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featuring zero standby power and 35ns
maximum propagation delay, better than any-
thing our competition has yet offered.

What’s more,our CMOS technology is
going to open up a new and exciting product
area for you in the months ahead. So stay
tuned for another major announcement. And
a celebration that'll make this one look like a
PTA meeting.

Why are we doing all this, you ask?

Simply to offer you a range of speed/
power options unmatched anywhere. From
ECL to CMOS. Not to mention a line of

bipolar ICs that stands out in any crowd.

So call or write today for our new CMOS
brochure.

Monolithic Memories, 2175 Mission
College Blvd.,Santa Clara, CA 95054.
(800) 247-6527.

But if you want to beat the crowd, you'd
better hurry.

PAL is a registered trademark and ZHAL and ZPAL are trademarks of Monolithic
Memories, Inc. ©1986, Monolithic Memories, Inc.

Monolithic
Memories

UPI/Bettmann




Monolithic
Memories
announces

CMOS.

People tend to get a bit excited when
they hear that Monolithic Memories is
getting into CMOS.

And frankly, we can’t blame them.

After all, we're doing things with CMOS
that no one else has done before.

For instance, we're producing Double
Density Interface and ZHAL" circuits that run
at CMOS power levels, with speeds rivalling
the best of bipolar. And we're shipping them
in volume.

We're also bringing CMOS to our PALY
product line,beginning with ZPAL"devices




Finally,
areason

not to buy

bipolar ICs
| from

Monolithic
Memories.




High Reliability Optoelectronic Products.

Look to HP for high reliability
in hermetic lamps, numeric and alpha-
numeric displays and optocouplers.

They are ideal for ground, airborne
and shipboard equipment, medical
instrumentation, fire control and space
flight systems.

HP is a supplier of JAN and JAN
TX qualified true hermetic light emit-
ting diode lamps. HP also supplies
hermetic numeric and hexadecimal
solid state displays which are imper-
vious to moisture.

Hermetically packaged opto-

CG08312A

couplers are available in dual and
quad channel configurations. Several
types of integrated photo-detector
IC’s provide users with high speed,
high gain and simple transistor
output options.

For years HP has been a leader in
the production of high reliability opto-
electronic products—products that
are continually tested and upgraded.
Many of HP’s plastic components
are also used in high reliability
applications.

They're in stock right now at your

CIRCLE 2

local HP Components authorized
distributor. In the U.S. contact Hall-
Mark, Hamilton/Avnet or Schweber.
In Canada, call Hamilton/Avnet or
Zentronics, Ltd.

K

HEWLETT
PACKARD
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value-packed

fiiters

dc to 3GHz

« less than 1dB insertion loss over entire passband

5095

from

» greater than 40dB stopband rejection T it
« 5 section, 30dB per octave roll-off = gy
- VSWR less than 1.7 (typ) [ MIHI-CII‘CUItS
« over 100 models, immediate delivery PO, Box 166, Brookiyn. New Jork 11534 (718) S54-4500
é meets M”__STD_ZOZ Domestic and International Telexes: 6852844 or 620156

« rugged hermetically sealed package (0.4x0.8x0.4in.)
« BNC, Type N, SMA available

LOW PASS Model **LP-[10.7| 50 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000

Min. Pass Band (MHz) DC to ‘ 10.7 48 98 | 140 | 190 | 270 | 400 | 520 | 580 700 | 780 | 900
Max. 20dB Stop Frequency (MHz) 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 [ 1340

Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95(1-49), S $26.95 (1-49)
HIGHPASS  Model :¢HP-| 50| 100 | 150 | 200 | 300| 400| 500| 600| 700| 800| 900 |1000

Pass Band (MHz)  Start.max.| 41| 90 | 133 [ 185 | 200 | 395| 500| 600 700 | 780 9101000
AR end, min. | 200 | 400 | 600 | 800 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200
Min. 20dB Stop Frequency (MHz) | 26| 55 | 95 | 116 | 1901 290 | 365| 4601 5201 570 | 660 720

Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49)
*prefix P for pins, B for BNC, N for Type N, S for SMA example: PLP-10.7 C105 REV. ORIG
CIRCLE 3
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INSIDE LOOK

VLS| testing envelops designers

“Finish the design, turn it
over to manufacturing, and
get on with the next project.
Let the guys in testing figure
out how to test it; that’s what
& they get paid for.”

i For along time, that was
the typical designer’s view-
point. In every company
¢ there was a design group and
there was a test group. Both
; went about their business
without much interaction, and for good reason: Circuits
were so basic that the schematics spoke for themselves.

Apparently those days have gone the way of the slide
rule and the vacuum-tube voltmeter. Board testing was
one of the first areas to feel the change. MSI-level com-
ponents made the boards so complex that only the de-
signer could give any clue about how to test the circuits.

Now, with the steadily advancing levels of integra-
tion, testing of VLSI application-specific ICs is begin-
ning to fall under the umbrella of the design engineer.
After he designs an ASIC on a workstation in his own
lab, he must make the decision to commit the design to
silicon—not the semiconductor house and not the silicon
foundry. Faced with that formidable responsibility, he
must leave the comfort and security of the workstation-
based simulator and instead deal with testing the real
chips. Unfortunately, very little test equipment is now
around to help him test the physical IC. But the situation
ischanging: hard on the heels of the booming ASIC mar-
ket, appropriate testers are bound to proliferate.

Regardless of how those new testers are implemented,
they will face the same problems as the test equipment
we cover in this issue’s ELECTRONIC DESIGN Report on
page 132. Today’s ATE systems, for example, must
maintain timing accuracies for the high-speed signals
flowing through a large number of I /O pins. To alleviate
the difficulties, ATE manufacturers are banking on
some interesting technology—time-domain reflec-
tometry, for example, to measure path lengths precisely
and thus to set the required timing at the test pins.

Yes, the designer’s job is constantly changing. But re-
member, no one ever said it would be easy.

¥ 3 G
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147APROGRAMMABLE FILTER CHIP

News Industry Newsmakers

11 Newspuise 69 Plug-in board speeds IBM PC’s analog 1/0

PRENIR Oy The fastest log 1/0O board for IBM PC bs 12-bit signals at
. : ; e fastest analog oard for s grabs 12-bit signals a
33 gf)e'g:n?:r{g?gggng Yields 6Gbyte 166 kHz. It also can calculate linear systems’ transfer function.

34 Testing and simulating circuits on . .
one system 81 50-W power supply fills universal need

34 32bit GaAs wP hits 200 MIPS at RCA Say good-bye to different power supplies for every design. A new

-, +12- —12-V ded.
35 Surfacemounted packages move assembly metes out +5-, +12-, and power as neede
to high power

36 Adoplable computer has ol Electronic Design Report

A& S LC DS Mg e fetparme! 132 Timing, not speed, counts the most when
clpiy race? testing fast VLSI ICs

51 ?oe"rrv\; égs?gy:g megabyte will Tester designers are scurrying to keep pace with today’s 10-MHz
upsef Winchester balance VLSI ICs. With VHSIC and gallium arsenide chips on the hori-

Viewpoint zon, timing accuracy and resolution will become paramount.
59 Design evolution leads to system

revolution DeSign En"ies

Newsirend 147 Cover: Programmable filter chip and
89 Video buffer amplifiers get faster its PC-based tools offer new analog solutions
and lower in distribution A switched-capacitor filter chip that can be configured in software

through a PC development system lets even novice designers create
complex analog filters once broached only by experts.

159 Graphics coprocessor chip gives
small systems a look at the big picture
With independent graphics and display processors inside, a chip
creates multiple windows of variable-depth pixels. Memory and
CPU demands now fall within small systems’ reach.

171 Versatile bipolar master chip lets analog
designers reap the benefits of LSI circuits

Exploiting a process similar to the one used to attain LSI levels in
digital chips, designers can transform separate analog components
into true analog ICs.
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1986 winner, Jesse H. Neal
Editorial Achievement Award.

Best indepth analysis article series:
1985 Technology Forecast

In The Next Issue

e ELECTRONIC DesicN Report: ECL faces
rivals subnanosecond gate arrays

e Industry Newsmaker: Twisted-pair
transceiver IC reconciles trade-offs
between distance and data rates

e Newstrends: X.25 boards for VMEbus,
DIN keyboards

e PC AT gets boardlevel power
for solids modeling

132 TESTING FAST VLSI ICs 213 CONNECTORS

New Products

Digital ICs

187 32.bit data-path chip heralds next generation 295 Video and memety.coniroler chips

of floating-point tasks slash parts count for good graphics
A three-port architecture stresses simplicity, yet packs a multi- 226 Pin photodiode keeps dark current
plier, ALU, 32-word register file, and special division circuitry. It to 1 nA

keeps th f IEEE floating-point math.
eeps the essence o oating-point ma Analog

238 Multiplexer moves charge on each

Des i g n Appl ications element of infrared array to output

240 25MHz, 10-bit ADC runs at any en-

199 Paper and pencil help guide initial calculations coding rate
in move to standard-cell ICs instruments
A strategy based on a paper analysis can serve the designer as yvell 246 Testing chips for hours lets simulator
as any sophisticated tool. The appraisal keeps the focus on original discover hidden design errors

goals and avoids snags, before turning to a workstation.
Power

248 Triple-output regulator powers and

PrOd UCt Report monitors 5V uP systems

213 Focus on ZIF and LIF connectors Computer 5°°’dt*f'f -
Zero- and low-insertion-force connectors make it easy to boost pin 250 VMEbus boards satisfy realtime

counts, but can they do it reliably and at low cost? mf’cr"“e R
251 Using Eurocards, G-96 bus

gets graphics
Computer-Aided Engineering

278 McCAD ready to go for surface-
mounting layout

Communications
282 Pair of CMOS ICs eliminates 140
Cover illustration by Tom Palmer devices for Starlan interface
2 ” . - 3 264 Packaging & Production

ELECTRONIC .DESIGN (USPS 172:080; ISSN 0013-4872) is pubhsh.e.d blv«(eekly.wnh one 271 Factory Automation
additional issue in January, May, June and July; two additional issues in March, 284 International
September, and November by Hayden Publishing Company, Inc., 10 Mulholland 202 ¢ ters & Peripherals
Dr., Hasbrouck Heights, NJ 07604. Subscription rates are $65 one year U.S. (foreign omputer rp
rates available upon request). James S. Mulholland Jr., President. Printed at Brown 294 Components
Printing Co., Waseca, Minn., and Somerset, NJ. Second-class postage paid at Hack: 297 Software
ensack, NJ 07602 and additional mailing offices. Copyright © 1986, Hayden Publish- 301 Product News
ing Company, Inc. Allrights reserved. POSTMASTER: Please send change of address 303 Application Notes
to ELECTRONIC DESIGN, P.O. Box 1036, Southeastern, PA 19398. 305 New Literature
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POWER

PAMP
t BSTRY’S LARGEST SELEC§ON ‘ DON'T MlSS THESE

-'SHELF STOCK ON /I It used to be that a hard
M".-STD-883B 5 disk drive’s cost per mega-
byte depended roughly on disk di-
*PRODUCTS A ameter: 14-in. drives—the largest
F* Y —came in the cheapest, often
Y, COMPLIANCE " * | ‘ making the choice easier.
* WITH SR Bl No longer. Today the cost per
"REN.C .. ¢ i, . megabyte is about the same for all
1 LA i sizes, so data transfer rate, access
* 10 MODELS time, and power merit attention.
UPTO 150V ;i
UP TO 10A °
4 5 How do you design a com-,
. 'UNSURPASSED ; puter system compatible [l i aaht

chip chip

RELIABILITY g4 with earlier ones but uses the latest

3 i o, multiprocessing technology?

NCR knows how: Specialized
processors handle memory access,
and the system bus gets tuned up
for high-speed transmission.

DRIVES: v /
o MOTORS v, > 8 Video buffer amplifiers— Control system |
400V ! the analog glue circuits [ — — T

® COILS ks needed for example, with high- Flash

e TRANSDUCERS = . speed ﬂcsh converters—now hcye e
Sy bandwidths up to 300 MHz while : ‘[

e ACTUATORS nonlinearity has fallen to 0.1%. But | =

e PINS ; how? Current feedback, which also (a)
140V @ 10A B | promotes variable gain. |

/I 5 A single-chip graphics co- PR

i ; processor gives low-end | FFFFFE

B 145V @ 70mA § workstations the same graphics as ggggggi Syms veon l
i R high-priced units. ‘
rue ) CALL - o8 Two processors—one for draw- | o o

raphics memory  j—d

(800)421-1865 ing, the other for displaying images  |errree
FOR OUR POWER = —combine to create windows with .
OP AMP HANDBOOK ' VOriOble-depTh pixels. el oy,
OR CONSULT EEM/
GOLDBOOK"CMASTER 21 Contact wiping, which
R cleans a connector’s mat-
: P E x ing surfaces, boosts the reliability of
: tech , zero-insertion-force connectors.
pIEC : Low-insertion force connectors
DEDICATED TO EXCELLENCE = . also use contact wiping, but most
APEX MICROTECHNOLOGY CORP. ' have trouble maintaining normal-
5980 N. Shannon, Tucson, AZ 85741 USA force levels.

France(6)907.08.24  BRD (06152)6003
Nippon (03) 244-3511 UK (01) 9790123
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Product announce- TI_E MAKINGS But probably
ments do not a SCSI chip the biggest reason
make. Over the years, OF A SCSI more companies rely
NCR has cultivated a on NCR SCSI chips

SCSI reputation by deliv- REPU’IKI‘ION is availability. We
ering chips. Not promises. e actually have product

To date, hundreds of host and peripheral
manufacturers have committed designs to
our SCSI chips. We like to think that’s be-
cause NCR expertise played an instrumental
role defining the ANSI X3T9.2 standard from
the start.

Or maybe more manufacturers design our
SCSI single-chip controllers into hosts,
printers, tape drives, rigid and optical disks
because of the breadth of our product line.

Or perhaps it’s a compatibility issue. The
fact that NCR SCSI chips assure plug com-
patibility with hosts and peripherals regardless
of manufacturer.

Or a real estate issue. The fact that NCR
offers the system integrator single-chip solu-
tions that replace multiple chips or boards.

on the shelves. Here and now.
5385E — Full protocol integration, highest
performance family member—48
pin package
5380 — Single-ended bus transceivers
included—40 pin package; CMOS
available
5381 — Differential pair implementation
—A48 pin package
5386S — Synchronous superset of 5385E
which provides parity through
the chip—samples available.
When you need more than SCSI talk, talk
to NCR. We're in the shipping business.
For additional information, specifications
and catalogs call your local NCR represen-
tative, 1-800-525-2252.

QUALITY, SERVICE, SUPPORT. YOU CAN EXPECT IT FROM NCR.

NCR Microelectronics Division CIRCLE 5 G IHNER Do



WEEK
3l

Introducing the Am29331—the
fastest 16-Bit Interruptible Micro-
program Sequencer anywhere.
It’s the second member of AMD’s
remarkably fast, ingeniously-
designed Am29300 family:

Am29331

WEEK
32

There are two things every
mother board should have: The
82C54 CMOS Counter Timer
and the security of knowing
there’s a complete second source
mother board kit to the Intel 286
PC/AT package. And AMD is
proud to hold high the banner for
motherhood by announcing both.

WEEK
33

If you hate waiting around
crowded registers, AMD’s new
Am29524 Dual 7-Deep Pipeline
Register is for you. It's designed
for applications that need ground
or data pass-through. So now
your input data can fly directly
to the output or your output can
be all zeroes.

82C54

The Am29331 has Real Time
Interrupt. By building in Test
Generation Logic (which no one
else does), we cut down on chips
and allow for faster system cycle
time. Without having to wait for
the additional cycle you usually
need to accommodate an inter-
rupt, you get faster throughput.

More reasons why the speed
stays white hot: Errors can't
get too far in the Am29331.
They're detected at the source,
not at the memory level. It’s
transparently interruptible at any
microinstruction boundary; and
Built-in Trap Handling insures
speedy re-execution.

The Am29331 16-Bit Interrupt-
ible Microprogram Sequencer
is just one of AMD’s 29300
family. Other members of the
family are the Am29332 32-Bit
ALU and the Am29334 Four
Part Dual Access Register File.

You can use the Am29331
with non-family members if you
must. Just make sure the micro-
processor you choose can keep
up with it.

CIRCLE 6

Design and application seminars are available
for this product. Write or call for information.

Every mother
needs them.

The 82C54 is a general pur-
pose microprocessor peripheral.
With low CMOS power, dissipa-
tion is only 6% of NMOS parts.
The 82C54 is also very fast—it
operates at 8 and 10MHz. And
naturally, it's a plug-in replace-
ment for Intel’s part.

But just as important as the
82C54 CMOS Counter Timer is
the fact that you finally have a
second source for the 286PC/AT
mother board kit. Along with the
Counter Timer, the kit contains
an 82284 Clock Generator,an
82C288 Bus Controller and an
80286 CPU. But best of all, once
you're in production, you don't
have to worry about availability;
quick delivery and all the other
things you worry about when
you don't have a second source.

So get up and call AMD:

The mother board’s little helper.

CIRCLE 7

Am29524

The Am29524 has 14, not 16,
registers like the Am29525. But
it shares many of the same attri-
butes. With the Am29524 you
can dip into the data registers in
any order, at any time. You could
think of it as a random access
register. It's programmed by
microcode instructions to hold,
shift or load data. Its internal ECL
technology gives the Am29524
incredible speed (it has a 21ns
propagation delay) and the 1/0
is three-state TTL compatible.

Need to get rid of some excess
baggage like a register and bus
buffer? The Am29524 does the
work of both. And we packed it
all in a 28-pin DIP package.

Flying the Am29524 isn't for
just everyone. Only the people
who want to travel direct.

CIRCLE 8




AMD wants to put power back
where it belongs: In your hands.

We're proud to announce the
Am29C821 10-bit CMOS Bus
Interface Register. It's a member of
the high performance Am29C800
Family: The family that delivers
the performance you expect from
the bipolar Am29800 Family but
with stingy power demands.

Am29C821

Seize power.

The register requires a low
power stand-by current of 80
microAmps. But AMD promises
that taking power from it won't
slow it to molasses. The
Am29C821 has a propagation
delay of 12ns.

You can also use it in place
of, or along with, the Am29800
bipolar counterpart to match
your drive and power require-
ments. Used where an Am29821
provides 48mA drive, the
Am29C821 provides 24mA drive.

Get yourself the Am29C821.
And then give the leftover power
to i.(omeone who can really use it.

ou.

CIRCLE 9

“State machines that have

On October 1,1985, Advanced Micro
Devices told the world it would deliver fifty-two
new products in one year. A new product every
week. Tall order.
So where’s seeking the impossible gotten
us? Right where we expected. After twenty-six
weeks, we're 26 for 26. Batting a cool 1,000.
And here’s what the world is telling us:
“Reduced networking costs”

simplified the state-of-
the-art” “More powerful,
smaller air traffic control
systems. “Extraordinary
graphics for ordmary workstations” “PC’s with
fax capabilities”

And more. But that’s only half the story.
Watch this space for more chances to make your
best idea better than you hoped it could be.

More new products. One a week. Every week.
On the shelf. In volume.

Watch us open up the lead.

Advanced Mlcro Devuces El

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

© Advanced Micro Devices, Inc. 1986



Now you can have your cake and
eat it too! The quality and
performance—in fact, the same
mechanism as a military TO-5/
Centigrid relay at prices you can

afford for your commercial designs.

The secret is automation. It
permits us to cut costs without
cheapening the design. We've
designed and built our unique
equipment which not only speeds
production, but insures quality.

For example, our microproces-
sor-controlled header assembly
system automatically tests the

subassemblies while they are being
produced, cutting down on
human error and insuring built-in
reliability.

The 172 gives you all the
popular Centigrid physical
advantages: the rugged uniframe
construction; the miniscule .14
sq. in. footprint; the .100 grid
lead spacing for direct pc board
plug-in without spreader pad,
which retains the low .375 in.
total profile.

advantages of twenty years of
TO-5 leadership: a dependable,
low power DPDT relay that has
excellent RF characteristics up
through UHE, and the proven
performance and reliability of
TO-5 technology.

If you'd like to know more
about how to get military type
performance without paying for
the uniform, call or write today.

But perhaps even more impor- “W TELEDYNE RELAYS

tant, you get all the technical

Innovations In Switching Technology

12525 Daphne Ave., Hawthorne, California 90250 « (213) 7770077
European Hqtrs: Abraham Lincoln Strasse 3842 « 62 Wiesbaden, W. Germany 06121-7680
Belgium Sales Office: 181 Chaussee de la Hulpe « 1170 Brussels (2) 673-99-88

UK. Sales Office: Heathrow House, Bath Rd., Cranford, Hounslow, Middlesex, TW 5 9QQ « 01-897-2501

Japan Sales Office: Nihon, Seimei Akasaka Building « 8-1-19 Akasaka, Minato-Ku Tokyo, 107 Japan (03) 403-8141
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NEWSPULSE

PC bus for
80386 systems
in the works

A uniform 32-bit bus is on the way for engineering workstations and personal
computers based on the 80386. Led by Phoenix Technologies Ltd. (Norwood,
Mass.), an industry committee—including manufacturers of computer systems
and add-on peripherals cards—is hard at work on an extension of the IBM PC
and PC AT buses. One design under consideration has separate slots for PC, PC
XT, and PC AT cards, as well as slots for the high-density memory, analog I/O,
and fast graphics processors for 32-bit systems. The committee’s aim is to assign
identical pinouts to specific functions. Specifications for the new bus architecture
are expected by mid-June.

RISC supermini
debuts for CAE

Through IEEE 802, 3 and other networking standards, Hewlett-Packard’s new
HP 840 superminicomputer can interface with the company’s recently upgraded
desktop workstations. A file-cabinet-size version of a machine introduced earlier
this year, the TTL-based RISC runs at4.5 MIPS and operates with a 48-bit virtual
address space in a 24-Mbyte main memory. The multiuser Unix system supports
up to 60 users and serves as a departmental system for CAE, software engineering,
and factory automation. When running a ‘‘Dhrystone,’” the Unix-based variation
of the Whetstone benchmark, the computer is slightly more powerful than
comparable superminis from Digital Equipment. HP officials hint that later
versions of the machine may use 1-pm double-level metal NMOS and that lower-
end models may be built with CMOS chips. HP’s desktop machine can now be
fitted with an optional floating-point processor and, with an 80286/80287 plug-in
card, runs MS-DOS. It also interfaces with an external VMEbus. At a base price
of $15,600, the Model 320 workstation costs 45% less than similarly configured
HP desktop units and moves the venerable computer maker’s CAE line closer to
recent offerings from Apollo, Sun, and others.

Board paves way
for RISC system
development

Designing systems and software around a 32-bit RISC microprocessor from
VLSI Technology Inc. (Phoenix) is becoming easier thanks to an evaluation
board that contains most of the desired support functions. Originally developed
exclusively for the Acorn personal computer, the CMOS CPU executes many of
its 32-bit instructions in one 125-ns cycle for an average throughput of 4 MIPS.

It contains 25 general-purpose 32-bit registers and provides a 26-bit linear address
space. Accompanying the chip on the 5%4-by-7%-in. board are a 16-kbyte
bootstrap and self-testing ROM, 1 Mbyte of RAM, two serial ports, and a
Centronics-compatible printer port. Also included are an SCSI interface, several
timers, and a controller for double-sided, double-density floppy-disk drives.
Samples of the board should be available late next month.

Page-printing
standard emerges

With the announcement this week of its OmniLaser 2000 series printer, Texas
Instruments Inc.’s Peripheral Products Division (Temple, Texas) may help
establish PostScript as the de facto page-description language for next-
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NEWSPULSE

generation laser printers. Developed by Adobe Systems Inc. (Palo Alto, Calif.),
PostScript contains high-level commands for drawing lines, circles, and polygons
in the bit-mapped memory of the printer’s controller. First-generation printers
merely perform an inefficient screen dump to transfer page descriptions to the
printer. TI’s bundling of the PostScript package comes after similar moves by
Apple Computer and others. In fact, it may provide the impetus for other laser
printer makers to rally "round the language rather than continue writing unique
software drivers. TI's OmniLaser 2115 is controlled by a 68000 microprocessor
and PostScript commands embedded in 600 kbytes of ROM. It prints 15 pages

a minute, double the speed of other units in the $6000 price range.

VMEDbus network
16 X faster
than Ethernet

A network throughput of 20 Mbytes/s is an achievement worth crowing about,
especially since it leaves Ethernet rates far behind. Integrated Solutions Inc. (San
Jose, Calif.) says it reaches that speed by connecting a cluster of workstations
through a VMEbus backbone. Using proprietary protocols, the VNetworking
system can transfer data more than 16 times faster than an Ethernet-based
configuration using TCP/IP protocols. Integrated’s cluster controller, assembled
around a 24-slot VMEbus backplane, contains five boards. Each chassis includes
a 68020 CPU card along with up to 14 Mbytes of main memory for one to four
1280-by-1024-pixel terminals. Each terminal in the cluster ties into the VMEbus
chassis through standard video cable and works like a ‘‘diskless node.”” No
terminal can be more than 100 ft from the chassis, though. For transfers between
VME clusters, VNetworking also supports Ethernet or Sun Microsystems’
Network File System.

‘Superchips’ aid
floppy controllers

The push to reduce the cost and power consumption of floppy-disk drives and
silicon controller chips has produced two all-in-one drive controllers. Western
Digital Corp. (Newport Beach, Calif.) and National Semiconductor Corp.
(Santa Clara, Calif.) each have developed CMOS “‘superchips’’ that are software-
compatible with the popular NEC 765 controller.

The new chips replace dozens of passive and active elements needed with
previous 765-based controllers. Western Digital’s design features a digital data
separator embedded in the controller chip. National Semiconductor’s analog
expertise helped it include a more error-free analog data separator, and the chip
has write-precompensation circuitry. With either product, a designer need only
add a few trim-free passive devices to build a controller.

ICs, passives
on ceramic
substrate
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ICs and thick-film resistors can now be integrated with capacitors and other
embedded passives on a multilayer ceramic substrate. Sprague Electric Co.
(Lexington, Mass.) announced a breakthrough that could reduce the size of small
hybrids by more than 50%. The proprietary process called Multilytics updates
the traditional approach used for cofired ceramic devices. Sprague describes it as
a “‘wet stack’” approach to layering the ceramic. After the ceramic is cast in thin
sheets on an inert carrier, it is dried, printed with the thick-film patterns, and then
stacked while the next layer is applied. In the conventional *‘dry stack’” method,
the ceramic rests on an organic carrier and sheets are separately laminated before
stacking.




Buy an HP. logic analyzer
or digitizing oscilloscope.
Get an HP ThinkJet Printer FREE.

HP announces a great package deal. the combination to document test results and

Order an HP 1630/31 logic analyzer or any instrument setups, with print resolution as great
HP 54000 series oscilloscope before June 30, as your scope or logic analyzer’s display. And do
1986, and you’ll receive an HP 2225A Think]Jet it all at the push of a single front panel button.
Printer and an HP-IB interface cable at no What a timesaver!

charge. It’s a $495% value absolutely free* So Call HP today: 1-800-835-5577.
if you've been waiting to buy a new HP logic Don’t wait. This offer wraps up June 30, 1986.

analyzer'or digitizing oscilloscope, now is Call between 8:30 am and 5:00 pm MDT for
the time! more information on the free HP Think]et offer.
Instant hardcopy! In Colorado, call 590-3490 collect. Or contact

Team up an HP Think]Jet with your HP logic your local HP sales office listed in the telephone
analyzer or digitizing oscilloscope and you’ve got  directory white pages. Ask for the electronic

a fast route to high quality printed output. Use  instruments department.
*Promotional discount equals the value of the HP 2225A ThinkJet Printer.

s
HEWLETT
["/” PACKARD
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One standard. Zero defects.
Signetics makes a stand for unsurpassed quality.

Some companies talk about defect standards of 500 ppm
as if they were proud of them. At Signetics, we have a
different philosophy: One defect is one too many. So we've
set the standard even higher.

0 Defects. That’s the standard we've set at Signetics.
And the warranty for that standard goes like this: When
you receive parts from us, if you find any defects in the
lot, we'll take back the whole lot. The reason we can offer
this warranty is, after 100% testing, we sample every
lot. And if we find a single defect, that lot doesn't ship.

Signetics is absolutely committed to a standard of 0
defects. We have been for some time, in fact. In 1980, we
initiated a rigorous 14-point process aimed at preventing
mistakes —instead of correcting them. Since then, the
process has evolved until it's now more than a process; it’s
a state of mind shared by everyone at Signetics. From
the corner offices to the mail rooms. It’s a state of mind
marked by a determination to prevent any and all defects.
By working with you, examining failure rates even as
they occur in the field, we'll carry zero defects beyond a
standard, to a reality. So that eventually, there won’t be any
defects to catch.

You'll find that same commitment to quality throughout
Signetics. Whether we're designing a chip with a half-
million bits of memory, meeting delivery schedules,
double-checking the accuracy of our paperwork, or getting
your name right when you phone.

So, while some companies are bragging about a standard
of 500 defects, Signetics is quietly working its way
toward zero. And when you put your trust in that kind
of commitment, you can't lose.

Find out more. Call 800-227-1817 x 954C toll free,
and we'll send you a brochure that tells you more about
our quality program.

One standard. ()defects.

Signetics

a subsidiary of U.S. Philips Corporation




low-profile

mixers

(+7 dBmLO)

0.2 10 500 MHz
onIy S5195 (1-49)

IN STOCK. . .IMMEDIATE DELIVERY

* tailored for rugged
MIL environments

* very flat response +1 dB typ.

* low conversionloss, 5.5 dB typ.
* highisolation, 35 dB typ.

e BNC or SMA connectors

e convenient front-face mounting
* EMI shielded case

* one-year guarantee

ZP-10514 SPECIFICATIONS

FREQUENCY RANGE (MHz)
LO/RF 0.2-500
IF DC-500
CONVERSION LOSS, dB YR  MAX.
One octave from
band edge 5.5 7.0
Total range 6.5 8.5
ISOLATION, dB TYR  MAX.
0.2-2MHz LO/RF 55 45
LO/IF 50 40
2-250 MHz LO/RF 50 35
LO/IF 35 30
250-500 MHz LO/RF 35 30
LO/IF 30 20

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

[ Mini-Circuits

A Division of Scientific Components Corporation
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telexes: 6852844 or 620156
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EDITORIAL

Linear designers
strike out on their own

After living in the shadow of the digital
world for a decade or more, the linear cir-
cuit is beginning to enjoy spectacular suc-
cess. Landmark linear developments have
been rather sporadic through the years,
but recently some “young analog Turks”
have burst on the scene, armed with a host
of new linear tricks. Rather than rely on
advances in semiconductor processing,
some of them are resorting to clever circuit arrangements
that, for the first time, take advantage of today’s high lev-
els of integration. (See our cover story, p. 147, about a
smart analog filter from Crystal Semiconductor.)

In fact, “paper” designs long deemed impractical are
now coming to practical fruition thanks to the impressive
number of transistors, both digital and linear, that can
easily fit on one chip or just a few. Pouring off the CAE
drawing board are hot new data converters, op amps, fil-
ters, and other analog circuits, all sporting performance
characteristics that were previously impossible—at least
in affordable production quantities.

Why now? The young Turks—companies with un-
familiar names like Crystal, Cypress, Maxim, Micro-
linear, and Sierra—have spotted niche market oppor-
tunities calling for mixtures of analog and digital
circuitry. Not only have they captured some of the bright-
est talents in analog design, they also have put them to
work on proprietary designs that stand little risk of com-
petition.

The results speak for themselves—data converters with
unprecedented accuracy, op amps with blazing speed and
near-ideal dc performance, telecommunication chips that
replace bulky inductors, and IC-like power circuits that
can operate directly from the ac line. We see no slowdown
in the dizzying pace of introductions, and we promise no
slowdown in our efforts to cover every one of the most im-
portant new devices.

O

Stanley Runyon
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80C51/59 Development Ease Available Now!
Order complete data from OKI for:

() OKI EASE 80C51/59 ICE System

() OKI 8-bit MCU Piggyback Development Chips

() OKI 80C51-59 Single-Chip MCU Family
Name/Title
Company
Address
ety State.____________7ip

Tel: ( )
Return coupon to Customer Service: OKI Semiconductor,

650 N. Mary Avenue, Sunnyvale, CA 94086. Tel: (408) 720-1900
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Our new Opfc
g

Introducing the
Optologic’ Coupler.

Getting lost in the analog
world is no fun for the
logic designer. In the
past you had to con-
sider trade-offs
" between input cur-
rent, LED temper-
ature dependence,
speed and many
other parameters.
Many of these trade-offs were figured out by trial and error. It was really time
consuming. And a real pain. But now there's good news ahead.

A new concept.

Now you can achieve optoisolator protection without having to understand the
analog operation of the optocoupler.

The Optologic coupler is the first general purpose, high speed optoisolator that
looks exactly like any common 74-series logic gate at both input and output. This
makes it extremely easy to interface between same or different logic families.
The innovative use of an input amplifier ensures real LSTTL compatibility and
preserves your TTL noise immunity.

The Optologic coupler will find wide use in data communications. In local area
networks you can greatly improve noise immunity while utilizing the device’s high
input impedance in multiple bridged line receivers.

The Optologic coupler is available from these distributors:

US.
ARROW ELECTRONICS, INC. HAMMOND ELECTRONICS, INC.  KIERULFF ELECTRONICS SCHWEBER ELECTRONICS
BELL INDUSTRIES HARRISON EQUIP. CO,, INC. MILGRAY ELECTRONICS, INC.  SUMMIT DISTRIBUTORS, INC.

(GRAHAM DIVISION) J.V. ELECTRONICS NEWARK ELECTRONICS WYLE LABORATORIES
CAM/RPC



isolator thinks
oital IC.

PART LOGIC COMPATIBILITY LOGIC OUTPUT

In another common application, NUMBER | INPUT | OUTPUT | FUNCTION | CONFIGURATION
AC/DC precision level sensing 1S 740L6000 [ LSTTL TTL BUFFER TOTEM POLE
. ‘ 740L6001 | LSTTL TTL INVERTER |  TOTEM POLE
p0581ble because of the well-defined 740L6010 | LSTTL CMOS BUFFER OPEE ggttgggg
; 740L6011 | LSTTL CMOS | INVERTER | OPE
put threshold. 740L6000 740L6001 740L6010 74016011

And the price is competitive with
other high speed optocouplers. ar
High performance and reliability. i %

Propagation delay of the Optologic
Coupler iS 60nS and Supports datacom There are two output versions available: one with totem pole circuit
to 15 MBaud. The built-in internal NOISE for interiaceto 45V to 1 ¥ CMOS o1 power transistors.
shield offers 15kV/us common mode transient rejection.

2500 VAC RMS isolation for one minute corresponds to a
440 VAC working voltage.

MTTF is 1.68 million hours at 90% confidence.

The Optologic coupler is a fool-proof device that
provides a level of design integrity and security that
the engineer has not had before.

If you hate leaving the digital world every time
ou want to optically isolate your circuits, design in the
b easy-to-use Optologic couplers from the LightHouse.

All y 1s plug them in.

Andbingo. GENERAL
For sampl nf b di
Volu(;rrleS pro%ﬁf:t(i)éri, c%ilr?:gé(;rr(l)ﬁr (l)élctallr?iggib?lt&r or lNSTRUM ENT

General Instrument, Optoelectronics Division, . L
3400 Hillview Avenue, Palo Alto, CA 94304. SR DI SR on
@15) 493-0400. TWX: 470208. The LightHouse you can depend on.
CANADA
ARROW CARDINAL INDUSTRIAL FUTURE ELECTRONICS, INC.

ELECTRONICS RAE ELECTRONICS
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SIXTEEN TOUGH ASSIGNMENTS.

A period measurement is A frequency measurement is Short time intervals can be Calculated frequency takes

made on a 100 MHz clock using ~ made with the same high preci- measured most accurately with only seconds. The time cursor

the extended accuracy andres-  sion. Simply press two buttons, the easy-to-use time cursors. measurement on the left can

olution of the Counter/Timer/ and the period measurement They also make quick work of be converted to frequency with

Trigger in the 2465 DVS. on the left is converted to longer intervals, with 1% push-button ease and 1%
frequency. accuracy. accuracy.

This fast-pulse rise time is response ensures that pulse Propagation delay measure- Overshoot and ringing mea-

nearly that of the scope. The width and amplitude measure- ment accuracy is assured by surement accuracy requires flat

2465 achieves maximum band- ments on fast waveforms built-in propagation delay response in a probe/oscilloscope

width with minimum waveform (above) truly reflect conditions matching. Delay between Chan-  system. Tek probes and scopes

aberrations. This level of pulse in a circuit under test. nels 1and 2 can be correctedto  are designed to work together.
the probe tip.

Logic-level violations can be The Word Recognizer (with a Identify a word position. The Delayed sweep is used to
spotted quickly on a TTL wave- binary word) is used to pick out Word Recognizer (in HEX) is expand the last pulse in a pulse
form (above) with measurement a pulse train in a data stream. intensifying a word position and  train. The intensified zone
cursors set to define logic-level The time cursors measure pulse measuring delay relative to a identifies the expanded pulse
boundaries. train duration. waveform on another line. position.

TV line trigger in the 2465 DVS Calibrate cursors in IRE units Burst amplitude should be 40 Sync width and blanking are

displays a full-field composite with variable attenuation. Blank-  IRE units in NTSC video. The common, easy-to-make timing
test signal. The built-in TV ing level to reference white cursors quickly measure other measurements. Accurate time
clamp circuit removes hum and level is defined as 100 IRE units waveform amplitudes. Field measurements can be made
tilt on the ac-coupled video. in NTSC video. triggering checks any line. anywhere in a video system.

Copyright ©1986, Tektronix, Inc. All rights reserved. PMA-628



FIVE EASY ANSWERS.
THE TEK 2400 SERIES.

You can simplify even the
most complex measure-
ments with the perform-
ance and convenience of
Tek’s 2400 Series family.
No other portable scopes
meet such diverse require-
ments in research and
design, manufacturing
and service.

The 300 MHz 2465 and
150 MHz 2445 are at the
foundation of the family.
They include all the fea-
tures that set a new high
performance precedent.
For example, standard
delayed sweep A-Time to
0.5% accuracy. Coupled
sweep speeds to 1 ns/div
in the 2445 and 500 ps/div
in the 2465 for tough tim-
ing measurements. And
four-channel capability
for observing and trouble-
shooting logic circuits.

Best of all, these stand-
alone scopes are proof
that powerful capability
doesn't have to be compli-
cated. Time and voltage
cursors for fast and easy
measurements, CRT read-
outs showing waveform
parameters and front

Features 2445 2465 2465 CTS 2465 DMS 2465 DVS
Bandwidth 150 MHz 300 MHz 300 MHz 300 MHz 300 MHz
Max. Sweep

Speed 1 ns/div 500ps/div 500ps/div 500ps/div. 500ps/div
Accuracy;

Vert/Hor 2%/1% 2%/1% 2%/1% 2%/1% 2%/1%
Vertical

Sensitivity 2mVidiv. - 2mV/div - 2mV/div. 2mV/div 2 mV/div
Trigger Freq.

Range 250 MHz 500 MHz 500 MHz 500 MHz 500 MHz
Trigger Modes  Auto Level, Auto, Norm, Single Sequence

Counter/Timer/

Trigger/Word

Recognizer i STD STD STD
DMM A : N/A STD STD
Video/TV X * N/A N/A STD
Four P6131

Probes STD STD STD
GPIB STD STD STD
Rackmount 5 i & 2
Warranty 3-year on parts and labor, including CRT

Pricet $3590 $5350 $7150 $8400 $9200
Software

TEK GURU for IBM PC/XT/AT and 2445/65/GPIB $595
EZ-TEK 2400 for TEK 4041 and 2445/65/GPIB $400

*Configurable only at time of order. Additional cost required

tPrices subject to change without notice

IBM PC is a registered trademark and AT and XT trademarks of International Business

Machines Corporation

panel settings, and sim-
plified trigger operation
make these scopes a
pleasure to use.

Three specially con-
figured, specially priced
Special Editions offer
enhanced measurement
capabilities for both sys-
tems and stand-alone
use. At the top is the 2465
DVS with integral GPIB
interface, DMM, Counter/
Timer/Trigger/Word Rec-
ognizer, and Video mea-
surement capabilities.
Easily the most powerful
portable ever developed.

The 2465 DMS and
2465 CTS are special
editions with different
feature sets. The 2465
DMS provides all the
capabilities of the DVS
except Video. The 2465
CTS provides all the fea-
tures of the DVS except
Video and DMM.

Call your Tek Sales
Engineer for a demo
today! Or call the Tek
National Marketing Center
toll-free, 1-800-426-2200.
In Oregon, call collect,
(503) 627-9000.
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How we tailor VMEbus
solutions to your
industrial applications

VMEbus and Intelligent 1/0 Cha

With the VMEbus finding overwhelming acceptanceaworldwi
now enhancing VMEbus versatility with the Intelligént 1/O Char
(10C). The I10C provides you with lower €0st interface modul
cally used in industrial applications. It can also be furnished
own CPU which can execute tasks locally, offloading the VMEE
master CPU. The IIOC can also be used stand alone. With or
CPU, the 1IOC is accessed transparently (as a 64 Kbyte
mapped space), eliminating the need for §omplex multi
operating systems. Furthermore, there is fli '

of II0C’s on the VMEbus other than for ph

VMEDbus

Intelligent Mass
Storage Controller




-

¥ 512 KByte DRAM

and functional configuration flexibility ideally suited for industrial
tions. In addition, single height modules are more reliable in

k.

