imum set of system calls and library routines
common to all operating systems meeting the
System V standard. The remaining commands
and utilities are ordered into a set of optional
extensions to the basic system. The definitions
specify the software interfaces and the run-
time behavior (not the implementations) of
the function or utility. They follow in the foot-
steps of the /usr/group standards for the ear-
lier System III version.

By this method, the System V command and
utilities are unbundled into sets or logical ex-
tensions that can be added as needed to the
basic system. This enables System V to be used
in systems that cannot accommodate all 250
system calls and utilities. The following exten-
sions will be defined: kernel, basic utilities,
software development, network services,
large machine administration, graphics, basic
text processing, user interface, and data base.

To ensure standardization on the micro-
computer level, AT&T has made arrange-
ments with some of the manufacturers of the
major microcomputer chip sets to develop de-
rivatives of System V for their systems. These
manufacturers include Motorola (for the
MC68000), Intel (for the 80386), National Se-
miconductor (for the 32016), and Zilog (for the
7.80000). The Motorola version has been com-
pleted (ELECTRONIC DESIGN, April 19, p. 268),
and the National version will be released early
next year.

A test is coming

To test for conformance to the System V in-
terface definitions, a validation suite for sys-
tem licensees will be made available in 1985.
This set of programs will validate any pro-
posed System V-compatible operating system
to ensure conformity to the interface defini-
tions.

The Berkeley Unix community —the Uni-
versity of California at Berkeley, Digital
Equipment, Sun Computers, Masscomp, and
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others—are now holding talks to coordinate
new developments and set up standards for
the existing Berkeley design as well as forth-
coming enhancements. These organizations
do not follow the System V standards, prefer-
ring to direct the Unix operating system to-
ward the larger research and development
problems, rather than toward a more rigid,
unbundled system.

Berkeley beginnings

Berkeley Unix, typically called BSD 4.x, was
developed from Unix 32V by the University of
California at Berkeley for the DEC VAX. Sub-
sequently, it was enhanced under government
funding for various ARPA projects. A number
of the more advanced enhancements or addi-
tions to Unix were developed at Berkeley, in-
cluding Vi, a text editor; Termcap and Curses,
terminal interface software; virtual memory
processing communications protocols; inter-
process communications; and a number of
operational utilities.

Though Berkeley Unix does not join up with
System V for standardization, it does serve a
valuable function. A number of the more ad-
vanced utilities, system functions, and pro-
grams have come to Unix from the Berkeley
research community. It acts as the point man
for future Unix developments. Developments
from Berkeley Unix, especially in communica-
tions and distributed processing, will continue
to add to the mainstream Unix systems.

Toward compatibility

One interesting development is the appear-
ance of systems that are compatible with both
System V and Berkeley Unix. National Semi-
conductor currently has Genix, which is com-
patible with BSD 4.1 and soon will be compati-
ble with 4.2, and will have a System V version
early in 1985. Both will run on the National
32000 series of microcomputers and will share
anumber of functions and resources. The Pyr-
amid Technology OSX operating system al-
lows the user to select which of the two Unix
operating systems to use for execution; it uses
the Berkeley variation for its internal system.

Microsoft Xenix is based on Unix Version 7
and System III. It has been recently upgraded

to some of the System V features, but there are
no plans to bring it into conformity with Sys-
tem V. Xenix will, for the time being, go its
own way. Its goal is to bring Unix to the higher
level of personal computers. It should be noted
that over half of the existing licensed Unix
systems are Xenix.

Playing with the PC/AT

In pursuit of its goal, Xenix is currently be-
ing optimized for the Intel 286 microcomputer
and will be supplied by IBM for the new 286-
based PC/AT. Xenix has already been un-
bundled —thatis, subset to fit onto the smaller
microcomputers; its kernel occupies 100
kbytes of memory, and it requires from
3.0 to 7.5 Mbytes of hard disk space.

Xenix is farther down the path than Unix
foritsintended market. It already provides re-
cord locking and interprocess communica-
tions features, but only the first feature is
compatible with system V. Microcosoft plans
to provide an OEM kit—a binary adaptation
kit that enables developers to adapt Xenix to
their own machines without the need for
source code. This can be done for the 286 be-
cause the chip has its own memory manage-
ment unit; thus the system does not have to be
adapted to differing memory management
schemes.

Future trends

For the foreseeable future, the trends are
already set; a majority of the System IIl and V
Unix implementations will draw together in a
common standardization effort that will tend
to follow the AT&T System V evolution. But,
AT&T will evolve System V with an eye to-
ward the standards groups and toward any
new developments in the Berkeley Unix com-
munity. Meanwhile, the latter community will
draw together to standardize its systems,
whereas Microsoft will continue along its
path, and the remaining Unix or Unix-like
systems will either migrate towards System V
or develop niche markets (Fig. 3).

Standardization efforts will also proceed on
the C language—a standard of C will greatly
aid the portability of system software as well
as applications. The standard will be based on
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THE SUCCESS OF YOUR MEMBRANE
SWITCH DEPENDS ON ELECTRONIC
RELIABILITY AND GRAPHICS EXCELLENCE.

Ever wish you could get both from one supplier?
Now you can.

Switch to EECO. Your membrane switch panel is
an electronic component. For over two decades, EECO
has been an innovative leader in component techno-
logy, providing you with top performance thumbwheel
and PCB mounted switches. We added the EECOflex®
line to meet your demand for membrane switch panels
from a true electronics manufacturer. Since 1977, we
have been specified into rigorous medical and process
control applications. Today our membranes are built
entirely in-house for optimum control over processes
and materials. Which guarantees the kind of quality

\. createés a quality image for your product. And
".,!‘; & ' “\ our company.

: o r circuitry. EECOflex two-layer fully
SW tch circuits are screen printed on heat
C { ester. Conductors are always fully cured.
I g is available to block out EMI and
e. State-of-the-art CAD equipment
totype design with precision and speed
ih 4 weeks after we receive your drawing.
g to final assembly, your EECOflex
\ uitry is built to work for you. Every

ue working. All switch elements are

Incorporated

CIRCLE 116

rated for an average lifetime of 5 million actuations.
Look into our graphics. You'll see bold, sharp,
accurately registered overlays. Birilliant colors matched
to individual lighting conditions. Take a closer look. At
some of the most sophisticated graphics features in the
membrane industry. Features like selective texturing
for smooth integration of readout windows. Embossed
key surround for definitive tactile location. A snap-
dome contact system for tactile feedback to your
operator. These and many more custom features add up
to the visual appeal that sells your system. Up front.
Give us your membrane design. We'll
implement it your way. EECO applications engineers
work with you from Day One tomake sure ourmembrane
meets your toughest design criteria. A dependable,
professional service organization assures on-time
delivery and follow-up assistance. Design questions? No
problem. We're only a phone call away with designer’s
guides, test results and specifications. Call us at
(602) 272-5645, TWX 910-950-0196. Or write EECO
Incorporated, Membrane Switch Operations, 2949
North 31st Avenue, Phoenix, Arizona 85017 for a
product catalog.
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the Portable C Compiler from AT&T.
Standardization of Unix will create a stable
base that can be supported through expert
systems. One research system currently in de-
velopment is the Unix Consultant. The goal of
the program is to provide the new user with a
natural language “help” facility that will en-

able the user to learn and use the Unix system.
When in doubt as to how to do something, the
user can simply ask the system for guidance.
The program, developed at Berkeley under
government grant, is partially operational
now. Its speed and range will grow as research
continuey into the underlying technologies.O

[ Loose standardization e
Advanced research
Standardization 2 Standardization
by committee
Standardization
- by industry —

N acceptance

—

Unix look-alikes
Xenix
Product
ranges
AT&T System V-based systems PC/IX
Berkeley Unix
N
Complexity Complex development Multiprocessing, Advanced Multi-user Small systems,
systems, distributed files, and workstation systems single users, and
exploratory systems, and advanced communications dedicated applications
a large amount
of resources

3. The low end of the Unix operating systems arena will be standardized in the future by decisions made
in the marketplace. The middle ground will be standardized by industry and organized committees. The
upper end will permit advanced research through a loose, but cooperative, approach to standardization.
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NOW THE SOLUTION

TO IC NOISE

IS RIGHT UNDER

YOUR DIP

INTRODUCING MICRO/Q HIGH-FREQUENCY
DECOUPLING CAPACITORS FROM ROGERS.

Rogers’ new MICRO/Q™ capacitors
get to the root of IC noise problems.
Save valuable real estate. And let you
increase IC density.

The first flat capacitor with the
rectangular dimensions of standard
DIP packages, MICRO/Q fits directly
under ICs or sockets. Because it shares
the same power and ground holes,
there’s no need to modify regular two-
sided or multilayer boards. Use of out-
board mounting holes is optional.

Specifically designed to optimize

¥ ROGERS

the performance of today’s fast-rise
ICs by minimizing noise, the MICRO/Q
capacitor’s low-inductance design and
high-frequency performance can reduce
voltage and ground spikes up to 90%.

Available in all standard sizes or
custom configurations, its low impe-
dance and overall superior electrical
performance will enhance the operation
and reliability of virtually any board
design. For all the facts, contact a
Rogers MICRO/Q Product Specialist
today at (602) 967-0624.

Rogers Corporation

Q/PAC Division

2400 South Roosevelt, Tempe, AZ 85282
602 967-0624
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The CMOS 6805 has arrived
atits new address.




And addresses more memory

than ever before.

Your new source for CMOS 6805s is the first source to address
64K of external memory: Meet the RCA 6805E3.

It just wasn't enough for RCA to offer
you a new Mega-supply of today’s most
popular CMOS 8-bit micros. So we designed
our own additionto the line. The 6805E3 can
address eighttimes as much memory as the
existing E2. Access to 64K of memory opens
the door for you to switch a multitude of
designs into low-power CMOS. This contri-
bution to 6805 technology is only one reason
we want you to make RCA your new source
for CMOS micros.

Pin-for-pin, function-for-function
equivalents.

RCA 6805s are true replacements for
Motorola CMOS micros. So you can always
count on Motorola as an alternate source.

More under construction.

Our agreements with Motorola include
several ongoing developments by both par-
ties beyond this initial selection. As the two
largest CMOS suppliers inthe U.S., RCA and
Motorola are working together on the second
generation of 6805 technology. In 1985, RCA
will offer Motorola’s 68HC05C4. We'll also
introduce the RCA-designed 68HC05D2, a
microcomputer with all the features of the
6805G2, plus SPI serial expansion bus, key-
board scan logic and twice the speed of the
existing 6805 line. By beginninga CMOS
partnership with RCA now, you'll be staying
close to the future of 8-bit CMOS micros.

Your prime location for peripherals.

RCA offers a broad selection of peri-
pherals for 6805 CMOS micros. But then, we
have the world’s broadest line of CMOS peri-
pherals to begin with. Use them to bring low-
power to both CMOS and NMOS designs.

Our Total CMOS Service.

Today's RCA line represents possibly

DIRECTORY
Processors
On-chip I/0
Type ROM RAM Pins Timer Avail.
6805E2 8K off-chip 112 Bytes 16 8-bit NOW
6805E3 64K off-chip 112 Bytes 13 8-bit NOW
6805F2 1K on-board 64 Bytes 16 8-bit  1Q85
6805G2 2K on-board 112 Bytes 32 8-bit NOW
68HC05C4 4K on-board 176 Bytes 24 16-bit  3Q85
68HC05D2 2K on-board 96 Bytes 28 16-bit 3Q85
68HCO04P2 1K on-board 32Bytes 20 No 3Q85
68HC04P3 2K on-board 128 Bytes 20 No 3Q85
Peripherals
Type Description Bus Features Avail.
68HC68A1 10-bitADC SPI 100us conversion  3Q85
68HC68T1 Realtimeclock SPI 32 Byte RAM,alarm 3Q85
6818 Realtimeclock  Motel 50 Byte RAM NOW
6823 Parallelinterface Motel 24 prog.|/O lines NOW
6848 Dual counter- Motel Two16-bitdown- NOW
timer counters
6853 ACIA Motel Full duplex 3Q85
68HC68R1 128 x8 RAM SPI 1A sta?dby 3Q85
curren
68HC68R2 256 x 8 RAM SPI 1@“ sm;dby 3Q85
urren

the most balanced selection of CMOS avail-
able. Your relationship with RCA gives you
instant access to the leading edge of High
Speed CMOS logic, the most designer-
friendly CMOS semicustom (gate arrays and
standard cells) and cost-effective ROMs and
SRAMSs. Your total CMOS needs are growing.
Don'tthey deserve attention from RCA, the
inventor of CMOS?

Getin on the ground floor of
availability.

Calltoday for detailed information and
samples on the new 6805E3 and the rest of
the RCA 6805 family. Contact your RCA
stocking distributor, or call toll-free
800-526-2177.

Call: Hamburg, 49-4106-6130; London, 44-03-2785511; Paris, 33-3-946-5656; Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033.

Changing to serve you better.




Computers can not only
add and subtract. They can divide.
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To shorten your electronic design times, you can provide
your project teams with Computer-aided Engineering, Design and Manufacturing
systems. And those systems will do their individual jobs very well.

However.

As soon as you try to transter the data generated by your
engineers to the design stage (not to mention manufacturing) you'll find you have a
problem. Because none of the systems are fully compatible with each other. Engineer-
ing can't get along with Design. Design can't get along with Manufacturing. And vice
versa. Worse still, when the systems can't get along, neither can the people using
them. So instead of state-of-the-art, you end up with something akin to a state of war.

The solution, of course, is to work with
one company that can handle the entire project from be-
ginning to end. A company with a full range of modular
systems for every stage of every electronic design project.
All fully integrated around a common data base.

That company is Racal-Redac.

With Racal-Redac, you can solve
today’s problems without creating new problems for
yourself tomorrow. Because all the system modules
were designed to work together, and grow with you as
YOUT needs grOW Finally, a totally integrated

Read that last paragraph again. We at e i clevabes
Racal-Redac are talking about a range of complete, totally integrated systems which
work for you through every stage of the design cycle.

Only unlike other companies, what we're talking about isn't a
vague promise for the future Racal-Redac systems are already hard at work right now
in over 1,000 electronics companies around the world. Any one of which we will be
happy to discuss in considerable detail.

Just clip your business card to this ad. Or write. Or call. But don't
wait for someone else to work it out. Because
the alternative to integration is disintegration. RACAL'REDAC

Linking Concept to Product

Lyberty Way, Westford, MA 01886 (617) 692-4900
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Tiny BASIC MICROCOMPUTER

K-8073A Toieoseioas pevkeen

LOW COST POWERFUL/VERSATILE ENGLISH-LIKE PROGRAMMING

STD (MOD) BUS 4.5 x 6.5 in.
5 Volt Only—Cassette

Tape In/Out—2 Sense—

3 Flags—RS-232—Address/
Control Lines

2K Byte Local RAM
Expandable To 8K On-Board
Ext. Expandable 24K

INS8073 Microinterpreter
Tiny BASIC Processor
4 Or 8 MHz Version

ART/RC Master, For Single
Wire Data I/0 Of 128 Slave Units ——

Real-Time Clock

W/Ext. Battery Backup
Yr, Mo, Wk, Day, Hour, Sec.
CPU Time Interrupt

Autostart EPROM 2K Byte
Or 2K Byte RAM

Ultilities Firmware, For
Software Dev., EPROM Or

RS-232 For CRT RAM 2K

110—4800 Baud
W/Handshake

To CPU EPROM Or RAM—2K Byte

EPROM Programmer, 2K
Byte Prm. Decoded—Req.
Ext. 25V Only

PPI, Programmable I/0,

24 Lines
BAS'C PPI Interface Ribbon
SINGLE UNIT Connector
THOUSANDS OF TRANSWAVE K-8073 THE K-8073A IS FOR OEMs AS WELL AS END

COMPUTERS are used throughout the world in
numerous OEM applications. Why? Because it is a
powerful, cost-effective solution to many industrial
measurement/control problems. Regardless of your
discipline or software skills, the K-8073A is a favorite
among engineers. Simply attach a CRT, connect 5
volts (or use our inexpensive Development Station),
and you have yourself one powerful, versatile micro-
computer that YOU can program. With an on-chip
microinterpreter and the extra control devices we

USERS. Whether you manufacture Industrial Pro-
cess Control, Enviromental or Test/Measurement
systems, or simply for your own use, you can count
on cost-effective performance. The K-8073A comes
complete with all socketed devices including the
powerful F-2.3 Utilities Firmware and a Hardware/
Software manual.

