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In all candor, there is nothing else.

Introducing the Logic Cell™ Array (LCA).
A new, field-programmable CMOS gate array
that has a flexible, wide-open architecture.
Along with true VLSI-level density.

LCAs are built around logic and I/0 blocks

which you define and interconnect to build larger-

scale, multi-level logic functions. Since you
never alter their structure, you can reprogram
them as often as you like. And avoid any NRE.
With LCAs, you get an honest-to-goodness
1800 usable gates (and as many as 8000 gates

in the near future). So just one part can replace

up to 50 SSI/MSI devices. Or up to 10 PLDs.
You also get a choice of surface mount,

pin-grid or DIP packages. In speeds up to 70MHz.

New developments weekly.

With our easy-to-use XACT™ software, you
simply draw the design and let your IBM* PC
XT/AT computer convert it to code. You can use
our library of over a hundred macros or define
your own. Let the software perform the inter-
connections automatically (unless you specify
something unique). And generate documenta-
tion at the touch of a button.

The whole process is so fast, you'll be test-
ing prototypes in a matter of days. And shipping
finished products while your competitors wait
for their prototype chips to come in.

Look who's behind you.

When it comes to field programmable
logic, there’s no substitute for experience.
Which is what ‘ ; s
you get plenty of
when you deal
with the company
that invented
the PAL" device
and made it the  §
industry standard. & .

Because MMTI’s XACT software allows for
we’ve got a com- simple LCA design.
plete staff of systems-experienced FAEs, there’s
no waiting to talk to an expert who knows how
Logic Cell Arrays can work for you. And, you
can get comprehensive assistance at MMI
distributors worldwide.

If you'd like to talk to one of those experts
about your application, or for a free LCA
Demo Disk, call our Applications Hotline at
(800) 222-9323.

Or write to Monolithic Memories, 2175
Mission College Blvd., Santa Clara, CA 95054.

Because there’s nothing else like having
the right part from the right company.

Logic Cell and XACT are trademarks of XILINX Inc. IBM is a registered trademark of
International Business Machines Corp. PAL is a registered trademark of Monolithic
Memories, Inc. © 1987, Monolithic Memories, Inc
Monolithic
Memories
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Dale Surface Mounted
Components—for more
choice in less space.

Pick Dale and place your surface mounted
requirements in the hands of an industry leader.
Dale’s experience with surface mount technol-
ogy began in 1970, when we introduced our first
chip resistors. Today, Dale has a wide selection
of basic surface mounted components to choose
from. This choice offers you maximum flexibility
in coordinating packaging and performance
requirements.

You'll find the components at right already
in use by major companies nationwide. These
components are designed for automatic place-
ment...compatible with standard soldering
methods...and will help you shrink cost and
board space.

Dale’s unique blend of experience, selection
and excellent service provides you with what you
need to accelerate your surface mount progress.
The numbers to call are: Thick Film Resistor
Networks, Thermistors: El Paso, TX: 915-
592-3253; Thin Film Networks, Thick and
Thin Film Chips: Norfolk, NE: 402-371-0080;
Wirewound Resistors: Columbus, NE:
402-564-3131; Trimmer Potentiometers,
Oscillators: Tempe, AZ: 602-967-7874;
Inductors, Transformers: Yankton, SD:
605-665-9301.
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Small outline molded dip package,
ceramic chip carrier styles and flat
pack (MIL-R-83401). All standard
schematics. R/C styles available.

Thin Film Networks
TLC

*TOMC

BV LR S
TOMC

Chip carrier styles and small
outline molded dip package. All
standard schematics.

Thick Film Chips
CRCW RCWP RCWPM

.

Commercial and MIL-R-55342 styles.

1%, 2% & 5% tolerance. Standard
sizes available from stock.

Thin Film Chips

TNP on om (3
new B B
Commercial styles. Flow

solderable. Single element

and tapped, wire bondable.
Transformers - 1
S

Custom designs |
available. _— =)

Standard, automatic or reverse
adjustment. 100 ohms to 1 Meg.

Thermistors

-

NTC style. 5% & 10%, Ryg tolerance.

Chip Inductors

Molded style, 1 uH to 1000 uH.
10% & 20% tolerance.

Oscillators "—-«:}‘
|

Metal packages in two styles
(XOSM-43, XOSM-51*). Compatible
with most logics. 240 Hz to 60 MHz.

Wirewound Resistors
LVSR

W —

1, 2, 3, 5 watts including low
value current sensing styles.
“8" and Gull Wing leads.

*Available soon.



ndards Update

THE FEDS CRACK DOWN ON COMPUTERS THAT INTERFERE

ast Fall's COMDEX show in Las Vegas
had a new kind of visitor A squad of
Federal marshals was there to seize equip-
ment the FCC had tagged as non-compliant
and to serve notice that arrests may follow.
The computers were found to be in violation
of Part 15 of the FCC rules, which bans sales
of most electronic hardware unless tested for
compliance.
The event did not surprise most computer
executives, some of whom paid their share of
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NOTICE OF APPARENT # OF REFERRALS
LIABILITY FINES TO JUSTICE DEPL.

more than $800,000 in fines issued by the
FCC last year Said one disgruntled manager, “These guys walk
around here like Matt Dillon.”

The need to comply has spawned a whole new kind of test business,
companies specially skilled in designing and testing for compliance.
One of these, the Boxborough, MA-based laboratory of Dash, Straus
& Goodhue, combines testing, design and even legal services under
one roof, permitting manufacturers to go to COMDEX with their

minds on sales, not sanctions. The company even offers a “Guaranteed
Rate/Guaranteed Date” plan under which equipment is tested, mod-
ified for compliance, and retested per FCC standards for a fixed price
guaranteed in advance. The laboratory has been accredited by the
National Bureau of Standards for telecommunications and emissions
testing, and can be reached at 617-263-2662.

Call Dash, Straus & Goodhue, Inc. at 617-263-2662.

CANADA LAYS OUT THE WELCOME MAT

FOR TELECOM FIRMS

he Canadian government has
swung its doors wide open for
US telecom manufacturers. The
open door policy is a welcome
change for US manufacturers who
have found most foreign markets
closed to their goods. Canada’s free
trade telecom policy has allowed
savvy manufacturers to increase
their sales by up to 20%. But to sell
north of the border, firms still need
to follow a few simple steps. Most
importantly, the equipment has to
be registered under Canadian Stan-
dard CS-03, roughly equivalent to

FCC in the 1950’s. Willmar Rob-
erts, its inventor, is a former Assis-
tant Chief Engineer of the FCC
Laboratory in Laurel, MD.

The antennas are renowned for
their near-lossless characteristics.
Compliance Design, the exclusive
vendor of the Roberts brand, also
offers a complete laboratory assem-

bly package. The firm will supply
antennas, masts, turntables, site design; and will even perform the
crucial “site attenuation” tests the FCC requires. The Boxborough,
MA-firm can be reached at 617-264-4668.

For telecom manufacturers, Compliance Design also supplies a
Part 68 Workstation™ containing everything that’s needed to comply
with FCC, CS-03 (Canada) and EIA standards. The Workstation
makes setting up Part 68 laboratories practical for just about
everyone.

Call Compliance Design Inc. at 617-264-4668.

the FCC’s interconnect regulations
in Part 68. The government of
Canada has already approved a
number of firms in the United

States to do the required telecom
testing and submissions. One such
firm, Dash, Straus & Goodhue of
Boxborough, MA (617-263-2662),
has seen a sharp rise in requests for
Canadian approvals, especially

among the industry’s most successful firms. “There seems to be a
correlation between economic success and willingness to enter foreign
markets,” says firm founder Glen Dash.

Elsewhere in the world, telecom markets are opening. Dash, Straus
& Goodhue is currently performing submissions for telecom equip-
ment in both the United I}zjngdom and Japan. Other countries such as
West Germany have shown reluctance to open their markets to US
firms, though new efforts within the Common Market (EC Directive
86/36/EEC) may make one unified approval scheme throughout
Western Europe a reality within two to three years.
Call Dash, Straus & Goodhue, Inc. at 617-263-2662.

FED’S OWN INSTRUMENTS
HELP MANUFACTURERS COMPLY

hat kind of tools can

best convince an
agency that equipment
complies? Why, their own,
of course. Now the FCC’s
own designs are available
through a company called
Compliance Design. Key
to emissions compliance is
the use of the Roberts An-
tenna® developed for the

A DEATH PUTS THE BOSS IN JAIL
n February 13, Kenneth Oden, prosecutor

o for Travis County, TX, won a landmark
@[/
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case that sent shivers down corporate back-
bones nationwide. For the first time, company
executives were sentenced to jail terms for
negligence that cost a worker his life. The case
highlighted a nationwide trend in which pro-
secutors are holding executives criminally li-
able for the death of a customer or employee.

For makers of EDP, medical and telecom
equipment, safety on the job generally means
getting their products UL® listed. Listing is a
recognition that the product meets UL’s stan-
dards for fire, shock, energy and mechanical
hazards; listing is a legal requirement of certain
municipalities. In those places, a death caused
by a non-compliant product could give rise to
the same charge of gross negligence which
caused Travis County executives to be sen-
tenced to jail.