PEP Modular Computers, Inc., 600 North Bell Avenue, Pitisburgh, PA 15106

Phone: (412) 279-6661, (Tollfree): 1-800-228-1737 (outside PA),

1-800-255-1737 (inside’ PA), Telex 6711521, Telefax 412-279-6860

. PEP Elektronik Systeme GmbH, Am Klosterwald 4, D-8950 Kaufbeuren
Phone; (08341) 8974, Telex 541233, Telefax (08341) 4022

{




The Americanization of VME.

If you're faced with the problem of putting a VMEbus
system together, then look at the American solution to
the Eurocard packaging dilemma.

Look first at the location of the VME cards. The front
panels are behind the enclosure front panel. So you
can attach cables to card fronts without having them
clutter your bench or dangle down your rack.

We even have enclosures with rear mounting card
racks, so all cable and card access can be from the
rear.

FCC Class A
Unlike most VME enclosures, ours are all designed
to meet American FCC Class A EMI/RFI specs,

because the front panel openings are hidden from the
outside world.

3 Year Limited Warranty

Then look at the American style construction. Far
from the erect-it-yourself framework of most Eurocard
card racks, Electronic Solutions enclosures have a
separate, ruggedly-built card cage inside the
enclosure, along with a separate hard-wired power
supply and an easily customized front panel. For
appearance that counts, Electronic Solutions
enclosures can make your VMEbus system deserve
that second look.

Standard Peripherals

You can mount standard 5%4 " disk drives or other
devices in our 5-slot SE-805 and SE-805DM VME
enclosures—you don't need specially-designed, expen-
sive VMEbus modules to add peripherals. Each has
room for two half-height 5%4 " drives accessible from
the front panel and room for an additional full height
Winchester inside.

Electronic Solutions VME enclosures are available in
a broad range of tabletop, rack mounting, and free-
standing DeskMate™ styles, from 3 to 20 slots.

Call us today for all your VME packaging
requirements.

Electronic
Solutions

The solution to the VME packaging dilemma.

9255 Chesapeake Drive, San Diego, CA 92123 « (619) 292-0242 Telex Il (TWX): 910-335-1169

Call Toll Free: (800) 854-7086 In Calif: (800) 772-7086
CIRCLE 18
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NEWSFRONT

Optical recording yields
6-Gbyte streaming tape

BY STEPHAN OHR

Venlo, The Netherlands—Through
optical recording techniques, a
I/>-in. streaming tape may soon pack
more than 6 Gbytes in a hand-held
cassette—about 30 times the capac-
ity of a comparable magnetic tape.
DOCdata NV, a Dutch start-up
company, blazes new trails not only
with the high-density tape but also
with a novel read-write mechanism
—an array of 256 semiconductor la-
sers. The company plans to reveal at
least some secrets of its brainchild at
The Rothchild Optical Storage For
Large Systems Conference, June
3-5in New York City.

The writing and reading prin-
ciples for the cartridge closely re-
semble those of the old punched-
tape readers. The !/>-in.-wide tape
stops for approximately 50 us while
the laser array either burns a row of
dots into the tape’s surface or reads
the row back. The tape then ad-
vances and stops again, with the la-
ser repeating its actions. The format
calls for 10 channels across the tape,
with 256 bits in each channel. The
laser array reads or writes one chan-
nel at a time.

The tape consists of a proprietary
ablative (i.e., meltable) material on
a 12-um-thick transparent Mylar
substrate. The recording material—
neither the composition nor the
source of which has been released—
is somewhat transparent, so that the
light from a reading laser diffuses
through it.

The tape is impregnated with ab-
lative dots in the same way that disks
are prepared with grooves. Unwrit-
ten bits—that is, logic Os—appear
as gray on a light background. Since
the cavity formed by ablating the
heat-sensitive material deflects the

reading laser’s light, a logic 1—that
is, a written bit—appears darker
than the background.

For DOCdata, the challenge did
not stop with the recording material.
The designers then had to figure
out how to prevent the tape from
stretching before adding or re-
moving data. A magnetic holding
mechanism inside the optical
reader-recorder does the trick,
working with an iron clamp inside
the cartridge. Each time the tape
stops, two metal poles in the head
are magnetized. The iron clamp
flattens the tape against a glass
reading-writing window (see the fig-
ure), holding it in that spot for 50 us.
During that time, the laser-array
head must focus the lens, align the
track, and adjust the skew of the
head over the tape—using the un-
written bits as a guide.

On the write cycle, the first 250
bits of each channel are written and
then rapidly checked. The remain-
ing 6 bits go to the end of the chan-

nel, where they serve as a check-sum
and a defect map for the channel.

The metal spokes of the tape reels
inside the cartridge are magnetic-
ally sensitive and are controlled by
external magnetic coils. During
each rotation, the coils pull the reel
through 48 different positions. To
avoid particle contamination, the
cartridge is sealed inside a 110-by-
55-by-15-mm nonmagnetic stain-
less-steel housing.

PRODUCT IN 1987

The streaming rate, 40 mm/s,
yields a 200-kbyte/s reading rate
and a 175-kbyte/s writing rate, both
compatible with the Pertec stan-
dard. DOCdata’s technical director,
Joseph Beaujean, says the tape-
motor controller and the read-write
controller each can be implemented
on two single-width Eurocards.

In its first incarnation, the tape
recorder will occupy a 19-in. rack
fitted with a Pertec interface. Even-
tually, Beaujean hopes to recast the
reader-recorder for a 5'/s-in. form
factor. Beaujean projects the assem-
bly with controller will cost less than
$200,000, and each cassette about
$200. A commercial product is not
likely until 1987.0

(Newfront section continues on p. 34)

Transparent Mylar substrate

To prevent the tape from stretching during reading and writing,
DOCdata sandwiches it between a glass window in the cassette and
an iron clamp inside the cassette housing. Before writing or reading,
a magnetic flux within the read-write head pulls the clamp flat
against the tape. A 20-uW laser burns holes in the recording material

through the Mylar substrate.
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32-bit GaAs uP hits
200 MIPS at RCA

BY CAROLE PATTON

Moorestown, N.J.—A 32-bit gal-
lium arsenide microprocessor owes
its 200 MIPS speed to a reduced in-
struction set strategy. RISC, says
the chip’s developer, RCA Corp.’s
Advanced Technology Laborato-
ries, is crucial to realizing this highly
mobile compound’s potential for an
ultrafast microprocessor—consid-
ered next to impossible in the past
due to its relatively low on-chip tran-
sistor counts compared to silicon.
The chip utilizes a reduced-instruc-
tion-set strategy and a 400-MHz
clock rate to fetch an instruction ev-
ery S ns.

The chip’s 400 MHz clock rate
enables it to fetch an instruction
once every 5 ns, signficantly faster
than current uPs. Chip designer
Walter Helbig counted on the re-
duced instruction set to give the
CPU its speed. But Helbig is no pur-
ist. Unlike an earlier eight-bit GaAs
chip design using a 23-instruction
set (ELECTRONIC DESIGN, Aug. 8,
1985, p. 27), the new 32-bit chip re-
quires an instruction set about twice
the size of its predecessor.

This time, Helbig has put some of
the routines in microcode, and either
dropped the op code instructions or
simplified them by making them
serve dual (or even multiple) func-
tions.

For example, instead of a Sub-
tract instruction, a register takes the
first operand—normal or com-
plemented—and then performs an
addition. Says Helbig, “Obviously,
taking a second operand’s comple-
ment and then adding will result in a
subtraction.” But the same function
in a field—taking the second oper-
and’s complement—turns an exclu-
sive OR into an OR NOT.
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RCA’s 32-bit GaAs nP uses
enhancement- and depletion-
mode tfransistors connected by
two levels of metal. The above
wafer with several uPs was pro-
duced by Triquint Semiconduc-
tor Inc. (Beaverton, Ore.).

“In encoding the instructions, we
are setting up fields that mean cer-
tain things,” Helbig says, adding,
“It allows us more options.”

The chip uses enhancement- and
depletion-mode transistors con-
nected by two levels of metal. It is to
be manufactured by Triquint Semi-
conductor Inc. (Beaverton, Ore.),
using custom circuitry as well as
standard-cell blocks consuming
450 mW altogether (see the figure).
The chip will operate from a 2-V

power supply. Helbig anticipates
that the completed 32-bit design will
require more than the 84 pins of the
8-bit version.

Where there seems to be enough
space, silicon designers often seek
higher speeds by moving computing
functions into the hardware. But to
build a GaAs CPU that could hit
the desired 200 MIPS, RCA turned
to Purdue University (West La-
fayette, Ind.) for a specialized soft-
ware compiler and a strategy that
aggressively transplants hardware
functions into software. But Pur-
due’s Veljko Milutinovic admits,
“GaAs chips will probably never
match the transistor-count potential
of silicon.”

Another basic change in the de-
sign lies in the on-board cache
memory. With the speeds available
through GaAs chips, going off-chip
to access external memory exacts an
enormous penalty in the system’s
throughput. Pipelined operation
avoids the delay, Milutinovic says,
by overlapping instruction fetches
and execution.

The on-chip cache is divided be-
tween instructions and data to set up
“static prefetching,” another pro-
cessing shortcut. A compiler pre-
dicts the blocks of data most likely to
be needed during processing and
moves them into the cache ahead of
time.

To correct defects in the cache’s
memory area, the block has a fault-
tolerance validation bit—an idea
borrowed from the University of
California at Berkeley.O

Testing and simulating
circuits on one system

BY STEPHAN OHR

Ghent, Belgium—One of the big-
gest obstacles in moving a board-
level circuit from design to produc-
tion is the test program. Even with
CAE, a test engineer must convert

the simulator data into real-world
test parameters for automated test
equipment.

The solution is obvious: Create a
simulator that also behaves like a



tester, and then use parametric data
as the basis for simulation. The data
provides realistic evaluation of the
circuit while doubling as an ATE
driver. Taking such an approach is a
start-up company with close ties to
Siemens, Expert Software Systems
NV, known as E2S.

The simulator-tester just an-
nounced by E2S digests user-sup-
plied stimulus patterns, high-level
descriptions of the circuit, and parts
libraries and models, as well as the
particular equipment capabilities of
the ATE system. The simulator
gives the most realistic picture of a
logic circuit short of actually con-
structing it.

E2S marketing director Joost
Cardeon contends that the simulator
will be a successor to the popular
Hilo package from GenRad Inc.
(Concord, Mass.). Like Hilo, the
E2S simulator is event-driven—it
works under test conditions speci-
fied by the user, such as setup and
hold times, to perform its checks.
The unit also detects spikes and race
conditions. Unlike Hilo, the E2S
simulator uses parametric data from
the design and test data base in its
test routines.

To successfully compete against
Hilo and other packages, E2S must
first adapt its line to more popular
workstations. Currently it runs on a
bit-slice processor system from ICL
(London) developed by the now de-
funct Perq Computer Systems Inc.
and currently distributed in the U.S.
by Access Systems Corp. (Pitts-
burgh). Cardeon says the company
is feverishly working on ports to
Apollo, Digital Equipment, and Sun
workstations.

E2S’s simulator is actually part of
a family of CAE tools. The philo-
sophical approach is a hierarchical,
top-down approach to system de-
sign. Unlike bottom-up design
systems—schematic building blocks
are entered transistor by transistor
or gate by gate—the E2S’s hard-
ware development system enters in-
formation in the form of a high-level
language.

The system description is split
into two components: One is a de-
scription of the stimulus and the re-
sponse (the inputs and outputs and
the timing constraints); the other is
a functional description of the cir-
cuit likely to provide the desired re-
sponse patterns. A user specifies
them in a Pascal-like high-level lan-
guage and compiles them to simu-
lator code descriptions.

The functional description is im-
plemented in the highly structured
functional description language.
Stimulus patterns are entered in
what E2S calls the external and
memory description language.

To collect a usable test pattern, an
internal compiler works on both the
user-supplied inputs and outputs
and timing constraints, as well as
on the ATE data base. When the
simulation is complete, the user can
display them graphically on the
screen as logic waveforms.

Based on the resulting waveforms
and state listings, the hardware de-
signer may revise the functional

description of the design or the stim-
ulus pattern, until the desired behav-
ior requirements are met. This ap-
proach eliminates the need for fault
simulation, Cardeon points out. The
simulation specifies all the oper-
ations that were exercised.

The schematic editor is invoked
only in the refinement stages as a
means of defining the inner logic of
the system. Further library re-
sources not only provide circuit
blocks or components, but also on-
line design rule checks. The wave-
forms supplied by the simulator
show the behavior of the system as a
whole, along with signal lines associ-
ated with the inner logic.

In addition to circuit net lists, the
simulator and tool modules produce
test vectors formulated in Atlas, a
standardized test-system language
that originated under U.S. Depart-
ment of Defense sponsorship. It is
used at Siemens and ITT and else-
where in Europe, owing to the De-
fense Department’s influence in
NATO.O

Surface-mounted packages
move to higher power

BY MITCH BEEDIE

Agrate, Italy—Within Europe and
the U.S. at least, the shakeout in
surface-mounted packages for ICs
appears to be over: Small outline
(SO) packages are firmly estab-
lished for chips needing up to 28 or
so leads, and plastic leadless chip
carriers (PLCCs) take over for
higher pin counts.

However, plastic-encapsulated
devices have difficulty handling
dissipation above 1 W, while SO
packages can handle only about
300 mW. As more intelligent power
and mixed bipolar-MOS devices are
incorporated into systems, the need
for higher dissipation packages has
become critical.

Aimed at eliminating the heat

ZNTITUNNY,

N
Z

SGS-Ates’ “33+11” medium-
power package can dissipate 2
W, twice the level of other PLCCs.
It carries away chip heat
through the bottom 11 ieads.
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problem is a group of surface-
mounted packages developed by
SGS-Ates Componenti Elettronici
SpA. The medium-power SO and
PLCC packages dissipate up to
2 W, and a new one boosts surface-
mounted power dissipation to 10 W.

A CLEVER TWIST

Externally, the new PLCC and
SO packages are identical. As a re-
sult, SGS can use the same manu-
facturing equipment for the new de-
vices as for standard PLCCs and SO
ICs. Similarly, customers can stick
with their existing pick-and-place
equipment.

Boasting perhaps the broadest
appeal is a medium-power PLCC
that uses part of its lead frame to
conduct heat. A 44-pin version, for
example, dedicates 33 leads to sig-
nals and the other 11 (along one
side) to conducting heat into the pc
board (see the figure). One end of
eachof the 11 leads is soldered to the
board in the normal way, while other
end is glued to the die bottom.

The scheme reduces the junction-
to-case thermal resistance, ©; ., to
12°C/W. When the package is
mounted on a copper-clad Invar
board, that figure yields a junction-
to-ambient thermal resistance, ©; ,,
of around 35°C/W. Standard
PLCCs have a 0, , of 60°C/W for a
44-pin package; SO packages are
even worse, about 200°C/W.

SPREAD THE HEAT

Assuming a chip temperature of
130°C and an ambient temperature
of 70°C, the new “33+11” PLCC
can withstand about 2 W—double
that of a standard PLCC. Mean-
while, SGS is evaluating a similar
arrangement for SO ICs: a 16+ 8
package that can dissipateupto 2 W
and that exhibits a ©; . of 10°C/W.

While these types of packages
work well to about 2 W, more has
to be done above that figure. For its
part, SGS is developing a Micro-
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power package, which has an inte-
gral copper heat spreader that re-
duces 0, . to 5°C/W. Since this low
value can practically be ignored, the
main limiting factor becomes the pc
board.

The package has leads on only
three sides, with 3 to 17 pins on each.
The same size as an SO-20, it is a
standard 300 mm wide and has gull-
wing leads. The package attaches to
a board with a clip or conductive
glue, which effectively places the
chip in direct contact with the board

for maximum transfer. Because one
side of the package is free of leads,
the contact area can be inspected
easily.

Increasingly, special pc boards
are being used with surface-
mounted packages. Those with
copper-clad Invar cores are consid-
ered to be the best heat conductors.
They can incorporate copper pillars
and plated through-holes to push
power up to 3 or even 5 W/in.”. Con-
sequently, power dissipation can
reach 10 W.O

Adaptable computer has
all elements in parallel

BY CURTIS PANASUK

Cambridge, Mass.—It is the ulti-
mate in parallel processing: a cha-
meleonlike computer that adapts
itself to the job at hand. Thinking
Machine Corp.’s Connection Ma-
chine is able to reconfigure its
65,536 parallel processor elements
to fit the task before it, rather than

needing the task stated in a form
that suits the computer.

The machine’s adaptability en-
ables it to do in 1 hour a chip sim-
ulation that would take 10 hours
on a conventional mainframe. And
its landmark features are not so
much its 1000 MIPS of processing

4-kbit RAM

4-kbit RAM

i

8 elements

To simulate a 17-component amplifier, a very small transistor sim-
ulation program is loaded into each ALU assigned to represent a
transistor in the circuit. The same is done for the resistors and di-
odes. Then all 65,536 ALUs run simultaneously, calculating what
their corresponding component currents are and passing those

results to the other ALUs.
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125 MHz BW; 100 MS/s ADCs; 5 GS/s Interleaved Sampling; 128 k Waveform Memory;
+ 1% Accuracy; Summation and Continuous Averaging; Arithmetic Processing; Fully Programmable.

PROGRAMMABILITY. All settings of the 9400 Digital Oscilloscope are pro-
grammable; you can operate the instrument in unattended areas or as a
computer-aided testing station. You can redefine the softkeys and send
messages to the display, in order to step inexperienced operators through
complex test procedures. And even without a computer you can store and
quickly reproduce up to eight front-panel setups, for your most common
measurements.
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triggering makes capturing any signal sure and easy. Pre-trigger sampling Trigt 3.80div :CHAN 2=

over 32,000 samples captures not only the triggering signal but also its
cause. Post-trigger delay is programmable up to 10,000 divisions.

INTERFACING. Unequalled computer interface capability is provided by
one GPIB (IEEE-488) and two RS-232C ports. Simple English commands
send any portion or all of data record to a computer at speeds as high as
400 kbyte/sec.

ARCHIVING. On-board firmware makes archiving of measurement results
by a digital plotter fast and easy. The entire display may be dumped in any

size to a wide range of high-resolution multicolor plotters — ready for publi- 7 v s ¥~

cation or immediate presentation. Trig- .32div+CHAN 2=
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(0865) 727275. CIRCLE 19 FOR INFORMATION
Representatives throughout the world. CIRCLE 20 FOR DEMONSTRATION
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Power
Transistor

Thermistor

This PTC thermistor—acting
as a solid-state switch — has
been wired to a circuit board
as a defense against tran-
sistor destruction due to
overheating. Bonded to atab,
the PTC measures surface
temperature of the transistor,
and when reaching the
critical point, shuts off the
drive circuitry to the tran-
sistor. After cooling, the PTC
automatically resets itself.

Get more details.
Send for
Bulletin 788

stone

CARBON COMPANY
Thermistor Division ® St. Marys, PA 15857
Phone 814-781-1591 e Telex No. 91-4517

Keystone Thermistors are distributed by
Allied Electronics Phone: 817/336-5401
Newark Electronics Phone: 312/638-4411
HI-COR (West Coast) Phone: 415/365-5087
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power or its internal data rate of
250 million 32-bit messages a sec-
ond. What really boggles the mind
are the 65, 536 processor elements
that work simultaneously on a
project’s various segments—such
as the simulation of a complex cir-
cuit design or the analysis of fluid
dynamics.

CPU WITH BRAINS

“We found a new way to build
a computer,” says company co-
founder Danny Hillis. “We built
a computer that can fit the prob-
lems it will be asked to solve.” The
concept is based, he says, on the
operation of the human brain (see
“Common-sense Processing,” be-
low).

To understand the Hillis con-
cept, first consider a circuit simu-
lation of an amplifier with 17 com-
ponents. In a traditional von
Neumann architecture, the com-
ponents’ currents are calculated
one by one through the single
processor. When the calculations

for one component are finished,
the processor saves the results and
moves on to the next, with 20 such
iterative passes representing a sin-
gle time cycle.

The Connection Machine, in
contrast, calculates each compo-
nent’s current simultaneously on a
separate processor, speeding the
operation enormously. One pro-
cessing element is assigned to sim-
ulate each of the 17 components
(see the figure).

The processing-element ap-
proach also simplifies program
writing. Once a program has been
written to simulate a transistor, it
is copied into every processing ele-
ment that is assigned to represent
a transistor. After corresponding
programs have been written to
represent a diode and a resistor,
the amplifier simulation can run.
All component currents are calcu-
lated simultaneously, and data
packets carry equivalents to the
currents between the processing
elements.

Each element is actually an
ALU, backed up by up to 4 kbits
of 90-ns static RAM on separate

Common-sense processing

For nearly 20 years Danny Hillis
dreamed of building a computer
that could think like a human be-
ing. Inspired by the anthro-
pomorphism of sci-fi computers,
Hillis worked toward that goal dur-
ing graduate studies at the Massa-
chusetts Institute of Technology’s
artificial intelligence laboratory.

But he was constantly frustrat-
ed by mainframe computers that
could not run his “common-sense
reasoning” software. Noticing that
most big problems could be divided
into thousands of little ones, Hillis
figured that he could apply a very
small computing element to each
small problem.

“I knew I had to be on the right
track, because this is how the most
powerful computer, the human
brain, is structured,” Hillis recalls.
“The brain seems to derive its in-
credible power from computing ele-

ments called neurons that process
with cycle times of only 1 ms.” But
even though that is mediocre com-
pared with present-day tech-
nology—gate arrays have cycle
times measured in microseconds—
the 65,536 elements in Hillis’s ma-
chine are well beyond existing
CPUs but no match for the human
brain’s billions of processors.

After spending three years work-
ing on the machine’s architecture,
and especially the system bus,
Hillis’s doctoral thesis became the
basis of a book, The Connection
Machine, published last year by
MIT Press.

Hillis wanted to start a company
that could build a computer based
on his architecture. But 10 years
passed before others in the New
England high-technology area
heard about his work and intro-
duced him to some venture capital-
ists. Finally, in 1983, the company
was born. —C. Panasuk
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INDUSTRY WATCH

PC AT workstations
undergoing big changes
in power and price

If you’re hungry for more power and memory in a
low-end engineering workstation, nourishment is
on the way. For the past two years, the 16-bit
IBM PC AT has emerged as a cost-effective tool
for many basic CAE tasks. But as early as this
summer, you’ll have a greater choice: Stay with
the 80286-based PC AT or move up to its 32-bit
successor. The new system, which will be based
on the 80386, will pack a megabyte of RAM,
which can be upped to 4 Mbytes; a 30-Mbyte hard disk; and a
1.2-Mbyte diskette.

The exact status of 80386-based machines is difficult to deter-
mine, since most companies are understandably reluctant to com-
ment. But from what I can gather, lots of vendors have received
small quantities of 80386s from Intel and are actively developing
their new systems.

Take San Jose—based Convergent Technologies, which is work-
ing on three 386-based systems. The first will be two to three
times faster than the current 286 machines, packing 3 to 4 MIPS
in a box priced at nearly $5000, without hard or floppy drives.
After acknowledging Convergent’s projects, CPU development
manager Robert Schopmeyer said, “Low-end desktop systems
haven’t been able to run heavy computational programs quickly
enough.” But the virtual-mode feature of the 80386-based sys-
tems should put those concerns to rest: It will give users access to
two different operating systems. Unix System V can handle com-
plex engineering jobs while MS-DOS runs existing software.

Despite the wallop of the 386-based systems, I have no doubt
that the 286-based PC AT will be around for a long time, with its
prices dropping and its performance rising regularly. In just the
past six weeks, the price of IBM’s machine, as well as compatible
units, has plunged 20% to 33%. Now you can get a 6-MHz IBM
machine with 20 Mbytes of hard-disk storage and a 1.2-Mbyte
diskette for $4895—down $900. Similar action comes from
manufacturers of similar units, including Compagq, Zenith,
Hewlett-Packard, ITT, and Cordata. Compag, for instance, is
selling its 286-based desktop unit for as little as $4000. In addition
to pricing changes, some PC AT suppliers are upgrading their
6-MHz systems to 8 MHz or raising hard-disk capacity to about
30 Mbytes.

M tbatidd g0

Martin Gold
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CONCEPTTO
IN 3 HOURS

ALL THE BENEFITS OF CUSTOM DESIGN
WITHOUT THE WAIT. Sometimes, the
only way to optimize a design is by
using custom parts. But some applica-
tion-specific integrated circuits
(ASICs), like gate arrays, can take
weeks to develop.

Programmable Logic Devices
(PLDs) may be the right solution for
your application. They offer low risk
and high design flexibility to reduce
your development costs.

LOGIC CONCEPT TO FINAL DEVICE
RIGHT AT YOUR DESK. Data I/0’s
Personal Silicon Foundry gives you all
the tools you need to take logic from
concept to programmed device in just
hours. The Personal Silicon Foundry,
based on an IBM® Personal Computer,
automates time-consuming tasks such
as design, logic reduction, test vector
generation and verification. You can
easily experiment to optimize your
design and quickly test each iteration
in an actual circuit.

FOUR WAYS TO EXPRESS YOUR
DESIGN. \With our FutureNet DASH™
schematic design package and
ABEL™, the industry-standard logic

Distributed by Hamilton/Avnet

The Personal Silicon Foundry™

language, you can express your con-
cept in any combination of sche-
matics, truth tables, state diagrams
or Boolean equations — whichever
you prefer.

CREATE A FULLY TESTABLE DEVICE IN
MINUTES. Because simulation is an
integral part of the Personal Silicon
Foundry, you can segment your logic
circuit, develop test vectors and debug
the design in one process. You can
also automatically analyze design
testability and generate device test
vectors. The result: You easily produce
a fully testable PLD.

SUPPORTS PLDS OF YOUR CHOICE. You
have the flexibility to choose any PLD
from virtually any manufacturer.

. B
Authorized IBM” Value-Added Dealer
IBM is a registered trademark of International Business
Machines Corporation

DATA 1/0 Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S A. (206) 881-6444/ Telex 15-2167
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-5728 (818) 700-0691/ Telex 910-494-2681

DATA I/0 Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/ Telex 16616 DATIO NL
DATA I/0 Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Republic of Germany (6182) 3088/ Telex 4184962 DATA D
DATA 1/0 Japan Ginza Orient Building, 6F, 8-19-13, Ginza Chuo-ku, Tokyo 104, Japan (03) 574-0211/ Telex 2522685 DATAIO J
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Select one of two Data |/0 logic pro-
grammers to match your device
requirements. Both give you full-func-
tional testing and easy operation from
the PC keyboard.

AUTOMATICALLY DOCUMENTS THE
ENTIRE PROCESS. Throughout design,
simulation, programming and testing,
the Personal Silicon Foundry gener-
ates all necessary documentation.
Your PLD is ready for the production
line just hours after your concept

is developed.

CONFIGURE YOUR OWN PERSONAL
SILICON FOUNDRY. ASK US HOW. As
the world leaders in PC-based CAE and
PLD support tools, Data I/0 and
FutureNet™ can help you tailor your
own Personal Silicon

Foundry. Call us YOUR GUIDE
today, toll free TOThe
1-800-426-1045 SILICON FOUNDRY

and ask for your free
guide to PLDs
and the Personal
Silicon Foundry.
Capturing the power of PLDs is that
simple. And fast.
*FutureNet is a Data I/O company.

DATA 1/0
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MORE THAN
REFORMATTED
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WAVEFORMS.

TSSI understands what is
required, and we’ll be ready to
prove it at DAC '86.

We’ll show you how to move
effortlessly through the design
process, from simulator output
to an operating ATE test
program.

For the first time, you can
analyze simulator waveform
data to determine compatibility
with the tester of your choice.
Functional test program
generation is automatic.

At DAC "86 we’ll be working
with major CAE companies to
demonstrate this
comprehensive and flexible
solution for integrating all
design, test, and foundry
environments.
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test automation products and
services. At DAC '86 we’ll show
you why.
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chips. Sixteen ALU:s fit on a 2-um
CMOS gate-array chip, with 4096
of the chips packed into a 5-by-
5-by-5-ft cabinet that holds the
entire battery of 65,536 elements.

Hillis spent more than three
years developing the communica-
tion technology that knits the
processors together. The concept
governing the 250 million mes-
sages a second is the subject of a
patent application, so Hillis will
not discuss it in detail, except to
say that the average message is 32
bits long.

Because of the varying overhead
demands, all of the processors may
not be available for every problem.
For instance, in an analog simu-
lation the 65,536 processors might
handle only 20,000 transistor
chips, because the remaining pro-
cessors would be needed for out-
puts and internal wire delays. On
the other hand, since less overhead
would be needed for a logic chip,
the full configuration could simu-

late close to 65, 536 gates.

Application programs that use
conventional programming lan-
guages must first be run on a
front-end processor such as the
Lisp machine from Symbolics or a
high-end VAX from DEC.

Thinking Machines was able to
sidestep the difficult problem of
developing an artificial intelli-
gence—level compiler to apportion
the workload. Instead, the large
number of processors makes it
possible for a standard compiler to
divide and spread an application
program across the elements, as in
the circuit simulation example.

Existing application programs
do have to be modified for the
computer. For instance, Do loops
must be removed, as all steps oc-
cur as one. In addition, data struc-
tures must be created to define
what data is to be shared among
which processors. Thinking Ma-
chines has modified C and Lisp so
that the programmer can replicate
application programs auto-
matically before running them on
the Connection machine. [

Are LCDs winning the
flat-panel display race?

BY DAVE BURSKY

San Diego—The quest for a flat
color display that rivals the resolu-
tion of today’s CRTs is in its infan-
cy. At the Society for Information
Display’s recent conference, speak-
ers noted that it will be several years
before the color CRT is seriously
threatened as a mainstream display
—even though color liquid-crystal
panels have appeared in a few small
consumer products and prototype
color electroluminescent and plas-
madisplays have been demonstrated.

Lawrence Tannas Jr., a consul-
tant at Rockwell International Corp.
(Anaheim, Calif.), said the size of
experimental color flat-panel dis-
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plays seems to be doubling every
couple of years. That rate of prog-
ress should continue through the
early 1990s until sizes of production
models are competitive with those of
large CRTs, he says.

Tannas predicts that for displays
with a diagonal dimension of up to
12 in., twisted-nematic liquid crystal
panels have the best chance of cap-
turing the designer’s fancy. How-
ever, the readability of LCDs is a big
problem—some OEMs have re-
sorted to backlighting. Data Gen-
eral and NEC recently offered emis-
sive EL panels as an option for their
laptop computers. The issue of
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Maxim'’s family of CMOS DC-DC power converters can handle any input and generate
any regulated output voltage (up to 100mA out or several amps with an external MOSFET).
They don’t need potentiometers, because the outputs are pretrimmed to the most
frequently used voltages (5V, 12V and 15V). And instead of complex transformer circuitry, an
inexpensive off-the-shelf coil will do. What's more, with 80% efficiency and 90uA quiescent

current, they’re perfect for battery-powered applications.
Now that you're converted, simply call your Maxim representative or distributor for

samples and datasheets.

Maxim Integrated Products, 510 N. Pastoria Avenue, Sunnyvale, CA 94086,

(408) 737-7600.

Maxim DC-DC Converters

DEVICE INPUT VOLTAGE l OUTPUT VOLTAGE | COMMENTS [l':]':llﬁf:]
STEP UP CONVERTERS
MAX630 2.0Vto 16.5V Vout > Vin Programmable O/P, precision ref. [ $3.20
MAX631 2.0V to 5.6V +5Vv Only 2 external components $3.50
MAX632 | 2.0Vto 12.6V +12v Only 2 external components $3.50
MAX633 2.0Vto 15.6V +15V Only 2 external components $3.50
MAX641 2.0V to 5.6V +5V 10 Watts w/external MOSFET $3.72
MAX642 2.0Vto 12.6V +12v 10 Watts w/external MOSFET $3.72
MAX643 2.0Vto 15.6V +15V 10 Watts w/external MOSFET $3.72
MAX4193 | 2.4V to 16.5V Vout > Vin Programmable output $2.15
INVERTING CONVERTERS
MAX634 3.0Vto 16.5V up to —20V Programmable O/P, precision ref. | $2.90
MAX635 3.0Vto 16.5V —5\ Only 3 external components $3.50
MAX636 3.0V to 16.5V —12Vv Only 3 external components $3.50
MAX637 3.0Vto 16.5V —15V Only 3 external-components $3.50
MAX4391 | 4.0V to 16.5V up to —20V Programmable output $2.70
STEP DOWN CONVERTERS
MAX638 ] 3.0V to 16.5V I Vout < Vin T Only 3 external components 1 $3.50

Maxim’s family of DC-DC converters
was developed under the direction of Maxim
co-founder and VP of R&D, Dave Fullagar.

At Fairchild, back when giants walked
the earth, Dave helped pioneer the world’s
first linear ICs. And he personally designed
the most successful op amp ever built,
the uA741.

/AKX VI

What's more, as Intersil’s first engineering
director, he was responsible for the emer-
gence of CMOS as the standard technology
for analog ICs.

Add to all that the fact that Dave is 6'3"
And | guess you could say that Dave is a
giant in the annals of analog IC technology.

Whatever an annal is.

Distributed by Hall-Mark, Pioneer, Graham, Diplomat and Bell. Authorized Maxim Representatives: Alabama, (205) 536-3044; Arizona, (602) 860-2702;
California, (415) 962-0660, (619) 279-0420, (714) 739-8891; Colorado, (303) 841-4888; Connecticut, (203) 269-7964; Georgia, (404) 448-1215; Idaho, (503) 297-1719,

(503) 620-1931; lllinois, (312) 956-8240; Indiana, (317) 849-4260; lowa, (319) 377-8275; Kansas, (316) 838-0884; Maryland, (301) 583-1360; Massachusetts, (617) 444-8071,
Michigan, (313) 499-0188; Minnesota, (612) 888-7011; Missouri, (314) 291-4777, (816) 356-6340; Montana, (503) 620-1931; Nevada (702) 788-7060; New Hampshire,

(603) 772-3300; New Jersey, (609) 933-2600; New Mexico, (505) 884-2256; New York, (516) 543-0510, (716) 385-7744; North Carolina, (919) 847-8800; Ohio, (216) 659-9224,
(513) 278-0714, (614) 895-1447; Oklahoma, (918) 664-0186; Oregon, (503) 620-1931; Eastern Pennsylvania, (609) 933-2600; Western Pennsylvania, (513) 278-0714; South
Carolina, (803) 233-4637/8; Texas, (214) 647-8225, (512) 331-7251, (713) 537-7717; Utah, (801) 266-9939; Washington, (206) 453-8881; Wisconsin, (414) 476-2790. Canada,

(416) 238-0366. © 1985, Maxim Integrated Products.
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which type of display is best suited
to what application prompted plenty
of discussion at the session.

For active-matrix color LCDs,
Tannas pointed to the largest experi-
mental panel yet developed—a 9-in.
LCD containing about 300,000 pix-
els and developed by Toshiba Ltd.
(Kawasaki, Japan). That pixel count
is a long way from the 1 million pix-
els of top-of-the-line color CRTs,
but it does approach the resolution
of the displays used in hundreds of
thousands of personal computers.

Donald Pinsky, technical director
of display technology at Interstate
Electronics Inc. (Anaheim, Calif.),
points to another development
equally impressive—a 5'/4-in. panel

EL panels were
praised by military
officials for tactical
uses where other
displays are
inappropriate.

with 211,200 pixels, in a 480 by 440
arrangement. Epson Ltd. (Fujimi,
Japan) uses thin-film polysilicon
transistors, fabricated on the back of
the panel, to drive the pixels.
Pinsky did note an important
drawback: The Epson system lacks a
gray scale, which make shading im-
possible and so eliminates true im-
age reproduction. However, on any
panel with a gray scale, resolution is
sacrificed to obtain the shading.

INHERENTLY BRIGHT

Military officials although enthu-
siastic about color displays, said
they do not anticipate a strong de-
mand for them in general, but
praised electroluminescent panels
for their inherently brighter and
more reliable images. Elliott
Schlam, director of the integrated
devices, processing and displays di-
vision of the U.S. Army Labcom
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operation at Fort Monmouth, N.J.,
calls EL displays one of the most
promising approaches for tactical
systems, since reflective-type flat
panels are inappropriate during
combat.

Indeed, EL prototypes have so far
proved that flat-panel displays are
no immediate threat to color CRTs.
The first color EL display, a 6-in.
unit developed by Planar Systems
Inc. (Beaverton, Ore.), still lacks the
brightness needed to be read in high
ambient light. Planar showed its
display at the SID conference
(ELECTRONIC DESIGN, April 17,
p. 49).

The red and green phosphor
Planar panel lacks a blue, which
prevents it from providing the full
range of colors. However, other
companies at the show reported suc-
cess with blue phosphors.

As for plasma panels, the cost re-
mains high. This technology was
demonstrated as early as 1979, but
the sharply higher cost of manufac-
turing and the drive circuitry have
kept it in the laboratory, according
to Larry Weber, research associate
professor at the University of Illinois
at Urbana-Champaign. Plasma
panels that combine color with
gray-scale capability are possible,
though. Weber predicts that they
may be only a few years away,
thanks to advances in glass pro-
cessing and development of complex
high-voltage driver chips.

In spite of the tremendous strides
in flat-panel technologies, the CRT
should remain dominant through
the end of this century, according to
Joseph Castellano, president of
Stanford Resources (San Jose,
Calif.).

He pointed out that flat CRTs us-
ing side-beam projection have al-
ready been developed. While their
vacuum tubes may limit the size of
these units, color is possible, he said.
Minor details, such as beam-de-
flection control, a small yoke, and
more tightly integrated circuitry,
are all that is needed for a commer-
cial flat CRT.O
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The real stutt. MC68020.

Real availability, real performance and real 32-bit
system solutions. Plus a clear path to the future.

It looks like the competition is just about
ready with a good 32-bit microprocessor.

Butit’s late, and more than a quarter
short of an 020, dollar’s worth of
performance.

Its architecture falls short of the ‘68000
Family, and, considering Motorola’s
short-term and long-range compatible
growth path in leading-edge 32-bit system
solutions, that competition will be playing
catch up for the predictable future.

A look at the 32-bit future.

The future has a legitimate role in
your choice of a processor. Our 20 MHz
MC68020 is the highest-speed general-
purpose MPU available today, and the
immediate future holds a 25 MHz 020
before the end of ‘86. For the generations
beyond the MC68020, we're committed
to compatible advanced devices to meet
your ever-expanding system requirements.

Real production-volume delivery.

Delivery of the 020 in production
quantities to scores of “blue chip” and
“fast track”” companies around the world
is real. Their '020-based systems delivered
in the marketplace are equally real.
Motorola has supplied over 80% of all
32-bit processors to the commercial
market, more than all of our competitors
combined. If working with board- or
box-level products suits the needs of your
company better than designing-in from
the chip level, Motorola is the world’s
- undisputed VME leader, supplying
'020-based VMEmodule™ and VME-
system™ products.

Real performance superiority.
Performance superiority is real, and,
when comparing apples to apples,
measurable. Flexibility of architecture is
real, making the ‘020 the right choice
for a wider range of innovative applica-
tions as our customers are demonstrating
so beautifully.

Real coprocessors for system
solutions.

Real system solutions are generated
from the 020 in harness with our high-
capability peripherals like the MC68881
Floating Point Coprocessor and/or
MC68851 Paged Memory Management
Coprocessor, both available now.

Real UNIX™ leadership, and a

wealth of software.

The UNIX operating system is unques-
tionably the fastest-growing industry
standard, and the ‘020 is unquestionably
the processor of choice for UNIX.
Approximately 80% of all UNIX-based
microsystem designs use M68000 Family
processors, and Motorola customers
are shipping '020/UNIX products in
volume now. Motorola even supplies the
AT&T-certified UNIX SYSTEM V/68.™
The 020 also supports Concurrent DOS.™

Motorola-supplied MC68020 languages
include C, FORTRAN and Pascal in
addition to a wealth of third-party lan-
guages and software available from such
sources as Digital Research (Concurrent
DOS and GEM DOS), Hunter & Ready
(VRTX Real-time Executive), Unisoft
(Uniplus + operating system), Telesoft
(ADA), Absoft (FORTRAN 77 Compiler)
and Language Resources (Cross Com-
pilers in C and PASCAL for DEC and
IBM systems).

Real low-power CMOS
technology.

Motorola’s ‘020 and key peripheral
circuits are produced in advanced
HCMOS, and have been from the start.
That Motorola is the sole merchant
semiconductor house remaining on con-
tract in the federally-funded VHSIC
(Very High Speed Integrated Circuit)
program, Phase II, says a great deal about
our dedication and capabilities in high-
density, high-speed, low-power CMOS.

Imagine future MPUs benefitting from
the VHSIC-stimulated 1.5-and sub-micron
CMOS technologies we're utilizing now.