In Industry, Education or New Product Develop-
ment, the K-8073A provides you with state-of-the-
art technology. With a full line of support products,

designed into the board, you can do your own pro- 16K Byte RAM M-8016B $305.00 Transwave takes care of your every need at the most
gramming in the most simple English-like language reasonable prices.

available—Tiny BASIC. Sophisticated application
designs can be implemented in hours instead of days

or weeks because you have eliminated expensive and ?
time-consuming hardware and software costs.

IN ADDITION TO ALL THIS, THE NEW K-8073A
OFFERS more features than the original K8073
board. Two times faster at 8 MHz, a Real-Time
Clock, Program Autostart, 2K-8K Byte Local RAM,

8K Byte EPROM with Programmer, 128 Remote
Addressable ART/RC and PPI W/24 Line 1/0.

€S

TRANSWAVE CORPORATION

Cedar Valley - Box 489, Vanderbilt, PA 15486
(412) 628-6370

For orders and information only:

(800) 245-6843/Telex 902992

International inquiries please write direct to
Development Station PS-5/25 $225.00 Transwave for complete product guide.
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As personal computers
become more
powerful-and more
commonplace-user
demands grow.

With engineers
perceiving

greater shortcomings

all the time,
technology will have

to rise to the occasion.

Jesse Shereff




READER SURVEY

Clearly, personal comput-
ers are solidly entrenched in
the workplace. Today’s engi-
neer or manager has to func-
tion as comfortably with a
computer as he does with a
telephone or pencil. This
trend will surely continue,
and in a few years we should
find that virtually everyone
will be using computers in the
workplace, with the work-
station becoming an even
greater aid on the job.

Most readers who re-
sponded to ELECTRONIC
DESIGN’s survey about their
personal computer-based
workstations are happy with
their setups and claim their
machines are completely ade-
quate for their current needs.
However, only slightly fewer
than half feel that their pre-
sent systems will be sufficient
over the next three to five
years. As a group, they look
forward to a wide variety of
improvements in personal
computers in the foreseeable
future.

The area in personal com-
puter technology rated high-
est in importance, in terms of
needing improvement, by
readers of ELECTRONIC DE-
SIGN is ease of use. Though
“bigger and better” —speed,
memory, mass storage,
graphics, and so forth—is
usually the battle cry of users
everywhere, the desire to
avoid complicated command

structures is the major con-
cern.

The first half of the survey
(ELECTRONIC DESIGN, Nov. 29,
p.161) showed that 90% of re-
spondents use personal com-
puters or similar equipment
on their jobs, and another 7%

plan to obtain such systems
soon. The majority of users
employ 16- or 8-bit systems,
with the scales tipped heavily
in favor of the IBM PC per-
sonal computer and its look-
alikes. Only 4% work on the
more powerful, graphics-ori-

Figure 1

56%

26%

Yes, can be
enhanced
enough to meet
current needs

Yes, completely
adequate

Can current system keep up with today’s needs? |

11%

5%

No, should be  Ng should be

replaced with  rep|aced, but
another no other system
currently currently
available  gyaijjable will do
system

o e e T ]
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ented 32-bit systems, which,
incidentally, are inherently
more suitable for CAD/CAE
applications.

Typically, engineers and
other readers use their micro-
computers for such appli-
cations as word processing,
project scheduling and
management, data bases, and
financial analysisrather than
for engineering tasks like de-
sign, control, testing, and
measurement. The exception
to this pattern is the writing
and debugging of programs,
which more than half the re-
spondents do themselves.

Who uses PCs?

Of the 2000 readers who
were sent the questionnaire,
about 20% responded. The re-
sults are rounded off to the
nearest percentage point.
Some respondents failed to
answer sections of a multi-
part question, and other
questions called for multiple
answers. Consequently, the
total of all categoriesin a giv-
en situation does not always
equal 100%.

The survey reveals that the
average personal computer
user is a 42-year-old engineer-
ing manager specializing in
design and development. He
uses an IBM PC with 256 to
512 kbytes of RAM and
10 Mbytes of mass storage.
His programming is gener-
ally done in interpretive Ba-

sic or assembler, and when
compiling, he most frequently
uses compiled Basic or For-
tran. PC-DOS or MS-DOS is
by and large the operating
system of choice, although a
significant minority opts for
CP/M.

The average system is con-
nected to the outside world
via telephone, local networks,
and, in about 20% of the cases,
an interface for real-time in-
struments or processes. Aside
from communication facili-
ties, the most common hard-
ware enhancements are a
floating-point math copro-
cessor (38% ) and high-resolu-
tion, bit-mapped graphics
screens, both monochromatic
(36% ) and color (30% ). All
other hardware add-ons, as
well as advanced software
features like multitasking,
virtual memory, RAM disk,
and so forth, are found on less
than 30% of the systems.

At the present time

Among the readers in our
sample, 56% feel that their
systems are completely ade-
quate for their current needs.
Though an additional 26%
say their systems have the ex-
pansion capacity to cure any
current inadequacies, an-
other 11% feel that they
should replace their present
workstations with other ma-
chines now available. The
most demanding lot, 5%, see

nothing in today’s personal
computer arena capable of
meeting their current needs
(Fig.1). The most frequently
cited shortcomings—all
picked by 20% of the readers
or fewer —include mass stor-
age, graphics, RAM, and suit-
able application software
(Fig. 2).

Though those figures do not
vary significantly with job
function, design and devel-
opment engineers are less
likely than anyone else to be
satisfied with their present
systems. Only 48% feel their
personal computers are
adequate for their needs. This
group would be most likely
to enhance their computer’s
processing power, mass
storage, graphics capabili-
ties, and RAM capacity —the
facilities vital to CAD and
CAE (Fig. 3). One other in-
teresting exception to the
overall pattern is that non-
programmers are far more
likely (73% ) to be satisfied
with their present systems
than is the group as a whole
(Fig. 4).

The nature of perceived in-
adequaciesdictates whether a
system must be replaced or
can be enhanced. None of the
current crop of microcom-
puters are processor-inde-
pendent—all are intimately
wedded to their CPUs. If more
computational strength is re-
quired, the only solution is to
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Figure 3 obtain a system with a more
powerful CPU. Similarly, the
upper RAM addressing lim-
itation of 8- and 16-bit com-
puters can be quite a severe
impediment for many engi-
neering applications. Where a
multimegabyte memory is
needed, a 32-bit system is
the answer. Graphics capabil-
ities are similarly system-
dependent.

Future needs

Looking into the future,
more than half the users
think they will need more
powerful workstations over
the next three to five years to
meet their job requirements.
Only 17% feel that their
present systems will be com-
pletely adequate over that
stretch, and another 31% can
add enough facilities to cure
any projected shortcomings.
Here too, processor power,
mass storage, RAM, and
graphics head the list of areas
most often deemed to be inad-
equate, this time by 31% to
40% (Fig. 5).

Once again, design and de-
velopment engineers are
more pessimistic about how
their current personal com-
puters will stack up in the
future. A full 55% foresee
deficiencies in computational
power alone. Fewer than one
in ten engineers are confident
that their systems will be able
to handle the difficult assign-

140 Electronic Design + December 27, 1984



READER SURVEY

Figure 4

Electronic Design + December 27, 1984 141



PERSONAL COMPUTER SERIES

5

Figure 5

142 Electronic Design + December 27, 1984



READER SURVEY

ments that lie ahead (Fig. 6).
For nonprogrammers, panic
is not quite as imminent: 31%
feel that their current sys-
tems will satisfy their future
needs (Fig. 7), and 35% be-
lieve their current systems
can be enhanced.

With many users looking to
replace their workstations in
the near future, most are con-
fident that suitable alterna-
tives will be commercially
available when they are need-
ed. The big question in many
readers’ list is whether they
will be able to convince man-
agement to invest the neces-
sary capital. Only 2% fear
that their projected re-
quirements will outpace any
advances in personal comput-
er technology (Fig. 8).

User friendliness

When asked to name the
area of personal computer
technology in most need of
improvement, ease of use and
the user interface topped our
readers’ list (Fig. 9). Only
27% consider this area to be
relatively unimportant.

To busy managers, who are
not necessarily computer pro-
fessionals, a computer is just
a tool and not an end in itself.
They are either unable or un-
willing to spend precious
weeks learning each aspect of
a new tool. One can sympa-
thize with the novice who
must absorb an operating

system and several applica-
tion programs—each with its
own command structures and
a set of fat (and often incom-
prehensible) manuals—
before he can profitably use
his workstation.

Pet peeves

One Compaq and IBM PC
XT user pinpoints his pet
peeve as trying to remember
which key to push for a given
result, especially when the
same key has different mean-
ings in different contexts and
application programs. He
feels that manufacturers
should add a new interface de-
vice (not a mouse) that will al-
low him to enjoy a multitude
of utilities without extensive
reading and memorization.
This solution is similar to
that of a dedicated word-pro-
cessing computer, which as-
signs each key one function
during the course of a pro-
gram. It would, however, lim-
it the flexibility and adapt-
ability of a general-purpose
computer.

Facing the interface

A debate over the user in-
terface has been raging in the
microcomputer industry. On
the one hand, experienced
users know that once a soft-
ware package is mastered,
constant iterations through a
nested menu selection process
become cumbersome, time-

consuming, and irritating.
Software containing exten-
sive menu shells also tends to
be large and expensive. Nov-
ice users, on the other hand,
frequently are turned off by a
lengthy learning curve and
tend to avoid programs that
are not immediately produc-
tive.

The advocates of straight-
forward user interfaces are
clearly winning the day, as ev-
ident in Apple’s Macintosh,
with its image-oriented,
menu-driven, integrated
operating system and appli-
cation programs. In fact,
several respondents to our
survey wrote that the Mac-
intosh or Lisa user inter-
face should become the model
for future systems. The in-
dustry is taking note: Mac-
intosh-inspired shells for
many currently popular
microcomputers are being
rushed to market.

No manuals needed

Many fancy new software
packages (dBase III, Sym-
phony, WordStar 2000,
Framework) are loaded with
on-line and fully integrated
help screens, tutorials, assis-
tance facilities, and menus.
Engineers can fully use these
sophisticated packages al-
most without reading a man-
ual. In the better-designed
programs, these aids can be
bypassed for direct command

B e
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Figure 6

control. The added help facili-
ties require substantially
more RAM, mass storage, and
processing power than their
predecessors.

Speaking frankly

Another group of readers
would like voice recognition
to become the mechanism of
man-machine interaction,
with the machine having the
ability to recognize ordinary
English commands. This has
been a prime area of research
and development since the be-
ginning of computer history.

Texas Instruments recent-
ly demonstrated a rudimen-
tary voice activation system
on its Professional Computer
—one that could lead to a tru-
ly personal computer. The
user prerecords a select group
of words, which the system
recognizes when spoken by
the same individual. How-
ever, the user must remember
the exact commands he re-
corded and speak them in the
same manner all the time.

Other target areas

Processor power and speed
are the second mostim-
portant areas of concern to
our readers. Several users of
8- and 16-bit machines would
like their next system to use
an MC68020 or similar 32-bit
CPU. Others just wish for 100
times more speed than their
current personal computers
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All new and nearly 700 pages, this is the
biggest and best FAST™ Data Book ever!
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speed/low power Fairchi vance
Schottky TTL family. With current specs FILL ME IN FAST
on over 160 devices. All in one fabulous, | Name
free book.

Packed with pertinent product informa-
tion, the 1985 FAST Data Book features full

data sheets, including connection diagrams I Company
on SOICs and PCCs. Plus an expanded pack- From P Ortland’ M E

Or contact your nearest Fairchild sales office
or authorized distributor.
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Figure 7

can deliver.

Of course, overall system
speed is dependent on much
more than raw processor
capability. The fastest CPU
can appear to be crawling be-
cause of inefficient operating
systems or application pro-
grams or as a result of many
calls to slow memory devices,
such as floppy disks. The soft-
ware involved in creating a
simple user interface can
also exacerbate that ineffi-
ciency.

More resolution

Significantly better graph-
ics capability is another high
priority. Certainly, the reso-
lution offered by an IBM PC
or any 8-bit system is not con-
ducive to IC design. Some
16-bit systems come with en-
hanced graphics, but at a cost
of introducing severe incom-
patibility with the IBM sys-
tem. Many graphics systems
being developed for 32-bit
micros should be capable of
supporting the most demand-
ing applications.

More RAM wanted

As soon as any engineer
gets used to a computer sys-
tem, he longs for more RAM
and mass storage—a uni-
versal plaint. Many readers
tell us that they want 1 to 4
Mbytes of RAM and 100
Mbytes to 1 Gbyte of mass
storage on their personal
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Think Design Capture

No more drudgery of designing circuits or
drawing schematics by hand. Or tying up an
expensive workstation just for CAE tasks.
Hand the job over to EAS . . . to maximize
your productivity through integrated
CAD/CAE.

Design circuits on the EAS/300 with
PC-CAPS™ — a true hierarchical design

system. Create a database that constantly W E°S

keeps track of components and connectivi- U"m“l""“"

ties . . . with real-time continuity checking Y eSS SRS ®
apd lpstgnt wire tra'ce cz_apat'nhty. Editing and OO - & t 4
viewing is easy. Verify circuit performance RARASRRARAL S = 2R 8

with the PC-LOGS™ interactive, event-
driven logic simulator.

Download net-list data through V4 ;
ETHERNET® or via RS-232 ¥ Lgd
interface to an EAS/770 CAD /Dt

workstation for complete PCB
layout. Back-annotate from the
EAS/770 to the EAS/300. Automatically
draft schematics on your plotter.

Think PCB

With the EAS/770 and its PCX™
software, design complex circuit
boards with automatic/
interactive placement

and routing, and real-
time design rule check-
ing. Get outputs for
manufacturing. Transfer
design data throughout

a wide network of EAS/
770 and EAS/300 work-
stations in a true
integrated CAD/CAE
environment.

The EAS/770 — a respon-
sive, menu-driven XENIX®
(UNIX™) based PCB CAD sys-
tem. The EAS/300 — a personal
engineering workstation for
desktop CAE.

THINK EAS.

PC-CAPS and PC-LOGS are trademarks of
Personal CAD Systems, Inc

ETHERNET is a registered trademark of XEROX
Corporation.

PCX is a trademark of Engineering Autornation
Systems, Inc.

XENIX is a registered trademark of Microsoft Corpo-

THE TOTAL SOLUTION.
ENGINEERING
EE AUTOMATION
SYSTEMS INC

ration, and is derived from UNIX Systemn Ill under

license from AT&T.

