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LATTICE
GAL22V10-7

Our GAL22V10-7is Super Fast.

At 7.5ns, Lattice provides the world's fastest field-programmable 22V10.
Based on our high-performance E2CMO0S® technology, the GAL22V10-7
combines 111 MHz Fyax with extremely low power consumption. It even
supports industry standard loads and pinouts. What's more, it's 100%
tested to guarantee perfect programming yields, less board rework and
fewer system failures.

For free samples and a GAL® Data Book, call Lattice

1-800-FASTGAL and ask for information packet 107.

Leader in E2CMOS PLDs’"

Lattice Semiconductor Corp
Copyright © 1992, Lattice Semiconductor Corporation. E2CMOS and GAL 5555 Northeast Moore Court
are registered trademarks of Lattice Semiconductor Corporation Hillsboro, Oregon 97124
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HP’s 50 MBd
Plastic Fiber-Optic Data Links.
Anything else would be twisted.

Our new data links are so
fast and cost-effective,

it would be crazy to

stick with twisted pair.

Sure, optical fiber is immune to
noise, but who can afford it? With
HP’s new high-speed plastic fiber
links, the answer is anyone.

CG080203

That’s because our new links rely
on plastic optical fiber cable which
keeps costs way below glass fiber,
while offering far greater voltage
isolation and noise immunity than
twisted pair wire.

A quick turn for the best.

With data rates soaring to 50 MBd,
HP’s plastic fiber links offer the
fastest solution for designing com-
puter, telecommunications, or
industrial applications. So you can
avoid bottlenecks, and design in
data multiplexing.

Perfectly flexible.

You can choose interlocking hori-
zontal or vertical mounts for greater
mechanical design flexibility. The

CIRCLE 106

analog in/out provides the electrical
design flexibility you need to meet
your cost and performance goals.

The whole ball of wax.

What’s more, as the largest opto-
electronic supplier in the U.S.,
HP offers you the industry’s most
complete package of products
and support services. To find out
more about HP’s 50 MBd Plastic
Fiber-Optic Data Links, call
1(800) 752-0900, ext. 2948 in
the U.S.* You’d be crazy not to.

There is a better way.

[/ Eackaro

*In Europe, FAX to: (49) 7031-14-1750.



Soon, Eight Ho
Computing Wil

(actual size)

AMD Introduces The World's First
386 Microprocessor With 3-Volt Technology,

Two standard dry-cell batteries. There's Thanks to the low-voltage Am386 micro-
really nothing special about them. Aside from  processors, laptop, palmtop and notebook
the fact that they can run a powerful, gy  computer designs will become smaller lighter,

and more powerful than ever before.
With battery life of up to eight

hours or more.That's a full day’'s

*" worth of 386 performance—the per-

portable 386 computer for a full :
eight hours. Provided, of course, that |
portable is built around a low-

voltage Am386™microprocessor. ™ roron

901 Thompson Place, PO. Box 3453. Sunnyvale. CA 94088 ¢ 1991 Advanced Micro Devices, Inc."We're Not Your Competition” is a service mark and Am386 is a trademark of Advanced Micro Devices. Inc



urs Of Portable
Look Like This.

formance you need to run sophisticated Am386 microprocessors call AMD today at

applications like Windows™3.0. 1-800-222-9323.You'll never look at dry-cell
And rest assured, the low-voltage Am386 batteries the same way again.

Microprocessors are proven compatible

and comply fully with JEDEC standards for

low-power, 3-volt computing We can even ﬂ

supply you with the 3-volt EPROMSs your sys- ‘

tems will need. Other 3-volt system logic . .

is also readily available. Advanced Micro Devices

For more information on the low-voltage “Were Not Your Competition”™

All brand or product names mentioned are trademarks or registered trademarks of their respective holders. DURACELL is a registered trademark of Duracell Intemational. Inc
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No one
ever
said
the road to top-down ASIC
design was easy. Along the
way, there are all sorts
of obstacles that can get
you off track — and into
trouble. More than one
designer has gotten
bogged down in the
swamp of HDL pro-
gramming, lost in the
datapath desert, or tangled up in
the timing jungle. And that’s
not even the half of it.

To navigate the journey from
first concept to first silicon, you
need a few things. Like a relia-
ble map. A guide who's already
been down the road to top-down
design. And
the right tools
to keep you
on the path
through the
ASIC
wilderness.

COMPASS®
Design Automation gives you all
that and more. Front end to
back, our tools integrate every

DATAPATH
DESERT

SIMULATION

Fault Pass
¥

-

R

g

aspect of
ASIC
product
development.
A truly
integrated
top-down
ASIC solution
that’s already been tested in
thousands of successful designs.

Our Navigator™ Series provides
an integrated graphical design
specification and synthesis
environment that guides you
past the swamp of HDL
programming.
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WPR4XX SERIES

® 2:1 Input Range
18-36 VDC
36-72 VDC

® DIP Package

Call 1-800-548-6132 -«

® Extendéd
Temperature Range
-40° to +85° C
® Low Cost - $22%
(1,000 pcs. US)

DRIVE THE WIDE RANGE with POWER CONVERTIBLES "

3 WATT
REGULATED
DC/DC
CONVERTER

Fax 1-602-741-3895
BURR-BROWN?®

SU30P
SERIES

SU40P
SERIES

m 85 - 264 VAC universal input

m 30/40/65/110 W output power

m Single to quad outputs

m Compact footprints
2.76"x 5.12" x 1.5" (30W series)
3.00" x 5.00" x 1.5" (40W series)
3.50" x 6.00" x 1.7" (65W series)

m Low profile available for
30/40W (1.2" in height)

m Fully agency approved
for 30/40/65W

m Low cost

& FSouthcon 192

See us at booth No. 1028
March 10-12 / Orlando, Florida

SERIES

O

SU80/110P
SERIES

SU65P

Call us today for quantity
pricing and complete
details on standard or
custom-made products.

N @ &

IFCRIRTN/STURCEE

6818-G Patterson Pass Road
Livermore, CA 94550

Tel: (510) 373-1008
Fax: (510) 373-1168
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Synchronous SRAMs

EASE
OF DESIGN

Make your next move on time
You're ready to make your next strategic design move. So make So whether you design high-performance systems, cache
it on time with Micron Synchronous SRAMs. subsystems, DSP or systems requiring wide SRAMs, make the
Micron Synchronous SRAMs reduce the logic required smart move and call Micron at 208-368-3900. And see why the
with commodity SRAM solutions — simplifying your system time is right to move to synchronous.
designs and greatly reducing propagation delays. Plus you'll Micron. Technology that works for you.
speed-up cycle times, reduce power consumption and decrease Mebion e T Ditpuf bl Package
board space more than the commodity-plus-logic Configuration  Number Time Access Time
solution. All in one move. i 16K x 16 MT58C1616%* 13,1517, 5,0,7.8,10ns  52-pin PLCC
We've also made vour move to - 29 8ns and PQFP

. Lt 8 MISSCIO18* 315,17 5.0.7.8.10ns  52-pin PLCC
synchronous easier by offering on-board iy hageiod ';‘”',’;:1\ il “m':l“:,('):::f
data latches, dual chip enables and a 128Kx 0 MI58C1289 16.6.20ns 32-pin 80)

WIAEH

i ' of diffore ackaoes —
?Jl lt‘l.\' of dlfffltnl pd(lul}.,(h Z * Qutput Enable is a synchronous signal on the 128K x 9
including PQFP. g Latched version also available

MICRON

TECHNOLOGY, INC.
2805 E. Columbia Rd., Boise, ID 83706  (208) 368-3900

Customer Comment Lines: U.S. 800-932-4992; Intl: 01-208-308-3410
CIRCLE 170 FOR U.S. RESPONSE ©1991 Micron Technology, Inc CIRCLE 171 FOR RESPONSE OUTSIDE THE U.S.
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Very Special
Be*1In EPROMs.

AMD EPROMs today are what other
mere mortal EPROMSs can only aspire to
be: high density, of course. But also high
speed. Able to store massive amounts
of information, with lightning fast
access times. All in our superior
CMOS technology.

EPROMSs have always been our

- strength—thanks to our unparalleled
performance, selection, reliability,
I and quality.
. That's why we sell more EPROMs
f than any other vendor* Period. And
I we're ready to do the same for years
p to come. While other vendors have aban-
* doned EPROMSs, we're still committed—
to making the fastest, highest density EPROMs.

In fact, we've got the most advanced EPROM
wafer fab, assembly and test facilities in the
world. Which produce the most reliable, high-
est quality EPROMs available. In everything
from surface mount plastic to mil spec
compliant packages.

So make yourself a hero.The instant you
know your EPROM requirements, get them fast.
Get them dense. Get them in volume. And
get them right away.

Call AMD at 1-800-222-9323 for more
information. Or call your local sales office to

place an order.

Advanced Micro Devices

901 Thompson Place. PO. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc
All brand or product names mentioned are trademarks or registered trademarks of their respective holders.
*Dataquest. March 1991, based on 1990 data
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While you've been pushing the
limits of digital devices,

HP’s specially designed
per-pin architecture
makes high-performance
testing an economic
reality.

The HP 83000 Model F660

Digital Test System uses specially

designed multi-chip modules to
give you the performance you

need to fully characterize designs
on anything from GaAs to CMOS.

With 50 ps accuracy. Speeds to
660 MHz. And up to 1024 chan-

The HP 83000 Digital Test System
for both engineering and
production applications.

nels with true tester-per-pin
architecture.

CAE links, automatic test
functions, and software tools
make test set up fast and
characterization thorough.
And there’s one PMU for every
16 channels, for faster dc
testing and greater throughput.
Yet, the HP 83000’s highly inte-
grated, modular electronics

bring you all this performance
at a cost that’s less than tradi-



we’'ve been pushing
the limits of testing.

tional ATE systems. And since
they make the footprint smaller
and upgrading easier, cost of
ownership is lower, too. In fact,
every technical aspect of the
HP 83000 system was designed
with the best combination of
performance and cost efficiency
in mind.

So, if you're pushing the perfor-
mance of digital devices, call
1-800-452-4844*. Ask for Ext.
2898, and we'll send you infor-

CIRCLE 158 FOR U.S. RESPONSE

© 1992 Hewlett-Packard Co. TMBID136/ED

mation that explains how the
HP 83000 lets you test them to
their limits.

There is a better way.
(ﬁ HEWLETT
B pPACKARD

* In Canada call 1-800-387-3867, Dept. 432.

CIRCLE 159 FOR RESPONSE OUTSIDE THE U.S.



LON"
or
LINC"™
i

Now that engineers have inves-
tigated LON technology, many are
coming back to the oriE'nal LINC
(the CY233 Local Intelligent Net-
work Controller), or are discover-
ing the CY233 chip for the first time.

With CY233s, one IBM-PC COM
port can address up to 2048 TTL
I/O lines. Try this with LON!

e The CY233 instruction set and
features are fully documented.
Try getting this info for LON.

e The CY233 does not require a
$17,995.00 development sys-
tem! You can start for $17.95
plus any RS232 port computer.

@ No CY233 royalties or licenses
required. Be sure to check out
LON terms and conditions.

e® Learn 7 LON levels or 1 easy
LINC level.

e Easy CY233 interface to 8051
and similar microcontrollers.

@ The CY233 is in stock now.

Discouraged by $17,995.00 to start
using LON? If you need a network,
but LON is overkill, try these intro-
ductory offers! Get started with the
O CYB233 prototyping kit with an
onboard CY233 and wirewrap area,
ready to assemble, for only $179.95,
Oor try our introductory chip offer
of 2 CY233s for only $17.95 each.

Call 415-726-3000 today or
Fax 415-726-3003 for info.

Say LON sent you, and get these
great introductory prices!
Credit Cards OK!

The CMOS CY233 operates at speeds up to
57,600 baud and is available from stock in a
40-pin DIP. (44-pin PLCC or Quad Flat Pak
available in 1000s.)

Cybernetic Micro Systems
PO Box 3000
San Gregorio CA 94074
Tel: 415-726-3000
Fax: 415-726-3003

LON is a trademark of Echelon Corp.

CY233-Linc is a trademark of Cybemetic Micro Sys.
Limit one of each introductory offer per customer.

CIRCLE 150 FOR U.S. RESPONSE
CIRCLE 151 FOR RESPONSE OUTSIDE THE U.S.
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EDITORIAL

BrAME IT ON...THE MOON?

as anyone ever considered the possibility that holes in the ozone
layerare exposingusnot only tomoreintense ultraviolet radiation
from the sun, but also to more intense illumination from the full
moon? How else can anyone explain the recent rash of lunacies
that we see all around us?

Case in point no. 1: The average salary of major-league baseball players now
is about one million dollars per year. However, ballplayers aren’t alone in that
income bracket. They’re in a class with many executives of in-the-red corpora-
tions, whoseboards of directors seemtobe muchless demanding of performance
excellence than baseball managers. For one group, only teammates and fans get
hurt when the manager makes a bad decision, while the other has thousands of
other people’s jobs riding on his or her decisions.

Case in point no. 2: In a New York Times article about the shrinking number
of jobs for physicists in the U.S., IEEE president-elect Merrill W. Buckley
draws fire for his remarks on the immigration of foreign engineers in times of
high unemployment. This view is disputed by a professor of physies who says,
“Without the foreign physicists who came to the United States during this
century, American science would have been in a sorry state.” That may have
been true earlier in this century. But today, the knowledge and talent of many
trained American engineers and physicists are wasted in menial technical jobs,
if they have jobs at all. Companies, for whatever reason, no longer invest in
research and development as they once did, surrendering the future for short-
term budget gains today. And still, universities beat the drums for more
students, with claims of a looming shortage of engineers and scientists.

Case in point no. 3: The House of Representatives turns out to be a club for
rubber-check writers. According to our Constitution, the House is the source of
any bill that raises revenue, and now it becomes clear why the federal govern-
ment always operates under a deficit. And these people are the same ones who
waited until the middle of the night, when bill-paying, hard-working citizens
(those who still had their jobs) were sleeping, to vote themselves a raise. Once
again, Walt Kelly’s Pogo is proven right: “We have met the enemy and he is us.”

Case in point no. 4: Politicians continue to jump aboard the trade protection-
ist bandwagon, instead of coming up with programs that would help U.S. man-
ufacturers compete in today’s and tomorrow’s global marketplace. That’s the
best way to assure that voters will have jobs in the future. International com-
petition is going to intensify in the coming years, and only the quality

producers —and their workers’ jobs — will
survive.
Needless to say, we’d better plug
that ozone layer in a hurry.

o ok

Editor-in-Chief

D ESIGN
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1010 3000

Now, high-speed, high-isolation switches with

with built-in drivers, tough enough to pass stringent
MIL-STD-202 tests. There's no longer any need to hassle
with the complexities of designing a TTL driver interface and
then adding yet another component to your subsystem...it's
already included in a rugged, low-cost, compact assembly.

SPECIFICATIONS

TOSW-230 TOSW-425 Available in the pppular hermetically—se_aled
ZFSW-230DR  ZFSW-425DR TO-8 package or a small EMI-shielded metal connectorized
Fre. RangeiMbR) il AR case, these tiny PIN-diode reflective switches, complete
‘”S]%”]bgmdm ‘jg o ‘fg s with driver, can operate over a 10 to 3000MHz span with a fast
i Z 6 3 . %
100-1500MHz 11 19 1 17 ] : 2usec switching speed.
1500-3000MHz 18 2.7 18 25 Despite their small size, these units offer
Isolation(dB) typ min typ min isolation as high as 40dB(typ), insertion loss of only 1.1dB(typ),
it i+ o8 - o and a 1dB compression point of +27dBm over most of the
1500-3000MHz 35 22 35 22 frequency range. All models are TTL-compatible and operate from
1dB Compression(dBm)  typ min typ min a dc supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current.
10-100MHz 17 6 17 6 Switch to Mini-Circuits for highest quality
100-1500MHz 27 19 27 19 . . d dl the drivi
1500-3000MHz 30 28 30 28 innovative products...and leave the riving to us.
VSWR(ON) e 1 f1vg 5 finding new ways
: setting higher standards
Switching Time (usec) typ max typ max & = 2 1V
(from 50% TTL to 90% RF) 20 4.0 20 40
Oper. Temp.(°C) -55to +100 -55 10 +100 m MI“I'CIrCUIts
) R o £ ) A Division of Scientific Components Corporation
Stor. Temp.(°C) 72210+100 siEhishalll PO Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Price (10-24) $39.95 $59.95 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
(1-9) $89.95 $109.95 WE ACCEPT AMERICAN EXPRESS

CIRCLE 122 FOR U.S. RESPONSE CIRCLE 123 FOR RESPONSE OUTSIDE THE U.S. F126 REV. A



When is designing with DSPs
stool? When you lack the sup




like sitting on a two-legged
port only TMS320 provides.

trong, solid support is essential
to your design success with
digital signal processing. That’s why
we at Texas Instruments have developed
the support for our TMS320 DSP
family as carefully and extensively as
the family itself.

World-class development tools
Choose any DSP in our five-generation
family, and you will find that the
development

environment is the
_same as that for
general-purpose
MiCrOProcessors.

Included in
) the com-
» prehensive
, lineup are

- advanced
high-level-language
ANSI-compatible C
compilers, HLL C-source-
level debuggers, scan-based emulators,
a multitasking DSP operating system
and a low-cost evaluation module for
benchmarking.

Tap into plenty of help
Our technical hot line connects you
with TMS320 specialists who can
answer your questions, provide more
information or discuss
a fine design point.
We also maintain an ~ ‘
on-line bulletin- |
board service.
Hands-on work-
shops are a convenient
opportunity for familiar-
izing yourself with the TM§3ZO famlly
and development environment. More
than 2,000 pages of applications notes
and DSP code are available. In addi-
tion, there are over 100 third parties
and consultants supporting the TMS320
family. And our university program

© 1992 Tl 08-12041

includes more
than 100
university labs.
When it

comes to DSP
support, no one
in the industry
gives you as
strong a third leg as we do.

The right DSP at the right price

The other two legs — performance and
price — are just as strong.

Our industry-standard TMS320 family
contains more than 30 members, includ-
ing the super-performance parallel-
processing TMS320C40. Prices start
as low as $3 for 16-bit devices and $25
for 32-bit devices. That makes it easier
and faster than ever before for you to
closely match a DSP to your price/
performance needs.

When only a custom
device will do,
our unique
customizable
digital signal
processing
capability (cDSP)
can adapt our
general-purpose '
DSPs to your needs.

To experience our strong support,

call 1-800-336-5236, ext. 3536

We'll send you our interactive disk
“Designing with DSPs is Easy” so you
can experience the TMS320 Program-
mer’s Interface. In addition, you'll
receive information on our broad
TMS320 family, our world-class support
and customizable capability (cDSP).

TEXAS
INSTRUMENTS



PICO
High Voltage
DC-DC
Converters

4"Htx.5"x.5"
up to 1000VDC

Series AV
* 56 Standard Models

* 100VDC to 1000VDC Output

e Ultra- miniature Size and Weight
(4 grams) 0.1 Cubic Inch
Volume

* 4 Standard Input Voltages
5,12, 24 and 28 Volts DC

» No Heat Sink or Electrical
Derating Required

* Standard Operating Temp.
—25°C to +70°C, Ambient

® Input/Output Isolation

Options Available for

Military Applications

* Optional Operating Temp.
—55°C to +85°C, Ambient

® Screening available per
MIL-STD-883

* Stabilization Bake
® Temperature Cycle

® Hi-Temp, Full Power Burn-In,
160 Hours —125°C typical case
temp.

Delivery— stock to

one week di
pico ==

Electronics, Inc.

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552

Call Toll Free 800-431-1064

IN NEW YORK CALL 914-699-5514
& Fax 914-699-5565 J

CIRCLE 136 FOR U.S. RESPONSE

CIRCLE 137 FOR RESPONSE OUTSIDE THE U.S.

TECHNOLOGY BRIEFING

TAB PosiTIONS ITSELF For GROWTH

ape-automated bonding (TAB) is making in-
roadsasanenabling technology for future gen-
erations of multichip modules (ELECTRONIC
DESIGN, Jan. 9, p. 83). But despite its wide ac-
ceptanceinJapanand growthinthe U.S.and Europe, the
technology does haveits critics. At the recent Fourth In-
ternational TAB Symposium, San Jose, Calif., a new di-
rection was described for TAB that sidesteps many ofits =~ g
pitfalls and may offer an avenue for substantial growth
as a mainstream packaging technology. :

In developing a technique called demountable TAB
(DTAB), researchers at Hewlett-Packard’s Circuit
Technology R&D Center, Palo Alto, Calif., sought to
overcome the limitations that TAB’s critics have decried for years. These in-
clude the technology’s high entry cost, the expense of applying gold bumps to
chips, and the need for ever-finer pitches for pe-board traces. The loudest com-
plaints concern the difficulties TAB poses for rework and repair. But by per-
fecting a proprietary bumpless inner-lead-bond process, HP eliminated the
bumping of chips. More importantly, the package’s separable outer-lead pres-
sure contacts make for easy removal from the board after mounting. This cre-
ates unlimited rework, not to mention ease of diagnostics and field service at
the chip level. The 284-lead package uses area-array connection directly to
through-hole vias on the pc board, eliminating the need for fine-pitch traces.

The package plugs into precise alignment holes in the pe board. The board is
backed by a spring stiffener and the package is secured by serews. Compressed
elastomer is used to apply force to the outer leads. In performance tests at 65
MHz and 125 MHz, the DTAB package equalled or exceeded the thermal and
electrical performance of any single-chip VLSI package. The package also with-
stood aggressive environmental testing. Asaresult, HP envisions DTAB as po-
tentially spurring the proliferation of high-performance TAB technology.

Researchers are also investigating other ways of getting around gold bump-
ing of die for TAB attachment. A report from IBM Corp.’s Endicott, N.Y. fa-
cility describes a process called solder-attach tape technology, in which the in-
nerleads aren’t bonded by thermocompressing gold bumps on the chip. Instead,
the heat necessary to form the bond is transferred to a tin-lead solder bump on
the chip and gold-plated TAB leads by convection from hot gas applied through
anozzle over the bond site. The leads are pressed into the preheated solder by
the nozzle, which applies the hot gas. A cool-gas cycle then solidifies the joint.

The advantages of this technique, which borrows from IBM’s established flip-
chip methodology, is that bonds can be formed over active circuitry. This means
that array footprints can be packaged. Earlier TAB methodologies were lim-
ited to perimeter connections. The shorter line lengths will reduce capacitive
loading and other parasitic effects. Hence, devices will be faster.

Some MCM developers have discovered that module testing requires amulti-
phased approach to hardware test, and that TAB technology provides for eas-
ier assembly than wire bonding. In addition, it’s easier to sort for good die when
they’re mountedin TAB carriers. The experiences reported by the Tactical Sys-
tems Division of Rockwell International Corp., Anaheim, Calif.,show that MCM
developers have abetter handle on the complexity of module assembly and ver-
ification than ever before.

Rockwell’sapproach to designing its dual-1750 A processor module for a high-
speed missile-interceptor program may well point the way for future MCM de-
velopers. The company attributes its first-pass success to months of up-front
work at the system level, which included an effort to reduce design complexity.