Real support.

We have MC68020 hardware/software
development tools available on demand,
backed by applications engineers in the
field and product experts in the factory
ready to help solve whatever problems
might arise in developing your system.
Our toll-free telephone number assists
designers seeking that assistance.

Tens of thousands of satisfied parti-
cipants in our technical training courses
have told us that ours are the best:
best content, best taught and most con-
sistently available. Training for high-
performance processors is presented
regularly in a variety of chip and/or board
product-oriented courses.

Motorola provides the required
software, languages and hardware for
both software and hardware develop-
ment. All that third-party software is
available, too.

Real invitation.

If you're a senior executive with the
responsibility for your firm’s micropro-
cessor business decision and you're
hesitant about the real facts of the MPU
story for today and tomorrow, we invite
you to call 1-800-521-6274. We’ll arrange
one-on-one management-level contact
with you. You'll get straight answers.

We believe where you're going is more
important than where you've been. Get
there quickly, safely and profitably with
Motorola’s high-performance micropro-
cessor products.

UNIX is a trademark of AT&T Bell Laboratories.
SYSTEM V/68, VMEmodule, VMEsystem are
trademarks of Motorola, Inc.

Concurrent DOSis a trademark of Digital Research Inc.
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Wete selling the

Designer’s dilemma: Buyvs. Build.
Should you get to market
quickly, using one of our fully
assembled and tested disk control-
ler boards? Or should you go for ;
the flexibility of integrating our =
VLSI controllers and support N
devices into your own design?
Either way, you win when P

the first thing you do is call ”%
Western Digital. :
We're proud of the success \

we've had supplying leading

microsystem builders wi th disk Ride down the experience/cost curve with our VLSI devices while we push them up

the function integration curve.

controller boards.

We're even prouder of our family of The pace is (Luickening. new VLSI devices at an especially
VLSI devices. They're the true secret Our chip engineers have been rapid pace.
of our success. And they're all for sale. | busy. Right now we're introducing That includes more highly inte-

grated hard and floppy disk con-
trollers, both with on-board data

Our VLSI designers are separators. (Neat trick, huh?) Asingle
among the most creative

in the industry, and
have the most powerful
tools to work with.

WDI002A-WX1 ~ WD30¢30/31 WD3600 cMOS
4.95" x3.85" half  CMOS STSO6/RLL ~ streaming drive con-
slot IBM XT compat-  Hard disk con- troller with QIC-36

ible controller for up  trollers with on-chip  interface.
1o two ST506 drives.  ECC and analog
data separator.




secret to our Success.

chip controller that turns SCSI from
scuzzy to sexy. A new QIC-36 stream-
ing tape controller device. And an RLL
hard disk controller with 56-bit ECC.
Our board engineers have been

busy too. Integrating our new VLSI into
solutions that address the emerging
high performance disk markets of
(2,7) RLL and ESDI,

as well as new technol-
ogies such as optical.

Up the function.

Down the cost.
Being our own biggest
customer for our VLSI devices has
taught us a lot about what our chip
level customers need and want.

Such as devices that are easy to
design with and easy to test. And that
have a built-in promise of follow-on
solutions that drive down the cost of
your system design and manufactur-
ing costs by giving you more for less.

No secrets.
Our VLSI devices come with systems
level support, to help you get to mar-
ket quickly. Because we design our
devices with system issues in mind,
and sort out design considerations

for our own board-level products,
we can help you integrate our devices
into your system.

As a matter of fact, start with our
board-level solutions, for accelerated
market entry and reduced start-up

Choose your interface. Our VLSI solutions provide the
Joundation for a family of boards supporting all
popular host and drive interfaces.

cost, and we'll help you build your
own boards based on our chips as
soon as you re ready. We'll even license
our microcode, saving you man-years
of development time and hard-
knocks experience.

That promise is backed with more
technical people working on-site
with customers than any controller

manufacturer in the world. And more
in-house applications engineers that
live and die by the motto, “we suc-
ceed when you succeed”’

Make our
SuCCess yours.

Five of our newest VLSI develop-
ments are detailed at the
bottom of this ad, along
with three of our new
board-level designs based
on our ever-growing fam-
ily of devices.

If you don't see what you
want, though, we'll even entertain
the notion of developing custom
VLSI and board-level products
for you.

To arrange for samples, call
our Western Regional Sales Office
at (714) 8511221 or our Eastern
Regional Sales Office at (612)
835-1003. Or, for more literature,
write Western Digital Corporation,
Literature Dept., 2445 McCabe Way,
Irvine, CA 92714.

WESTEIO?llgl ?IrG/II;Af

WD5011-10 ST506 WD37C65 CMOS WDI005-SCS SCST WD33C93 CMOS SCSI
Hard disk controller/  Floppy disk controller  interface controller bus interface con-
Jormatter using 2,7 with on-chip digi- Jforup to four ESDI troller with on-chip
RLL encoding and tal data separator. drives with powerful — high current drivers.

on-chip 56-bit ECC. ~ NECT654 compatible.

56-bit ECC.
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WDI003-WAH 100%
PCAT compatible hard
disk controller for up
fo two ST506 drives.




The INMOS 25ns Static RAM Family.
Because some designers prefer life in the fast lane.

INMOS just gave you a passing lane for
high-speed Static RAMs. You're no longer Dexics %f;isss g{i‘x Psot;v;er i o
stuck in low gear with slow-speed memories. -
Simply shift into over-drive with our IMS1400
advanced high-performance CMQS products. 16K x1 |35.4555(660 110 NMOS
You can accelerate to access times of 25, -
35 and 45ns with our IMS1423 (4kx4) and 35, IM51420 f
45 and 55ns with our IMS1600 (64kx1). ‘ 4Kx4 |4555 |605 165 NMOS
Our IMS1620 (16k x 4) offers 45, 55 \ IMS1423
and 70ns access times. Y 4Kx4 (253545/660 33 CMOS |CMOS
Our fast memories are fuel efficient;
perfect for your power requirements. With gfl? 16(1)0 555701440 770MOS  |eMOS
E high, they can be placed in a low standby P i o 2
condition. And for even higher efficiency, IMS1620
you can reduce the standby power by using 16K x4 [45,55,70{440 77 CMOS |CMOS
CMOS input levels.
Soup-up your system design with our _
IMSl423, IMS1620 and IMS1600. And let the INMOS, and IMS are trademarks of the INMOS
competition eat dust. HO AN
INMOS Corporation, Colorado Springs,
Colorado. Tel. (303) 630-4000 Bristol,
England. Tel. 0272-290-861 Paris, France. g22s =
Tel. (1) 687-2201 Munich, Germany. Tel. iy []I:mmos
(089) 319-1028 ssis

When you're ready to make tracks, not follow them, call INMOS. CIRCLE 28




NEWS ANALYSIS

Falling costs per megabyte
will upset Winchester balance

-Large hard-disk drives still dominate big-
system storage, but smaller drives—at under
$10/Mbyte—could put them on shaky ground.

BY TERRY COSTLOW

If you were to list the advantages
of the latest-generation Winchester
disk drives, fast access times, low
unit costs, and unprecedented ca-
pacity would no doubt top the list.
But the past months have revealed
an untouted benefit that may give
system designs a much bigger lift.

As the production volumes of
high-capacity 5'/4+- and 8-in. drives
rise, the price per megabyte creeps
closer to the levels associated with
rack-mounted 10'/2- and 14-in.
drives. In just the past 12 months,
the prices of the smaller drives have
fallen below $10/Mbyte and may
close the gap with rack-mounted
drives next year (see the table). Sud-
denly, system integrators can con-
centrate on technological trade-offs
without worrying about the finan-
cial impact.

System designers needing a giga-
byte of storage now have several al-
ternatives: a single large drive, two
or three 8-in. drives, or a brace of
5!/4-in. drives. William Anderson,
chief executive officer of U.S. De-
sign Inc. (Lanham, Md.), which
makes disk-drive subsystems for
CAD/CAM, notes that about a
third of his customers choose 5'/4-in.
drives for applications traditionally
reserved for 14-in. units. Explains
Anderson, “The price per megabyte
is quite often the first issue that
comes up in high-end systems.”

In the past, high costs eliminated
smaller drives as network file servers

or as minicomputer storage systems
when size and floor space were not
too important. “A couple of years
ago, you could make the decision
blindly: A big drive’s cost per mega-
byte was always cheaper,” observes
Philip Goldman, manager of storage
engineering at Apollo Computer
Inc. (Chelmsford, Mass.).

The declining cost of storage in
small drives does not, however, spell
the demise of 10!/>- or 14-in. drives.
Disk Trends Inc. (Los Altos, Calif.),
scorekeeper for the disk-drive indus-
try, reports that 10'/>- and 14-in.
drives constitute about 87% of the
500-Mbyte-and-up market volume
when captive manufacturers like
DEC and Hewlett-Packard are
counted along with OEMs. With
captives excluded, rack-mounted
drives still dominate the market:
43% of the 50,000 high-capacity
drives shipped last year.

But a change is in the offing.
James Porter, president of Disk

Trends, notes that shipments of
large drives are falling, since the
units are not being designed into
new systems as often as in the past.
Moreover, he contends that the
megabyte costs of different sized
drives are converging “because
there’s no research and development
in 14-in. drives.”

REDEFINING THE 14-IN. NICHE

That contention brings a sharp re-
tort from vendors. “Research in
thin-film heads, surface mounting,
and media can be applied to any size
drive,” insists Pat McMahon, gen-
eral manager of marketing support
for Control Data Corp.’s Peripheral
Products Division (Minneapolis),
which makes 5'/4- through 14-in.
drives. “There is a future for 14-in.
drives, but not as general-purpose
storage,” he concedes. “In super-
minis and image processing, which
need large volumes of storage, they
will maintain a respectable share.”

McMahon believes that the
strengths of 14-in. drives deserve
emphasis. For instance, large drives
offer a 24-MHz data transfer rate,
compared with about 15 MHz for

Disk 1983 1985 1987
51/a-in.
Price/Mbyte $28 $10 S7
Typical capacity 36 80 300
(Mbytes)
8-in.
Price /Mbyte $26 $10 S7 <
Typical capacity 80 360 580 3
(Mbytes) °
9-, 10.5- and 14-in. s
(rack mounted) )
Price/Mbyte $18 89 $6 o
Typical capacity 300 800 1500 Q
(Mbytes) 3
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Winchester disk drives

8-in. drives and 10 MHz for 5'/s-in.
units. The high speed proves ex-
tremely important when files are
transferred. Furthermore, the big
motors of the large drives give them
better reliability. Smaller drives
with slower-starting motors wear
down read-write heads more quick-
ly, he notes.

Nonetheless, the inevitable fall
from grace of 14-in. drives promises
a resurgence for 8-in. drives, which
only a few years ago were labeled
endangered species after high-
capacity 5'/4-in. drives began ap-
pearing. Representative of the new
generation of 8-in. drives is the
510-Mbyte MK-288FC from the
Disk Products Division of Toshiba
America Inc. (Santa Clara, Calif.).
Four of the pieces can fit into the
space taken by a 14-in. drive, for a
total capacity exceeding 2 Gbytes.
Besides offering about twice the
storage of one 14-in. drive, the unit’s
$4315 price tag translates into $8 a
megabyte, roughly equal to that of a
14-in. drive.

Many minicomputer designers
are likely to pick 9-in. drives over
larger ones in the immediate future.
“In a file server or other area in
which size isn’t a key factor, I would
pick a 9-in. drive for about a giga-
byte of storage,” says Apollo’s Gold-
man. “Only a few 8-in. drives have
reached 500 Mbytes, and they’re
still not mature.”

Several 9-in. drives, as well as
some 8-in. drives, such as the 8.8-in.
615-Mbyte AMS 571 from Century
Data Systems Inc. (Anaheim,
Calif.), basically have the same di-
mensions as 14-in. drives but only
half the height. Two can fit into a
rack normally dedicated to one
14-in. unit.

While large drives still dominate
high-end applications, the course
seems to be changing. Even de-
signers who do not have the strin-
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gent size requirements imposed by
personal computers and other com-
pact systems can gain by using
several small drives instead of fewer
large drives, proponents say. Team-
ing 5'/,-in. units is becoming in-
creasingly popular for OEM sys-
tems, as long as total capacity needs
do not exceed 1 Gbyte.

“You might be able to put a giga-
byte of storage in place more easily

A gigabyte of
storage with larger
drives may be easier,
but it might be a
poor choice

with larger drives, but it might be a
poor commercial choice,” says Disk
Trends’ Porter. “Smaller drives can
be ganged together by an OEM, giv-
ing customers a number of incre-
mental steps.”

MORE POWER NEEDED

Explains Leon Malmed, director
of sales at Maxtor Corp. (San Jose,
Calif.), which makes 380-Mbyte,
5'/s-in. drives, “With larger drives,
you need more floor space per mega-
byte, plus you need another power
supply and extra cooling.”

Configurations of multiple small
drives have other advantages. U.S.
Design’s Anderson suggests that if
each drive has its own controller,
I/O can be overlapped and com-
mands queued to increase through-
put—all drives run in parallel. The
processing gains would vary widely,
depending on the number of drives
and types of accesses.

But would the risk of downtime
increase if a designer relied on mul-
tiple drives? McMahon of Control
Data notes that system “uptime”
can be increased with multiple spin-
dles. “If you duplicate important

data in a system equipped with four
or five drives, you can make break-
downs all but invisible,” he says.

A SEARCH FOR BETTER SEEK

The performance limits of 5'/-in.
hard drives become particularly sig-
nificant when system capacity hits
1 Gbyte. Apollo’s Goldman notes
that the average seek time is a crit-
ical factor when many users share a
disk drive. It is below 20 ms for most
8- and 9-in drives, but 22 ms is the
fastest for 5'/s-in. units.
units.

The types of files being stored can
also play an important role in stor-
age configuration. “The smaller
drives are sometimes no good when
the user wants to split files easily be-
tween two or three 5'/+-in. drives,”
says Mark Wilson, director of prod-
uct marketing at Fujitsu America
Inc.’s Storage Products Division
(San Jose, Calif.). Large files of in-
terrelated information, such as CAE
projects about to be simulated and
then routed, are hard to divide and
manipulate on a multiuser, multi-
drive system.

Noticeably absent from the list of
designers’ options are optical disks.
“Before optical technology can com-
pete, it must solve its slow seek
time,” says CDC’s McMahon, not-
ing that 150 ms is quick for an opti-
cal drive. However, optical disks will
be a good adjunct to magnetic
storage—Tless than $4/Mbyte for
write-once applications.

Conversely, no one views the sub-
4-in. hard drives—gaining popu-
larity as drop-in cards for PCs—as a
factor in high-capacity storage,
since they are not expected to rival
the 100-Mbyte-plus capacity of
51/s-in. drives for quite some time. A
50-Mbyte, 3'!/>-in. drive, currently
top-of-the-line, poses no threat to
the 170-Mbyte 5'/4-in. units now
considered a commodity item.O
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Nothing lives up

to the FACTs.

Internal
Gate Delay
HC/HCT LS
6 ns 6ns
ALS
4ns

FACT
1ns

Power
Consumption
LS
2.0mw
ALS
1.2mw

HC/HCT
.05 mw

-

B

FACT
.05 mW

Typical
Latch-up
Immunity

HC/HCT
200 mA

FACT
300 mA




There’s an irresistible force in
today’s high-performance CMOS logic
market:

FACT, Fairchild Advanced CMOS
Technology. The standard by which
every competing technology will come
to be judged. From the same company
that brought you the industry-standard
in Advanced Schottky: FAST.™

The FACT family provides the
highest performance available through-
out the industry. In a comprehensive,
growing line of high speed, ultra-low-
power devices that does more than just
replace your old standards — LS, ALS,
and HC/HCT.

FACT makes them obsolete.

Some facts you can’t ignore.

The FACT family is manufactured
with the Fairchild 1.2 micron process,
resulting in the industry’s fastest
CMOS logic circuits available. In fact,
they far exceed the internal gate delays
of every other CMOS logic family

currently being used.
Noise
Immunity
HC/HCT FACT
0.8/1.25V 1.251.25V

ALS

0.4/0.7V 0.3/L03f7v - g

And power consumption?

FACT ICs feature the lowest, drawing
two to three orders less power than
equivalent LS or ALS devices - typi-
cally 50 uW/gate.

FACT parts boast a high DC
output drive at 24mA, and specify
dynamic output currents to guarantee
low impedance transmission line
driving. Eliminating the need for
external or additional buffering in such
applications.

FACT devices also feature high-
speed propagation delays for perform-
ance upgrades. High noise immunity
and excellent latch-up immunity for
higher system reliability. A broad
commercial (—40°C to + 85°C) tem-
perature range. And compatibility
with all competing technologies.

Get the FACTs FAST.

Another FACT worth consider-
ing: FACT’s ACT devices are directly
compatible with our FAST family.
Making system performance upgrades

Output
Drive

FACT
+24 mA

ALS

. LS
.4/8.0 mA —.4/8.0 mA

HC/HCT

faster and easier than ever before.

The FACT product line features
over 85 functions. Including gates,
flip-flops, multiplexers, registers,
buffers, multipliers, even gate arrays —
with LSI functions and standard cells
on the way.

For more information, call The
Fairchild Customer .
Information
Center at
1-800-554-4443.

We'll give
you the facts on
the new industry standard. So you can
say good-bye to some old ones.

©1986 Fairchild Semiconductor Corporation. FAST (Fairchild
Advanced Schottky TTL) and the FACT (Fairchild Advanced
CMOS Technology) logo are trademarks of Fairchild Semiconductor
Corporation. Ad packet code: C0O8

We’re taking
the high ground.
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FAIRCHILD
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A Schlumberger Company
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Sanyo's No Excuses
Guarantee means
just that—on time,

on performance and
on price.

Sanyo has been selected “Vendor of
the Year” by the world’s leading manufac-
turers of computers, telecommunications
equipment, portable tools, appliances
and calculators.

Why?

We simply make good on what we
promise.

We begin by providing a truly compre-
hensive line of batteries: rechargeable
NiCd, 10-year laser-lithium, solar
batteries and of course, a variety of custom
designs.

They meet specifications—the first
time around. Because we start by getting
a clear idea of our customers’ needs—and
letting that determine our solution.
Instead of supplying a “formula” answer.

Sanyo batteries also perform at the
highest standards of quality and reliability.
Because before they leave our hands,
they’re subjected to tests far tougher than
anything they’ll meet in the field.

Delivery? It goes without saying that
shipments will be in on time.

And in on price.

No excuses.

No wonder Sanyo is the choice of
leading manufacturers. When you keep
your word, word gets around.

D SANYO

When you make the world’s best,
word gets around.

CIRCLE 30



MANCE.

"
RETTTe SR LA AR

e T ot iy

SUPPLEMENT 1

INTEGRATED DATA
€9 SPRE CIRCUITS  SR%%
power . Linear =« Hall-Effect = ""ahave
interface

4SS-4111R1

%)R AG U h Data Book WR-503 and its new supplement are especially useful guides to a wide
J ‘ variety of hi-performance ICs with special emphasis placed on power control. Complete
B B Y = Y ] technical data and applications are included on IC,
l( ; Pl( ; and bM[ART PIC. and Smart PIC drivers for: ac. dc, servo, and
B 3* , — N 7 : ' - stepper motors to =5 A; VF, EL, LED incandescent,
i, i( Ll RAR\ and PGD displays to 225 V; relays, solenoids, heaters, and other power
AN ‘ @ loads. Also included is data on SMPS controls, power op amps, audio

power ICs, Hall effect and optoelectronic sensors, and AM/FM radio circuits. These books can be obtained from Sprague

Electric sales representatives, franchised semiconductor distributors, or by writing Technical < in
Literature Service, Sprague Electric Company, 41 Hampden Road, P.O. Box 9102, ({: ji); SpnnGUE

Mansfield, MA 02048-9102. CIRCLE 34

THE MARK OF RELIABILITY




VIEWPOINT

R

EXCLUSIVE INTERVIEW

Design evolution leads
to system revolution

Anthony Rollins

Rollins is manager of sys-
tem architecture and for-
mulation at NCR. He holds
a doctorate in mathemat-
ics from the University of
California at Davis.

Wayne Lewis
[ PE S e B e e

Lewis is manager of large-
system processor devel-
opment. He received a
bachelor's degree in elec-
trical engineering from
California State University
at Long Beach.

Designing a computer system for a
well established vendor is never
easy. Besides the inevitable trade-
offs, there is the problem of in-
creasing processing power while
maintaining compatibility between
the new designs and the old.

Wayne Lewis and Anthony Rol-
lins faced these challenges when
they led NCR design teams at its
engineering and design center in
San Diego that upgraded the com-
pany’s mainframe line. “In some
areas of computer design you can
sit and design a fast processor and
then apply it to any software,” says
Lewis. “But when you already have
a very sophisticated system archi-
tecture and must depend on exist-
ing software, you're very tightly
constrained. You have to take a sys-
tem approach, coming from the top
and going down. And you’re not
solely directed by technology. We
had to make sure that the new line
was downwardly compatible and
that future designs could evolve as
well,” Lewis recalls.

The result of their four-year de-
sign effort is the 9800 series, an ex-
tension of earlier architectures,
such as the 8000 series and the even
older Criterion machines—all of
which run under NCR’s VRX
operating system with the Neat as-
sembly language.

The NCR team’s design made
use of the emulator technology of
its existing 32-bit chip set to or-
ganize a loosely coupled multiple-
processor configuration that

Ray Weiss

avoided the software complexities
implicit in shared mass storage.

Rollins, manager of system ar-
chitecture and formulation,
explains that emulating the older
architecture’s instruction sets left
the team free “to concentrate more
on performance issues. By devel-
oping a multiprocessor config-
uration that was expandable, we
could incrementally increase com-
puting and storage resources with-
out impacting the software.

“The chip set was the key to ex-
tending the existing architectures.
It was specifically designed to emu-
late mainframe instruction sets.

Furthermore, it was formulated
with the idea of mixing a general-
purpose emulation engine with one
or more specialized hardware assist
engines.”

The team devised a Neat assist
chip (NAC) toaid direct execution
of the Neat assembly language in
each processor. Even though the
NAC directly executes less than
one-third of the most frequently
used Neat instructions, in an aver-
age mix the chip runs 89% of the
code set, off-loading a significant
amount of the processing. With so
many of the instructions embedded
in hardware, the NAC greatly in-
creases processing efficiency with
minimal impact on overhead soft-
ware.

But the 9800 project’s greatest
challenge and the revolutionary
solution lay in configuring a
system-wide memory. With a
loosely coupled multiple-processor
design, the trick is to tie the mass-
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storage subsystems together so
that the processors can share mem-
ory as a central resource.

“Originally we started out with
theidea of tightly coupling the pro-
cessors, but we ran into bandwidth
problems on their interconnec-
tions,” Rollins recalls. “Once we
had the system memory concept in
place, actually implementing the
software from earlier systems on
the 9800 turned out to be pretty
straightforward. Each processor is
an independent computer system
with its own local memory and
shares disk space.”

To make it work, the design
team used the 32-bit chip set in two
ways: as data system processors
(here, DSPs) and as applications
processors (APs). According to
Lewis, “The DSPs function as sys-
tem memory controllers. Existing
software could migrate by allow-
ing them to provide the glue—
providing system-wide operations
like process-level queues for multi-

processing.”

The DSPs sit below the APs,
each managing a disk farm. The
disk space is handled as files made
up of byte streams that are ad-
dressed by logical locations. In that
way, access to a file can be shared,
in a structure not unlike that of the
Unix operating system.

After the memory organization,
the greatest hurdle was the bus de-
sign. Insists Lewis, “It was not a
trivial problem to build the VLSI
chips to support 24-Mbit/s serial
transmission.”

The APs are tied together with
two system-wide Ethernet-class
buses operating at 6 Mbytes/s.
They also link the DSPs and the
APs (see the figure). “By making
each processor self-contained, with
its own memory, the load on the
system bus was kept down,” Lewis
explains, “allowing us to go to a
more loosely coupled architec-
ture.”

In a way that is typical of large

computer companies, a group of
five to ten key people were charged
with creating the new design. “It
was a real blessing that the hard-
ware and most of the software peo-
ple were in the same location,” says
Lewis. “As long as we worked to-
gether on a daily basis, the prob-
lems got solved. We just had to
make sure that all the right people
were consulted on design issues.”

And what of the future? De-
signers often leave things undone,
postponing them until the next
time around. Some even say that
any design is just one step toward
the next one. “What we want to do
next,” says Rollins, “is speed up the
system by going to higher levels of
integration and using smaller chip
geometries.” The chips are at
present made with 2 um. “We are
now at a level of VLSI,” Rollins
adds, “at which we could combine a
number of the current chips and
speed our cycle time as well as re-
duce off-chip losses.” O

Application
processor

Application
processor

(v

&~ System console

Application
processor

Application
processor

Interprocessor bus

Instruction 32-bit Neat
storage unit processor assist
chip chip

Extended Address
arithmetic translation
chip chip

Intraprocessor bus

System bus

Each application processor (AP) in NCR’s new 9800 mainframe series operates independently with its own
local memory. The upper drawing shows the processors connected by two Ethernet-class 6-Mybte/s buses.
The AP’s configuration (inset), including NCR's 32-bit microprocessor chip set, is linked by a memory bus to
special processor chips, including a Neat assembly-language assist chip.
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ATST DOESN T
IMMORTALI

Today, the prod- We'll keep you on the

uct that’s first in leading edge.

the market is Because that’s where

likely to win the AT&T Bell Laboratories

biggest share of keeps us.

market. Our new 32-Bit UNIX™
So when Microsystem, for

you're racing to get

example, delivers
a great idea off the

performance others only

ground—ahead of WE®32100 promise. It’s a chip set
your competitors— heart of the first that’s 100% complete,
you need more than full 32-bit chipset.  100% CMOS, and
just a “supplier” 100% TTL-compatible—
You need a company withabroadline  fully able to reduce your
of high-performance components and design time by as much as
electronic systems. A company with a 50 percent.
networking point-of-view, an end-to-end In data communica-
capability, and the people and resources tions devices, we're state-
to assure all-out technical support. of-the-art every step of
AT&T. the way. (As you might
Ready now to offer you the total expect from the company
commitment to quality and reliability that  that developed the world’s
we've always insisted on in the systems biggest, most reliable
and products we develop for ourselves. communications
Ready now to deliver solutions. network.)

Right now, for exam-
ple, AT&T is the only
company in volume pro-
duction of a microprocessor-
controllable, single-package
modem that can handle
up to 2400 bits per second.

Our Digital Encryp-
tion Processor is the
only software-
programmable,
When off-the-shelf won’t do, our advanced
custom design gives you the edge.

. encryption processor available.
F' And our X.25 Protocol Controllers
offer the widest range of applications,

o e from PCs to satellites.
o, T— ‘,._.,"Jé' In memory, not only are we cur-

rently delivering an American-made
256K DRAM, but we offer a range of
Few remember

James Mollison,

the second man to fly solo
across the Atlantic, because
‘Lindy’ did it first.




PROMISE YOU
UST THE FASTEST

AN IDEA FLY.

leading-edge specialty memories.

And our third-generation, single-
chip Digital Signal Processor gives you
the edge you need to design-in superior
system performance at a competitive
price.

Count on AT&T’s advanced tech-
nology to help you move your product
out the door on schedule.

Advanced custom design
capability.
Nobody knows better than you—
moving to market first, and staying
there, can require custom designed
components.

At AT&T, we'll get involved at any
stage of your product design—from lay-
out to prototype to production. We'll
support you with the industry’s most
advanced CAD/CAM software, rapid
prototype turnaround, and unsur-
passed volume manufacturing capabil-
ity. Everything you need to ensure the
success of your product—on your manu-
facturing line and in the market.

Your specialized interconnection
needs will be taken care of—from flexi-
ble printed wiring to multilayer boards
to hybrid ICs—all produced with our
high standards of quality and reliability.

We'll meet your application-
specific IC needs with expert design

New ST" Connector doubles your connections.

and engineering personnel. And with
powerful CAD software that helps
make sure your devices work the first
time. The commitment and resources
to deliver solutions—that’s what makes
AT&T, AT&T.

It all takes power.
AT&T’s board-mounted
power products cut
design time with
unmatched flexibility.
Our low profile power
converters are modular
in design and about one
quarter the size of con-
ventional DC/DC circuit
board converters. So
they can be mounted in
more places. And in the
tightest situations.

Whatever your
L power needs, from
board-mounted to off-line switchers, we
can work with you to develop a system
to meet your needs.

Networking products that lock-in
the future.
For local or long-haul transmission,
AT&T offers a complete family of fiber
optic products and apparatus.

In local area networks, our new
ST™ Connector can actually double
your network connections—or double
the distance between connections—
without affecting the fiber optic cable
or electronics.

And for high performance data
transfer, AT&T’s ODL® 50 and ODL®
200 Lightwave Data Links, with bit
rates up to 200 Mb/s, incorporate the
latest optical and integrated circuit
technology. These products, as well as
our ODL RS232-1 Fiber Optic Modem,
a high performance data interface,
readily mate with the ST Connector.

Our newest addition to the AT&T
lightwave family—the ASTROTEC™
ceramic laser module—is a reduced-size,
long-wavelength laser that offers highly
reliable, low cost performance.
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Advanced processing technolo ( r
superior buried microvias in multilayer
printed wiring boards.

News in ac plasma.
AT&T has just introduced a new light-
weight, compact ac plasma display for
alphanumeric and graphic images. It
offers excellent visual characteristics in
virtually unlimited applications.

We'll work with you, all the way.
Call us right from Day One, and we’ll put
our expertise at your disposal. Call us
when you hit a snag, and we'll work out a
solution together. After all, we've got the
world’s greatest problem-solvers on
call—the men and women of AT&T Bell
Laboratories.

For more information, phone AT&T
at 1800 372-2447. We'll help you put
wings on your concept, and “first” on
your product.

(In Europe, phone AT&T Micro-
electronics in Munich, Germany, at

089/95970. Telex 5216884 attm d.)
©1986 AT&T Technologies, Inc.

ATeT

The right choice.



Runmng Out...

Tomorrow’s PCB Design Today
— Automatically!

With the plight of engineers
and designers in mind, we set out to
develop the fastest automated systems
in electronics. Calay’s easy-to-use
system does the tedious jobs auto-
matically. This frees you for more
creative work, while giving your com-
pany the competitive edge to get your
products to market quickly.

Our Technology Advances
Your Technology

Technological superiority is the
hallmark of Calay. We introduced the
first true 100 percent autorouter for
circuit boards. Since then, we've led
the industry in advancements ranging

Richard A. Finn
President and C.E.O. of Calay Systems, Inc.
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from enhanced hardware autorouters to
software for handling Surface Mounted
Technology, ECL routing, and automa-
tic parts placement. Moving into the
future, our research and development
team is conquering new frontiers. And
with a total design system that antici-
pates the latest breakthroughs in packag-
ing technology, you can produce printed
circuit boards that keep you on the
leading edge.

An Integrated Solution
For PCB Design

From schematics to physical
layout and manufacturing, Calay expe-
dites the design cycle with a true front-
to-back integrated system. The Calay
ZX100 engineering workstation is

PC-based to provide a low cost schema-
tic design tool with real-time error
checking that eliminates time consum-
ing debugging. Teamed with the Calay
V04 advanced CAD system, we give
engineers a powerful and efficient
solution for complete PCB design. Our
large set of post-processors and
documentation to mil spec assures that
the design data can be used to manufac-
ture your boards quickly and reliably.

Where The Only Constant is
Change, You Need Calay

With the Calay system every
pect of the design cycle is accelerated
including the rough spots such as the
unexpected but inevitable engineering
change orders. Calay makes initial data




Accelerate Your PCB
Design Cycle With CALAY

entry smooth. Autoplacement gives
you a quick way to lay out a mix of parts
on the board. And, of course, Calay’s
famed autorouter can make 100 percent
of the connections without operator
assistance or presence. When it comes
to those troublesome last-minute
engineering change orders, Calay
copes with them quickly, automatically
removing broken connections and
re-routing circuits for newly located
parts. Every portion of the Calay system
works like a team to get you from initial
design to manufacturing ahead of your
competition.

Calay Puts It All Together

Our open architecture allows
Calay to interface with your existing
hardware and software. You can have

the speed, power, and quality of a Calay
system that fits into your existing design
environment. Calay has a range of
upward-compatible systems that will
meet your growing needs. And you can
also have Calay’s greatest asset, our
people. Calay is known for personalized
customer support including field service
and training. With our Rapid Response
Line, Calay users can talk to our experts
for immediate help in meeting the
challenges of working on the toughest
PCB designs.

With Calay You Can Win
The Race

On the fast track in electronics,
the race belongs to the swift. In auto-
mated design for electronics, Calay is
the pacesetter. And with Calay the

race belongs to you. Calay makes CAE
and CAD systems to rapidly move your
design from initial schematics through
layout to post-processing, while main-
taining the superior quality to produce
highly manufacturable boards.

So, if you're running out of time,
accelerate your PCB design cycle with
Calay, and win the race! Call us today
for detailed information.

CALAY SYSTEMS, INC.

2698 White Road

[rvine, CA 92714

(714) 863-1700, Telex 6711321
Qutside California, Call Toll Free:
(800) 854-0561 Ext 833
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Economy, in a wide choice.

Purchasing support,
to make the right choice.

AMP DIP sockets, in a big choice of styles, materials, and platings.
So you don’t have to order gold when tin will do. Or dual-leaf
contacts, when single-leaf is all you need.

But your needs only begin with the right price/performance fit.

You need on-time deliveries instead of promises. Your suppliers
must have the manufacturing capacity to stay ahead of your schedules.

AMP gives you both, in quality-engineered DIPLOMATE sockets.
Quality is something that should be evident in the services
you receive, too. That's why we've initiated a company-wide

program that focuses entirely on quality. To improve everything we
make, and—equally important—everything we do.

In short, to forge a better, stronger purchasing partnership with you.

Need assistance? Want a quotation? Contact your
AMP Distributor, or for literature call (717) 780-4400.
Or write AMP Incorporated, Harrisburg, PA 17105-3608.

AINIP Interconnecting ideas

Your AMP sales engineer is a full- With a computer-linked warehouse network, Many AMP DIP sockets have MIL-Spec
service partner. Helping with your we can provide on-the-spot order fulfillment qualification. All feature high reliability.
business is his business. for prototype and emergency needs. High productivity, too, with fast machine

application or easy hand insertion.
CIRCLE 34
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Tektronix

COMMITTED TO EXCELLENCE
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INDUSTRY NEWSMAKER

ELECTRONIC DESIGN EXCLUSIVE

Plug-in board speeds
PC’s analog 1/0

The fastest analog 1/0 board for IBM PCs
grabs 12-bit signals at 166 kHz. It also can
calculate linear systems’ transfer function.

Though they may sport 12-bit accu-
racy, analog I/O boards for the
IBM PC are, for the most part, slow.
Most run at less than 50,000
samples/s. When superfast sam-
pling is mandatory, the choice of
boards dwindles, and the fastest
model board, which samples at 130
kHz, works only with a PC AT-
class host.

Now, in an innovative design he
dreamed up for MicroWay Inc.,
consultant Douglas Rife has come
up with a board for the plain-vanilla
PC—as well as for its higher-per-
formance cousins and clones—that
takes 12-bit samples at the rate of
166,000 a second, giving it the new
title of fastest board around.

The dual-input, $1295 A2D-160
not only combines the price and
performance needed for general-
purpose data-acquisition jobs, it also
handles a more complex task—
analysis of linear systems. A pseudo-
random binary-sequence generator

e T ey e
BY FRANK GOODENOUGH

time and 1-ns jitter), one for each in-
put channel (see the figure).

And since most sampled-data sys-
tems need an antialiasing filter, the
board leaves room for a pair of op-
tional filter modules or for user-
designed signal-conditioning cir-
cuitry. Optional filter modules can
have both their gain and their re-
sponse programmed through soft-
ware.

MANY MODES TO GO

The sample-and-hold amplifiers
on the two input channels can be
programmed for three different
modes of operation. In the first, the
so-called conventional mode, an in-
put signal is applied to either input

channel, giving the board a sam-
pling frequency of 110 kHz.

In the simultaneous-sampling
mode, with a different signal tied to
each input, the board samples at up
to 65 kHz per channel. Signals on
both inputs are grabbed at the same
time, with the input switch letting
first one, then the other flow to the
a-d converter.

Finally, in the ping-pong mode, a
single signal is connected to both in-
puts, affording the high-speed sam-
pling rate of 166 kHz. In this mode,
one of the channels is in hold while
its signal feeds the converter. Mean-
while, the other channel is grabbing
a signal. When both operations are
finished, the input switch moves the
converter to the newly sampled ana-
log signal, and the second sampling
amplifier goes after new data.

A 128-byte-by-12-line FIFO
buffer memory sits at the intersec-
tion of the converter’s output, the
DMA circuitry, and the PC’s inter-
face bus. It eliminates any loss in
data that might occur when switch-
ing memory segments, and it sends
the data to the host over a single
DMA channel.

The amount of data that can be

and floppy-disk—based software
guide the PC through a fast Fourier
transform to determine the system'’s
transfer function (see “Calculating
the Transfer Function,” p. 70).

Programmable
timer-counter
(Am9513A)

Output
multiplexer

S

Programmable
pseudorandom
binary-
sequence
generator

Low-pass
The board gets much of its speed o

DAC (8-bit
plus sign)

from the fastest 12-bit, analog-to-
digital converter chip, the AD7572
(ELECTRONIC DESIGN, Dec. 12,
1985, p. 93). Ahead of the a-d con-
verter lie a pair of fast sample-and-
hold amplifiers (3-us acquisition

The A2D-160 analog I/O board uses the fastest 12-bit a-d converter
available, the AD7572, and also has sites for antialiasing filters. A
built-in pseudorandom binary-sequence generator helps determine
the transfer function of a complex linear system.
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Fast analog I/0 board for PCs

acquired is limited only by the
memory capacity of the host PC. In
fact, the amount can reach 4 million
contiguous samples, as the board’s
software and hardware support the
Intel/Lotus expanded-memory
standard. In addition, since data is
written to memory through direct
memory access, the board and its
supporting software run in the back-
ground while the host’s main appli-
cation program runs in the fore-
ground.

An elegant timing and triggering
subsystem further distinguishes the
board. Through this circuitry, an ex-
ternal event can trigger a sampling
or conversion process, which con-
tinues for the number of samples set
by software. Moreover, an on-board
programmable timer can delay the
input trigger pulse for up to 65,535
sample periods. With that delay, the
a-d converter can wait until a high-
speed transient occurs (at a pre-
determined time after the trigger)
and then start digitizing samples of
the transient. Thus the board does
not fill the PC’s memory with use-
less data while waiting. Further-
more, by adjusting the trigger delay
and the number of samples, a de-

signer can zero in on data of inter-
est while ignoring the information
preceding and following it.
Alternatively, a conversion se-
quence can commence after a trig-
ger from software or from the
on-board pseudorandom binary-
sequence generator. Moreover, the
hardware can be set to respond to a
pulse’s positive- or negative-going
edge or to high or low logic levels.

ASSUMING A NEW ROLE

A delay-and-capture trigger
mode permits the A2D-160 to emu-
late a basic sampling digital oscillo-
scope. Here, the trigger pulse starts
the trigger-delay timer. At time-out,
the capture period begins and the
board takes a preset number of sam-
ples. When the next trigger pulse ar-
rives, the process repeats, with the
data stored in the next consecutive
memory location. The delay and
capture intervals each can last for
up to 65,535 sampling periods.

The time base for the sampling
clock is selected by software from
one of the following: the internal 2-
and 4-MHz oscillators, the a-d con-
verter’s 2.5-MHz clock, or an exter-
nal pulse train between dc and

Price and availability

The A2D-160 analog /O
board goesfor $1295 and the
AFM50 antialiasing filter mod
ule for $225. Small quantities
are available from stock.
MicroWay Inc., P.O. Box 79,
Kingston, MA 02364, Brenda
Jaeck, (617) 7467341.
CIRCLE 511

6 MHz. To develop the final sam-
pling rate, any clock signal can be
divided on board by any integer be-
tween 2 and 65,535. Thus the
2-MHz clock yields a minimum
clock rate of 30.518 Hz.

The optional AFM-50 filter and
signal-conditioning module for the
board’s front end belongs in the
same class of performance as the
rest of the board. Basically, the
module consists of a pair of cas-
caded, continuous-time, second-
order filters.

The sections can be programmed
to form a variety of four-pole low-
pass filters including Bessel, Butter-
worth, and Chebyshev. Their cutoff
frequency varies between 0.5 and
30 kHz, their pass-band gain be-
tween 1 and 16.0

Besides its high-speed I/O capabili-
ties, the A2D-160 board conducts
transfer-function tests on complex
linear systems. To do so, it relies on
an on-board pseudorandom binary
sequence (PRBS) generator. The
pseudorandom binary sequences ap-
proximate white noise, the equivalent
of an impulse function in the fre-
quency domain.

A system’s response to an impulse
function equals its transfer function.
Thus, by using a binary sequerice to
excite the system, the host PC, with
its software, cross-correlates the di-
gitized output with the input binary
sequence and calculates the impulse

response. Then the host performs an
FFT to determine the transfer func-
tion.