Overseas, marks such as Canada’s CSA and
West Germany’s GS are required, and foreign
courts have been even less tolerant of corporate
negligence than have our own. With the profu-
sion of worldwide standards, obtaining those

marks has proven to be quite a chore. Fortu-

nately, certain key test labs have set up liaison services which permit
worldwide product approvals at one location. Dash, Straus & Goodhue
is one such lab and is regularly visited by agents of UL, CSA and West
German TiV. Required marks for fourteen countries can be initiated
from DS&G’s location. Since the Travis County case, according to
execs, its business has been brisk.

Call Dash, Straus & Goodhue, Inc. at 617-263-2662.

Dash, Straus & Goodhue, Inc., 593 Massachusetts Avenue, Boxborough, MA 01719 617-263-2662




Ghe world's smatiess
surface mount mixers $69%

Tight packing density, lowered assembly costs, and improved
reliability make surface-mount technology (SMT) highly attractive to
systems and product manufacturers. If your design is ready for SMT,
specify Mini Circuits’ new RMS series, the world's smallest (0.25 by
0.30 by 0.2 in.) double-balanced SMT mixers, spanning 0.5 to
1000MHz, from only $6.95 (10-49 qgty).

The tiny, non-hermetic package houses RF transformers, a ceramic-
alumina substrate, and a four-diode assembly. A unique edge-plated
design eases the job of making reliable solder connections to a
printed-circuit board. A protective-barrier layer on top of the package's
conductive layer retards the harmful effect of electromigration which
may occur during soldering. The RMS can be attached to a pc-board
by conventional manual soldering or with automatic equipment;
mixers can be supplied in a tape-and-reel format for automated
pick-and-place machines.

When you think SMT, think small, low-cost. ..
think Mini-Circuits RMS series.

finding new ways. . .

setting higher standards

SPECIFICATIONS
FREQUENCY RANGE, MHz
LO, RF
IF

CONVERSION LOSS, dB, Typ.
Mid-band  (10f —f, )
Total range (hi—1.)

ISOLATION, dB, Typ.
Low-band ( f,— 10f))
Mid-band  (10f, —f, )
Upper-band (f,,, —f,)

PRICE (10-49)

f, = lowest frequency in range
f, = highest frequency in range

[JMini-Circuits

A Division of Scientific Components Corporation
P.O. Box 350166. Brooklyn. New York 11235-0003 (718) 934-4500
Domestic and International Telexes: 6852844 or 620156
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RMS-1
0.5 — 500
DC — 500
55

6.2

L-R L
55 50
33 30
27 24
$6.95

RMS-2
5—1000

DC — 500

6.5

7.0

LR LI

55 50

35 30

25 20

$7.95

F110 REV. ORIG.
3




SPECIFICATIONS
Model Frequency Gain, dB Max. Power NF Price $

MHz (mm ) dBm (typ) dB(typ) Ea. Qty.
MAR-1 DC-1000 13 0 50 0.99 (100)
MAR-2 DC-2000 8.5 +3 6.5 1.50 (25)
MAR-3 DC-2000 8 +8 6.0 1.70 (25)
MAR-4 DC-1000 7 +11 7.0 1.90 (25)
MAR-7 DC-2000 85 +4 50 1.90 (25)
MAR-8 DC-1000 21 +10 € 54 220 (25

designers amplifier kit, DAK-1

5 of each model, total 30 amplifiers

only $49.99

Typical Biasing Configuration finding new ways
ol setting higher standards

[JMini-Circuits

dc to 2000 MHz
.. amplifier series

Unbelievable, until now. ..tiny monolithic wide-

band amplifiers for as low as 99 cents. These rugged
0.085 in.diam.plastic-packaged units are 50o0hm
input/output impedance, unconditionally stable
regardless of load’ and easily cascadable. Models

in the MAR-series offer from 7 to 21dB gain,

0 to +11dBm output, noise figure as low as 3.5dB

(5.5dB typical), and up to DC-2000MHz bandwidth.
*3:1 load VSWR for the MAR-8

Also, for your design convenience, Mini-Circuits
offers chip coupling capacitors at 12 cents each™*

Size Tolerance Temperature Value

(mils) Characteristic

80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 1000 pf
80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf
120 x 60 10% X7R 022, .047, .068, .1uf

* MINIMUM ORDER 50 PER VALUE

A Division of Scientific Components Corporation

P.O. Box 350166. Brooklyn. New York 11235-0003 (718) 934-4500
Domestic and International Telexes: 6852844 or 620156

C113 REV. B
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DESIGN FEATURES

Special Report: Gate-Array Directory 134
Fast turnaround techniques are making it possible to get your gate-

array design to market faster. Furthermore, improvements in device

technologies, as well as the relentless march toward increasing gate

density, are resulting in faster operating circuitry.—Jim Wiegand,

Associate Editor

Gate-array tables 144
Gate-array vendors and services 157
EDN’s Hands-On SMT Project—Part 3 209

With the parts list completely converted to SMT components, we
were ready to tackle the design of our SMT project board using a
high-end, pc-board CAD system. What we learned about the
features required to perform CAD-based SMT design applies to all
CAD systems from low-end, PC-based tools to the most expensive

On the cover: Product success is becom-
ing incveasingly dependent on short ' ; x ;
design cycles. To /75; Your products reach workstations.—Steven H Leibson, Regional Editor

market during a window that ensures

profitability, gase-array vendors are offir- - ASJC testing mandates 231
ing fast turnavound from design verifica- . . .

. Wl ey ey S0 g 134, new role foxj circuit designers | '

(Photo courtesy LSI Logic; concept and No longer will you be able to check out new devices with stan-
photography by Imagination) dard benchtop tools—scopes, logic analyzers, and pulse generators.

Today’s ASIC devices are simply too complex to let you attack the
test problem with rack-and-stack test instruments patched together
from traditional GPIB lab instruments.—Alan Whiteside and Clayton
Mohr, Tektronix Inc

Atpplication dictates your choice 241
of a multiprocessor model

The three major hardware models for modular multiprocessing
systems provide different levels of both hardware and software com-
plexity. Your choice of a hardware architecture for such a system will
depend largely on the amount of effort you’re willing to expend on
modifying the operating system.—] Kent Peacock, Counterpoint
Computers

Variable-pulse modulator 251
improves power-supply regulation

A pulse regulator combines aspects of both pulse-interval modula-
tion and pulse-width modulation to improve the regulation and the
efficiency for switch-mode power supplies. The circuit is particularly
useful in applications requiring line isolation.—Wayne M Austin,

GE/RCA Solid State .
Continued on page 7
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 SWITCHES
_ That's Our Bag!

Tk

Toggle » Pushbutton ¢ Slide  DIP

C&K is the industry leader in the manufacture of miniature and subminiature
instrument grade switches, and is now leading the way in surface mounting
technology. These C&K switches require no special steps for installation.
Just solder and clean with other components. UL /CSA listing is available
on most models.

Consult factory with your specific surface mounting application needs. C&K's
sales and engineering staff is ready to assist with your design requirements.

Send for complete information, sample and literature. (617) 964-6400

-, C&K Components, Inc.
. 15 Riverdale Avenue, Newton, MA 02158-1082

The Primary Source Worldwide®. CIRCLE NO 208
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TECHNOLOGY UPDATE

PC add-in boards rev up graphics engines 67
with hardware and software enhancements

The latest add-in graphics boards for the IBM PC and PC/AT bus
incorporate graphics engines, which give them faster response time
and greater color and pixel resolution than the IBM Enhanced
Graphics Adapter, often at a surprisingly low price.—Margery
S Conner, Regional Editor
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PC BUS

Intelligent graphics ICs are enhancing Comp arisons revea_l the pros and cons of 83
PC add-in boards’ capabilities (py 67).  designing with switched-capacitor ICs
Now that the teleccommunications industry is no longer dictating
the performance levels of switched-capacitor components, many
more flexible models of these ICs are rapidly becoming available.
—David Sheay, Regional Editor

Beware of subtle electrical, thermal differences 97
between through-hole components and SMDs

As SMT reaches the R&D lab, design engineers will have to pay at-
tention to some subtle, yet important, electrical and thermal dif-
ferences between equivalent SMT and through-hole components or
risk unforeseen problems with their designs.—Charles H Small,
Associate Editor

PRODUCT UPDATE

Semicustom linear arrays 111
Switching-regulator IC 114
Workstations and autorouter 118

DESIGN IDEAS

Electrostatic voltmeter uses BiMOS op amp 271
Complex-multiply code saves clock cycles 273
Circuit ensures proper RS-232C mating 274
Simpson’s rule solves double integrals 276
Regulator has low drop-out voltage 280

Continued on page 9
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Looking for afaster amplifier?

Don’t settle for more when the EL2020 offers so much less.
Less settling time, less power consumption and less cost.

B’ﬂﬂtﬂt

RFORMANCE ANALOG INTEGRATED CIRCUITS
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YEARS FROM
NOW WILL
YOUR MILITARY
SUPPLIER BE
JUST A BAD
MEMORY?

It's no secret—there’s a lot of uncertainty in the marketplace. You never know if the company you're dealing
with today will still be around to service you tomorrow. And that’s a chance you can’t take—especially in
the military market.

With INMOS, you're not taking any chances. We have a seven-year history of supporting all major
military defense programs with static and dynamic RAMs. Our fabrication facilities are fully compliant with
MIL-STD-883C; with military burn-in, performance testing and quality assurance conducted in Colorado Springs.