Thus, as TAB developers and end-users explore ways to expand the tech-
nology’s applicability, TAB inches closer and closer to the mainstream of pack-
aging technology.

DAVID MALINIAK
COMPONENTS & PACKAGING




ULTIMATE CONTROL

No one can give you conirol of your GPIB fest system like National Instruments can.

PERFORMANCE And when your controller needs change, NI-488 programs are
The NAT4882™ chip makes our GPIB controller  compatible across many different platforms and operating
boards completely IEEE-488.2 compatible. systems — without modification.
When the NAT4882 is teamed with the
Turbo488® performance chip, you get the UPGRADE PROGRAM
maxlmum IEEE 488 transfer rate of 1 Mbytes/sec for both read ~ Existing PC, PS/2, and Macintosh customers can upgrade to the
and write operations. benefits of IEEE-488.2 and increased performance through a
special upgrade program.
Use our industry-standard NI-488® software to control your
GPIB instruments and give your test programs maximum TRAINING
throughput, regardless of your choice of personal computers Learn even more ways to improve your test system by taking
or workstations. our hands-on, IEEE-488 training course.

COMPATIBILITY i i

The NAT4882 controller chip is also compatible with the el LG L ‘ﬂr’a“s‘%%’ﬂé'ws ‘
controller chips of the past, so you get the best of both worlds = (512) 794-0100 or The Softare is the Instrumens
complete compatibility with your existing applications and the (800) IEEE 488 6504 Bridge Point Parkway
ability to meet your future requirements. (Toll-free U.S. and Canada) Austin, TX 78730-5039

See Us At ATE And Instrumentation
Booth #108

AUSTRALIA (03) 879 9422 « DENMARK (45) 76 73 22 « FRANCE (1) 48 65 33 70 « GERMANY (089) 714 5093 « ITALY (02) 4830 1892
JAPAN (03) 3788 1921 « NETHERLANDS (01720) 45761 « NORWAY (03) 846 866 * SPAIN (908) 604 304 « SWITZERLAND (056) 45 58 80 « U.K. (0635) 523 545
Product names listed are trademarks of their respective manufacturers. Company names listed are trademarks or trade names of their respective companies. © Copyright 1991 National Instruments Corporation. All rights reserved
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RF TRANS

Over 50 off-the-shelf models...

Having difficulty locating RF or pulse
transformers with low droop, fast risetime or a
particular impedance ratio over a specific frequency
range?...Mini-Circuits offers a solution.
Choose impedance ratios from 1:1 to 36:1,
connector or pin versions (plastic or metal case
built to meet MIL-T-21038 and MIL-T-55831 re-
quirements*). Ultra-wideband response achieves low
droop and fast risetime for pulse applications. Ratings
up to 1000M ohms insulation resistance and up to 1000V T.TH,TT
dielectric voltage. For wide dynamic range applications involving
up to 100 mA DC primary current, use the T-H series.

T, TH.T
bent lead version
style KK81

Coaxial connector models are offered with 50 and 75 ohm TTHTT
impedance; BNC standard; request other types. ki $15t

Available for immediate delivery with one-year guarantee.
Call or write for 68-page catalog or see our catalog in
EEM, or Microwaves Product Data Directory.

*units are not QPL listed

>
"
@)

T, TH, case W 38, X 65 bent lead version, KK81 bent lead version
TMO, case A 11, 1 case B 13 FT,FTB, case H 16
NEW TC SURFACE MOUNT MODELS from 1MHz to 1500 MHz

case styles

i NSN GUIDE
finding new ways ... MCLNO. NSN MCLNO. NSN
setting higher standards FTB1-1-75 5950-01-132-8034 ~ TMO2-1  5950-01-183-6414
& -+ FTB1-6 5950-01-225-8773 TMO25-6  5950-01-215-4038
T1-1 5950-10-128-3745 TMO25-6T 5950-01-215-8697
Mlnl CIrcults 11T 5950-01-153-0668 ~ TMO3-1T  5950-01-168-7512
T2-1 5950-01-106-1218 TMO4-1 5950-01-067-1012
A Division of Scientific Components Corporation T3-1T 5950-01-153-0298 TMO4-2 5950-01-091-3553
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 T4-1 5950-01-024-7626 TMO4-6  5950-01-132-8102
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 T9-1 5950-01-105-8153 TMO5-1T  5950-01-183-0779
T16-1 5950-01-094-7439 TMO9-1 5950-01-141-0174

TMO1-1 5950-01-178-2612 TMO16-1 5950-01-138-4593




FORMERS

KHz-8O0OMHz from $325

Q FREQUENCY INSERTION LOSS PRICE $
RATIO MHz
case style number MODEL 3dB 2dB 1dB Otg
see opposite page NO. MHz MHz MHz (1-9)
A* T -1 1 05-200 05-200 08-150 2-80 445
T1-6T 1 003-300 1003-300 01-150 02-50 6.95
T21T 2 07-200 07-200 1-100 5-50 4.95
T25-6T 25 01-100 01-100 02-50 50-20 495
4 » T3-1T 3 05-250 05-200 1-200 5-70 495
PRI SEC T4-1 4 2-350 2-350 35-300 2-100 325
T4-6T 4 02-250 02-250 05-150 0.1-100 445
T5-1T 5 3-300 3-300 6-200 5-100 495
T8-1T 8 03-140 03-140 10-90 1-60 795
T13-1T 13 3-120 3-120 7-80 5-20 495
T16-6T 16 03-75 03-75 06-30 1-20 565
TH  Ta-1H 4 10-350 10-350 15-300 25-200 595
TMO  TMO1-1T 1 05-200 05-200 08-150 2-80 7.95
TMO2-1T 2 07-200 07-200 1-100 5-50 8.45
+TMO25-6T 25 01-100 01-100 02-50 05-20 8.45
$TMO3-1T 3 05-250 05-250 1-200 5-70 7.95
TMOA4-1 4 2-350 2-350 35-300 2-100 6.25
TMO5-1T 5 3-300 3-300 6-200 5-100 8.45
TMO13-1T 13 3-120 3-120 7-80 5-20 845
B* T e 1 004-500 004-500 02-200 1-50 6.95
TT1.5-1 15 075-500 075-500 2-100 1-50 595
s = TT25-6 25 01-50 01-50 025-25 05-10 6.45
PRI SEC TT4-1 3 05-200 2-50 2-50 1-30 595
TT4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 6.95
TT25-1 25 02-30 02-30 05-20 1-10 995
TTMO  TTMO25-1 25 02-30 02-30 05-20 1-10 1195
TTMO1-1 1 005-100 005-100 01-75 05-40 11.45
TTMOA4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 13.95
C T Ti-1 1 15-400 15-400 35-200 2-50 325
T1.18-3 118 0.01-250 0.01-250 0.02-200 0.03-50 565
T1-6 1 01-150 01-150 02-100 05-50 565
T1.5-1 15 1-300 1-300 2-150 5-80 4.45
T15-6 15 02-100 02-100 05-50 0.1-25 565
' - T2.5-6 25 01-100 01-100 02-50 05-20 445
PRI SEC T4°6 4 02-200 02-200 05-150 1-100 445
T9-1 9 15-200 15-200 3-150 2-40 395
T16-1 16 3-120 3-120 7-80 5-20 445
T36-1 36 03-20 03-20 05-10 1-5 6.95
TO. To:75 1 10-500 = 10-500 40-250 6.95
TR S 1 8-300 8-300 10-200 25-100 595
T9-1H 9 2-90 2-90 3-75 6-50 6.45
T16-H 16 7-85 7-85 10-65 15-40 6.45
TMO  TMO1-02 1 1-800 1-800 2-500 = 9.45
TMO1-1 1 15-400 15-400 35-200 2-50 6.25
TMO1 5-1 15 1-300 1-300 2-150 5-8 845
+TMO25-6 25 01-100 01-100 02-50 05-20 7.95
+TMO4-6 4 02-200 02-200 05-150 1-100 795
TMOB-1 6 3-200 3-200 5-150 5-50 795
TMO9-1 9 15-200 15-200 3-150 2-40 7.95
TMO16-1 16 3-120 3-120 7-80 5-20 7.95
D T 12 2 050-600 050-600 1-400 5-200 395
T3-1 3 5-800 5-800 2-400 = 445
= = T4-2 4 2-600 2-600 5-500 2-250 395
T8-1 8 15-250 15-250 25-200 2-100 395
PRI SEC T14-1 14 2-150 2-150 5-100 2-50 495
TMO  TMO2-1 2 050-600 050-600 1-400 5-200 7.95
TMO3-1 3 5-800 5-800 2-400 = 845
L TMO4-2 4 2-600 2-600 5-500 2-250 7.95
= TMOB-1 8 15-250 15-250 25-200 2-100 7.95
TMO14-1 14 2-150 2-150 5-100 2-50 845
ET Frt2ey 1.22 005-100 005-100 01-50 05-25 3595
FT1.5-1 15 1-400 1-400 5-200 1-100 35.95
Ll L]
FTB-1 1 2-500 2-500 5-300 1-100 36.95
E PR SEC FIB il i 01-125 01-125 05-50 1-25 36.95
wFTB-1-75 1 5-500 5-500 5-300 10-100 36.95
T T-622 1 0.1-200 0.1-200 0.5-100 5-80 325
T626 1 0.01-10 0.01-10 0.2-5 04-2 395

= Denotes 75 ohm models
* FOR A AND B CONFIGURATIONS

Maximum Amplitude Unbalance Maximum Phase Unbalance
0.1 dB over 1 dB frequency range 1.0° over 1 dB frequency range
0.5 dB over entire frequency range 5.0° over entire frequency range
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R Askthree
f design engineers

=er ingtolRIGBTsand
, * you may get three
\ ‘f @" ¥ ¥ diferentanswers:
Performance. IR IGBTs switch faster,
generate less heat, and operate athigher
frequencies than bipolars.

whythey'reswitch-

Simplicity. Our IGBTSMOS gate makes  performance ratio improves. Or the
it much simpler to drive than a bipolar:  bottom line is the bottom line.
Size. Its smaller footprint and lower For your high voltage, high current

component count saves z i power transistor circuit
alot of board space. | "\ designs remember,
Butallthreeanswers : cost efficiency has
add up to one: Cost g _iﬁ four initials: IGBT.
effectiveness Anyway I £ 1 Make that six.
youlookatit, the price/  The old way. The right way. IR IGBT.

I¢R|International Rectifier

WORLD HEADQUARTERS: 233 KANSAS ST, EL SEGUNDO, CA 90245, US.A. (310) 322-3331. FAX,(310) 322-3332, TELEX 472-0403. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RH8 98B, ENGLAND TELEPHONE (0883) 713215, TELEX 95219
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TECHNOLOGY NEWSLETTER

i 3 Useful battery life in portable electronic equipment such as notebook com-
HIGH SPEED 3'3 V LOGIC puters and cordless telephones can be extended with two families of low-volt-

OP ERATES DOWN TO 1.2 V age logic recently introduced by Philips Semiconductors, Eindhoven, the
Netherlands. Both families are intended for use as glue logic with 3-V versions of 16- and 32-bit
processors and high-capacity memories. Dubbed HLL for high-speed low power, and LV for
low voltage, they operate with supply rails as low as 1.2 V. That means they can work in
circuits powered by one rechargeable cell or by two alkaline or carbon-zine primary batteries.
The output of a typical NiCd cell drops to 1.2 V when it needs recharging, while primary cells
have an end-of-life output of around 1.8 V. Power consumption for the two families is said to be
one-half that of standard CMOS logic and input capacitance is 3.5 pF. HLL devices provide
propagation delays of 2.5 ns in 3.3-V systems, while LV devices offer a delay of 8 ns. Each
group has latch-up-free operation and can connect directly with most bipolar TTL devices.
Both families will soon be produced commercially at a newly completed wafer-fabrication
plant at Nijmegen, Holland. Philips expects to announce 20 devices in each family this year,
with samples of the first circuits, the T4AHLL33240 and 741.V244 3-state octal buffer-line driv-
ers, available now. The drivers are available in plastic SO 24- and 20-pin packages, respective-
ly. Versions in SSOP packages are planned for the end of this year. In Europe telephone Tinus
V.D. Wouw at 031 80 532662. In the U.S. contact Albert Beijer at (408) 991-3626. PF

¢ As the gap between PCs and workstations closes, the ante for next-genera-
64 BIT RISC CP U IC TO tion desktop systems has been upped for PC suppliers with the release of the

SP EARHEAD WORKSTATIONS 64-bit Alpha RISC microprocessor by Digital Equipment Corp., Maynard,
Mass. DEC plans to use the 21064 in both its own VAX computer systems and the standard
ACE-compatible computer systems, as well as sell the CPU chip and license its manufacturing
rights to semiconductor suppliers. That last ploy is comparable to the approach Mips Comput-
er Systems Inc. uses for its RISC CPU families (Mips Computer Systems has just agreed to
merge with Silicon Graphics, creating one of the largest suppliers of RISC-based systems
hardware). The Alpha CPU, which offers about the same peak performance as that of the
original Cray-1 supercomputer, has a feature set similar to that of the Mips R4000 processor—
a full 64-bit RISC CPU and floating-point unit, dual 8-kbyte caches (twice that of the R4000),
demand-paged memory management, parity and error-checking and correction, and a four-
word write buffer. Operating with 200-MHz clocks and 3.3-V supplies, the Alpha delivers a
throughput of about 400 MIPS. The chip will be housed in a 431-lead pin-grid array, dissipating
about 23 W when running at 150 MHz (300-MHz external differential clocks). The first com-
mercial version runs at 150 MHz (300 MIPS) and sells for $1650 each in lots of less than 1000
units. Quantity shipments will start in July. Contact Richard Wittick, (508) 493-5111. pB

The Delft University of Technology in the Netherlands will host an Interna-
HOLLAN D HOSTS ANALOG tional Workshop entitled Advances in Analog Circuit Design. Conceived by

CIRCUIT WORKSHOP Prof.Johan Huijsing of Delft Univ., it will be held April 8-10in Scheveningen.
The three topics that will be covered, one for each day, are operational amplifiers, analog-to-
digital converters, and analog CAE/CAD. Unlike a typical conference, there will be no concur-
rent sessions. A sampling of invited speakers and their subjects include: Derek Bowers (Ana-
log Devices, Santa Clara, Calif., U.S.), The Impact of New Architectures on the Ubiquitous
Op Amp; Michael Steyaert (Catholic Univ. of Leuven, Belgium) Op Amp Design for Maxi-
mum Gain-Bandwidth: Bipolar vs. CMOS; Klaas Bult (Philips Research Labs, Eindhoven,
the Netherlands) Super-Stage CMOS Op Amps; John Corcoran (Hewlett Packard Labs, Palo
Alto, Calif., U.S.) High-Speed Sampling and A-D Conversion; Tapani Ritoniemi (Tampere
Univ. of Technology, Tampere, Finland), High-Speed 1-Bit Sigma-Delta Modulators; Andy
Thurston (GEC-Marconi Research Centre, Chelmsford, Essex, U.K.) Bandpass Sigma-Delta
A-D Conversion; and Marc Degrauwe (Centre Suisse d’Electronique et de Microtechnique,
Neuchatel, Switzerland), Tools for Analog Design Planning. Telephone Prof. Johan Huijs-
ing at 031 15785745, or fax: 031 15 785755. FG

PC manufacturers typically offer warranties ranging from 6 to 18 months.
P C BUYERS GET LIFETIME Hyundai Electronics America, San Jose, Calif., claims it has enough confi-

WARRANTIES, DISCOUNTS dence inits products thatit’s taking their warranty to the farthest extreme—
the company is offering a lifetime warranty on qualifying PC products. Hyundai claims that
this is a first in the PC industry. The warranty covers the base system, including the mother-
board and other related components such as the video card, floppy disk drives, and the key-
board. In addition, the company says that users purchasing a new system can get popular
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Now you can
and not get

Introducing new RISC System/6000 POWERstations

If you're interested in open systems but don’t want to Scientists see stars.
suffer the slings and arrows of outrageous prices, CASE users can start
IBM is about to hit you where you live. The RISC with a grayscale work-
System/6000™ POWERstation 220 gives you more station with a paging

w'allop for your money, while delivering a hefty 259 disk for just $7,185. If
SPECmarks.™ That’s compared to the SUN IPCs™ 134 its CAD clout you're
SPECmarks and the DEC5000%™ 17.8. after, you can get a

workstation specially
Model Grgcgz);le 8-bit Color outfitted for mechani-
Workstation** Workstationt cal design—with 2D
color graphics and
IBM 220W $7,185 $9,995 A00MB of fixed
HP 705710 $8.415 $14.065 disk storage—for only $9,995. All models in the
POWERstation 220 series come with two expansion

*In Canada, call 1 800 465-1234. **16MB, Paging Disk, Display, Operating System, Graphical User Interface. 116MB, 400MB Disk, Display, Operating System, Graphical User Interface

IBM is a registered trademark and RISC System/6000 is a trademark of International Business Machines Corporation. SPECmark is a geometric mean of the ten SPECmark tests and is a
trademark of Standard Performance Evaluation Corporation. All SPECmark figures listed are as published by their respective manufacturers. All prices listed are MSRP. Remarketer prices may
vary. IPC is a trademark of Sun Microsystems, Inc. DEC5000 is a trademark of Digital Equipment Corporation. UNIX is a registered trademark of UNIX Systems Laboratories. HAGAR THE
HORRIBLE Character(s) © 1992 King Features Syndicate, Inc. ©1992 IBM Corp



oet more clout,

clobbered.

and POWERservers that pack more punch for less.

slots and upgradable components. And industry- machines, configure your network and integrate
standard memory upgrades and add-ons for both all your systems, whether they’re made by IBM or
are affordable, so growing won’t be a pain. not. And IBM Credit Corporation has flexible

financing packages to meet your needs. Get hit
Striking a blow for business. The POWERserver with the details. Call your IBM marketing repre-

220 is great for commercial UNIX® solutions, too. sentative or Business Partner. For literature, call
You can configure it as a commercial server, to give 1 800 IBM-6676, ext. 769%*

your business the speed, muscle and openness of And, for those who decide to shop for UNIX
UNIX, for only $9715. And the POWERserver 220 solutions elsewhere, a word of advice. Duck.

is as expandable as all our other models.

IBM is in your corner. Nobody else he RISC System/ﬁ()()o
delivers the knockout support of IBM. An

IBM customer engineer can install your s FOI‘ the POWCI‘ Seekel‘.



TECHNOLOGY NEWSLETTER

software, software support, and accessories through Hyundai at significant discounts. The
products come from such companies as Borland, Microspeed, Software Publishing Corp., and
Software Support. RN

% To build the highest-speed mixed-signal array, Tektronix, Beaverton, Ore.,
MIXED SIGNAL ARRAYS has moved to its latest trench-isolated process, GST-1 (Gigaspeed Silicon

HOLD 12'GHZ NPNS Technology). GST-1 allows Tektronix to build npn transistors with an f; of 12
GHz at a mere 600 pA, while offering twice the packing density of its predecessor, the SHPi
(Super-High Pi) process. And that’s with a beta of 40 and an Early voltage of 15. This self-
aligned, double-polysilicon process uses a deep trench to isolate individual devices from each
other in lieu of diffusions. The trenches are oxide-lined and back-filled with polysilicon.
Trenching increases the packing density and decreases parasitics. The process uses a thin
base and a highly doped emitter, which together can build high-speed transistors with good de
characteristics. At a current of 1 mA, the Vg mismatch between any two npn transistors (the
cause of differential-pair offset voltage) runs under 2.5 mV. The array, called Quick Chip 7,
uses a tile architecture. One-third of the chip’s center portion is a digital section; the other two-
thirds is an analog section. The former section consists of one large tile with over 300 npn tran-
sistors for ECL circuits. Four large tiles form the analog section, which contains over 200 npn
transistors. For additional information, contact Dave Bernel at (503) 627-2515. FG

' Last year, Gyration Inc., Saratoga, Calif., introduced a gyroscope-based
GYROSCOPE BASED P C handheld computer pointer with an attached cord, an apparatus very similar

P OINTER GOES WIRELESS to a mouse. A second version, called GyroPoint Remote, now communicates
with a PC through RF transmissions. Like the original design, the pointer housing encloses a
position-sensing miniature gyroscope. However, instead of sending cursor-control signals to a
computer through an umbilical cord, the signals are sent by a transmitter connected to a user-
worn belt or clip that connects to the pointer through a 3-ft. spiral cord. The receiver is
attached to the computer by a 2-ft. cord that’s Apple- (ADB-) or PC/RS232-compatible. Gyro-
Point Remote communicates with a PC at distances up to 50 ft. The device is compatible with
all software programs based on Microsoft Windows and Apple Macintosh. Platforms from
Sun Microsystems and Silicon Graphics need additional software drivers to use the pointer.
GyroPoint Remote will be available from OEMs and independent resellers in June at a sug-
gested retail price of $995. For more information, call (408) 255-3016. ML

A high-performance interconnection for Rambus Inc.’s DRAM architecture
RAMBUS-DRAM SOCKET is in the works. Augat Inc., Attleboro, Mass., is teaming up with the Moun-
LOOMS ON THE HORIZON tain View, Calif.-based company to develop a surface-mountable memory-
module socket that will address users’ needs for a rugged, reliable interconnect. The socket
will also represent a Rambus-compatible interface for memory and logic devices from Fujitsu,
NEC, and Toshiba, who have declared support for the Rambus architecture with compatible
DRAMs, ASICs, and bus-interface support circuits. The socket will facilitate memory-system
expansion for hundreds of Rambus DRAMs in a small footprint. The Rambus interface is
implemented on ICs that forge a link to the Rambus Channel, a memory-interface bus that de-
livers 500-Mbyte/s data transfers (ELECTRONIC DESIGN, Mar. 19, p. 137). DM

Requiring no FCC licensing, the GINA (Global Integrated Network Access)
TRANSCEIVER TARGETS data transceiver developed by GRE America Inc., Belmont, Calif., uses
WIRELESS NETWORKS spread-spectrum technology to send and receive data at selectable rates up
to 128 kbaud in a half-duplex mode. Operating in the 902- to 928-MHz frequency band, the
transceiver is housed in a 1.52-in.-high enclosure that’s 4.17-in. wide and 5.0-in. deep. An
omnidirectional, 50-Q antenna is attached to the housing. GINA connects to any device that
has an RS232 serial port, and supplies up to 12 communication channels using four different di-
rect-sequence-modulation codes with a bit-error rate of under 1 ppm. Transmission power of 1
W provides a line-of-sight range of up to 1000 ft. Operating power is 12 V dc. For more

information, call (415) 591-1400 or 800-233-5973. ML
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DRIVE UP TO

The PA41 from Apex is the industry’s first Compared to bipolar high voltage amplifiers,

the PA41 does not suffer from second break-

down because of its MOSFET design. Other

available models include the PB58 (300V/2A),
the PA85 (450V/200mA) and the PA89
(1200V/75mA). 8 1o

Call 1-800-862-1021

monolithic operational amplifier to explode the
voltage/cost barrier. Capable of 350V, and
priced at $29.85 in 100s, the PA41 is just
the thing for driving piezo electric devices

efficiently and economically.