The pseudorandom binary se-
quence means a higher signal-to-
noise ratio and greater accuracy than
would be possible if pseudo impulses
(a stream of short, square pulses)
were used to excite the system. In
fact, the A2D-160 board and its host
PC attain 16-bit resolution with a
12-bit converter. And they do so with
software—not mirrors.

The PRBS generator on the
A2D-160 can be set, through soft-
ware, for sequence lengths of 1023,
4095, 16,383 and 65,535 points. Its

Calculating the transfer function

amplitude output is similarly set be-
tween 0 and 5.25 V in 255 equal in-
crements.

Normally you choose the shortest
sequence that is still longer than the
impulse response expected from the
system under test. However, the
longer the sequence, the higher the
signal-to-noise ratio and the greater
the accuracy.

If the situation demands it, the
board can also generate approximate
impulses for system stimulation.
Moreover, the circuit can be config-
ured as an 8-bit, plus-sign d-a con-
verter, letting software generate ana-
log test waveforms.
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One half million more

power supplies...

now 41"’ By =
the name no one knows.

PACKAGED * Adding Boschert makes us the
Biggest Name in power supplies!
Boschert, the leading name in open-
frame switchers, will produce more than a half million units in
1986. Boschert is the newest member of the Power
Conversion Group of Computer Products Inc. — the name no
one knows.
Now, as the world’s fastest-growing supplier of power
conversion products, we have more ways than ever to meet
all of your critical power supply requirements.

There’s No Power Supply Problem We Can’t Solve.
We now combine the resources of six separate business

units — Boschert [now including Compower], Power Products,

Stevens-Arnold, Tecnetics, Power Products Ltd. [Ireland], and
Computer Products Asia-Pacific Ltd. [Hong Kong]

Together, we can desnﬁn and produce virtually any tépe and
size power supply you will ever need, from %2 watt to 2000
watts:

e AC/DC Linears and Switchers

e DC/DC Converters

e AC/DC Uninterruptible Power Systems

¢ Standard, Special and Custom

e Commercial, Industrial and Mil-Spec

All have guaranteed reliability, and most are backed by our
no-hassle two-year warranty. And we offer high-quality design
and application assistance, plus prototype services and a host
of other supports we call PACKAGED POWER.

Contact us for our free informative booklet, “How
to Get the Best Value for Your Power Supply Dollar,”
and literature covering our entire line of quality-built
power conversion products.

COMIPUTER)/
PRODULTS |

POWER CONVERSION GROUP
World leader in power supply technology.

2900 Gateway Dr. » Pompano Beach, FL, 33069 e Phone (305) 974-5500 » TWX 510-856-3098
Boschert Incorporated  Power Products Division e Stevens-Arnold Incorporated e Tecnetics Incorporated
Power Products Limited (Ireland) ® Computer Products Asia-Pacific Limited [Hong Kong]
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The Heart of a
Hi-Rel Reed Relay
is a Quality Reed Switch.

The heart of a reed relay is the
reed switch.
That's why, unlike most com-
petitors, we make our own. This
gives us far greater control over

the final product. It also means
our relays can be customized at
the basic switch level.

We also have a superior pat-
ented reed contact plating proc-
ess. Sealing is done in Class 100
laminar flow work areas in our
clean rooms. And we use the
most sophisticated computer-
based test equipment to do 100%
production testing followed by
quality control testing to a .25%
AQL and tighter. In short, at
every production step we make
sure you get the finest product.

We have the capacity, too.
With over 53,000 square feet of
manufacturing space we can
turn out over 1,500,000 relays per
month with unmatched on-time
delivery.

So when you think of Elec-Trol,
think of our seven “Cs’.

e Control of reed switch design
and production
e Custom design for the most
demanding application

e Cleanliness thru each step

e Commitment to quality

® Computer-based test
equipment

® Coil winding done in-house

e Capacity of over 1,500,000
relays per month

Send For Our Big “We’re
For You” Catalog

We've been around for over 25
years and today produce a
broad line of high-quality reed
relays, higher current solid-state
relays and Opto Electronic
Micro-Relays.
The whole
story is in
our big relay
catalog of
over 3400
standard
parts. Send
for your free
copy today.

ELECWTROL

ELEC-TROL, INC., 26477 N. GOLDEN VALLEY RD., SAUGUS, CA 91350
TELEPHONE: (805) 252-8330 « TELEX: 310-372-0331
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1-800-4GE-SEMI, ext. 101

From New York State:
1-800-2GE-SEMI, ext. 101
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Gordos. Low Thermal EMF Relays
~with the focus on innovation.

y means freedom of choice. We offer
~a complete line of LTM reed relays with
one-to-three pole switching, and options
which include low level to 1,000 voit
switching and dry reed or mercury wet-
ted contacts. Each relay is available with
5 or 12 volt coil with your choice of 1, 5,
and 10 microvolt offset ratings. Gordos
LTMs are footprint compatible and
outperform potted technology.

The new Gordos Low Thermal EMF
Reed Relays. Upfront thinking that
delivers low thermal offset voltages at
the highest insulation resistance
available in the industry. For more
information on our complete line of Reed
Relays including our newest Low
Thermal, SMD, Mini-Sip and Mercury
Sip and Dip Relays, call us at
800-526-4415. Or write for descriptive
literature.

GORDOS

GORDOS CORPORATION
250 Glenwood Avenue, Bloomfield, NJ 07003
201-743-6800 — TWX 710-994-4787
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“16 Data Acquisition boards. Not bad.” Fred Molinari, President

Data Translation stretches itself to new limits
for users of the IBM PC.

No one extends himself for a customer like Fred Molinari. Data  libraries and application software.

Translation offers you the broadest line of Data Acquisition boards Not to mention advanced capabilities like continuous “no-gap”

for the IBM PC in the business —and we've just added four more. data collection, random channel/gain sequencing, five-level bus
Now you can get low-cost single function boards, medium- interrupt, and a programmable pacer clock.

performance multi-function boards, and high-performance boards See the chart for details and remember: Fred Molinari

with A/D throughput all the way to will go to any lengths to provide the boards
130 KHz. All supported by subroutine C all (61 7) 481'3 700 youneed.
AD :

Data D/A
iciti Price Resolution | Speed Resolution | DIO Terminal
Acqu'ﬂgtgn Model (U.S.$) Channels (Bits) (kHz) | Channels (Bits) (lines) | Clock Panel
forthe IBM PC DT2801 | 995-2070 4-16 12-16 13-27 2 12 16 | Yes DT707
gs;‘;éas‘ﬁ DT2806 295 to 80 12 20 to 24 12 072 | Yes DT757
DT2808 495 16 10 33 2 8 16 | Yes DT707
DT2814 299 16 12 25 . Yes DT757
RY LowCost DT2815 399 8 12 - = DT757
E T o
. pELIVER =] DT2817 199 s . 32 01758 See our new 646 pg. catalog/
High Speed DT2821 | 1195-2495 |  4-16 12-16 50-130 2 12 16 | Yes | DT707 handbook or see us in Gold Book
1986. Or call for your personal

PCLAB and ATLAB driver software and DT/Notebook, DT/ILS PC, Asyst, Snapshot, and Labtech Chrom application software copy today.

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 TIx 951 646
European Headquarters: Data Translation, Ltd.,13 The Business Centre, Molly Millars Lane, Wokingham Berks, RG112QZ, England Tix: 851849862 (#D)
In Canada: (416) 625-1907. IBM PC is a registered trademark of IBM. Data Translation is a registered trademark of Data Translation, Inc.
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S0-W power supply
fills universal need

Say good-bye to different power supplies
Jor every design. A new assembly metes out
+5, +12, and — 12 V power as needed.

BY CURTIS PANASUK

Power supplies seem to multiply like
rabbits, given that every new system
requires its own specially rated unit.
National Semiconductor may stem
the proliferation with a power sup-
ply that dishes out its 50 W as
needed to three outputs: +5V,
+12V,and —12 V.

Traditionally an engineer powers
up his design with bench supplies set
to the required voltage and then
notes the current drawn from each
supply. After sifting through a pile
of catalogs, he either picks a supply
that delivers those currents or orders
one custom-made. Either way, it
means adding still another item to
the inventory.

With National’s approach, the
engineer needs to buy only one sup-
ply, the HS9503, for all his designs,
provided the total power output is
less than 50 W. He will not be alone
in welcoming the flexibility and con-
venience of the 9503. Production
people will be happy, too, since they
can easily transfer supplies over-
stocked for one line to another line.
And consider the military pro-
curement specialists: Accustomed to
wading through specification docu-
ments for tens of different power
supplies, they now can focus on one
document.

The 9503 assembly resides in a
trim, hand-sized package (4.75 by
2.75 by 0.84 in.) and it accepts line
frequencies of 50 Hz to 400 Hz.
The supply boasts a relatively high

switching frequency of 350 kHz, a
rate that gives it 80% efficiency at
half load and 85% at full load. In
other words, only 20% of the input
power goes into heating the supply
package; thus the supply can work
in ambient temperatures of up to
+85°C:

The leader of the National design
team, Michael English, recalls, “We
plowed new ground with the
350-kHz switching frequency—it
was a trade-off all the way. With a
lower frequency, we couldn’t have

combined such small size and high
efficiency.”

For setup, the supply’s inputs
must be wired to the 120-V ac line,
and eight output filter capacitors
must be added externally (Fig. 1).
In contrast, the output filter in-
ductors are built into the power sup-
ply. And in choosing the 350-kHz
switching frequency, the supply’s
designers soon found that no off-the-
shelf transformers could handle
such a high rate; the transformers
had to be customized. Luckily they
did locate a controller chip that
could operate at 350-kHz fre-
quency. Built into the supply (Fig.
2), it acts on error voltages by ad-
justing the duty cycle of the switch-
ing waveform and hence the output
voltage

Deciding not to build in the
capacitors clearly saves money.
Normally such hybrid parts are
extremely expensive, about $10 a
pop, which would have raised the
unit’s cost by at least 20%. When

~12Vdc
Reference
bias 1t
Sense
Ground 100 uF
. —-] T il
r 47 uF
115 3 Line HS9503
Vac 130-V "\ filter power supply
varistor (X1)
o l CjoL 1C+ larur | |47 0F
10:) wF | |100 uF
- i H
220 uF 5 uF
"“""“ +12 Vdc
-
O+5V dc

1. To wire up the HS9503, a designer must typically add capacitors
to filter each voltage output. The line filter and the varistor are op-
tional. Since large capacitors with low equivalent series induc-

tances could not be found, smaller capacitors are used in parallel.
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50-W power supply

added by the user, however, the
large discrete capacitors go for
about $2 apiece.

The output filter capacitors bring
the supply’s output ripple down to
50 mV. Though that figure is low
enough for all digital applications, it
is unacceptable for op amps and
other precision analog circuits.
Those applications call for a linear
supply with ripple on the order of
1 mV.

Inside the 9503, the three output
transformer coils share the mag-
netic core, which acts as a power res-
ervoir. Each coil taps the reservoir
according to need.

“We thought long and hard about

what voltage outputs would suit the
largest number of applications,”
says Tom Wong, National’s appli-
cation manager. “The combination
of +5, +12,and — 12 V will work
in 60% of new designs; the remain-
ing 40% use oddball voltages, say,
—5.2V for ECL and +4.5V and
—3.5V for gallium arsenide.”

The outputs can also be mixed
and matched. For instance, a
+17-V output can be formed with
the +12-V and +5-V outputs.
Likewise, +12 Vand —12 V can be
combined for a 24-V output.

The convenience of divvying up
50 W comes to light in several appli-
cations. A computer board heavy

Gl Gd

Ac

C—

=

Controller chip

Power
limiter

=

Pulse-width
modulator

T

e Step-down "
transformer filter

Output
inductors {5y

+5V
sense

—O Ground 1
+12V

+12-v
sense

—Q Ground 2

Ground 3

2Current-limiting
| Oscillator I $ sense resistor

R

Error
amplifier

rence

v

Lo

O SD

Sense
Ground

2. Inside the power supply, a monolithic controller adjusts the
switching frequency to generate the output.
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Price and availability
Samples of the HP9503
power supply will be re-
leased next month, with full
production scheduled to
begin in October. The sup-
ply sells for $200 in quan-
tities of 100.

National Semiconductor
Corp., 2900 Semiconductor
Dr., M ySiid6-171, Santa
Clara, CA 95051; Roy Essex,
(408) 7214013. CIRCLE 512

with logic might demand 9A at
+5Vand 0.4 Aat =12 V. In an-
other application, the supply could
serve a disk drive with a low logic
load of 2 A at 5V, coupled with the
heavy 3.3-A, 12-V demands of
the disk motor, and a smidgen of
—12-V current for an RS-232 inter-
face.

One of the supply’s output volt-
ages can be defined as the primary
source, with a guaranteed regu-
lation of 1%, and the other two as
secondary sources, with a regulation
of 10%. (Here regulation means the
amount that the output voltage will
vary as load current doubles.) The
1% rating exceeds the 5% require-
ment of TTL and custom logic and
still leaves room for growth. The
10% regulation just squeaks by RS-
232 application requirements.

A built-in overcurrent sensor
shuts down the supply should any of
the three outputs draw more than
rated current. The supply resumes
operation when the problem clears.

The hermetically sealed metal
box prevents high-frequency radio
waves from escaping, making FCC
certification a cinch. Output voltage
feeds back internally through an op-
tical isolator that withstands surges
of up to 1600 V dc. That strength
makes it easier for the engineers to
get their end systems through UL
and VDE channels.O



WE'VE PACKED THE NULLING CAPACITORS
INTO YOUR LOW OFFSET OP AMP...

..to save you space and cost. v
Finally, the world’s first completely monolithic
CMOS chopper stabilized operational ampliﬂer ‘
family has been developed by Teled i=

tors giving you the adh
count, reduced asse

nu acturmg periodic re-calibrations, and
yility problems caused by damaged or mis-
d trim potentnometers

eature 15yV/°C maximum offset voltage

@ A15pV/°C maximum offset voltage tempera-
ture drift and operate from a & 5V or single +5V
to +15V power supply. Other key feétures include:
- Low power supply current (smgle)

9-7267 « (415) 968-92

Please send me more information on the TSC911, single: [J TSC913, dual: (] TSC914, quad: ]
PLEASE HAVE A SALESPERSON CALL ME[J

Name ____ Title

: Gompam}' Address
City _ : State Zip Tel( o

886ED9I11



Our FASTPLA devices
help you get on board.

Isoplanar-Z, FAST (Fairchild Advanced Schottky TTL) and FASTPLA (Fairchild Advanced Schottky TTL Programmable Logic Array) are
trademarks and the FAST logo is a registered trademark of Fairchild Semiconductor Corporation. ©1986 Fairchild Semiconductor Corporation.




Introducing FASTPLA"
— the newest addition to
the high-performance
FAST" family.

By using FAST and
FASTPLA parts together,

you can expand your
design horizons. Because
they offer you the capabil-
ity to implement your own
architecture in your office
with easily available
design-aid software pack-
ages. And each time you
program a FASTPLA cir-
cuit, you create another
FAST device.

Now your designs
can be quickly tried and
evaluated, and you can
make desugn changes by
merely programming a
new IC. This design flexi-
bility encourages mnova-

tion. While lowering your
design costs.

A FAST way to save on

board space.

When FAST and
FASTPLA devices are

combined in the same
design, board space is
optimized. Your circuit
complexity, parts count,
and mventory are all

reduced. Tests are mini-
mized. And board failures
become less likely.

FASTPLA parts — fast
and flexible.

FASTPLA devices
are the fastest TTL pro-
grammable logic arrays
ever created, with a prop-
agation delay of just 15
nanoseconds. FASTPLA
ICs feature flexibility few

other logic arrays can offer:

Programmable output
polarity, for active high or
active low implementation.

Power-up reset and
three state for design
simplicity.

And complete test-
ability for higher reliability.

Guaranteed to get you
to the market on time.

Using FAST and
FASTPLA devices drasti-
cally cuts the time it takes
to get your product on
the market. From weeks
or months to mere hours
or days.

And FASTPLA cir-
cuits guarantee greater
reliability and lower
system costs, thanks to
Fairchild’s exclusive
Isoplanar-Z™ technology
(the vertical fuse and
oxide-isolated process
which gives you one of the
highest programming
yields in the industry).

For more information
on FAST or FASTPLA
parts, contact your local
sales office or your nearest
authorized Fairchild distri-

The Faerhlld Information

Center at 1-800-554-4443.
And learn how easy it

really is to get on board.

We're taking
the high ground.
FAIRCHILD

A Schlumberger Company

CIRCLE 41



TOSHIBA.THE POWER

B

AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., (408) 244-4070; SOUTHWESTERN REGION,
Toshiba America, Inc., (714) 752-0373; SOUTH CENTRAL REGION, Toshiba America, Inc., (214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 493-4401; MAJOR ACCOUNT OFFICE, POUGHKEEPSIE, NEW YORK,
Toshiba America, Inc., (914) 462-5710; MAJOR ACCOUNT OFFICE, BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., (205) 830-0498; ARIZONA,
Summit Sales, (602) 998-4850; CALIFORNIA (Northem) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, Inc., (818) 712-0011, (714) 957-3367, (San Diego County) Eagle Technical Sales
(619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc., (203) 288-7005; DISTRICT OF COLUMBIA, ArboTek (301) 825-0775; FLORIDA, Sales Engineering Concepts,
(305) 781-4800, (305) 426-4601; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124; IDAHO, Components West, (509) 255-6224; ILLINDIS, Carlson Electronic Sales, (312) 956-8240, R.E.P.S., (217) 438-6435; INDIANA, Leslie
M. DeVoe Company, (317) 842-3245; IOWA, C.H. Homn, (319) 393-8703; KANSAS, D.L.E. Electronics, (316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245; MAINE, Datcom, Inc., (617) 891-4600; MARYLAND,
ArboTek, (301) 825-0775; MASSACHUSETTS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action Components Sales, (313) 349-3940; MINNESOTA, Electric Component Sales, (612) 933-2594; MISSISSIPPI, Montgomery Marketing,



We are the leader in 1IMb DRAMs. In 256K static RAMs,
CMOS EPROMs and 1Mb ROMs. Yet, people still think of us only
as the world leader in CMOS and NMOS static RAMs.

We are the world leader in CMOS TOSHIBA MEMORY PRODUCT SUMMARY
and NMOS Stat]C RAMS’ ln 16K’ 64K PART NO. ORG. PROCESS SAMPLES PROD. SPEED SORTS AVAILABLE (ns) :’)A}}TII\(}}\E

DYNAMIC RAMS

and 256K byte Wlde memory prOd- TMM4164AP_64KX1 NMOS _ YES _ YES 150 200 P

TMM41256P_256KX1 __NMOS __ YES YES 120 150 [

uCtS. Vve make the fastest 2K X 8 at TMM41257P_256KX1 __NMOS __ YES YES 120 150 PT
d 1 i TMM41464P _64KX4 _NMOS __ YES YES 120 150 P

TC511000C __IMbX1 _ CMOS __ YES YES 100 120 C

35 ns ana aiso a 4K X 4 Statlc RAM at ']'LT:H()UlIl’j IMbX1 __CMOS __ YES 2Q'86 100 120 P

35 ns. We pioneered the 8K x § CMOS ~ [foumc vox o s 1o u :
static RAM and are now offering a e e e .
[C514257P  256K) “MOS 2Q'86 2 P
64K x 1 (55 ns) and 32K x 8 CMOS e e :
MM2114AP {X4 NMOS ‘ES ‘ES 120 150 >
Statlc RAM. TMM2016AP  2KX8 NMOS YES YES 90 100 120 150 B

. TMM2016BP__2KX8 _NMOS __YES __YES 90100120150 P

But we make more than static TMM2015AP__2KX8 __NMOS __YES __VES 90 100120 150 P
TMM2015BP__2KX8 _NMOS __YES __ YES 90 100120 150 P

RAMS. AS you can see from the TMM2064P __ 8KX8 NMOS _ YES _ YES 100 120 150 P
h h 1 1 f TMM2063P__ S8KX8 _NMOS _ YES _ VES 100120 150 P
t t TC5504AP ___4KXI__CMOS __ YES __ YES 200300 P
chart, we nave a Comp ete in€ o TC5514AP___1KX4 _CMOS _ YES __ YES 200 300 P

DRAMs, CMOS, and NMOS ROMs, TCsSIEE sk CWDS Vs  vEs om0 by
EPROMs, and one time program- e T R T iy
mables. And they are all in volume TR e N T e
production today. S R . T 3

HIGH SPEED STATIC RAMS

o0 o o TMM201SD __ 2KX8 NMOS _ YES _ YES 35 45 55 D

ru I'lon o elng Irs‘. TMM2068D __ 4KX4 _NMOS __ YES __ YES 35 45 55 D
TMM2078D___4KX4__NMOS __YES __ YES 35 45 55 D

2 2 TC5561P 64KX1 *CMOS YES YES 70 P

We were also the first to intro- :

EPROMS

duce the 1 Mb DRAM and we're nOW  [BHSN e swos we w0 s :
the market leader. We were one of MToiAD8KX8 NMOS YES ¥ES 130 00

8KX8 NMOS YES YES 150 200 D

. . 16KX8 NMOS YES YES 150 200 250 D

the first suppliers of the 256K CMOS NS Yes VS Lo 0 2w :
static RAM. We were a leader with WIS YESVES L0 o D
the 256K ROM and within a year of MMOS YES VES im0 D

ll'ltI'OdUCthIl, we Shlpped more than TMM27512D MKM(;RXi;:,IAB:;s YES 200 250 D

ONE TIME PRO
NMOS __ YES YES 200 PF

all other suppliers combined. And BT o
ITMM24256AP 32KX8 NMOS YES YES 200 PF

we are matching that with our 1 Mb i e a2
CMOS maSk ROM :I\!{A—'\'SE\.'R?NISK\\' CMO! YES YES 25 P28

32KX8 NMOS YES YES 150 P28

So you can see that we have the  foer a0 i
capability to supply the memory R s e—— B

products you want—when you want  [tigne, commc  pramoc voorvortie 5o

theTrﬁét, e huer: that's TOSHIBA. THE POWER IN MEMORIES.
b

Toshiba. TOSHIBA AMERICA, INC.

Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229; MONTANA, Components West, (206) 885-5880; NEBRASKA, R.E.P.S., (913) 383-6228; NEVADA, Elrepco, Inc., (415) 962-0660; NEW ENGLAND, Datcom, Inc.,
(617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW MEXICO, Summit Sales, (602) 998-4850; NEW YORK, Nexus Technology, (914) 769-0382; PI-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA,
Montgomery Marketing, Inc., (919) 467-6319; NORTH DAKOTA/SOUTH DAKOTA, Electric Component Sales, (612) 933-2594; OHID, Steffen & Associates, (216) 461-8333; (419) 884-2313, (513) 293-3145; OKLAHOMA, Technology
Sales Company, (214) 437-5881; OREGON, Components West, (503) 684-1671; PENNSYLVANIA, Nexus Technology, (914) 769-0382, Steffen & Associates, (412) 276-7366; RHODE ISLAND, Datcom, Inc., (617) 891-4600; TENNESSEE.
Montgomery Marketing, Inc., (919) 467-6319; UTAH, Straube Associates Mountain States, Inc., (801) 263-2640; VERMONT, Datcom, Inc., (617) 891-4600; VIRGINIA, ArboTek, (301) 825-0775; WEST VIRGINIA, Steffen & Associates,
(419) 884-2313; WASHINGTON, Components West, (206) 885-5880, (509) 255-6224; WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube Associates Mountain States,
Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source Inc., (416) 675-4430
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“If you think power, speed and sophistication are all you
need in an emulator, take a lesson from a Formula One team”

ot
$¢°°“: ‘:‘g‘\b‘\‘ § e

The Formula That
Determines Number One

The World Driving Championship is
contested in vehicles which represent
the absolute pinnacle of power, speed
and sophistication in motor racing:
Formula One.

Their engines are smaller than a VW
bug’s, yet they produce a formidable
1000+ horsepower. Speed? Formula
One cars can blister the pavement from
0 to 100 mph before you can finish read-
ing this sentence. The sophistication level
is astonishing: Disk brakes made from
carbon fiber-reinforced plastic, 7-speed
transmissions, intake and exhaust valves
that actuate from compressed air rather
than conventional springs.

Yet, behind all the impressive numbers
and sleek shapes, there remains a less
flamboyant activity that no driver could
complete a lap without—communication.

We think it's the same with our
emulators.

Communication: The Key
to a #1 Development System

At ZAX, we too build power, speed and
sophistication into each of our ICD-series
emulators. And something more—
proficient communication. Because
emulators that can communicate ensure

Communication, coordination and cooperation in action. It's the same at ZAX.

you of a more flexible operating environ-
ment and additional emulation features.

ZAX emulators can be controlled by
any terminal utilizing RS-232 interface.
This allows you to use a full-size ASCII
keyboard and large CRT for easy view-
ing and control. So now you can see the
output of your input. And RS-232 inter-
face means unrestricted use of personal
and mainframe computers via ZAX'’s
ZICE communications utility. (You can
also control our emulators with aterminal

%

“Simplicity to start fast, Power to finish first”

ZAX In-circuit emulators for Z80, 6809/E, 68000 family, 8048
family, 8051 family, 8085, 8086/88 & 80186/88, and V20/V30

processors.
Zax Corporation

CIRCLE 43

or PC and then download code from a
mainframe for workstation efficiency.)

The Logic of a Logic-State
Analyzer Interface

Our newest communication feature
allows each of our emulators to directly
interface with any standard logic-state
analyzer connector. This potent combina-
tion merges an LSA's sophisticated
trigger, qualification, data-acquisition
and measurement capabilities with our
emulator’s debugging mechanisms and
memory facilities.

Choose from an extensive line of
manufacturer’s software products, and
the complete package results in a
modular development system that’s
powerful, fast, sophisticated and com-
municates with your current equipment
inventory—economically.

So, the next time you’re in the market
for an emulator, take a lesson from a For-
mula One team and let communication
be your vehicle to success.

For information on other ZAX emulator
features and news about entire product
line, call us toll free 1-800-421-0982
(714 474-1170 in California). Or write us
at ZAX Corporation, 2572 White Road,
Irvine, CA 92714. Telex 183829.
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Video buffer amplifiers get faster
and lower in distortion

The needs of flash converters and image systems
have pushed buffer bandwidths up to
300 MH?z and nonlinearities down to 0.1%.

BY CURTIS PANASUK

Video buffers are devices that time
forgot. In an industry where parts
become obsolete in a year, unity-
gain power amplifiers have been
boosting waveforms with fre-
quencies up to 120 MHz for more
than 15 years. Their longevity stems
partly from superior design. In addi-
tion, the demands of the applica-
tions have not changed—at least un-
til now.

Today new tasks, such as driving
flash converters and handling com-
puter-generated high-resolution
graphics, are forcing improvements
in these venerable parts (Fig. 1).
Flash converters demand wider
bandwidth, higher input impedance,
and lower input offset voltage.
Imaging systems similarly require
wide bandwidths (up to 300 MHz in
some cases), high linearity, and low
differential phase response. In the
not-too-distant past, buffer manu-
facturers paid little attention to lin-
earity and phase response; thus,
those parameters were not mea-
sured and specified. Furthermore,
users of buffer amplifiers complain
that the parts are too pricey.

All that is changing. Manufac-
turers are introducing radically new
designs with improved character-
istics. In some instances, such new
features as adjustable gain make the
buffers a cross between operational
amplifiers and traditional buffer
amplifiers.

In addition, makers of buffers are
increasing hybrid-circuit per-
formance and putting the parts on
one chip to lower prices. The new
buffers boast bandwidths of 300
MHz for crisp, high-resolution im-
ages, along with a nonlinearity of
about 0.1% for true picture shading.
They also exhibit maximum differ-
ential phase characteristics of under
0.1° for accurate colors. (That pa-

rameter is usually not specified be-
cause it is expensive to measure.)
The improved linearity of the new
chips makes possible true 6-bit accu-
racy in flash converters. The better
characteristics will also increase the
use of buffers for tester inputs and
outputs, as well as for powering
LEDs in fiber-optic links and driv-
ing coaxial cables.

What’s more, buffer amplifiers
often team up with op amps, their
close kin. Voltage-amplifying de-
vices such as op amps become un-
stable when driving capacitive loads,
but current-boosting devices such as
buffers can drive capacitance and
still remain stable. Thus, to power a

Sensor

Control system

Flash "
il Microprocessor | |

1. Buffers work with incoming and outgoing signals. Signals entering a
flash converter’s input, which has a high capacitance, need to be
buffered (a), as do signals leaving a digital-to-analog converter en

route to coaxial cable (b).
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Video buffers

capacitive load, such as a flash con-
verter, an op amp enlists the help of
a buffer.

A linear amplifier maintains a
constant gain over its operating
range, regardless of the amplitude of
the input signal. For good imaging
performance, maximum nonlin-
earity is 0.1%. Until now, buffers
typically had 2% nonlinearity.

PHASE COUNTS TOO

Just as important as linearity, and
also related to amplitude, is differ-
ential phase. It is defined as the

maximum difference in phase shift
that occurs between any two sine-
wave amplitudes. For image work,
differential phase should be less
than 0.1°. The specification of 0.1°
is required because TV colors are
encoded by the relative phase of pic-
ture signals. For example, a signal
shift of 5° can change flesh tones to
green.

To meet the demands of the new
buffer tasks, Elantec modified the
monolithic EL2004 amplifier and is
introducing the EL2003. Though
the new unit sacrifices some of the

2. A buffer with low output impedance set to a gain of

2 can overcome the voltage-divider effect in which
half the buffer's output voltage is lost across the

matching resistor.

3. Many FET-input buffers draw current and thus cause
distortion on negative signal excursions (fop). Maxim
solves the problem by adding an additional FET to the
Max460, which easily handles peak-to-peak voltages
of 20 V (bottom).

90 Electronic Design * May 29, 1986

bandwidth of the older part, it cuts
the maximum nonlinearity from 2%
to 0.1% and the differential phase
from 2° to less than 0.1°.

Taking a different approach is
Dave Nelson, who worked with
signal sources for a long time at
Hewlett-Packard. After designing a
frequency synthesizer that created
some nifty waveforms, Nelson could
not find a buffer to serve as a power
output amplifier. Existing buffers
mangled the waveforms because of
poor fidelity.

Since Nelson knew he could build
better buffers and amplifiers, he
founded Comlinear and dusted off
an old idea: current feedback.
Though common voltage feedback
improves fidelity, it sacrifices band-
width. If anything, however, band-
width needs to be increased, since
video displays are continually im-
proving in resolution. That, in turn,
means faster signals must be sent
along coaxial cables.

HAVING YOUR CAKE AND EATING IT

Comlinear’s patented topology
gives the CLC231 buffer a band-
width of 165 MHz. The amplifier
also has a gain of 2, linearity
of 0.1%, and differential phase
low enough for video work (ELEC-
TRONIC DESIGN, Nov. 28, 1985,
p.125). In addition, its architecture
enables the part to maintain a useful
bandwidth for gains of up to 5. Since
the buffer has gain adjustable—an
op-amp feature—it was designated
Buff-Amp.

National also has created a ver-
sion of the Buff-Amp. The LH4004
combines adjustable gain from 1 to
5 with a bandwidth of 150 MHz.
The chip is based on a series-shunt
triple circuit, which, as with the
Comlinear amplifier, uses current
feedback to give high gain and wide
bandwidth. The company does not
specify linearity or differential



“In ASIC, the customer has to
be more than a job number”

“What do application specific IC
(ASIC) users need? We've been
answering that question for 20 years
and three basic beliefs hold fast.

One, no single ASIC option is
optimal for every circuit. So we
developed them all—gate arrays,
standard cells, and cell-based
custom.

Two, we can't expect customers to
adapt to us. So we assembled the
most flexible design interfaces in
ASIC. Including gate array and cell
libraries for workstations, PC-based
systems and most others.

Finally, to keep customers ahead,
we must be a leader in design
technology. Our cell-compilation
work is the natural next step.

Keeping pace with change is

one of the hardest skills to learn.
Gould AMI is leading the pack. Our
customers have the advantage’

To optimize your ASICs, call us at
408-554-2311. Gould Inc., Semi-

conductor Division, manufacturer
of Gould AMI semiconductors.

Gould AMI ASIC:
Depend onit.

High Performance Solutions in Factory Automation, Computers,
Instrumentation, Defense and Semiconductors.

Gould AM|
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Video buffers

phase. With a FET input stage, Na-
tional achieves an input resistance of
1 X 10'? Q, beating the CLC231
from Comlinear at 4 X 10° (.

In the parts from National and
Comlinear, devices can be inserted
in their feedback loops. National
points out that a diode can be in-
serted to form a peak detector with
one-quarter the number of compo-
nents of a conventional peak de-

tector made from an open-loop
buffer. For its part, Comlinear notes
that a laser diode could be included
in a buffer’s feedback loop. Doing so
improves fiber-optic communica-
tions by enhancing the temperature
stability and widening the system’s
dynamic range.

The adjustable gain offered by
National and Comlinear solves a
persistent problem in video signal

distribution: the voltage-divider ef-
fect. To minimize reflections, 50-Q
matching resistor is inserted be-
tween a buffer with low output im-
pedance and the coaxial cable (Fig.
2). With this arrangement, half the
output voltage is dropped across the
matching resistor so only half
reaches the load. To overcome the
division of the voltage and sub-
sequent loss in transferred power,

Directory of buffer amplifiers
Contin-
Band- | Slew rate: uous
width | guaran- output | Quiescent
into teed; Non- Input Gain drive power Price
100 @ | typical | line- |impedance at current | consump- |in lots
Company Model | (MHz)| (V/us) |arity Q) 100 @ (mA) tion of 100 Features Circle
HOs-100 | 125 | 300 2% | 2x10° | 095 | 100 | ET V| gaa
Analog Devices -
Corp.
Route 1 Industrial Park : 451
Norwood, MA 02062 HOs-200 | 200 | 0% 1 2% | 4x10° | o5 | zr00 | EPVe | sma
(617) 329-4700 i
ADLH0033 | 100 “1%%%" 2% | 1x10" | o098 | +100 i%‘oﬂi Vol s1e
Burr-Brown Corp. FEThiiSETr:ng\f/es
P.O. Box 11400 2000; +5-+20V, ;
Tocson, A2 85734 3553A 300 2500 N.s. N.s. 0.96 +200 SEimA $22.45 ump?dcrgc‘e and 452
(602) 746-1111 i
current
" 5 +5-+15V, Feedback gives
CLC300 85 3000 N.s. 1% 10 +1-+40| 100 AT $39 variable gain
Comlinear Corp.
4800 Wheaton Dr 453
Ft. Collins, CO 80525 Feedback gives
(303) 226-0500 : variable gain,
creast | 165 | 200 oan| ax10® | x4-x5| 100 | TXE1SVo| 6105 | good inearty,
=Y and good
differential phase
d ’ Emphasis on keeping
Elanfec Inc. £12003 | 150 | o000 [04%| 1x10° | 093 | 00 | L0V | 5345 | inearity below
1996 Tanob Ct. B 0.1%. monolithic 454
Milpitas, CA 95035
(408) 945-1323 -
mizoo4 | 200 | ZN0° Low figecae¥ | awr | asa | 32BN gy Monolithic
HA-5002 | 110 | 0% I Ns | 45x10° | 097 | 00 [*1Z =IOV g4 Monolithic
Harris Semiconductor i
Corp.
1025 W. Nasa Bivd. : 455
Melbourne, FL 32919 HA-5033 | 250 | 900 | Ns | 5% 10° | 093 | x100 |*'ZEIVI g Monolithic
(800) 442-7747 x4750 -
) Good linearity
aasaz | s0 | SO0 loam| axa0® | 290 Fawon | EEV | gass and good
o differential phase

Note: This is a representative sampling of buffer amplifiers and manufacturers; it is not meant to be a definitive list

N.s. = not specified

*Typical only; **guaranteed only
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“Why compromise in ASIC,
when you don’t have to?”

“Don'tlet anyone tell you an ASIC
isan ASIC isan ASIC.

If that were true, you'd only need one
choice of application specific ICs.
But an ASIC solution is more than a
gate array. Or a standard cell. Or a
cell-based custom circuit. These are
simply different approaches to
your system solution.

Time-to-market, development cost
and performance needs make
every application unique. So no
single ASIC option can work best
every time.

There's no problem, though, unless
your vendor offers just one basic

ASIC option. You'll getan ASIC
design all right, but odds are it won't
be the optimal one.

At Gould AMI, you don't have to
compromise. We offer the complete
continuum of ASIC options. | know
some vendors make you do ASIC
their way. It's just not our way!”’

To optimize your ASICs, call us at
408-554-2311. Gould Inc., Semi-

conductor Division, manufacturer
of Gould AMI semiconductors.

Gould AMI ASIC:
Depend on it.

High Performance Solutions in Factory Automation, Computers,
Instrumentation, Defense and Semiconductors.

Bruce Bourbon
VP, Marketing
Gould AM|
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Video buffers

the Buff-Amp can be set to a gain
of 2.

Though building in the 50-Q
matching resistance would seem a
natural step, it would limit the de-
vice's flexibility. The part could not
drive several cables at once when the
parallel impedance of the cables is

less than 50-Q. A built-in resistance
also interferes with applications in
which high-capacitance loads must
be driven. There, a series resistance
would limit the current needed to
quickly charge and discharge the ca-
pacitive load.

Wherever a flash converter exists,

a buffer is likely to be found as well.
It is well suited for driving the con-
verter’s highly capacitive input. In a
sensing system, the sensor signal
typically feeds through a buffer and
into the converter. Sensors with
weak outputs will usually pass
through an op amp, then into a

Directory of buffer amplifiers (Cont’d.)
Contin-
Band- | Slew rate: uous
width | guaran- output | Quiescent
into teed; Non- Input Gain drive power Price
100 @ | typical | line- |impedance at current | consump- |in lots
Company Model |(MHz)| (V/us) | arity Q) 100 Q (mA) tion of 100 Features Circle
Linear Technology
Corp. 5 +25-+20V Superlow
1630 McCarthy Bivd. LT40410 20 Vi N.s. 1 X 10 0.90 A0 | = 'Q A 165285 operating voltage 456
Mipitas, CA 95035 9 9
(408) 942-0810
2000, 10 +15V, Current limited
BB3553 300 6000 1% 1 X 10 0.93 250 180 mA $23 outeut
Maxim Integrated
Products Inc. -
510 N. Pastoria maxaso [ 80 | 2% | 4% | 4x 10" | 095 | x100 [ =50V 549,80 457
Sunnyvale, CA 94086
(408) 737-7600 2000; 10 +5-+15V, Static discharge
LH0063 300 4000 1% 1 X 10 0.93 250 22 mA $23.80 protection
1000; 10 +5-+15V,
LH0033 80 1500 1% 1% 10 0.95 100 £09 TA 517.34
780; 3 +6V, Feedback
LH4003 230 900 N.s. 2% 10 0.98 +40 Llania $54 Sehioctie
National Semicon-
ductor Corp. ;
2900 Semiconductor r. | LHA002 | 200 | (00 | Ns | 15x 0% | 093 | 40 | oY [s1825 dae
P.O. Box 58090 ¥
Santa Clara, CA FET input gives high
95052-8090; (408) 721-5856 12 +12V, input impedance;
LH4004 150 700 N.s. 1 X% 410 +1-5 50 30 mA $67 feedback gives
variable gain
12 +12-+20 V,
LHO0033 60 850 N.s. 1% 10 0.98 +100 £20 mA $16.50
P4359 | 80 1300 | Ns. | 15x10° | 093 | z00 [F1Z 2LV g4 Monolithic
Teledyne Philbrick -
40 Allied Dr. 459
Needham, MA 02026-9103 3
(617) 329-1600 o033 | 100 | R0 I ns | 4x 0™ | 098 | 00 | FE IOV g3
P4490 | 100 Ns. | Ns | 1x40% | 09 | z100 |F12218V| gqa
VIC Inc. Surface-mountable;
201 E. 86 St. 1500; 5 5V, monolithic, using
Bloomington, MN 55420 VA033 200 1800 01%| 8 X 10 0.95 +100 £A8 oA $8.90 junction 460
(612) 854-5000 isolation

Note: This is a representative sampling of buffer amplifiers and manufacturers; it is not meant to be a definitive list.

N.s. = not specified
*Typical only; **guaranteed only

94 Electronic Design + May 29, 1986




L

“My philosophy on ASIC design?
Whatever works for you?”

“Some application specific IC
(ASIC) houses are very rigid. You
follow their rules—no questions
asked. At Gould AMI, you make
the rules.

For example, we know learning an
unfamiliar CAD system takes time.
So we support the workstations
and PC systems most designers
use: Mentor Graphics, Daisy
Systems, P-CAD, Viewlogic and
FutureNet, to name a few. Plus our
own terrific, low-cost software for
PCs—Sceptre Il. You can even get
translator programs for proprietary
systems. And as much design
help as you want.

Why reinvent the wheel? Use our
proven gate array and standard cell
macros, and you can quickly
design an application specific IC

to meet your exact performance,
time to market and cost needs.