We have your future in mind with our new CMOS military SRAMSs (with performance to 35ns over the full
military temperature range) and military low power battery backup CMOS SRAM products. We're the only
company in the world to produce 64K and 256K DRAMs with RAS access times down to 80ns, and we're going
to keep on producing and servicing innovative military products year after year.

For military products you can depend on, count on INMOS—the beginning of a very good memory.

16K SRAMs 64K CMOS SRAMs MILITARY DRAMs
Device Process|Access Times Device Access Times Device Process| RAS Access Times
IMS1400M (x1) [NMOS (45, 55, 70ns IMS1600M (x1)* 45,55, 70ns IMS2600M (64Kx1) [NMOS [100, 120, 150ns
IMS1420M (x4) [NMOS (45, 55, 70ns IMS1620M (x4)* 45,55, 70ns IMS2800M (256Kx1) |CMOS |80, 100, 120, 150ns
IMS1403M (x1)* [CMOS |35, 45, 55ns IMS1624M (OE, x4)* |45, 55, 70ns IMS2801M (256Kx1) [CMOS |80, 100, 120, 150ns
IMS1423M (x4) [CMOS 35, 45, 55ns IMS1630M (x8)‘ 45,55, 70ns
*Also available as Low Power Battery Backup CMOS SRAMs with Idr of 10pA (typical lcc at 2V at 25° centigrade) inmo Q and IMS are trademarks of the INMOS Group of Companies.

MIL-STD-883C RAMs
JINmos

INMOS, Colorado Springs, Colorado, Tel. (303) 630-4000
Bristol, England, Tel. (0454 616616;

p——

Paris, France, Tel. (1) 46.87.22.01;
Munich, Germany, Tel. (089) 319 10 28;
Tokyo, Japan, Tel. 03-505-2840
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PPERS GET A

Like a beach in summer, Valid i is d:awmg :
Sun followers. And for good reason.
Valid is now the only electronic design automa&or*;
offer systems designers the full spectrum of CAE, IC C.
CAD tools on Sun workstations. ‘
What's more, our CAE/CAD solutions work on
s = SR under the Sun, from their low-cost Sun- 3/50 to the
!) } ] |- powerful, hlgh speed Sun-3/260. There are even
' ol righter days ahead, because Valid will st
 future Sun products.
f Now Sun users can automate the entli'e :
engineering design process, from custom ICs and
| ASICs, to multi-layer PC boards, all from a
; smgle source. Valid's broad range of i
applications tools allow you to expand yeu
capabilities as the design tasks dictate.
Valid on Sun. What could be mor
natural? After all, Sun is selling
workstations than any other vendor.
I Their NFS software allows any UNIX
 workstation onto the network transparently.
And no other EDA vendor offers bett
| IC CAD and PCB CAD tools on UNIX than
Together, we give Sun worship
" a golden opportunity for electronic desig!
'he same opportunity Digital users enjoy.
Out free brochure will give you the comple
on Sun Microsystems. Call 1-800- 821-9441 In Cah
408-432-9400, Ext. 2311. ;

matior

See Us At DAC, Booth No. 301

Sun Microsystems, Sun Workstations and the Sun logo are registered trademarks of Sun Microsystems, Inc. UNIX is a trademark of AT&T Bell Laboratories.
©1987 Valid Logic Systems Inc

EDN June 25, 1987 CIRCLE NO 211 13



14

GETA QUOTE FROM
ARELIABLE SOURCE.

SRAMS

MB81(86
-55,-70 64Kx4
MB81(84
-45,-55 64Kx4
MB8IC81
-45,-55 256Kx1
MB84256
-10L/LL 32Kx8
MB84256
-12L/LL 32Kx8
MB84256
-15L/LL 32Kx8
MBS8IC71A
-25,-35 64Kx1
MB8IC71

-45, -55 64Kx1
MB81C74
-25,-35 16Kx4
MB8IC75
-25,-35 16Kx4
(w/OE)
MBS81C79A
-35,-45 8Kx9
MB81C79
-45,-55 8Kx9
MB81C78A
-35,-45 8Kx8
MB8IC78
-45,-55 8Kx8
MB8464
-12L/LL 8Kx8
MB8464
-15L/LL 8Kx8
MB8464A
-10L/LL 8Kx8
MB8464A
-12L/LL 8Kx8
MB8464A
-15L/LL 8Kx8
MB84464A
-80L/LL 8Kx8

MB8464A
-10W, -15W 8Kx8

MB8167A
-55,-70 16Kx1
MB8167
-35,-45 16Kx1
MB8167

-45W, -55W 16Kx1
|MB81C67
-35,-45 16Kx1
MB8IC69A
-25,-30,-35,-45
4Kx4
MB81C68A
-25,-30,-35,-45
4Kx4

MB8168
-55,-70 4Kx4
MB81C68

-45W, -55W 4Kx4
MB81C68
-55,-70 4Kx4
MB8422
-90,-120 2Kx8
MB8421
-90,-120 2Kx8
MB8417A
-12,-12L 2Kx8
MBB8417A
-15,-15L 2Kx8

MB8417
-20,-20L 2Kx8

MB8416A
-121, -15L 2Kx8

MB8416
-20,-20L 2Kx8

MB8416
-25W 2Kx8

MB8128
-10,-15 2Kx8

MB85402
-25 16Kx16

ECL RAMS

MB70801
-15 512x9

MB70802
-20 512x9
MBM7700H
-5 256x16
MBM100422A
-5,-7 256x4
MBMI10422A
-5,-7 256x4
MBM100490
-15 64Kx1
MBM100490
-25 64Kx1
MBM10490
-15,-25 64Kx1
MBM100480
-15,-25 16Kx1
MBMI00480A
-10 16Kx1
MBMI100484A
-10 4Kx4
MBM100484
-15 4Kx4
MBMI0480A
-10 16Kx]1
MBMI0484A
-10 4Kx4
MBMI0480
-15,-25 16Kx1
MBM7750

-10 1Kx16
MBM100470
-10,-15 4Kx]1
MBMI00474A
-5,-7 1Kx4
MBMI00474A
-10,-15 1Kx4
MBMI0470A
-10,-15 4Kx1
MBMI0474A
-5,-7 1Kx4
MBMI10474A
-10,-15 1Kx1
MBMI0415AH
1Kx1

PROMS

MBM7226RA
-20,-25 512x8
MBM7226RS
-20,-25 512x8
MB7123E/H
-35,-45 512x8

| MB7124E/H
-35,-45 5128

MB7115E/H

1-35,-45 512x4

MB7116E/H
-35,-45 512x4
MB7117E/H
-35,-45 256x8
MB7118E/H
-35,-45 256x8
MB7113E/H
-35,-45 256x4
MB7114E/H
-35,-45 256x4
MB7113L
LOW-PWR 256x4
MB7114L
LOW-PWR 256x4
MB7212RA
-2032x8
MB7212RS
-20 32x8
MB7111E/H
-25,-3532x8
MB7112E/H
-25,-35 32x8
MB7111L
LOW-PWR 32x8
MB7112L
LOW-PWR 32x8
MB7143E/H
-55,-65 8Kx8
MB7144E/H
-55,-65 8Kx8
MB7144Y

-45 8Kx8
MB7242RA
-20 4Kx8
MB7242RS
-20 4Kx8
MB7141E/H
-55,-65 4Kx8
MB7142E/H
-55,-65 4Kx8
MB7142E/W
-55,-65 4Kx8
MB7151E/H
-45,-55 4Kx4
MB7152E/H
-45,-55 4Kx4
MB7152Y

-35 4Kx4

MB7133E/H
-45,-55 4Kx4
MB7134E/H/Y
-35,-45,-55 4Kx4
MB7238RA
-20 2Kx8
MB7238RS

-20 2Kx8
MB7137E/H
-45,-55 2Kx8
MB7137E/H/SK
-45 2Kx8
(Skinny DIP)
MB7138E/H
-45,-55 2Kx8
MB7138E/H/SK
-45 2Kx8
MB7138Y/SK
-35 2Kx8
MB7138E/W
-55 2Kx8
MB7127E/H
-45,-55 2Kx4
MB7128E/H/Y
-35,-45,-55 2Kx4
MB7128E/W
-55 2Kx4
MB7232RA
-20,-25 1Kx8
MB7232RS
-20,-25 1Kx8.
MB7131E/H
-45,-55 1Kx8
MB7131E/H/SK
1Kx8

MB7132E/H/Y
-35 1Kx8
MB7132E/H/Y/SK
1Kx8
MB7121E/H
-35,-45 1Kx4
MB7122E/H/Y
-30 1Kx4

DRAMS

MB85227
-10,-12 256Kx9
MB85226
-10,-12 256Kx9
MB85225
-10,-12 256Kx8
MB85224
-10,-12 256Kx8
MB85214
-12,-15 256Kx8
MB85213
-12,-15 256Kx8
MB85211
-12,-15 512Kx4
MB85210
-12,-15 512Kx4

For once you can believe what
you hear. Because when you call
Fujitsu,you'll get a competitive
quote along with a very real
delivery date.
Plus,you can get just about
everything you need with that one
phone call.
Memories in every important
technology. With sizes and speeds