23 Industrial Park Road Middletown, CT 06457 Phone: (203) 632-0080 UNIX is a trademark of Bell Laboratories.
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Figure 8

computers.

One engineering manager
thinks RAM should never be a
primary limitation. A work-
station with 2 to 4 Mbytes of
RAM and over 100 Mbytes of
mass storage, plus an effi-
cient virtual memory man-
agement system, should
satisfy almost any demand-
ing user. Several such sys-
tems are commercially avail-
able.

Also on the horizon

Future improvements in
application software, local
network connections, and
printers are also sought. Net-
working is a relatively new
feature and, like application
software, is in a stage of rapid
development and evolution.
Several good networks for
larger microcomputers exist
today, among them Ethernet,
which has become a semi-
official standard. One of the
most sophisticated is Apollo’s
Domain network, in which a
workstation can take advan-
tage of the computational fa-
cilities of remote nodes in ad-
dition to shared peripheral
devices and files.

Printers advance

The revolution in printer
technology has been almost
as dramatic as the revolution
in microcomputers. Printouts
from small systems were all
but unreadable. Today, many
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DATA 1/0 presents ABEL,

the first logic design software built the ways you think.

Designing logic has never
been easier.

ABEL is the revolution- .
ary new CAE software
package from Data I/O
that lets you specify logic
designs for IFL, PROM
and PAL® devices
using whatever
method is most natural
for you: state diagrams,
Boolean equations, truth
tables or any combination.

No more longhand conversions of truth
tables to Boolean equations. No more long-
hand conversions from state diagrams
to Boolean equations to Karnaugh maps.
ABEL does it all.

Functional timesavers
make design input easier.

ABEL's high-level language is filled with
important timesavers. *‘Set’” notation lets
you group signals into sets and treat them
as separate units in your design descrip-
tion. Free-format syntax lets you write
designs without assigning particular ele-
ments to specified lines or column num-
bers. With macros and directives you can
instruct the compiler to create blocks of text
automatically. And with file inclusion you
can merge an existing file with the source

Data I/0 Corporation, 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746. For immediate action, contact us
directly, CALL TOLL FREE: 1-800-426-1045. In Washington, Alaska and Hawaii, call 206-881-6444. Europe: Vondelstraat 50-52,
1054 GE, Amsterdam, The Netherlands, Tel: (20) 186855. Germany GmbH: Bahnhofstrasse 3, D-6453 Seligenstadt,

West Germany, Tel: (6182) 3088. Japan: Ginza Orient Building 6-F, 8-9-13, Ginza Chuo-ku, Tokyo 104, Japan, Tel: (03) 574-0211.

file you're-writing, avoiding redundant
keystrokes.

ABEL automatically produces com-
prehensive documentation includ-
ing reduced equations, fuse-

maps, labeled IC diagrams,
production and service data, and
test vectors.

Logic reduction expands
your flexibility.

By using a powerful logic reduction
algorithm, ABEL helps you easily reduce
design descriptions down to their simplest,
most efficient forms. Even preliminary
designs can be quickly reduced. And by
reducing the number of gates required to
implement your design, ABEL also helps
reduce the cost of related hardware.

Interactive testing verifies
functional operation.

ABEL's interactive design and simu-
lation, or “'design loop," lets you create
part of a design, write test vectors, and
test the design by simulation. So now
you can create and test new design
ideas simultaneously and debug your
designs as they evolve.

Works with your IBM® PC or
Digital VAX™.
Data I/O’s ABEL software works
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Record-keeping is easy, too, because

with your IBM PC (MS™-DOS operating
system) or Digital VAX™ (using VMS™ or
UNIX™). Other versions are on the way.
ABEL contains a PALASM-to-ABEL con-
verter for your existing PALASM files. And
ABEL is compatible with any programmer
supporting JEDEC standard fuse maps,
including Data I/O’s Programmable Logic
Development System which handles more
than 90 different logic devices.

Call toll-free 1-800-426-1045

and order ABEL today.

Enjoy the full potential of programmable
logic by designing the way you think. Call
today for more information or to place your
order. Allow 6 weeks for delivery.

ABEL is a trademark
of Data I/O Corporation;
MS-DOS of Microsoft
Corporation; VAX and
VMS of Digital Equip-
ment Corporation;
UNIX of AT&T
Technologies, Inc.
PAL is a registered
trademark of Mono-

lithic Memories, Inc.

and DEC of Digital

Equipment Cor-
poration.
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inexpensive printers yield
high-quality output. Several
readers express a desire for
an inexpensive color laser
printer. Hewlett-Packard’s
new single-color Laserjet,
which costs around $3000 and
is designed for personal com-
puters, is becoming very pop-
ular, but several years will
elapse before a fast, inexpen-
sive, high-quality color print-
er is available.

Software portability

It is somewhat surprising
that compatibility and sys-
tem software portability are
not higher on the list of prior-
ities. Perhaps the users really
do view their workstations as
personal computers and thus
do not worry about running
their programs on other sys-
tems. As long as data can be
transferred, either through
networks or modems, our re-
spondents seem content.

Many of their wishes for fu-
ture workstations can be sat-
isfied today by the various
32-bit workstations, with
their advanced graphics abili-
ties, power, speed, and memo-
ry capacity. More and better
application software is being
offered for these worksta-
tions every day. Of course,
these systems cost signifi-
cantly more than the IBM PC,
but if recent history is any in-
dication, their prices are
bound to come down, too.O
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Your LAN connection.

TFC HAS THE BROADEST AND MOST SOPHISTICATED LINE
OF COAX AND FIBER OPTIC CABLES AVAILABLE ANYWHERE.

Whether you are planning a Local Area Network
(LAN) or upgrading one, Times Fiber Communica-
tions has the cable you need. Baseband, broadband,
twisted pair, and fiber optic cable and assemblies
specifically designed for LANSs.

For broadband systems, consider our new T4 PLUS™
cable. It is totally bonded from conductor to jacket,
and can be bent to a 4" radius without kinking or
flattening. Unique.

Considering Ethernet*? Times Fiber Communications
has supplied more Ethernet cable than any other
company in the world.

If you need help in making the right choice for your
needs, our 35 years of experience is yours for the

asking. After you choose TFC, you also get fast
delivery from one of our widespread distribution
centers, along with the most respected technical
back-up in the industry.

Call or write for our complete ““Cables for Electronic
Data Processing’” catalog. If you are interested in
specifically designed cable for your LAN, contact
John Palasciano, Marketing Manager, LAN Products,
Times Fiber Communications, Inc., 358 Hall Avenue,
P.O. Box 384, Wallingford, CT 06492, (203) 265-8439
or (800) 243-6904. *A trademark of Xerox Corporation.

TIMES FIBER COMMUNICATIONS, INC.
1 r RF CABLE PRODUCTS DIVISION
358 Hall Ave. - P.O. Box 384 - Wallingford, CT 06492
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When you want the latest in semiconductors,
which Information Technology company
will chip in with a micromiracle?

For your information,



©1984 Harris Corporation, Melbourne, Florida 32919

The miraculous micro- company dedicated to
processor—a computer on making the high-tech

a chip—is revolutionizing revolution pay off for you.
the way we live and work, In addition to being a
and Harris has just intro- developer of advanced

duced a major advance in
microprocessor technology.
Doing 100% of the work
on 10% of the power.

semiconductor devices, we
are also a broad-based
producer of sophisticated
products for both process-

Harris' new 80C86 super- ing and communicating
chip is the world’s first information.

16-bit microprocessor to Considering achievements
incorporate CMOS tech- like the 80C86, and our
nology. Which is a fancy way broad line of products,

of saying it’s nothing short of
incredible.

The Harris 80C86 is so efficient it
offers the same high computational

performance as other 16-bit proc- To enable our customers to take the ~ We're turning today’s technology
essors with up to 90 percent reduc-

L : best possible advantage of thisnew  into tomorrow’s miracles.
tion in power consumption. As a

: . development, we also offer a full line Tg| tact Harri
It, it fi ks . ! 0 learn more, contact Harris
erl%ms;l;et’blatctaegéus.?t (g)gr\;veer?atesosnuglsltr:n- of low-power CMOS peripheral and  Corporation, Dept. 300, Melbourne,
tially less heat, too, thus promoting ~ memory circuits, some of whichare  FL 32919.

systems and networks, it’s
no wonder Harris world-
wide sales were $2 billion
last year.

longer equipment life. shown in the illustration. m HARRIS
On top of that, it’s a tougher chip. Harris isn’t just a chip off
It can operate at temperatures as the old block.

low as —60° F or as high as +257° F.  Harris is an Information Technology

ourname is Harris.
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E* —short for EXEL5 Elec-
trically Erasable Programmable
Read Only Memory.

And incredible it is.

Incredible because
E’PROMs include all the func-
tions you need for easy system
integration.

Incredible because they
open a wealth of new applica-
tions possibilities.

Incredible because they’re
available now in volume.

Introducing the XL2816A.
Our first EEPROM is a
2K x8 bit non-volatile memory

that can be rewritten in-system.

It’s fast. Read access time
is 250 ns.

Its easy to use. It operates
from a single 5-volt power sup-
ply with timing similar to a
static RAM. Timers and latches
are built-in.

And the erase/write cycle
is completed within 10 ms,
during which the system buses
are free for other tasks.

The XL2816A works in
sockets designed for the Xicor
X2816A, Intel 2816, and a variety
of other existing EEPROM prod-
ucts. Improved power up/down
protection mechanisms are
built-in.

This is only the beginning.

We didn’t design the
XL28I6A in an ivory tower.

We went out and asked mem-
ory product users what they
really needed. Their comments
led to a number of long
awaited products you'll be
seeing in the coming months
including... A family of 55
nanosecond CMOS EEPROMs
designed to obsolete bipolar
PROMs. An advanced NMOS 64K
EEPROM with built-in latches,
timers, and a 32-byte page
mode. A CMOS 64K EEPROM
with more special features,
higher speed, and orders

of magnitude lower power
consumption than its

NMOS alternatives.
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The XL2816A EEPROM offers all key
third generation features including 5-volt
operation, internal latches and timing
circuitry, and power up/down protection.
Its static-RAM-like read and write cycles
make it easy to use in any microprocessor
environment. An optional high voltage
programming mode allows compatibility
even with sockets designed for older 21-volt

EEPROMs.

CMOS microperipherals.

In an industry where
CMOS devices are still a rarity,
well be introducing a line of
high-performance, low power
microperipheral components

in multiple versions tailored

to different CPU interfaces...
The industry’ first CMOS dual-
channel UART (DUART) with
several new features. A 4

Mbps CMOS bit-synchronous
communications COprocessor.

A CMOS multi-protocol commu-
nications controller. And more.

High density ROMs.

We also have in production
a family of 200 nsec 256K ROMs
available in JEDEC pinouts.
With our advanced technology
and manufacturing capability,
we can build millions of them
to the highest standards.

We have the technology and
the talent.

Few semiconductor com-
panies can point to sO many
achievements in such a short
time. Our XL2816A was in work-
ing silicon less than 5-1/2 months
from the company’ start-up.

Its now in volume production

at a wafer fab considered

the class act of the industry.
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Class 10, to be precise. So clean
it has fewer than ten particles
larger than 0.5 micron per
cubic foot of air.

And our six-inch wafer
capability and a high degree of
automation mean we can meet
your high volume production
requirements.

Is all this incredible?

Not really.

Its the very least you can
expect from the company whose
commitment is bringing
E? to the next highest power.

E*PROMs are distributed
through your local Pioneer,
Wyle, and Western Micro-
technology branches.

For additional information,
contact EXEL Microelectronics,
Inc., 2150 Commerce Drive,
San Jose, CA 95131.

408) 942-0500. TWX:
910-338-2116. Telex: 171339,




Pace LED tions
The answer is Data Display.

Engineering expertise? Data Display.
Conceptual creativity? Data Display.
Applications support? Data Display.
Competitive pricing? Data Display.
Design integrity? Data Display.

Call us today with your packaged LED questions. You'll like our answers. Call us toll
free at (800) 421-6815. Within California call (213) 640-0442. Or Telex 664-690. Or
write Data Display Products, PO. Box 91072, Los Angeles, California 90009.

International Reps — Argentina YEL SR.O., PH: 46 2211, TLX: 390 18605, YELAR e Australia
Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC e Belgium/Holland Klaasing Elc. PH:
01620 51400, TLX: 844 54598 KLBDNL » Denmark Radio Parts, PH: 01 34 34 11, TLX: 855
19613 RPARTDK e Israel R.C.M. Computers, PH: 03 485192, TLX 922 341390 » Italy
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0229 52430, TLX: 851 65100 MARLG » West Germany/Austria Kuhn, PH: 06235 5662, TLX:
841 464766 KUHND »

Data Display Products
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DESIGN ENTRY

Pipelined static RAM
endows cache memories
with 1-ns speed

Synchronizing and overlapping its inputs and
outputs on chip, a GaAs RAM passes its 1-ns cycle
time to an array with no loss in performance.

memory will permit. Thus for high-

speed machines, designers will often fa-
vor cache memory, and for cache memory, they
favor arrays of fast static RAMs. After all, ev-
ery nanosecond saved in RAM access time typi-
cally means an equal saving in machine cycle
time.

Quick as they are, though, today’s RAMs are
inadequate for tomorrow’s high-performance
computers, which will need a machine cycle of
5nsor less to deliver their proposed 200 million
instructions/s. The static RAMs now available
demand 7 to 10 ns to be accessed. Arrays of
them do still worse, because imprecise
timing and skews at the board level add
significant delays.

Acomputer can function no faster than its

Andy Graham and Stewart Sando
GigaBit Logic Inc.

Andy Graham is director of RAM develop-
ment at GigaBit Logic in Newbury Park, Cal-
if. He holds a BSEE from the University of
Texas at Austin. Previously, he designed MOS
memory components at Mostek and later led
high-density dynamic RAM development
teams.

Stewart Sando held memory marketing posi-
tions at Intel before becoming director of
strategic marketing at GigaBit Logic. He
holds a BS in physics and an MSEE, both
from the California Institute of Technology,
and an MBA from Sianford University.

Speeding to the rescue comes a gallium arse-
nide static RAM with a 1-ns cycle time—or
about the same as the typical transit time of
signals across a memory board. Since a signal
can propagate at only 15 cm/ns in a trans-
mission line trace, and since a typical cache
array can easily span 15 cm even with surface-
mounted packages, the RAM design must break
with tradition to confer its nanosecond per-
formance on a cache memory.

The innovative architecture of the 1-kbit
12G014 NanoRam latches and pipelines both
inputs and outputs, internally generates all
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GaAs static RAM

needed write cycle timing signals, and is totally
controlled by a single clock input (Fig. 1a).
Write cycles work in almost the same way and
at exactly the same speed as read cycles—
another unique feature. Timing complexities
are minimal, even at gigabit-per-second data
rates. Indeed, the emphasis on speed reaches
right down to the memory cell itself (see “De-
signed for Speed,” opposite).

A traditional static RAM, in contrast, does
not overlap inputs and outputs but necessitates
that address and control information remain
stable until output data has left the chip. For
cycle times below 5 ns, that requirement is diffi-
cult to meet. Also, variations in write cycle tim-

ing become extremely difficult to deal with as
the write pulse shrinks almost to the vanishing
point.

One of the most obvious differences between
the architectures of the GaAs memory chip and
its conventional static counterpart can be seen
in the way in which addresses, data, and control
signals are presented to it (Fig. 1b). Normally,
these inputs are asynchronous, yet they need
to be held valid for the full duration of the
memory cycle.