SPECIFICATIONS CHART  PA41 PA41A

SUPPLY RANGE 350V 350V today for product PIEZO
QUTPUT CURRENT  60MA 60mA Mo
OUTPUT VOLTAGE SWING +Vg-12V  +Vg-10V I .
SLEW RATE 40V/s  40V/s Iterature.
QUIESCENT CURRENT 2mhA 1.8mA - 4.
PRICE IN 100's $29.85  $39.75 Sictspackioner Drive =
-175
R o
é Vin ‘23? \ 20R 20R
+175 LA A A A

+15

L e

PIEZO
180 TRANSDUCER 180
100Q 100

Q
330pF 330pF

660 Volt Peak to Peak
Low Cost Piezo Drive

Piezo Motor
0 TO 630 Volts Output

And do it for just $29.85

For Immediate m tECh

Product Information, For Applications

DEDICATED TO EXCELLENCE

or to Place an Order or Product Selection
Call 1-800-862-1021 APEX MICROTECHNOLOGY CORPORATION Assistance Call Toll
or FAX (602) 888-3329 5980 N. SHANNON ROAD, TUCSON. ARIZONA 85741 Free 1-800-421-1865

AUSTRALIA, NEW ZEALAND (08) 277-3288 BELGIUM/ILUXEMBOURG (03) 458 3033 CANADA (416) 821-7800 DAEHAN MINKUK (02) 745-2761 DANMARK 42 24 48 88
DEUTSCHLAND (6152) 61081 ESPANA (1) 409 47 25 FRANCE (1) 69 07 08 24 HONG KONG 8339013 INDIA (212) 339836 ISRAEL (3) 9345171 ITALIA (2) 99041977
NEDERILAND (10) 451 9533 NIPPON (3) 3244-3787 NORGE (2) 50 06 50 OSTERREICH (222) 505 15 220 PEOPLES REPUBLIC OF CHINA (86) 500 7788
REPUBLIC OF SOUTH AFRICA (021) 24-4071 SCHWEIZ (56) 26 54 86 SINGAPORE 284-8537 SUOMI (0) 8041-041 SVERIGE (8) 795 9650
TAIWAN—REPUBLIC OF CHINA (02) 721-9533 TURKIYE (1) 337 22 45 UNITED KINGDOM (844) 278781
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ULTRA-REL

ULTRA*REL™ MIXERS 5 yr. Guarantee

with extra long life due to unique HP monolithic diode construction,
300°C high temp. storage, 1000 cycles thermal shock, vibration,
acceleration, and mechanical shock exceeding MIL requirements

the world's largest selection
H500Hz to BGHz from $249

Over 200 off-the-shelf models, from low-cost rugged industrial to Hi-Rel military/space approved types,

with LO power level requirements from -4dBm to +27dBm. We offer this wide variety

of models, up to 5GHz, to allow you to select exactly what you need...

pin, surface-mount, TO-8, flatpack, and connector package types, the specific frequency

range your design involves, the optimum LO drive level, and a host of special types.

And, exclusively from Mini-Circuits,

ULTRA-REL™ mixers with a

five-year guarantee

and specification limits

held to 4.5 sigma for

unprecedented

unit-to-unit repeatability.
Choose mixers with low

LO drive, low noise, load

insensitive, quadrature mixer/

finding new ways ...
setting higher standards

- - ] -
Mini-Circuits
A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156

WE ACCEPT AMERICAN EXPRESS AND VISA

modulators, plus a large number of CIRCLE 120 FOR U.S. RESPONSE

MIL-mixer types tested to .

MIL-M-28837/A, and TX screened.  CIRCLE 121 FOR RESPONSE OUTSIDE THE US. [
For the most comprehensive .

computer characterization of mixers
(isolation, conversion loss, intermod,
and VSWR vs frequency), call or write
your closest Mini-Circuits’ rep or
distributor or our office

for a free copy of our

RF-IF Signal Processing
Handbook, Vol. 1/2.

F123-1 REV.C






Instead of just telling you how
PowerFrame lets you develop a fully
integrated, front-to-back ASIC
design system to reduce your errors,
costs and development time by as
much as 30%), we'll go one better.

We'll show you. With a no-

NOW ALL YOU
NEED TO

CUT YOUR
ASIC DESIGN TIME

IS A PAIR OF

SCISSORS.

obligation trial of PowerFrame
based on how it’s being used in a real
ASIC design environment today.
And we'll do it right at your site.
We'll show you what leading
ASIC vendors such as NEC Elec-
tronics have already seen. That

PowerFrame is the open design
management framework that
relieves designers from the imposing
task of manually managing work-
flow and vast quantities of files and
configurations. Thereby allowing
them to concentrate on the design

© DIGITAL EQUIPMENT CORPORATION 1992, THE DIGITAL LOGO IS A TRADEMARK OF DIGITAL EQUIPMENT CORPORATION.
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| POWERFRAME !

'I'RIAI. OFFER

[ Tell me more about the no-obligation PowerFrame trial offer
that can be installed right at my site. I want to evaluate how PowerFrame can
reduce my ASIC design cycle time. Have a Digital representative call
to begin the qualification process.
1 Send me an invitation to visit the private PowerFrame suite at the
Design Automation Conference.
[] Just send me Digital's PowerFrame handbook for starters.

Name
Title
Company
Address
City State Country

Zip/Postal Zone Phone ( ) Ext.

Department

Our most challenging design management issue is:
[ Error generation [] Inefficient design process [] Limited project management
[ Other (please explain):
Our primary design discipline is:
[Jasic [ Custom IC [JPCB [ Electronic packaging
[J Mechanical [] Software development

Our primary engineering design software packages:

[ We have internal tools that we want to tie into our design process.

Return to: Kathleen Hudson, Frameworks Marketing, Digital Equipment
Corporation, MRO4-3/H8, 4 Results Way, Marlboro, MA 01752-3011
Or FAX this entire page to: 1-508-467-1569.

Offer limited to first 100 qualified respondents. Void where prohibited.

SEE DIGITAL'S POWERFRAME AT THE

DESIGN AUT CONFERENCE
BOOTH 701 ¢ JUNI 8 'I'I ® ANAHEIM, CA

L_-—-----—-J

and produce high-performance
working silicon the first time.
We'll show you how Power-
Frame’s open architecture lets you
mix the best in-house design tools
with the best commercial tools. How
it supports multiple platforms ~ even

CIRCLE 152 FOR U.S. RESPONSE

OPEN

Sun® HP® and IBM® How it lets

you share ASIC design data with

other parts of the system design and
promote the data upstream as
needed. And how PowerFrame
provides a flexible environment that
can change as your needs change.

To see all that PowerFrame can
do for you, just return the coupon.
But if dealing with scissors and post-
age are too much of a bother, then
tear this whole page out and fax

it back to us at mﬂgnnanm

1-508-467-1569.
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VANTAGE.

IBM IS A REGISTERED TRADEMARK OF INTERNATIONAL BUSINESS MACHINES CORPORATION.
HP IS A REGISTERED TRADEMARK OF HEWLETT-PACKARD COMPANY. SUN IS A REGISTERED TRADEMARK OF SUN MICROSYSTEMS, INC




Changing the Signal Processing World
Forever.

. ZAP! Sometimes the best

| — & #—P+- | ideas come suddenly. With

one great flash of insight, the
. problem is illuminated and
e quickly solved. Provided, of
V | course, you are working with
' f - SPROC™ signal processing
., f ! t‘ech.nol()gy from STAR

Wiy Semiconductor.
| EFREC Sechand ppme: pesn Before SPROC, many bright
| ideas produced little more
than a flash of light and wasted energy. And you have
probably seen more than one enlightened solution
bogged down in the time-consuming prototyping of
an analog board or the agonizing handcoding of a
DSP chip.

Now SPROC can help you transform your bright
ideas into brilliant signal processing solutions in a
flash. By integrating an advanced, programmable
signal processing chip and a powerful, easy-to-use

I

figy

development system, SPROC technology allows you
to create and modify an application in a matter of
minutes . . . without writing code.

How? The SPROClab™ development system uses the
unique “Sketch and Realize™™ design approach to
allow rapid transformation of signal processing
designs from signal flow block diagrams. SPROClab
automatically converts your diagrams into code
optimized for the SPROC chip, which contains multi-
ple on-chip processors for real-time signal processing
performance.

To learn more about the new SPROC technology,
specially-designed to handle the needs of real-time

signal processing, call
; SEMICONDUCTOR

for your free 350-page
DataBook and
The Signal Processing Company

demonstration disk.
(908) 647-9400.

25 Independence Boulevard, Warren, NJ 07059

A Flash of Brilliance.

CIRCLE 188 FOR U.S. RESPONSE
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STAR Semiconductor, the STAR logo, SPROC, SPROClab and “Sketch and Realize” are trademarks of STAR Semiconductor Corp.




TECHNOLOGY ADVANCES

SAW, ACT TECHNOLOGIES COMBINE To PRODUCE
50 BILLION MULTIPLY- ACCUMULATE/SECOND ICS

urface-acoustic-wave
S(SAW) technology is

now coming to the
fore to perform analog-sig-
nal processing at unheard-
of speeds. The SAW princi-
pleisbeing applied toaphe-
nomenon that for years
has been under develop-
ment—acoustic charge
transport (ACT) technolo-
gy. The analog-signal-pro-
cessing power resulting
from this union is best put
in digital parlance: SAW/
ACT circuits can perform
50 billion multiply-accumu-
late operations per second
(MACs). Such analog-pro-
cessing power is often the
only way to go, particular-
ly for applications where
accuracy of less thanabout
10 bits is sufficient and
blazing real-time speed is
often vital.

The joining of SAW and
ACT technologies stems
from a merger between
Electronic Decisions Inc.,
Urbana, Ill., and Comlin-
ear Corp., Fort Collins,
Colo. Electronic Decisions,
under Bill Hunsinger’s di-
rection, has been develop-
ing ACT technology for the
last ten years, with fund-
ing help from the Defense
Advanced Research Pro-
jects Agency (DARPA).
Hunsinger invented the
ACT concept at the Univer-
sity of Illinois at Urbana.
The Electronic Decisions/
Comlinear merger has
borne fruit with a single IC
that has supercomputing
speeds (Fig. 1).

With ACT, designers
can build tapped delay
lines to create transversal
or finite-impulse-response
(FIR) filters with signal
bandwidths in the 150-to-
500-MHzrange. FIR filters

Fig. 1

have long been used to per-
form correlation funec-
tions, although on lower-
frequency signals. In fact,
digital realizations of FIR
filters lie at the heart of
many digital-signal-pro-
cessing algorithms.

Such filters are also
found on-chip in delta-sig-
ma analog-to-digital con-
verters. It should be noted
that even these ACT-imple-
mented FIR filters are, like
switched-capacitor filters,
sampled-data systems.
However, unlike switched-
capacitor filters, they offer
virtually unlimited speed.
With ACT technology, fil-
ter sampling rates are ap-
proaching 400 MHz. That
puts them on a par with the
fastest 6- and 8-bit bit flash
ADCs available. More-
over, because ACT filters
perform multiplication and
accumulation operations
simultaneously, no super-
computeris required to fin-
ish the job.

ACT devices are built on
gallium arsenide, not for
GaAs’ speed, but for its pi-
ezoelectric capability to

ELECTURUONTIC

'ﬁiﬂiﬁﬁ*ﬂv@"ﬁﬂ&

create the SAW (Flig. 2a).
In fact, rather than being
fabricated on a submicron
GaAs line, the ACT ICs are
made on a modified CMOS
process with 8-um lithog-
raphy. ACT technology es-
sentially represents a mar-

technologies.

Consider the simple ACT
delay line shown (Flig. 2a,
again). Aninput signal x(t)
is applied to an input ohmic
contact (IC) on a depleted
n-type epitaxial GaAs lay-
er, which itself is grown on
a semi-insulating GaAs
substrate. On the same
substrate, a high-Q trans-
ducer generates a SAW
that propagates across the
surface at 2846 m/s. Be-
cause the material is piezo-
electric, the propagating
surface wave induces a se-
ries of electric fields within
the epitaxial layer. These
fields can be thought of as
traveling potential wells.

Each potential well that
passes under the input con-
tact injects a number of
electrons, proportional to
the input voltage at that in-
stant, into the well. The
fields associated with the
surface wave then trans-
port these packets of elec-
trons (charge packets)
along the ACT ‘“‘channel”

riage of SAW and GaAs IC | and away from the input
ACT delay line
SAW drive Ohmic —
contact
oL a3l
ez av). . NJS‘T) -E_‘_ Ohmic
I;I:_ electrode | — ctzg%ct
SAW >

N\ \

n epltaxlal galllum arsemde

Wi

Semi-insulating gallium arsenide

Charge packets

Transpnn channel

/ (@)

Analog transversal filter (delay, weight, and add functions)
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contact. This process con-
verts the analog input sig-
nal into a discrete-time sig-
nal (sampled in time, but
not quantized in ampli-
tude). During the trans-
portprocess, the signal can
be considered ‘“stored” in
the device, thereby achiev-
ing the analog memory re-
quired for the signal-pro-
cessing operation.

As the signal is passed
down the line, it can be
sensed by a series of non-
destructive sense (NDS)
electrodes, or “taps”. They
measure, but do not
change, the amount of
charge in each well. These
taps provide the delayed
versions of the input signal
required to realize the FIR
filter. At the end of the
ACT channel, another
ohmic contact (EX) re-
moves the charge from the
wells, and if required, pro-
duces a sampled and de-
layed version of the input
signal. Present devices
sampling at 360 MHz have
been built with 128 taps.
Their product (360 MHz X
128) represents the equiva-
lent of 46.08 billion MACs.

In a typical programma-
ble transversal filter
(PTF), each block labeled T
represents a unit delay ele-
ment, and each block la-
beled h represents a
weighting coefficient by
which the delayed signals
are multiplied prior to their
summation or accumula-
tion (Fig. 2b). As noted ear-
lier, the concept is not new.
Various techniques and
technologies have been de-
veloped to perform the
function, including devices
using mechanical, optical,
and thermal phenomena.
But all have suffered from
performance or manufac-
turing limitations.

Combining the ACT
tapped delay line with on-

TECHNOLOGY ADVANCES

ACT PTF architecture

ACT channel

NDS electrode

1 ACT chip
1
Multiply| | ¢—= .
ot ) !
[ =
1
: Output
1
1

weiivt !

Address < eI storgge !

i \ !

ENADIE e = = e |
Fig. 3

chip tap-weighting and
memory circuits creates a
manufacturable (at rea-
sonable cost), high-perfor-
mance PTF (Fig. 3). The
taps are weighted by pro-
grammable attenuators
formed from capacitive
multiplying digital-to-ana-
log converters (MDACs) C
and 2C that set the magni-
tude of each coefficient. A
pair of summing buses, =+
and 2-, connected to the
noninverting and inverting
inputs, respectively, of a
high-speed off-chip op amp
(such as those made by
Comlinear), perform the
accumulation function re-
quired by the transversal
filter. These two buses per-
mit bipolar tap-weighting.
On-chip static memory
cells, similar to GaAs
SRAMs, store the values of
the tap weights. To change
the tap weights, the user
simply supplies a data
word containing the de-
sired coefficient, the ad-
dress of the tap to be pro-
grammed, and an enable
signal when it’s time for
the change.

To date, ACT PTFs have
been built with 7 bits of tap
weight and with up to 128

EdE L ECTRONTIGC

taps. Tap spacings range
from 2.8 to 10 ns, and tap-
programming rates are 1
to 5 MHz. Future goals for
ACT PTFs include 10 bits
of tap-weight control, up to
1024 taps, 1-ns tap spacing,
sampling rates to 1 GHz,
and programming rates to
20 MHz.

Transversal filters pro-
vide a correlation function.
That is, they examine a re-
ceived signal and perform
signal recognition (detec-
tion) by comparing it witha
priori examples of the sig-
nal. This is often called pat-
tern recognition. The hu-
man eye, ear, and brain
perform this function con-
tinuously and accurately
at speeds that bring super-
computers to their knees.

Examples of ACT trans-
versal applications include
radar and sonar signature
analysis to evaluate a
threatoratarget. Thatis, a
fighter plane might exam-
ine the signature of an im-
pinging radar signal and
determine if it’s friend or
foe, and if the latter, what
kind of source (from
ground or air, gun or mis-
sile) it came from. Need-
less to say, these applica-
D E"S I G N
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tions can’t afford two
hours of computer time to
get the answer. Alterna-
tively, the aircraft might
examine the signature of
its ownreturned signal and
determine more accurately
the nature of the target.

ACT also has real-world
commercial applications.
For example, the first ACT
product will go into the
read channel of high-end
(over 1 Gbyte of storage)
disk drives. Digital audio
broadcasting, or DAB, is
another application. Pres-
ently, the FCC, the com-
mercial broadcasting in-
dustry, automotive compa-
nies, and several major
semiconductor companies
are discussing various
schemes to transmit CD-
quality audio over existing
or new AM and FM radio
channels. The most attrac-
tive solution would involve
a system in which a sepa-
rate digitally encoded sig-
nal is broadcast simulta-
neously and within the al-
ready allocated bands.
However, it must not inter-
fere with conventional sig-
nals. A receiver based on
ACT has been built and its
feasibility demonstrated, a
feat that until now was
proven virtually impossi-
ble to achieve.

The ACT technique lets
the receiver instanta-
neously track and cancel
standard analog FM or AM
signals while allowing an
underlying digital signal to
pass through. Listeners
with conventional radios
will receive standard (ana-
log) broadcast channels as
those with DAB-capable
receivers receive both the
standard and the CD-quali-
ty signals.

For additional ACT in-
formation, call Daniel
Fleisch at (217) 367-2600.

FRANK GOODENOUGH




ABSOLUTE VALUE.

High performance LCR meters from SRS.
0.05% accuracy, 100 kHz frequency.
Absolutely lowest price.

Value. It means getting your money's worth. SR720 $2295

* 0.05% basic accuracy

* 100 Hz to 100 kHz measurement frequency

« Two 5 digit displays for simultaneous readout
of major and minor parameters.

* Auto, R+Q, L+Q, C+D, C+R, Series and
Parallel measurement modes

For passive component measurement, the new
standards in value are the SR720/715 LCR meters
from SRS. Meters that offer significant advantages in
performance and price. Performance like .05% basic
accuracy, 100 kHz test frequency, and fast

measurement rates up to 20 per second. Features
like a built in Kelvin fixture, averaging, binning and

* 100 mV to 1.0 V test signals
* Internal and External Bias

limits, stored setups, and quick calibration. With the

standard RS232 and optional GPIB and Handler
interfaces, the SR720/715 solves your incoming

* Binning and Limits for production testing and
component inspection.

« RS232 interface
 GPIB and Handler interface (optional)

SR715 $1495

Same as SR720 except:
* 0.2% basic accuracy
*+ 100 Hz to 10 kHz measurement frequency

inspection and automated test needs. All for a price
well below what you'd expect.

The SR720/SR715. Absolute values in a complex
world. Call (408)744-9040 today for more
information about the SRS advantage.

SRS/ STANFORD RESEARCH SYSTEMS

1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408)744-9040 FAX 4087449049 TLX 706891 SRS UD
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Give You The Speed
The Competition.

Now you can choose 1Mb SRAMs
in BICMOS at 12ns or CMOS at 15us.

Available in both x4 and x8 configura- BiCMOS SRAM families speed up to
tions, our BICMOS 1Mb parts clock  10ns, with a wide range of configura-
in at 12ns. Based on our 0.7 micron tions in the 10-12ns range.
process, they're perfect for today’s Drive our way for slower SRAM
higher performance sys- g and pseudo SRAM needs. We
tems. And we're shipping, BEENSEEGIRE have pseudos in densities up to
not just talking. ! 4Mb, and a wide selection of
If you need a wider part, ' CMOS parts in the 70-
Toshiba is againready to 4 100ns range. Both
deliver. Our 64Kb i

PN I CMOS and
x16 IMb CMOS e " BiCMOS product
SRAM still holds : - offerings are derived
the speed record A from our CMOST archi-
at 15ns. That’s 25% . tecture, the cornerstone
faster than the nearest of Toshiba’s worldwide
competitor. If you're , process leadership.
wrestling with a design ¢ So call Toshiba and move into the

usingawide RISCor % very fast lane. —
CISC processor, this part is for you. For technical

For BiCMOS performance in literature, call
lower densities, Toshiba still has your  1-800-321-1718.
number. Our 64Kb and 256Kb

CMOST is the cornerstone
of Toshiba’s Unified Device
Architecture.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

© 1992 Toshiba America Electronic Components, Inc. MST-91-072
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TECHNOLOGY ADVANGES

MCM CONFERENCE STRESSES
SYSTEM-LEVEL DESIGN

ith multichip mod-
ules (MCMs) now
a vital cog in sys-

tems design, packaging
has graduated to system-
level priority status. To un-
derscore this trend, the
First International Confer-
ence on Multichip Modules
will be held this week in
Denver. In addition to spot-
lighting the newest devel-
opments in MCMs, the con-
ference’s 70 technical pa-
pers provide comprehen-
sive coverage of
applications, materials,
trade-offs, performance
analysis, testing, and reli-
ability. All of the issues
covered point toward the
industry’s heightened per-

ception of packaging as a
determining factor in sys-
tem performance.

In fact, some of the
newest MCM develop-
ments reflect a systems-
level approach to package
design. For instance, in its
design of a solid-state re-
cording (SSR) device for
the Defense Advanced Re-
search Projects Agency
(DARPA), Texas Instru-
ments, Dallas, began with
the goal of packaging 4
Gbytes of memory in 100
in.? (see the figure). To do
so, the company relied on
its 3D memory-packaging
scheme, which was also de-
veloped under a DARPA
contract. The SSR is built

with multiple 3D memory
cubes packaged on a single
silicon substrate. It's in-
tended an alternative to
more cumbersome mag-
netic-tape machines.

The SSRis composedof a
memory-interface unit
(MIU) and one or more 1.2-

Gbit memory units
(GMUs). The current SSR
chassis holds up to three
GMUs or 3.6 Gbits. Each
GMU houses 1.2 Gbits of
static RAM in slightly
more than 10in.3.

A GMU consists of 1280
1-Mbit SRAMs, 10 flip-

CHOICE FIRS

96—

Dynamic
range (dB)

HSP43168 Dual FIR Filter

@ World's fastest standard FIR filter ot 45 MHz

@ Flexible for multiple configurations
@ From two 4-ap filters to one 256-tap filter

60—
48

Throughput
(megasamples/sec)

@ Stores 37 filter sefs on chip; changes filfters on the fly | 39

i HSP43481

45

45 megasamples per second
throughput of our HSP43168,
to the 512,000-equivalent-tap

precision of our HSP43220,
Harris has a FIR filter that meets
your digital filtering needs.