MB85206

-10,-12 256Kx4
MB85205

-10,-12 256Kx4
MB85204

-10,-12 256Kx4
MB85203

-10,-12 256Kx4
MB81(4257
-10,-12, -15 256Kx4
MB81(4256
-10,-12, -15 256Kx4
MB81(4258
-10,-12, -15 256Kx4
MB81(4259
-10,-12,-15 256Kx4
MB81C1000
-10,-12,-15 IMx1
MB31C1001
-10,-12,-15 1Mx1
MB81C1002
-10,-12,-15 IMx1
MB31(1003
-10,-12,-15 1Mx1
MB85208

-10,-12 TMx1
MB85201

-10,-12 TMx1
MB8I1(258
-10,-12,-15 256Kx1
MB85108A
-10,-12 256Kx1
MB85103A

-12, -15 64Kx8
MB85101A
-10,-12 64Kx4
MB81(466
-10,-12, -15 64Kx4
MB81464
-10,-12,-15 64Kx4
MB81461

-12,-15 64Kx4
MB8266A
-10,-12,-15 64Kx]1
MB8265A
-10,-12,-15 64Kx1
MB8264A
-10,-12,-15 64Kx]
MB85237

-10 256Kx9
(CMOS)

NON-VOLATILE
MEMORY

MBM2212
-20,-25 256Kx8
MB831000
-15,-20 128Kx8
MB831124

-35 128Kx8

MBM27C1000
-20,-25 128Kx8
MBM27C1001

.20, -25 128Kx8
MBM27C1028
115,-20,-25 64Kx16
MBM27(1024
-20,-25 64Kx16
MB83512

-15,-20 64Kx8
MBM27C512
-20,-25,-30 64Kx8
MB27C256H
110,-12 32Kx8
MB83256

25 32Kx8
MBM27C54
-20,-25,-30 32Kx8
MBM27C64

25X, -30X/W 32Kx8

MBM27C256A
-20,-25 32Kx8
MBM27C256A
-20W, -25W 32Kx8

IMBM27256
-17,-20,-25 32Kx8

MBM27256
-20X, -25X, -30X
32Kx8
MBM27(C128
-20, -25 16Kx8

MBM27128
-20, -25, -30 16Kx8

IMBM27128
-25X/W, -30X/W
16Kx8
MBM28C64
-25,-35 8Kx8
MBM28C65
-25, -35 8Kx8

MBM2764
-20, -25, -30 8Kx8

MBM2764
-30X, -30W 8Kx8

4-BIT MICRO-
CONTROLLERS

MBB8840 SERIES
48-PIN FPT
42-PIN DIP
28-PIN DIP
MB8850/H/B
SERIES

48-PIN FPT
MB88200/H/B
SERIES

16-PIN DIP
16-PIN FPT

MB88210 SERIES
20-PIN DIP

MB88400/H SERIES
48-PIN FPT
MB83410/H SERIES
42-PIN DIP
48-PIN FPT

MB88420/H SERIES
64-PIN DIP
MB88500/H SERIES
48-PIN FPT
42-PIN DIP

MB88510/B SERIES
64-PIN DIP

42-PIN DIP
MB88520/B SERIES
64-PIN DIP

64-PIN FPT
MB88530 SERIES
42-PIN DIP

48-PIN FPT
MB88540 SERIES
70-PIN FPT

80-PIN FPT
MB88550 SERIES
80-PIN FPT
MB88560 SERIES
80-PIN FPT
MB88P500/H SERIES
48-PIN FPT
MB88700 SERIES
64-PIN FPT

8-BIT MICRO-
CONTROLLERS

MBL8749
EPROM
40-PIN DIP
MBL8742
EPROM
40-PIN DIP
MBL8649
40-PIN DIP

MBLB0C39

CMOS SINGLE CHIP
MCU

MBL80C49

CMOS SINGLE CHIP
MBL8039

MCU 128B RAM
MBLBC49

2KB ROM 1288 RAM
MBL8035

MCU 64B RAM
MBL8048

1KB ROM 64KB RAM
MBL8042
UNIVERSAL PERIPH.
INTERFACE
MBLB05IAH

256B RAM

MBL8031AH
4KB ROM 245B RAM

EDN June 25, 1987



unmatched in the industry. Micro-
processors that talk 4-bit, 8-bit

or 16-bit code. ASIC products

that include standard cells and

gate arrays. Even peripheral chips

(like the async/sync SCSI we've
been shipping for over a year and
the world’s fastest CMOS DSP).
You can also choose from the
industry’s widest variety of pack-

16-BIT MICRO-
PROCESSORS

MB80188

NMOS MPU
68-PIN LCC
MB8089/-2

1/0 40-PIN DIP
MB8088/-2
NMOS 40-PIN DIP
MBL80286
NMOS MPU
68-PIN LCC

MBL80186
NMOS MPU
68-PIN LCC
MBL8086/-1/-2
MPU 40-PIN DIP

PERIPHERALS

MB8868A
MOS UART
(TR1602A
COMPATIBLE)

MBL82288
BUS CONTROLLER

MBL82284
CLOCK GENERATOR

MBL82(43
INPUT/OUTPUT
EXPANDER (CMOS)

MBL8243
INPUT/OUTPUT
EXPANDER

MBL8289
BUS ARBITER

MB89289

BUS ARBITER
(CMOS)
MBL8288

BUS CONTROLLER

MB89288

BUS CONTROLLER
(CMOS)

MBL8287

BIPOLAR OCTAL BUS
TRANSCEIVER

MB89287

BIPOLAR OCTAL BUS
TRANSCEIVER
(CMOS)

MBL8286

BIPOLAR OCTAL BUS
TRANSCEIVER
MB89286

BIPOLAR OCTAL BUS
TRANSCEIVER
(CMOS)

MB89237A

DMA CONTROLLER
(CMOS)

MB89251A
SERIAL DATA
TRANSMITTER
(CMOS)
MB89254
PROGRAMMABLE
INTERVAL TIMER
(CMOS)
MB89255A
PARALLEL DATA
INPUT/OUTPUT
UNIT (CMOS)

MBL8284A
CLOCK GENERATOR
& DRIVER

MB89284A
CLOCK GENERATOR
& DRIVER (CMOS)

MBL8283
BIPOLAR OCTAL
LATCH

MB89283
BIPOLAR OCTAL
LATCH (CMOS)

MBL8282
BIPOLAR OCTAL
LATCH

MB89282
BIPOLAR OCTAL
LATCH (CMOS)

MBL8259A/-2
PROG. INTERRUPT
CONTR.

MBL89259A/-2
PROG. INTERRUPT
CONTR. (CMOS)

MB88308/9
CMOS OUTPUT
EXPANDER

MB88306/7
CMOS OUTPUT
EXPANDER

MB88304/5
NMOS 4/8-BIT I/0
EXPANDER
MB4107

DATA SEPARATOR
MBI412AC
LS-TTL ERROR
CHECKING/
CORRECTION
CIRCUIT (ECC)
MB1426

16-BIT ECC

SPECIAL
CONTROLLERS
(ASIC)

MB8877A
FLOPPY DISK
CONTROLLER

EDN June 25, 1987

aging options. And count on the
kind of quality and reliability that
have set Fujitsu products apart
from the crowd for so many years.
So talk to us about products,
prices, delivery or technology.
Just call your local sales office.
Because after a few moments,
you'll know you've heard a quote

from a reliable source.
MB8876A MB3759 MB4053/63
FLOPPY DISK PULSE WIDTH 6 CHANNEL 8-BIT
FORMATTER MODULATION A/D SUBSYSTEM
MB89322 (PWM) CONTROL  (mB4072
CRT CONTROLLER | MB3760 8-BIT HIGH SPEED
(6845 COMPATIBLE) |PWM CONTROL  [MULTIPLYING D/A
(CMOS) CIRCUIT
MB89321 ETHERNET
CRT CONTROLLER
(6845 COMPATIBLE) ggN(R{G"M MB8795
MB89311 CONTROLLER
FLOPPY DISK
MB8764CR MB87012
;?NTROLL:R -001 88-PINPGA  |802.3/ETHERNET
B88303 TGy CONTROLLER
TELEVISION DispLaY | PS40 |wBsoz
CONTROLLER N R NCESTER
MB8764PR
ENCODER/DECODER
TELECOM -001 88-PIN
PLASTIC PGA oS BNk
MB87006 MB87064P ARRAYS
PLL 42-PIN PLASTIC DIP
MB87004 MB87064C s
DTMF/PULSE DIALER | 42-PIN CERAMIC m&s'
MB87003 DIP
20,160 GATES
DTMF/PULSE DIALER | mas7069¢
MB87001 64-pIN CEramic [UM SERIES:
SYNTHESIZER PGA C15006UM
SYSTEM BLOCK L 5,; ’%oRcmes
MB6024 SCsl
CODEC C10012UM
10,080 GATES
MB6022 MB87030 :
CODEC SYNCHRONOUS 5.pC [ 12K RAM
MBS021 MBB93S1 UHB SERIES:
CODEC ASYNCHRONOUS ~ [C12000UHB
MB501/L SPC. 12,734 GATES
TWO MODULUS (8700UHB
PRESCALER CONVERTERS 8,768 GATES
TWOMODULUS | mB40547 6,000 GATES
PRESCALER -7/-88-BIT UH
4 C4100UHB
UNEAR SPEED A/D 4,174 GATES
zg#ﬁabspm S
~
MB3712 VIDEO A/D 2 ki
POWER AMP o (2200UHB
sespirhag Bonamun  [2200ATES
POWER AMP SPEEDD) 1700UHB
/A
MB3722 1,724 GATES
kg ST U SpEED b/ [C1200UH
MB3714A N;N0778 /A 11,233 GATES
POWER AMP (830UHB
MB3737 g‘/BA'T HIGH SPEED  fg30 GATES
POWER AMP C530UHB
MB3730 MB40788 530 GATES
10-BIT UH SPEED
12W BTL C330UHB
D/A
AUDIO AMP 33 GATES
MB3731 MB88301A
18W BTL 6-BIT PWM NMOS  |AV SERIES:
AUDIO AMP D/A CB000AV
MB3752 MB4052 8000 GATES
VOLTAGE 4 CHANNEL8-BIT  |C6600AV
REGULATOR A/D 6,664 GATES