Call me. I'm committed to making
your design efforts easy and suc-
cessful

To optimize your ASICs, call us at
408-554-2311. Gould Inc., Semi-

conductor Division, manufacturer
of Gould AMI semiconductors.

Gould AMI ASIC:
Depend oniit.

High Performance Solutions in Factory Automation, Computers,
Instrumentation, Defense and Semiconductors.

Jerry DaBell

anager, ASIC Desrgnf"kp S & m b
i ,A.GouldAMl ; s
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Video buffers

buffer and into the converter. For
this job, the buffer must have good
linearity, just as in the image oper-
ations. In the case of a 6-bit con-
verter, the buffer must have no more
than 0.78% nonlinearity to preserve
the least significant bit.

SAVING POWER

For cases where a sensor leads di-
rectly into the buffer, that buffer
must exhibit an input impedance on
the order of 1 X 10'°Q to avoid dis-
rupting the sensor operation. Sev-
eral manufacturers use FET inputs
on buffers to raise input impedance,
but most of the parts fall short in fi-
delity. Maxim was the first com-
pany to recognize that FET inputs
suffer excess current flow with nega-
tive voltage. This effect occurs when
the gate-drain junction becomes re-

verse biased to the extent that nega-
tive current begins to flow (Fig. 3,
top). Maxim’s next-generation de-
vice, the Max460, has an extra FET
to cancel the reverse-bias effect
(Fig. 3, bottom).

Both Elantec and Maxim include
protection circuits in the amplifiers
that sense when too much current is
being drawn, and shut down the de-
vice before it self-destructs. In flash
conversion, the mechanisms prevent
damage should a short develop on
the board. For driving cables, auto-
matic shut-off becomes even more
important, since shorts are fairly
common in long cables, especially if
they are out in the open where they
can be crushed by heavy vehicles or
gnawed by rodents.

Power consumption affects all
buffer applications. Since buffers

are current-output devices, current
cannot be reduced without impair-
ing performance. In this case, the
device’s power consumption is re-
duced by lowering the supply volt-
age. Several manufacturers offer
supply voltages as low as +5 V.

When comparing buffer specifi-
cations, buffer shoppers must be
sure that the numbers reflect the
same load conditions. For example,
a 1% linearity for a 1-k{2 load pales
in comparison with a 1% linearity
for a 100- load.

One-chip buffers from Elantec
and Harris rely on dielectric iso-
lation for sufficiently fast pnp tran-
sistors. Though not an inexpensive
process, dielectric isolation is less
costly than building a hybrid. Its
widespread use may soon make
buffers cheaper, as well as better.O

GRAYH!I.I. SYSTEM 87

Create your keyboard array with Grayhill building block modules:
Strips of up to 6 buttons, and 3x4 or 4x4 keyboard pads. Make
professional-looking, do-it-yourself prototypes; then move on to

cost-effective short-run production.

SYSTEM 87 FEATURES:
= | ow-profile snap dome
contact system

= Stackable in any array

Tactile and audible

feedback

Single-pole, common

bus circuitry and matrix

coding

Available off the shelf from Grayhill or your local Grayhill distributor.
For FREE literature with complete product specifications, prices, and

the location of your nearest distributor, contact:

Grayhill
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= 3,000,000 cycle life
= Short travel; .015"

561 Hillgrove Avenue, P.O. Box 10373
LaGrange, lllinois 60525-0373 USA

Phone: (312) 354-1040 TLX: 6871375
TWX:910-683-1850 FAX: (312) 354-2820

CY525 3rd generation
STEPPER MOTORCONTROLLER

most intelligent controller offers
linear ramping, 10,000 steps/sec,
unlimited stepping, change

rate on the fly, read

position on the

fly, and

much

more.

Compact; mount on
.500" centers

CY512

&'()mpatible.

40 pin, +5 volt

TTL, 8 bit I/O interface

to ucomputer. $195 ea [SSO/I()()I
Prototyping board available.

“\«‘ ' "
Cybernetic Micro Systems '\
P.O. Box 3000, San Gregorio, CA 94074 Wl

(415) 726-3000 Telex: 171-135 attn: Cybernetic

Snap-on caps and
self-stick legends; hot
stamping available
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Another first from AVX.

0.33udd

Available reel-packed
with 0.200” lead spacing,

AVX 0.33 pufd RAMGuards are the
recommended value for 256-K
DRAM decoupling. They are avail-
able reel-packed with 0.200” lead
spacing, and are only 0.200” (W) x
0.200" (1). They cost less too... less
than 6.0¢ in volume. Call AVX
Customer Service and ask for
SR215K334ZAA or contact your
local AVX Representative or
Distributor.

P.O. Box 867

Mvrtle Beach, SC 29577

(803) 448-9411

VY & SETTING
A\ NEW STANDARDS
AROUND
circie4o 4N AN THE WORLD
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on Electronics Design

Automation?

ecause there’s something missing in the
marketplace.

As an electronics manufacturer, we know that real
gains in productivity come only when advanced
engineering solutions are combined with a means
to eliminate delays in data transfer Time saved in
one department shouldn’t be wasted transferring
data back and forth to an incompatible system in
another. Integration is critical: smooth, invisible-
to-the-user data linkages from the schematic to
PCB and VLSI design—and back.

Solving the “islands of automation”
problem

Intergraph begins with a hardware platform that
incorporates the de facto “standards” for
engineering databases-VMS, UNIX System V and
PC-DOS. To this platform, we add products for
Schematic Capture; Logic, Circuit and Timing
Simulation; and PCB, Hybrid and Cell-based

IC design.

These products are not only productive in their
own right, they multiply productivity when used
together. Data is readily exchanged. “Islands of
automation” can't exist.

System manufacturers need more than
electronics solutions

We don’t stop with electronics design automation.
We eliminate “islands” in related processes as well.

An electronics product is more than a good
design~it's working silicon and tested circuit
boards-wiring harnesses, mechanical assemblies
and mechanisms-a housing that holds all the
parts, and documentation for assembly,
troubleshooting and end use.

The manufacturing interfaces we provide are
designed to get a working product out the door.
With an Intergraph system, you can link to board
manufacturing devices; automate mechanical
design, analysis and manufacturing; create wiring
harnesses; and develop documentation with our
electronic publishing system. All operating off the
same family of Intergraph systems, linked by a
common network (IEEE 802.3), sharing
information as needed, and eliminating
redundant reentry of data.

It’s a system we are depending on to create our
next generation of hardware. And it’s a system you
should investigate.

Intergraph—the new name in electronics design automation.

Intergraph Corporation
Department ED0529-6

One Madison Industrial Park
Huntsville, Alabama 35807-4201
1-800/826-3515
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Simplified.:
D-Subminiature
termination.

Specify Amphenol® D-Subs for more
reliable, less costly assembly.

Let Amphenol D-Subminiature connectors help you put an end to
termination problems and high assembly costs.

Our new rear-release model, for example, features economical
stamped and formed crimp contacts that are ideal for high-speed
automatic termination. For increased reliability, these contacts
include an integral insulation support. And to minimize loading
errors, each contact position in the insert has a highly visible
white number.

Other Amphenol D-Subminiature models provide cost effective
IDC termination with either planar cable or discrete wires. For
increased reliability, the discrete wire IDC design features integral
insulation supports. The planar IDC features built-in strain relief.

EMI/RFI control is another problem that's easily and economi-
cally solved with Amphenol D-Subminiatures.

Metal shell and metal front shell construction provide physical
shielding, which can be enhanced with optional grounding
indents. Metal and plated plastic hoods are also available.

For tough challenges like FCC docket 20780 compliance,
choose Amphenol filtered D-Subs which save up to half the cost
of competitive models.

Other Amphenol D-Sub designs combine power or coaxial
contacts with standard signal contacts.

For the full Amphenol D-Subminiature story, contact your
nearest Amphenol Products distributor or:

Call 1-800-323-7299

In Canada, (416) 291-4401.

Amphenol Products world headquarters:
Lisle, IL 60532
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UNIX"SYS

You know what UNIX™ System V
cando.

But now you don’t need a mini to do
it. The AT&T UNIX PC puts room-size
computing power right on a desktop.

Its Motorola 68010 chip, 10 MHz
clock speed and up to4MB RAM—
with virtual memory support and inter-
nal hard disk options from 10 to
67MB—give you 75% of the power of
a VAX™* 11/780.

For only 7% of the cost.

Development tools? The AT&T
UNIX PC puts you in a UNIX System V
environment complete with system util-
ities, the shell, C compiler and 68010
assembler. As for languages, you get the
full range: C, Cobol, Fortran, Pascal,

BASIC and the LPI** high-performance

suite. Not to mention C-ISAMT,
INFORMIX and sort/merge for
database development.

*VAX and VT 100 are trademarks of Digital Equipment Corporz
fC-ISAM and INFORMIX are trademarks of Relational Databa

o, **
Systems, Inc. ©

‘ R FOR PEOPLE WITH
BIGGER THINGS IN MIND.

All, with the convenience of built-in
text editors, debuggers and graphics
tools, including the GSS Virtual
Device Interface.

Up- and downloading your work
from minis or mainframes is easy.
Thanks to the standard internal 300/
1200 bps modem, RS-232 port, VT
100* terminal emulation software and
optional 3270 terminal emulation. You
also get two jacks for phone lines and
built-in communications software.

All of which make the AT&T UNIX
PC ideal for ongoing voice/data com-
munications and remote access to
shared corporate databases.

ONE OF THE COMPUTERS
WITH THE FUTURE BUILT IN.

Even with all its available power
and storage options, the AT&T UNIX
PC still has room to grow. With three

LPIisatrademark of Language F sors, Inc
1986 AT&T Information Systems.

expansion slots and the ability to con-
nect up to seven serial devices.

Because when you have big ideas,
accommodating them shouldn’t be a
big deal.

To find out about the AT&T UNIX PC and our
SPECIAL LIMITED TIME OFFER
call your AT&T Account Executive, authorized
AT&T supplier or 1 800 247-1212.

The right choice.




| NCC Preview

Engineers attending NCC '86 in Las Vegas, June
16-19, can pick from more than 100 technical

sessions exploring the latest hardware and software.
Further piquing their interest will be 500 or so exhibits
at the Las Vegas Convention Center and Hilton Hotel.
Following a preview of the technical sessions, a look
at some exciting new products begins on p. 107.

For designers looking at the rap-
idly changing world of engineer-
ing workstations, it can be a be-
wildering view. Before them lies
a staggering number of products
offering everything from phe-
nomenal performance to petty-
cash prices. No wonder de-
signers are constantly up
against the question of whatis
best for them today and, of
course, in the future.

Designers may well find some
answers at this year’s National
Computer Conference, where
sessions devoted to the trends
in hardware and software should
bring the workstation picture into
clearer focus.

Workstations, though, are by
no means the only topic that
should draw attention. Also high
onthe agenda are sessions on
mass memories, new computer
architectures, graphics, local-
area networks, new software,

Martin Gold

and artificial intelligence (see the
table, p. 104). Designers will also
getalook into the future of com-
puter-integrated manufacturing.

Not long ago, the bulk of ana-
lytical processing was per-
formed on mainframe comput-
ers, such as the IBM 370 series
and very large systems like Con-
trol Data’s 6000 series. Today,
many such tasks are running on
microprocessor-based work-
stations and superminicom-
puters, as well as on traditional
mainframes and minicomputers.
But the plethora of 32-bit micro-
processors, board-level sub-
systems, and new memory chips
and mass-memory subsystems
has confused the issue of which
type of system is best for a spe-
cific application.

Right now, designers can
choose from three classes of
workstations: high-end
graphics-oriented systems, mid-
range products likely to be
based on a RISC architecture,

Electronic Design * May 29, 1986 403



and low-end systems such
astoday’s IBM PCAT.
Speakers will zeroin on the
price-performance trade-
offs of the three classes,
where overlapping now oc-
curs and will remain for years
tocome.

It has been said that there
will never be enough memory
storage to thoroughly satisfy
the appetites of all computer
users. Emerging storage
technologies could help fill
the seemingly insatiable de-
mand. One session in partic-
ular will focus on high-
capacity rigid-disk subsys-
tems and optical disks as
well as on the trend toward
mixing semiconductor and
magnetic memories. De-
signers should get an idea of
when compact-disk ROM
and other types of optical
memories will be ready for
use in future systems.

How much computing ca-
pability is needed to handle
different analytical jobs will

Preview

be examined by users from
several industries. They will
review the newer architec-
tures, such as parallel pro-
cessing for mainframes,
minicomputers, microcom-
puters, and microprocessor-
based workstations. More-
over, they will deal with
costs, connectivity between
applications, evolving stan-
dards for shifting a computer
system from one application
to another, and the avail-
ability of software for specific
types of computer systems.

Several sessions will deal
with topics like local net-
works, international net-
works, cabling systems, and
communication between
microcomputers and main-
frames. Besides going over
basic design concepts,
speakers will relate real-life
examples.

For more general interest,
engineers will kick around is-
sues like government regu-
lation, computers in edu-

Highlights of NCC '86 sessions
Time Monday, June 16 Tuesday, June 17 Wednesday, June 18
Contemporary applica- | Judging the real avail-
tions of speech tech- ability of emerging
nology storage technologies
8:30 a.m. Parallelism and its use in and architectures
to 10 a.m. supercomputers Trends in graphics and
Expert systems in main- workstation technol-
frames and minicom- ogy
puters
Fourth-generation lan- Views on future data
guages and applica- bases and graphics
10:30 a.m. tion generators Electronic mail
to noon The implications of opti-
cal storage within the
automated office
Integrated Services Digi- | The future of CAD/CAM | Programming lan-
tal Networks (ISDNs) productivity guages for artificial
4:30 p.m. |Local-area networks Cabling systems and inteligence
to 3 p.m. communication be-
tween microcomputer
and mainframes
The marriage of expert Semiconductor directions | Networking software
3:30 p.m. systems and simulation in connectivity
to 5 p.m. | Telecommunications in Al microcomputer appli-
the information age cations in CAD/CAM
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cation, and whether there will
be a shakeout of existing
operating systems. In some
instances, panelists from
various industries will relate
how they solved their com-
puting problems.

Highlighting the software
segments of the program will
be the so-called fourth-
generation languages and
application generators. Pro-
gramming languages de-
signed to establish commu-
nications between people
and computers have tradi-
tionally been much more ac-
commodating to the com-
puter than to the
programmer. Consequently,
computer programming still
tends to be tedious and time-
consuming. One session in-
vestigates the gains in pro-
gramming productivity.
Another tries to answer the
question: Are application
programmers becoming ob-
solete? The futures of Unix,
Ada, and Cobol come under
the microscope in still an-
other part of the program.

A cluster of sessions will
weigh artificial intelligence
and its application in CAD
and CAM. And the question
of whether expert systems
can be used effectively with
microcomputers will be con-
sidered.

Furthermore, designers
will take an in-depth look at
the languages and software
techniques employed in Al-
based systems. Sure to be
considered are the re-
lationships of Lisp and Pro-
log to conventional pro-
gramming languages and
high-level knowledge repre-
sentation languages.O



THE PLD DESIGN LANGUAGE
WITH SOMETHING TO DECLARE.

You've probably heard about the advan-
tages of programmable logic devices
(PLD’s) over conventional TTL. In
design flexibility, for example. Or
increased functional density. Perhaps
you've learned the hard way: a com-
petitor using PLD’s has beaten you to
market with a new product.

What you may not have heard,
though, is that just switching to PLD’s
isn't enough. You've got to
choose the right PLD design
language, too.

FREEDOM OF

CHOICE.

CUPL is the one

to any PLD design.
Whatever your PLD
device. Whatever your pro
grammer. Whatever your
design workstation. And
whatever form of design expr
you choose. With CUPL, you can even
write a logic specification for a PLD
before you decide on the target device.

And that means simplified train-
ing. Common data structures and
design rules. Consistent documenta-
tion and testing. Instant adaptability to
new devices. The productivity gains
with CUPL just keep mounting. In the
design cycle. And in production.

POWER TOOL.
CUPL is the most powerful high-level
design language for PLD’s. It incorpo-
rates features like macro substitution,
free-form comments, indexed variables
and parenthetical capability, to speed

CUPL pro-
vides superior
state machine

capability, and

supports all

popular models

of logic descrip-
tion, including
truth tables and
high-level equations.
CUPLSs logic minimizers (3
1), and deMorgan expan-
sion capability are unequalled.

And CUPLs documentation out-
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The fastest a thrugh customs.

put file gives you invaluable feedback
on your design’s progress. These fea-
tures, plus continual enhancements,
make CUPL the benchmark in PLD
design languages — flexible and power-
ful enough for the most sophisticated
logic designer’s needs.

Call P-CAD’s Assisted Technology
Division now for additional infor-
mation, at (800) 523-5207. (In CA:
(800) 628-8748.) Or write: Personal
CAD Systems, Inc., 1290 Parkmoor Ave.,
San Jose, CA 95126. TELEX: 3717199.

Because getting held up in
customs can be an unsettling
experience.

CUPL. THAT’S
THE BENCHMARK.

From the
Assisted Technology Division

p-cad

THE BENCHMARK



Bt101. Triple 8-bit VIDEODAC, 50 &
30 MHz, Monolithic, +5v CMOS,
40-pin CERDIP

Bt106. 8-bit VIDEODAC, 50 &
30 MHz, Monolithic, +5v CMOS,
20-pin 0.3” CERDIP,

Bt450. 4-bit RAMDAC, 16 x 12 Color
Lookup Table, 70, 50 & 30 MHz, Mono-
lithic, +5v CMOS, 28-pin CERDIP

Bt102. 8-bit VIDEODAC, 75 MHz, Bt103. Triple 4-bit VIDEODAC, 75 &
Monolithic, +5v CMOS, 22-pin 0.3" 30 MHz, Monolithic, +5v CMOS,
CERDIP 28-pin CERDIE.

Bt444. 4-bit VIDEODAC, 40 MHz, Bt452. 4-bit RAMDAC, 16 x 12 Color

Hybrid, +5v CMOS, Pin-compatible Lookup Table, 40 MHz, Hybrid, +5v
VDAC 444TD. CMOS, Pin-compatible to RGB DAC 4TD.

Bt453. 8-bit RAMDAC, 256 x 24 Color Bt108. 8-bit VIDEODAC, 200 & 300
Lookup Table, 40 MHz, Monolithic, MHz, Monolithic, ECL interface,
+5v CMOS, 40 pin CERDIP. 28-pin CERDIP or 32-pin flat pack.

Flock of DACs.

We promised you the fastest-growing family of high to work to deliver solutions that help you build sys-
speed, high performance data converters and display tems worth bragging about. That’s the Brooktree way.
and imaging ICs. And we've delivered. Make it yours.

Our highly-integrated approach to DAC design For samples, evaluation kits, or the location
gives you monolithic parts where before you had to settle of your nearest Brooktree representative, call our
for hybrids, provides TTL-compatible CMOS compo- DAC hotline, 1-800-VIDEO IC. Brooktree Corporation,

nents where before you had to use power hungry, com- 9950 Barnes Canyon Rd., San Diego, CA 92121,

plex ECL solutions, and delivers bipolar converters

619/452-7580.

running at speeds that make high resolution systems TLX 383 596. Blml I | . E ETM

We'll continue to unveil a flock of important
new DACS iIl coming mO]’lthS, puttlng our technology Brooktree, VIDEODAC and RAMDAC are trademarks of Brooktree Corporation.

eminently practical.

©1985 Brooktree Corporation. Pat. Pending.
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Products

Cache memory, burst keep
Multibus Il controller on fast track

One of the first disk controllers for
Multibus II systems uses a number
of techniques—including caching
and a burst mode—to guarantee
high-speed. Ciprico’s Rimfire 2200
board also controls two SMD drives,
as well as up to seven SCSI-com-
patible tape or disk drives.

The controller for the 32-bit bus
carries either a 128- or 512-kbyte
cache. Using a look-ahead tech-
nique, the board selects information
to be stored in the dynamic RAM
cache, pulling sequential data that
follows the data requested by the
host. Users can determine how this
data will be retrieved, calling for full
disk sectors or such logical units as
4- and 8-kbyte increments. De-
pending on the configuration, the
cache hit rate can be as high as 90%.

The 2200 employs a gate array to
quickly transmit small amounts of
data, keeping the bus free for other
devices. This burst feature transmits
up to 32 bytes at 10 Mbytes/s, much
faster than the 6 Mbytes/s used for
sustained transfers. In some in-
stances, large files can be trans-
ferred in a series of short bursts,
leaving the bus open part of the time
instead of locking it up for a lengthy
transmission at the lower rate.

To further speed system through-
put, the board holds commands
from the host in a queue. This tech-
nique lets the host quickly offload
commands, optimizing performance
by eliminating unnecessary steps.
For instance, if the host calls for five
sequential files, the controller will

Terry Costlow

combine the five retrieval com-
mands into one, thus minimizing
head movement and communica-
tion time. An Intel 80186 handles
this and other housekeeping tasks.

The card is designed for 24-MHz
SMD drives but is fitted with an
SCSI port to simplify integrating
the tapes needed for backup. Since
up to seven devices can tap into this
port, both disk and tape drives can
be attached.

A monitor logs the number and
type of commands from the host and
the number of cache hits and other
statistics. That information can be
used to alter the system config-
uration to improve performance.
The card also incorporates 48-bit
error correction coding and the

| Interrupt
| control

SCsi
port

SMD
interface

Cache

dynamic RAM
(128 or 512 kbytes)

scatter/gather commands used in
multitasking.

A 5-V version of the 2200 draws
10 A maximum; the 12-V model
draws less than 1 A at all times. A
model which uses a small daughter
board for interfacing will be offered
until the Message Passing Co-
processor, which is being developed
specifically for Multibus I commu-
nications, becomes available later
this year. Preliminary pricing is un-
der $4000 in small OEM quantities.
Production shipments will begin in
July.

Ciprico Inc., 2955 Xenium La.,
Plymouth, MN, 55441; Stu Reile,
(612) 559-2034.
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Static RAM (16 or 64 kbytes)
and EPROM (64 kbytes)

Muiltibus Il
interface:
message-
passing
coprocessor
(MPC) or
docket board |

Short-burst,
gate-array
FIFO

Ciprico’s Rimfire 2200 uses an 804186 processor to manage the static
RAM cache and communications between the host and the board.
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Products

SCSI controllers have the muscle

to handle 1.3 Gbytes at one node

Designers who assumed that the
embedded SCSI (Small Computer
Systems Interface) controllers were
strictly for low-end hard-disk drives
will reevaluate their opinions when
they see Fujitsu America’s trio of
controller boards. The M1053B and
M1053B-D are meant to ride piggy-
back on Fujitsu’s M2333 hard disk
drives—8-in. drives with 337
Mbytes of formatted capacity. In
fact, up to four of these drives can be
daisy-chained to the same control-
ler, delivering up to 1.35 Gbytes on
the same SCSI node.

Both the M1053Band M1053B-D
respond to the full SCSI common
command set, though the latter’s

Stephan Ohr

differential cable drivers and re-
ceivers furnish slightly better noise
immunity over longer cables. The
SCSI common command set em-
bodied in the M1053B controllers
allows the disk drive to be addressed
as intelligent 1/O device, regardless
of capacity, and to off-load data
management tasks from the host
computer. All devices responding to
the common command set (regard-
less of manufacturer) will accept
FORMAT, READ, WRITE,
READ CAPACITY and SEND
DIAGNOSTIC commands from
the host. An extended read and ex-
tended write command facilitate the
transfer of very large data blocks be-
tween host and disk drive.
Engineers can select a one-to-one
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sector interleave (for the highest
performance) or may increase the
interleave up to nine times. The sec-
tors may be set at 256, 512, or 1024
bytes. The SCSI bus transfers asyn-
chronous data at 1.5 Mbytes/s;
synchronous data is passed at up to
2.5 Mbytes/s. Between the control-
ler and the drive is an H-SMD inter-
face, which allows a 2.458-Mbyte/s
transfer.

The M1053B and M1053B-D
controllers will be available late in
the summer. A version of the SCSI
controller board for the popular
Fujitsu Eagle XP, a 689-Mbyte
10'/2-in. H-SMD drive will also be
available later this year. The card,
the M1053E-D enables up to four
eagles to be daisy-chained, provid-
ing a record capacity of 2.75 Gbytes
at one SCSI node.

Fujitsu America also will intro-
duce an IPI-2 interface for its
337-Mbyte 8-in. drive. The new
drive, the M2333-P, supplies the
16-bit data path called for in the IPI
specifications and works with up to
50-meter cables. However, the
M2333-P will not implement
the full 10-Mbyte/s IPI transfer
rate. Instead, it will settle for
2.46 Mbytes/s, the same as today’s
H-SMD drives.

Pricing for the SCSI controller
cards was not set by press time. That
information can be obtained from
the company.

Fujitsu America Inc., 3055 Or-
chard Dr., San Jose, CA 95134;
Mike Gamerl, (408) 946-8777.
CIRCLE 318
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CUT THROUGH YOUR
DESIGN I.IMI'I'ATIONS e

. and cut costs in the process.

Teledynes new TSC500
eliminates the digital element of a
normal A/D Converter to allow the
precision analog processor to work
optimally with your microprocessors.
Your microprocessor software com-
pletes the A/D conversion process

. giving you even more flexibility
with lower cost.

Some capabilities that a TSC500/
MPU-based product offers:
® Variable length conversions

trading resolution for speed
m Digital error correction schemes
m Signal linearization
® Automatic range changing

Linearity is 0.005%, an Auto
Zero phase eliminates zero error
and drifting; input polarity determina-
tion is automatic. CMOS construction
gives 10mV power dissipation, and
the smaller sized 16-pin DIP package
saves space. The input current is
only 10pA.

For more intormation on the

TSC500 call (415) 968-9241 or
use the convenient coupon below.
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»™TELEDYNE SEMICONDUCTOR

1300 Terra Bella Avenue e P.0. Box 7267 e Mountain View, CA 94039-7267 e (415) 968-9241

[] Please send me more information on the TSC500 [ Please have a Teledyne salesperson call me.
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Products

Opftical disk subsystem edits and

revises data on write-once disks

An optical disk subsystem is proving
the term “write once” something of
a misnomer, since it enables the
computer system in which it is in-
stalled to revise data stored on such
disks. That ability enables users to
side-step expensive systems that em-
ploy erasable optical disks. Further,
Zetaco’s LRS-10 incorporates an
SCSI controller board that is com-
patible with most Data General sys-
tems, thereby simplifying integra-
tion with that equipment.

The controller board uses dual
processors and a full megabyte of
RAM to handle what is called a
“scrub/append” operation, which
blocks out obsolete data and places

Terry Costlow

updated information on another
area of the disk. When the data is
changed, a flag bit is written on the
disk before the unwanted data.
When the drive subsequently reads
the flag bit, it will check the control-
ler’s memory for the location of the
revised data.

To keep throughput rates from
falling sharply during those
searches, the controller processes
communications between the drive
and the host in parallel. An 80186
handles all exchanges with the host,
and a bit-slice processor manages
SCSI commands. The worst-case
access time is 330 ms. Single track
accesses, which represent best-case
scenarios, take 8 ms, and the aver-
age access time is 150 ms. The data
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transfer rate can reach a maximum
of 1.2 Mbytes a second.

The basic subsystem stores 1
Gbyte. Capacity can be expanded
by adding another drive (the con-
troller can handle four drives) or by
adding a juke box mechanism that
switches platters. The latter tech-
nique lets users access data stored on
up to 20 platters. In this application,
the controller card will store ad-
dresses and other data for each plat-
ter. Since the controller operates
with any SCSI drive, a magnetic
disk can be added for storage of data
that will change often.

The optical disk subsystem is
compatible with Data General’s Ar-
gus disk emulation software, oper-
ating under the AOS/VS, RDOS,
and AOS operating systems. The
first versions of the board will fit
Data General’s MV series comput-
ers, with versions for other systems
being introduced throughout the
coming year.

The controller card draws 8 A at
5 V. Thedrive’s power consumption,
as well as track density and other
guidelines, will depend on the type
of drive used. The optical disk pack-
age will have a maximum size of 19
by 26 by 10.5 in.

Subsystems will vary with config-
uration and capacity; the base price
of asingle LRS-10is $25,000. OEM
discounts are available. Delivery
takes 30 days.

Zetaco Inc., 6850 Shady Oak
Rd., Eden Prairie, MN 55344,
(612) 941-9480.
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PEOPLE
BUY OUR

EMULATORS

FORNO
PARTICULAR

Actually, there are plenty of reasons
to buy an in-circuit emulator from
Sophia Systems. It's just that one is as
good as the next. For instance:

With Sophia, you can test in “true”
real time. With no wait states. Ever.

We can emulate your entire sys-

tem (even the initialization routine)
without tying up your host.

We offer full symbolic support for

Intel OME, Intel Hex, Motorola Sand
Tekhex applications.

To isolate errors quicker, we pro-

vide up to 24 hardware and soft-
ware breakpoints.

Our emulators support popular

8- and 16-bit microprocessors
from Intel, Motorola, Zilog, NEC and
Hitachi.

You can create custom batch

commands, then execute them
with a single keystroke, thanks to our
full emulation Command Language.

We work with a variety of hosts

including DEC* VAX, Intel, IBM* PC,
PC/XT or PC/AT and their compatible
high-level languages.

And we even made our emulators
portable, so you can take them
wherever you need them.

REASON.

Of course, there are a lot more
reasons where these came from. But
the best way to see what makes our
emulators so powerful is to see one
for yourself.

To arrange a demonstration or for
more information, call 800/824-9294.

In California, call 800/824-6706.

Sthia!
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MICROPROCESSOR DEVELOPMENT
SYSTEMS & IN-CIRCUIT EMULATORS

U.S. & European Headquarters: Sophia Computer Systems. Inc., 3337 Kifer Road, Santa Clara, CA 95051 Corporate Headquarters: Japan, Sophia Systems Co., Ltd. NS Bldg. 2-4-1, Nishishinjuku, Shinjuki-ku, Tokyo 160. 03-348-70( )86,

Sophia Computer Systems. Sophia Systems is

1 trademark of Sophia Computer Systems, In

DEC and IBM are re

See us at Electro Booth #2102/2104.

gistered trademarks of Digital Equipment Corp. and International Business Machines Corp., respectively



Products

Uninterruptible regulated supply

feeds computers up to 480 kVA

One of the first fully electronic unin-
terruptible power supplies able to
compete with large motor gener-
ators, delivers from 15 to 480 kVA
to mainframe and minicomputer in-
stallations. The Upstar system,
designed at Modular Power, is in-
tended for mainframes operating
with 208, 220, 380, 415, 460, or
480 V ac (three-phase) at fre-
quencies ranging from 32 to 512 Hz.

Upstar performs two functions: It
regulates the line voltage to the com-
puter system in the event of a brown-

Stephan Ohr

out or momentary loss of power. It
also converts battery power into us-
able ac power in the event of a com-
plete loss of ac line voltage. The out-
put voltage regulation is within
+2% for a 25% line power drop;
+ 5% for a 50% drop; and + 8% for
a complete power loss.

In the operation of the uninter-
ruptible power supply, ac is con-
verted to dc and back to ac again.
Any power-line disturbance is cor-
rected by a dc battery back-up. The
Upstar’s 50-kHz switching frequen-
cy reduces size, increases efficiency,
and allows the unit to recover to 1%
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of the full power in 50 ms.

The supply’s design eliminates
line frequency transformers and
uses a number of digital LSI compo-
nents, thus decreasing the size and
increasing the efficiency of the unit.
With an overall efficiency of 94%
and a power factor better than 0.96,
Upstar actually wastes less line
power than conventional uninter-
ruptible power supplies or motor
generators. Uninterruptible systems
generally deliver an efficiency in the
range of 82% to 92%, with a 0.75 or
0.80 power factor. Motor generators
are 85% efficient, witha 0.50t0 0.85
power factor. On a 100-kW system,
Upstar’s power savings can be close
to 100 megawatt-hours each year.

The units are built around 9 by 9
by 16 in. modules that furnish up
to 15 kVA of power backup. Up to
32 modules can be connected for a
total output of 480 kVA. The cabi-
nets housing these modules are usu-
ally 34 in. wide and 38-in. deep,
varying in height according to the
kVAs required. It’s ambient noise is
less than 60 dB.

The Upstar carries a 200,000-
hour MTBF rating and includes a
microprocessor-controlled mon-
itoring system. Changes in condi-
tions are recorded and displayed on
an integral, or remote, CRT.

Prices for the system start at
$30,000. Delivery is within 90 days.

Modular Power Corp., 1150
Ringwood Ct., San Jose, CA
95131, Christine Effinger, (408)
263-7010.
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_ SEMICONDUCTOR
~ TECHNOLOGY SOLVES.
1/CEPT IMPLEMENTATION
- INACMOSCHIP .

Replace up to 100 MSI
. : : ; devices with the world's first
. : - single-chip PCM transceiver.

Designed for worldwide
primary rate applications,
the R8070 from Rockwell
International is a telephony
breakthrough. This single-
chip solution accommodates
all primary telephone carrier
requirements in both North
America and Europe. The
R8070 T-1/CEPT operates
with AT&T extended framing,
Clear Channel, and European
CEPT formats.

Save on power, design engi-
neering and component costs.

As a single-chip, CMOS
transceiver, the R8070 mini-
mizes board space require-
ments with its VLSI imple-
mentation. It significantly
reduces power consumption,
saves on component costs and
reduces engineering design
investment as well. To find
out how the R8070 can help
you build your next genera-
tion T-1/CEPT communications
system, talk to your Rockwell
distributor or sales representa-
tive or send for complete tech- =
nical literature today.

Semiconductor Products Division
. Rockwell International, PO. Box C,
. v M.S. 501-300, Newport Beach, CA 92658-8902
(800) 854-8099 In California (800) 422-4230

b . : : ‘ Rockwell .
' International 2

'] ...where science gets down to business

R Aerospace / Electronics / Automotive
. General Industries / A-B Industrial Automation
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Products

To date, voice mailbox systems have
been restricted to high-performance
and expensive Multibus and VME-
based designs. The cost of such sys-
tems has taken a sharp drop, thanks
to Votan’s 4122, a voice mailbox
that can be built around an IBM PC
XT. The system’s price is not its only
appeal: It also is the first to respond
to a user’s spoken commands.

The 4122 employs two Votan
voice cards and handles 90 users,
each making five calls a day. The
4144 is based on Sperry’s IBM look-
alike. It works with four cards, han-
dling up to 250 users. Each card car-
ries both a 6809 microcomputer and
a TMS300 digital signal processor

Voice mailbox starts PC XT talking

to unburden the host CPU.

The voice board is loaded with
a custom chip that compresses
64-kbit /s voice streams down to
16 kbits a second. (Other manufac-
turers compress data streams to 32
kbits a second.) Votan’s 16-kbit/s
level allows the company to imple-

ment a system in a “low-per-
formance” personal computer. It
also lessens the need for disk stor-
age systems.

The systems are available within
30 days. The 4122 is fitted with a
30 Mbyte disk that retains 7.5 hours
of stored messages. It costs $11,950.
The Sperry-based 4144, with its
60-Mbyte disk, stores up to 15 hours
of messages and costs $19,950. An
interactive phone demonstration is
available by calling (415) 490-7979.

Votan Inc., 4487 Technology
Dr., Fremont, CA 94538; Marilyn
Wilson, (415) 490-7600.
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100% GAL.

To order, call Kierulff Electronics 1-800-367-7767 or Lattice Semiconductor Corp., 15400 N.W. Greenbrier Pkwy., Beaverton, OR 97006, Phone: (503) 629-5299, Telex: 277338 LSC UR, FAX: (503) 645-7921

1986 Lattice Semiconductor. PAL and PALASM, CUPL, and ABEL are

registered trademarks of Monolithic Memories, Inc., Assisted Technology/P-CAD Systems, and Data /O Corp. respectively. GAL and Generic Array Logic are trademarks of Lattice Semiconductor Corp. LATTICE Sales Offices: Laguna Hills, CA, (714) 855-3002, San Jose, CA, (408) 371-6931,
Norcross, GA, (404) 448-5850, Burlington, MA, (617) 273-4545, Hanover, MD, (301) 796-4413, Bloomington, MN, (612) 831-8248, West Caldwell, NJ, (201) 882-1900, Irving, TX, (214) 252-4041, London, 011-44-344-482-888, FAX 011-44-344-485-210, Telex 847096, Paris, (33) 1 69077802,

TeleFAX 33 14 2885503
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Thermal printer aids CAD/CAE

One of the first thermal printers
with a 64-tone gray scale fills an
81/2-by-11 in. page in about 40 sec-
onds. The speed of Seikosha’s
VP-115 suits it to CAE/CAD work-
station activities, computer imag-
ing, and other graphics applications
that call for rapid screen dumps.
The VP-115 inputs are raster
video signals with up to 620 lines
and 7-MHz scan rates. A 6-bit
analog-to-digital converter changes
the light intensity in the composite
video into a comparable density
level for thermally transferred dots.
The printer’s built-in screen-
dump utilities print high contrast
text with a resolution of 300 dots/in.

and creates images with a resolution
of 75 dots/in. The highest dot den-
sity is used to represent the darkest
regions of a screen, while the sparse
dot regions represent light areas of
the screen. Because it extracts the

luminance (light level) of a video
signal, it can convert composite
color into a grey scale image.

The VP-115 is also intended to
support x-ray, CAT-scan and other
medical imaging applications. Be-
cause of its low noise level, below 45
dB ambient, the printer can fit well
in quiet hospital or laboratory envi-
ronments.

Priced at $4700, the VP-115 is
available now from stock.

Seikosha Co. Ltd., 10080 N.
Wolf Rd., SW 3/249, Cupertino,
CA 95014, Phil Strong (408)
446-5820.
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INTRODUCING GENERIC
ARRAY LOGIC

Still PLDing along? Meet GALs!
The 20-pin GAL16V8 and 24-pin
GAL20V8...your 100% programm-
able logic solution, made possible
by Lattice’s ultrafast E2CMOS™
technology. 100% bipolar-compat-
ible (truly, with 24mA output drive)
— both offer a tpy of 17ns typical,

25ns worst-case over temperature.

With 100% programming yields...
and 100% + architectures.
Generic means they take any
architecture — odd, even, or
even unknown.

QUARTER YOUR POWER
WITH E2CMOS

GALs, the fastest CMOS PLDs,
won’t burn up your boards, power

supplies (or fingers). Plug in our
GAL devices and you've instantly
cut power consumption — without
sacrificing performance. Quarter-
power GALs run cool at typically
30 mA.

100% YIELD —
GUARANTEED

98%gr08ramming yield? Forget
it. E2CMOS technology guaran-
tees a quality level in parts per
million, not parts per hundred.
Only multiple-tested E2CMOS

GAL devices give you 100% guar-

anteed programming yield without
incoming QA. Buy one device type,
not a whole catalog of parts. Then
take your GAL devices straight to

the manufacturing floor.

STANDARD
PROGRAMMING TOOLS
No need to waste money on new
boxes. If you're already using pro-
grammable logic, you can upgrade
to GAL devices immediately. Data
I/0, Stag, and other hardware will
program them, and standard soft-
ware like CUPL® , ABEL™, and
PALASM® will compile your source
code. In most cases, your existing
master devices and JEDEC files
can be used without modification.
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*ANYTHING*EVERYTIMEINSTANTLY *

IN VOLUME NOW

Some day, all systems will be built
with the technology you can pro-
gram to be anything, everytime,
instantly: E2CMOS. Make your
move with Lattice GALs today.

LATTICE

SEMICONDUCTOR CORP



NICC Products

Speed, brains mark IPI-3 interface

One of the first full implementations
of the IPI-3 interface is here. IPI-3
furnishes both intelligent 1/O chan-
nels and high-speed data transfers
for the new generation of main-
frames and minicomputers. Cen-
tury Data’s IPI-Plus is an option for
the company’s AMS 600 HP, a full
storage cabinet that contains an IPI-
3 controller and 615 Mbytes of
14-in. disk storage.

In addition to the IPI-3 generic
command set, IPI-Plus supplies a
defect management system, which
presents a virtually defect-free me-
dia, a look-ahead buffer, and cache
memory. The look-ahead algorithm
recognizes the most frequently

accessed data tracks and automati-

cally transfers these to the cache.

Data access also is improved by a
data relocation algorithm that min-
imizes seek time by automatically
positioning the read heads over the
most frequently used data cylinders.
The foregoing features improves
throughput by 50%.

Working with the AMS 6000 HP
storage subsystem, the IPI-Plus in-
terface connects to a mainframe or
minicomputer via a user-designed
host adapter. Data transfers be-
tween the host and the storage
subsystem take place at up to
3 Mbytes/s. Future versions of IPI-
Plus will aim for 10 Mbytes/s.

The AMS 600HP with IPI-Plus
costs $14,500 in 200-piece quan-
tities. Delivery is within 30 days.

Century Data Systems, 1270
N. Kraemer Blvd., Anaheim, CA
92806, Renee Brown, (714)
999-2660.
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and Modular Connectors.

We manufacture every component we sell...and sell

directly to you.
We provide:

* 30 day availability on most production requirements.

* On-time deliveries.

* Unlimited quantities.

¢ Quality controlled reliability.

¢ Complete custom design capabilities.
® Low manufacturer prices.