Nobody gives you more
choices in programmable FIR
filters than Harris. From the

Elx » E¢ TR ONIG DESG SIGN
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TAB-bonded CMOS
ASICs, four flip-TAB-
bonded buffers, and a
handful of discrete parts,
all placed on a high-density
silicon substrate. Of the
seven individual sub-
strates that comprise the
GMU, five are identical
memory-bank substrates.
Each holds 32 3D stacks, 2
flip-TAB-bonded ASICs
for memory interface and
control, and 16 discrete
components. The memory-
bank substrate has 9568
top metal pads over a 4.066-
in.2 area, which TI claims
as the world’s densest con-
glomeration of I/0 inter-
connections on silicon.
There are 404 individual
nets that require over 50
feet of routing on each
memory-bank substrate.
The conference will also

TECHNOLOGY ADVANCES

delve into the ongoing mi-
gration of MCM technolo-
gy from high-end military
and aerospace applications
to low-cost, high-volume
commercial applications.
An example of this is the
joint effort by Multichip
Technologies Inc., Ross
Technologies Inc., and
Mentor Graphics Inc.,all of
San Jose, Calif. The trio
banded to create a dual-
RISC-chip set module for
use in workstations.

The processor was origi-
nally designed and built on
a3.3-by-5.7-in. pc board, us-
ing chips in ceramic quad
flat packs. Although that
version was capable of a 40-
MHz clock rate, the pack-
aging and board intercon-
nect limited its speed. The
less expensive MCM ver-
sion, which was designed

using Mentor Graphics’
MCM Station software,
showed a 20% speed in-
crease and consumed 10%
less power than the 28-W
pec board. Analysis showed
that the same chip set de-
signed specifically for
MCM use could achieve up
to 60 MHz, whichis a 1.75X
improvement compared
with the pe-board version.
Manufacturability is es-
sential to continue the mi-
gration of MCM technolo-
gy from high-end to mid-
dle- and low-end systems.
A technique called planar
bonding developed by
CNET-France Telecom,
Meylan, France, requires
no special processing
equipment (with the excep-
tion of an inserting ma-
chine) and uses standard
chips. But the technique’s

short and thick wire bonds
from chip to substrate of-
fer a 3X to 5X speed im-
provement compared with
traditional wire bonding.

Planar bonding involves
using a YAG (yttrium-alu-
minum-garnet) laser to cut
holes in a silicon substrate,
into which the chips are
placed by vacuum twee-
zers. Once inserted in the
holes, the surface of the
chips is planar with that of
the substrate. After align-
ment under visual inspec-
tion, the chips are glued in
by microinjecting liquid
resin into the 80-to-100-um
gap between the chip and
substrate.

A lithographic pattern-
ing technique was first
used to simultaneously
connect all of the chip
bonding pads to the sub-

HSP43891

1 HSP43168

= HSP43220

512,000

So why not give us a call today?
With our broad line of DSP pro-
ducts — including NCOs, digital

filters and image processing —
we're the new wave in DSP. Catch
it. Call 1-800-4-HARRIS, ext. 1172.

i

CIRCLE 226 FOR U.S. RESPONSE
CIRCLE 227 FOR RESPONSE OUTSIDE THE U.S.

UL E R R SO NS U6

D ESIGNE]

APRIL 2, 1992

HSP43220 Decimating Digital Filter
‘ Highest precision FIR filter with 512,000 equivalent taps
@ Optimal for very narrow band low-pass filtering

@ High order decimate fifter (up to 1024) and high tap FIR
(up to 512) on single chip

RIS
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strate. This method, how-
ever, required precise fill-
ing of the chip-to-substrate
gap and a planarization
step. The alternative was
the planar-bonding tech-
nique, which permits wire
bonds as short as 100 to 200
pm. By contrast, conven-
tional wire bonds are often
longer than 600 pm. Other
benefits offered by the
technology are that it’s
easily repairable, and it can
fabricate optoelectronic
hybrids with deposited
wave guides as chip-to-wa-
fer interconnections.

Once the manufactura-
bility issue is settled, other
system considerations
must be hashed out. As
system cycle time de-
creases, the challenge of
distributing high-frequen-
cy clock signals among the

TECHNOLOGY ADVANCES

different levels of packag-
ing becomes more severe.
A paper from IBM Corp.’s
East Fishkill, N.Y. facility,
states that the clock sys-
tem should be viewed as an
application that spans ev-
ery technology comprising
the computer. As the clock
signalis distributed to vari-
ous parts of the system,
the goal is to minimize
clock skew, which is de-
fined as the arrival-time
difference between any
two clock edges.

Several factors contrib-
ute to clock skew, but care-
ful design can mitigate
them. For instance, nomi-
nal design variations, such
as differences in via capaci-
tances, can be controlled
by careful layout of the
clock-distribution net-
work. Another contributor

to skew is the delay toler-
ances of the circuits and
packages. Chips and pack-
ages can be sorted to re-
duce these variations. The
clock system can also be
designed to be “tunable.”
Other skew contributors
include coupled noise, del-
ta-I noise, and reflection
noise. Reflection noise,
which results from capaci-
tive loading and packaging
discontinuities, is control-
lable if carefully designed.

Testability and reliabil-
ity are also hot topics for
MCM builders and users.
Many problems with die
and module testing must
be overcome before MCMs
represent a reliable, cost-
effective vehicle for sys-
tems houses. At the ASIC
Division of Motorola Inc.,
Chandler, Ariz., the MCM

test philosophy includes
not only a functional-mod-
ule test, but also good elec-
trical and thermal analy-
sis. This again illustrates
the need for a system ap-
proach to MCMs.
Motorola’s test ap-
proach begins well before
final-module testing by
simulating design parame-
ters to ensure that the de-
sign operates within its
specified limits, and to gen-
erate test vectors for final
testing. After physical de-
sign is performed with an
MCM place-and-route tool,
special analysis tools are
applied to evaluate the
electrical and thermal
properties of the design.
The hardware-test meth-
odology encompasses both
die and module testing.
Functional testing is per-

PURE PERFORMANCE

HSP45116

HSP45106  HSP45102

DIGITAL MODULATION MADE EASY

Implement nearly infinife levels of
Quadrature Amplitude Modulation

m Implement all forms of Phase
Shift Keying from DPSK to 8PSK

FM/FSK/FHOP iglls

control; change frequency in a single clock cycle

Phase accumulator 32 bits

size

Phase control 16 bits

Frequency control 32 bifs

Tuning resolution ~ 0.008 Hz 0.009 Hz

at maximum speed

Interface Stondard P Seiial

Speed B B 40N

Output 16 parallel 16 parallel 12 paralle
or seriol

HSPA5102

Shown Actual Size
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For pure performance in frequency
synthesis, catch the new wave in DSP
The new wave is Harris.

Our Numerically Controlled
Oscillators (NCOs) offer spectral
purity of better than 90 dB. Tuning
resolution of 0.008 Hertz. 32-bit-wide



formed at the expected op-
erating frequency, and in-
cludes propagation-delay
measurements, setup-and-
hold measurements, and
parametric testing. Then,
characterization testing is
executed to determine the
module’s electrical and
thermal properties.
Thermal considerations
are still another area of
concern for MCMs that can
benefit greatly from a sys-
tem-level design approach.
A paper from Alcoa Elec-
tronic Packaging Inc., Al-
coa Center, Pa., describes
an analysis of various
methods of removing heat
from flip-chip-mounted
die. One such method used
a glass-filled solder-bump
encapsulant to improve
heat flow from the die to
the substrate. That’s be-

TECHNOLOGY ADVANCES

cause, generally, heat
transfer through the sol-
der bumps is inadequate
for individual chips dissi-
pating 10 to 30 W. The oth-
er methods involved con-
ducting heat from the back
of the die to the module’s
lid. The transfer media
studied include metal-
filled elastomers, conduc-
tive pastes, and solders.
The results showed that
indium-alloy solders had
the highest thermal per-
formance for back-of-die
heat removal. The metal-
filled elastomers proved to
be effective, but not as ef-
fective as the thermally
conductive pastes. Going
the other way with a sol-
der-bump encapsulant is
also effective, but it makes
rework more difficult.
Materials research is a

key to improving the per-
formance of high-end
MCMs. The dielectric con-
stant of substrate materi-
als is critical for reducing
coupling between conduc-
tors, which provides lower
levels of crosstalk as well
as lower dielectric losses
and impedances. Because
dense ceramic-glass sub-
strate materials have al-
ready been pushed to their
limit in terms of dielectric
constant, materials re-
searchers have turned to
controlled-porosity ceram-
ics as an alternative.

At the University of Illi-
nois, Urbana, a process for
synthesis of hollow mullite
microspheres holds prom-
ise as a way to lower the
dielectric constant of ce-
ramics (mullite is an ortho-
rhombic silicate of alumi-

num). Research centers on
a dielectric-constant range
0f2.5t03.5. A new material
in this range would nearly
double the propagation
speed of alumina, which is
a standard material in
MCM packaging. Polyi-
mide falls in this particular
range, but its relatively
high moisture absorption,
poor heat dissipation, in-
ability to withstand serial
processing, and other
drawbacks impose design
limitations not associated
with inorganic materials
like ceramics. The work at
Urbana represents an ef-
fort to produce a low-di-
electric-constant material
that can be reheated to
more than 800°C and stay
within known metalliza-
tion techniques.

DAVID MALINIAK

SPECTRAL PURITY OF THE HARRIS NCO FAMILY

L),

90dB

Vv

69dB

Typical spectral purity os measured by 2048 point FFT with Blackman window. The Harris family of NCOs will always have a spuriousree dynamic range better than shown.

phase accumulation. No one else offers
NCOs that generate signals so pure
with so much precision.

No one else offers NCOs with so many
features, either. Our HSP45116 also
implements Direct Digital Down
Conversion on the same chip. And

E 'LUE GUT R 0N 10

our HSP45102 12-bit NCO has a foot-
print of just 0.28 square inches.

So get in tune with Harris. With our
broad line of DSP products — including
NCOs, digital filters and image process-
ing — weTe the new wave in DSE Catch
it. Call 1-800-4-HARRIS, ext. 1171.
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"Speed fascinates me. The
2193 mph. Instant face lift.
push the needle over200m
served a tennis ball 138 mp
run? 3:46.32. Now thats fas
sider it takes a snail five day
And speaking of speed ther
of programmable logic. Wi
12ns and system clock freq
fast low skew routing with
of 3ns or less. Whoooosh! It
faster than MAX 7000.Were



Air Force has a jet that hit
A Lamborghini Diablo can
ph. Theres a guy who once
h. And the fastest mile ever
t. Especially when you con-
s to cover the same ground.
es Alteras MAX 7000 family
th pin-to-pin logic delays of
uencies over 80 MHz. Plus
a predictable delay P&
just doesnt get any [

lkmg warp speed

- 7000
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SIEMENS

7

Introducing A New Level Of Performance,
And The World Speed Records To Back It Up.

With the world’s only 16-bit
microcontroller 4-stage pipeline,
the 80C166 gives you winning
performance, from start to finish.
With its innovative combination of blazing

CPU performance and peripheral func-
tionality, the SAB80C166 has

The 80C166 also
gives you the most
effective interrupt
performance any- 16- and 8-bit
where, with speeds Microcontrollers

as fast as 250 ns because the 64 levels of

priority are arbitrated each machine cycle.

WORLD SPEED RECORDS

The fully vectored

interrupt system
allows the fastest
identification of

blown past the competition in
embedded control speed Uy
and performance. 80
The Fastest Real-Time £«
Controller InTheWorld. |¢

One reason for its amazing
speed, up to 10 native
MIPS, is a 4-stage CPU ¢
pipeline which can process
four instructions simulta-
neously. This allows 90% of

M sieMENS 8oc166 M intel 80C186-16

I Intel 80C196-16

interrupt sources.
Plus, through the
use of a Peripheral
Event Controller,
which ‘steals’ just
one machine cycle
from the CPU, it
lets you service

= Motorola 68332

instructions to execute in 100 ns, letting
you complete tasks in record time.

© 1992 Siemens Components, Inc

peripherals without going through a
standard interrupt procedure.

Integrated Circuit Division. 2191 Laurelwood Road, Santa Clara, CA 95054-1514. M14A016.

And with a full suite of development tools
from world-class vendors, it's no wonder
the competition can't keep up.

The Highly-Integrated 80C517A.

With the Siemens SAB80C517A, we've
also brought this high-performance to
the 8-bit microcontroller. It offers 10-bit
A/D conversion, 32K ROM, 2.2K onboard
RAM, and 32- and 16-bit arithmetic func-
tions, while still retaining 8051 software
compatibility. And it has 8 data pointers
and 68 ports—more than any competitor.

To find out how Siemens can help you set
some speed records of your own, call us
at 800-456-9229, and ask for literature
package M14A016.

Siemens
World Wise, Market Smart.
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COVER FEATURE

CobpEC CHIP SET DRIVES STANDARD
ALGORITHMS FOrR DESKTOP MULTIMEDIA
AND VIDEOCONFERENCING.

ILICON SOLUTION MERGES
IDEO, STILLS, AND VOICE

MiLT LEONARD

ne of the biggest roadblocks

to the spread of stored inter-

active video and video-tele-

phony technologies has been

the lack of low-cost compres-

sion and decompression hard-
ware. As vital elements for transmitting and
storing huge amounts of video, graphical,
and audio data, compression and decompres-
sion algorithms have been available for some
time. But prior silicon designs for implement-
ing these compute-intensive algorithms left
much room for improvement in terms of
price, pc-board area, parts count, and power
consumption.

The industry’s latest silicon solution to this
dilemma is a joint development by AT&T Mi-
croelectronics and AT&T Bell Laboratories.
The AVP1000 video-codec chip set executes
MPEG (Motion Picture Experts Group) and
Px64 (called H.261 by the Consultative Com-
mittee for International Telephony and Te-
legraphy) compression and decompression al-
gorithms for full-motion video. When used
with the AT&T DSP3210 digital-signal pro-
cessor, the chip set also performs JPEG
(Joint Photography Experts Group) encoding
to form the core technology for building desk-
top PCs with stored interactive video and vid-
eo telephony capability. This technology can
also be applied to a variety of other interac-
tive point-of-sale and point-of-information
machines, such as automatic tellers, cash reg-
isters, and kiosks.

The chip set consists of four devices: two
encoder options (the AVP1300E and 1400E),
the AVP1400D decoder, and the AVP1400C
system controller. The low-cost AVP1300E is
a Px64 encoder that also performs MPEG I-

E L E 'C.IT R 0O N 1

frame encoding (see “About compression al-
gorithms,” p. 49). Greater compression ra-
tios and picture quality are offered by the
AVP1400E encoder, which also executes
Px64 and full MPEG encoding (I-frame, P-
frame, and B-frame). Both versions have ten
major function blocks each (Fig. 1).

On each encoder chip, the host-bus inter-
face (HBI) synchronizes host-bus signals to
the main input clock and ties the host system
¢ pESIGNEE
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POWER SUPPLY SOLUTIONS

Bypass Design Time ¢ Proven & Complete Kits

Maxim’s pre-engineered hardware and
software accelerates product development. Our
evaluation kits bypass time-consuming circuit design
allowing you to move’ quickly from concept to
completed hardware and software. Each kit is a
complete functioning system, and you can lift all or a
part of the electrical circuit, PC layout, and driver
software right into your design. Some of the kits also
let you evaluate key Maxim ICs from your computer,
transferring data and commands via an RS-232 link.

Send in the coupon or give us a call . . . we'd like
to make your DC-DC and ADC designs work right the
FIRST time.

92% Efficient +5V Step-Down Converter

MAXE

ATOR

/ADJ_QUTPUT

MAX639 Features: MAX639 (SO) EV Kit Includes:
+ Greater than 90% for lout = ¢+ MAX639CSA Step-Down
2uA to 225mA Converter

¢ Up to 225mA Output Current

¢ Ultra-Low 20uA Supply Current

¢ 8-Pin SOIC and DIP Packages

¢ Wide Input Voltage Range:
+5.1Vto +11.5V

+ Only $2.96" - MAX639CPA

¢ 100uH SMT Inductor

+ 0.5in’ Layout on PC Board

¢ 33uF & 100uF Tantalum
Capacitors

+ Schottky Diode

¢ Available in DIP

Order:

MAX639EVKIT-DIP $20

MAXB39EVKIT-SO $20

World’s Smallest Power Supply For
Portables

MAX716 Features:

¢ 7 Voltage Outputs
+ Four +5V Linear Regulators
+ +12V Flash EEPROM Supply ¢ NPN/PNP FET Switches
+ 5V10-26V LCD Contrast Supply 4 |nductors, Diodes, 5.6V +5%
¢ -5V Auxiliary Output Zeners

¢ 83% Typ. Efticlency ¢ Various Resistors,

¢ 35uA Standby Current Connectors, Compensation
¢ Backup Batttery Switchover Capacitors

¢ Low Voltage Warning

¢ Only $9.54"- MAX716CWI

MAX716 EV Kit Includes:

+ Preassembled - SMT
¢ MAX716CWI

Order:
MAX716EVKIT-SO $50

Compact Step-Up DC-DC Regulators
Deliver 85% to 95% Efficiency

INPUT
2.7VT04.85V

OUTPUT

-4y
WinoL > SHON
;- %
[t L
MAX731/752 Features: MAX731/752 EV Kit Includes:

¢ MAX731CPA or
MAX752CPA Step-Up
Converter

+ PC Board

¢ All Capacitors

¢ Schottky Diode

¢ 221H or 47uH Inductor

Order

MAX731EVKIT-DIP $20
MAX752EVKIT-DIP $20

¢ Preset +5V Output Voltage - MAX731

. Adgustable Output Voltage:
.7V to 15.75V — MAX752

¢ Guaranteed Output Current:
200mA @ 5V

. Re%ulates from Low Input Voltage:
1.8V & Up

+ Logic-Controlled 6pA Shutdown
+ 8-Pin DIP & 16-Pin SOIC
+ Only $3.20 - MAX731CPA/MAX752CPA

Dual-Output Switch-Mode Regulator
Delivers 3W @ +15V

MAX743 Features:

¢ Generates +15V @100mA or
+12V @125mA from +5V Input

¢ 82% Typ Efficiency

¢ +4% Output Tolerances

¢ 0.3% Noise and Ripple

¢ 200kHz Switching Frequency

¢ No Transformers

¢ Only $4.49"- MAX743CPE

MAX743 EV Kit Includes:

¢ MAX743CPA Dual-Output,
Switch-Mode Regulator

¢ PC Board

¢ 150uF Capacitors

¢ Schottky Diodes

¢ 100uH Inductors

+ All Capacitors

Order:
MAX743EVKIT-DIP $20

Step Up From +5V to +12V @120mA For
Flash Memory Programming

- SHON 5 +12V 4%
PROGRAMIANG 5 * e Torzoma
haL Aaxi
i max7s2 ‘
B o 1
el j y aiF
GND
MAX732 Features: MAX732 EV Kit Includes:
¢ 200mA Load Capability ¢ Complete 120mA Flash
Guaranteed Memory Programmer

* 85% to 95% Efficiency
¢ 6uA Shutdown

¢ Overcurrent & Soft-Start
Protection

+ Only $2.93" - MAX732CWE

¢ Preassembled in SMT

¢ MAX732CWE Step-Up
Regulator

¢ 33uF Tantalum SMT Capacitor

¢ 5nF Capicator

¢ 18uH, 0.7A SMT Inductor

¢ Schottky Diode

Order:
MAX732EVKIT-SO $20

T1OOO-up recommended resale, excludes freight and duty

Maxim is a registered trademark of Maxim Integrated Products. © 1992 Maxim Integrated Products




8- & 12-BIT A/D SOLUTIONS

Evaluate Working Designs ¢ P Interface and P Included

First 8-Channel Simultaneous ADC — 5V Powered12-Bit ADC with T/H

2

No Phase Delay! .
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MAX155 Features:
¢ 8-Bit, 8-Channel ADC
¢ 8 Track and Holds (T/H)

¢ 3.6us Conversion
Time/Channel

¢ +2.5V Internal Reference

¢ Single +5V or Dual 5V Supply
Operation

¢ Unipolar or Bipolar Input
Range; Mixed Inputs Possible

+ Only $10'- MAX155BCPI

+ MAX155 8-Bit ADC

+ 80C31 Microcontroller

¢ ROM and RAM

+ Software with Source Code

¢ Peripheral Circuits Include:
oM : +5V, RS232
0 MAX660: CMOS Volt. Conv.

Order:
MAX155EVKIT-DIP $95

VREF -~ P

#D PARBF

MAX190 Features:

¢ 12-Bit 7.5us ADC

¢ Single +5V Supply

¢ Serial and Parallel uP Interface
+ Int/Ext Reference

+ 15mW/0.1mW Power
Dissipation Modes

¢ Digitize Both DC & AC Signals
+ Only $10" - MAX190BCNG

¢ MAX190 12-Bit ADC

+ 80C31 Microcontroller

¢ ROM & RAM

¢ Software with Source Code
+ All Peripheral Clrcults Include:

+ MAX667: &legulator
+ MAX699: Power- Reset &

Order:
MA><190EVKIT-DIP $95

8th-Order Lowpass and Bandpass Filter

MAXZT4

Complete 8-Channel, 12-Bit DAS

* MAXI80 ONLY
BUSY ** MAXIBT ONCY

MAX274 Features: MAX274 EV Kit Incl MAX180 Features: MAX180 EV Kit Features:
+ Supports Butterworth, Bessel, ¢ MAX274 Filter IC ¢ 12-Bit 8-Channel ADC ¢+ MAX180 12-Bit DAS
and Chebyshev ¢ Filter Design Software ¢ Built-In Track & Hold ¢ 80C31 Microcontroller

+ Supports Lowpass & Bandpass
¢ Continuous Time Architecture
¢ Low Noise

+ No Clocks Required

+ Only $4.95" - MAX274BCNG

¢ PCB with Filter Circuit Layout
¢ Full Documentation

Order:
MAX274EVKIT-DIP  $20

¢ 100kHz Sampling Rate
¢ Int. 25ppm/°C Reference ¢ Software with Source Code
¢ Unipolar or Bipolar Ch’s . Pe heral Circuits Include:
* Smgle-Erf\ded or Diff. Inputs ngg : ;5V P'%ﬂh ';99‘1:3;“
¢ Only $17" - MAX180CCPL * ower ese

ply 3 Watchdog Controller

Order:
MAX180EVKIT-DIP $95

¢ ROM and RAM

Step-Down Converters Deliver +5V
@ 750mA; 88% Efflclency

INPU e

.
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100uF 7
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. It Name
Title:

MAX730/738/750/758 Features: MAX738/758 (DIP&SO) EV Kit : Company
¢ Up to 750mA Outputs-MAX738/758 Includes:
¢ Up to 300mA Outputs-MAX730/750 ¢+ MAX738 or 758 DC-DC Address:
+ Pre-Set +5V Outputs-MAX730/738 Step-Down Regulator
¢ Adjustable Outputs-MAX750/758 ¢ All Capacnilors
+ Wide Input Voltage Range: + Shottky Diode Phone

5.2V to 11.0V - MAX73

6.0V to 16.0V - MAX738
4.0V to 11.0V - MAX750
4.0V to 16 0V - MAX758

¢ 100uH Inductor

¢ All Resistors
Order
MAX738EVKIT-DIP $20

NAXI/N

* WA $2OCPA\/MAX CPA MAX ySOEVRIT D %gg
73 750 5 120 San Gabriel Drive, Sunnyvale, CA 94086
* Only $3. MAX758EVKIT-SO $20 (408) 737-7600, FAX (408) 737-7194

MA 7380PAI MAX758CPA

Order a Eﬂrognate sample for
MAX730/MAX750

T1.OOO—up recommended resale, excludes freight and duty
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MULTIMEDIA
CHIP SET

Luminance and chrominance data (YChCr)

Video-input bus

!