CIRCLE NO 127

Northern California: (408) 866-5600
Southern California: (714) 720-9688
Atlanta: (404) 449-8539
Chicago: (312) 250-8580
Boston: (617) 964-7080

Minneapolis: (612) 454-0323

New York: (516) 361-6565

C5000AV
5,022 GATES
(3900AV
3,900 GATES

(2600AV
2,640 GATES

AVB SERIES:
C2000AVB
2,052 GATES
C1600AVB
1,674 GATES
C1200AVB
1,245 GATES
(850AVB
852 GATES

(540AVB
549 GATES

(350AVB
357 GATES

C4002AVM
4,087 GATES
+2K RAM

(2301AVM
2,375 GATES
+ 1K RAM
C1502AVM
1,564 GATES
+ 2K RAM

CMOS
STANDARD
CELLS

AV SERIES:
1.8 2-LAYER METAL

16K RAM, 64K ROM,
PLAs, REGISTERS

SPECIAL LSI
FUNCTIONS

>13K GATES
2 INPUT GATE
EQUIVALENT

FiRE
FUJITSU
e ]

Portland: (503) 684-4545
Dallas: (214) 669-1616

FUJITSU
MICROELECTRONICS. INC
Technology That Works.
<14nsTYPICAL  |ET1500
<2.2ns WORST CASE|2,192 GATES
AU SERIES: ET3000
13u DUALWELL,  |4,344 GATES
2AND3IAYER  |ET4500
METAL 6,280 GATES
32K RAM, 128K ROM,|ET2009
PLAs, REGISTERS, 2,640 GATES
MULTIPLIERS, ALU |+ 9K RAM
STANDARD LS| ET3004
EQUIVALENT 3,960 GATES
FUNCTIONS + 4K RAM
>40K GATES
2 INPUT GATE PACKAGING
oo PLASTIC PIN GRID
<0.8ns TYPICAL
<1.3ns WORST CASE | ARRAYS
FLAT PACK GULL
s ;v;: (I;’TN CERAMIC
GATE ARRAYS CRID ARRAYS
EQUIVALENT GATES |SMALL OUTLINE
(2 INPUT GATES) | LEADS (S0J)
B240 |PLASTIC ZIG-ZAG
360 GATES IN-LINE (ZIP)
B350 SHRINK DIPs
;‘;S:TES SKINNY DIPs
528 GATES SMALL OUTLINE DIPs
SINGLE IN-LINE
B600
924 GATES PACKAGE (SIP)
SINGLE IN-LINE
B700B
1,080 GATES MODULES
PLASTIC GRID
B1100
1,680 GATES ARRATS (FOA)
B2000 CERAMIC GRID
3,162 GATES ARRAYS (PGA)
PLASTIC LCCs
BIPOLAR ECL CERAMIC LCCs
GATE ARRAYS PLASTIC FLAT PACK
EQUIVALENT GATES [CERAMIC FLAT PACK
(2 INPUT GATES) | FLAT PACKS w/
1750 HEAT SINKS
1,136 GATES SMALL OUTLINE DIP

U] ‘SIIUOII0B[0IONN NSTIM 1861 O
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Introducing ERASIC" E2 PLDs. A Logic Designer’s Best Friend...

Let’s face it, when you With ERASIC E2PLDs, you avoid restric-
tackle those really tough tive architectures, wasteful power consumption
digital design jobs, you and the problems of custom silicon. Simply
often need more help than put, it’s a lot more fun at a lot less cost.
your old pals can give. IT’S ABEL™ COMPATIBLE
That’s why we've inven- The ERASIC is a snap to program, too. Using
ted the ERASIC (Elec- 3 ; DATA1/O’s popular ABEL™
: trically Reprogrammable = 5 and EXEL’s MultiMap™
ASIC)-to make those jobs a lot easier. It’s the - | and MultiSim™ enhance-
next generation PLD that programs like a tra- ment programs, you can
ditional PLD, but performs like a Gate Array. implement true gate array-
Like a conventional PLD, the ERASIC E? type logic, fast.
PLD is field programmable. But like a Gate Plus, conversion of your
Array, its logic structures are very flexible. o S | existing PAL®-based de-
And because it is based on E2CMOS techno- F L signs can be as easy as
logy, it’s reprogrammable up to 10,000 times INTEGRATION changing the part number
and consumes very little power. in your ABEL design file.

So, if you’ve outgrown your old pals and GET STARTED FAST
are ready to move on, take a good look at the We've got all the tools you need to get your

ati 2
MRESEG e uest gonaration ko FLD, design going with the E2 PLD that performs

IT’S FLEXIBLE like a Gate Array.
While it’s pin-compatible with the best known Call today for the ERASIC brochure and
24-pin PLDs, the ERASIC E? PLD gives you data sheet and find out what a friend the
a lot more, like multi-level logic and ERASIC E? PLD can be.
reprogrammability. Multi-level Our location is 2150 Commerce Drive,
logic lets you cascade your logic San Jose, CA 95131. Telephone (408) 432-
up to 42-levels deep, giving you 0500, TWX 910-338-2116, TELEX 171339.

the ability to create complex inter-

nal logic circuits (even with buried , L
Flip-flops) without using val- s

uable I/0 pins. Flexibility like this w
can make life a lot easier for the MICROELECTRONICS INC
logic designer who's struggling ; EXELLENCE IN E2
with the limitations of old-fash-

ioned AND-OR logic planes.

FLEXIBILITY

CIRCLE NO 212

E}&W’f&kﬂm\ PAL is & registered trademark of Monblithic Memories. Inc. ABEL is a trademark of DATA 1/0 Corporation. EXEL is a subsidiary of EXAR Corp.






Introducing the MK41H80 TAGRAM™
from Thomson-Mostek. The industry’s first and
fastest integrated 16K CMOS cache tag SRAM
dedicated for use in all high-speed processor

environments.

TAGRAM gives you a 4K x 4 CMOS

speed read access ensures that even copy-
back designs can be implemented without ever
having to wait. And it features Flash Clear—the
function requested most often by cache system

designers. So your cache can be wiped clean

SRAM and a 4-bit comparator integrated on a

single chip. It's optimum for interface with 16-25
MHz processors, and is backed by 1.2 double
level metal full CMOS process technology —the
same proven process used in all Thomson-

Mostek 16K VF SRAMs.

TAGRAM comes in three speed grades:
20, 25 and 35ns. And every MK41H80 cache

to all zeros in 40ns. Max.

High-performance cache applications

demand high-speed solutions. If youd like

to realize a 30% reduction in access time
compared to discrete solutions —plus a
substantial reduction in the cost of component

real estate —start increasing your cache flow

TAGRAM is available in 300 mil, 22-pin plastic
and ceramic DIPs. What's more, TAGRAM's full-

h 1 i

with the newest member of our family. The
MK41H80 TAGRAM.
We're Thomson-Mostek. And we perform.

LOWER
ADDRESS

TAG
ADDRESS

MATCH

&

><

12ns=1pca= DATA COMPARE ACCESS TIME
20ns =T5co =ADDRESS COMPARE ACCESS TIME

Other available Fast Static RAMs from Thomson-Mostek

*To be announced

EDN June 25, 1987

TAGRAM is a trademark of Thomson Components-Mostek Corporation.
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Ac80 TRAM ScopeTrcePhotograph Match Access Timing
16
DATA |=- A — IR e st & [ DATA
24 |
ADDRESS ——f— — ——— SiEm e — ADDRESS
J/ 1 L 16
12 12
| - | 1 et
16BIT up ‘ MK41H80 | MK41H68 > MAIN
"] TAGRAM™ 7 akxa MEMOHY
4Kx4 2ons
CLEAR—»  20ns CcMOS |
MATCH SRAM |
WAIT
‘? |
> CACHE READ/WRITE CONTROL
— MEMORY CONTROL LOGIC
£ » MAIN MEMORY READ/WRITE CONTROL
Direct Mapped Cache System Block Diagram
DEVICE | CONFIG | PINS | CE | CS | OE | CLR | MATCH
41H68 4Kx4 20 X
41H69 4Kx4 20 X
41H78 4Kx4 22 X X
41H67 16Kx1 20 X
41H66 16Kx1 20 X
A H79* 4Kx4 22 X X X
41H80 4Kx4 22 X X X

U.S. and Canadian
Sales Offices

Western Area:

Santa Clara, CA
408/970-8585

Irvine, CA
714/250-0455

Woodland Hills, CA
818/887-1010

Seattle, WA
206/632-0245

Longmont, CO
303/449-9000

Scottsdale, AZ
602/998-1580

Tigard, OR
503/620-5517

Eastern Area:

Burlington, MA
617/273-3310

Mariton, NJ
609/596-9200

Huntsville, AL
205/830-9036

Liverpool, NY
315/457-2160

Poughkeepsie, NY
914/454-8813

Dublin, OH
614/761-0676

Greensboro, NC
919/292-8396

Norcross, GA
404/447-8386

Central Area:

Carroliton, TX
214/466-8844

Bloomington, MN
612/831-2322

Schaumburg, IL
312/397-6550

Austin, TX
512/451-4061

Canada:

Montreal, Quebec
514/288-4148

Brampton, Ontario
416/454-5252

Semiconductor

Distributors

Add Electronics

Advent Electronics

All American
Semiconductor

Almac Electronics Corp.