The conventional static RAM’s control sig-
nals furnish both state information (whether a
read cycle or a write cycle is taking place) and
timing data (the exact starting and stopping

Input registers

Row —]

Memory
array

Output
register

Sense amplifiers and 1/0 Dou
D Q
A

Column decoder t
buffer
Q Write timing
A generator e
| L ¢
CE
O—iD Q
A
CLK i
L—I (a)
Row —f1—
ADD decoder
[ o Sn— Memory
array
Din Dout
O—— —LSense amplifiers and 1/0
Column decoder

(b)

1. The first 1-ns gallium arsenide static RAM passes its high speed along un-
diminished to the board level because its on-chip registers, single clock, and in-
ternally generated write timing overlap and synchronize its inputs and outputs (a).
Lacking those circuit elements, a conventional static RAM cannot pipeline its in-
puts and outputs or compress its write cycle (b).
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The architectural considera-
tions underlying the 12G014’s
1-ns performance extend to the
memory cell. For the sake of
speed, it has a separate Bit Sense
line, as well as a third transistor
that separates the bit-sensing
current from the cell’s sustaining
currents.

The Word Line for selecting
rows goes low when active. The
Bit Sense line allows the cell to
sink or not sink current de-
pending upon the data it holds.
The line is biased to an appropri-
ate voltage level by column-
sensing circuitry, and the pres-
ence or absence of current drawn
by the cell is easily detected.

The simplified schematic
shown in Fig. A illustrates the
basic read operation of the cell.
The selected Word Line is first
grounded, while all others stay
high, and the Data Write lines,
which are inactive during a read
operation, are also grounded.
Next, the Bit Sense line of the se-
lected column has a positive read
current source, Ig, applied to it.
Its value is half of the saturated
drain current of transistor Qs.

When the cell is storing a 0 (Q;
is off, Q2 and Qs are on), the Bit
Sense line is quickly discharged
by the current Ips minus Ig, and
the bit sense comparator pro-
duces a logic 0 output. Alterna-
tively, if the cell contains a 1 (Q;
is on, and Q and Qg are off), then
Qs remains off even when the se-
lected Word Line is grounded. Ig
then charges the Bit Sense line
and the comparator produces a 1.

The presence of the third de-
vice, Qs, in the memory cell allows
Ipg to be totally independent of
the cell’s sustaining currents Ij;
and I;» and hence independent of
the load resistance, Ry, and the
static power of the memory array.

Designed for speed

The basic memory cell also em-
ploys differential Data Write
lines that are separate from the
Bit Sense line. To write, one of
those lines is momentarily
brought high, thereby directly
charging through a diode the
drain of Q; and the gates of Q,
and Q3 to a high level. With Q.
now on, the gate of Q; is quickly
discharged to ~ 0 V, completing
the write. (In Fig. B, a 0 is being
written to a cell that holds a 1.)

At no time during the write
operation is either of the sustain-
ing load currents used to charge
nodes. The Data Write lines di-
rectly supply the high voltage lev-
el desired on the internal cell

nodes. The resultant extremely
short write time is totally inde-
pendent of the static power dissi-
pation of the memory cell.

Because the Bit Sense line is in-
dependent of the Data Write
lines, it can continue to have the
same bias during both write and
read cycles. This makes for the
fastest possible write followed by
a read cycle. With memory cells
using common Write/Sense lines,
the bias used to sense the cell is
totally overdriven during a write
cycle. The delay that typically oc-
curs before the read bias is re-
established (known as a write re-
covery time) is totally eliminated
with this cell configuration.
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point of a cycle). Most of the timing information
demands that various setup and hold condi-
tions be met, particularly for write cycles. And
the independence of all of the input signals
gives rise to a host of possibilities regarding the
relative timing of all edges.

Also important is the new static RAM’s tre-
mendous simplification and improvement of
write cycle timing. From a user’s point of view,
write and read cycles of equal duration are
highly desirable, but historically this has not
been the case. Most systems, as a result, have
had their memory cycles limited by write cycle
considerations.

The length of the write cycle of a traditional
static RAM is determined by adding several
parameters. These are the address setup time,
the rise and fall times and pulse width of write
enable, the address hold time, and the address
transition—the time needed to reach the next
address. Therefore, it is not unusual to find sys-
tems whose write cycle runs to more than twice
the duration of the read cycle.

Further, at 1-ns speeds the write pulse of con-
ventional static memories is exceedingly nar-
row. Such pulses can be generated—at least in
theory—but exactly where the falling or rising
edge will lie is enormously uncertain. Prac-
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2. At the start of a read cycle in the register mode, the rising edge of a single
clock pulse latches all inputs onto the 1-ns RAM while simultaneously load-
ing the data output from the previous cycle into the output register (a). Write
and read cycles are both pipelined and are equally short (b).
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tically speaking, even creating a 2-ns pulse is
exceedingly difficult.

The architecture of the new GaAs chip solves
both of these problems. Latching the Write
Enable (WE) signal at the start of the cycle and
internally generating all requisite timing
signals means that the timing of the write cycle
isidentical to that of the read cycle. Totally
eliminating the write pulse, of course, obviates
the problems that go hand in hand with produc-
ing very narrow pulses.

Inner workings

The internal operation of the 256-by-4-bit
chip is totally self-timed. In operation, a single
clock signal initiates a new memory cycle (Fig.
2a). The Address (ADD), Data Input (D;,), Chip
Enable (CE), and WE signals are all latched
into on-chip registers by the rising edge of
the Clock (CLK) pulse at the start of a memory
cycle.

Those signals remain valid throughout the

memory cycle—until the next rising edge of
CLK. Because all of the inputs are latched inter-
nally, the external signals need not stay stable
for the entire cycle: They can thus begin slewing
during one cycle to prepare for the next.

Another set of registers, situated just before
the output drivers, is latched by the same rising
edge thatinitiates a cycle. In other words, as the
output data from a given cycle is strobed into
the output registers, the new addresses, input
data, and control signals are loaded into the in-
put registers to start the following cycle. Once
the output datais packed intoits registers, it re-
mains valid for the entire cycle, thatis, until the
next rising edge of CLK.

As noted, the write cycles have exactly the
same timing as the read cycles (Fig. 2b). The
data input registers are loaded at the start of
each cycle, whether it is a read or a write. In the
first case, they are simply ignored. In the sec-
ond, provided that WE is low when a cycle be-
gins, an internal write operation proceeds for

TRXRXY

3. In the latch, or nonpipelined, mode the RAM’s output register holds the da-

ta output from the previous cycle when the clock signal is high during the
first part of the new cycle. When the clock goes low, it makes the new output
available for the rest of that cycle and for part of the next.
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both writing data into the memory cells and
then restoring internal write lines to their orig-
inal condition. The output of the write cycles
will exhibit the same timing as the read cycles
but will reflect the new information.

In the memory chip’s architecture, the con-
trol signals convey state information but not
timing information. These signals, CE and WE,
are latched along with all the addresses and in-
put data by the rising edge of CLK. Setup and
hold times for all inputs are identical, which
simplifies timing in a pipelined system. The
sum of the setup and hold times (known as the
required valid window) takes up only 30% of
the overall cycle time—a percentage that al-
lows the inputs to get ready for the next cycle.
This ability is particularly important when the
speed of the memory chips is approaching that
of transition times and board-propagation
delays.

The on-chip output registers work in two

modes. In the register mode, the registers oper-
ate as positive-edge-triggered D flip-flops and
latch the output data for the duration of the
cycle. This setup yields the highest possible bit
rate at the system level because the output
signals have the greatest time to slew and prop-
agate while the following cycle is being ini-
tiated. As noted earlier, in this mode the output
data for a given cycle will appear at the chip
outputs after the device is clocked a second
time, starting the next memory cycle.

Some applications, however, cannot wait a
full cycle to obtain the data from the current
one. Typically, these tasks call for both a cycle
time of 5 to 10 ns and an access time of 1 to 3 ns.
For such situations, the latch mode exists
(Fig. 3).

In it, the output register functions alternate-
ly like a single-rank latch, holding the data out-
put when the clock is high, and when the clock
goes low, like a feedthrough path leading di-

Teyte  ————>

Thota
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:

1EEE
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4. These two back-to-back memory cycles show the only three timing points
critical for testing the 1-ns RAM—the cycle, hold, and register access times.
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rectly from sense amplifiers to output drivers.
More specifically, the data output becomes
available during the second half of the on-going
cycle, while the clock is low, and is then held
valid for the first half of the next cycle. In either
mode, the output is held stable at least halfway
into the next cycle, so that a second cycle can
start before the system has sampled the data
from the first cycle.

The big picture

In sum, the GaAs static RAM’s architecture
solves the fundamental problems of designing
high-speed memory systems. The input reg-
isters give all addresses, input data, and control
signals a large percentage of the cycle to slew
and to propagate to all chips in an array before
the clock latches them in. Likewise, the outputs
have most of the cycle to slew and propagate
back before being strobed out at the board edge.
Consequently, cycles overlap significantly,
since a new one starts before the data output

from the previous one even becomes valid at the
chip output—Ilet alone at some distance away
along a pc board trace. Finally, eliminating the
exceedingly narrow write pulse itself yields
tremendous benefits in terms of system per-
formance by doing away with the additive
parameters that formerly governed minimum
cycle time.

Running at 1 ns places stringent require-
ments on the pinout of a memory chip. Noise
and crosstalk are of paramount concern, as are
package lead lengths. Hence, a leadless chip
carrier with pins all around is very desirable.
Viewed from above, all inputs except the clock’s
are located on the left and right sides of the
package. The clock input is located on the top.
This arrangement makes it possible to run the
clock line perpendicular to all other inputs,
thereby minimizing crosstalk. Since the chip’s
timing demands that all inputs be stable when
the clock is strobed, placing the clock pin at a
right angle to the rest of the inputs will prevent

Address
driver
g RAM
Address Chip-select
latch driver array
Read/write
driver
l !
Timing Control ok D'a“ta %a‘“ta
generator driver buffer buffer
- r
L DM
System Memory _ Read/Write Din bus
CLK Request bus

5. The circuitry needed to create an interface for an array of 1-ns GaAs static RAMs is
simpler than usual because it can exploit the device’s self-timing capability.
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noise that results from the clock transition
itself coupling onto nearby input lines.

The data outputs are situated along the bot-
tom of the package to allow for the necessary
orthogonal positioning of addresses and data
lines on the board. Like the inputs, the data out-
puts are quiet when the clock is strobed to start
a new cycle.

Moving in step

All signals going to and from the memory
chip are stable when the clock triggers a new cy-
cle, and all signals then shift to their new states
on that clock’s rising edge. In fact, the outputs
do not move until after the input hold time
requirement has been satisfied, which further
reduces the risk that noise coupled in from
other I/0 lines will mis-strobe an input. Pre-
dictable signal values and a lack of signal inter-

action are the consequence of the straightfor-
ward device timing. Both are enhanced by the
simplicity of board layout that results from the
chosen pinout.

The performance and ease of use of the mem-
ory chip is readily seen in three basic examples.
In the first, the device’s pipelined cycle timing
dramatically eases testing a 1-ns memory. The
entire chip can be checked out by ensuring that
just three critical timing points are accurate to
within 100 ps for independently placed edges
(Fig. 4). As discussed, the rising edge of the
clock controls the device. The hold requirement
relative to the clock is identical for all inputs.
The access time of the output register relative
to the clock is the final crucial parameter. The
test for the write cycle is identical —and just as
easy.

In contrast, a traditional static RAM work-
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control logic
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6. A 1k-by-16-bit cache memory system occupies only 144 cm? of board
space and achieves a 1-ns cycle time.
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ing at 1 ns would require placing and measuring
ten 100-ps setup, pulse-width, and hold-time
parameters within a 1-ns cycle—a difficult task
even at the test head. And the three timing
edges used to test the GaAs memory are also
the three timing parameters used to implement
board-level designs.

Four by four

Designing a 1k-by-16-bit GaAs cache memo-
ry board demonstrates how to realize the fast-
est memory arrays. Sixteen of the 256-by-4-bit
chips implement a typical cache structure con-
sisting of four 256-by-16-bit blocks of memory.
Doubling up the basic 16-bit-wide design allows
32-bit words to be processed.

The interface circuitry is set up with either
GaAs MSI logic or GaAs LSI devices whose
memory logic is embedded within a gate array
or custom foundry chip (Fig. 5). The circuitry
differs from a traditional static RAM interface
in only two respects. Clock drivers are added to
drive the memory array, and timing generation
is simplified, since only the rising edge of the
memory cycle clock is critical.

At nanosecond speeds, board layout is very
important (Fig. 6). Surface-mounting packages
create a dense board and reduce trace lengths.
The memory chip and logic interface circuits
are packaged in standard 1-cm-square leadless
chip carriers with 40 pads on 40-mil centers.
There is room for distributing the decoupling
capacitors within the array, as well as for the
resistors that terminate the transmission lines
at the opposite sides of the array from the inter-
face circuitry.

The chip’s pinout helps minimize the dis-
tances the traces of address and control lines
must travel along each row and keeps down the
length that data and clock lines must stretch
along each column. A set of interface drivers is
supplied for every row and column to limit fan-
out to only four memory chips and to keep trace
lengths to about 12 em. This arrangement holds
transit times from the interface circuits along
the transmission lines to the far side of the
memory array to 800 ps.

The timing of the 1k-by-16-bit cache array is
determined by the combined performance of
the GaAs memory chips, the GaAs interface
circuitry, the signal transit times, and the
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skews in all of these elements. GaAs interface
circuitry introduces gate delays of about 400 ps
with rising and falling edges of 250 ps and de-
vice skews of 200 ps. The array traces tack on
800-ps transit time delays with 200-ps skews
due to minor variations in length and load.

The clock signal is delayed 300 ps with buffer
gates and is routed to the input buffers and data
buffers over trace lengths that are equalized to
deskew the signal at the edge of the memory
array. The nondelayed clock is similarly routed
to the gates that pass the signal along to the
array. The timing that results at each RAM in
the array establishes a hold time of 300 ps for
the inputs relative to the clock.

The timing will also strobe the output data
buffers at the edge of the array 200 ps before the
output data can start to change. At this point,
memory chips have latched in the new cycle’s
inputs and started driving the previous cycle’s
outputs.

A full 800-ps transit time is allowed for the
output data to travel to the edge of the memory
array and for the next cycle’s address to enter
the array. Because of the pipelined architecture
of the memory chip, 70% of the 1-ns cycle—that
is, at least 700 ps—is allowed for memory array
input and output transit times. Both are trans-
parent to the RAM’s operation on internally
latched commands and data. This 700 ps can be
subtracted from the additive cycle time com-
ponents.

In this example, the total cycle time is equal
to the sum of the interface propagation delay,
rise times and skews, the transit times and
skews, and the chip’s input hold time minus the
pipeline transparent time. In picoseconds that
adds up to 400 + (250 + 200) + (800 + 200) +
300 — 700, for a memory cycle of 1450 ps. The
need to control only one clock edge, one hold
time, and one data strobe within a memory
cycle makes this nanosecond implementation
practical.

A GaAs RAM built along conventional lines
and dropped into the same board would not
have the advantage of pipelining, thus adding
at least 700 ps to the read cycle. Further, the
RAM'’s write cycle would be stretched at least
another 2000 ps to allow for a valid setup, write
pulse, and hold period within the time that ad-
dresses remained valid. (The overall write pulse
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width alone would need to be 1300 ps, which
would comprise the requisite 800-ps array
transit time and the 500-ps minimum per-chip
write pulse called into play while all the other
array interface signals were held stable for the
write cycle.) That would add 2700 ps to the
1450 ps for an ideal write cycle, driving the cycle
time up to 4150 ps. Practically, that figure
would be nearer 5000 ps because of the need to
independently set, or time out, all the edges and
pulse widths necessary to control traditional
static RAMs.