Frame-store DRAM interface

———— - Testability and parameter load path
Data path
———— Control path

Uncompressed-

data FIFO Memory controller

Quantization

Motion estimator processor

Signal processor

o e o e

Host bus
Host-bus
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le> encoder (VLE)

AR ._‘__1___ﬂ
Y ¥

i
| | OutputdataFIF0 |« FIF0contraller |——!  viEFIFO
|
|

Serial bus
H Serial-bus
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LCompressed-dataFIF0_ _
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1
1
|
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Buffer-DRAM interface

1. THE MOST COMPLEX MEMBER of the AVP1000 video-codec chip set is the

encoder circuit. Incoming pixel luminance and chrominance data (YChCr) over the video
input bus is converted to 8-by-8-pixel difference blocks by the motion estimator and then
passed to the signal processor. Here, the data is transformed to the frequency domain and
quantized according to data supplied by the quantization processor. The quantized blocks
then pass to the variable-length encoder and out of the chip via a three-part compressed-data
FIF0, which absorbs picture-dependent fluctuations in the VLE's data rate, and is output

into the serial bus.

to the rest of the encoder function
blocks. Raster-scanned input lumi-
nance and chrominance data
(YCbCr) in a 4:1:1-bit format is held
in a 3-kbit uncompressed-data FIFO
buffer until it’s written into an exter-
nal 1-Mbyte frame-store DRAM. The
FIFO buffer can receive data
through either the host bus or a vid-
eo-input port. A programmable
FIFO level register generates a host-
interrupt signal at a predetermined
level and provides FIFO status on
the video-input port.

The encoder’s motion estimator
circuit compares current-frame ma-
croblocks with previous-frame ma-
croblocks (reference frames) within
a finite search area, which is cen-
tered on the position of the current
macroblock. The motion estimator
circuit then finds the reference ma-
croblock having the closest match to
the current macroblock.

The encoder’s memory controller

arbitrates access to the frame-store
DRAM. It transfers the contents of
the uncompressed FIFO into the
DRAM. It thenreads the appropriate
search area from the previous frame
and the current macroblock from the
DRAM into the motion estimator.
Next, it writes the motion estima-
tor’s best-matched and reference
macroblocks and motion vectors to
the quantization processor. This is
followed by writing the coded ma-
croblock generated by the signal pro-
cessor into DRAM. The memory con-
troller interfaces directly with indus-
try-standard DRAMs and automati-
cally generates refresh cycles.
Output frame rate and quantiza-
tion-step size are determined by the
quantization processor on the basis
of best picture quality, without over-
flowing or underflowing the video
buffer. The processor does this by
using an adaptive quantizer and
buffer-control algorithm that en-

APRIL2, 1992

ables users to adjust picture quality,
encoding delay, and output frame
rate. A constant-quality, variable-
bit-rate mode allows the user to set
the quantization-step size. The quan-
tization processor is also responsible
for buffer management.

The encoder’s signal processor
consists of a controller circuit and six
processors organized in a single-in-
struction, multiple-data (SIMD) ar-
chitecture. The six processors oper-
ate in parallel on the 8-by-8-pixel
blocks, performing such functions as
discrete cosine transformations
(DCTs), quantization, zig-zag scan-
ning, inverse discrete cosine trans-
formations (IDCTs), as well as in-
verse quantization.

Information produced by the sig-
nal processor goes to the variable-
length encoder (VLE), which gener-
ates a compressed bit stream in com-
pliance with the syntax require-
ments of the MPEG and H.261
standards. This bit stream then en-
ters the compressed-data FIFO buff-
er, which makes the external buffer
DRAM operate like a 1-Mbit FIFO
buffer, and absorbs picture-depen-
dent fluctuations in the VLE’s out-
put data rate. The FIFO holds the
compressed bit stream that is read
by the serial interface or the host.

For higher compression ratios and
picture quality, the most-powerful
and compute-intensive coding tech-
nique available is motion-estimation
with full-exhaustive search, which is
used by both AT&T encoders. This
technique performs a motion search
by evaluating each individual pixel
within a finite search range.

The low-cost AVP1300E encoder
has a peak performance of 6.5 GOPS.
the chip provides full-motion H.261
compressed images for three resolu-
tion formats. These formats are the
CIF (Common Interchange Format
of 352 pixels by 288 lines), the QCIF
(Quarter CIF of 176 pixels by 144
lines), and the CIF240 (325 pixels by
240 lines), at a refresh rate of up to 30
frames/s. The encoded bit rate is se-
lectable from 40 kbits/s to 4 Mbits/s.

The encoder chip performs H.261
compression with both intracoded-
frame (I-frame) and predictive-
frame (P-frame) techniques. I-frame

CIRCLE 114 FOR U.S. RESPONSE —
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MULTIMEDIA
CHIP SET

coding exploits redundant
pixels within a frame; P-
frame coding produces

DRAM interface

e 4

higher compression ratios
by exploiting pixel redun-
dancies between frames.
To support digital editing
and high-resolution still

Symbol processor

images, the chip also pro-
vides MPEG I-frame com-

Variable-length
decoder

pression. Motion vectors
for P-frames are derived

|

from a full exhaustive
search over a 1 15-pixel
motion-search range. Spa-

Compressed-data
FIFO

tial resolution is user-de-
finable in multiples of 16
bits, up to 720 pixels by 576
lines, with downloadable
quantization matrices.

ﬂ Data path

—— Control path

Color converter
Memory controller I ' (from YCbCr o "9’9]

Lookup table

Signal processor

Pixel FIFO

Host/serial
interface

Video-output bus
Serial bus  Host bus

Like the low-cost encod-
er, the 25-GOPS
AVP1400E encoder also
performs full H.261 com-
pression using I-frames
and P-frames. In addition,
the encoder combines mo-
tion estimation with full
exhaustive search over a

greater pixel range (132 pixels)
within a one-half-pixel accuracy. For
even greater compression ratios and
better picture quality, the chip also
supports up to two successive inter-

polative frames (B-frames).

Both encoders require 1 Mbyte of
external 60-ns DRAM when config-
ured for MPEG and H.261 operation.
They also accept raster-scanned

2. THE DECODER,S primary controller is the

programmable symbol processor, which receives symbols and
frequency-domain data from the variable-length decoder and
passes this information to the signal processor, which recreates
the original luminance and chrominance video signals. The color-
space converter transforms this luminance and chrominance
data to RGB format.

YCbCr data from an input
video bus or host-bus inter-
face, and deliver com-
pressed output data
through either their host
or serial-bus interfaces.
On-chip FIFO buffers ab-
sorb picture-dependent
fluctuations in the com-
pressed data rate. The en-
coders also use an adaptive
quantizer/buffer control
algorithm that enables us-
ers to adjust picture quali-
ty, encoding delay, and
output frame rate. The en-
coders interface directly
with external DRAM and
the AVP1400C system con-
troller.

DECODING THE DATA
The AVP1400D decoder
accepts compressed data
through either its parallel
host bus or its serial bus,
and delivers decoded ras-
ter-scanned 24-bit RGB or
4:2:2  YCbCr  pixels

through either its host bus or a dedi-
cated pixel bus. Key features include
on-chip color conversion, a 4-kbit
FIFO buffer for storing compressed
data, and direct interfaces to the sys-

ata compression serves
as the linchpin of stored
interactive video and te-
lephony by supporting
the reduced data rates necessary
for efficient disk storage, bus-
bandwidth usage, and network
transmission. It’s also by far the
most compute-intensive of the
tasks required for multimedia
systems. MPEG (Motion Picture
Experts Group) and H.261 re-
quirements for decompression
are explicitly defined, and decoder
implementations from one vendor
to the next must be consistent.
However, compression algo-
rithms are not clearly defined by
the standards. Consequently, en-
coders from various vendors
claim to be MPEG- and H.261-
compliant yet they can differ sub-

v

stantially in several performance
features. These features include
compression ratio, bit rate, frame
rate, resolution, delay, and pic-
ture quality. I-frame MPEG en-
coders are optimized for still
frames and digital editing. Con-
versely, full-function MPEG en-
coders maximize compression ra-
tios and picture quality by using
motion-estimation operations
with full exhaustive search over
expanded search ranges, togeth-
er with techniques involving one
or more interpolative frames.
H.261 encoders are optimized to
provide good picture quality with
minimal delay over a broad range
of bit rates. Available devices typ-
ically differ in maximum encoded
bit rate, resolution, the motion-es-
timation algorithm, or delay. A

ABOUT COMPRESSION ALGORITHMS

broad range of bit-rate capability
(56 kbits/s to over 1.5 Mbits/s) is
necessary to maintain good pic-
ture quality when transmitting
over a range of telecommunica-
tions channels, such as Switched
56, basic-rate ISDN, T1, primary-
rate ISDN, and CEPT (Confer-
ence of European Post, Tele-
phone, and Telegraph).

MPEG encoding provides even
more flexibility, which results in
even greater variations in encod-
er quality among vendors. For ex-
ample, MPEG doesn’t fix picture
resolution or motion-estimation
search range. As a result, some
encoders support low-resolution
images to claim full-motion video
capability. One of the most signifi-
cant ways MPEG encoders differ
is in compression technology.
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Transmit video data | |~ ———>
Transmit audio data rFFm——'

Transmit primary data [ -3}

Transmit secondary data [EE
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Receive audio data [;FF]_F—

Receive primary data EEB]
Receive secondary data EE]

Buffers e
Concentration
highway interface|
(serial)

Protocol engine

Buffers
Host commands
and indications Host bus

interface (parallel)

3. THE AVP1400C SYSTEM CONTROLLER ties the entire system together,

formatting and connecting audio, video, and user data to either the CHI for network
transport, or to the host bus. All higher-level protocols, such as H.221, H.242, and MPEG
systems-layered, are executed by the AVP1400C’s protocol engine.

tem controller and to 1 Mbyte of ex-
ternal 70-ns DRAM (Fig.2).

The host/serial interface synchro-
nizes host-bus and serial-bus signals
to the main input clock. It also con-
tains chip-reset logic. A variable-
length decoder (VLD) converts the
compressed bit stream into symbols
according to the MPEG and H.261
variable-length de-

ler. This controller also converts de-
coded frames from a 4:1:1-bit format
to a 4:2:2-bit format, and sends them
to the color converter. The memory
controller circuit has a glueless in-
terface to industry-standard
DRAMs and automatically gener-
ates refresh cycles.

The AVP1400C system controller

consists of a protocol engine, buff-
ers, host-bus FIFO buffers, and
eight data I/0 pipes, for transmit-
ting and receiving audio, video, and
data signals (Fig. 3). The host proces-
sor initializes and communicates
with the APV1400C by reading from
and writing to its configuration and
control registers. These registers set
and monitor system attributes, such
as compression mode, audio type
(G.711 or G.722 are two examples),
and video bandwidth (for instance, 56
kbits/s or 1.5 Mbits/s).

The host bus is the primary input
port for MPEG data. The H.221 data
port is selectable between the host
bus or the Integrated Services Digi-
tal Network (ISDN) concentration
highway interface (CHI). This inter-
face is a configurable four-wire seri-
al, time-division-multiplexed inter-
face that provides full-duplex access
to external communications chan-
nels at data rates up to 4096 kbits/s.
External SRAM is needed to store:
the downloadable program for the
chip’s internal RISC processor.

The controller’s serial-bus inter-
face connects directly to the encoder
and decoder, and to AT&T’s DSP16,

coding algorithms.
The decoder’s prima-
ry controller is the

Concentration |

highway interface !

programmable-sym-
bol processor, which
receives symbols

Long-distance

System
controller

Encoder

from the VLD and is-
sues commands to
the memory control-
ler and signal proces-
sor for recreating
the original video.
Under control of
the symbol proces-
sor, the signal pro-
cessor has an SIMD
architecture for per-
forming arithmetic
functions, such as
IDCT and inverse
quantization. Pixel
data moves between

network

|
|
ISDN/FDDI Il i
|
|

DSP3210
digital-signal
processor

Video-input bus

Serial 1/0 _‘I
| | |

|

|

[

|

|

Video-output bus
y 1

Decimator

System frame buffer Audio codec

I

Video camera

| Fad

K Uk

(m==r

Display Microphone  Speaker

the signal processor
and external frame-
store RAM under the
control of the decod-

er’s memory control- i
E
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4. USED WITH THE DSP3210 digitalsignal processor, the AVP1000 video-codec chip set (dashed lines)
comprises the core of a multimedia and videoconferencing system. Such a system can interface to a high-speed
network such as ISDN and FDDI II. The only major external functions needed are an audio codec for connecting a
microphone and speaker, a system frame buffer for connecting a video monitor, and a decimator for interfacing

to a video camera.
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WORLD’S LOWEST POWER
HIGH SPEED COMPARATOR-
18mW, 8ns!

Maxim now offers you a selection of the fastest low- power single, dual and quad TTL comparators. For example,
the new MAX903 can deliver an 8ns response time, while drawing only 3.6mA (18mW) per comparator from a +5V sup-
ply (enabling signals in excess of 100MHz to be processed). Although other comparators may operate from a single
supply, the MAX900 series are the only high-speed comparators with an input voltage range that extends down to
ground. In many applications this eliminates the negative supply, saving board space, power consumption and cost!

A
MAXIM STANDS ALONE!
1000 —
z
£ .
: [N [ = LM311(Single)
® 100 > LM319(Dual)
2 :
= | N ’
& > LM361 (Single)
s R
5ns/Div Sl =] S TS TS AM6s6(Single)
o ; g- * >, LT1016(Single)
4 Separate Analog and Digital Supplies Allow: a #A%%"zﬂs%’é& N 1> 9686/98
. (Single/Dual)
Single +5V to +10V Analog Supply - NN
Split £5V for Bipolar Operation 1 e T s
¢ In!)u! Range Includes Grou_nd and Power Consumption/Comparator (mW typ)
Eliminates Need for Negative Supply

Select A High Speed Comparator For Your Low Power Appllcatlon

. Prop Delay Power ' Single +5V Input Voltage
Device # Comps | (ns) Consumption Operation (Single +5V° | TTL Outputs Pricef
,  Typ  Max  (mW) |2 BRIV e B |
| MAX900 4 [8§8) 1054l 70 _ YES | -100mV to +2.5V | Single Ended | $7.01
| MAX901 | 3 sl o100 S 70 [V ES . -100mV to +2.5V | Single Ended | $5.98
. MAX902 | 2 CEERD R 35 | YES | -100mV to +2.5V | Single Ended $4.01
| MAX903 1 8 40 o 18 [ YES -100mV to +2.5V | Single Ended Jr $3.15
| MAX912' | 2 8 NS 40 | YES | -100mV to +2.5V | Complementary $4.00
MA><913‘ 1 & | 1o | .28 = | YEs | -100mV to +2.5V | Complementary | $3.13
LTWO16 1 10 14 125 YES +1.25Vto +3.5V | Complementary | $3.13
Jpcoming new products—available after March, 1992
VIDEO é’;‘éb%QG») 8

o e FREE High Speed Comparator Design Guide

Includes: Application Notes ¢ Data Sheets ¢ Cards For Free Samples

To receive your design guide, simply circle the reader response number, or contact Maxim
Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600,

FAX (408) 737-7194

V1 /X1 /VI

Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona
(602) 730-8093; California, (408) 248-5300, (619) 278-8021, (714) 261-2123; (818) 704-1655; Colorado (303) 779-8060; Connecticut, (203) 384-1112; Delaware
(609) 778-5363; Florida, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6124; Idaho, (503) 292-8840; lllinois, (708) 358-6622; Indiana, (317) 844-8462; lowa
(819) 393-2232; Kansas, (816) 436-6445; Louisiana, (214) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 352-5454
Minnesota, (612) 941-9790; Mississippi, (205) 830-0498; Missouri, (314) 839-0033, (816) 436-6445: Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada
1108) 248-5300; New Hampshire, (617) 329-3454; New Jersey, (201) 428-0600, (609) 778-5353; New Mexico, (602) 730-8093; New York (516#35 TOOO (607) 754-2171

\. Carolina, (919) 851-0010; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447; Oklahoma, (214) 238-7500; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353
A >nnsylvania, (614) 895-1447; S. Carolina, (919) 851-0010; Tennessee, (404) 447-6124; Texas, (214) 238-7500, (512) 835-5822, (713) 78¢ 26; Ut dh (801) 561-5099
Vir ,ma (301)644-5700; Washington, (206) 823-9535; W. Virginia, (513) 278-0714; Wisconsin, (414) 476-2790; Canada, (416) 238-0366, (613) 225-5161, (604) 439-1373

) 337-7540

1 FOR (JSA raested resal¢ 5 o S S ik 5 4 x ; T
up FOB USA, suggested resa Maxim is a registered trademark of Maxim Integrated Products. © 1991 Maxim Integrated Products
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DSP32, and DSP3210 digital-signal
processors. Ten serial I/0 channels
are allocated among ten different
functions for transporting audio,
video, and data signals.

SYSTEM DESIGN

AT&T says the AVP1000 video-co-
dec chip set uses compression algo-
rithms that surpass the minimum re-
quirements of the standards. Full
MPEG compliance requires not only
compression and decompression, but
also MPEG systems-layer multiplex-
ing and demultiplexing for audio,
video, and user data. Similarly, full
H.261 compliance calls for a variety
of framing, channel-management,
error-correction, and other commu-
nications functions. These include
the H.221 transport protocol that ad-
dresses the multiplexing, demulti-
plexing, and framing of audio, video,
and user data; H.230 which defines
call setup and tear-down procedures;

H.242 which defines the handshak-
ing protocol for two videoconferenc-
ing terminals; and the means of de-
termining frame-bandwidth alloca-
tion between audio, video, and user
data.

Where most competitive solutions
assign these functions to higher-lev-
el software, the AVP1000 chip set
combined with the DSP3210 digital-
signal processor provides all of the
functionality required for MPEG,
H.261, JPEG, and audio (Fig. 4). In
addition, these devices offer a num-
ber of key system-level functions not
included in the standards, such as
channel management and acoustic
echo cancellation.

The chip set also supplies the func-
tions needed to support teleconfer-
encing. Once audio, video, and user
data are encapsulated as H.221
frames, they must be transported
over a telecommunications network.
Presently, the most commonly used

links for video telephony are T1,
fractional T1, Switched 56 (56-kbits/
s Accunet), and switched 384-kbits/s
lines. Basic-rate and primary-rate
ISDN services will be added in the
future. The AVP1400C’s CHI bus of-
fers a direct interface with AT&T’s
family of communication ICs for all
of these telecommunications links.
Through the CHI, the controller can
transmit and receive H.221 frames to
and from the network’s communica-
tions controller.

RELIEVING OVERHEAD

Relieving the host bus of this traf-
fic reduces the load for the host, free-
ing it to perform other multimedia
tasks. It also enables the network
clock to be recovered for synchroniz-
ing the audio codec that provides au-
dio data to the DSP3210.

AT&T offers a solution to support
network cards that provide only a
host-bus interface without using the

and much more!

Or Fax: 303-397-2747

J

IC/Discrete Parameter Database—
the complete solution for
component selection and sourcing.

e Integrated circuits
e Discrete semiconductors
e Optoelectronic devices

Over 1.3 million devices from 1,100+ vendors!
IC/Discrete can multiply your productivity. With over 1.3 million
devices—and their parameters—this powerful selection tool
helps you find the exact device you need. Right at your desk!
Automatically search over 800,000 active and 400,000 discon-
tinued devices for any combination of characteristics you choose.
Then, instantly access over 450,000 manufacturers’ datasheet
pages. over 19.000 Mil Spec/QPL M-38510 and S-19500 docu-
ments, DESC Drawings, Mil Standards 883, 750, 103, 1562,

When you need to pull it all together—from the specification
phase to manufacturing and beyond—you need IC/Discrete.

For a free demo diskette, call: 800-241-7824
Outside the U.S.A.: 303-790-0600, ext. 59; Fax: 303-397-2410

s Information Handling Services*
15 Inverness Way East « Dept. 59 ¢ Englewood, CO 80150
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SMALL 5TH-ORDER
LOWPASS FILTERS
WITH NO OFFSET

Simplify High-Order Filter Designs
When you need high-order lowpass filters in compact miniDIP and SOIC packages, choose
Maxim's new MAX280 or MAX281. Both achieve accurate 5th-order responses with minimal
design time for either Butterworth or Bessel lowpass filters. Maxim's filter architecture removes
DC offset, improving accuracy while eliminating trims in precision applications.

¢ Choose Your Response: EASY 5TH ORDER FILTER DESIGN
Maximally Flat - MAX280 | B A g |
Fast Settling - MAX281 s Rk e e
¢ Zero DC Offset BOnE
L And DC offset is only a few microvolts! ‘
¢ Zero Insertion Loss o |
¢ Adjustable Corner Frequency to 20kHz = '™ Mé\ il T+ OouT
¢ 100:1 Clock/Cutoff Frequency Ratio I |
Minimizes Noise | I BFE ‘
¢ Internal or External Clock for SV SRl Y
Synchronous or Asynchronous l - ctock
Applications 1

Choose the Best Lowpass Response - Bessel or Butterworth

The MAX281's Bessel response provides low overshoot and rapid settling for pulse and step
input signals from weigh scales and multiplexed input sources. The MAX280 Butterworth lowpass
offers flat frequency response for audio, telecom, and dynamic signal analysis.

FATERS ANALM &

Data Shests + Applieations Notes +

BRI A FREE Analog Filter Design Guide

Including: ¢ Application Notes ¢ Data Sheets ¢ Cards For Free Samples

Simply circle the reader response number, contact your Maxim representative or Maxim Integrated
Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.