Almo Electronics, Inc

Dixie Electronics

Future Electronics

Greene-Shaw

Hammond Electronics

Integrated Electronics
Corp

ITAL Sales

Kierulff Electronics

Lionex Corp

Marshall Industries

Nu-Horizons Electronics

Pioneer Technologies
Group

Pioneer-Standard

Quality Components
(Q.C.-sW)

Quality Components
(Q.C-SE)

R.A.E. Industrial

Schweber Electronics

Solid State, Inc

Zentronics

Zeus Components, Inc

THOMSON!

COMPONENTS

@

MOSTEK

19




Power indesign
Speed inproduction

Stag’s ZL30A offers total PLD programming support

Stag Microsystem'’s model ZL30A is the first dedicated Logic Programmer
of its kind that not only supports programming of PLDs, EPLDs, and
GALs*, in a variety of 20, 24, 28 and 40 pin DIP, but also supports
programming of the latest surface mounted PLCC/LCC devices.

Stag’s ZL30A contains features that have made it the industry standard
in both engineering and production environments. Salient among these are:
® Powerful easy-to-use editing capability ®Super fast programming speed
® Stand alone or remote control operation ® Comprehensive device library
® Handler interface capability to support DIP or PLCC/LCC devices ®@1/0
formats include JEDEC, Signetics and X-Plot ® Compatible with CUPL*
software compiler ®RS232C, IEEE-488 and handler control interface ports
standard @ Expansion modules accommodate 40 pin DIP and a range of
surface mounted devices ® Stringent in-program checks including
continuity and connect tests are automatically performed to guarantee error
free stand alone or handler operation @ Supports Test Vectors
® Turn-Key handler interface kits ®Worldwide sales and service support.

Headquarters/

Western Regional Office Eastern Regional Office
Stag Microsystems, Inc. Stag Microsystems, Inc. OQ
1600 Wyatt Drive 3 Northern Blvd., Ste. B1

Santa Clara, CA 95054 Amherst, NH 03031 /

Tel: (800) 227-8836 Tel: (800) 222-STAG GAL (s a uademark of the L orp
Tel: (408) 988-1118 Tel: (603) 673-4380. CUPL 15 a tademark of Assisted Technoiogy
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NEWS BREAKS

EDITED BY JOAN MORROW
DATA-SEPARATOR IC OPERATES AT 33M-BPS TRANSFER RATE

Adaptec Inc (Milpitas, CA, (408) 432-8600) now offers a data-separator chip that
operates at data rates as fast as 33M bps. The AIC-6R225 will be sold into controller ap-
plications for data-storage products. Controllers that use the chip will provide com-
patibility with all popular data-encoding schemes, such as MFM, 2,7 RLL, and 1,7
RLL. The chip can also be used in certain instrumentation applications. It ranges in
price from $11 (1000) for a 10M-bps version to $28 (1000) for the 33M-bps part. The
company plans to begin volume shipments in the 3rd qtr.—Maury Wright

HIGH-RESOLUTION GRAPHICS SYSTEM SUPPORTS 32 BITS/PIXEL

The Pixel Machine, a graphics accelerator add-on box for high-end graphics worksta-
tions, will be shown by AT&T (Holmdel, NJ) at Siggraph 87 (Anaheim, CA, July 27 to
31). It can operate at 820M flops and transform 200,000 vectors/sec. Capable of
1024 x1024-bit resolution with 32-bit-deep pixels, the accelerator, when teamed with a
Sun workstation, can support mechanical CAD/CAM, medical imaging, and animation,
all in 3-D. The accelerator is based on AT&T’s 32-bit floating-point DSP uP, the DSP32.
Its modular parallel design allows as many as 82 uPs in a system. The cost will vary
from $50,000 to $100,000, depending on the number of DSP uPs.—Margery S Conner

SCSI PROTOCOL CHIP FEATURES ASYNCHRONOUS, SYNCHRONOUS MODES

Emulex Corp (Costa Mesa, CA, (714) 662-5600) and NCR Corp (Colorado Springs, CO,
(800) 334-5454) have jointly announced availability of a SCSI protocol IC. The chip, the
NCR 53C90 Enhanced SCSI Processor (ESP) and Emulex SCSI Processor (ESP), was
developed by Emulex, will be manufactured by NCR, and will be sold by both com-
panies. The IC operates in synchronous (4.8M-byte/sec) and asynchronous (4M-
byte/sec) modes. The ESP includes a pipelined command queue and processes Com-
binations of SCSI bus phases under state machine control. The chip costs approximate-
ly $25 (1000) from either company; you can buy samples now.—Maury Wright

INEXPENSIVE TOUCH SCREEN FURNISHES TWO ACTIVE COMPONENTS

Shunning the typical LED-array approach to building optical touch screens, the
engineers at Wells-Gardner Electronics (Chicago, IL, (312) 252-8220) built the Cyclops
ES Series touch screen with one LED and one charge-coupled device (CCD) consisting of
a linear array of photodiodes. The screen uses retroreflective material on two sides of
the frame assembly to reflect light from the LED to the CCD element. The CCD
measures the angle of reflected light, compares the angle to an average value, and
generates an optical pattern in the unit’s pP. The unit determines X-Y positions via
triangulation. A 4x9-in. flat-panel sceen costs $115 (10,000).—J D Mosley

X WINDOWS PORTED TO UNIX FOR 80386-BASED SYSTEMS

GSS*X /386 is a windowing, multitasking, and networking environment for
80386-based systems running Unix. GSS*X /386 is based on X Windows, a public-
domain windowing standard for Unix systems developed by MIT and supported by
companies such as IBM, Hewlett-Packard, and Sun. The environment allows you to run
software (including another operating system, such as MS-DOS) as a task under Unix.
This capability lets your 80386-based system run Unix, a true 32-bit operating
system, and still retain access to the huge existing base of MS-DOS software. A $595
developer’s kit will be available from the manufacturer, Graphic Software Systems
(Beaverton, OR, (503) 641-2200), in the 4th qtr of 1987.—Margery S Conner
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NEWS BREAKS

LOW-COST MICROCODE DEVELOPMENT TOOL RUNS ON PCs

Coupled with the company’s MetaStep microcode assembler, the MicroStep interface
card from Step Engineering (Sunnyvale, CA, (408) 733-7837) transforms an IBM PC,
PC/AT, or compatible computer into a microcode development system. Cables from the
card plug into RAM, ROM, or PROM sockets in the target system, emulating the
target’s writable control store (WCS) memory. The product accommodates WCS
memories to 4000 words of 128 bits and uses 25-nsec RAMs for emulation memory.
Step sells the MicroStep interface card and control software for $3695 and the
MetaStep assembler for $3000. Currently, the company offers a package including the
interface card and assembler for $6195.—Steven H Leibson

PC-BOARD DESIGN SYSTEM SUPPORTS SMT AND HSPICE SIMULATION

By using the latest release of PCB WorkSystem from Tektronix (Santa Clara, CA, (408)
787-1234), you can now design pc boards with SMDs on the top and bottom surfaces,
and interstitial (blind and buried) vias for high component density. Color-coding and
offset component alignment let you differentiate between the two surface layouts. The
WorkSystem automatically routes as many as three traces per pad and provides user-
selectable routing strategies. You can also define router passes, mix SMDs with
through-hole devices on the board, and specify separate clearances between vias,
traces, and pins. The PCB WorkSystem includes an Apollo Domain DN3000 worksta-
tion, Tektronix’s Designer’s Database Schematic Capture, Merlyn-P PCB physical-layout
software, and a TTL library for $49,900. Or you can order the PCB WorkSystem software
with a VAXstation II/GPX workstation for $100,000. An optional HSPICE Simulation
System for analog-design verification costs $18,000.—J D Mosley

THREE FAST, 16k-BIT STATIC RAMs DRAW LITTLE CURRENT

Featuring maximum standby currents of a measly  pA, the three members of
Vitelic’s (San Jose, CA, (408) 433-6000) 16k-bit static-RAM family achieve access times
as fast as 35 nsec. The V61C16, V61C67, and V61C68 have 16k x1-, 4k x4-, and 2Kk x8-bit
architectures and cost $3.71, $3.24, and $3.38, respectively. (Prices are for 55-nsec
parts in plastic DIPs.) The company offers the RAMs in commercial (O to 70°C), in-
dustrial (—40 to +85°C), and extended (-55 to +125°C) grades.—Steven H Leibson

CACHING CONTROLLERS IMPROVE IBM PC/AT DISK PERFORMANCE

The PM3011/50 and PM3011/70 IBM PC/AT-compatible caching disk controllers han-
dle ST-506/412 and ESDI (Enhanced Small Device Interface) Winchesters, respectively.
Distributed Processing Technology (Maitland, FL, (305) 830-5522) offers the boards
with 512k bytes of onboard RAM; you can expand the cache in 3M- or 6M-byte in-
crements to 16M bytes. On cache hits, the controllers feature access times of 0.5 msec
with no rotational latency. The basic boards cost $600 (1000).—Maury Wright

LOW-COST STD BUS ;P BOARD RETAINS PC-DOS COMPATIBILITY

If you can fit your STD Bus MS-DOS application programs into 62k bytes of user
memory, you may be able to save on the price of a P board. The STD Mini-DOS uP
board from Ziatech (San Luis Obispo, CA, (805) 541-0488) trades this reduced memory
for a lower price (well under $500 in OEM quantities). In addition to Ziatech’s STD DOS
and BIOS, the board contains a 5- or 8-MHz 8088, a 128k-byte PROM disk, two 8-bit
parallel I/0 ports, a serial port, a battery-backed configuration file and real-time clock,
an 8256 MUART, and provision for an 8087 math coprocessor.—Margery S Conner
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Faster!