The ECL option

The memory works well with ECL interface
circuits, too, since the pipelined architecture
preserves most of the speed at the board level.
Fast ECL gates have delays of 1500 ps, with
1500-ps rise times and 750-ps skews. Substitut-
ing these timing parameters in the foregoing
board results in a cycle time of 4350 ps.

Systems with longer cycle times can still
achieve access times under 2 ns by using the
latch mode, in which the memory output be-
comes valid during the current cycle. For ex-
ample, the memory clock signal can be timed

asymmetrically to be high for 2 ns and low for
the remainder of a 7-ns cycle. When the clock
line is high, the inputs and controls are pipe-
lined. With the output in the latch mode, the
output data for the present cycle appears at the
output when the memory clock goes low, rather
than waiting for the next rising edge of the
clock. The output data then leaves the memory
array. Again, both read and write cycles are
identical, with valid output data appearing
when the memory clock goes low. The net result
of this operation is a 7-ns memory cycle with
a4-ns board-level access time (Fig. 7).

With these design techniques, the GaAs
memory chip can be used with ECL interface
circuits to significantly extend the perform-
ance of existing ECL or new ECL systems.
And with GaAs interface circuits, the
memory chip can deliver nanosecond cache
performance.o

How useful? Circle
Immediate design application 541
Within the next year 542
Not applicable 543

CLK ——/ \ /|
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7. Memory systems with long cycle times of, say, 7 ns can still attain a 4-ns
board-level access time if they use the 1-ns GaAs RAM chip in the latch
mode and set the memory clock signal high for 2 ns only.
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performance, CIM boards feature the
superior CIMBUS™bus structure. For access
to the vast library of software written
with the Z80* instruction set, they use
National's NSC800™ microprocessor. Or you
can develop your own software under
CP/M®or BLMX-80, National's real-time,
run-time, event-driven operating system.
National Semiconductoris the only
industrial microcomputer board supplier
with more than 60 CMOS products available
today, from CPU’s and memory boards to
digital and analog I/O boards, including card
cages and software. CIM products are also
available from our licensed second source.
So if you're looking for better brains for
your products, call National Semiconductor
for the CIM solution. For a complete CIM
guide, call 800-538-8510.In California
call 800-345-4006.

National
Semiconductor
We're doing it.

o sy




When you need fast,
easy selection of magnetic cores for
switching power supplies,

Only Magnetics Offers the Full Range

We deliver the widest
product choice —useful design data-
the best application engineering-

all froma single source: MAGNETICS.

It's a jungle out there in the range of your magnetic core
switched mode power supply needs—and world class
and regulator design world. design data and application
Higher frequencies. Smaller engineering to go with it—
sizes. Greater efficiencies. MAGNETICS.
Better semiconductors. And Let us show you. It will cost
choices, choices, choices in you nothing. Tell us the pro-
magnetic core materials blem you face or describe
and geometrics. your need. We'll provide you
You know the impact the with core information, back it
proper choice of core material  up with application engineer-
will have on your power sup-  ing and supply sample cores
ply cost and performance. if needed. Write: MAGNETICS,

There's only one house that P.O. Box 391, Dept. ED-6,
can provide you with the full Butler, Pennsylvania 16001.

MAGNETICS. The Promise Keepers.

' ([ A
MAGNETICS

- J J B

A Division of Spang and Company
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Software tool generates
test programs for GPIB
in hours, not weeks

With little or no programming skill, designers can
create and revise programs for bus-driven test
equipment. An interactive menu tool does the trick.

enerating suitable test software for
Gequipment sharing the General-

Purpose Interface Bus (GPIB) has
usually been time-consuming and difficult for
the system engineer. Not too many engineers
have mastered both hardware and software de-
velopment. Add to this the problem of tailoring
the software to the hardware (achieving uni-
versal compatibility), and the limited help of
even the most promising automatic testing
scheme becomes apparent.

A software development tool, however, lets
the engineer with little or no programming
skill create and easily revise complete test pro-
grams in only hours, rather than weeks or
months, for a broad range of test instruments.
Called Tek EZ-Test, the tool consists of two
complementary programs in an interactive
menu scheme.

The first program, the generator, creates an
executable data base with the screen menus.
The second program, the translator, retrieves
the procedure data-base file created by the gen-
erator and converts it into a separate Basic file.

Steve Peterson, Tektronix Inc.

As manager of the Instrument Systems Integration Di-
vision’s application software group at Tektronix, in
Vancouver, Wash., Steve Peterson directed the design
and development of Tek EZ-Test. Earlier, he also was
in charge of software development for a series of
IEEE-,88 instruments and digitizers.

The composite test program handles the data
logging and merging of test procedures.

Tek EZ-Test performs a series of discrete ac-
tions, or transactions, for each instrument
setup and data-acquisition cycle. With the in-
teractive screen menus, the user specifies up to
nine operating variables for each transaction.

For the hardware description, he specifies
the instrument type or model, the primary ad-
dress, and the GPIB port number (for multiple-
port systems). For the software portion, he
includes the type of action (setup or data acqui-
sition), failure limits for data acquisition, and
two other timing parameters needed to acquire
data over the bus and control the sequence of
stepsin the test. The designer then need only at-
tach the required test instruments to the
system controller and start the operating pro-
gram.

Specifying the steps

The generator program, with its editing
menu and user-definable keys on the computer
keyboard, is used to define and modify the test
procedure (Fig. 1). It affords options for cre-
ating and numbering each procedural step and
for copying, inserting, deleting, altering, and
listing any part of the step.

To generate a test setup, the user defines the
step number and its type, of which there are
five. They include those for completing a single
instrument transaction; loop steps for single-
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or dual-instrument stimulus or response trans-
actions; and those for duplicating single or loop
steps previously generated. Two other steps
that are also useful include GOSUB, for specify-
ing the beginning of a block of transaction steps
in a subroutine, and RETURN, for defining the
end of a block of transactions entered by a
GOSUB statement.

Menus are accessible during program gener-
ation. The editing menu accesses the instru-
ment selection menu, from which the user se-
lects a test instrument for a transaction step
(Fig. 2). The operating mode menu selects
several transaction parameters, such as instru-
ment messages, the pause between steps, and
data acquisition from the instrument. These
menus normally follow the selection of a single
or loop transaction.

Once the instruments are selected, the user
supplies the test sequence information along
with the editing menu for that instrument. The
test sequence may be as simple as moving to the
next step in the procedure or as complex as
jumping to a special battery of tests.

Options in the transaction step sequence in-
clude such standard software techniques as un-

EDIT FUNCTIONS

LIST
HCOPY

F1 | Ea I TR
LIST

STEPS ST STEP

Enter step # to ADD (1 to 18@) or <cr

You may produce

DELET REPLA INSRT

conditional or conditional branching or looping.

Of particular interest to the user is the loop
step, which merges stimulus setup and acquisi-
tion steps in one transaction. The driving signal
(stimulus parameter) may be varied linearly or
exponentially for each loop iteration. For easy
analysis and graphing, stored acquisition data
can be indexed to the stimulus values.

After completing the stimulus step specifica-
tions, the user may choose an instrument for
the acquisition transaction and generate the
rest of the step with the operating mode menu
(Fig. 3). The user may request one instrument
to generate the stimulus and another to acquire
the response, or he can call on one instrument to
perform both duties. The program then plots
the output data vs the input (stimulus) signal,
proving itself well-suited to plotting the fre-
quency response of a module.

Any time after the basic operating specifica-
tions are defined, the user may execute the se-
lected test procedure simply by invoking the
test execution menu in the generator program.
(Through it, the user may specify preliminary
test information to instruct the system how to
run the test.) The options provided by the test

KEY: FS EDIT: ADD New Step

Fd4 3 F7 Fe

ALTER HELF MAIN

> for AUTO MUMEER :

S SINGLE Step
LOOF = ]

O DUPLI

G GOSUB =

* RETURN

(S
step

1. Through the editing menu, the user can select five types of steps. In this case,
step 2 of a multistep program is defined as a single-instrument transaction.
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execution menu let the user run all or parts of
the test sequence, step through the sequence for
program debugging, and log all data or only
failed data. Other options permit the plotting of
data, step by step, and the graphic analysis of
waveforms.

The user may employ the menu’s interactive
mode to override the test run if a step has failed
its limits test. He may rerun the test, continue
it, or abort it and return to any point in the
menu.

Many of the test procedures are modular in
function and thus may be generated as one pro-
cedure. The test execution menu enables the
user to link and execute several test procedures.
Linked procedures run serially and permit the
data to be logged into one data base.

After execution of each test, the acquired
data can be stored in a file and displayed on a
console or a line printer. The data is displayed
in a table containing the user-defined test
name, the step number, the stimulus values for
each loop step, all acquired (output) data, the
test delimiter, and indicators that denote
whether a test has passed or failed.

The data base is easily modified with the

INSTRUMENT SELECTION MENU

AR SG
See1 Se1e

[F1 Fe F3
DC DM
se1e 5010

EZ-TEST

4185 Terminal

editing menu, but accessing the data base in
that way slows the execution of the program at
run time. The translator can solve that execu-
tion problem by converting the test procedure’s
data base, with its instructions and test in-
formation, into an executable subprogram
module.

The translator queries the user as to the file
peripherals that should be used, the operator’s
ability to interact on failed measurements, the
test procedures that should be included in the
program, and the device that will serve as the
operator console. Subsequently, the user enters
the required parameters, and the translator
automatically builds the executive and utility
sections of the Basic object program. Then it
sequentially translates the generator’s pro-
cedure files (that is, the data base) into subpro-
gram files. The user may then load these new
programs into the system and run them to per-
form the tests.

To demonstrate the development tool’s value,
consider the testing of the audio portion of a cir-
cuit board for total harmonic distortion. The
user must first define the test jig configuration
for connecting the board to a programmable

STEP: 2 KEY: S8 HELP for SELECTION MEHNU

OPER
PRMPT HELP
F8

INSTRUMENT SELECTION MENU - HELP INFORMATION

Ger
to any
ent on the GPIB.

ins trument

suppor ted by
Once a

, You are presented with a list
on the GPIB where that instrument is fou
multiple instruments of any model act

ou must select one from a list

The OPERATING S menu is
instrument iz zelected from the list.

resented af ter

addresszes

the deszired

2. During any step the designer may use the instrument selection menu to call one
or more instruments on the GPIB—AA5001, DC5010, and so forth. Pressing the
Help key brings up general information on using the development tool.
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power supply and auxiliary equipment. In this
case, an audio analyzer, signal generator,
counter-timer, signal switcher, and digital mul-
timeter are required.

The next step

Next, a 32-step test procedure, which must be
coordinated by the software, is mapped out
(see “Taking the Steps to Amplifier Testing,”
opposite). Then the user starts generating the
test by loading the generator tool and installing
the test equipment at unique GPIB addressesin
the test system.

When the user chooses to edit procedures
through the generator’s main menu, the test
package indicates that it must configure the
system, searching the GPIB port at every ad-
dress to determine which instruments are
available and which will respond to a request
from the central processor. For instruments
that do not respond, the system asks the user
for an instrument identification string. Then

the system displays the editing menu at the top
of the screen, from which the user selects menu
items (in this case, with a computer terminal
keyboard).

The user generates the first step by pressing
the NEW STEP key. The system then prompts
the user to enter a step number or a carriage re-
turn to generate a number automatically. Now
the user can decide which type of step to gener-
ate. If he chooses the single or loop step, the
system will display the instrument selection
menu. Only instruments in the development
tool’s predefined autoconfiguration list are
presented to the user.

During the next phase of the test program,
the operating mode menu appears, so that the
user can set the instruments and specify appro-
priate action for various operating conditions.
For a signal generator setup step, for instance,
the user first manually sets the front-panel
controls. Next he calls for the LEARN SETNG op-
tion to acquire the instrument’s settings and to

SGS@1@ OPERATING MODES

[ " Fs Fé F?

MAKE
MERS

ACQR
BLOCK

UNLOK TALK- EDIT

INPUT DELAY PANEL LISTEH MEHU

Press a function key

Do you wish to learn Low Leuel Binary settings (¥ or N) :N

Set up SGSE10 front

: anel and then press either
or function KEY 1 to

»tore the current settings.

I(ﬂm‘meﬁ-ﬁ@umw@IWH ID button nothing will happen.
THE FOLLOWING SETTINGS HAUE BEEN LEARNED :

FUNC SINE ;aMPL
STOPU 1@,
OFF ;GMD 0N

3. At the heart of the generation process is the operating mode menu. In this case,
an SG5010 signal generator has been selected and the LEARN SETNG key has been
pressed, leading the operator through several steps that culminate in storage of
the generator’s front-panel settings.
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display them on the screen; those settings be-
come part of the procedure data base. The user
can modify them through front panel and by
instructing the systems to relearn them. If the
user has selected an instrument from a manu-
facturer other than Tektronix, the program
asks the user to enter an identification string so
that the system can query the instrument for
its settings.

Various alternatives exist for setting the in-

strument manually. For instance, the oper-
ating mode menu’s Talk/Listen option can pro-
gram the instrument through the terminal
keyboard—an approach that is especially use-
ful with signal scanners and other instruments
that have no front-panel controls. It is also
helpful with instrument setup commands that
have no front-panel match.

Another way to learn settings is to use the
Keybd input option to enter commands from the

Taking the steps to amplifier testing

Defining a complete test pro-
cedure is perhaps the most im-
portant task for the system de-
signer working with the GPIB
software tool, for it ultimately
specifies the tool’s entire pro-
gramming task. In the case of
determining an amplifier’s re-
sponse, the test procedure should
indicate, in sequence, the soft-
ware’s duties for activating all
test equipment, setting initial in-
put signal levels, and providing
input-signal and frequency-range
increments. The 32 steps follow:
1. Disconnect the power supply
from the device under test (DUT).

2. Disconnect the relay matrix
from all instruments.

3. Give the operator instructions
for connecting and setting the
gain potentiometer.

4. Turn on the power supply and
connect outputs to the test fix-
ture.

5. Set up the signal generator.

6. Connect the relay from the
signal generator and the ac volt-
meter to the inputs of the device
under test.

7. Measure the ac voltage of the
input drive to the device under
test.

8. Connect the relay from the ac
voltmeter to the output of the de-
vice under test.

9. Measure the ac voltage of the
output drive.

10. Give the operator instructions
for setting the gain potentiom-
eter,

11. Measure the ac voltage of the
output drive, with the gain poten-
tiometer set totally clockwise.

12. Disconnect the signal gener-
ator from the input of the device
under test.

13. Measure the output noise ac
voltage with no input signal.

14. Connect the signal generator
to the input of the device under
test.

15. Set up the ac voltmeter for
reading dBm.

16. Prompt the operator to set the
gain potentiometer to 10 dB (as
seen on the ac voltmeter).

17. Measure the ac gain to 10 dB,
+0.2 dB, with a loop to step 16
until the gain is properly adjust-
ed.

18. Perform the frequency re-
sponse loop step and increment
the stimulus frequency from
10 Hz to 100 kHz, with five steps
per decade of exponential sweep
and a gain measurement in deci-
bels at each frequency.