W AXI1/V

Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona,
(602) 730-8093; California, (408) 248-5300, (619) 278-8021, (714) 261-2123; (818) 704-1655; Colorado (303) 779-8060; Connecticut, (203) 384-1112; Delaware,
(609) 778-5353: Florida, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6124; |daho, (503) 292-8840; lllinois, (708) 358-6622; Indiana, (317) 844-8462; lowa,
(319) 393-2232; Kansas, (816) 436-6445; Louisiana, (214) 234-8438; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 352-5454;
Minnesota, (612) 941-9790; Mississippi, (205) 830-0498; Missouri, (314) 839-0033, (816) 436-6445; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada,
(408) 248-5300; New Hampshire, (617) 329-3454; New Jersey, (516) 351-1000, (609) 778-5353; New Mexico, (602) 730-8093; New York, (516) 351-1000, (607) 754-2171;
N. Carolina, (919) 851-0010; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447; Oklahoma, (214) 234-8438; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353;
W. Pennsylvania, (614) 895-1447; S. Carolina, (919) 851-0010; Tennessee, (404) 447-6124; Texas, (214) 234-8438, (713) 782-4144, (512) 346-9186; Utah, (801) 561-5099;
Virginia, (301) 644-5700; Washington, (206) 823-9535; W. Virginia, (513) 278-0714; Wisconsin, (414) 476-2790, Canada, (416) 238-0366, (613) 225-5161, (604) 439-1373,
(514) 337-7540

* 1000-up FOB USA, suggested resale

Universal Filter Designs Offer P or
Pin-Strap Programmability

Frequency Range: 0.0UR to

Maxim is a registered trademark of Maxim Integrated Products. © 1991 Maxim Integrated Products
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CHI. The solution employs a phase-
lock loop (PLL) controlled by the
DSP3210 audio decoder. The fre-
quency of the PLL is controlled by a
signal from the 3210 based on the
FIFO-buffer level. In addition, audio
samples are dropped during periods
of silence. But the best solution is to
wire a direct CHI connection be-
tween AT&T communication ICs and
a video controller.

Another valuable feature inte-
grated into the AVP1000 video-codec
chip set is the functionality common-
ly provided by Channel Service Units
(CSUs). These $10,000 box-level sys-
tems combine, synchronize, and lock
multiple incoming and outgoing
communications channels. The
AVP1400C system controller com-
bines and synchronizes up to three
switched 56-kbit/s, switched 384-
kbit/s, and ISDN B-channel lines.

One of the biggest challenges fac-
ing semiconductor manufacturers is

how to partition their designs among
hardware and software, to maximize
performance and flexibility while
minimizing cost. Some companies
sacrifice performance for maximum
flexibility by using a general-pur-
pose programmable processor to
support both proprietary algorithms
and MPEG, H.261, and JPEG re-
quirements. Because compute-inten-
sive operations such as motion esti-
mation require 20 GOPS or more of
processing power, full-motion and
H.261 designs typically require sev-
eral general-purpose processors.
Other companies use a hardwired so-
lution to maximize performance at
the expense of reduced flexibility,
which is required for responding to
changing standards.

AT&T chose a hybrid design that
exploits the best of these two ap-
proaches. Compute-intensive fune-
tions, such as motion estimation and
Huffman encoding, are fixed in the

Yéu Need
Tree City USA

C ity trees add the soft touch of
nature to our busy lives. They cool

our cities, fight pollution, conserve

energy, give wildlife a home, and make

our neighborhoods more liveable.
Support Tree City USA where you

P live. For your free booklet, write: Tree

City USA, The National Arbor Day

Foundation, Nebraska City, NE 68410.

The National
J Arbor Day Foundation

L
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standards and are unlikely to
change. Consequently, AT&T imple-
ments these functions in hardware.
Programmability is reserved for
those aspects of the algorithm that
can be tailored to specific applica-
tions. These include functions that
determine frame rate, delay, bit rate,
and resolution. Sections of the stan-
dard that are less stable, such as
specified by H.221 and H.242, and
less-compute-intensive functions,
like those specified by H.261, are im-
plemented in on-chip, downloadable
software because their status is
more likely to change.

Also better suited to a program-
mable approach are JPEG and
MPEG/H.261 audio standards,
which cover a broad range of options
and special cases. JPEG, for exam-
ple, supports a wide range of differ-
ent resolution, color space, and com-
pression ratios. Similarly, MPEG
and H.261 each support several lev-
els of audio quality, some of which
have yet to be standardized.

AT&T exploits the general-pur-
pose programmability of the
DSP3210 digital-signal processor to
handle such functions. The various
audio options of the MPEG, and
H.261 recommendations are imple-
mented as a library of DSP3210 C-
callable multimedia software mod-
ules. Depending on application re-
quirements, one or more of these
modules are loaded, scheduled, and
executed on the DSP3210, under the
control of AT&T’s VCOS (Visible
Caching Operating System).[]

PRICE AND AVAILABILITY

The AVPI000 video codec chip set, com-
prised of the AVP1300E encoder, the
AVP1400D decoder, and the AVP14,00C
system controller, is available now in
OEM quantities for $376 per set. The
AVP14L00E encoder will be available in the
Sourth quarter of 1992. All three chips are
available in a 159-pin plastic PGA pack-
age.

AT&T Microelectronics Inc., 555 Union
Blvd., Allentown, PA 18103; (800) 372-

QU47. CIRCLE 511
How VALUABLE? CIRCLE
HIGHLY 525
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SLIGHTLY 527
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THE ONLY S5-VOLI MEGABIT FLASH.
NO WAITING.

Atmel’s 5-Volt-only, one- B The AT29CO010 has the

megabit Flash is available. easiest programming

Production quantities. algorithm in town.

No waiting. It’s self timed and has
That’s 5 Volts to read and automatic erase, SO

5 Volts to write. No costly
12-Volt converter or regulator
circuits to clutter your system.
And, there’s more:

you don't have to erase
before writing.

So, if you like blazing access
times, need sector write and

PERFORMANCE: want to save space, call, fax
W The AT29CO0I0 is fast—90 or write us about your appli-

nanoseconds commercial, cation and we'll get you a

120 nanoseconds military. sample of the Atmel 5-Volt-
HASSLE FREE: only Flash.
B The AT29CO010 has No Waiting.

one thousand 128-byte

sectors, and each can be

individually written or

erased.
ATMEL CORPORATION &El@ Tel. 1-800-292-8635
2125 O’Nel Drive Tel. (408) 441-0311
San Jose, CA 95131 The people who make the difference. FAX (408) 436-4200
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Heres Where Youll Find The Most
Advanced Hybrids On Earth.

When your application is out of this world, it makes
sense to select the supplier that's the largest manufac-
turer of high-reliability hybrids in the world: Raytheon.

Our state of the art facility, certified to MIL-STD-1772,
is dedicated to large-scale, high-reliability hybrid design,
production, and testing. Our in-plant CAD/CAM system

Raytheon currently produces over
400,000 high-reliability hybrid
assemblies a year, including MCMs,
as well as MIBs (Multilayer Inter-
connect Boards, SEM-A through E).

does everything from layout
and test vector generation
to document processing and
thermal analysis. We have
comprehensive in-house environmental testing capabili-
ties, including Rad-Hard design testing and analysis, and
we design to meet OML Processes.

Right now we produce over 400,000 hybrid assem-
blies a year. And we have the capacity to double that

number. In addition, Raytheon offers you important
advantages such as access to our extensive and innova-
tive research operations, and the experience of more
than a quarter of a century.

Hybrids developed, manufactured and tested by
Raytheon have been designed into many successful space
missions. They've also operated successfully on the ground,
underground, underwater and inside the human body:

We can build your hybrids to print or design them to
satisfy your system requirements. We can handle your
job. Now and in the future. Right here on earth, and out
there in space.

® learn more about our high-reliability hybrids, call
or write for technical support and applications assistance.
Raytheon Company, Electronic Components Division,
465 Centre Street, Quincy, MA 02169. (617) 984-8505.
FAX: (617) 984-4199.

Raytheon
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ELECTRONIC DESIGN REPORT

FAST AND WIDE STATIC RAMS
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ENHANCED SRAMS
PROPEL SYSTEMS
PERFORMANCE

he dependency of
high-performance
computer systems on
large primary and sec-
ondary caches has
pushed high-speed
static RAMs into
greater prominence in
these systems. Al-
though they’re not the only systems
that place demands on static RAMs
for shorter access times and higher
storage capacities, CISC- and RISC-
based microprocessor systems are
rapidly becoming the number one
consumers of fast static memories,
due to their reliance on caches to hold
key information.
As each generation static RAM is
E L EST R QN In € DTE §71 G
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THE VENERABLE
STATIC RAM
EvOLVES AS
USERS

DEMAND
VERSIONS
TUNED FOR
NARROW
MARKET
SEGMENTS.

introduced, the definition of “fast”
seems to evolve along with the tech-
nology. Today’s definition of fast, at
less than 25 ns per memory access,
wasn’t even achievable 10 years ago
when 55 to 70 ns was considered fast.
And for future-generation memory
chips, that definition will fall to the
10-to-15-ns range.

To speed the chips, silicon design-
ers are moving from CMOS to biC-
MOS processes. In some cases, that
also includes employing either ECL
interfaces or full bipolar ECL circuit
designs to attain the sub-10-ns ac-
cess times required by top-perform-
ing systems. Furthermore, chip-fea-
ture sizes are shrinking, and with the
smaller features come improved
speed, higher density, and more sys-
tems flexibility.

Not only have the memory access
times shortened, but the variety of
memory types and the storage ca-
pacities have grown considerably.
No longer are SRAMs only available
in 1-, 4-, and 8-bit-wide configura-
tions, butalsoin 5-,9-, 10-, 12-, 16-, 18-,
20-, 24-, and soon even in 32- or 36-bit-
wide pinouts. And some of those are
specialized versions incorporating
such features as burst-transfer

NEl
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Parity-mode input

Mg ’17' 3 1 Static-
it Clocked |42 memory
> ; 10128 |4 ara
: Clocked 12-bit y
a - s
: i Input | | inputregister| parity checker row decoder (128 by 144)
7-10 multiplexer ,4 A 144
Do Clocked
Fit - f—e 9-0f-144
Clock 21 9 i column
Enable multiplexers 25 hits dgcoder
input (24 each) . and sense
i »| Clocked 9-bit amplifiers 0 5
Chip parity checker
Select tllytpul 9
Write multiplexer |4 Qutput
Enable > = T 9[7  2 register
Scan Enable - multiplexers| and buffer
Clock Timing and o> (10each)
Ek%'—:q> % control logic ) f
__I T/—gm 3 Parity-Error output
] Serial scan shift register (34 bits >
Ser;:l-&ata ( ) Serial-Data output
¢ it DL

1. ALL SIGNAL-TIMING OPERATIONS are kept internal on the SY100492 self-timed static RAM developed by Synergy

Semiconductor. An on-chip timing and control-logic block manages all internal operations once the clock and write-pulse signals are received
by the memory. The timing block then supplies all of the correctly sequenced signals for the parity checkers, the row and column decoders, the
output multiplexer and output register, and the serial-scan diagnostic shift register. Direct control of all internal operations minimizes signal
skews and maximizes chip performance—the access time is just 5 ns for the 9-bit-wide word.

modes, cache-tag control logic, input
or output registers or latches, self-
timed write control signals, and
more. These chips continue to widen
the range of choices available to the
designer to best match the
memory subsystem to the

es that typically have features
around 0.35-pm minimum, are trying
to produce viable samples of 16-Mbit
devices.

With memory densities quadru-

pling, memory cells are now switch-
ing back to full CMOS structures.
Early SRAMs were typically fabri-
cated with six-transistor (6-T) memo-
ry cells, employing p-channel devices
as active load elements to
form CMOS memory cells.

system architecture. A 9, lhannabIe However, as densities in-

Memory densities for | & Add.":ss 8,/ Row 912-by-296- creased beyond 64 kbits,
fast SRAMs have pro- i i ey mehmyt;g-zl:ra the area required for 6-T
gressed to the point where  |ChipEnable e s memory cells made chip
designers can choose stor- | gypy—{ Contro ; Write sizes uneconomical. Thus,
age capacities ranging |gmbie i 1 Enatle most static-memory de-
from below 16 kbits/chip Write-pulse Column select signs switched to a four-
to 1 Mbit for production de- Write Enable r generator * and sense transistor (4-T) cell that
vices. Such devices are typ- F used high-value polysili-
ically fabricated with mini- Clock Ly i l con resistors as the load el-
mum feature sizes of be- ——>{ Clockinput e 0“"’6“':)'5:3""" L ements. That 4-T cell
tween 0.7 to 0.9 um for the b/ ODatg shrinks the area by about
gates—the smallest fea- Output Enable O regisir 30% over the 6-T cell, allow-
tures currently in volume : ing the 256-kbit and 1-Mbit
production by most suppli- Data /0 L /4 4‘ memory generations to be

ers. Furthermore, early
samples of 4-Mbit SRAMs,
fabricated with 0.5-pm fea-
tures, are also being re-
leased to a few companies
for early evaluation. Re-
search labs, working with
deep-sub-micron process-

2. A SIMPLER FORM of a sel-timed 9-bit-wide SRAM is

achieved in this design by AT&T Microelectronics. A control
register on the ATT7C341 captures the write pulse from the
external system by sampling the write line with a clock signal.
Once captured, the write signal is regenerated by the write-pulse
generator and disiributed to the logic surrounding the memory
core and the data input and output registers.
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made with reasonable chip
areas.

As a result, although
most SRAMs sold today
are referred to as CMOS
devices, the arrays of
memory cells at the heart
of the chips are typically
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built from just n-chan- channel devices in the sili-
nel devices, while the con, the manufacturers
surrounding support CY7B173 are using thin-film tran-
logic contains full Address latch b= <} Address sistors (TFTs) fabricated
CMOS circuitry. How- in polysilicon layers
ever, as densities v Data above the substrate. By
grow beyond the 1- Data latch B | fabricating the p-channel
Mbit range, several -kword- devices above the sub-
factors come together by-9-bit strate, they don’t add to
that force designers to memory array 486(50MH2) | 1o area consumed by the
reconsider the 6-T cell. 486 burst cell. However, they still
For starters, the in- R— provide the multi-gi-
dividual cell leakage gaohm resistances re-
currents allowed by quired to keep the per-
the polysilicon resis- Controller Processor cell leakage current to
tors mount up and strobe just a few picoamperes.
make the overall chip The penalty faced by
leakage current too the SRAM makers,
large. In addition, the though, is a much more
area required for even Cache controller | Cache-controller strobe difficult fabrication pro-
higher-value polysili- cess. To form the TFTs,
con resistors would Advance three to five additional

exceed the current
area required by the
memory cell, making
the chip too large. Fi-
nally, the 4-T cells are
more sensitive to al-
pha-particle-induced
upsets (soft errors)
than the 6-T cells, and
with up to 4 million or more cells on
the chip, it’s very likely for a soft-er-
ror to occur.

3. DESIGNED SPECIFICALLY to connect directly to the Intel
80486 microprocessor is this Cypress CY7B173 burst SRAM. A special 2-bit
burst counter and a small localized bus controller embedded in the SRAM
eliminate the need to incorporate control logic in the cache controller.

The counter cycles the memory array to retrieve four memory words in the
out-of-order sequence required by the 80486. A similar version is available
for linear address bursts, as required by the Motorola 68040.

Thus, memory designers are mov-
ing back to a 6-T cell, but with a dif-
ference. Rather than fabricate the p-

Data Party Error Processor data 1/0,_, | Processor data parity Processor
1 ;——L{——? Output Enable
s '
32-kword- Data Data
by-9-bit array register register Data latch jei{
t Parity |
Clock input l checker
Ay 14— L] wiite [ 9 V! Control
Write Enable driver
Active-Low St
Chip Enable —>{ Reaister Sense Data
Active-High___,] o amplifier Datalatch S register [
Chip Enable
P W o dm
Input Enable -
<o PR e
Input Enable Systemdata /0, ; " System dataparity  Qutput Enable|

4. TWO DATA PORTS on the forthcoming Motorola MCM62110 cache RAM enable
the chip to isolate the local processor bus from the main system memory bus. As a result,
bus loading is reduced on the local bus and CPU speed is improved. On-chip parity checking
logic also ensures the integrity of data moving over the chip’s internal data bus.
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processing steps are re-
quired. The steps include
the use of two or three po-
lysilicon layers plus the
two layers already used
in most SRAM manufac-
turing. Those extra pro-
cessing steps will initially
keep the price of the 4-
Mbit and 16-Mbit devices very high.

Today’s 33-MHz, 32-bit CPUs can
employ SRAMs with access times of
20 to 25 ns. However, as CPU clock
speeds increase to 50 MHz, SRAM
access times must shrink still fur-
ther—to between 10 and 15 ns—to
keep pace with the fast processors.
And cache sizes are also increasing
in most new systems. Early 16- and
32-kbyte caches are giving way to
cache sizes of 64 to 256 kbytes on cur-
rent-generation systems. In some
high-end systems, 1-Mbyte caches
are already in use.

As access times shorten, system
designers face the problem of con-
trolling the duration of the write sig-
nal to the SRAM. To make the SRAM
more responsive to the signal and
simplify the designer’s system im-
plementation task, several SRAM
manufacturers created the self-
timed RAM (STRAM). This special
memory contains all of the timing
and control logic to perform the
write operation, as long as the input
signal to the write-control pin has a
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Now the performance you
want in an LCR meter is
easy to afford.

Who says you can'’t get what you
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minimum acceptable duration (to en-
sure that the signal isn’t just a tran-
sient on the line).

The fastest self-timed chip, with
an access time of just 5 ns, is an 18-
kbit (including a parity bit) bipolar
ECL memory developed by Synergy
Semiconductor (F%g. 1). The 2-kword-
by-9-bit memory includes input and
output registers that make it easier
for the chip to be incorporated into
various pipelined architectures.

The chip’s self-timed approach
minimizes the impact of timing
skews on the memory array’s cycle
time. All input signals are held in
registers on the chip at the transition
of the memory clock signal. By regis-
tering all inputs and keeping the set-
up and hold times to less than 2 ns,
skew problems are minimized, mak-
ing very short cycle times practical.
Output registers hold the output
data valid for an extended portion of
the cycle, easing system read-timing
requirements.

One feature available

chip, they pack self-timed write-
pulse generation. Register inputs on
the chips for all input signals (ad-
dresses, data, Write Enable, Chip
Enable, and Output Enable) are posi-
tive-edge-triggered, as is the output
register (Fig. 2).

Similar self-timed operation is em-
bedded into several cache memory
chips as well. For instance, Cypress
Semiconductor offers several ver-
sions of a 32-kword-by-9-bit single-
port cache RAM. Motorola is close to
releasing a two-ported 32-k-by-9
cache RAM that adds to its current
family of 32-k-by-9 CMOS RAMs of-
fered for Sparc, 68040, 80486, and
other processors. The Cypress
CYBT7B173/174 are biCMOS 32-k-by-
9 memories that can be accessed in
just 14 ns (clock to output). The
7TB173 is optimized for use with Intel
1486-based systems and includes a
two-bit wraparound counter that
supports the 80486’s nonlinear burst
sequence (Fig. 3). The TB174 sup-

ports a linear burst sequence.

Two address strobe signals can be
sent to the chips, one generated by
the processor and one by the cache
controller, allowing either block to
control the memory. By simply send-
ing an “advance” strobe signal to the
memory chip, the host system se-
quences the burst-address counter
through its four addresses to supply
the four words needed by the CPU’s
internal cache.

By adding a second I/0 data path
to its 32-k-by-9 synchronous self-
timed write SRAM, Motorola was
able to squeeze the chip’s access
times to as little as 15 ns (17- and 20-
ns versions are available as well).
The dual 9-bit ports on the forthcom-
ing MCM62110 aren’t set up the
same way as in a dual-port memory.
Instead, they both tie into the same
internal data bus and can read or
write the same 9-bit words to two ex-
ternal buses (F7ig. 4).

The dual sets of data-input regis-
ters and data-output

on the STRAM is the
hidden write cycle. With

latches allow users to
isolate the processor

CMOS STRAMs, orga-
nized as 128 kwords by 9
bits, with 20-ns cycle

that hidden cycle, the bus from the system
STRAM can operate at LatchEnaMe—l I——;]a 8 bus (the memory bus).
twice the bandwidth of s ol 15 8 Thatreduces the capaci-
the data output bus. i Latch =7 Docode | oo v o "‘D_ tive loading on the pro-
The hidden-write cycle & 5 byt bits | - 00, 15 cessor’s local bus and
is a scheme that inter- | g Vi | | Control ] 1 T thereby improves sys-
leaves the read and cmp—j:} Latch ¢ z tem operating speed,
write cycles in such a | Enable, "IiF - trims the chip count and
way that the write-cycle Byte @_‘ 8 board space, and also
timing has no effect on | Select, cuts system cost. A by-
the data output bus o iﬂ:} pass data path enables
(read timing). To imple- Select, @ data that’s written to
ment this capability, o 'Hiﬂ_‘_\j the input register to
some subtle changes Byte “m J skirt around the memo-
must be made on how | Selectz. " 1 ry array and be written
the Chip Select and FyTeT (= fimn i el 5 directly into the output
Write Enable pins are | Select;_ g * I_fa_' MEE data latches. Conse-
controlled, in compari- __Y = 4 p quently, the system can
son to the scheme used | Write! d ) 15 De%%% | 3 worgs | 8 Dist|  directly write to the pro-
on standard SRAMs. E"L”f__' =, 1 Control | DY 161its -f-{_ o cessor (or vice versa)

Both AT&T and Sony | Jnwut” el i 8 16 for the case of time-crit-
offer megabit-density E. —Lil.___/_s_ ical operations.

In addition to the by-
pass feature, the 62110
allows data to be

times and 10-ns clock-to-
access times (Sony also
has a slightly faster
16.6-ns-cycle-time ver-
sion). Like the ECL

5. AN 18-BIT BUS that carries a 16-hit tag and Valid and Dirty flag
bits is included on the Cypress CY7B181, one of the widest cache-tag

memories available. On-chip comparators and match logic can perform an
address match in just 12 ns. A separate dedicated I/0 data port allows the
tag and data fields to be loaded separately.
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streamed between the
system and processor
ports in either direction.
The streaming is done
by first latching data
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1, 2, & 4-Megabit
CMOS SRAMs

These White Technology CMOS
SRAMSs are housed in a standard 32-pin
hermetically sealed DIP with JEDEC
pinouts. Each of the 512Kx8, 256Kx8,
and 128Kx8 devices is available with
one of eight different access times from
25ns to 120ns, and Military, Industrial,
and Commercial temperature ranges.

e 25ns to 120ns

® 512Kx8, 256Kx8, 128Kx8

e Low Power

e 32-pin DIP

e JEDEC Pinouts

e Military, Industrial, and Commercial
Temperatures

o Military Screening Available

e Certified to MIL-STD-1772

Contact White Technology, Inc.,
4246 E. Wood St., Phoenix, AZ 85040.
Tel: 602-437-1520, Fax: 602-437-9120.
Cirlce 202 for U.S. Response
Circle 222 for Response Outside U.S.

Megabit
Flash PROMs

White Technology’s WF-1024K8 is an
8-Megabit (1024Kx8) Flash PROM in a
0.900” wide 34-pin DIP. It’s one of the
most compact packages containing that
much non-volatile memory. Also in
design is a high density 128-Megabit
Flash PROM.

e Flash Chip Erase

# 1 Second Page Erase

* 8 Pages Total
e Fast Programming

# 10us Typical Byte

# 2 Seconds/Page
e 10K Erase/Program Cycles, Min.
® 200ns Access Time, Max.
e 70mA Active Current, Max.
e Military & Industrial Temp.
e Military Screening Available
e Certified to MIL-STD-1772

Contact White Technology, Inc.,

4246 E. Wood St., Phoenix, AZ 85040.

Tel: 602-437-1520. Fax: 602-437-9120
Cirlce 203 for U.S. Response

Circle 223 for Response Outside U.S.