CMOS at speed.

A few more fast, fast
reasons to call for our
new databook:

& I.New 64K SRAM. 25ns. Seven configura-
Y tions— including bit-wide, nibble-wide, byte-
wide, separate I/0, and all with low, low, power.
As low as 50 mA active at 45ns.
2. New 128K Reprogrammable PROM. 45 ns.
100 mA active, 30 mA standby.
3. New 64 x 9 and 64 x 8 FIFOs. 35 MHz.
Virtually no bubble through. Cascadeable.
4. Fastest 22V10 Reprogrammable PLD. 25ns.
55 mA. And we have the board to turn your PC
into a PLD/PROM programmer, too!
5. High speed CMOS SRAM.
6. High speed CMOS PROM.
7. High speed CMOS PLD.
High speed CMOS LOGIC.
Fabricated and assembled in our
DESC-certified U.S.A. facilities.

fThis databook, packed with high speed,
How power parts, is yours for a phone call.

[1-800-423-4440 (In CA), Ask for Dept. CD2
(32) 2-672-2220 (In Evrope)
16) 475-3922 (In Canada)

4

= = CYPRESS

R A =
o A~ ~
— &~ SEMICONDUCTOR
We illustrate the Lockheed SR-71 Reconnaissance aircraft, holder of the worlds air Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134.
speed record: 2,193 miles per hour. We're fond of speed records. Over 30 of our parts Phone (408) 943-2666 Telex 821032 CYPRESS SNJ UD, TWX 910-997-0753
have broken or still hold speed records for integrated circuits. PAL is a registered trademark of Monolithic Memories, Inc.

01987 Cypress Semiconductor




NEWS BREAKS: INTERNATIONAL

OPTICAL-FIBER GATEWAY LINKS ISOLATED ETHERNET LANs

The Intracomm-7 communications gateway links geographically isolated Ethernet
LANSs together, via an optical-fiber wide-area network, so that the Ethernet LANs ap-
pear to operate as a single unified network. Manufactured by Logic Replacement
Technology Ltd (Reading, UK, TLX 847395), the gateway is protocol independent, re-
quiring only that the connected LANs conform to IEEE-802.3 specifications.

The bidirectional link operates at speeds as high as M bps, and the gateway can
buffer as many as 128 Ethernet packets. Access security facilities are provided, and at
one end of the link, you can connect a terminal to analyze network performance or to
perform network management tasks. Priced at approximately £9000, the gateway in-
cludes Ethernet interfaces for both ends of the link and the optical-fiber modems.

—Peter Harold

ADD-IN FOR IBM PC/XT AND PC/AT ASSISTS DSP DEVELOPMENT

Equipped with four A100 DSP chips and a T212 16-bit Transputer, the BOO9 DSP
evaluation board from Inmos Ltd (Bristol, UK, TLX 444723; in the US, (303) 630-4000)
can perform 128-tap FIR (finite impulse response) filtering, using 16-bit data and coef-
ficients, at a throughput rate of 2.5M samples/sec (10M samples/sec with 4-bit coeffi-
cients). You can cascade the boards to create more complex DSP systems. The D703
software package provides a library of common DSP algorithms and allows you to
model your DSP system before committing it to hardware. An optional piggyback
module for the evaluation board, with a T414 32-bit transputer and 1M byte of RAM,
provides a host processor capable of supporting the company’s Occam transputer
development environment. A complete system supplied with both transputers and DSP
and transputer development software sells for $7500.—Peter Harold

SINGLE IC PROVIDES CLOSED-LOOP MOTOR SPEED CONTROL

The ZN410 universal motor speed controller IC from Ferranti Electronics Ltd
(Oldham, UK, TLX 668038; in the US, (516) 543-0200) provides all the functions re-
quired for closed-loop phase control of ac motors. The IC has a tachometer input
suitable for the direct connection of a magnetic coil speed sensor, and the chip pro-
duces negative firing pulses for a triac. Features include optional current limit or cur-
rent trip, soft-start circuitry, and an on-chip shunt regulator, which allows you to
power the IC from the line supply. The chip costs £0.81 (1000).—Peter Harold

CHARACTER RECOGNITION SOFTWARE DESIGNED FOR PCs

Ricoh Co has developed a character recognition program that allows a pesonal com-
ptuer to function as an optical character reader with an accuracy of 99% for both
handwritten and printed letters. The program, which was developed for Nippon Elec-
tric’s PC-9801 and IBM’s PC/AT, is designed to be used with an image scanner. The soft-
ware sells for ¥200,000 ($1429), and the scanner costs $2129. The system lets personal
computers read alphanumeric characters and codes at 20 characters/sec for printed
letters and 7 characters/sec for handwritten letters.—Joan Morrow
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TALK

and your computer
reacts

Cherry VoiceScribe-1000
Speech Recognition System

Input data, control machines, enter orders, record quality data, monitor pro-
duction line flows, take inventory and enter commands...... hands free! 1000
word vocabulary with 99.3% accuracy. List price only $1195*

Speak up: Send for complete information.

*Price includes complete manual of operating instructions,

tutorials, application tools, floppy disk package, microphone/
headset, software overlays for most popular programs, cir-
cuit card fits PC adapter.

TM Registered trademark of Dragon Systems, Inc.

CHERRY ELECTRICAL PRODUCTS 3600 Sunset Avenue, Waukegan, IL 60087 « (312) 360-3500 &

Switches * Automotive Devices ¢ Electronic Components ¢ Displays ¢ Printed Circuit Boards ¢ ICs « Keyboards
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from

3

11%

one-piece design defies rough handling

Check these features:

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

v DC to 1500 MHz

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

v BNC, SMA, N and TNC models

v Immediate delivery, 1-yr. guarantee

NEW!

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

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

finding new ways
setting higher standards

[ Mini-Circuits

A Diwvision of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Domestic and International Telexes: 6852844 or 620156

C92REV.B
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Atten. Change, (Typ.)

*Freq Atten. Tol
over Freq. Range

(MHz) (Typ.)

VSWR (Max.)

DC 1000l1000 ISOO’DC 1000 MHz

DC-1500 MHz +0.3 0.6 0.8 1.3

1000-1500 MHz
1.5

*DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models)

MODEL AVAILABILITY
Model no. = a series suffix and dash number of attenuation
Example: CAT-3 is CAT series, 3 dB attenuation

M denotes 75 ohms; add —75 to model no

@ denotes 50 ohms

ATTEN SAT (SMA) CAT (BNC) NAT (N)
1 L] L] L]
2 & [ ] L J
3 ® on L]
4 @ ® L]
5 ® L] L]
6 @ on L]
7 ® & L]
8 & [ ] L]
<) [ ® ®

10 L] on L]
12 [ ] L] L]
15 [ ] on [ ]
20 ® on L]
30 L] L] [ ]
40 ® [ ] [ ]

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

TAT (TNC)
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RF switches

10 to 2500 MHz
fI'OIl’l $1995PSW 1211 (500 qty.)

Now, for your wideband systems design, under —$20.00
SPST and SPDT pin diode switches that operate over the
10 to 2500 MHz range with less than 1 dB (typ.)
insertion loss at 1000 MHz, 1.5 dB at 2500 MHz.

No waiting, immediate delivery . . . with one year guarantee.
Call or write for our catalog or see our catalog in the
Gold Book, EBG, EEM or Microwaves Product Data Directory.

SPECIFICATIONS for
PSW 1111 (spsT) and PSW 1211 (sPDT)

ZMSW 1111 and ZMSW 1211
FREQUENCY RANGE 10-2500 MHz
INSERTION LOSS
10-2000 MHz 1.7 dB max.
2000-2500 MHz 2.7 dB max.
ISOLATION
10-500 MHz 40 dB min.
500-1000 MHz 30 dB min
1000-2000 MHz 25 dB min.
2000-2500 MHz 20 dB min.
SWR 1.5 max. (“on” state)
SWITCHING SPEED 1 psec. (max.)
MAXIMUM RF INPUT +20 dBm :
inaing new ways
CONTROL +5V (5 mA max.) seffing higher standards
OPERATING TEMPERATURE —-54°C to +100°C

STORAGE TEMPERATURE 54°C to +100°C m M l nl ‘ :I rc u lts
PRICE (6-24)

(1-4) A Division of Scientific C onents Corporation
PSW 1111 $29.95 ZMSW 1111 $59.95 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
PSW 1211 $29.95 ZMSW 1211 $59.95 Domestic and International Telexes: 6852844 or 620156 C80 REV.B
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Designing VLSI circuit boards that work the first
time isn't child’s play. You can'’t do it without fast, accurate
feedback on design and test quality.