19. Set the signal generator to
—50 dBm output at 1 kHz.

20. Set the audio analyzer to mea-
sure total harmonic distortion
(THD).

21. Perform the loop step for level
vs harmonic distortion, using the
signal generator for stimulus and
the audio analyzer for acquisi-
tion; increment the input drive
level from 15 dBm to —65 dBm in
steps of —2.5 dBm; acquire the
settled output THD reading at
each level of input drive.

22. Set the signal generator for
0-dBm output.

23. Perform the loop step for fre-
quency vs THD, using the signal
generator for stimulus and the
audio analyzer for acquisition;
decrement the frequency from
100 kHz to 10 Hz in five steps per
decade, using an exponential
sweep; acquire a settled THD
reading at each frequency.

24. Set the signal generator to a
10-kHz, 0-dBm square wave that
drives the input of the device
under test.

25. Connect the relay from the
counter to the output and discon-
nect the audio analyzer.

26. Set the counter for automatic
rise-time measurements; acquire
a positive step response from the
output of the device under test,
measured at amplitude levels of
10% and 90%.

27. Set the counter for peak-to-
peak level measurements; acquire
an autotrigger measurement of
the peak-to-peak voltage of the
device under test’s output signal.
28. Connect the digital multi-
meter to the output of the test de-
vice; disconnect the counter.

29. Set the digital multimeter to
de volts and acquire the dc level of
the output of the test device.

30. Open all switch matrix relays
so that devices are disconnected
from the device under test.

31. Set the power-supply voltages
to zero and disconnect outputs.

32. Print a list of test results.
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terminal keyboard in the form of ASCII charac-
ters. The development tool transmits the set-
tings to the instrument and performs a test
sequence that verifies those settings. In so do-
ing, it waits for a service request and error re-
port from that instrument. For non-Tektronix
instruments, the user must verify front-panel
settings manually.

Other operating modes work with param-
eters like SET DELAY, which programs a pause
between steps, and UNLOK PANEL, which sets
the instruments to the local mode at run time.
The local mode is frequently needed to make ad-
justments on a measuring device.

Single-point data acquisitions are handled
through the MAKE MEAS option, which comes in
handy for digital voltmeters, counters, and dig-
ital processing scopes, assuming that the last
send data samples as a single ANSI-formatted
floating-point number. The user must specify
the limits, the measurement label, and the

21 LOOFP STIMULUS

SIGNAL GENERATOR -- ID SGS@1@

DEVICE SETUFP - NO MEASUREMENT

PARRMETER: "freq"

INCREMENT :
Fregq Rezp.
CISTORTION ANALYZER --

MEHSLIFEMENT

HOCQUISITION TIMEOUT @ 160

MEHEZUREMENT UNITS: dEm

I0 HASHE]

time-out parameters.

For logging large blocks of data, such as those
sent from waveform digitizers, spectrum ana-
lyzers, and logic analyzers, another option ac-
quires data blocks as large as 10 kbytes in one
transaction step.

Verifying the results

When all the initial parameters have been
defined, the user may invoke the editing menu'’s
list steps to check the parameters and data for
any step. For instance, the listing of the acquisi-
tion and frequency-loop operations of step 21
uses the signal generator and the audio ana-
lyzer (Fig. 4).

At any point as the 32-step program is being
generated, the user can select optionsin the test
execution menu to verify settling times or any
other item of interest. In this case, only six
hours elapsed in designing the test approach,
generating the procedure, verifying it, and ob-

PORT @ RDDRESS 16

PAMEL MODE = LOCEOT

TIME DELAY: @

UNiTS: "

LOOP ACQUISITION

FORT @ ADDRES

TIME DELRY: @

4. A listing is available for all or part of any procedure created by the generator
program. In this case, the loop step is specified for measuring the amplifier’s har-
monic distortion vs the input level.
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Anyone can be compatible.

Oy FARADAY

gives you® packaging flexibility with
integrated IBM PC BUS single bod

computers and VLSI circuits 45w

iy

the-art single board Using Faraday integrated circuits, you can integrate
0S VLSI circuits, you can disk, monochrome display and CPU controller functions.

-DOS compatibility in various These devices replace more than 75 integrated circuits.
ations. At lower cost. And with a shorter To take advantage of the powerful cost, packaging
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taining complete test data and plots.

After verifying any procedure, the user can
reenter the main menu and choose the SAVE
PROCD option to store the procedure on a disk.
The translator program can then be loaded
from the disk and run. The user’s response to a
series of prompts determines which periph-
erals will be used and which generator program
procedure files will be translated.

The translation process requires 7 minutes,
with most of that time spent answering
prompts and queries. The volume of Basic code
that is produced includes the run-time execu-
tive, data-logging utilities, instrument drivers,
and the subprogram for the procedure itself.
The 32-step procedure needs 1209 lines—546 for
the executive and utility parts and 663 for the
procedure subprograms. The translated pro-
gram resides in three files: the executive, a data
file containing console parameters, and the
procedure subprograms.

The user executes the program by running
the executive file first. It reads the console pa-
rameter file and then appends the procedure
subprograms. When the last subprogram is ap-

M
3
A
5
u
R
3
M
E
N
T

pended, the executive prompts the user for new
information for the device under test and for
the name of the data log file. Next the executive
portion executes the procedure subprogram.
Every pass produces a new file of logged infor-
mation.

Translation pluses

Translated programs have several advan-
tages over the generator-produced procedures:
They carry fewer lines of code, execute two to
five times faster, and are more easily enhanced.
The last is a decided advantage when special al-
gorithms must be created.

Test data stored on a disk or tape can be re-
trieved with the utility program’s loop plot
(Fig.5). The data is normally transferred to the
terminal screen, but can just as easily be sent to
the printer port or placed in another data file.o

How useful? Circle
Immediate design application 544
Within the next year 545
Not applicable 546

Level vs THD
27-AUG-284 13:

5. Data acquired in the loop transaction step is plotted for the input level vs the
total harmonic distortion. The raw data can be retrieved from files created either
by the generator program or by the Basic programs that the translator produces.
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Give your terminals the guts to deliver maximum
performance at the minimum price.

Just call us.We already supply the key circuits in

a third of all the alphanumeric CRT terminals built
today. And we can supply almost three-fourths

of the part types you’ll need for yours.

By putting more and more features on less and less
silicon, we’re making it easier for you to build all

the right features into your terminals. And you can
make them more compact, reliable and easy to test.

With this much going for you, your sales can take
off. But however high they climb, we've got the

We've got the parts.

Keyboard CPU/Datacomm
8048 8040 8048 2641 2670
8049 8031 8049 2651 2672
8050 80C51 8050 2652 2673
8051 80C31 8051 2653 2674
2671 80C39 68000 2661 2675
8035 80C49 68008 2681 2677
8039 68010

production capacity to keep up.That assures the
volume you want at the price you need. And you get
high quality parts and service in the bargain.

So phone us toll free or fill in the coupon for litera-

ture about our terminal components, including our
MOS Microprocessor Manual and free samples.Ask
for the number of your nearest Signetics sales office
for applications support and further information.

We'll give you the guts to make it. While reducing
the price of that glory.

800-227-1817, Ext. 910 C

I I am interested in finding out how to get more terminal features for '
my money. Please send me information on components for the fnllowing: l

[] Keyboards [J CPU/Datacomm  [] CRT Displays { v
Name Title

Company Division

State Zip

Phone

Address City . l

Mail to: Signetics Corporation, MS 2527, 811 E. Arques Ave.,
I_ PO. Box 3409, Sunnyvale, CA 94088-3409 l




UDS modems are designed
for CONSERVATIVE OEMs

When computer and peripheral OEMs select UDS
modems for on-board application, you know they're
conservative! They expect their modems to be as
reliable as the other elements of the equipment they
produce.

UDS modems are conservatively designed—from
board layout to component selection, every choice
reflects the OEMs’ concern for reliability, economy
and maintenance simplicity.

UDS modems are conservatively manufactured—
automated equipment and exhaustive product
testing have earned the confidence of the most
demanding OEMs.

UDS board-level modems are available at speeds
from .3 to 14.4 kbps. Some are synchronous while
others are asynchronous. Depending on the models
selected, they can access either dial-up or dedicated

lines, and they offer a wide choice of auto-dial,
auto-answer and self-test features. And, for the
first time, many models are available in the popular
“Eurocard’” form factor.

If you're a conservative OEM who insists on the
best when you build in a modem, ask for specs and
prices from Universal Data Systems, 5000 Bradford
Drive, Huntsville, AL 35805. Telephone 205/837-8100;
TWX 810-726-2100.

L2

Inquiry Hotline: 800/633-2252, ext. 361

Universal Data Systems

| @ MOTOROLA INC.
Information Systems Group

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  Aurora, CO, 303/368-9000 * Bellevue, WA, 206/455-4429 « Blue Bell, PA, 215/643-2336 « Boston, MA, 617/875-8868
Columbus, OH, 614/895-3025 « East Brunswick, NJ, 201/238-1515 « Glenview, IL, 312/998-8180 « Houston, TX, 713/988-5506 ¢ Huntsville, AL, 205/837-8100
Mesa, AZ, 602/820-6611 » Minnetonka, MN, 612/938-9230  Mountain View, CA, 415/969-3323  Richardson, TX, 214/680-0002 ¢ Silver Spring, MD, 301/942-8558
Tampa, FL, 813/684-0615  Thousand Oaks, CA, 805/496-3777  Tustin, CA, 714/669-8001 « Willowdale, Ont, Can, 416/495-0008 ¢ Ypsilanti, M|, 313/483-2682

Created by Dayner/Hall, Inc., Winter Park, Florida
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Workstation scores
high on programmability,
speed, and power

Simple support software, tightly coupled to
hardware op codes, speeds the job of programming
a VAX-like system with a brilliant display.

workstation can combine brilliant, high

resolution with tens of millions of colors
and the computing power and speed required
for designing large, complex ICs or even for
modeling solid objects.

Three-dimensional modeling, especially with
color and shading, is a computationally in-
tensive task. The X, Y, and Z coordinates of each
point defining a solid object must be translated
into a two-dimensional plane of picture ele-
ments, each of which varies in color and light
intensity with its purported distance from the
viewer and with its position in relation to all
other pixels.

As the hardware basis for such capabilities,
an interactive graphics computer station—

For the first time, a computer graphics

Carl Held, Kevin Anderson, and Larry Dorie
Saber Technology Corp.

Currently software support manager at Saber Technol-
ogy, Carl Held has over 20 years’ experience in main-
frame and minicomputer software. He holds a BS in
mathematics from California Polytechnic and an MA
in philosophy from San Jose State University.

Kevin Anderson, who is vice president of software de-
velopment at the San Jose, Calif. company, has an MS
in computer sciences from UCLA. He has been work-
ing with operating systems for over 12 years.

Larry Dorie, Saber’s vice president of marketing and
sales, held the same title on his last job, at Evera Co.

His BSEE is from Carnegie-Mellon and his MBA is
from California State University at Hayward.

SaberStation for short—equips the application
programmer with more than enough pro-
cessing power for the job. Based on a National
Semiconductor 32-bit chip set and running at 10
MHz under the BSD Unix operating system, the
unit puts the performance of a VAX-like mini-
computer on an engineer’s desk. Its architec-
ture, which employs a floating-point copro-
cessor and ultrafast, 32-bit-wide DMA chan-
nels, executes 1.2 million instructions a second.

More than matching that computational
power is a 1200-line 19-in. CRT display that is
refreshed in its entirety 60 times a second —
that is, it has a 60-Hz noninterlaced refresh
rate. The array of 1664 by 1248 pixels lets the
user create perfect circles and slanted lines
without the usual stairstep effect or the need
for corrective techniques such as antialiasing.
And the pixels owe their brilliance, as well as
their switching speed, to a specially developed
video amplifier technology, which can turn
each of them on and off within 6 ns (see “Har-
nessing Q-SEL Technology,” p. 190).

While delivering dazzling resolution, the
workstation hardware does not require the ap-
plication programmer to map each and every
one of the more than 2 million pixels. A choice of
two graphics interface software packages—one
using the graphics primitives of SaberCore
(based on Siggraph) and the other using those
of the Graphical Kernel System —greatly sim-
plifies graphics programming. What’s more, it
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eases the porting to the station of existing
GKS- or Siggraph-based application packages,
such as programs for laying out ICs or doing
3D modeling.

The graphics primitives are precoded sub-
routines that serve as a shorthand for creating
graphics images, colors, and shading. They pro-
duce display lists that feed into the Virtual De-
vice Interface. If necessary, however, the appli-
cation programmer can work a stage closer to
the workstation hardware, using the interface
to hook into device drivers. On the SaberSta-
tion, all of the devices controlled by the soft-
ware drivers are hardware versions of graphics
op codes, some 120 in all. This graphics op code
structure (GOPS) provides a higher basic level
of functionality in hardware than does the con-
ventional raster op code format.

Harnessing Q-SEL technology

The Quasi-Saturated Emitter Logic (Q-SEL), a
proprietary circuit, is responsible for the sharp,
clear pixels available on Saber’s video display
monitor. Because of Q-SEL technology, the video
deflection amplifiers can drive more than 2 mil-
lion pixels up and down over a 40-V range 60 times
a second.

In essence, Q-SEL reduces Miller capacitance,
which limits amplifier speed, by using very fast
transistors biased to near-saturation and con-
nected in a common emitter configuration. Biased
in this manner, the transistors dissipate little
power and can still produce a highly linear wave-
form. And because they also present an extremely
low capacitance to the high-voltage transistors
driving them (see the figure), the Q-SEL output
transistors are capable of slewing at more than
20,000 V/us. In addition, the Q-SEL circuit can
tolerate up to 2000 V across its output, with an
on-resistance of less than 1 Q.

In the context of a 1200-line video monitor, the
video deflection amplifier can slew more than 40 V
within 2 ns—well within the 5.5 ns per pixel re-
quired for the resolution of 1664 by 1248 pixels.
The Q-SEL circuit effectively tracks ECL logic
when it is swinging 40 V and the ECL logic is
swinging 1 V. Without the speed capability, the
picture would appear dim and fuzzy, and the high
resolution would be lost.
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The workstation consists of three main
subsystems—one each for applications, graph-
ics, and images—linked to each other by high-
speed buses (Fig. 1). The application subsystem
includes a 32-bit 32032 processor plus a
floating-point coprocessor, both backed by 1 to
12 Mbytes of RAM organized as a 16-Mbyte vir-
tual memory space. The unit is supported by
two 40-Mbyte disk drives, one for system con-
trol programs and the other for application
software, and a streaming-tape cartridge for
backup. Each of those peripherals includes an
8-kbyte FIFO buffer, as does the system’s
Ethernet controller. An RS-232-C controller
and two parallel I/0 channels have one such
buffer, which they use in rotation for fast
transfers to main memory.

The DMA controller

Inside the application subsystem is a DMA
controller, which has eight dynamically relo-
catable channels with variable burst lengths,
eight assignable priorities, and a 20-Mbyte/s
transfer rate. The DMA controller links up with
each of the other two subsystems. With its aid,
the application subsystem can write or read any
pixel in image memory and the graphics sub-
system can access an image directly from disk.

The graphics subsystem translates applica-
tion data into Core or GKS primitives, which
areinfact callstothe Virtual Display Interface.
It also performs such standard graphics fune-
tions as scalable text generation from a soft-
ware-alterable font, bit alignment for image
memory, and basic vector drawing. In addition,
the subsystem can accommodate dedicated
hardware accelerators, which speed up the jobs
of filling polygons, transforming matrixes, pro-
cessing arrays, generating meshes and tiles,
and doing vector-to-raster conversion.