We also manufacture and sell, directly to you, an

extensive variety of mating cord sets and cable
assemblies.

Send today for our free catalog, or specify
samples and ordering information. See why the
direct route to Shogyo is the best route for you.

Shogyo Microminiature Jacks

‘
-
-

e -
T

1200 RE B@%

Specify Shogyo.

FREE
CATALOG

Shogyo International Corporation,
287 Northern Boulevard, Great Neck, NY 11021 (516) 466-0911
Telex: 12218 & 4758024 Cable: “SHOGYONEWYORK', Fax: (516) 466-0922
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Electronic components as good as your design.
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Speed and Spirit

100-350 MHz buffers from Elantec.

Speed and spirit. The unity
gain EL2003, 2004, and
2005. Blazing buffers.
Tested and guaranteed
minimum slew rates of
600, 2000, 1000 V/ps
respectively. Available
now from Elantec—your b
spirited supplier of high performance an S.

Driving speed up and cost down. The EL2003 100 MHz
video line driver boosts the output of high speed op amps
and video DACs. Our proprietary dielectric isolation process
makes it the lowest cost high-speed monolithic device for
driving 50€) or 75€) video lines. And built-in short circuit
protection makes it the safest.

Blazing speed. The EL2004 350 MHz FET input buffer/
line driver. The fastest device to buffer inputs for applica-
tions that require high current drive (up to 250 mA) and
high frequency response. Its 1.7 ns rise time also makes it
an ideal pin driver for ATE.

Ultra-high input impedance. The EL2005 140 MHz FET
input buffer’s cascode configuration maintains constant input
characteristics over the full =10V input range. Its 1000 G}

HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

input impedance is ideal for test instrumenta-
tion and high speed sample and hold applications.
The spirit of ’86. Elantec is revolutionizing the

standards for high-rel and high quality. Our blazing buffers

are available for the full military temperature range,—55° C
to +125°C, with screening and quality conformance testing
per MIL-STD-883 Revision C. And our facilities are among
the very few that are MIL-STD-1772 certified.

To keep you in the best of spirits we offer the industry’s
only two-for-one guarantee. Contact Elantec, Inc., 1996
Tarob Court, Milpitas, CA 95035, (800) 821-7429. In
California call (408) 945-1323.

Catch the spirit. Write us on your company letterhead
about your EL2003/2004/2005 application. We’ll send you
a free sample.

Distributed by GBL Goold Electronics — Gerber Electronics —
Hammond Electronics — Intercept Electronics — Nu Horizons
Electronics — Schuster Electronics — U.S. Hybrid Supply —
Wyle Laboratories — Zeus Components.
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OCCASIONALLY, EVERYONE
WISHES HE HAD ANOTHER

SHOT AT

HIS DESIGN.

There are some things man was not meant to
tamper with.

Semicustom circuits, for example. If you
happen to have second thoughts about your design,
you’re powerless to do anything about them.
Unless you have the luxury of lots and lots of time
and money. But when you’re trying to get your
products to market before the competition, extra
time is something you rarely have, and extra money
is something you never have.

Fortunately, there is help: Programmable
Logic Devices from Signetics. With Signetics PLDs,
you can make all the changes and tweaks you
like—without losing precious time. So you reduce
the risk of completing your design after it’s
too late to compete effectively in the marketplace.

What makes Signetics PLDs the most flexible,
most complete, best-supported PLD series in the
industry? A unique approach to sequencer archi-
tecture, for one thing.

It not only simplifies state machine designs but
also cuts the time it takes to build them.

It’s frightfully easy to use Signetics Program-
mable Logic. We provide software—free of charge

“IBM is a registered trademark of International Business Machines, Inc.

to qualified users—that turns an IBM* PC into a PLD work
station. The work station helps you to define your function
in terms of a Boolean equation or state transfer expression;
then you use the output to program the fuses, and your
circuit is ready to go.

Complete documentation and design simulation let '
you perfect your ideas to the nth degree. And if you have 1
any questions, a phone call to one of our field
applications engineers will get you the answers
fast.

There’s more you should know
about Signetics PLDs. For details v
and specs, just send in the coupon.

Signetics Programmable
Logic Devices.

Now you don’t
have to meddle with
forces beyond
your control.
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Yes, I'd like to know more about Signetics PLDs. Rush me the
specs ASAP.

| I
e I
NAME
I POSITION I
| COMPANY |
| Aboress |
| oy STATE ZIP I
| PHONE I
| Send coupon to: Signetics
811 E. Arques Ave., P.O. Box 3409 I
| Sunnyvale, CA 94088-3409 |
Attn: Publication Services, M/S 27 ED 5/29 M2J

LSl rom Signetics

a subsidiary of US. Philips Corporation

800-227-1817 Ext. 925C




Look at all the FACTs
that go into computers.

When it comes to computer de-
signs, there’s one fact you shouldn’t
overlook: Fairchild Advanced CMOS
Technology.

The highest performance CMOS
logic family available, FACT is a com-
prehensive, rapidly growing product
line. With a number of features ideal
for computer applications from PCs
to minicomputers.

Features such as higher speed.
FACT’s high-speed propagation
delays are better than 5ns for gate
functions and typically don't change
more than 2ns over the entire operat-
ing voltage range.

Power consumption is just as
impressive — typically 10 wW per gate
quiescent, the lowest in the field. In
fact, FACT uses 2-3 orders of mag-
nitude less power than any competing
technology. So your system reliability
and packing densities are enhanced,
power supplies can be made smaller,
and heat dissipation hardware can be
significantly reduced. In some cases,
it's done away with altogether.

And line driving characteristics?
FACT offers Iy/Io;, dynamic output
current drive specifications of — 75/86
mA. Which guarantees 50 () trans-
mission line driving and more efficient

bus driving. FACT’s very low output
impedance lets you drive highly
capacative nodes and bus architec-
tures common to all mini and
microcomputer applications. While
eliminating the need for any external
or additional buffering.

There’s still more:

FACT provides the highest noise
immunity available. Its input protection
diodes help suppress transient noise in
your application. And FACT is avail-
able in SOICs, and plastic
or ceramic DIPs.

For more infor-
mation and a free
FACT data book, call
your local sales office or distributor.
Or contact The Fairchild Customer
Information Center at 1-800-554-4443.

Because it’s time your computer
designs took advantage of all the
FACTs.

©1986 Fairchild Semiconductor Corporation. The FACT
logo is a trademark of Fairchild Semiconductor Corporation.
Ad Code C09

We’'re taking
the high ground.

T
FAIRCHILD
R it e e
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READER FEEDBACK

Where to find names of
C software suppliers

I was very interested in your March
20 Newsfront article, “Machine-
driven C Steps Up Pace of Unix
Parade” [p. 34]. | manage a soft-
ware team that does monitor and
control systems for Granger equip-
ment using IBM PC ATs. I have
been very closely following de-
velopments and new products in
Computer-Aided Software Engi-
neering and advanced methods and
tools for software design.

In the article you mention that
there are eight vendors offering
more than a dozen software gener-
ators for C. I would appreciate it if
you would send me a list of these
vendors and software packages.

[ will definitely continue to follow
future reports in ELECTRONIC
DESIGN and other publications on
this topic.

Michael Winkler

GMAP Systems
Santa Clara, Calif.

The author replies: The story men-
tioned several suppliers, others
are listed on p. 72 of the February
20 issue. The latter group deals
primarily with tools that speed up
code generation, rather than with
so-called applications generators.

Excess of managers
causing decline of U.S.

Carole Patton’s April 3 Professional
Notebook [p. 223] was superb. She
has put her finger on the reason for
the decline of the United States and
the rise of Japan. If the engineers
are out of engineering and the nit-
pickers and pebble-counters run
things via ever-increasing layers of
bureaucratic paperwork, what can
be expected other than a return to

the Stone Age (Early Neolithic)?
The Harvard Business School
maxim, “A good manager need
know nothing about what he man-
ages, only how to manage,” will go
on many tombstones, including
those of the Challenger astronauts.
When everyone is a manager, I ask,
who will work? As we say, “A man-
ager is like an artichoke; peel all the
layers off and nothing remains,” or
“The reason managers always swim
in circles is so they keep moving and

stay in the same place.”
Irv Barditch

Baltimore, MD

VLSI software models?
Don’t hold your breath

I would like to respond to the opin-
ions expressed by Nicholas Van
Brunt in your April 3 article, “Sim-
ulating Advanced ICs: Software vs
Chips” [p. 48]. As I see it, the crux
of Mr. Van Brunt’s thesis is that
physical modeling is far from per-
fect, is not available until the phys-
ical IC is actually available, and by
its very being, diffuses the pressures
that could “force chip makers to
supply a software model for each
chip.” Modeling therefore “gets in
the way of a real solution.”

I contend that the user commu-
nity cannot “force” IC manufactur-
ers to supply detailed software mod-
els for use in design simulation today
any more than it could nearly a de-
cade ago, when the automatic test
community first made the attempt.
The problem then, as now, was that
it was virtually impossible for the IC
manufacturer to supply a detailed
model of an IC without giving its
competition the perfect tools to engi-
neer and certify a copy. Even if IC
vendors could be persuaded to part
with a model, how “correct and

(continued on p. 300)
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WORLD’S
SMALLEST
DIP SWITCH

SAME SIZE
AS AN
IC

BETTER HEAT CONVECTION.

OLD DIP SWITCH

Tr —vT T

HIGH DIPS SHADOW LOW IC’S

NEW DIP SWITCH

: Gan = o | T v

THE LOW PROFILE K40 DIP IS
THE SAME SIZE AS AN IC

= . g Z

NO MORE HAND LABOR.

YOU CAN USE AUTOMATIC
INSERTION EQUIPMENT!

If you don’t have automatic insertion equip-
ment, we're banking that some day you will. To
prove that, we'll charge you the same low price
for all your purchases—no more need for the
low-volume premium prices you're paying now.

AVAILABLE IN
2,3,4,5,6,7&8
POSITIONS

FREE SAMPLE!

WITH STAPLED BUSINESS
CARD TO YOUR LETTERHEAD

AMERICAN RESEARCH
& ENGINEERING |
1500 EXECUTIVE DRIVE
ELGIN, IL 60120
12-888-7245

atnr do (¥ b0
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Why Ando’s “New Generation”

VLS| Testers Are

B 100MHz Speed
Il 1024-Pin Testing
I Dual CPU Architecture

In the face of today’s advances—
like higher pin counts, faster speeds,
application-specific ICs and the
like—you can't afford to be left
behind. That’s why Ando has
created our new DIC-9000 series
of VLSI test systems.

They’re Fast, They’re Capable
With test speeds up to 100MHz and
simultaneous testing of up to 1,024
I/O pins, these testers are ready for
the most sophisticated R&D lab.
They're also ideal for the inspection
or production line, too.

They Link Up

The dual 32-bit CPU architecture
means DIC-9000-series testers can
be easily linked to CAD or factory

automation systems, guaranteeing
the utmost in overall throughput.

They Get Down to Business
Leading off is the DIC-9035 VLSI
Test System, featuring testing of

a full 512 1/O pins with £500ps
accuracy. Three different types

of stations are available for testing
high-pin-count gate arrays and
scan-design ICs; high-speed MPUs
up to 32 bits; ECL and GaAs; the
list goes on and on. Dual CPUs,
DC/pin architecture and parallel
testing mean better performance
and throughput, too.

Want to hear more about this
remarkable new generation?
Contact your nearest Ando sales
office. Or better yet, come see

us at Semicon West.

Bl ANDOoO

ANDO CORPORATION

The DIC-9035 VLSI Test System

Test Rate 100MHz (link mode)
50MHz (normal mode)
Pin Count 512 |/O pins, 256 |/O pins,
or 128 1/O pins
Test Stations General-purpose station
(Driver: 12Vp-p)
Bipolar station (Driver: 2.5Vp-p.
Comparator: —3to +5V)
Low capacitance station
(Driver: 7 Vp-p,
Input capacitance: 30pF)
Total Timing Accuracy *500ps
Timing Generator 46 edges max.
Pattern Memory 512k words max.
Algorithmic Pattern Generator*
14X, 14Y, 18 data
Serial Pattern Generator*
1CH x 8M words to
32CH x 256k words
DC Measurement Universal type;
16 units/station; PMU/pin
Parallel Testing Available

*ALPG and SPG output can be connected to any
tester pin via pin selector.

480 Oakmead Parkway, Sunnyvale, CA 94086 Phone: (408) 738-2636M7617 Standish Place, Rockville, MD 20855 Phone: (301) 294-3365
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UPCOMING MEETINGS

1st Annual High Frequency Power
Conversion Conference & Exhibition,
May 28-30. The Cavalier Resort, Vir-
ginia Beach, VA. Sam Davis, Confer-
ence Director, ¢c/o Intertec Communi-
cations, 2472 Eastman Ave., Bldg. 34,
Ventura, CA 93003; (805) 658-0933.

40th Annual Frequency Control Sym-
posium, May 28-30. Marriott Hotel,
Philadelphia, PA. Dr. J. Vig, U.S.
Army Electronics Technology & De-
vices Lab, ATTN: SLCET-EQ, Fort
Monmouth, NJ 07703; (201) 544-
1510.

1986 VLSI Technology Symposium,
May 28-30. Hotel Intercontinental,
San Diego, CA. Moiz M. Beguwala,
Program Chairman, Rockwell Inter-
national, MS 501-369, Semiconductor
Products Division, 4311 Jamboree
Rd., P.O. Box C, Newport Beach, CA
92660; (714) 833-4712.

1986 International Summer Consumer
Electronics Show, June 1-4. McCor-
mick Place, Chicago, IL. Allan Sch-
losser, Staff Vice President, Consumer
Electronics Group, 2001 Eye St.
N.W., Washington, D.C. 20006; (202)
457-4919.

Vision ’86 Applied Machine Vision
Conference & Exposition, June 2-5.
Cobo Hall, Detroit, MI. Machine Vi-
sion Assoc. of the Society of Manufac-
turing Engineers, 1| SME Dr., P.O.
Box 930, Dearborn, MI 48121; (313)
271-1500.

Advanced Infrared Detectors and Sys-
tems Conference, June 3-5. London,
England. Conference Services, Insti-
tution of Electrical Engineers, Savoy
Place, London WC2R 0BL, England;
(+44) 1240 1871.

Circuit Expo '86 West, June 3-5. Long
Beach Convention Center, Long
Beach, CA. Mary Burns Sheridan,
Worldwide Convention Management
Co., P.O. Box 159, Libertyville, IL
60048; (312) 362-8711.

Power Europa ’86, Power Supply and
Conversion Conference & Exhibition,
June 3-5. Rhein-Maine-Halle, Wies-
baden, West Germany. TCM Exposi-
tions Ltd., Exchange House, 33 Sta-
tion Rd., Liphook, Hampshire GU30
7DN, England; (0428) 724 660.

6th International Conference on Robot
Vision & Sensory Controls (RoViSeC-
6), June 3-5. Paris, France. IFS Con-
ferences Ltd., 35-39 High St., Kemp-
ston, Bedford MK42 7BT England;
(+44) 234 853605.

3rd International Conference on La-
sers in Manufacturing (LIM-3), June
3-5. Paris, France. IFS Conferences
Ltd., 35-39 High St., Kempston, Bed-
ford MK42 7BT, England; (+44) 234
853605.

5th European Semiconductor Industry
Dataquest Conference, June 4-6. Ven-
ice, Italy. Cochrane Communications
Ltd., CCL House, 59 Fleet St., Lon-
don EC4Y 1JU, England; (+44) 1
353 8807.

3rd International VLSI Multilevel In-
terconnection (V-MIC) Conference,
June 9-11. Santa Clara Marriott Ho-
tel, Santa Clara, CA. Dr. Thomas E.
Wade, General Chairman, [EEE
VLSI Mutlilevel Interconnection Con-
ference, College of Engineering, Uni-
versity of South Florida, Tampa, FL
33620; (813) 974-3786.

Conference on Lasers and Electro-
Optics (CLEO ’86), June 9-13. Mo-
scone Convention Center, San Fran-
cisco, CA. CLEO ’86, Optical Society
of America, 1816 Jefferson Pl. N.W.,
Washington, D.C. 20036; (202)
223-0920.

14th International Conference on
Quantum Electronics (IQEC ’86), June
9-13. Moscone Convention Center,
San Francisco, CA. IQEC 86, Optical
Society of America, 1816 Jefferson Pl.
N.W., Washington, D.C. 20036; (202)
223-0920.

4th European Comdex International
Conference & Exposition, June
10-12. The Acropolis, Nice, France.
Comdex International, The Interface
Group, 300 First Ave., Needham, MA
02194; (617) 449-6600.

International Conference on Power
Electronics and Variable Speed Drives,
June 10-12. London, England. Con-
ference Services, Institution of Elec-
trical Engineers, Savoy Place, London
WC2R OBL, England; (+44) 1 240
1871.

(continued on p. 124)
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tough
attenuators

DC to 1500 MHz
only S 1199149
IN STOCK...IMMEDIATE DELIVERY

* rugged one-piece construction
« available with BNC, N, SMA, TNC
» male/female connectors standard

 available with_ . .
connector series intermixed

* 2W maximum power
(0.5W for SMA)

+ VSWR DC t01000 MHz <1.3:1
VSWR 1000 to 1500 MHz <1.5:1

« excellent temperature stability
(0.002dB/°C)

* exclusive 1 year guarantee

SPECIFICATIONS

MODEL ATTEN.  ATTEN. TOL.
—AT-3 3dB +0.2 dB
—AT-6 6 dB +0.3dB
—AT-10 10 dB +0.2dB

20 dB +0.3dB

I:AT—ZO

Add prefix € for BNC ($11.95)
T for TNC ($12.95)
N for Type N ($15.95)
S for SMA ($14.95)

setting nigner lard
- - - -
[ Mini-Circuits
A Division of Scientific Components Corporation

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telexes: 6852844 or 620156
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Enclosures
& power
supplies for
FLOPPY,

TAPE DRIVES, - i
SINGLE ==
BOARD
COMPUTERS
&

$-100
SYSTEMS.

8 inch
5inch
3inch

e

z e

CUSTOMIZING i
AVAILABLE

Call or write
for free
catalogs
and
application

'Ji
L

—INIEGRAND
RESEARCH CORPORATION

8620 Roosevelt Ave. * Visalia, CA93291
209/651-1203

TELEX 5106012830 (INTEGRAND UD)
EZLINK 62926572

We accept BankAmericard/VISA
and MasterCard
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UPCOMING MEETINGS

(continued from p. 123)

NEPCON East ’86 Electronics Pack-
aging, Production and Testing Confer-
ence & Exposition, June 10-12. Bay-
side Exposition Center, Boston, MA.
NEPCON East 86, Cahners Exposi-
tion Group, 1350 E. Touhy Ave., P.O.
Box 5060, Des Plaines, IL 60017;
(312) 299-9311.

1986 National Computer Conference
& Exhibition (NCC ’86), June 16-19.
Las Vegas Convention Center, Las
Vegas, NV. NCC 86, American Fed-
eration of Information Processing So-
cieties (AFIPS), 1899 Preston White
Dr., Reston, VA 22091; (800) NCC-
1986.

ISC EXPO ’86 Central, International
Security Conference & Exposition,
June 19-21. O’Hare Exposition Cen-
ter, Rosemont, IL. ISC EXPO’86
Central, Cahners Exposition Group,
Cahners Plaza, 1350 East Touhy Ave.,
P.O. Box 5060, Des Plaines, IL 60017;
(312) 299-9311.

1986 IEEE Computer Vision and Pat-
tern Recognition Conference & Ex-
hibition, June 22-26. Fontainbleau
Hilton Hotel, Miami Beach, FL. Dr.
Linda Shapiro, Conference Chairman,
Machine Vision International, 325 E.
Eisenhower Pkwy., Ann Arbor, MI
48104; or IEEE Computer Society,
1730 Massachusetts Ave. N.W |
Washington, D.C. 20036; (202)
371-0101.

7th Power Modulator Symposium,
June 23-25. Hyatt Seattle, Seattle,
WA. Leslie Gallo, Program Secretary,
Palisades Institute for Research Serv-
ices Inc., 2011 Crystal Dr., 1 Crystal
Pk., Ste. 307, Arlington, VA 22202;
(703) 769-5580.

Automatic Test Equipment (ATE) East
’86 Conference & Exhibition, June
23-26. World Trade Center, Boston,
MA. Morgan-Grampian Expositions
Group, 1050 Commonwealth Ave.,
Boston, MA 02215; (617) 232-3976.

CPEM ’86, Conference on Precision
Electro-Magnetic Measurements,
June 23-27. National Bureau of Stan-
dards, Gaithersburg, MD. CPEM ’86
Technical Program Chairman, Nor-
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man B. Belecki, National Bureau of
Standards, B146, Metrology, Gai-
thersburg, MD 20899; (301)
921-2715.

4th European Fiber Optics Communi-
cations & Local Area Networks Ex-
hibition (EFOC/LAN ’86), June
23-27. International Congrescentrum
Rai, Amsterdam, The Netherlands.
Joan Barry, Information Gatekeepers
Inc., 214 Harvard Ave., Boston, MA
02125; (617) 232-3111.

Power Electronics Specialists Confer-
ence (PESC ’86), June 23-27. Univer-
sity of British Columbia campus, Van-
couver, B.C., Canada. Peter Wood,
Westinghouse R&D Center, 1310
Beulah Rd., Pittsburgh, PA 15235;
(412) 256-2306.

23rd Design Automation Conference
& Exhibition (DAC ’86), June 29-July
2. Las Vegas Hilton, Las Vegas, NV.
DAC ’86. Donald E. Thomas, Pro-
gram Chairman, IBM Thomas J.
Watson Research Center, P.O. Box
218, Yorktown Heights, NY 10598.

International Workshop on Systolic
Arrays, July 2-4. University of Ox-
ford, Oxford, England. Dr. Will
Moore, Secretary, Systolic Array
Workshop, Dept. of Engineering Sci-
ence, University of Oxford, Parks Rd.,
OXFORD, OXI 3PJ, England; 0865
59988.

4th Annual Personal Computer (PC
’86) Exposition & Conference, July
9-11. Jacob K. Javits Convention
Center, New York, NY. PC Expo, 333
Sylvan Ave., Englewood Cliffs, NJ
07632; (201) 569-8542.

British Information Technology (Bri-
tec ’86) Conference & Exhibition on
Engineering Software, July 14-16.
Hilton Hotel at Colonial, Wakefield,
MA. Dr. C. A. Brebbia, Compu-
tational Mechanics Inc., Ste. 6200,
400 W. Cummings Pk., Woburn, MA
01801; (617) 933-7374.

15th Annual International Parallel
Processing Conference, Aug. 19-22.
Pheasant Run Resort, St. Charles, IL.
1986 International Conference on
Parallel Processing C/O IEEE Com-
puter Society, 1730 Massachusetts
Ave. N.W., Washington, D.C. 20036.



Two of our best

14 day full money back guarantee

2 year warranty

HRAMELS

Instruments

Performers

HM 205

an outstanding Oscilloscope
‘with digital storage

This new oscilloscope offers all the fea-
tures of a state-of-the-art 20 MHz realtime
instrument. In addition it provides digital
storage capability for signals between 50s
and 0,3ms duration, with a max. sampling:
rate of 100kHz. Especially when working
with comparatively slow phenomenae, the
HM205 can easily replace considerably
more expensive digital storage scopes.

2 Probes x1/x10 incl. $ 82090

HM 208

the high tech Storage Scope
with 20MHz sampling rate

The HM208's high sampling rate of max.
20MHz facilitates storing of relatively fast
single shot events. Max. memory is
4096 x8 bit, conveniently divided into two
independent blocks. XY-storage capability
enables easy viewing and recording of
characteristic curves and Lissajous figures.
An XY-recorder output and the optional
GPIB-Interface allow full integration in
automatic measurement systems. With
more than 5000 units sold, this is one of
Europe's bestselling digital storage scopes.

2 Probes x1/x10 incl. $ 238000

Write or call

HIRAMNMEL= .

88-90 Harbor Road

Port Washington, N.Y. 11050
= (516) 883.3837

TWX (510) 223.0889
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At Holmberg, we’re not handing you
- the same old lines.

What we are handing you is an outstanding line of
high-quality connectors:

D-Subminiature Printed Circuit Card Edge
« All plastic and metal shell - Low cost cantilever contacts

- .590 and .318 footprints

- Crimp-snap DIN

- Surface mount - Standard and reverse

Our design innovations can provide you with substantial
cost savings plus the greatest variety of mounting options
available. At Holmberg, we’ll do whatever it takes to make
your job successful.

| )):‘@HOLMBERG
a= ELECTRONICS
The Innovation Connection

P.O. Box 37, Inman, SC 29349 - 803/472-4141 - Telex 1l 810/690-2302
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IF ALL ENGINEERS SAW THINGS THE SAME WAY,
DIALIGHT WOULDN’T NEED 1,500,000 INDICATOR LIGHTS.

Suppose you saw the need
for an indicator light that wasn't
in the Dialight catalog.

In that unlikely event, we
would design and manufacture
exactly the light you envisioned.
And we would do it gladly.

After all, that's how we've
collected over a million designs.
And how we've become the
world'’s largest manufacturer of
indicator lights.

IT’SALL IN HOW YOU LOOK AT IT.

If you're like some engineers, |'§{
you'll see our indicators as a way | &4
to cut service costs. You'll want
to design in our ultraminiature
indicators with plug-in
replacement cartridges. They come in enough colors to
simplify even the most complex front panels. And they
make chonglng lamps a snap.

If a service call is impractical, you'll want to specify
a Dialight LED with a service life of over 100,000 hours.

When voltage levels are low, say in a Iogic
circuit, Dialight can supply you with indicators that
sparkle at the tiniest trickle of current. On the other

A North American Philips Company

DIALIGHT INDICATOR LIGHTS

hand, on a factory assembly line
where voltages are a hundred
times higher, you'll want a
rugged Dialight incandescent

or neon indicator that won't
flinch even when zapped with
250 volts.

If you're desngnmg something
for the mlllfory, you'll be glad to
know all our indicators meet or
exceed military specs.

LOOK INTO OUR LIGHTS.

So when you need indicator
lights, start with our catalog. Call
718-497-7600 or write Dialight
Corporation, 203 Harrison
Place, Brooklyn, NY 11237-1587
and we'll send you a copy.

You'll seednobody offers abigger
selection. And nobody offers our Mo s
choice of incandescent, neonor LED "'?"::
illumination. f

One last thing. If the light you
have your eye onisn't in our
catalog, please let us know.
We'll see you get it.

CIRCLE 69
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ELECTRONIC DESIGN REPORTS

Timing, hot speed,
counts the most when
testing fast VLSI ICs

s VLSI devices continue to get faster
Aand more complex, testing them at

speed in a production environment
has become a formidable task. Hard-
pressed to keep up with today’s testing needs,
where 10-MHz speeds are not without their
difficulties, designers of VLSI testers shudder
at the testing challenges posed by gallium
arsenide devices now on the drawing boards.
VLS testers are not even close to addressing
that problem. Right now, the latest testers are
gearing up to tackle phase | VHSIC chips,
which are designed with 1.25-pum technology
and operate at 80-MHz data rates. And
phase |l chips are already looming on the
horizon. Built around 0.5-um technology,
these devices will run at 100 MHz.

However, speed is not the most important
consideration. In reality, a tester’s timing ac-
curacy and resolution are the truly significant
parameters to be concerned with. Today,
bragging rights for these specifications are
down below a nanosecond. The reason?

As devices get more complex, even those
operating at lower data rates have so many
tasks going on inside that proper operation
demands ever more stringent timing toler-
ances. That is, as chip complexity goes up,
the maximum tolerable error in the place-
ment of pulse edges, with respect to each
other, goes down. Moreover, as tester timing
accuracy gets better, smaller testing guard-
bands can be used, thereby increasing the
window for good devices.

Demanding subnanosecond accuracies
in a high—pin-count VLSI tester is one thing.
Achieving it, however, is another. It is an en-
gineering undertaking of the highest order,
requiring sophisticated automatic calibration
techniques. Without these techniques, gen-

Bob Milne
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erating and distributing high-speed wave=;

form edges to, say, 256 tester pins and

having them all arrive at premsem the same

instant is truly a task that is beyond :

capabilities of mere mortals.
Moreover, with tester speed, accuracy,

and pin count under the gun, traditior

shared-resource testers are facing stiff com- :

petition from systems based on -

per-pin architecture that may well becom

the de facto standard for future leading-edge

VLS| testers. Testers optimized for Specialummmm..

ized logic families like advanced Schottky TTL

and HCMOS are also springing up. Beyond

that, VLSI testers are being .

with the demands imposed by hlgh speed

CMOS devices. Here, reducing test-head

capacitance to 20 pF and below becomes

as important a factor as speed, accuracy,

and pin count. M
Rounding out the demands on

testers is the need to test for a device’s max-

imum operating frequency in production

environments. With frequencies reac

100 MHz and beyond, VLS| testers need a
boost from external instrumentation.

Recent tester introductions clearly
the influence of the VHSIC program
month, for instance, GenRad Inc.’s Seml-
conductor Test Division (Milpitas, Calif.) .
announced its GR180, a 288-pin testerwnth
an 80-MHz multiplexed data rate, a 125- ps
timing resolution, and an overall maximum .
system timing error of =750 ps. Moreoﬁ
a special clock within the tester operates

as fast as 120 MHz. The company also
introduced a 144-pin tester with a 60-MHz
multiplexed data rate. Its other timing
specifications are the same as the GR180’s.
In February, Sentry-Production Test Sys-
tems (San Jose, Calif.) took the wraps off its
S15, a production-oriented, low-cost VLSI
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tester. Equipped with 64, 128, or 256 1/O pins, the system
has a 20-MHz basic test frequency that can be boosted to
40 MHz by multiplexing pins. The timing system boasts a
60-ps resolution, 500-ps maximum driver-to-driver and
comparator-to-comparator skewing, and a 700-ps
maximum edge placement error. Overall timing accuracy
is within + 1.5 ns.

Although ATE manufacturers often point to an out-
standing specification like driver skewing between pins,
users are most concerned with the overall system timing
error, which is determined simply by adding up all of its
components. The trouble is that many of those error com-
ponents are functions of how a particular test program al-
locates the tester resources.

Taking a close look at the obstacles to accuracy facing
VLSI testers helps one appreciate the engineering effort
required to reach today’s performance levels. Anyone pe-

| Master clock
| | generator

.
Driver clock

o : generator
Data rate
generaton 4

rusing VLSI tester data sheets should keep in mind, how-
ever, that not all ATE manufacturers define overall tim-
ing accuracy the same way.

Probably the most definitive analysis of the sources of
error in a VLSI test system was conducted in 1981 by the
Advantest Corp. (Saitama, Japan), formerly Takeda Ri-
kew, and Musashino Communication Laboratories,
NT&T (Tokyo, Japan). In looking at the functional
blocks that make up a typical test system—pattern gener-
ator, timing generator, driver clock selector, formatter,
driver, strobe select controller, and digital comparator—
researchers found no fewer than 12 sources of timing er-
rors (Fig. 1). Actual analysis revealed that timing errors
in test results could reach + 7 ns or more.

If keeping track of the effects of a dozen error sources
seems complex, the real difficulty comes in maintaining
acceptable timing accuracy across all the tester pins. The

Pattern
~ generator

2 B8 -
Driver clock , I' .
Of

7
Strobe select
controller

~ Digital p ‘
comparator <

1981 Intermational Test Conference

1. To functionally test ICs, ATE systems typically rely on seven maijor functional

blocks: the pattern generator, timing generator, driver clock selector, formatter,
driver, strobe select controller, and the digital comparator. The bold lines indicate
the paths along which timing errors may be measured.
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situation is somewhat like a school coming up with one or
two world-class sprinters—not easy, but within the realm
of possibility. But could the school find 128 of them or
maybe even 256? That is the problem faced by designers
of VLSI testers.

For example, there is simply no way to make the trans-
mission paths to 128 tester pins so nearly identical that
subnanosecond timing accuracies are inherent in the sys-
tem. A 1-in. difference in cable length, for instance,
causes a 100-ps timing difference. Consequently, testers
must compensate for the variations. In other words, they
must be calibrated.

WHY CALIBRATION?

The goal of calibration is to ensure that all timed volt-
age transitions delivered to the pins of a device under test
(DUT), and all times at which output data from the de-
vice is compared with expected data, are accurate in re-
lation to a defined reference. The degree of this accuracy
can determine the overall system accuracy.

An IC undergoing test is connected to a tester’s timing
source through test system channels. Signals traveling a
channel path must pass through multiplexers, formatters,
cables, and drivers or detectors to the pins of the DUT.
Naturally, the inevitable delays through circuits and the
differences in cable lengths cause timing variations from
channel to channel. Thus, voltage transitions at the input
pins and data detection at the output pins occur at differ-
ent times even though they are supposed to be coincident.
These timing variations are called skew.

Basically, calibration determines skewing in each sys-
tem channel and compensates for it by means of a vari-
able delay in each system input and output channel.
Hardware, software, or a combination of the two can be
used to control the compensating delay.

Two common hardware techniques are used—torque
adjustment and premeasured cables. To adjust torque,
channel delays are measured with an oscilloscope; a tech-
nician with a screwdriver can adjust hardware delays.
When premeasured cables are used, an oscilloscope again
measures delays, and a cable of appropriate length is
placed in each channel path to make all of the delays
equal.

However, these manual methods are time-consuming.
Consequently, the trend is toward automatic calibration.
Instead of using an oscilloscope, internal detectors make
the measurements, and software interprets the results and
applies the necessary corrections.

One way to implement automatic calibration is to em-
ploy a switch matrix, which can be built into a device in-
terface board, to connect each of the system input driver

channels to a reference detector. Each of the driver delays
is adjusted to this reference detector. Then, each channel
detector is excited by its associated driver and calibrated
with respect to the system strobe. Because this method
relies on the electrical distances being equal from the ref-
erence detector through the matrix to each channel
driver, any differences in path lengths add errors to the
calibration.

An automatic calibration method based on time-
domain reflectometry (TDR) seems almost tailor-made
for VLSI test systems. TDR is based on transmission line
theory: A wave traveling through a transmission line ter-
minated by anything other than the line’s characteristic
impedance, is reflected back through the line. If the line
terminates with an open circuit, the reflected wave’s am-
plitude equals that of the forward wave.

What makes TDR so attractive is that in a VLSI test
system, the point of contact with the DUT pins is an open
circuit when a device is not being tested. The TDR tech-
nique, therefore, can make measurements right up to the
point at which the device pins are connected to the test
system. No special calibration fixtures are required, and
the procedure can be used whether the DUT interface is a
test socket, an automatic handler, or a wafer prober.

The J941 VLSI test system from Teradyne Inc.’s
Semiconductor Test Division (Woodland Hills, Calif.)
uses TDR in a scheme called automatic edge lock (AEL).
The company also implements the technique in its J967
and J983 VLSI test systems, achieving a + 800-ps edge
placement error.

Housed in the test system mainframe, the time-do-
main reflectometer contains a master driver and master
detector (Fig. 2). With a 50-Q matrix, the TDR circuitry
can be connected to any test system channel. During cali-
bration, the channel driver is bypassed to allow reflected
pulses to travel back to the master detector.

PUTTING TDR TO WORK

Channel deskewing begins with the TDR circuitry con-
nected to channel 1, which subsequently serves as a refer-
ence channel. The period generator simultaneously sends
a pulse through the delay circuitry for the master driver
and master detector. The master detector delay is varied
until the pulse through the delay circuitry arrives at the
master detector coincident with the reflected pulse from
the open device contact point. This procedure adjusts the
master detector strobe to the round-trip time of the edge
on the reference channel.

After it is adjusted, the master detector finds the time
delay for each channel. This task is accomplished by con-
necting one channel at a time and varying the master
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driver delay until the reflected edge arrives at the master
detector at the same time it did for the reference channel.
Using the acquired delay values, the master driver sends
edges at different times so that all channel inputs arrive at
the device contact point at the same time.

During testing, either window or edge strobes may be
used to compare DUT outputs with expected data. With
the edge strobe, outputs are compared at specific discrete
times. The actual placements of the strobe times are ad-
justed during detector calibration. The master driver,
connected to the channel being calibrated, sends edges to
the open point of contact. At the reference time (T = 0),
these edges are reflected back to the channel detector.
Using coarse and fine linear searches, the appropriate
detector delay digital-to-analog converter is adjusted un-
til the channel detector registers the edge transition at
T=0.

Once the channel detectors are calibrated, they are
used to adjust three deskewing d-a converters that control
the period and driver edge placement on each channel.
The channel detectors are now strobed at the reference
time, and the appropriate driver deskewing d-a converter
is varied until the reference time condition is achieved.

BREAKING TRADITION

The quest for improved timing accuracy in high-pin-
count VLSI testers has radically altered the basic archi-
tecture of the test system itself. Traditionally, testers have
revolved around a shared-resource architecture in which a
small number of central timing resources are distributed
through a large switch matrix to groups of device pins
(Fig. 3a). An upshot of this arrangement is the extremely
complex timing path between the master clock and the
DUT pins. Moreover, because the resources are shared, a
separate series of timing measurements is needed to
determine the accuracy of each of the combinations of re-

sources and paths.

One way to simplify the timing chain is to place a tim-
ing generator behind each tester pin (Fig. 3b). Known asa
tester per pin architecture, it was pioneered by Megatest
Corp. (Santa Clara, Calif.) with its 1983 introduction of
the MegaOne VLSI test system. Depending on how you
look at it, the approach can be considered one of either el-
egance or brute force. However, one thing seems certain:
The architecture seems likely to play a key role in future
VLSI test systems. In fact, very few ATE manufacturers
are saying anything bad about the approach—even
though their current systems may be based on the shared-
resource approach. The technique’s biggest drawback,
though, is its megabuck cost.

Because the tester-per-pin architecture produces a
much simpler timing chain, the number of gates in the
timing path is kept low. Consequently, skewing and jitter
are reduced. The architecture’s basic architecture, how-
ever, stems from the fact that any given timing edge fol-
lows a fixed, independent path to the DUT. Thus, the tim-
ing for each path can be precisely compensated using
autocalibration data.

Since the timing path is fixed, all deskewing can be ac-
complished with software, employing the same delay
mechanism that creates the timing in the first place
(Fig. 4). The timing generator accesses the values for this
delay from a register table loaded with precalibrated val-
ues. Those represent not only the times, but also the wave-
forms to be produced.

Data for the waveform register is obtained from a five-
step automatic calibration process (Fig. 5). The system
measures the autocalibration time-delay generator and
constructs a compensation table. A period average mea-
surement determines the delays, with the NBS-traceable
crystal source in the master clock acting as the time base.
Then, the calibration reference driver and comparator are

2. Teradyne’s automatic edge-

lock technique uses time- Cantact
2 D- rt z |

domain reflectometry to mea- et point Cabie

sure channel delays to the “

open-circuited point of contact ; dffvg’f' ‘

to the device under test. During Varase | e

calibration, waveform edges - '

from the master driver are sent P 1N Cable

to the point of contact where generator [ Cable matrix

they are reflected back to the Driver

master detector. A 50-9' matrix Variable Master

connects the master driver to delay detector

each of the test system chan-
nels one at a time. The chan-

High-impedance buffer

To channel detector O—

nel drivers are bypassed while
the delays are measured.

D-a converter

Source: 1983 intemnationai Test Conference
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Always thefastest! Guaranteed! <

|

The company that set the stan-
dard in fast CMOS static RAMs
continues to raise it.

For over four years we have set the stan-
dard, shipping volumes of the world’s
fastest 16K CMOS static RAM family.
Now we're raising the standard again,
making our 16Ks even faster by pro-
ducing them in our second generation
1.2y CEMOS™ IIC process.

And we deliver six of the world’s
fastest 64Ks. With more 64Ks, denser
processes and even faster speeds
coming soon. All are available as com-
mercial and industrial products. Military
product is tested to MIL-STD-883C,
Class B, Methods 5004 and 5005.

Consider these important features.
Besides speed and breadth of product
line, our leadership is based on creative
engineering, providing features like:

[ separate I/0Os on x4 products

[J extra memory controls on 16Kx4s

[J dual port RAMs [] high density
packaging [] an ultra-low power data
retention mode from a 2V battery on all
low power devices [J our advanced
dual-well process providing built-in
immunity to alpha particle induced soft
errors (without organic polyimide die
coating).

CEMOS is a trademark of Integrated Device Technology, Inc.
FAST is a trademark of Fairchild Camera and Instrument Company.

Our Static RAM family Constantly expanding production
capacity.