512K x8

1, 2, & 4-Megabit
CMOS EEPROMs

Featuring 1, 2, and 4-Megabit capacities,
these White Technology 5 Volt CMOS
EEPROM devices are housed in a 32-
pin hermetically-sealed ceramic DIP
with JEDEC pinouts. Inputs and outputs
are CMOS and TTL compatible.

e 512Kx8, 256Kx8, 128Kx8

e 150ns Read Access Time

e Low Power CMOS Operation 90mA
Operating/5.0mA Standby, Max.

e Ten year Data Retention

e Automatic Page Write Operation

@ 6.0ms Page Write Cycle Time

e Data Polling For End of Write
Detection

e Hardware and Software Data
Protection

e Military & Industrial Temp.

e Military Screening Available

o Certified to MIL-STD-1772

Contact White Technology, Inc.,

4246 E. Wood St., Phoenix, AZ 85040.

Tel: 602-437-1520. Fax: 602-437-9120
Cirlce 204 for U.S. Response

Circle 224 for Response Outside U.S.

MULTICHIP MODULES

Compact, Lightweight, and Reliable

Something for everyone!

We can make your designs and your
imagination happen. Whether it's a few
megabits of SRAM or EEPROM, mas-
sive multichip megabit memory
modules, or microcontrollers based on

satisfy your circuit or system level
needs.

e Standard modules of SRAM,
EEPROM, and Flash PROM, as well
as standard microcontroller modules.

standards like the 80C31, the MC68020, @ MIL-STD-1772 Certification.
or the i486™ we can help. Especially ® Screening and burn in to Military
when reduced weight and space, and standards.

high reliability are important to your
applications. Give us a call. We have all -~
the tools you need. ~
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from one port and asynchronously
controlling the output enable of the
other port. The RAM can also be
written to while data is streaming
through the ports. During every
read cycle, the chip performs odd-
parity checking.

The dual ports also enable the chip
to function as a memory chip that
has separate input and output buses.
That allows data to be set up during
the same cycle as a read operation,
avoiding the loss of a cycle solely for
reading the memory contents. Al-
though initially conceived as the sec-
ondary-cache data-memory chip to
support the cache controller for the
forthcoming 88110 RISC processor,
the 62110 can be used with almost
any other processor—the Mips Corp.
R4000, the Sparc family, the Intel
80486, and, of course, Motorola’s
own MC68040.

Motorola, which is planning to of-
fer both 16- and 18-bit versions of a

64-kword-deep cache data RAM, is
putting the finishing touches on its 1-
Mbit MCM6299x series. Included in
the series are three biCMOS chips
that can access datain just 12ns. The
synchronous 62990 (with input regis-
ters and output data latches), and the
asynchronous 995 and 996 (with in-
put latches) are all offshoots of the
same chip. They contain separately-
bused I/0 buffers that permit the
chip data buses to tie into 3.3-V sys-
tem buses, while the rest of the chip
runs from a 5-V power supply. With
just two chips, a 256-kbyte secondary
cache for the 80486 microprocessor
can be implemented.

Latched cache RAMs are also
readily available from such compa-
nies as Austek, Intel, Sony, and sev-
eral others that sell secondary cache
components into the personal-com-
puter market to mate with chips like
Intel’s 82385 cache controller. Typi-
cal of such chips is the Sony

CXKT7701J, which is organized as ei-
ther an 8-kword-by-16-bit memory or
a 4-kword-by-16-bit by 2-way set-as-
sociative memory. The shortest stan-
dard access time for the chip runs 30
ns, but a special fast-output-enable
mode trims the access time to just 10
ns. Intel has also created several
high-integration cache subsystems
that not only incorporate the cache
control logie, but the cache memory
as well. By closely integrating the
cache and the controller, Intel de-
signers can get system-level perfor-
mance equivalent to large caches (64
kbytes) from relatively small caches
(16 kbytes).

Several other companies have a
number of wide-word data SRAMs
as well. Cypress Semiconductor, for
example, has a CMOS 16-k-by-16 chip
called the CY7TC157A, which can be
accessed in just 18 ns. The memory,
optimized for use with RISC proces-
sors like the Spare, includes data-in-

-
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put and data-output latches as well | ns grades and consume just 100 mA | the latches are used, they allow the
as the self-timed write to minimize | maximum, andjust3 mA onstandby. | SRAM to hold the internal address
the effect of signal skews. Internal- | In addition, latched (asynchronous) | constant while permitting the exter-
ly, the RAM is organized as two | versions of the same chips will come | nal address to change in preparation
banks of 16 kbytes, each with their | in 16-k-by-16 and -by-18 organiza- | for the nextaccess, thus speeding up
own self-timed control block. The | tions (the MT5C2516 and 2818, re- | the system. Although the chip is de-
chip is now alternate-sourced by sev- | spectively). The chips will have the | signed for operation at 5V, it has a
eral companies—Integrated Device | same speed grades and will also be | low-voltage (2-V) data-retention
Technology is probably the most | available later this year in 3.3-V-sup- | mode that permits battery backup
widely acknowledged alternate sup- | ply options. for short duration power failures.
plier. Both AT&T Microelectronics Latched and registered versions At the megabit level, Micron also
and Micron Technology also expect | of 16- or 18-bit-wide megabit SRAMs | expects to release both synchronous
to produce similar chips sometime | are available from a number of com- | and asynchronous versions
later this year. panies—Electronic Designs, Inte- | (MT58C1289 and 1189, respectively)
Micron plans to have both 16-bit- | grated Device Technology, and sev- | of its 128-kword-by-9-bit SRAM in
wide (the 58C1616) and 18-bit-wide | eral others. The shared I/0 bus ver- | 16.6- and 20-ns speed grades. These
(the 1618) versions of the synchro- | sions are typically housed in 52-lead | chips were designed to initially sup-
nous 16-kword memories. Initial | PLCCs;a few suppliers are also look- | port large caches for Sparc-based
speed grades will include 15-, 17-, 20-, | ing at PQFP-housed versions. One | systems, and consume about 800
and 25-ns versions. By the end of the | typical offering is the LH21028 from | mW when accessed every 20 ns. On
year, the company also expects to | Sharp, a 64-k-by-18-bit chip with ac- | standby, the power drops to 300 mW.
have a 13-ns version. For portable | cess times as short at 20 ns. Trans- A specialized cache-memory chip,
systems, the company intends to of- | parent address latches on the ad- | the MS443 from Mosel, employs a
fer 3.3-V versions of the same memo- | dress bus reduce bus loading and im- | dual-port architecture and contains
ries. The chips will come in 20- or 35- | prove system performance. When | special data-path registers that hold

timing recovery untt.
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That’s AI&I" “Customerizing.

AT&T's TRUOS0 timing recovery unit minimizes drop in the unit and power it up!

design time as it enhances reliability. It puts the Functional performance assured
functions of a phase detector, op amp, VCXO,and ~ The TRU0S0 offers superior signal regeneration
divider on a single CMOS chip. Its crystal stabi- and synchronization as well as extremely low jitter.

lized, phase-locked loop design
extracts the signal from a digital data
stream, then regenerates the data.
Pre-set to meet loop specs
The TRU050 consists of a CMOS chip

1 Its minimal number of parts, pre-

| tested in modular form, gives you a

§ high quality, highly reliable device.
That’s what we call “Customerizing.”

! Complete product line

and quartz resonator in a 16-pin, grulo For more about our complete line of

ceramic, dual in-line package. The unit is com- frequency control products, including timing

pletely pre-tested, with crystal frequency recovery units, voltage-controlled crystal oscilla-

and divide factor (up to 256) factory-set to meet tors, custom clock oscillators, and saw filters in a

your specifications. This, coupled with wide variety of packaging options, call AT&T

user-selectable loop dynamics, lets you just Microelectronics at 1 800 372-2447 ext.901.
P

=—— ATal
"-?"' Microelectronics
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Making the interface transparent
to sub-nanosecond rise times.
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THIS IS AMP TODAY,

Stripline high-performance connectors.

AMP and ACTION PIN are trademarks of AMP Incorporated.



\

‘Fast silicon’ (rise time<1 ns) requires
strict impedance control. Conventional
connectors give up half their pin count
for this - a sacrifice you can do without.
Our modular, scalable Stripline
100 connector system can accom-
modate edge rates of 250 ps (500 ps
at <3% crosstalk), and still give you
40 signal lines per inch - all four rows
ona.l"x.]"grid. Reference planes
isolate individual signal columns
within the standard grid geometry,
creating an interface completely trans-

CIRCLE 82 FOR U.S. RESPONSE

parent to high-speed logic.

Stripline 100 connectors deliver
more than raw speed, too. Each
reference plane can distribute three
amps, and sequenced mating is
available for ground, power, and
two signal levels.

Manufacturing is easier as well.
ACTION PIN compliant posts (for
existing 0.040" peb holes) simplify
backplane assembly, and all materials
are compatible with high-temp reflow
processing.

CIRCLE 83 FOR RESPONSE OUTSIDE THE U.S.

In fact, sub-nanosecond logic just
got easier all around, and there’s an
easy way to ‘bring yourself up to speed’
on this exciting technology: call
our Product Information Center
at 1-800-522-6752 (fax 717-986-7575).
AMP Incorporated, Harrisburg, PA
17105-3608. In Canada call 416-475-6222.
For design assistance in characterized
backplane assemblies, contact AMP
Packaging Systems, 512-244-5100.
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ELECTRONIC DESIGN REPORT

FAST AND WIDE STATIC RAMS

chips can be cascaded
to form a 64-kbyte
cache with a 128-bit
line width. The cache
SRAM can simulta-
neously latch up to 16
bytes in a single clock.
On-chip data-path registers channel
data into, out of, and around the
memory array in single-clock incre-
ments. Beyond serving as a cache,
the chip has a bypass mode that en-
ables fast data to stream directly be-
tween the system port and the CPU
port of the MS443, while imposing
only a 5ns delay on the data. That
mode is particularly useful when a
Read-Miss occurs. Furthermore,
with the memory chip’s internal pipe-
line, self-timed write operations can
be implemented to make the most of
available timing overlaps.

WibE Bus

The static RAM with the widest
data bus has just been released by a
newcomer to the SRAM market, Sili-
con Design Technology. The chip,
which was jointly designed by SDT
and Electronic Designs Inc., will also

BJE L ECTRONTIGC

be sold by EDI. The asynchronous 1-
Mbit device is organized as 32
kwords by 32 bits and will be avail-
able in access times ranging from as
little as 12 ns to 20 ns for the slowest
grade. It's designed for either 5- or 3-
V operation, and includes input ad-
dress latches as well as individual
byte-select lines that function in ei-
ther the read or write mode (Fig. 5).
In addition, SDT plans to offer both a
36-bit-wide version for systems that
reqire parity, and narrower-word
memories—all the way down to sin-
gle-bit wide architectures.

The cache-data SRAMs support
the cache-tag memories. The tag
RAMs must be exceptionally fast be-
cause their access time is the major
component in determining the speed
of an address match in the cache. The
most highly integrated cache-tag
memory is the just-released
D E S
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6. THE ONLY 32-BIT-WIDE static RAM, a 32-kword-by-32-bit

chip developed by Silicon Design Technology and Electronic Designs, is
structured as two 16-bit-wide memory banks controlled by byte-decoding
logic that permits byte-write operations. Transparent address latches
allow the chip to readily tie into most 32-bit processors and serve as a
single-chip data-cache solution.

I

hit and miss address- CY7B180and 181 from
es, and read and write Cypress Semiconduc-
registers that hold Mode tor. Organized as 4
data (ELECTRONIC DE- | Clock/Laich 1 kwords by 18 bits, the
SIGN, Apr. 25, 1991, p. Enable o biCMOS memories
115). The RAM h ; can perform an ad-
two)bankes of memo?; invalid s m?a:s':rl dresspmatch in just 12
cells, each organized Al egistertch ” ns, or access the tag
as f’our lanei with assiven RAM in 15 ns (see
each plangretair’lingZ o “Highly integrated
i e
kwords-by-9-bits. That Ag 11— Address d-kword-by- = cache-tag RAMs per-
gives the chip a total Fogisie/lch Lm""‘g ¥ 1 l form matches in 12
capacity of 144 kbits, | TagWrite TagWiie | Lo{Addresses Dat@ ns,” p. 114).
including parity bits. §E||Ts—’ Coaka ﬁ Tag Write ‘mpul vaid | bi Unlike most other
Do can o oaded or - SR et IR " || e g
dress-access modes. Select 1 ) DS b address comparators
Wher trying to quick- Chip s Diry and provide a “match”
ly transfer data dur- Siee | ompare (2 \ Comparator / output, the 18-bit-wide
ing a cache update, the Chip " | register/latch I Valid | organization offerii 36
memories can be Select, . tag bits plus two addi-
switched to their “tur- Compare 129 Select Match logic i‘hns tional bits. These bits
})0" glode, dwhich al- Data:fﬁ Chip Select 1 Cache canhbe ﬁegbc;efir}lled((ﬁs
ows burst data trans- Ty ‘:D rite-Match in the 7TB180) to handle
fers at up to 256 Output Enable output the MESI (modified,
Mbytes/s. Ne Cache Match exclusive, shared, in-
The SRAM contains S output valid) protocol in mul-
an internal 32-bit data tiprocessor configura-
bus, so four RAM tions. Or they come

preassigned (as is the
case in the 7B181) as
the Valid and Dirty
bits for use in uni-
processor cache con-
figurations (Fig. 6).

An even wider 20-bit
cache-tag chip, the MK4202 devel-
oped by SGS-Thomson, comes in
speed grades of 20, 22, and 25 ns
(match access time), which would
suit the chip to some of the same sys-
tems as the Cypress chips. The 20-
bit-wide offering, though, is only
half as deep, with a depth of just 2
kwords. The chip does, however, of-
fer a flash-clear capability that per-
mits the memory’s entire contents to
be invalidated in one cycle. The chip
can be tied directly into processors
like the Motorola 68030 and 040, as
well as CPUs like the Intel 80386.

Another biCMOS cache-tag RAM
comes from Texas Instruments. Al-
though they’re not wide-word memo-
ries (9 bits or wider), they’re worthy
of note because some of them em-
ploy a 5-bit-wide architecture. The
company just released a series of
five devices that all offer address-to-
G N




The Ultimate 1553
Terminal

Remote Terminal

UTMC's next-generation SUMMIT uses the Concurrent RT/MT

power of a RISC processor to create an Bus Controller
intelligent 1553 Bus Controller, Remote ; ‘
Terminal and Monitor — on a single chip. Monltor Termlnal

This unsurpassed level of intelligence and MIL_ STD_ 1 5 5 3

integration results in:

* Autonomous Operation The SUMMIT is easy to program,
 High Reliability compatible with MIL-STD-1553, and
* Simplicity of Design packs more functionality into less space.
 Simultaneous remote Reach the SUMMIT and call today for
terminal/monitor operation your FREE Design Package.
N Technologi 1-800-MIL-UTMC
a2l Technologies » " "
Microelectronics 1575 Garden of the Gods Rd.
Center Colorado Springs, CO 80907
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Our list can help you do the
other things you have on your
list. Such as buy a car. . .
estimate social security. . .
start the diet. . . check out
investments. . .

Our list is the Consumer Infor-
mation Catalog. It’s free and lists
more than 200 free and low-cost
government booklets on employ-
ment, health, safety, nutrition,
housing, Federal benefits, and
lots of ways you can save money.

So to shorten your list, send
for the free Consumer
Information Catalog. It’s the thing

to do.

Just send us your name and
address. Write:

Consumer

Information Center
Department LL
Pueblo, Colorado 81009

S\

A public service

of this publication

and the Consumer
Information Center

of the U.S. General
Services Administration
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ELECTRONIC DESIGN REPORT

FAST AND WIDE STATIC RAMS

match times of 12 ns, which suits
them for systems running at up to 50
MHz. Self-timed writes and word
widths of 4 or 5 bits let these chips
serve as building blocks for custom-
configured caches. Two of the chips
are 2-way, 8-kword-by-4-bit open-
drain devices with or without latches
(the SNT4BCT2160 and 2165, respec-
tively). The three others are 16-
kword-by-5-bit devices that have to-

FAST STATIC-RAM SUPPLIERS

tem-pole or open-drain outputs. One
of the previously mentioned -by-5
open-drain RAMs includes latches
(the three chips are the 2163, 64, and
66, respectively).[]

How VALUABLE? CIRCLE
HIGHLY 560
MODERATELY 561
SLIGHTLY 562

Aspen Semiconductor Inc.
San Jose, Calif.

(408) 943-2600

CIRCLE 571

AT&T Microelectronics Inc.
Berkeley Heights, N.J.

(908) 771-2788

CIRCLE 572

Austek Inc.
Santa Clara, Calif.
(408) 988-8556
CIRCLE 573

Cypress Semiconductor
Corp.

San Jose, Calif.

(408) 943-2600

CIRCLE 574

Electronic Designs Inc.
Hopkinton, Mass.

(508) 435-2341

CIRCLE 575

Fujitsu Microelectronics
Inc.

San Jose, Calif.

(408) 922-9000

CIRCLE 576

Hitachi Corp.
Brisbane, Calif.
(415) 589-8300
CIRCLE 577

Integrated Device
Technology Inc.
Santa Clara, Calif.
(408) 727-6116
CIRCLE 578

Intel Corp.
Santa Clara, Calif.
(408) 987-8080
CIRCLE 579

Matsushita Electric Corp.
(Panasonic)

Secaucus, N.J.

(201) 348-5216

CIRCLE 580

Micron Technology Inc.
Boise, Idaho

(208) 368-4000

CIRCLE 581

Mitsubishi Electronics
America Inc.

Sunnyvale, Calif.

(408) 730-5900

CIRCLE 582

Mosaic Semiconductor inc.

San Diego, Calif.
(619) 271-4565
CIRCLE 583

Mosel Corp.
Sunnyvale, Calif.
(408) 733-4556
CIRCLE 584

Motorola Inc.
Austin, Texas
(512) 928-6705
CIRCLE 585

NEC Electronics
America Inc.
Mountain View, Calif.
(415) 960-6000
CIRCLE 586

Oki Semiconductor Corp.
Sunnyvale, Calif.

(408) 720-1900

CIRCLE 587

Paradigm Technology
San Jose, Calif.

(408) 954-0500
CIRCLE 588

Performance
Semiconductor Corp.

Sunnyvale, Calif.

(408) 734-9000

CIRCLE 589

Quality Semiconductor Inc.

Santa Clara, Calif.
(408) 450-8060
CIRCLE 590

Samsung Semiconductor
Inc.

San Jose, Calif.

(408) 434-5400

CIRCLE 591

S$GS-Thomson
Microelectronics Inc.

Phoenix, Ariz.

(602) 867-6100

CIRCLE 592

Sharp Electronics Corp.
Camas, Wash.

(206) 834-2500

CIRCLE 593

Siemens Components Inc.
Santa Clara, Calif.

(408) 980-4500

CIRCLE 594

Silicon Connections Corp.
San Diego, Calif.

(619) 674-1050

CIRCLE 595

Silicon Design
Technology Inc.
Newark, Calif.
(510) 651-9343
CIRCLE 596

Sony Corp. of America
Cypress, Calif.

(714) 229-4442
CIRCLE 597

Synergy Semiconductor
Corp.

Santa Clara, Calif.

(408) 730-1313

CIRCLE 598

Texas Instruments Inc.
Dallas, Texas

(214) 995-6611

CIRCLE 599

Toshiba Corp.
Irvine, Calif.
(714) 455-2000
CIRCLE 600

WaferScale Integration Inc.
Fremont, Calif.

(510) 656-5400

CIRCLE 601

This listis only a guide,
itis not a definitive listing.
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Save 20% on

apackage of
chips with

this coupon.

- - . I |
Cut costs on interconnect packaging I
e Save 20% on interconnect packaging

for multichip modules. Get better per-
formance too.

Send in the coupon and learn why
modules cost 20% less with polymer
dielectrics made of benzocyclobutene
(BCB). Find out about Dow’s new
BCB resin.

BCB typically planarizes in one pass.
It resists moisture pickup. Retains di-
electric properties better. Cures over
50 times faster. Great compatibility
with copper, and it performs up to 50%
better than polyimides.

Call 1-800-441-4DOW. Or send in the

coupon. BCB goes great with chips.

Dow Plastics
We don’t succeed unless you do.

Name

with BCB resin, new from Dow.

[JSend me a brochure about BCB
and how I can save while boosting
performance.

(] Call me. I make multichip modules.
Show how much I can save on production
with BCB.

A recipe
for SUOCeSS-

Company/Title

Address

City/State/Zip

Phone

l Send to: Dow Plastics, Customer Information Center, P.O. Box 1206, Midland, Michigan 48641-1206

142
____—_________J
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SINGLE MONITOR
IMAGE PROCESSORS OPTIMIZED

=| Custom Application [~]]
Tools Script Window Help

BEra Eile Edit

YaLa

Display g [ Frequency Editing :

Preprocessing
[ Center Selection

Cursor Mode @]

“The DT3851 Series combines our most flex-
ible frame grabber with TI34020 graphics =
for a superior single monitor solution.”

—fFred Molinari, President

A\ File Edit

Single Monitor

« Display multiple images anywhere Liey, Beie ol

on the screen Pixel  Calibrated
e Live video window Distance (937223 0,000

Flexible Image Acquisition Angle: |p36130] 0.0000

« Accepts a variety of input signals:

RS-170, CCIR

Slow scan

High resolution 1K x 1K

Asynchronous

* Precision image acquisition
Multiple flicker-free display resolutions
up to 1024 x 768

TI34020 Processor
* Accelerates Windows graphics and
image processing
Up to 8 Mbytes General Purpose Memory
« Store sequences of images

Extensive Winduws Software Single or Dual Monitor m?/as’ m?/asz
* FREE Dynamic Link Library : Input Resolution To 1024 x 512 To 1024 x 1024
* Other libraries and applications available Display Resolution (non-interlaced) To 768 x 512 To 1024 x 768
Quantity Pricing Available Variable Scan Input 0-18 MHz 0-18 MHz
FAST 5 Day Delivery Precision Input” Gain & Offset v v
DT-Connect" v 4
Call for FREE Catalo@ General Purpose Memory Up to 8 Mbytes Up to 8 Mbytes

( 5 08) 48 1 '3 7 00 i i FREE FREE

In Canada, call (800)268-0427 THE LEADER IN DATA ACQUISITION AND IMAGE PROCESSING

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Drive, Mariboro, MA 01752-1192 USA, (508) 481-3700, FAX (508) 481-8620, Tix 951646

United Kingdom Headquarters: Data translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RG11 2QJ, UK., (734) 793838, FAX (734) 776670, Tix 94011914

Germany Headquarters: Data Translation, GmbH, Im Weilerlen 10, 7120 Beitigheim-Bissingen, Germany, 7142-54025, FAX 7142-64042

International Sales Offices: Australia (2) 699-8300; Belgium (2) 466-8199; Brazil (11) 240-0598; Canada (416) 625-1907; Denmark 42 274511; Finland (0) 3511800; France (1) 69077802; Greece (1) 361-4300

Hong Kong (5) 448963; India (22) 23-1040; Israel 52-545685; Italy (2) 82470; Japan (33) 564-6024, (33) 5379-1971; Korea (2) 718-9521; Malaysia 3-248 6786; Mexico (52) 575 6091; Netherlands (70) 399-6360; New Zealand (9) 415-8362.
Norway (2) 53 12 50; Pakistan 570 369; Poland (22) 580701; Portugal (1) 7934834; Singapore 338-1300; South Africa (12) 803 7680/93; Spain (1) 555-8112; Sweden (8) 89 38 90; Swizerland (1) 386-8686; Taiwan (2) 3039836

DT-Connect is a trademark and Data Translation is a registered trademark of Data Translation, Inc. All other trademarks are the property of their respective holders.
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DESIGN APPLICATIONS

BY ENHANCING THE MACROMODEL FOR OP-AMP SPICE
SIMULATIONS, A MORE REALISTIC ANALYSIS OF NOISE
SOURCES CAN BE DONE.