The image subsystem consists of image
memory, for holding images and their updates,
and a control unit. The memory can be con-
trolled and organized in a variety of ways, in-
cluding double buffering and layering. The first
of these makes it possible to display some
memory planes while manipulating others and
to switch instantaneously between displaying
those just manipulated and manipulating those
just displayed. The second permits operations
to be performed on two planes—for instance,



the logical ANDing of two IC metallization lay-
ers are displayed in different colors, so that
their overlapping areas are highlighted in a
third color.

The basic image memory has up to 8 memory
planes, for eight levels of gray scale, but is
expandable to 24 planes, for red, blue, and
green. Handling the 16 million hues yielded by
24 planes takes 6 Mbytes of memory and is per-
haps used only for the most exotic graphics ap-
plications. Under ordinary circumstances, an
adequate number of colors can be generated by
the image control unit from a fast color lookup
table situated in the video control unit.

The video control unit consists of 100K ECL
components, to give it the speed to drive the
video display bus at 180 MHz. That rate is es-
sential to cope with both a 24-plane, 1664-by-
1248-pixel image and pixels that may switch
both on and off within 6 ns.

In operation, the DMA controller sends a
block of information from the application

subsystem—or even directly from disk storage
—over the application bus to the graphics sub-
system. That unit uses table lookup to change
the real-world coordinates of the application
program into graphics primitives, which call up
the VDI in order to summon specific drivers for
specific graphics op codes.

The graphics subsystem then passes the in-
formation to the image controller, which
checks the image data and instructions for
valid op codes and data structures. In the ab-
sence of a dedicated accelerator, it tackles
vector-to-raster conversion. Then it groups the
bits in the data stream into complete image
planes before sending them across the image
bus to the image memory. Finally, the memory
transfers the data to the video controller, which
in turn processes it through its color lookup ta-
ble for presentation on the video display.

With a dedicated add-on hardware accel-
erator —for example, a Weitek matrix trans-
formation processor or a polyline fill board —

Application bus

Graphics bgg

ey

. Image control unit
Application Graphics (includes image-related
subsystem subsystem op codes)
(includes DMA, (includes
peripherals, and I/0 graphics-related
controllers) op codes) Image
memory unit

(8 or 24 planes)

40-Mbyte 40-Mbyte
disk disk

RS-232-C ,Pa'r?aglet Ethernet
: Yo -

Keyboard

= / /

Image bus
(180 MHz)

Video control unit
(including color
lookup table)
Graphics

tablet t

Video

display
(1664 X 1248 pixels)

1. The Saber graphics workstation includes three processing elements. An application sub-
system handles 1/0 graphics functions and transfers application-specific screen descriptions
to the graphics processor. The graphics subsystem converts these screen descriptions—
using Siggraph or GKS Core primitives—into a series of display vectors, and the image pro-
cessor loads the serialized image into the high-resolution display.
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images are generated up to 100 times faster.
The accelerator derives more complex graphics
op codes from the workstation’s set of 120 or so,
thus using fewer of them and so increasing
speed. Apart from the higher speed, the acceler-
ator is transparent to the user.

While the hardware of the Saber graphics
system has been designed to perform a com-
putationally intensive display task, the job of
actually putting the system to work belongs to
the application programmer. Software pack-
ages available for the workstation are, in fact,
designed to aid the programmer in transport-
ing existing CAE/CAD software to the system
or in creating new graphics application pack-
ages. These support packages include not only
the Unix operating system but also C, Pascal,
and Fortran-77 compilers; a library of editors,
assemblers, and utilities; and, of course, the
choice of two graphics interface packages.

The graphics core

The core primitives from Siggraph (Special
Interest Group for Graphics) and GKS simplify
the job of programming the workstation (see
“Drawing a Blue Square,” below) because they
function like a high-level language interpreter.
The Siggraph interface package offers several
extensions to the basic Core, including 2D and
3D translators and—rarely found in a Siggraph
structure—a multiple window manager. The
GKS package also has a multiple window
manager and recently added a 3D capability

(ELECTRONIC DESIGN, Nov. 15, p. 47). In both,
the window manager serves as the main bridge
between the graphics primitives and the Vir-
tual Device Interface software, clipping and
scaling the data for viewing in each window dis-
played on the screen (Fig. 2).

The typical graphics application package
defines an object to be displayed in terms of
world coordinates (where the world is the en-
tire picture described by the application). Be-
fore the image can be displayed, the data must
be translated by a scanning or viewing oper-
ation into terms that the display device (in this
case, the CRT screen) can interpret.

Scanning, which is performed by the graph-
ics core system, can view the object in two or
three dimensions, in either a perspective or par-
allel projection. It specifies how much of the
world coordinate space is to be visible and
defines a mathematical transformation be-
tween the object’s world coordinates and those
of the display screen (F'ig. 3).

The display screen coordinates of the objects
are stored in a display file kept in main memo-
ry, and the contents of a corresponding raster
file kept in image memory are used to refresh
the screen. Or, to be more specific, display file
segments define parts of the picture to be dis-
played (Fig. 4). These file segments contain the
names of the output primitives, which are the
actual software routines that create the object
to be displayed. The application program, in ef-
fect, creates the object by opening a segment,

The application programmer will find that ma-
nipulating colors and images on the SaberStation is

vice Interface commands. If he wishes to display a

merely enter the following lines of code in the C
language:

C Open workstation
Call VOPNWK (workin, Devhan, ‘workot)
Call VSCOLR (Devhan, 1, 0, 1000, 0
Call VSECOL (Devhan, 1 workot)
Workot (1) =
2 =0
(3) = 20000
(4) = 20000 ,
Call VBAR (Devhan, workot)
Call VCLSWK (Devhan)

COONONHAWN =

-

Drawing a blue square
~ Line 1 tells the workstation to enter the com-

a fairly straightforward process. Any high-level
language can access the Siggraph and Virtual De-

blue square in one corner of the screen, he need  activate the workstation’s graphics op code com-
_information on the size and screen location of the
- square, such as the X-Y coordinates and the pixel

~ parameters given in the data file. Line 10 closes the

mands for graphics. Line 2 opens (accesses) a spe-
cific device handler, which in this case is the video
display driver. Line 3 sets the background color and
line 4 sets the foreground color. Lines 5 through 8

mands and access the data file; they also hold the

positions. ;
Line 9 actually draws a vertical line, using the

workstation activity and shifts the action to the
graphics subsystem

When the code is processed, a bright blue square
will appear on the screen.
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calling out the primitives named within it, and
then closing the segment.

The programmer can also specify logical in-
put devices, which are hardware-independent.
The graphics core system maps these input de-
vices to the actual physical devices (a mouse,
stylus, or joystick, for example).

Digging deeper

Despite the power of the GKS or Siggraph
approach, the programmer who works directly
with the VDI can achieve a significant im-
provement in performance, thanks to the close
association between the interface and the
graphics hardware. He or she can use any high-
level language to describe VDI subroutines,
which call up software drivers for the graphics
op codes, which are stored in ROM.

The following Virtual Device Interface calls,
written in C, will cause the system toread in the
microcode streams that activate the display:

(Set color representation:)

Call VQ__color(dev_handler, ind_in,
ind_out, RGB)

(Set fill color:)

Call VSF__color(dev_handler, ind_.in,
ind_out, RGB)

(Set interior style)

Call VSF_INTERIOR(dev_
handler,style_.in,style_out)

Alternatively, the programmer can descend
below the interface to the drivers that control
the graphics op codes. As an example of GOP
utility, the typical software algorithm for a
polyline fill breaks the polygon into rectangles
and then fills each one. A simple sequence of
graphics op codes is used to fill a polygon (in
hexadecimal notation):

GOP

1B Set ICK register

12 Set right mask

20 Set and modify A register
FEEE (Data for A register)
1A Set foreground color
10 Set background color
19 Set height in lines

18 Set length in pixels
14 Set X starting location
15 Set Y starting location
43 Draw the rectangle

Application software

Unix kernel

Rest of Unix
operating system

GKS or Siggraph core

Window manager

Virtual Device Interface (VDI)

Device drivers

Rawieintetace.
(the graphics op-code structure)

2. The software running on the graphics workstation
has several levels. The end-user interface runs at
the highest level; the graphics device drivers func-
tion at the lowest level. Built into the system, how-
ever, are Siggraph Core and GKS primitives, which
serve as a software shorthand for line drawing and
other picture functions.

/’/
Effect i
of view-up L Effect} 9f vnew-up
direction \ of viewup ‘ /dlrectuon
\ \ direcﬁon
W
Effect
of view-up
direction oF &
Yieu 2L

3. The two-dimensional Core viewing operation pro-
vides a window that corresponds to the global world
coordinate system. The screen or viewport is the
display device’s physical output. By moving the
global window, as indicated above, it is possible to
make different portions of the global space appear
in the viewport.
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Application
program

Transformation
of normalization
coordinates

Clipping
rectangle
stored

Device-

Device-
dependent
segment
storage

independent
segment
storage

4

Segment
transformation

Segment
transformation

Clipping

Workstation
transformation

To workstation

4. A device-independent segment-storage facility
supports possible off-line workstations that must be
accessed after a program is initialized. The facility
copies active picture elements for transmission to
any device needing updating.
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Each rectangle in the set will then be drawn au-
tomatically.

Other graphics op codes can perform more
than one operation in a single command. For
example, MOVE Plane to Planes reads from a
read-enable plane, passes the data through an
ALU for optional logic functions, and writes the
resultant data into the selected planes at the se-
lected addresses. In other words, it copies a set
of pixels and changes their positions and their
values, all in one go.

Porting an editor

To illustrate how efficiently an application
program can be ported to the graphics worksta-
tion hardware through the Virtual Device In-
terface, an interactive color graphics editor,
called KIC and developed at the University of
California at Berkeley, was brought into the
system. The job took less than one man-week,
and the editor, which helps design masks for IC,
proved visibly more responsive than when
ported to workstations that lacked as tight a
software-hardware interface.

KIC’s porthole, or entry point, to the graphics
workstation is a group of routines, called model
frame buffer routines, each of which had to call
the appropriate Virtual Device Interface rou-
tines. Beyond that, it was also necessary to ini-
tialize the list of frame buffer descriptors,
which deseribe the hardware on which the edi-
tor has to run, and to set up a scroll function.
KIC model frame buffer routines begin with FB,
while calls to the interface routines begin with
v_ (Tablel).

KIC is initialized with the call FBegin, which
assigns workstation-specific values to a list of
model frame buffer descriptors (Table 2) and
then calls FBInitialize. In FBInitialize, the pro-
gram actually opens the workstation with a
Virtual Device Interface call, v-opnwk. Subse-
quently, FBTransfer, FBHalt and FBEnd call a sin-
gle interface routine and return.

KIC uses two types of lines. FBLine assigns X-
Y coordinates for each of two pointsin the array
and calls v_pline. FBDrawLineTo does that too,
but the first point is set by FBMove.

FBBox is slightly more complicated. KIC
sends additional parameters of a color number,
saying, “Put this in the background color or put
this in the color I sent you” and “Either fill this
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box or make it hollow.” The first two are
handled with a call to FBForeground (discussed
below). If the choice was fil, a call to v_bar is
made. Otherwise a box is drawn using FBLine.
FBPolygon is like FBBox except that the inter-
face call is to v_fillarea instead of v_bar.

KIC uses two coordinate systems to display
text: row and column, and pixel coordinates.
The first parameter in the call FBText indicates
which of these coordinate system modes to use.
Since v_gtext expects pixel coordinates, rows
and columns are converted into them thus:

if (Mode == Row___Column)
(
i = FB.fMaxY — RowOrX *
FB.fFontHeight;
RowOrX = (ColumnOrY — 1) *
FB.fFontWidth;
ColumnOrY = i;

)

where FB.fmaxY, FB.fFontHeight, and FB.fFont-
Width were set above in FBBegin. The buffer is
flushed after FBText with v_updwk. FBFlood
erases the screen with v_clrwk(device).

To set a color number to a red-green-blue
value, KIC uses the FBVLT call. This call has to
multiply each of the RGB values by 1000 and
then divide it by 999 because the Virtual Device
Interface expects RGB to be between 0 and 999;
only then can an interface call be made to
vs_color. The KIC editor sets color numbers for
primitives as either display or erase, whereas
the Virtual Device Interface sets line color, fill
color, and text color separately. KIC’s FB-
Foreground therefore has to call vsl_color, vsf_
color, and vst_color to the color number sent asa
parameter.

KIC’s style identification numbers for solid
fill and for hollow are the reverse of those in the
Virtual Device Interface. So the first job of FB-
SetFillPattern is to reverse these. The next is to
set the fill style using vsf_interior.

The first input routine, FBKeyboard, expects
KIC to send it a pointer to a pointer in the i in-
put buffer Type_In. The text color is then set to
the color number that KIC has inserted in the
variable Parameters.kpMenuTextColor and
makes a call to FBForeground. The pixel location
at which the keyboard input will be echoed is

Table 1. KIC editor’s model frame buffer
and the corresponding Virtual Device Interface routines

Control routines

FBTransfer( ) v_updwk(device)
FBBegin(Display) none
FBlnitialize( ) v_opnwk(inarray,device,outarray)

FBHalt( ) and FBEnd

v_clswk(device)

Output routines

FBFlood( )

Text)

FBMoveTo(X1,Y1) none
FBDrawLineTo(X2,Y2)
FBLine(X1,Y1,X2,Y2)
FBBox(column,Erase?,type,
style,X1,Y1,X2,Y2)

FBPolygon(column,type,style,
xyarray,count)
FBText(Mode,RowOrx,ColumnOry,

v_pline(device,count,xyarray)
v_pline(device,count,xyarray)
v_bar(device,xyarray)

v_clrwk(device)
v_fillarea(device,count,xyarray)

v_gtext(device,x,y,text)
v_updwk(device)

Attribute routines

FBVLT(Colorld,Red,Green,Blue)
FBForeground(Erase?,column)

FBSetFillPattern(style)

vs_color(device,column,rgbin,rgbout)
vsl_color(device,column)
vsf_color(device,column)
vst_color(device,column)
vsf_interior(device,curstyle)

Input routines

FBKeyboard(String)
FBPoint(X,Y,Key,Buttons)

vrq_string(device,maxlen,mode,
echo_xy,string)

vrq_locator(device,xy_.in,ink,rband,
echo_handle,xy_out,term)

Utilities

window

Textfile)

FBPolygonClip(coord,n, none
)
FBMore(X1,Y1,X2,Y2,

vrg_string(device,maxlen,mode,
echo_xy,string)
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Table 2: One of the KIC editor’s
frame buffer descriptor lists

FB.fDisplay = Display;

FB.fMaxIntensity = 255;

FB.fButtons = True;

FB.fNumButtons = 4;

FB.fMaxX = 32767;

FB.fMaxY = 24575;

FB.fMaxP = 255;

FB.fNumColors = 126;

FB.fFontWidth = 480;

FB.fFontHeight = 720;

FB.fNumRows = FB.fMaxY/FB.fFontHeight;
FB.fNumColumns = FB.fMaxX/FB.fFontWidth;
FB.fLastCursorColumn = 74;

FB.fFilled Polygons = True;
FB.fDefinableFillPatterns = True;
FB.fNonDestructiveText = False;
buttonmask[0] = 1;

‘ buttonmask[ﬂ = 2
buttonmask[2] = 3;
buttonmask[3] = 4;
FB.fButtonMask = buttonmask;

described as follows:

Y = FB.fMaxY
—(FB.fNumRows — Parameters.
kpNumLayerMenuRows — 1)*
FB.fFontHeight;

X = FB.fLastCursorColumn*
FB.fFontWidth;

Then an FBKeyboard(String) call is made to
vrg_string, which waits for keyboard input and
acarriage return. The address of the local input
buffer is returned to KIC via the pointer men-
tioned above. The second input routine, FBPoint,
expects KIC to send pointers to variables to
hold the X-Y coordinates of a stylus event, the
button number, or the key that was returned by
a locator. The interface call vrq_locator fills
those variables.