Worst Case Six months ago we brought on stream

Comm’l | our second production fab area—a
Size PIN Speed Avail. 25,000 square foot, sub-class-5 clean
16Ks room in Salinas, California. This state-
16Kx1  IDT6167A %Sﬂ Now of-the-art facility can fill your volume
4K x4 IDT6168A 25ns Now production needs on time. Put us to the
4K x4 IDT71681A*  25ns Now test...order our fast static RAMs today.
4K x4 IDT71682A* 25ns Now o 4
9Kx8 IDT6116A 53505 Now/ 1086 Introducing sure ways to improve
v {Jour designs. ek

sing our proven technology, we con-
$4KX1 AL 'a{nSﬂ Now tinue to introduce innovative products
6Kx4  IDT7188 35ns Now ¥ ;
16Kx4  IDT7198* 35ns Now such as: [ the world’s largest FIFO
16Kx4  IDT71981* 35ns Now O the fastest family of DSP products
16Kx4  IDT71982* 35ns Now [ the only family of CMOS logic ele-
8Kx8  IDT7164 45ns 1086 ments equivalent to FAST™ [ only
Dual Port Static RAMs expandable dual port static RAMs
1Kx8 IDT7130 ;oﬁsf/{” Now [J high density memory modules.
2Kx8  IDT7132 ]7?5 Now May we be of assistance? Call us if you
;&:g :gngm 20’22 & mgv": require applications assistance or send
for our Product Selector Guide on
*Two versions of separate 1/0 CEMOS products.

**Extra memory control features

***Optimized for word expansion

Leading the CMOS Future

Integrated
dt /Devicelechnology
Static RAM Division

3236 Scott Boulevard

Santa Clara, CA 95054 -3090
(408) 727-6116

TWX 910-338-2070

A commitment to being the leader 7]
in speed.

We have been, are now, and will
continue to be the leader in speed.
Our CMOS IIC 1.2u process is the
current speed leader, and our next
generation CEMOS lll technology,
due out this year, will maintain that
leadership.

CIRCLE 70
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connected together and their resultant delay difference is
measured and stored. This process establishes coincidence
between the driver and strobe time frames to an accuracy
of 25 ps.

In the second step, physical path lengths are measured
by connecting the reference divider and comparator to the
pin electronics by way of controlled-impedance relay ma-
trix. At this point, time domain reflectometry measures
the autocalibration distribution wire length. Then a relay
on the pin electronics channel is closed and a similar mea-
surement is taken that includes the wiring propagation
delay to the DUT site.

Because each edge delivered to the DUT follows an in-
dependent path, the third autocalibration step exhaus-
tively measures each path and stores its inherent propaga-
tion delay. Here, every delay value possible for drivers,
strobes, and enable signals is catalogued. For these mea-
surements, autocalibration achieves an overall edge mea-
surement resolution of 3 ps and an accuracy within 20 ps.

The fourth calibration step measures the delay vari-
ations of the pin drivers and comparators as a function of
driver rail or comparator threshold voltages. To perform
these measurements, the autocalibration system must be
able to resolve its own deviations from ideal performance
using the autocalibration driver as a “golden” reference.
The circuit design is such that its propagation delay varies
less than 10 ps over its entire voltage range of — 3 to
+9 V. To produce separate calibration values for the ex-
act voltages used during a test, the autocalibration com-
parator is calibrated against the reference driver, as are
all the pin channels.

The final step involves building the precompensated

timing table. Generating this table is accomplished by
summing relatively few measurements—the timing chain
delay minus the autocalibration delay plus the path
length to the DUT. Using the autocalibration system, the
overall worst-case system inaccuracies are held to 400 ps
for drivers and 450 ps for comparators.

Some testers are designed specifically to meet the needs
of certain logic families. For example, the S-3225 from
Tektronix Inc. (Beaverton, Ore.) is tailored for produc-
tion testing advanced Schottky TTL and HCMOS de-
vices. The tester uses special high-speed drivers that fea-
ture a slew rate of at least 1 V/ns. Thus, the drivers can’
produce a 3-V transition in 2.4 ns or less. Moreover, signal
edge placement is accurate to within 125 ps with driver
skewing of 1 ns or less.

MATCHLESS MEASUREMENTS

Besides the basic problems inherent in making sub-
nanosecond measurements, high-speed testing becomes
even more difficult when MOS VLSI circuits must be
evaluated. Unlike ECL devices, which are usually de-
signed to drive 50-Q loads, NMOS and CMOS VLSI de-
vices are designed to work into high-impedance loads.
Consequently, these devices are mismatched to the trans-
mission lines leading back to the pin electronics, and the
tester appears as a capacitive load. Test-head capacitance
can typically run 50 pF or more. High-speed testing
becomes a problem when the DUT sees a higher capaci-
tance than it was designed to drive.

It is no surprise then, that capacitance gets a lot of at-
tention in some of the newly introduced testers. For exam-
ple, the T3342, a 40-MHz, 256-pin VLSI tester from the

Wave
formatters

Pi
electronics

Single Timing Wave DUT
ok ::Is:aﬂbmed generaitor fom:’attlafs
gh-speed per-pin and pin
clock - electronics
(b)

3. In a conventional shared-resource test system, a limited number of timing generators are passed
through a switch matrix to groups of device pins (a). The resultant timing paths are complex and con-
tain many error sources. In contrast, the tester-per-pin architecture of the MegaOne tester from Mega-
test simplifies the timing path by dedicating a separate timing generator for each DUT pin (b).
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Advantest America Inc. (Lincolnshire, Il1.), sports a test
head that holds capacitance to 30 pF.

Low capacitance was also one of the primary design
goals for a CMOS VLSI tester from Trillium Corp. (San
Jose, Calif.). That goal was achieved with a 256-pin test
head that is 20 in. in diameter and 10 in. deep. The tester
pin electronics are placed in a radial pattern approxi-
mately 4 in. from the DUT pins. Connections between the
DUT socket and the pin electronics card were made with
a flexible waveguide circuit. Using this approach, capaci-
tance on any of the 256 test pins measures 20 pF +2 pF.
In a matched 93-Q environment, the transmission line
capacitance is considerably reduced.

Also based on the tester-per-pin architecture, the Tril-
lium system has an autocalibration scheme that uses two
time-domain reflectometry systems running synchro-
nously. Through a multiplexer, one TDR pulse generator
is connected to each pin card on the test head via a coaxial
cable. The other TDR system supplies a reference delay
against which to compare the measured pin-card delay.

Calibration begins when a reference edge is transmit-
ted to each comparator and when the response circuitry
and comparators are aligned to those edges. The driver
and format circuitry associated with each comparator are
then aligned. In this manner, all driver and comparator
path errors are determined and calibration values for each
edge are stored in a special memory. Next, using the
round-trip delay vernier, the response circuitry is offset in
relation to the format circuitry. The amount of offset is
equal to the actual round-trip delay from the driver to the
response circuitry. As the individual timing generators
are programmed at run time, a high-speed hardware
adder sums up the stored calibration values and the pro-
grammed values of the edges.

The autocalibration technique constrains the total er-
ror from the format circuitry to the DUT and back to the
response circuitry to less than =+ 25 ps per path. As a re-

sult, an overall timing accuracy of =+ 250 ps is specified
across all 256 tester pins.

In addition to verifying that the DUTs actually work,
VLSI testers are being summoned to perform F,,, (max-
imum operating frequency) testing, which recently be-
came a requirement under MIL-STD 38510. Basically
used in engineering applications, F,,, testing is coming on
strong in production environments because it can be a
more meaningful indicator of device functionality in end-
use situations than conventional ac parametric tests.

The Fax parameter is most critical in clocked logic de-
vices. Here, F ... represents the highest frequency that,
when applied to the device’s clock input, will permit the
output to switch normally. In such a state, the output
pulses will track the input correctly, and the output volt-
age excursion will be at least equivalent to the 10% to 90%
value of the logic 1 and logic 0 voltages specified at lower
frequencies.

In the engineering test, device parameters such as setup
and hold times are set at worst-case values. The clock in-
put signal’s duty cycle is a function of these settings. As
the input signal approaches the device’s maximum oper-
ation frequency, the resultant output signal begins to
round out and become sinusoidal, eventually dropping be-
low acceptable logic voltage levels.

GETTING VALID RESULTS

In the production F,,,, test, steps are being taken to en-
sure that other parameters do not affect the test’s out-
come. For instance, setup and hold times and input drive
voltages are set at nominal values rather than at the ex-
tremes. The input waveform is a square wave with a 50%
duty cycle and risetime characteristics optimized for the
device family being tested. Device failures resulting from
these conditions are usually absolute: The chip simply
ceases to produce an output.

Some controversy exists, however, about the relative

4. Each of the Mega-
One’s timing gener-
ators has a del,ay Digital Precompensated
that can be adjusted delay waveform register
3 2 register
in 100-ps increments.
A timing table in the
precompensated L o vl
waveform register Test head | Test head 2
handles channel D Q distribution[ >
deskewing using de- D-type 100-ps delay 1-ns delay 15-ns delay Test head 3
lay values obtained flip-flop steps steps steps ; .
during the automatic ci 5

= ock Q
calibration process. _l

Master clock
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validity of these two approaches. The characterization
test method actually tends to produce higher, and there-
fore more desirable, F,,., readings. But some users are
concerned about how meaningful the results are under
real-world operating conditions. Granted, the chip can
operate at 120 MHz, but its output at that frequency is
almost a sinewave. And the next circuit in line (in the
end-use environment) may not react properly to such a
waveform.

A practical F ., test hardware implementation must
meet several requirements: It must produce a square wave
with very low aberrations. It must provide a low-loss,
high-fidelity signal path to and from the DUT. And there
must be program-controlled, switchable signal routing
between the high-frequency stimulus and measurement
subsystems and any device pin. Moreover, the test system
and its fixturing must be able to perform all device tests
—functional, ac, dc, and F,,.,—with a single insertion of
the DUT (especially critical in production test applica-
tions). The fixturing has to provide the proper dc loading
to the device situated close to the output pin(s). The test
system must also provide isolation from unwanted loading
caused by cabling and response instruments. If the test
system’s comparators are to be used in processing the
DUT output signal, they must be capable of handling fre-
quencies equivalent to F,,,,/2. The programmable pulse

generator must have high resolution, accurate pulse posi-
tioning, very good timing linearity, high slew rate, and low
pulse distortion. Furthermore, the response instruments
(counter, digitizer, comparator) must have high resolu-
tion, accurate strobe positioning, precise voltage thresh-
olds, and very low stray capacitance.

Two IC test systems from Tektronix—the S-3225 ad-
vanced logic tester and the S-3295 VLSI test system
—come with F,, test options. In each case, the F,,, op-
tion consists of a special coaxial signal path between the
DUT fixture and the external rack-mounted IEEE-488
instruments, namely, the E-H Model SPG 2000 pulse
generator and the Hewlett-Packard Model 5335 counter.
For more critical measurements, the counter may be re-
placed with a Tektronix waveform digitizer.

When test time must be kept low, the preferred ap-
proach is to use the counter to measure the DUT output
frequency. The system comparator detects threshold
crossings and acts as a buffer and line driver between the
DUT and the counter. This architecture effectively mea-
sures Fp.« frequencies up to 160 MHz. For engineering
applications, the configuration most often chosen is a
waveform digitizer (Tektronix Model 568 or 7912) con-
nected directly to the DUT. With this setup, F,., mea-
surements up to 200 MHz can be made; the DUT output
waveforms can be recorded as well.O

»

Calibration
matrix

5. Autocalibration in the MegaOne tester is a sequential process referenced to an NBS-
traceable crystal oscillator located in the system’s master clock. The procedure begins
with self-calibration of the autocalibration system (1). Then measurements determine
the physical path lengths (2), the timing chain propagation delay (3), and the delay
variations caused by pin-electronics voltage levels (4). During the final calibration
phase, a precompensated timing table is generated (5).
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E=MC. Win a new Corvette.

Creativity with on-chip E*PROM is
the key to Motorolas new MC68HC11 design contest.*

You don't have to be an internationally
venerated genius to win a new Corvette
or one of four runner-up cash prizes
in Motorolas 1986 MC68HC11 design
contest.

Every designer who enters could win.
The key is creativity in using the host of
MC68HC11 on-chip features, with
emphasis on the E2PROM. Once you've
given it this much thought, you'll realize
on-chip E2PROM is more of a necessity
than a luxury when designing innovative
products for the demanding markets of
the immediate future.

Everyone wins.

And, every designer who buys the
Contest EVB will win. An assembled and
tested M68HC11 Evaluation Board to
work with is yours at the provocative
special price of just $68.11, a resounding
$100.00 off the regular price, as long as the
contest supply lasts or up to the 7-31-86
cutoff date.

It gets even better. If you submit a bona
fide contest entry, your $68.11 for the EVB
will be rebated. Even if you don't win the
Corvette, youTe already way ahead with a
free M68HC11 Evaluation Board, and you
might still win one of the cash prizes for
second through fifth place.

Your E2=MC Contest EVB.

« Economical means to debug
user-assembled code and evaluate
target systems incorporating the
MC68HC11 MCU.

* One-line Assembler/Disassembler.

+ Host computer downloading capability.

« RS-232C compatible terminal/host
computer /O ports.

« MC68HC24 Port-Replacement Unit-
based MCU 1/O expansion circuitry.

« MC68HC11 Programming Reference.

» Complete documentation and entry
materials.

Here's how the contest works.

Use this coupon or get one from your
Motorola sales representative or local
authorized distributor. Contest
M68HC11EVBs are available only from
participating distributors, so present
your filled-in coupon at one of their
locations and make the special $68.11
purchase that qualifies you.

Use the EVB and other contest mate-
rials to develop and debug the design of
your choice. Complete and submit the
design to Motorola by 11-15-86. Working
prototype and all necessary documenta-
tion are required. We'll rebate the $68.11
for the contest EVB when your qualified
entry is received at Motorola E2Z=MC
Design Contest, 6501 William Cannon
Drive West, Austin, TX 78735.

Judging criteria include innovativeness
of on-chip E2PROM use, demonstrable
benefit of HCMOS and application of on-
chip peripherals—A /D, Asynchronous
and Synchronous Serial Systems, Pulse
Accumulator, Main Timer, Parallel I/O,
STOP and WAIT modes, Watchdog
Timer, and Variable Priority Interrupts.
Judges decisions are final.

Winners will be announced and noti-
fied by 12-31-86. Design contest entries
will be returned.

To purchase your Contest EVB and
become eligible for the Motorola E2=MC
design contest, present the coupon to your
participating Motorola distributor. If the
coupon is gone, your Motorola sales rep-
resentative or distributor can provide one.

Participating Motorola distributors.
You probably already have a preferred
distributor for Motorola semiconductors,
but if youTe not sure which distributors in
your area are participating, call us toll
free any weekday between 8:00 a.m. and
4:30 p.m., MST, from anywhere in the
U.S. or Canada at 1-800-521-6274. Tell us
where you are and we'll give you the
names of the participating distributors
in your area.

MCU training is available.

We dont offer special training just for
the contest, but any designer can
sign up for one of
Motorola Tech-
nical Training’s
acclaimed MCU
courses. They'Te
scheduled reg-
ularly throughout
the year.
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DESIGN ENTRY

ELECTRONIC DESIGN EXCLUSIVE

Programmable filter chip
and its PC-based tools
offer new analog solutions

A SWitChed-COpOC"Of flu-er Chlp When a system requires a complex filter,

even an experienced analog hand can begin

ThGT can be Conflgured in topray, “please make it goaway.” Sucha fil-

SOﬁWQre fhrough "-s PC ter not only presents a difficult design job,

d but poses entangled cpst-performance

evelopmen'f SYStem Iets even trade-offs among varied frequency re-
nov|Ce deSIQners Creci-e sponses and different circuit topologies.

. Since the responses of digital filters de-

Complex Gndlog fll'fers. pend completely on stored programs, they

may seem ideal for tasks requiring adaptive

Thomas Dille, Douglas Holberg, or high-order filters. However, they need a digital input signal and

and Roger Taylor

Crystal Semiconductor Corp.
2024 E. Saint EImo Rd.

Austin, TX 78744

(512) 4457222

thus call for analog-to-digital converters on the front end. In addi-
tion, for analog output, a companion d-a converter must join the de-
sign. Furthermore, a digital filter often requires extensive software
development.

These requirements combine with the cost of the necessary digital
signal processor to make a digital filter much too costly for most jobs.
In fact, digital filters most often are used in systems when the DSP
chip is “free”; that is, the processor already exists in the system for
another purpose.

On the other hand, analog filters offer a designer a bewildering
array of filter implementations. Unfortunately, each type and, con-
sequently, each new design present an engineer with another design
challenge. Since analog filters lack the flexibility of digital designs,
they remain the domain of a specialist who, after weeks of painstak-
ing trial and error and what seems to be black magic, finally pro-
duces a filter that does the job.

Now, however, the analog design problem is going away. When
the CSC7008 software-programmable, switched-capacitor filter
chip combines with its development system and in-circuit emulator
(ICE), anyone who can define a filter’s characteristics can actually
design one. What’s more, once the chip is soldered into a system, the
filter’s specifications can be continuously or completely changed by
a host microprocessor or a simple thumbwheel switch. Or the filter
canread the coefficients that determine its qualities from a special or
general-purpose external memory.

The programmable filter gives an engineer the flexibility of a digi-
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DESIGN ENTRY
Cover: Software-programmable filter

tal filter and the cost-effectiveness of an analog filter.
Moreover, the filter needs no external passive components
to define its response, thereby eliminating major manu-
facturing and testing problems. In addition, unlike digital
filters, the chip does not require a-d or d-a converters, fur-
ther reducing cost.

The filter’s capability for reprogramming opens up a
variety of new filter tasks that stir a designer’s imag-
ination. The choices range from realizing filters for spot
noise measurement in op-amp test systems to controlling
the cutoff frequency and the Q of a low-pass filter in a
phase-locked loop. In a feedback loop, an external pro-
gram can direct the chip to hunt for fixed signals or a fam-
ily of signals.

A series of digital words programs the chip into 107
different configurations. The input words turn the chip

CMOS switch matrix

into individual or combined high-pass, low-pass, band-
pass, band-stop, and all-pass filters. They also give it any
response from eighth-order down, with a Butterworth,
Chebyshev I or 11, or elliptic form. The digital words vary
the clock frequency, too.

The chip’s nearly infinite flexibility makes the Crystal-
ICE development system almost indispensable. The sys-
tem ICE consists of software for filter synthesis and coef-
ficient generation, as well as the emulator. The software
and ICE work with an IBM PC or compatible computer
equipped with an 8087 coprocessor and a high-resolution
graphics card (the Hercules or its equivalent). The soft-
ware generates a menu through which the designer speci-
fies the filter completely in frequency-domain parame-
ters. After the designer verifies the filter-response plots
produced on the PC, the coefficient-generation software

1. The CSC7008 programmable, switched-capacitor filter chip can be intemally connected in 2°** different
ways by applying digital words to its microprocessor interface. CMOS switches lead the analog signal
through the biquad filter sections while forming filters that range in complexity from a simple order, low-pass
circuit to an eighth-order Chebyshev Il band-pass design.
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takes over and determines the digital words to drive the
filter. The emulator is inserted between the PC and the
system destined for the filter. A special emulator pod
plugs into the filter’s socket.

The designer then exercises the system with the filter
he has just designed and specified. Unlike any previous
filter design process, if the system performs below par,
major or minor filter changes can be made—instantly—
and at no cost. Furthermore, the standard pinout and mi-
croprocessor interface of the chip permit the system to be
designed and prototyped long before the required filter re-
sponse has been determined. In fact, the CSC7008 chip is
treated as a microprocessor peripheral during the design
stage.

FOUR OF A KIND WINS

At the heart of the chip lie its four biquadratic filter
sections, BQ-0 through BQ-3 (Fig. 1). Each biquad con-
sists of a pair of op amps, a bank of CMOS switches
(transmission gates), and a binary-weighted capacitor
array. Under the direction of the input digital words
presented to the chip’s microprocessor interface, the
switches create a specific filter by connecting the capaci-

2. CMOS switches can program the 10 capacitors, A through J, in each of the chip’s biquads to form Butter-

tors around and between the two op amps.

The signal to be filtered connects with the differential
input of op amp A. That input functions with external
resistors and capacitors as an antialiasing filter. Op amp
A can also set signal gain. If needed, undedicated op amp
B either supplies additional input filtering, or it can be
added at the output to smooth the stair-step product of the
biquads. Between the output of op amp A and the output
of BQ-3, the digitally controlled CMOS switches direct
the analog signal through one or more of the biquads. For
example, an eighth-order filter requires all four biquads,
while a fourth-order filter needs just two. However, bi-
quad 3 always connects at the device’s output.

Each of the four biquads emulates a Ghausi/Laker bi-
quadratic filter (Fig. 2). With the exception of feedback
capacitors B and D, which are fixed at a normalized value
of 1024, the switches program all the capacitors at nor-
malized values between 0 and 2047. (The ratio of the nor-
malized values of pairs of capacitors in the circuit deter-
mines its frequency response.)

Selection of a J or H capacitor depends on the type of
filter response required. For example, of all the filter types
incorporating a bilinear Z transform, only the band-pass

. o—
| CMOS switch

worth, Chebyshev, or elliptic filters. Similarly, the value of the capacitors are varied to give the filter virtually
infinite resolution in frequency response from dc to 20 kHz.
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circuit requires an H capacitor. To further enhance flex-
ibility, either the circuit containing the E capacitor or that
containing the F capacitor can be chosen for damping.
That choice, made automatically by Crystal-ICE, min-
imizes quantization errors in selecting the capacitor co-
efficients, which in turn optimize the accuracy of the fil-
ter’s response.

Scaling the dynamic range of the signals handled by
the op amps also improves filter response. Crystal-ICE
does the job by adjusting capacitor values so that the max-
imum analog voltage at the output of each op amp is the
same. Thus, only the noise floor and the power-supply
voltage limit the dynamic range of the filter, which is typi-
cally 70 to 80 dB.

Since a total of 264 bits configure the chip, and most of
these determine the frequency response, cutoff frequency
resolution is virtually continuous. Furthermore, some of

L
18 21

3. A pair of virtually identical curves illustrate three
significant features of the filter chip and its devel-
opment system. First, the system prints out the re-
sponse of a filter designed with the synthesis soft-
ware (a). Second, a spectrum-analyzer display of
the actual filter response (while run by the devel-
opment system), enables the designer to test the fil-
ter immediately after its design (b). Finally, the
curves are nearly identical, verifying accuracy.
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these bits control the sampling frequency response by pro-
gramming the oscillator divider block to divide the clock
by a factor of 1 to 128 in eight binary increments. The
chip can use either an external clock or a low-cost crystal
tied between the two clock pins.

HOW GOOD IS IT?

To attain its versatility, resolution, and ease of use, the
filter sacrifices not one bit of accuracy. When pro-
grammed to provide cutoff frequencies between dc and
20 kHz, the typical tolerance on its pass-band corner is
better than 1%, and the actual Q is within 2% of the calcu-
lated Q for values under 10. Those tolerances increase
slightly as the sampling frequency approaches its max-
imum of 270 kHz but remain under 2% for the pass-band
corner and under 5% for Q.

Even more important, variation in cutoff frequency
from one chip to another is negligible—Iless than the dif-
ference between actual and calculated values. As cutoff
frequencies rise to 50 kHz, accuracy degrades somewhat,
but production units will vary in cutoff frequency by less
than 2%. Thus, a system demanding 50-kHz cutoff can
still be manufactured in volume.

Each of the six coefficients that define the response of
the four biquads is represented by an 11-bit word (leading
to a total of 264 bits). Those words load into the registers
in the data buffer as alternate 6- and S-bit blocks via the
data-input pins D, through Ds. The words travel to 64 dif-
ferent locations determined by pins A, through As
through the address buffer and counter. A microprocessor
or direct-memory-access controller with a 1-us cycle can
set up the filter or change its response, in just 64 us. De-
pending on the Mode pin’s logic level, loading proceeds
under the chip’s control or by means of external signals.

PUTTING CRYSTAL-ICE TO WORK

The synthesis software enables a designer to specify a
filter’s response with standard frequency-domain param-
eters—pass-band tolerance, stop-band tolerance, cutoff
frequencies, and rejection-band frequencies. High-pass,
low-pass, band-pass, and band-stop filters can all be syn-
thesized as Butterworth, Chebyshev I or 11, and elliptical
designs. After selecting the type from a menu, the de-
signer specifies the values of the filter parameters by re-
sponding to software prompts.

The system calculates the order of the filter required to
meet the specification for all the possible implementa-
tions. From another menu, the designer selects the config-
uration that best meets the need of the application. For
evaluation, the system generates plots of magnitude vs
frequency, decibels vs frequency, phase vs frequency, as



HYBRICON MAKES THE MOST . .. AND THE BEST

PRODUCTS FOR
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Hybricon, with more experience than any other company in
designing, developing and building VME packaging hard-
ware, offers the industry’s widest range of both custom and
standard VMEbus-configured products . . . all in full production
and field-proven.

ThisvMmE system has clearly benefited from Hybricon’s con-
siderable experience in packaging and interconnection.
Components were designed from scratch . . . not adapted
from other bus products . . . to best serve VME'S unique require-
ments. Interface flexibility and customer convenience are out-
standing, and construction is much more rugged than com-
petitive offerings. Its no wonder that Hybricon VMEbus pack-
aging and interconnection hardware is used on more systems
than anyone elses.

In volume production, the best costAvalue relationship can
often be achieved with a custom design . . . and a significant
share of Hybricon’s VME business is in custom products. When
doing a custom design, Hybricon can draw on an automated
database covering over ninety standard VME models . . .
speeding the process, saving cost, and greatly reducing the
amount of debugging needed.

“EXTRA VALUE DESIGN”’

Hybricon’s “Extra Value Design” program ensures that indus-
try performance and construction norms are exceeded . . . and
that extra features and flexibility will make life easier for the
equipment designer. The benefits are evident throughout this
VMEDbus product system . . . multilayer backplanes with full
ground and power planes — factory assembled backplane/
card cage combinations in rack, case, drawer and custom
mountings — high frequency wire wrappable socket boards
with patented VHF design — extensive connector and terminal
options —and much, much more.

PACKAGING/INTERCONNECTION

Fourteen Backplane/
Card Cage Assemblies

J1in 19" rack
mountable cage
6,9,10, 11,12, 15, 16,
20,21 slots

J1 in optional mount cage
4,5,6,9, 10slots

Seven 19" Rack
Mountable Card Cages

* 21-slot 400mm x 6U, 9U
21-slot 160mm x 3U, 6U, 9U
21-slot 220mm x 6U, 9U
21-slot 280mm x 9U
10-slot 160mm x 6U

Six 160mm Optional Mount Card Cages
4,5,6,9, 10, 12 slots

Eleven J1 Backplanes
4,5,6,9,10, 11, 12, 15, 16, 20, 21 slots

Eight J2 32-bit Expansion Backplanes
4,5,6,9, 12, 16, 20, 21 slots

Four J2 VMX Expansion Backplanes
3,4,5, 6slots

Six Test Extender Cards
for: J1, 160mm
J1,220mm
J2, 160mm
J2, 220mm
J1/J2 contiguous, 160mm
J1/J2 contiguous, 220mm

Three Lateral Interconnect Boards

for: J1toJl
J2 32-bit to J2 32-bit
J2VMX to J2VMX

Thirty-two Wire Wrappable Socket Boards

four 160mm x3U

four 160mm x6U

four UHD 160mm x 6U
four PGA 160mm x 6U
four UHD 220mm x 6U
four 220mm x9U

four 280mm x 6U

four PGA280mm x 6U

No other company in the world makes as many packaging/interconnection products for microcomputer compatible systems
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HYbr I(O“ Corporation 410 Great Road, Littleton, Massachusetts (617) 486-0311 TWX 710-347-0654
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well as poles and zeros. The third menu selects the graph
for display or hard copy (Fig. 3a).

Once a suitable filter response has been synthesized,
the coefficient-generation software takes over. It pro-
duces both the appropriate biquadratic equations and the
final filter coefficients derived from those equations. With
yet another menu, the designer can obtain coefficients for
the biquadratic equations, the normalized values of the
capacitors in the biquads, and the final CSC7008 coeffi-
cients.

At this stage, the user can intervene to modify the de-
velopment system’s responses. In fact, if the system de-
signer has already determined the biquadratic equations,
he can bypass the synthesis portion of the program and
enter the equations as a starting point. Unused biquads on
the chip can be configured as all-pass filters for phase
equalization in tasks where linear phase response is im-
portant. The unused biquads may also be used to compen-
sate for the droop caused by sin x/x distortion when the
signal frequency is very close to half the clock or Nyquist
frequency.

EMULATING THE FILTER

Assuming the final system exists in breadboard form,
the emulator can give the designer instant feedback on the
fit of the filter response with the job’s requirements. After
the PC, emulator, and breadboard are connected, the co-
efficients are loaded into the emulator, which appears to

Analog
input 110k

1ok l A

Reset button

Vop O—W

19019” Reset

A

CSC7008

100 pF EPROM

T +

Antialiasing
filter

Filtered WR[ CE
output signal -

4. The programmabile filter can build a variable-
frequency filter in which a thumbwheel switch deter-
mines the frequency response. A continuous-time,
antialiasing filter on its front end, built with an op
amp on the chip and external resistors and capaci-
tors, eliminates aliasing caused by the sampling
nature of switched-capacitor filters.
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Price and availability

The CSC7008 switched-capacitor filter chip and
its CrystalICE filter development system are
available now. In quantities of 100, the chip sells
for $30 each. The development system, includ-
ing software, in-circuit emulator, and a user’s
manual is $3599. CIRCLE 503

the designer as a functioning filter in the circuit. The com-
plete system can now be tested in real time. If the filter
needs modification, new designs can be tried immedi-
ately. A spectrum analyzer linked to the emulator pod
compares the calculated response with the performance
of the actual filter. The frequency-response graphs gener-
ated by the development system can be matched with the
display on the spectrum analyzer (Fig. 3b).

The CSC7008 filter chip lends itself to the front end of
a data-acquisition system that the user programs manu-
ally with a thumbwheel switch (Fig. 4). Such a system
might be used for quality control in a food-processing
plant or other factory. Various types of signals from
sensors or instruments require band-limiting at one of
five cutoff frequencies (in this example, at 2, 4, 6, 8, and
10 kHz).

In its self-programming mode, the filter simply clocks
through successive locations in the external memory, be-
ginning with the binary address 00000. It loads the words
found in each location into its internal registers to set up
the filter’s configuration. That sequence is initiated either
by applying power or by activating the reset button. The
thumbwheel switch gives the first three address bits, se-
lecting different blocks of memory at each position. Press-
ing the reset button (after positioning the thumbwheel)
starts the boot-up sequence and, therefore, configures the
filter to the desired response.

A simple second-order antialiasing filter, incorporating
the chip’s input op amp, ensures that the input signal is at-
tenuated at least 40 dB at the Nyquist frequency (about
130 kHz) to avoid wrap around and corruption of the sig-
nal in the pass-band. Its response is set by two external
100-pF capacitors and two 100-k{Q resistors.

The pass-band amplitude must be greater than 70.7%
of full scale, or 3 dB down, at the cutoff frequency. The
signal should be attenuated to less than 1% of full scale, or
—40 dB, at a quarter of an octave above the cutoff fre-
quency. Although the filter should be maximally flat in
the pass-band, phase response is unimportant. The devel-
opment system generates filter responses meeting those
criteria. A 257-kHz sampling rate exceeds the maximum
pass-band frequency to simplify antialiasing, and sin x/x
distortion is insignificant. The clock is implemented with
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a low-cost, standard 1.544-MHz crystal.

The designer then enters other filter specifications into
the development system. For example, following the
prompts, he defines the 2-kHz filter by entering pass-
band as 0.7071 of full scale, cutoff frequency as 2 kHz, re-
jection band as 0.01 of full scale, and upper rejection fre-
quency as 2.5 kHz. For this application the user chooses
an eighth-order Chebyshev II filter because it combines a
flat pass-band characteristic with a steep roll-off.

ICING THE DEAL

After filter coefficients are calculated, the filter is
tested in the data-acquisition system using the in-circuit
emulator. Its response can then be modified and retested
if necessary. Once a satisfactory filter is obtained,
the CSC7008 coefficients are programmed into the
EPROM, and the system is ready to go. Determining all
coefficients and testing takes about an hour.

In an adaptive application, based on a form of system
feedback, a microprocessor replaces the thumbwheel
switch. For example, when the processor monitors the
output of the data-acquisition system, it boosts or reduces
the filter’s cutoff frequency upon detecting a predeter-
mined condition. For example, loss of signal could cause
an increase in cutoff frequency; extraneous noise could
bring about a decrease.

The filter synthesis software for the Crystal-ICE de-
velopment system was created by Crystal Semiconductor
in conjunction with the University of New Mexico in
Albuquerque.

Tom Dille is a marketing manager at Crystal Semicon-
ductor, responsible for the filter and data conversion
product lines. He holds a BSEE from Rice University
and an MBA from the University of Michigan.

Douglas Holberg, an IC design engineer, leads the
universal filter project at Crystal Semiconductor. Be-
forethat, he designed custom ICs for biomedical appli-
cations at Texas Micro-Engineering, which formed the
core of Crystal Semiconductor. He holds a BSEE from
Texas A&M University.

Roger Taylor is an application engineer responsible
for supporting Crystal’s Smart Analog filter and tele-
communication products. He received his BSEE from
the University of Texas at Austin.

How valuable? Circle
Highly 541
Moderately 542
Slightly 543
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Double your
logic analysis
capability!

The new PM 3570 Logic Analyzer featuring
the dual-screen mode allows you to perform
time-correlated state and timing analysis with
no less than 115 channels simultaneously. Built-
in performance analysis permits system opti-
mization. Other special features include:
® 83 state and 32 transitional timing channels for
simultaneous, time-correlated acquisition at
speeds up to 400MHz! Or you can combine
them for an unprecedented 115 channels of
state acquisition.
® Microprocessor support for 8, 16 and 32 bit
analysis plus a wide range of adaptors includ-
ing:40-,48- and 64-pin dual-in-line (DIL) as well
as 68- and 114-pin grid array and 68-pin lead-
less chip carrier (LCC) versions.

m Softkey operational simplicity for step-by-
step entry,and non-volatile memory for storage
of instrument set-ups and measurement data.
® Product credibility in technology, technique,
quality and service because the PM3870 is
backed by the vast corporate resources of one
of the world's largest electronics companies.
A simpler configuration, the PM 3565, handles
upto 75 channelsincluding 59 state and 16 tran-
sitional timing channels with speeds up to
300 MHz.

® Philips —-the fastestgrowing force forleading
oscilloscopes, logic analyzers, signal sources,
counters/timers and digital multimeters.
Philips products are available for lease through
United States Instrument Rental Inc.
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Measurement
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Now there’s a UNIX™ workstation that lets each graphics window tap the
power of the network. Digital’s VAXstation II/GPX " with its innovative X Window
System$ offers multiple, transparent windowing to any ULTRIX™ or UNIX
(4.2 Berkeley) computer, anywhere on your network.

A different application can run in each window, or within an application,
individual windows can be linked to a larger computer. You can also access
VAX/VMS™ systems via DECnet-ULTRIX™ networking software, or other vendors’
systems via the SNA gateway, X.25 or TCP/IP protocols. And with larger systems
handling compute-intensive tasks, the built-in MicroVAX II"™ CPU and GPX

VA Xstation II/GPX:
The first UNIX

workstation to put the
power of a mainframe
in every window.

graphics coprocessor can concentrate on what they do best: delivering exceptional
graphics at tremendous speeds.

VAXstation II/GPX lets you utilize your existing UNIX applications through
ULTRIX, Digital’s UNIX operating system. ULTRIX is a true Berkeley 4.2 BSD
implementation and compatible with AT&T’s System V."™

VAXstation II/GPX. Everything an engineer wants in a workstation, backed by

all the service and support he needs. For a brochure, write i
to: Digital Equipment Corporation, 200 Baker Ave., West
Concord, MA 01742. Or call your local sales office.

© Digital Equipment Corporation 1986. Digital, the Digital logo, DECnet, MicroVAX I, ULTRIX, VAX, VAXstation II/GPX and VMS are trademarks of Digital Equipment Corporation
System V and UNIX are trademarks of AT&T Bell Laboratories, Inc. © Massachusetts Institute of Technology.
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Graphics coprocessor chip
gives small systems
a look at the big picture

With independen-l- graphics Gnd The push is on to equip personal computers

and low-end workstations with the sophisti-

dlSple Processors inSide, a cated display capabilities expected from
Chlp Crec“-es mu"'p'e windows dedicated graphics processors and ex-

pensive workstations. But complex video

Of VGI’iGb|e-depfh pierS- Memory features—notably, windows—take a toll in
Gnd CPU demands now small systems. Foremost, they eat up mem-

ory space. Second, the system CPU usually

fG" W“'hln SmO“ SYSTemS, reGCh- must execute any graphics instructions,

Martin Randall and
Arun Johary

Intel Corp.

400 Encinal St.

Santa Cruz, CA 95060
(408) 429-8288

adding to its normally heavy workload.
Clearly, double duty of that sort can compromise overall perform-
ance. Worse still, graphics standards like the Virtual Device Inter-
face (VDI) demand CPU-like intelligence, a factor that foretells an
even bleaker future for small systems that shoot for tricky graphics
through CPU execution.

A coprocessor chip suddenly brightens the picture. Matching the
capabilities of conventional graphics boards, the 82786 combines
two independently programmable processors—one for drawing im-
ages, the other for displaying them. Both sections execute instruc-
tions from a dedicated graphics memory they share.

Unlike other graphics chips, the coprocessor can address several
bit maps at once; as a result, it can generate windows or update a
screen instantly, without time-consuming block transfers. More-
over, because it executes instructions in parallel with the CPU, it can
manipulate those windows 100 times faster than the CPU can alone.
For the same reason, VDI drawing commands run 10 times faster.

Variable-depth bit maps make the chip particularly attractive for
small systems, since it thus wrings out the most image data from
memory. Uniquely, the coprocessor can blend pixels 1 to 8 bits deep
inasingle display. As a result, it can simultaneously create text from
single-bit pixels and generate high-quality graphics from multiple-
bit pixels—in the same display and without any unneeded bits. In
contrast, other chips must store all pixels at the maximum bit depth,
even those for text. Moreover, because the coprocessor’s graphics
memory can hold multiple bit maps, it can store more than one im-
age. Each bit map serves as a canvas for a set of operations that draw
lines, create polygons, and fill areas with color.

Although the chip carries an interface optimized to fit the 80286
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microprocessor, it hooks up with other popular CPUs, like
the 8-bit 8088, the 16-bit 8086, and the 32-bit 80386.
Through its own arbitration logic, the coprocessor can ac-
cess system memory, thereby sharing information with
the CPU if necessary. In addition, its display processor
sports programmable circuitry for driving not just the
customary CRTs but high-resolution printers and plotters
as well. The high degree of integration eliminates the need
for much glue logic—a must for small system designs.

LOW POWER, HIGH INTELLIGENCE

To conserve system power, the chip is built with the
identical advanced CHMOS process used for the 80386.
Combined with up to 32 dynamic RAMs, it dissipates
well under 1 W. Thus, the coprocessor, some graphics
memory, and a CPU can comfortably occupy the same
printed-circuit board (Fig. 1).

The brains of the chip, the graphics and display proces-
sors, form a versatile duo. The graphics processor exe-
cutes commands from the host and updates graphics and
text in the dedicated memory. The display processor, in-
dependently of its graphics partner, collects bits linearly
from the memory and sends them out as pixels toa CRT,
laser printer, or other output device. Thus, it goes beyond
simply managing a cursor and driving a video display: It
redefines the role typically associated with the display
function.

Through its formatting circuitry and FIFO, the display
processor can jump among several bit maps—whole or in
part—to create multiple windows on screen. It also can
expand an image two dimensionally or updateitin a flash.

What’s more, data is fetched directly from the various bit
maps and sent directly to the screen, obviating the need
for a frame buffer.

Along with the graphics and display processors, the co-
processor incorporates a bus interface unit. This func-
tional block contains a dynamic RAM controller and me-
diates both coprocessor and CPU access to the graphics
and system memories. The RAM controller reduces the
overall chip count and performs burst-mode accesses as
fast as 40 Mbytes/s.

When the bus interface is in its master mode, it arbi-
trates the coprocessor’s access to the system memory and,
in its slave mode, the CPU’s access to the graphics mem-
ory. In the former case, the coprocessor requests control of
the bus, takes it when the CPU permits, and releases it at
the end of a system bus cycle. For the slave mode, the
CPU selects the coprocessor, which then acts like an intel-
ligent dynamic RAM controller and issues an ac-
kowledgment signal to the CPU at the end of a memory
cycle.

A MOSAIC APPROACH

The display processor constructs windows in an un-
usual way, one that allows them to form a variety of
shapes and sizes—<circles, ellipses, and more conventional
rectangles. The processor breaks a display screen, or
frame, into horizontal strips which can be any number of
scan lines high. A strip comprises distinct tiles that corre-
spond to separate window segments (Fig. 2a). In its nor-
mal mode, the display processor handles up to 16 tiles
within a particular strip. Moreover, a new strip can be

82786 graphics coprocessor
Video
interface
CPU CRT display
Graphics Display

processor processor
Bus interface  : Dynamic RAM &

unit 3 controller &

System

|

memory

Graphics memory
(dynamic RAM)

1. The 82786 graphics coprocessor matches the functional capability of a
board. It contains two processors—one that draws and one that drives dis-
plays—a bus interface unit and a dynamic RAM controller. Arbitration logic
in the bus interface unit allows the CPU to access the graphics memory and
the coprocessor to access system memory.
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defined at each scan line.