IMPROVE NOISE ANALYSIS
WITH OP-AMP MACROMODEL

oise in operational amplifiers has never been easy to model

and project, whether it’s done with software packages like

Spice or with pencil and paper. Determining the spectral

and total noise over a given bandwidth is a daunting and

tedious task, and it requires that all noise sources—resis-

tors, amplifiers, etc.—be considered. Although Spice pro-

grams have noise analysis capabilities, previously available op-amp macro-
models, including the Boyle model, lack noise parameters.

Because the internal impedances of typical macromodels don’t exactly

match those of the actual device, using the models for noise analysis often re-
sults in gross errors. To address this problem, a new modeling technique that
incorporates accurate voltage and current noise sources, originally devel-
oped at the Precision Monolithics Div. of Analog Devices Inc. (ADI), allows

analysis requires calculating the in-
dividual noise contribution of each
op amp, resistor, and any other ac-
tive device. Then, all of the contribu-
tions must be summed together by a
root-sum-square, with that sum mul-
tiplied by the square root of the cir-
cuit’s bandwidth.!

For lower-frequency circuits, the
amplifier’s 1/f noise becomes signifi-
cant, so the 1/f noise must be inte-
grated into the total. In more com-
plex circuits with multiple stages
and many resistors and capacitors,
the task seems to grow exponential-
ly. Luckily, Spice can do all of the
work—given an accurate op-amp
model.

Spice can also analyze the noise
contributions of each circuit element

JOE BUXTON
Analog Devices Inc.,
Precision Monolithics Div.

1500 Space Park Dr., to determine the dominant sources.
Santa Clara, CA 95052; A detailed listing is generated in the
(408) 727-9222. Spice “.out” file by specifying an in-

ELECTTRUONTIC
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designers to do full noise analysis on a system level.
The usefulness of simulating noise with a Spice program can be appreciat-
ed by any engineer who has gone through the calculations by hand. A hand

1
L

N1

w()

1. A SIMPLE noisesource model for

use in Spice simulations consists of two
identical series-connected voltage
sources linked in parallel with a pair of
series-connected diodes. The node
between the voltage sources is grounded,
while the noise output is taken from the
node between the two diodes.

NEA

D2

®
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DESIGN APPLICATIONS

MODELLING OP-AMP NOISE

SUBCKT OP-27 1.2 99 50 39
+ INPUT STAGE & POLE AT 80 MHZ
oF . [REN | EElor 0.0619
97 R4 6 {87 0.0619
Eplus GINL 44002 4E-12
g2 5. 8 16.07E-9
IE 'y 4 59 1
0l @S 1t 3. 5E-9
EOS 9 10 POLY(1) 30 33 10E-6 1
QIR LIoLeT QX
G2 e ol oX
H5 S 7 # 0.0107
RE Eie] B 0.0107
o R DX
pol <4 2 DX
EN. 10 % TS
E GNies0" "2 15 0l 4
neg GN2 0 1 1880 1
51 =3 o EREF 980 Gan -
Input stage 5 EPLUS 97 0 99 0 1
ENEG 51 0 SOMED
+ VOLTAGE NOISE SOURCE WITH FLICKER NOISE
DN1 11 12  DEN
" " 17 DN2' 12 '13 . DEN
VNAF 11 SoeesDe 2
OV (H)vna /D (H s VO VN2 0 - 18' DG 2
12 15 18 + CURRENT NOISE SOURCE WITH FLICKER NOISE
=~ i = N .
1] \/ Dy ® \/ Dy & DN6 DN3 14 15 DIN
DN4 15 16 DIN
Ea G16 Gw VN3 14 0. DG 2
N N1 N2 VN4 0 16 DC 2
Noise generators + SECOND CURRENT NOISE SOURCE WITH FLICKER NOISE
DN5 17 18 DIN
DN6 18 19 DIN
VNSRS o Dl 2
(@) VN8 0 19 DC 2 (b)

2. ADDING NOISE SOURCES to the input of the op-amp macromodel is straightforward. The voltage noise source is connected in
series with the positive input line of the differential pair, while the two current noise sources are connected to the input pins preceding the
voltage source (a). To set up the noise sources as part of the Spice net list is a simple matter of inserting the definitions into the listing (b).

¢

terval value in the “.noise” state-
ment. For example, a value of 10 tells
Spice to print a listing once every ten
frequency calculations. This print-
out lists every circuit element and
how much each one adds to the total
output noise. Knowing which compo-
nents generate the most noise en-
ables a designer to more easily opti-
mize his system.

In the interest of increasing simu-
lation speed and simplifying develop-
ment, Spice macromodels rely on ide-
al voltage- and current-controlled
sources with resistors, capacitors,
and a limited number of transistors
and diodes. As a result, the internal

74 |

schematic representation of a macro-
model has very little similarity to the
actual op amp’s circuitry. This mod-
eling approach can give accurate re-
sults for de, ac, and transient simula-
tions. However, unless noise is spe-
cifically taken into consideration
when developing the model, trying to
simulate for it will give erroneous re-
sults.

For example, if the macromodel
has large internal resistors that
don’t correspond to elements in the
actual circuit, those resistors can
generate excessive noise during a
simulation. Unfortunately, Spice
doesn’t allow users to make specific

L E¢T R QO NI D E S I
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resistors or any other other devices
noiseless. Rather, when Spice per-
forms a noise analysis, it calculates
the noise generated by all resistors
and active semiconductor devices
without exception.

An improved model (referred to as
the ADSpice model) with an open ar-
chitecture allows for very accurate
performance simulations under ac,
de, and transient simulations.? How-
ever, when a noise analysis is per-
formed using this model, the results
can easily be over 100 times greater
than that of the actual device.

Fortunately, the same feature of
macromodelling that allows the de-
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Opportunity Lost

Time to market...Get there late and the consequences are inevitable.

You want the shortest path to successful product development, but all too often the
system power supply becomes a stumbling block. Development delays, safety agency
approvals, EMI/RFI testing, size problems, cooling issues, cost overruns, last minute
changes in power requirements and manufacturing disasters, and you've missed your
market opportunity.

Your sales drift toward the competition, and your product toward extinction.

Vicor's families of agency-approved modular power components and complete power
systems provide proven, high performance solutions to virtually any power problem —
from watts to kilowatts — in a fraction of the space required by conventional solutions.

Give us a call...with off-the-shelf availability and overnight delivery...you won't have to
wait 40 days and 40 nights to get your system up and running.

N, VICOR

oponent Solutions For Your Power System -_

23 Frontage Road, Andover, MA 01810
TEL: (508) 470-2900 * FAX: (508) 475-6715
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DESIGN APPLICATIONS

MODELLING OP-AMP NOISE

vice’s behavior to be modelled using
ideal elements also enables the noise
to be accurately modelled. By appro-
priately scaling internal component
values, any of the ADSpice models
can be made essentially “noiseless.”
Actually, the model still produces
noise, but it’s so small that it be-
comes insignificant compared to the
amplifier’s noise performance.

Thus, the first of three major steps
in developing a noise model is to mod-
ify an existing ADSpice op-amp mod-
el to make it noiseless. The next two
steps are to create and then add
three independent noise sources to
the model. One source is placed in se-
ries with the noninverting input to
add voltage noise, and the other two
sources are each connected to either
of the inputs to model the current
noise.

Employing independent noise
sources allows them to be added, re-
moved, and changed without affect-
ing any other model parameters.
This complete ADSpice model can
now simulate all of the ac, dec, and
transient characteristics, as well as
the noise performance, of an op amp.

“NOISELESS” MODEL
As mentioned, existing ADSpice

macromodels generate too much
noise due to unrealistic values for in-
ternal resistances and transistors.
Thus, to reduce the noise to insignifi-
cant levels is basically an exercise in
scaling.

For example, in the existing mod-
el, the pole and zero stages use 1-MQ
resistors in combination with capaci-
tors or inductors to set the frequen-
cy. Each resistor produces 128 nV/
V'Hz of noise, which is calculated us-
ing the standard equation for ther-
mal noise:

e, =V 4kTR (1)
where:

e, = voltage noisein V/V Hz

k = Boltzmann’s constant = 1.38 X
102 joules/K

T = absolute temperature in Kelvin
(K)

R = resistance in ohms

The 128 nV/V Hz is already a fac-
tor of ten larger than a typical op

BEE L B G T R 0N I C

amp’s noise performance. However,
by scaling down the resistors to 1 €,
their noise contribution becomes in-
significant (With R =1 Q, e, = 128
pV/V'Hz). When the resistor is

scaled by 106, then all other elements
in that stage must be scaled by the
same factor. To maintain the correct
pole and zero locations, any associat-
ed capacitors must be increased by

OP-7 VOLTAGE NOISE TEST CIRCUIT

Date/Time run: 09/04/90 10:08:52
L e

Temperature: 7.0

.................................................................

———

1.0h 3.0h 10h 30h 100h 300h 1.0Kh
Frequency
O v(onoise) (a)
OP-27 CURRENT NOISE TEST CIRCUIT
Date/Time run: 09/04/90 10:37:12 Temperature 7.0

20pt+-———--

+_
10h 30h 100h 300h 1.0Kh 3.0Kh 10Kh
Frequency
O sqrt(v(onoise)«v(onoise)-1.656E-14)/ 1E6 (b)

results in a curve that closely matches an actual OP-27’s response (a). A current-noise
simulation also produces a curve that matches the performance of an actual device (b).
D ESTIGN
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(a)

Rg 9
+
5k
Ry @
50k 500 pF

o]
OP-27 BRIDGE NOISE TEST CIRCUIT
500 pF x1 2 4 6 7 5 OP-27
RB1 1 6 350
Rg RB2 3 6 8350
RBA=1 -~ 0" ~=350
Ry 50k RB4 3 0 350
R5, 3. 4 5K
X =1 A e
5k 4 Vo (BOTREEOCT TROR
op-27 wt Rrg 4 5 50K
61 4 5. 500P
g €2 p. orERhE
VP.-»-6 -0 -DEGI1S
VN 7 0. DEEEs
VAN A 3 AGH

.AC DEC 10 1 10MEG
.NOISE V(5) VIN 10
.INC 0P27.CIR
.PROBE

.END

(b)

4. THIS BRIDGE CIRCUIT illustrates how total system noise can be analyzed using ADSpice model of the OP-27 (a). The circuit is
characterized with a simple net list that includes the op-amp macromodel (b).

the same factor, and any inductors or
resistors must be decreased by the
same factor. Also, the voltage-con-
trolled current sources that set the
stage’s gain must be increased by
the same factor.

In addition, the input stage must
be altered to lower the noise. A tran-
sistor’s voltage noise is inversely
proportional to its collector current,
so by increasing the collector current
the noise becomes insignificant. A
current of 1 A works in most cases.
Again, other elements in the stage
must be scaled by the same amount
to maintain the original ac and de
characteristics.

The final change in the model re-
quires the removal of two differen-
tial resistors connected in series
across the inputs. Typically, the com-
mon-mode rejection ratio (CMRR) is
multiplied by the voltage at the node
between these resistors. Unfortu-
nately, these resistors add excessive
noise at higher frequencies as the
CMRR decreases. Merely reducing
the size of these resistors would
make the input impedance unaccep-
tably low, so they must be removed
completely.

Sensing the common-mode volt-
age now requires sensing each input
and averaging the two voltages.
Spice can easily do this by using a

ELECTRUONTIC

voltage-controlled source with two
controlling variables. That results in
the following equation:

Common-mode error (CMRR/
2)(VIN+) + (CMRR/2)(VIN-)

Through these adjustments, an
ADSpice model can be made “noise-
less.” As an example, simulating the
OP-27 model without the added noise
sources results in a voltage noise of
140 pV/V'Hz, which is much lower
than the device’s performance of 3
nV/V'Hz.

SIDE EFFECTS

One side effect of lowering the
model’s internal resistances is a dra-
maticincrease in the amount of simu-
lated quiescent supply current. This
problem can be overcome by con-
necting false supplies to the high-
current stages and connecting the
actual supplies to the output stage
only.

The false supplies are voltage-con-
trolled voltage sources that mirror
the supply voltages. Doing this
maintains the correct current in the
external voltage supplies.

However, the model now internal-
ly dissipates very large amounts of
power, which is reflected in the total
power dissipation specification print-
ed at the end of a Spice output file.
D ESTIG
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Thus, when simulations are run us-
ing the noise model, the power dissi-
pation of the actual power supplies
should be carefully looked at by
checking their individual currents.

Now that the ADSpice model is
“noiseless,” independent noise
sources must be created and added
to the model. Amplifiers contain cur-
rent and voltage noise, and each type
of noise is comprised of broadband or
thermal noise and flicker or 1/f
noise. Spice can model both types of
noise.

Broadband noise is most easily
modelled with a resistor; 1/f noise
uses a diode. Thus, a noise source
could be simply a resistor in series
with a diode. A few details must still
be considered, but this is basically
how a noise source can be created for
Spice modeling.

Setting the broadband noise re-
quires that the proper resistor value
be calculated. Spice uses Equation 1
to determine a resistor’s thermal
noise in all of its calculations. To set
the broadband noise, the value for e,
from the data sheet should be used to
solve for R. For example, to get e, =
4nV/V Hz, the equation yields R = 1
kQ.

Flicker (1/f) noise is also built into
Spice in every semiconductor ele-
ment, of which diodes are the sim-

N
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plest elements to work with. Looking
at the Spice diode model, noise is gen-
erated according to the following
equation:

where:

i, = current noise in A/V Hz
q = electron charge = 1.6 X 107

i 2=(2q X I,) +(KF X I AF/f) 2 coulombs

OP-27 BRIDGE NOISE TEST CIRCUI T,0P-27 BRIDGE NOISE TEST CIRCUIT
Date/Timerun: 02/11/91 13:27:18  Temperature: 27.0,27.0

e T e
. z > : : . |

R v TN, 1Dt

Govel L
1.0h 10h 100nh 10Kh 10Kh 100Kh 1.0Mh 10Mh
Frequency
O ® V(ONOISE) @

OP-27 BRIDGE NOISE TEST CIRCUIT,0P-27 BRIDGE NOISE TEST CIRCUIT

Date/Timerun: 02/11/91 13:27:18  Temperature: 27.0,27.0
150u-1l—————t———-—-1————~+————-f—————-!-————-+—--—+

2 : : G, = C, = 500 pF :
Ou B e e
10h 100h 10Kh 10Kh 100Kh 1.0Mh 10Mh
Frequency
0O @ SQRT(S(V(ONOISE)*V(ONOISE))) )

shows the effect of the two band-limiting capacitors (a). A more useful plot depicts total
system noise integrated over the entire bandwidth (b).

BFJE L. ECT R ONTIGC
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l 5. PLOTTING THE BRIDGE CIRCUIT’S noise as a function of frequency

I4 = quiescent diode current

KF = flicker noise coefficient (diode
parameter)

AF = flicker noise exponent (diode
parameter)

f = frequency

The second term in the above equa-
tion gives the flicker noise for the di-
ode, which rises with lowering fre-
quencies just as for an op amp. The
flicker noise coefficient, KF, is ad-
justed to move the 1/f corner up or
down in frequency. The flicker noise
exponent, AF, sets how fast the
noise increases below the 1/f corner.
If no value is specified, AF defaults
to 1, which is correct for most op
amps.

The diode and resistor noise
sources can be combined to model
any op-amp noise source with broad-
band and 1/f noise. The diode model
actually includes a parasitic resis-
tance, RS, whose value defaults to 0.
To save a node and time during a
Spice analysis, the resistor that gen-
erates broadband noise is included as
RS.

The actual topology of a noise gen-
erator consists of two series-con-
nected voltage sources connected in
parallel with two series-connected di-
odes (Fig. 1). Generated noise is mea-
sured at the junction between the
two diodes (node 2). By centering the
source around ground, the dc bias on
node 2 is eliminated, preventing the
amplifier’s offset from being affect-
ed. To guarantee that node 2 is exact-
ly 0V de, the two voltage sources Vy;
and Vy, must be identical, and the
two diodes Dy; and Dy, must be also
identical.

A side effect of having the two di-
odes in series is that any noise gener-
ated by one is actually divided in half
by the resistive divider formed by
the two devices in series. For exam-
ple, if RS = 1 kQ, it generates 4 nV/
\/_I'II_Z of noise, but its contribution to
node 2 is only 2 nV/V Hz. However,
because noise adds by root-mean-
square, the two resistors’ contribu-
tions must also be added using the
rms formula. That results in the fol-
lowing equation for total broadband
noise:

El=(es/ 2P + (eyps/2F
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8INCe €, pc; = €.pss then
Ey=es/ V2
where e gs = V 4kTRS

Note: e represents the noise contri-
bution from a single source and E
represents the aggregate noise.

The flicker-noise calculation is
more involved because it’s based on
the quiescent diode current, I,
which is unknown. To actually solve
for I; would require numerical itera-
tion or inaccurate graphical meth-
ods. Spice will do all of the work,
though.

The noise-generator circuit should
be run in Spice with the calculated
value for RS in the diode model.
Then, the dc bias solution in the
“out” file will show the current
through the voltage sources, which
is equivalent to I,.

Once I is known, the current noise
is calculated using Equation 2. Any
current noise is converted into volt-
age noise by the impedance seen by
the source. In this case, Spice places
the currentnoise source in parallel
with the conductance, gy, of the di-
ode. This, according to the small sig-
nal equivalent circuit, is equal to:

go=1,/V;

where: V. = thermal voltage = 25.8
mV at 27°C

Any current noise is multiplied by
one over the conductance to create
voltage noise. Therefore, to gener-
ate the voltage flicker noise (e,p,) of
the diode, the equation becomes:

eanl2 e (inz) (1/gD)2

€unr- — KF X 1A¥/f) (1/g,)F

And to get the total flicker noise:
Ep®=(eqni/2P + (egpy/2)

Eexn = €qp/ V2

The factor of one-half comes from
the resistive divider of the two di-
odes, which divides the rms noise in
half. The 2qI,; term of the diode noise
is ignored because it’s insignificant
compared to the thermal noise gen-
erated by the resistors. When calcu-
lating the 1/f noise, the broadband

noise must be rms-subtracted from
the noise figure before calculating
KF. For example, the OP-27 has
broadband voltage noise equal to 3
nV/V'Hz and 1/f noise at 1 Hz equal
to 6 nV/V'Hz. Thus, to calculate for
KFinthe abox;;e_quation, Epy should
equal 5.2nV/V Hz.

This noise generator topology can
be used for both voltage and current
noise. The determining factor is
whether a voltage-controlled volt-
age source or a voltage-controlled
current source introduces the noise
into the input stage.

ADDING THE Noisg IN

Up to this point, the noise sources
have not yet been connected to the
ADSpice model. To connect them is
actually a simple task. First, the volt-
age-controlled sources must be
placed in the input stage (Fig. 2a).
For voltage noise, a voltage-con-
trolled voltage source, Ey, is insert-
ed in series with the positive input
pin. Ey is controlled by the center
node of the noise generator, and for
convenience, Ey’s gain is set to 1.
Consequently, ‘}gg_et a input voltage
noise of 3 nV/V Hz, the noise gener-
ator must be set to 3 nV/V Hz. The
Spice net list for the circuit probably
illustrates most accurately how the
noise elements are tied into the rest
of the model (Fiig. 2b).

Adding current noise sources is
similar except that voltage-con-
trolled current sources are used. The
current noise sources (Gy; and Gys)
are connected to each input and
again have a gain of 1.

Now, however, instead of produc-
ing voltage noise, they produce cur-
rent noise of the same magnitude as
the noise generator. For example, to
get 5 pA/V'Hz of current noise, the
noise generator must produce 5 pV/
V'Ha.

Three separate noise generators
are needed rather than just using
two—one for the voltage noise and
one for each current noise sources.
Using the same generator for both
current-noise sources reduces the ef-
fective noise by as much as 30% due
to the op amp’s high common-mode
rejection.

With a simple unity-gain configu-

Actual
Size

All PICO surface mount units
utilize materials and methods
to withstand extreme
temperature (220°C) of vapor
phase, IR, and other reflow
procedures without
degradation of electrical or
mechanical characteristics.

AUDIO
TRANSFORMERS

Impedance Levels 10 ohms
to 10,000 ohms, Power Level
400 milliwatt, Frequency
Response +2db 300Hz to
50kHz. All units manufactured
and tested to MIL-T-27.

POWER and EMI
INDUCTORS

Ultra-miniature Inductors are
ideal for Noise, Spike and
Power Filtering Applications
in Power Supplies, DC-DC
Converters and Switching
Regulators. All units
manufactured and tested to
MIL-T-27.

PULSE
TRANSFORMERS

10 Nanoseconds to 100
Microseconds. ET Rating to
150 Volt-Microsecond.

All units manufactured

and tested to MIL-T-21038.

Delivery—

stock to one week See EEM

PICO | ===

Electronics, Inc.

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552

Call Toll Free 800-431-1064
QEW YORK cALL 914-699-5514

Fax 914-699.5565 /

CIRCLE 136 FOR U.S. RESPONSE
CIRCLE 137 FOR RESPONSE OUTSIDE THE U.S.




DESIGN APPLICATIONS

MODELLING OP-AMP NOISE

ration of the OP-27 model, the accu-
racy of the model’s noise voltage can
be checked easily (Fig. 3a). Because
the model provides a gain of +1, the
output noise is equal to the input
noise.

Furthermore, since there is no
source impedance, the current noise
is effectively zero. The results of the
simulation, when compared with the
response of an actual OP-27, show
the accurate modelling of the noise
over the entire frequency range
from 1 Hz to 1 kHz.

By adding a large source imped-
ance on the V,, line, the unity-gain
amplifier can be used to test current
noise (Fig. 3b). Any input current
noise will be multiplied by the source
resistor, resulting in voltage noise.
Spice gives the total output voltage
noise from all sources.

So, when this circuit is used, the
noise of the 1-M() source-impedance
resistor should be rms-subtracted

from the results. Finally, the result
must be divided by the value of the
source resistor to get the current
noise. The equation at the bottom of
the graph charts o<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>