The utilities can be taken from fb.c, a sample
model frame buffer. FBMore reads a file into a
window on the screen and scrolls to the next
page when it receives a character from the key-
board. A call to vrq_string may be used to accept
the character. The KIC editor has its own win-
dow manager and its own polygon clipping
(FBPolygonClip). When an application handles
its own higher graphics functions, and most
major applications do, it is much more efficient
for them to access the drivers directly.0
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Like logic analyzers,
1-GHz oscilloscope triggers
on specific patterns

A host of triggering options lets an instrument
hunt down glitches, arming it with a
scope’s sharp eyes and a logic analyzer’s brain.

Thas is the fourth and final article in a series dis-
cussing the HP 54100 oscilloscope. The introductory
piece appeared as the cover story of the Oct. 18 issue.

are steadily picking up speed, making
for ever-faster systems. The bad news is
that these chips’ soaring switching rates and
circuit complexity have opened a gap between
oscilloscopes and logic analyzers, the tools on
which engineers most depend to verify and
troubleshoot their latest subnanosecond de-
signs. Oscilloscopes quick enough to view nano-
second and subnanosecond pulses lack the pow-
er to trigger on important points of interest.
Alternatively, logic analyzers excel at trigger-
ing but do not have a scope’s ability to resolve
subtle voltage and timing characteristics.
The HP 54100D, a digitizing oscilloscope with
a bandwidth of 1 GHz, neatly bridges that gulf.
Like a scope, it captures a waveform’s vital tim-
ing and voltage features and does so with
amazing speed, ease, and precision; like a logic

The good news is that TTL and ECL chips

Scott A. Genther, Hewlett-Packard Co.

A research and development engineer, Scott A. Gen-
ther joined HP’s Colorado Springs Division in 1981. As
a member of the design team for oscilloscope R&D, he
has worked with high-speed logic at the IC, thick-film,
circuit board, and system levels. Genther holds a
BSEFE and an MSEE from the University of
Tennessee.

analyzer, the instrument’s sophisticated pat-
tern recognition and triggering capture events
that no ordinary scope could hope to find. Spe-
cifically, the instrument can trigger on a fault’s
effect, while giving designers the chance to view
events long before or after that effect. And this
ability is crucial to tracking down the fault’s
cause. In fact, the scope’s pretrigger delay can
stretch to 200 ms or 10 screen divisions, which-
ever is greater. The posttrigger delay can be set
to up to 1 s or 10 screen divisions, whichever is
longer.

Like the 54100A, the D version’s trigger
mechanism responds to signals with up to a
500-MHz repetition rate. Both scopes recognize
a binary pattern across their signal and exter-
nal-trigger inputs and feature a hold-off
scheme that works with time or with the num-
ber of events. Unlike other scopes, both 54100s
also dedicate an independently programmable
comparator to each input, meaning that each
input can be set for a different logic level. Fur-
ther, the 54100’s trigger point is fixed by digital
controls and is consistently repeatable, even for
pulses as narrow as 1 ns. It needs none of the
fine-tuning that analog trigger circuits are in-
famous for.

The D version sports substantially more in
the way of logic pattern recognition and trig-
gering qualifiers than the otherwise identical A
version. Its second external-trigger input, for
instance, raises to four the total number of in-
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puts across which a patternis recognized. Time-
qualified pattern triggering, which requires
that a pattern prevail for less (or greater) than
aspecified period before it is considered valid, is
another of the D-version’senhancements. State
triggering, which acts on a pulse edge only if the
remaining inputs match a specified pattern,
and event-delayed triggering, which counts
events before arming the trigger circuit, are two
more of its unique features. Time-delayed
triggering rounds out the package: similar to
event-delayed triggering, it waits a specified
time—rather than a number of events—before
responding.

As well equipped as it is to seek out and dis-
play subtle errors or verify critical timing mar-
gins, the scope’s triggering ability is still some-
what modest compared to the latest logic state
and timing analyzers. Their sophisticated trig-
gering sequences often encompass 32 or more
parallel bits. The scope truly shines, though,
when its 1-GHz bandwidth, 10-ps resolution,
and 100-ps timing accuracy are considered. Its
choice of variable- and infinite-persistence, and
averaging-display modes are equally signifi-
cant. And, when necessary, the instrument can
be used in conjunction with a logic analyzer to
establish highly complex trigger points. Such
an arrangement also serves to make up for a
logic analyzer’s jitter. Thus, wedding the scope
to a logic analyzer gives designers and trouble-
shooters the most incisive views of a circuit’s
operation.

High road, low road

Behind the scope’s ability to make complex
triggering decisions is its dual-path triggering
system (F'ig. 1). Each input to the system feeds
an adjustable-threshold comparator, the out-
put of which is split into 500-MHz and 200-MHz
paths. It is these parallel paths that give the
scope’s trigger its sophisticated counting and
timing features without sacrificing its excel-
lent (1-ns pulse) dynamic response. Shunting
the timing and counting to the slower path en-
sures that they do not impair the system’s
fundamental trigger response, which uses the
faster path.

At any time, the trigger system operates in
one of five modes, which the user selects with
menu-defined pushbuttons, or soft-keys. These
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include the aforementioned pattern, state,
time-, and event-delay triggers, and an addi-
tional one called edge triggering. Particular
settings can be quickly reviewed by reading, in
order; the soft-key labels. These labels, which
describe the function of the trigger mode and
also display the current selection, combine to
form a menu syntax.

Of the five modes, edge triggering is closest to
the scheme found on conventional scopes, in
which a single input threshold and its slope
specifies the trigger point. Actually, it is a spe-
cial variation on the more powerful pattern
mode, which triggers the scope when a particu-
lar pattern of input signals enters or exits.

As with all modes, the trigger system’s com-
parators determine the voltage levels that
represent Os and 1s. A specific input pattern is
entered when all the inputs match the specified
pattern. For example, edge-triggering on a
positive-sloped signal on channel 2 is the same
as setting the trigger to respond on pattern
HXXX. In the scope’s menu syntax, this setup
would read as “Trig on Pattern HXXX When
Entered.”

In a sensitive state

State triggering is similar, except that one of
the four inputs is assigned to be edge-sensitive.
That is, the scope triggers on the rising or fall-
ing edge of the assigned input, provided that a
specified pattern is present on the remaining
three inputs. State- and pattern- triggering dif-
fer in that the former is activated only when an
edge occurs at the selected input. In the latter,
any active input can generate a trigger.

Finally, time- or event- delay modes count ei-
ther intervals or events, commencing with a
qualifying trigger at a selected input. The scope
then ignores successive triggers, until a speci-
fied interval or number of events have passed.
At that time, the trigger circuit is enabled and
the scope is ready to respond to the next event.

The pattern mode allows the user to define up
to 81 Boolean combinations of the scope’s four
inputs. Each input is assigned one of three
values—H, L, or X. These stand for high, low, or
don’t-care logic levels, hence the 81 combina-
tions (3).

The pattern HLXX, say, is true when the
signal on channel 1 is high and the signal on



channel 2is low. The pattern is false when chan-
nel 1 is low or channel 2 is high. The levels as-
signed to channels 3 and 4 are not considered.

With a pattern specified and the comparator
thresholds for each input set, the user can pick
one of four variants of pattern triggering:
trigger when entered, trigger when exited, and
two time-qualified schemes that trigger the
scope if a pattern is present for longer or
shorter than a specified interval.

The menu syntax for the first variation is
“Trigger on Pattern When Entered.” Here, the
trigger occurs when the pattern first becomes
true. In terms of individual inputs, this happens
when the last input changes to match the de-
sired pattern. HLXX, for instance, would repre-
sent a low-to-high transition on channel 1 when
channel 2 is low, or a high-to-low transition on
channel 2 when channel 1 is high.

In the second subordinate mode the menu
syntax reads “Trigger on Pattern When Ex-
ited.” With it, a trigger is generated when a pat-

tern goes from true to false. The input that
causes the trigger is the first transition out of
the specified pattern.

The last two variations qualify a pattern by
the amount of time that it remains true. In one,
the trigger is set to occur when a pattern exits,
but only if it had been true for at least as long as
the specified, or filter, time. If the pattern
shifts from true to false before the filter time
elapses, then there is no trigger.

Alternatively, a trigger takes place when the
pattern is exited, but only if it had been true for
less than the specified filter time. If it remains
true longer, it does not qualify as a trigger. In
all cases, the filter time can be set from 10 ns to
5s (in 5-ns intervals from 10 ns to 2 us) with an
accuracy to within +3%.

Because it triggers only on pulses shorter
than a specified interval, the last subordinate
mode is particularly valuable in isolating infre-
quent glitches. First, the scope’s infinite-
persistence display easily reveals such glitches

500-MHz trigger path
Biopet i,
Level 1 Coaxial Microprocessor
cable \ control
Hold-off
500-MHz \ counter
Channel 1 Prabe i comparatoL_D 500-MHz
[ pod programmable \_____ e
pattern
— 0  cetectr | Coaxia oo 1o
Vertical cable R time base
Buffer amplifiers :'ant's =0 > b Q >
ac:uls?ﬂzn zﬁ"m’? D
hardware i Entered L 500-MHz
or exited trigger flip-flop
Channel 2| o . pe
200-MHz buffered
O pod Microprocessor
Slope 2 sync signals to
apa control qualification logic
Sync Clock inputs Trigger enable
tavsiz output
" Slope 3 Mode selection logic
Trigger 3 ;
Probe | Oscillator Oscillator
O . pod o'y output input
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Microprocessor .
control 0
Siope 4 H -
Trigger 4 ¥
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1. The HP 54100D oscilloscope owes its combination of very fast triggering and sophisticated digital pattern
recoghnition to its having both a high-speed (500-MHz) and a low-speed (200-MHz) signal path. Further, its
four inputs, two of which are also for the display, have separate comparators that allow each input to be set

to a specific threshold.

Electronic Design + December 27, 1984 203



DESIGN ENTRY

Digital oscilloscope

among longer pulses (Fig. 2a).

Next, to trigger on the glitch alone, it is neces-
sary to realize that it will be much narrower
than the pulses surrounding it. This situation
clearly suggests using the second subordinate
mode to selectively trigger on the glitch by set-
ting the pattern to HXXX with a filter time of
10 ns. The complete menu syntax for this set-
ting would be “Trigger on Pattern HXXX When
Present < 10 ns.” Finally, setting the trigger

level so that the glitch crosses it, locks the scope
onto just the glitch (Fig. 2b).

Actually, it takes more than setting a precise
trigger point to capture the glitch, and the fact
that the trigger system does what it does high-
lights not just its flexibility but its excellent
pulse response and recovery time as well. The
pulse response, made possible by the trigger
system’s 500-MHz signal path, helps it to cap-
ture the 1-ns glitch. At the same time, the

—25.0000 ns

0.00000 s 25.0000 ns

L, Trigger

~Channel 1 = 200.0 mV/division
Time base = 5.00 ns/division

Offset = —1.300 V.
Delay = 0.00000 s

(a)
~14.4000 ns 10.6000 ns 135.6000 ns
% |
} e _=ad‘=r—__=;-=¥_'= i
e i
|
|
] b,
Channel 1 =  200.0 mV/division Offset = —1300V
Time base = 5.00 ns/division Delay = 10.6000 ns

Vmarker 1 = —1.460 V

Vmarker 2 = —1.460 V
(b)

2. A glitch, about 1 ns wide, appears occasionally between the
normal pulses in a circuit. Despite the glitch’s infrequency, it can be
easily seen thanks to the scope’s infinite-persistence display (a).
Moreover, the scope can trigger squarely on the glitch by being pro-
grammed to respond only to pulses less than 10 ns wide (b).
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system’s 8-ns recovery time (the time needed
for the filter timer to reset itself) allows it to
capture all the pulses, even ones that are only
10 ns apart. Compare this capability with that
of many logic analyzers, whose recovery time is
as long as the programmed filter time.

Another task, flushing out timing anoma-
lies in an asynchronous handshaking protocol,
showcases the scope’s ability to cut trouble-
shooting time. This job combines time-quali-
fied pattern triggering and the scope’s ability
to view events that happened long before the
trigger itself.

Asynchronous handshaking is a technique to
minimize the transfer time between digital
subsystems. Bus cycles are initiated by a
controller, like a microprocessor, and are not
deemed complete until an accessed peripheral,
like a DMA controller, signals that a task is
done.

The simplest version of asynchronous hand-
shaking involves only a request (REQ) and an
acknowledge (ACK) signal. The first is gener-
ated by the controller; the second, by the pe-
ripheral. In a typical handshaking sequence,
the controller sends REQ high, indicating to the
peripheral that the data on the bus is valid and
it should start working. The peripheral re-
sponds by forcing ACK high when it is ready to
return data. When the controller senses that
ACK is high, it accepts the data and pulls the
REQ line low. The peripheral completes the cy-
cle by pulling ACK to its original low state.

Keep in step

The handshaking mechanism requires
special circuits to operate asynchronously
alongside a typical system’s synchronous clock.
If designed improperly, these circuits can cause
timing violations and, as a result, occasional in-
tolerably long bus cycles. Fortunately, the
scope’s time-qualified pattern trigger helps to
pinpoint these anomalies and track down their
sources.

When the scope is hooked into the relevant
circuit points, it shows a REQ (upper channel)
and ACK (lower channel) sequence (Fig. 3a).
Triggering on the low-to-high transition of the
REQ line, the instrument reveals a double trace
on both channels, indicating that sometimes
the peripheral takes very long to respond to
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REQ. As in the foregoing example, the scope’s
infinite-persistence display keeps the infre-
quent anomaly in view.

To trigger only on the longer cycles, the
pattern-mode is set, in menu syntax, to “Trig On
Pattern HLXX When Present > 80 ns.” This re-
sults in a trigger when the response time (from
REQ=1to ACK=1)is greater than 80 ns,
which filters out the normal, shorter cycles.

Looking back in time

Once it is verified that the trigger is cap-
turing only the longer cycles, the pretrigger de-
lay allows the troubleshooter to view events be-
fore the start of the handshake (Fig. 3b). To free
the scope’s vertical channels and permit prob-
ing of other points in the circuit, the handshak-
ing signals and their trigger settings can be
easily moved to the scope’s two external trigger
inputs.

Often, digital signals, like those found in a
serial data link or at the output of a disk drive,
occur repeatedly but unpredictably. Some ana-
log signals, like the composite video voltage as-
sociated with a test pattern, behave similarly.
Three problems can limit a conventional scope’s
ability to observe these signals: a repetition
rate too low to produce a visible display; time-
base jitter inherent in the instrument itself;
and system jitter between the signal and the
synchronizing pulse (particularly when a me-
chanical device generates the clock reference).
All three can spell trouble, even when the
system under test supplies an external trigger
pulse to synchronize a scope’s display.

The new scope addresses each of these lim-
itations, respectively, with its infinite-
persistence display, ultrastable time base, and
delayed triggering capability. The first elimi-
nates the problem of low 