The CPU sets up information about the strips and tiles
as a series of descriptors in the graphics memory. Using
that information, the display processor fetches pixel data
from different bit maps and prepares it for the window
format. During the vertical blanking period, the display
processor accesses the first strip in a frame, getting the
strip’s address from one of a block of pointer-display con-
trol registers.

The window-strip descriptor table typically contains a
header followed by as many separate tile descriptors as
needed to define the strip (Fig. 2b). For a given frame, a
pointer field in each header directs the display processor
to the next descriptor.

To update an image, the display section simply reads a
new set of tile descriptors. The pointer-link scheme allows
the processor to move, scroll, and pan across an image by
reading new descriptors, not by moving blocks of pixels or
by redrawing a frame buffer. That scheme makes quick
work of updating a screen. As for the CPU, it is needed
only to change descriptors that arrange the windows in
the display frame.

REGISTERS IN CONTROL

The CPU programs the chip’s graphics and display sec-
tions through a 128-byte block of control registers (Fig.
3). A relocation register in the bus interface unit allows
control registers to be mapped anywhere in a memory or
[/0O address space. The address of each register is relative
to a base address in the relocation register.

The coprocessor’s subsystems issue a 22-bit address to
access 4 Mbytes of linear memory, which consists of the
external system memory and the dedicated graphics
memory. Typically, the graphics memory contains dis-
play data, character fonts, and programmed instructions
for the processor sections. Also within it, bit maps can ex-
tend up to 32,000 pixels on a side. Each map has its own
set of coordinates, with the upper lefthand corner defined
as the origin.

Again, the bit maps can have different numbers of bits
per pixel, a memory and bandwidth-saving feature. In one
bit map, up to 8 bits can define each pixel of a multi-
colored figure; in another map, a single bit can represent
each pixel of text. In all cases, however, each 16-bit word
packs as many pixels as possible. Thus a bit map exists as
a series of lines in the graphics memory. In contrast, other
chips require a separate memory plane for each bit in a
pixel, a wasteful approach that also tends to complicate
the access scheme.

Standard dynamic RAM—as opposed to more expen-
sive vidleo RAM—makes a suitable memory building

block, since the coprocessor can take advantage of the
fast ripple mode to fetch and display data at up to
40 Mbytes/s. The display processor section has a max-
imum bandwidth of 20 MHz; hence, if the coprocessor
makes 16-bit block transfers from the graphics memory,
its throughput could reach 320 Mbits/s. In practice, how-
ever, the specific memory bandwidth depends on the dis-
play size and the operating mode.

In any case, the display processor uses block transfers
to alleviate the load that refreshing the screen places on
the memory bus, which other devices may be sharing. The

Strip 1 Tile 1
e L R R R R R R R ]
Strip 2 Tile 1 Tile 2 Tile 3
R R R R R Rl (R R R ] "eee Sesessnns
Strip 3 Tile 1 Tile 2 Tile 3 Tile 4
Pesscsscscns sssnssee . see
Strip 4 Tile 1 Tile 2 Tile 3
Strip 5 Tile 1
(a)
Number of lines in strip
Strip 1 Link to next strip descriptor
header (22-bit pointer) et

Number of tiles in strip

Tile 1 data,
including pointer
to associated bit map

Tile 1
descriptor

oo

Strip 2 header =
Tile 1 descriptor

Tile 2 descriptor

Tile 3 descriptor .

L’—\_’/o

(b)

2. The chip’s display processor builds windows by
breaking the display frame into horizontal strips,
each composed of “liles” that correspond to sepa-
rate window segments (a). A table in the graphics
memory stores the tile descriptors under header in-
formation that tells the display processor where to
find successive strips (b).
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worst case is when 8-bit pixels are displayed at 25 MHz,
the rate at which refreshing accounts for 50% of the
memory bandwidth. Alternatively, the display processor
can control video RAMs, passing data directly from the
memory to the display. With that scheme, the processor
consumes only 1% of the memory bandwidth.

MARRYING MEMORIES

Powerful though they may be alone, video RAMs and
standard dynamic RAMs can combine for a high-
resolution, windowed display that entails low bus over-
head. The video RAMs store the main screen image,
which may be held in a frame buffer. That image can be
overlaid by a hardware-generated window stored in the
dynamic RAM. In this arrangement, the window would
normally be a pop-up menu or a dialogue box for acces-
sing the operating system. The only special hardware in-

Internal relocation

Reserved

Bus interface unit control

Refresh control
Dynamic RAM control
Display priority

Graphics priority

External priority

Reserved

A\

Op code

Link address (lower word)

Link address (upper word)
Status

Instruction pointer (lower)

Instruction pointer (upper)

hT S
\x

Reserved

Op code

Memory address (lower word)

Memory address (upper word)

Register ID
Status

Default video data

T Reserved

3. A system CPU programs the graphics coprocessor
through a block of 128 registers. Although the regis-
ters are physically dispersed throughout the co-
processor, they are addressed as a continuous
block in an I/0 or memory space.
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Price and availability

The introductory price of the 82786 graphics co-
processor chip is $81.25 in quantities of 10,000.
Samples are available now. CIRCLE 502

volved is simply multiplexer logic to combine the data
streams from the video RAM and the coprocessor.

Besides the bit maps, the chip’s graphics memory stores
linked lists of graphics instructions and parameters that
are programmed by the user. Typically, high-level soft-
ware instructs the CPU to write the commands into
memory for the graphics processor to execute. The com-
mands are similar to those used with ANSI’s Computer
Graphics Interface (CGI), as they give programmers
complete control of the bit maps’ contents. For example,
geometric commands can draw points, circles, polygons,
and arcs in a variety of sizes. In addition, two commands
transfer data blocks within a bit map or between two bit
maps. One of the commands, BitBLT, transfers blocks of
bits at 24 Mbits/s; the other, ChaBLT, transfers 25,000
characters/s. Executing those commands, the graphics
processor manipulates windows 30 to 50 times faster than
a CPU could.

Additional sets of instructions specify color and other
display attributes; define a pixel-plane mask, which re-
stricts graphics operations to only a subset of bits in a
pixel; or establish logic operations that combine existing
pixels with newly drawn ones. In addition, programmers
can define a clipping rectangle, which limits pixels to a
specified area. The rectangle can extend to a small region
within a bit map or meet the overall boundaries of a bit
map. In a special picking mode, the clipping rectangle ac-
commodates a pointing device like a mouse or a puck.

BEHIND THE SCENES

Supplementing the drawing instructions are non-
drawing instructions that control command fetches from
memory. Link, for example, executes an unconditional
jump to another command in the block; Enter Macro calls
a subroutine; and Exit Macro returns from a subroutine.

Many graphics chips require a FIFO buffer, which pre-
vents them from accepting commands in anything but a
piecemeal fashion. The coprocessor, on the other hand,
takes in a whole block of commands at one time from the
CPU. Moreover, it can accept new commands while it ex-
ecutes others. Typically, the CPU builds up a block of se-
quential instructions in memory; the graphics processor
then fetches and executes them.

The graphics processor instructions conform to a sim-
ple format: an 8-bit op code, an end-of-list flag, and a pa-
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rameter list. After fetching each instruction, the processor
checks to see if the end-of-list flag is set. If it is, the proces-
sor does not execute the instruction. Instead, it polls its
internal registers and waits for the CPU to reset the flag, a
signal to continue.

Like the graphics processor, the display processor has
its own commands. They load and dump its 40 separate
16-bit registers individually or as a block. The registers
specify various display modes, including cursor style and
position, background and border colors, and zoom factor.
One register pair holds the 22-bit address of the current
window descriptor, and other registers directly control the
CRT interface logic, selecting frame size, video inter-

lacing, video speed, and other parameters. They program
all of the CRT signals needed to display as many as 256
colors at rates of up to 25 MHz.

In addition, the display processor’s memory-mapped
registers let the CPU, say, examine a coprocessor status
register or define the data appearing on the video-output
pins during blanking intervals. The second capability can
be used to load an external color palette quickly and with-
out the need for an additional address path.

The display processor executes its commands during
vertical blanking. Consequently, parameters are updated
between frames, yielding clean and flicker-free images. In
addition, the processor can be programmed to issue an in-

Clock : Ready b
ARDY ata
controller Enable Clock
a_n? rfeady Control Control Bus generator
INEAce etamal controller Data
frequency — CLK Transmit/
In Receive
Ready Reset _.____.l
VGC
O— W
To interrupt 1
Ready Reset controller | Ready Reset
CLK N =
Control Control
/ Slave Enable
Microprocessor g;m b—— <—1INTR
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A23 M 4,
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Decoder Enable
Az (74ALS138) __jD_ & 827;3'6 data
graphics
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cs
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Transmit/ CE Sync
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: control
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and peripherals Addresses
Ds-D, Graphics memory
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4. To get high-quality graphics, the coprocessor chip and standard dynamic RAMs can be added to an
80286-based system. The graphics portion displays 640-by-480-by-8-pixel images and executes VDI com-
mands, yet it does not burden the CPU, which can thus run a multitasking operating system. Moreover, very
little glue logic is needed to connect the CPU to the coprocessor.
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terrupt after a specified number of frames. Thus frame-
oriented features like scrolling, panning, and animation
can be easily implemented, and windows manipulated al-
most instantaneously.

LIKE-MINDED PARTNER

Similar to the graphics processor, the display processor
checks for an end-of-command flag and executes instruc-
tions only when the bit is reset. After executing an instruc-
tion, the display processor sets the bit, letting the CPU
know that it can now load a new instruction. Thus, a sim-
ple handshaking mechanism ensures enough time to exe-
cute each command before the CPU issues another one.

An external 25-MHz clock generally drives the display
circuitry, yet several accelerated modes trade off the
number of bits in a pixel for the dot-drawing rate. For ex-
ample, instead of pumping out 8-bit pixels at a 25-MHz
dot rate, the coprocessor—once fitted with an 8-bit shift
register and a divider—can maximize resolution by send-
ing out 1-bit pixels at 200 MHz.

The coprocessor chip and standard dynamic RAMs
can form the nucleus of a graphics subsystem in an
80286-based personal computer or professional work-
station (Fig. 4). The system features a display of 640 by
480 by 8 bits, runs a multitasking operating system, and is
compatible with the VDI standard.

The graphics processor updates bit maps for the differ-
ent tasks, but the display processor presents only the ones

System memory

Graphics memory

System memory System memory

Graphics memory

5. Bringing a background window into the fore-
ground takes only as long as the time needed to
switch frames. Rather than having to transfer blocks
of data to create a new window, the coprocessor
creates it in the upper part of system memory and
then accesses it as needed for display. Similarly,
the CPU can access the graphics memory through
the coprocessor.
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of interest to the user. For example, a spreadsheet can ap-
pear on screen while the coprocessor updates graphics for
electronic mail in the background; the latter is shown only
on request. Changing windows takes only as long as
switching frames, as the image is already in the upper part
of the system memory (Fig. 5). The microprocessor need
not intervene.

Because the coprocessor is optimized for the 80286, in-
terface logic is minimal. Whatever logic the processor and
the coprocessor do need is shared by the rest of the system.
Data transceivers give the CPU access to the coprocessor
chip and its memory or give the coprocessor access to sys-
tem memory.

The graphics memory can also be mapped into the sys-
tem’s static RAM by adding address-decoding logic. The
data transceivers then take on an extra function: They iso-
late accesses to the system and graphics memories. In this
way, the CPU and the coprocessor can reach into their re-
spective portions of memory simultaneously. At the same
time, with the coprocessor in the slave mode and its bus
free, the CPU can access the graphics memory. Read
operations would then incur three wait states; write oper-
ations, two. If fast dynamic RAMs are used instead, the
circuit modifications will reduce the number of wait states
to two, regardless of the operation.

The coprocessor can also be used with IBM mono-
chrome and color interfaces. In this case, the designer can
set a special bit and thereby put a particular window into
the IBM personal computer format. The least significant
byte of a word appears to the left of the most significant
byte; normally the least significant byte is on the right.
The coprocessor also accommodates the two- and four-
bank bit maps found in the IBM PC. Thus IBM-com-
patible application programs can display graphics along-
side bit-mapped images created by the coprocessor.O

Martin Randall is a design manager for Intel’s next-
generation graphics products group. He served as a
principal architect and design engineer for the 82786
graphic coprocessor. He has a BSc (EE) from the Uni-
versity of Southampton in England.

Arun Johary is an application engineer for the
graphics components group at Intel. He has a BSEE
Sfromthe Indian Institute of Technology in Bombay and
an MSEE from the University of Southern California
in Los Angeles.
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EXCELLENCE.

SPRA l I E The original solid tantalum capacitor, the Sprague Type 150D, introduced in 1956,
continues to set the standards for solid-electrolyte tantalum capacitors. These
1 hermetically-sealed, axial-lead units feature low leakage
T AN TAIJUMS SET current, low dissipation factor, and exceptional operating

stability. Type 150D capacitors have proven their reliability
THE ST AN D ARDS in a wide range of commercial and industrial applications.
@ Also available as MIL Style CSR13 capacitors to Military
Specification MIL-C-39003. Capacitance values range from 0.0047 uF to 330 uF. Sprague Electric C ompam a Penn Central
unit, Worldwide Hdqtrs., Lexington, MA. For Engineering Bulletin 3520H on Type 150D
Capacitors and Engineering Bulletin 3520.2C on Style CSR13 Capacitors, write to Technical sp
Literature Service, Sprague Electric Company, 41 Hampden Road, Mansfield, MA 02048-1807.
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integrate the logic of
several TTL devices into
a single chip? Quickly:
And easily.

Seeing is believing,
right?
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Everybody claims to have a CAD system
that'll make your life as a printed circuit

board designer easier. But talk is cheap. With
Bishop's low-cost QUIK CIRCUIT PCB

CAD/CAM system you can sample its time and
work saving benefits before you buy. Bishop
invites you to take the QUIK CIRCUIT Guided
Tour. The Tour (a demonstration diskette and
synchronized audio tape) takes just 35
minutes. And you can make stops along the
way to put QUIK CIRCUIT through its paces,
and try its easy-to-use features yourself.

Easy To Use & Powerful

You'll be impressed with how easy it is to use
QUIK CIRCUIT - no typing expertise
required. . .no dozens of commands to
memorize. You'll also be impressed with how
powerful it is — multi-layer capabilities;
surface mount technology (SMT); board sizes
up to 32" X 32", finished artwork,
fabrication and assembly documentation at
1X, 2X and 4X.

And QUIK CIRCUIT is flexible. Create
whatever pads, patterns and traces you need
to complete your layout. .. your library of
elements is unlimited! And design changes,
which can be made at any time,

are a snap.
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CAD SYSTEMS CORPORATION

Not Just CAD, But CAD/CAM

Best of all, unlike other personal computer-
based CAD systems, QUIK CIRCUIT’s not just
a CAD system, but 2 CAD/CAM system, which
means you can get finished boards in days in-
stead of weeks from your QUIK CIRCUIT data.

Take The Tour

Like the QUIK CIRCUIT software, the
demonstration diskette runs on an Apple
Macintosh 128K, 512K or XL personal com-
puter, an Apple Lisa system with MacWorks,
and the powerful new Macintosh Plus.

The QUIK CIRCUIT Guided Tour (Order No.
30008) is available now from your local
authorized Bishop Graphics CAD Systems
dealer for only $15.00. Call Bishop Graphics
CAD System Corporation TOLL-FREE at
800-222-5808 (in Alaska, Hawaii and
California, call 818-991-2600) for the name of
your nearest dealer.

The “full-blown” QUIK CIRCUIT PCB
CAD/CAM System software (Order No. 30000)
sells for just $695.00. QUIK CIRCUIT system
hardware is also available — ask your local
Bishop CAD systems dealer for details.
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Versatile bipolar master chip
lets analog designers reap
the benefits of LSI circuits

Explon'lng q process s|m||ar 1'0 the With the rapidly shrinking size of many sys-

tems today, the power and space required

one Used TO OﬂGin LSI Ievels in for analog components wreak havoc in the
dlglk]l ChIpS, deSIQners can "OnS' design. Since most systems still need many

SSI-type chips, which quickly fill up a pc

form a hOSt Of SepOI'CITe Gnclog board, the designer must find a way to bring
Components into q dlshnc-l- CirCUiT, the benefits of large scale integration to ana-

log systems. One approach is to create mas-

mCIking true Onclog ICS ter LSI analog chips with uncommitted IC

John S. Shier and

Richard E. Hester

VTC Inc., Microcircuits Division
2401 E. 86th St.

Bloomington, MN 55420

(612) 851-5228

elements, enabling the user to generate cus-
tom circuitry with metal masks. Until now, however, the low-density
processes that prevailed could pack only a few dozen transistors on a
typical chip.

The VJ800 master chip answers the challenge of achieving high
levels of analog circuit integration. The result—an LSI chip not only
of moderate size, but also holding 1360 components. That compo-
nent set is larger, by severalfold, than that of any previous bipolar
analog master chip. It is not possible to use all of those components
because of the routing restrictions arising from the chip’s LSI na-
ture. In practice, utilization of up to about 60% is possible.

To develop the VJ800 (Fig. 1), several conventional processes for
making master chips were modernized: First, a dense bipolar LSI
process was adopted, albeit at the expense of lower maximum supply
voltages. Then a process step was added that accommodates large
numbers of high-valued resistors, thus creating less power dissipa-
tion. Next, two levels of metal interconnections were used, solving
the problems that occur when large amounts of circuitry are placed
on a chip. Finally, Schottky diodes were added to the component set.

By paying careful attention to processing detail, packing density
can be improved without compromising the excellent device-match-
ing and low-noise characteristics of earlier analog bipolar processes.

The master chip’s high component count (see the table, p. 173)
permits three amplifiers, a fast differentiator, a comparator, two dc
voltage generators, and very fast validation logic to be integrated on
one chip. With the high performance level of the available compo-
nents, the chip operates with data rates of at least 10 Mbits/s.

The amplifiers, differentiator, and comparator are located at the
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Analog master chip

low-noise end of the chip; the validation logic is in the cen-
ter; and the voltage reference and driver circuitry occupy
the lower portion of the chip, where the large-geometry
transistors are located. This arrangement holds down
thermal interaction by keeping sensitive low-level cir-
cuitry away from high-power circuits.

Conceptual design errors and changes in specifications
are fairly common in analog design. The master chip,
though, permits rapid turnaround of chip revisions, since
in many cases only a single mask layer needs to be altered.
It provides a cost-effective method of implementing vari-
ations needed for several systems.

THE LSI PAYOFF

Shrinking the circuit elements yielded the usual LSI
benefits. For example, the parasitic capacitance of a small
npn transistor under normal bias conditions is now only
about 0.2 pF, the same as the typical parasitic capaci-
tance of resistors. Overall, the inherent frequency re-
sponse of the chip’s transistors was improved using shal-

low junctions in a bipolar structure. Even the lateral pnp
transistor has an 80-MHz unity-gain frequency.

Amplifiers with bandwidths in excess of 200 MHz can
be created with the master chip. Above 25 MHz, though,
performance can be hindered by package parasitics and
the limited frequency response of off-chip discrete parts,
rather than the inherent speed of active devices on the
chip.

Since less current is needed to achieve acceptable cir-
cuit performance, the total power consumption of a large,
complex chip can be held within reasonable limits. Typi-
cal on-chip bias currents are 0.1 to 1 mA. And because of
the large total resistance available on the master chip
(more than 2 MQ), it is practical to use many components
without worrying about excessive power dissipation.

Most improved high-density IC processes involve some
sacrifice of high-voltage capability; the master chip is no
exception. It can be used for circuits with a nominal value
up to 12 V between the most positive and most negative
supply pin. Although that voltage is too low for some ap-
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1. Using a dense bipolar process, the VJ800 master chip contains transistors, resistors, and capacitors that,
using two levels of metal interconnections, form an analog circuit. Because of the chip’s bilateral symmetry,

designers can create identical duals of a given circuit.
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plications, the steady drop in standard system supply volt-
ages makes it acceptable in many new designs.

Most analog designers have some expertise in de-
signing with discrete components. The master chip, with
its small number of standardized circuit elements, allows
this expertise to be transferred to chip design. Bread-
boarding is done not by hardware but with the widely
used Spice circuit simulation program. With this tool, the
designer can see the waveforms in response to various in-
puts and make cut-and-try improvements to achieve satis-
factory results.

SIMPLIFYING SIMULATION

For designers having access to the popular Mentor
CAD workstation software, the simulation task is greatly
simplified. One Mentor source diskette contains model
data files for all of the master chip’s components. With
this software, the designer can construct a circuit on a
screen using standard symbols for the circuit elements. As
this is done, the Spice input file is automatically con-
structed. Updates and changes are automatically entered
in both the circuit schematic and the Spice file so that the
finished design is easily and accurately documented.

Implementations of circuits using the master chip are
also supported on an IBM PC using Computervision soft-
ware. Spice models can be supplied to any user who has
that simulation program on his computer, but without the
schematic capture and other features of the CAD soft-
ware.

PICK A VALUE

The master chip has the ability to custom-tailor the p*
resistor values and ratios by placement of resistor contact
windows. The user is not required to restrict the design to
a limited set of resistor values, since hundreds of values
and ratios are available.

A special demonstrator chip, the VJ801, shows off the
master chip’s power and flexibility. For instance, it con-
tains a standard 733 video amplifier with a voltage gain of
10 and a bandwidth that extends beyond 200 MHz. Peak-
ing, probably arising from package parasitics, occurs at
about 50 MHz. The frequency response is flat within 5 dB
from 100 kHz to 20 MHz (Fig. 2). The demonstrator IC
also boasts a bandgap voltage reference and a 4-bit
current-mode logic (CML) binary counter with I/O buff-
ers to TTL levels.

Natural partitioning of the circuitry in an analog appli-
cation may include logic as well, especially when a large
amount of circuitry is to be packed onto one master chip.
Using CML, a central section of the chip was designed to
accommodate about 60 logic gates. The logic’s low

switching noise avoids crosstalk with low-level analog cir-
cuits. CML is also fast, with propagation delays of only
2 ns, and can be buffered at inputs and outputs to inter-
face with either TTL or ECL levels (or some of both on
the same chip).

In custom chips for low-noise applications, the input
transistors are usually designed for low base resistance.
Specifically, the analog master chip contains 26 special
low-noise npn transistors with base resistance of only a
few ohms. Even lower base resistances can be achieved by
arranging several transistors in parallel. Amplifiers built
with the master chip can hold broadband input noise to
less than 1 nV/Hz"2, with input offset voltage of approxi-
mately 1 mV, without trimming. The 1/f noise of the de-
vice’s components is comparable to that of other bipolar
processes and can give noise corners in the range of 20 to
50 Hz, depending on the design of the amplifier.

Analog designs commonly need high-power outputs.
The master chip answers the call with 10 high-current

Number of

components Component description

590 Small-signal npn transistors of various sizes,
including Schottky transistors (typical f; = 1 GHz)

10 180-mA high-current npn transistors, including 5
that are Schottky clamped (typical ft = 1 GHz)

36 Double-collector lateral pnp transistors
(typical fr = 80 MHz)

74 300-Q, pT resistors

153 600-Q, pT resistors

112 1200-Q, p* resistors

293 3200-Q, p~ (implanted) resistors

74 1500-Q, p— (implanted) resistors

18 Junction capacitors (nominal 5 pF at zero bias)

40 1/O pads

1MHz 10

Frequency (Hz)

2. A 733-type video amplifier, with a bandwidth ex-
tending beyond 200 MHz, can be built using the
VJ800 master chip. A frequency response flat
within 5 dB from 100 kHz to 20 MHz demonstrates
the chip’s ability to produce high-quality circuits.
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output transistors, each able to operate at collector cur-
rents up to 180 mA, with drive arrangements like push-
pull and H bridge. In some cases, small motors and relays
can be driven directly from the chip, which can also drive
magnetic write heads for tape and disk drives. Serious

3. Although originally designed as an ASIC, a com-
plete Winchester disk-drive read channel is now of-
fered as a standard product, the VM542. The circuit
can be built by exploiting the master chip’s com-
plement of both analog and digital components.
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power dissipation problems can occur, however, if too
many such outputs are used at full rated current.

With high-current transistors and accurate bandgap
voltage references, voltage regulators can be integrated
on a chip. That avoids some of the noise pickup problems
arising when the supply-to-chip lead on the board is ca-
pacitively or inductively coupled to nearby signal leads.
The high-current transistors in the master chip also can
be used to drive 50-Q transmission lines (or 25- double-
terminated lines) with large signal amplitudes. The chip’s
ability to drive lines in combination with low-noise ampli-
fier transistors makes it ideal for telecommunications.

In processing analog signals, characteristics such as
amplitude, distortion, noise, and output level can be sub-
tly different from one system design to another, even
though the overall system function is the same. This is
true, for example, in hard-disk and tape drives, where dif-
ferences in heads, media, and other characteristics from
different manufacturers must often be considered.

STANDARD PRODUCTS

The same features that make the analog master chip
attractive for ASIC designs also apply in creating stan-
dard products. The chip’s flexibility, for instance, lets de-
signers create standard LSI chips for prototyping. They
can then be modified quickly and at low risk to meet the
needs of individual customers.

A complete Winchester drive read channel, integrated
on a master chip, demonstrates what can be accomplished
(Fig. 3). Originally designed as an ASIC, it is now offered
as a standard product, the VM 542. Several advantages of
a large master chip are apparent in the read channel’s de-
sign. For one, integrating considerable amounts of logic
on the chip permits the use of complex validation logic,
which in turn produces lower error rates. Conventional
implementations of the read-channel circuit often require
5to 10 IC packages and dozens of discrete elements. Us-
ing this LSI chip greatly reduces the parts count and
board area.

The VM 542 read-write channel can be used in disk
drives to provide complete analog processing of readout
signals from the disk. It contains a three-stage amplifier
with automatic gain control and a filter for equalization, a
differentiator, a fast-rise comparator, and sophisticated
pulse validation logic. This circuitry delivers complete
detection, digitizing, and qualification of both modified
FM and run-length-limited (RLL) encoded data. It can
also be used for serial data transmissions such as telecom-
munications.

Peak detection is accomplished by an automatic gain
control with adjustable threshold levels, a differentiator,



A new way to diagnose anccorrect

network operating problems.

$1 999! with Light Pen 5

e Portable RS-232 data line monitor/
emulator/tester.

® Async, sync & isochronous =
protocols ASCII & EBCDIC code. -

® Preprogrammed and user programmed
emulation and testing.

e SDLC and X.25 monitoring.

® Nonvolatile memory for configuration,
messages and test.

e Soft keyboard.
e ASCII or hex display.

NETSCOPE is a compact, highly versatile data
line monitor, emulator and tester for RS-232
data communications circuits and devices
such as terminals and printers. The
NETSCOPE uses a 5" CRT display and a
cursor pad for use with a series of easy-to-use
set-up and input menus. An optional light pen
is available as an alternate input device for use
with the “soft” keyboard which appears on the
CRT.

Operator programming of tests utilizes an
advanced technique, yet simple and easily
understood called “state diagrams.” Once
programmed, tests may be stored in the
“library” for recall at anytime. Where many
NETSCOPES are used to perform the same
tests the programmed NETSCOPE can
download its programs to the others.

The NETSCOPE is designed to be connected
between DCE and DTE devices, but can also
be used in a “T"” connection if desired. Front
panel switches make this, and the in-line
hookup a simple process. There are two DB-
25’s mounted on the rear of the unit for these
connections.

Reliability is keynote in the NETSCOPE design
resulting in a package thatisrugged,and hasa
reduced number of cables and connections
while not sacrificing any performance.

Contact us today for full details at: Telebyte
Technology,270 E. Pulaski Road, Greenlawn,
NY 11740 (516) 423-3232 e (800) 835-3298
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Monitor mode provides a
selection of triggers for
messages, errors or
control lines.

Messages are entered via
a "soft keyboard.” The
photo illustrates a mes-
sage beginning with a
Start-Of-Header charac-
ter.

Data for both TD and RD
along with the EIA control
lead transitions is pre-
sented to the user in a
graphical format.

Statistical data gathered
and presented on a
histogram chart.

State programming based
on mathematical flow-
charts. The states in such
a diagram are specified
conditions that, when
met, require certain
actions

netscope

(((((

souRce

weiesyt

NETSCOPE

CIRCLE 87



More Rm -
For The
Money.

High-efficiency brushless
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Price and availability

The nonrecurring engineering cost of the basic
VJ800 is $15,000, with alead time of 8 weeks for
15 samples. In quantities of 10,000, plastic DIPs
with 24 pins are priced at $4.35. CIRCLE 504

MINI-PBX SIMULATOR

To Save Your Telephone Lines!

Use our MINI-PBX SIMULATOREs instead of regular telephone lines or PBX
for testing or demonstrating your telecommunication equipment. Because
our low-cost instruments simulates telephone lines, you no longer pay high
monthly telephone bills or invest in your PBX line increase. Our MINI-PBX
SIMULATORs not only simulate PBX, but also simulate the worst
telephone lines via a satellite! Some of our features include

* Simulates 2 to 8 lines PBX ¢ Line Impairment and Satellite

* Accepts pulse or DTMF dialing Delay Options

* Tones and Ring Signal * 20 HZ Ring Signal Option

e Low Cost * Portable (ideal for your next show)

Micro Seven. in.

P.O. Box 5597 Wanted: Area
Beaverton, OR Sales
97006 Reps.

(503) 629-5935
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and a fast-rise comparator that converts the peaks to zero
crossings. The validation logic changes the zero crossings
to valid signal pulses by checking pulse amplitude, pulse
width, and previous-slope polarity. The VM542’s output
is a stream of TTL-compatible data pulses that corre-
spond to valid flux reversals on the disk.

The chip operates from +5 and +12 V and ground or
from +5and +10 V and ground, and it has 40 I/O pins.
The read-write channel implementation chip uses approx-
imately 52% of the available components, ensuring that
the overall chip dissipation will not be exceeded.

With this chip, most of the layout methods that have
proven their worth in analog design can be used, such as
symmetric layout of matched circuit elements and quads
of cross-coupled transistors for low input offset voltage,
among others. Since the chip has bilateral symmetry, it
enables design of identically configured dual circuits.

Because of its LSI structure, the master chip is small by
ordinary standards: 126 by 126 mils. Hence, it fits into a
variety of SSI and LSI packages such as DIPs, flat pack-
ages, and plastic chip carriers with 18 to 40 pins (includ-
ing small-outline packages with 16 pins or more). Since
the chip’s high frequency performance makes package
parasitic elements a serious concern for designs that use
the full bandwidth of the chip’s active elements, careful
choice of package is important. The device is also avail-
able in chip form for use in hybrid IC fabrication, which is
the best type of packaging for very high frequencies.O

John S. Shier, strategic marketing manager at VTC,
is in charge of planning and defining new bipolar
products. He holds a BS in physics from the Califor-
nia Institue of Technology and a PhD in physics from
the University of Illinois.

As consulting engineer at VTC, Richard E. Hester
is responsible for the design of standard linear signal-
processing products. He has a BSEE and an MSEE
from the University of Minnesota.

How valuable? Circle
Highly 547
Moderately 548
Slightly 549
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DIN 41612, inverse and surface mount-<meet DIN, IEC,
MIL specs—stretch designs for greater pin density—
backed by 15 years of DIN connector production
experience—intermateable with AMP, Winchester and
other DIN 41612 manufacturers.

e HI-CON™ 2-piece hi-density Euro C:;Iv}m(ﬁectors—

e LAT-CON™ .050" flat cable connectors—unique open-
sided design slashes termination time and virtually
eliminates rejects<—meets MIL-C-83503 —use for
end and through connections—intermateable with 3M,
T&B, AMP and others.

e MAS-CON® IDC power connectors for mass termination
of flat cable or discrete wire—.100" and .156" centerline
—power ratings to 8 amps—interchangeable with AMP
and Molex.

total installed cost. From manual tools to high-speed,
automatic reel-fed systems for high-volume applications.
Cut installation time up to 70%.

Plus the best delivery in the industry! From stock
to two weeks.

Whatever your board specifications call for, PAN[SUITconnectors are in command
of the situation. With high quality. With reliability. With compatibility. And with
excellent technical back-up and design assistance to help you.

Complete line of Installation Tooling designed to lower your
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Take charge of your boards with PANDUIT
connectors. Call toll-free 1-800-323-2428 today
and ask for Linda Penton.

P
2 PaNDUIT
ELECTRONICS GROUP

Tinley Park, IL 60477-0981 « Phone: 1 (312) 532-1800
In Canada: Panduit (Canada) Limited




“Attention shoppers.Our image processing dept.
has been expanded again.Repeat...”

Welcome to Data Translation, home of the image processing board.
Here you'll find the industry’s most complete line of products for the
IBM PC, IBM PC AT and the MicroVAX II.

Data Translation can furnish high and low resolution products for

real-time applications requiring user-defined convolutions, histo-
grams, frame averaging, windowing, arithmetic and logic operations,
graphic overlays, and even video animation. And all at prices that are
often assumed to be misprints at first glance.

Naturally, you can depend
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DT12803 IBM PC 1 buffer
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Frame Grabber PC AT (64 Kbytes) 3
Z\JU”ff
BMPCAT |512x512 | 256 Yes | 8* Yes [Yes| Yes | DT-IRIS
DT2603 1 buffer Coming | esac
Low Cost MicroVAX111256x256 | 64| ¢ |W A 4 256x256x8 Soon $1895
Frame Grabber (64 Kbytes)

*With DT2859 Eight Channel Video Multiplexer ($395)
**All frame processor boards operate in near-real-time with 16-bit internal accuracy; all 512x512 frame grabber boards process in real-time with 4-bit and
8-bitinternal accuracy.

DATA TRANSLATION

on our standard five-day
delivery and extensive
software support.
Have a productive day and thank
you for shopping Data Translation.

Call (617)481-3700

See our new 646 pg.
catalog/handbook or
see us in Gold Book
1986. Or call for your
personal copy today.

100 Locke Dr.,

World Headquarters: Data Translation, Inc.,
13 The Business Centre, Molly Millars Lane, Wokingham Berks, RG112QZ, England Tix: 851849862 (#D) In Canada (416) 625-1907
registered trademarks of IBM. MicroVAX Il is a registered trademark of Digital Equipment Corporation. Data Translation is a registered trademark of Data Translation, Inc.

Marlboro, MA 01752 (61
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L-56A YEAR GUARANTEE
ONE DAY DELIVERY

LAMBDA COMPUTER
PROGRAMMABLE |EEE-488
POWER SYSTEM

The Lambda GPIB IEEE-488 System
is IBM®-PC Compatible.

Manual/Auto
mode select
switch—for ease
of maintenance
and system
set up.

Programming
simplicity—with
confidence check
verification.

Engir’:lgering One primary
Charges address controls
6-8 week 'up to 6 secondary
delivery. addresses.

Standard, off-the-shelf
modules to meet all needs.

\LAMBDA ELECTRONICS

DIVISION of INSTRUMENTS INC.
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Lambda Computer
Programmable IEEE-488

Power System

SYSTEM DESCRIPTION

The Lambda IEEE-488 Power Supply System pro-
vides the communication link between a control
system (computer) and standard Lambda off-the-
shelf power supplies. The bus protocol and timing
relationships are as defined by the IEEE-488 stan-
dard.

The Lambda system is a modular design that
permits maximum user flexibility in configuring a
system to your specific needs and costs. Lambda will
deliver acomplete system fully wired and tested, in-
cluding all interface wiring, within 6-8 weeks after
receipt of order. System elements include Lambda
standard power supplies, Lambda standard rack
adapter, and the following printed circuit cards:

a. |EEE-488 Interface Card — The IEEE-488 Inter-
face Card is a dedicated microprocessor which
performs the tasks of bus communication, instruc-
tion decode and secondary address selection.
Oneinterface card is required for each primary ad-
dress and controls both programming cards and
the confidence check card. Up to a maximum of
six secondary addresses are possible.

b. Programming Cards (one per power supply) —
The programming card converts the decoded
computer instructions into power supply control
voltages for voltage output or current limit setting.
Italso provides the isolation between the bus and
the power supply. All offsets and tolerances in the
programmer, as well as the individual power sup-
plies, are compensated for by factory calibration.

c. Confidence Check Card (optional) — The optional
confidence check card can be configured within
the system to verify that the programmed supply
outputs are equal to the programmed values.
(This requirement is termed ‘‘Confidence
Check’’.) The confidence check card occupies
one secondary address and is capable of routing
output voltage and/or current by means of relays
of up to five supplies to a user furnished digital
voltmeter. Either output voltage or load current

User Supplied - .
Components LAMBDA IEEE-488 POWER SYSTEM

Compater IEEE-488 Programming sl D503

£
3
Outputs

DVM

Figure 1

may be measured. By using an IEEE-488 compati-
ble meter, the user is capable of machine reading
the outputs. The outputs are isolated from the
meter until the confidence test check is invoked.

The Lambda system features:

1. Standard — pick the system to suit your needs
from off-the-shelf modules with a wide range of op-
tions.

2. Accommodates both wide range output supplies
and narrow range (slot) supplies.

3. Controls Lambda standard lab and modular
power supplies.

4. Confidence check — verifies the program re-
quested.

5. One primary address controls six secondary ad-
dresses.

6. Simplicity in programming.

7. Manual/Auto mode select switch — for ease of
maintenance and system set up.

8. IBM®-PC compatible — The Lambda IEEE-488
Power System and IBM®-PC have been tested
with the PC-MATE™, GPIB-PC2, PC-488 and
ZT-1488 interface cards.* A sample program is
provided in the manual forinformation purposes
only.

*IBM® is a registered trademark of International Business
Machine Corporation. PC-MATE™ is a trademark of Techmar
Inc. GPIB-PC2 is a product of National Instruments. PC-488 is a
product of Capital Equipment Corp. ZT-1488 is a product of
Ziatech Corp.




SYSTEM PERFORMANCE

Voltage range and output from zero to the published
Vour maximum of the power supply up to a maximum
Vour of 100 volts on wide range models or Vo;r + 5%
on narrow range models (slot supplies).

VOLTAGE REGULATOR MODE

Line Regulation/Load Regulation

Individual power supply specifications apply.
Ripple

RMS — Individual power supply specifications plus
1mV RMS for linear power supplies.

Peak to Peak — Individual power supply specifica-
tions + 3mV peak to peak for linear power supplies.

Accuracy of Programming

0.1% of scale

Resolution of Programming

0.1% of scale

Temperature Coefficient

TC of supply + .01%/°C

Overshoot

0.25 Volt maximum at turn on/turn off/recovery from
short circuit.

Programming Range

00.00% t099.99% of V,; for wide range supplies or
—5.00% to +5.00% of Vo, on slot supplies.
Programming Time

Voltage up programming 50 milliseconds typical.
Remote Sensing of Power Supplies

Provisions are made for remote sensing of power
supplies.

CURRENT REGULATOR MODE

(not applicable on slot supplies)
Line Regulation/Load Regulation
Individual power supply specifications apply.
Accuracy
2% of programmed value plus 1% of full scale.
Resolution
1% of rated current.

INPUT DATA FORMAT

Communication is conducted in accordance
with IEEE-488/1978 standards. All data is trans-
mitted in ASCII format.

The system is capable of a listen only function.

It uses secondary addressing extensively.

The input connector is wired per |IEEE-488
specifications. Allcommunication, control and data
entry are through this connector.

The following control signals are recognized:
ATN, IFC, NRFD, NDAC and DAV. REN is not
recognized.

Protection

In addition to all protection circuits inherent to
each power supply, protection circuits are added
which limit each output voltage to less than 5V in
case of programmer failure.

Power on Operation
Alloutputs are set to zero volts. No overshoot at
power on, power off or power failure.

AC Input

105-132 VAC 50/60 Hz

187-242 VAC 50/60 Hz available as an option.
205-265 VAC 50/60 Hz available as an option.

Operating Temperature Range
0to +60°C

Storage Temperature Range
-55°Cto +85°C

CONFIDENCE CHECK SYSTEM

1. A total of five power supplies may be monitored.
2. Only one power supply can be monitored at a time.
3. Only one power supply output function may be
monitored at a time, either output voltage or a
measure of output current.

4. Location of voltage and current measurements.

a. Output voltage of power supply at terminals of

assembly.

b. Output current is taken across internal shunt.
5. Accuracy of output voltage measurement.
Measurement meter accuracy plus effect of 50,000
ohm internal source impedance on external meter
accuracy.

6. Accuracy of current measurement.

1% plus accuracy of meter plus effect of 50,000 ohm
internal source impedance on meter accuracy.

7. Switching Relay voltage insulation.

a. Voltage rating between contacts = 200 volts.

b. Voltage rating contact to coil = 1,000 volts.
Power On Operation
All relay contacts open.

AC Input
Same as |IEEE-488 adapter card and programmer
card.
Operating Temperature Range
0to +60°C
Storage Temperature Range
—55°C to 85°C
Protection
All relay contacts buffered with 25,000 ohms.
MECHANICAL CONFIGURATION
Two basic configurations are available with
modular power supplies.
a. blank front panel with on/off switch, pilot light and
fuse.
b. same as above with the addition of front panel
voltage adjust pots and test points.

FREE APPLICATION NOTES
Send for your free copy of Lambda’s computer
programmable IEEE-488 Power S<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>