Now count on Teradyne to help. With our new family
of CAE products, you'll uncover flaws before they're cast
in hardware. So you'll be able to jump from initial design
directly to final prototype. And from design to manufac-
turing test.

Start with a firm design foundation.

The process starts with DATAView our new design
entry system. Running it on a standard AT-class PC, you
can control the whole design process right at your desk.
From schematic entry and waveform analysis on the PC
to simulation and fault simulation on more powerful net-
worked computers. All with the same mouse-and-menus,
multiple-window interface.

You move from schematic capture to simulation
effortlessly. DATAView’s links with our LASAR Version

6 simulation system save hours of model compilation time.

28

‘Teradyne's new CAE tools help you get to market faster by

Incremental compiling lets you revise a design and resimus-
late in minutes.
Make your design work together before
it comes together.

LASAR Version 6 is the only sure way to avoid multi-
ple trips to artwork as well as costly rework steps in manu-
facturing. Because its simulation accuracy is unmatched

ETHERNET
LASAR
DAAView LA.%HG Vorsin: 6
Version ona
PCAT onalAX DATAServer
DATASource DATASource
Moaelng Databases Modeling

Teradyne networks advanced CAE tools for convenience and performance.
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IWO PROITOIYPE,
JIYPE FOUR.
SIX PROIUIYPE

for analyzing PC board designs prior to prototyping. For
instance, LASAR takes full device timing specifications
into account for true worst-case timing analysis. And it
eliminates shared timing ambiguity in reconverging sig-
nals. Both of which mean LASAR finds real design errors
reliably.

Finally, you can use LASAR fault simulation. It will
uncover testability problems and untested circuit functions
before it’s too late.

Simulation without trial and tribulation.

LASAR also takes care of the board modeling prob-
lem. It includes models of over 4000 devices. And the most
popular gate array libraries.

For new VLSI parts, our DATASource hardware
modeling system uses actual devices instead of software
models. A single system supports multiple users and
concurrent fault simulation. With extraordinarily fast
response.

LASAR and DATASource work with any VAX. For

EDN June 25, 1987

you a working prototype the first time.

simulations up to 25 times faster, you can use our new
parallel/multiprocessing host, DATAServer. It will give
you quick results, with full LASAR precision.
Teradyne makes it easy.

If you want to avoid multiple prototypes and get
to market faster with better products, Teradyne’s new
CAE system is the way. Why not call Daryl Layzer at
(617)482-2700, ext. 2808 for more information. Or write
Teradyne, 321 Harrison Avenue, Boston, MA 02118.

VAX is a trademark of Digital Equipment Corp.
AT is a trademark of International Business Machines Corp.

R ERADYNE

We measure quality.
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For OEMs who know that time is critical.

As technology and our expectations of it evolve,

the notion of time has changed. During the
industrial revolution, time was measured in days
or weeks. As a result of today’s information revo-
lution, time-critical applications are those that
require response time in milliseconds or

microseconds.
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Time.

For the reseller, performance is a matter of
time. Time to market. Response time.
Uptime.

MASSCOMP’s OEM, VAR, and systems inte-
grator customers have made us the choice
for time-critical applications worldwide.
They’ve put our computers at the heart of
some of the most advanced systems for
design automation, simulation, imaging,

CIM, C31, and real-time Al

From board sets to complete multiprocessor-
based systems, from 2 to 15 MIPS, our family
of compatible computers share an open archi-
tecture and the first real-time implementation
of the UNIX® operating system.

A wide range of graphics options and hard-
ware accelerators allow our resellers to con-
figure systems for a variety of applications.

Call the MASSCOMP OEM Products Group
and ask about our Growth Partnership
Program—products and services designed

for the reseller.

1-800-451-1824

MASSCOMP is a trademark of Massachusetts Computer Company.
UNIX is a registered trademark of AT&T Bell Laboratories.

HZ] MASSCOMP

One Technology Park, Westford, Massachusetts 01886
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Bring
intelligence

to your VMEbus
system with
FORCE’s new
dual ported
controllers.

Control by

Specification ISIO-1/2 ISCSI-1 AGC-1/2
8-channel SCSlinterface advanced graphics
serial /O controller

memory no wait state no wait state no wait state
Unique firmware based on hashingand
SW packages | real time kernel caching firmware

Whatever your VME need — CPUs, memories, controllers, software — FORCE has
it. Each product comes with a 500 + page user’s manual and with FORCE’s proven
quality and reliability.




intelligence

Take full advantage of these controllers with the use of one of FORCE’s 16 bit (up to
16 MHz) or 32 bit (up to 25 MHz) no wait state CPU boards.

FORCE's intelligent controllers provide higher system performance via off loading
the main CPU from [/O housekeeping, lower bus traffic by only passing macro com-
mands and simplifying software interface with standard drivers.

As the largest independent VMEbus supplier in the world FORCE gives you choices
and tools including development systems, comprehensive design literature, 50
hardware products, 20 software products, in-plant seminars and prompt support.
Industry leading quality levels are assured through functional and incircuit testing
and a 48 hour operating burn-in on all products.

Free! Call 1-800-BEST VME

(or 1-800 237-8862 in California) for our
new 380 page VME data book and for rapid
applications support.

W

*PDOS is a trademark of Eyring Research Institute, Inc
UNIX is a trademark of AT&T Bell Laboratories

© Copyright 1987

CIRCLE NO 157

Processor Boards

Controller Boards

—

OMPUTERS

®
RKXLE
& the intelligent choice

FORCE COMPUTERS, INC, Los Gatos, CA 95030, Phone (408) 354-3410
Midwest: Ann Arbor, MI 48108, Phone (313) 769-0840
Southeast: Roswell, GA 30076, Phone (404) 642-9647

FORCE COMPUTERS GMBH, 8012 Ottobrunn, Phone (089) 600910
FORCE COMPUTERS FRANCE, 92100 Boulogne, Phone (1) 46203737
FORCE COMPUTERS (UK) LTD, Wendover, Phone (0296) 625456
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SIGNALS & NOISE

Learning Japanese
promotes understanding
In the Professional Issues column in
EDN’s March 4 issue (pg 227), Pat
Hill Hubbard brings out an impor-
tant point regarding communication
in a native language. Although it
may be said that engineering is
based on a “universal” mathematical
language, the interaction and devel-
opment of those who actually do the
engineering is influenced by their
environment. The flow of informa-
tion about that environment is a
function of communicative imped-
ance, if you will. In other words, you
can’t assimilate what you don’t un-
derstand.

The Japanese, through their

“YOUR PROTOTYPE FLUNKED
OUR TEST.”

ing/business approaches and philos-
ophies that have yielded the
successes of the Japanese. I feel
that truly learning the Japanese
language, which of necessity means
learning the culture as well, would
greatly facilitate that appreciation.
As both a working engineer and a
graduate student, I find that free
time is often at a premium. Howev-
er, the sacrifice I (and hopefully
other Americans) now make in tak-
ing a Japanese class will prevent
that premium from increasing in the
future.
Douglas J Hillman
Moog Inc
FEast Aurora, NY

study of English, are better able to
understand American concepts, direction.
which are communicated within the

For us, comprehension of Japa-

A different opinion
on switching losses

context of our culture. The effort nese designs and systems is a good Charlgs H Sma}l‘s article “Ma_gnetic
the Japanese are making has start, but it may be even more im- materials provide the final Piece to
provided a smoother flow in their portant to appreciate the engineer- the high-frequency switching-sup-

Text continued on pg 38

Where to find almost any
test environmenton Earth.

Plus afew that arent.

Lockheed’s Environmental Test Laboratory

netic interference/compatibility and stress
screening services on a 24-hour-per-day basis.
All at one location.

We have 26 years’ experience testing all
types of equipment under carefully controlled
laboratory conditions. Whether your specifica-

provides complete environmental, electromag-

tions are military or commercial, we're fully
equipped to handle your climatic/atmospheric
simulation, structural, enclosure or noise
testing, and much more.

Call Jack Glavine at (201) 7571600
Extension 2267 or 2227 with your equipment
test specifications. However impossible they
may seem.

<= rLlockheed Electronics — Innovation

Giving shape fo imagination.

34

CIRCLE NO 20

EDN June 25, 1987




qPRAGl TF Sprague has led the way in power interface since 1970. After originating its line of
- | )\ ../ M4 Power ICs, Sprague has increased emphasis on circuits for stepper, servo, and brushless
' W A d-c motors. Output drive capabilities have been extended to +4 A per
I(/\S EXC EL AS channel and to sustaining voltages exceeding 60 V. Motor driver types

include half-bridge, tull-bridge, dual full-bridge, three-

y } ' Ng W : s x :
phase, translator/driver, and power driver sink or source
X v, B4 N _Je arrays. All devices include diode transient protection.
Many feature current limiting (PWM), thermal shutdown, over-voltage and/or short-circuit protection. Sprague Electric

Company, a Penn Central unit, World Hdgtrs., Lexington, MA. For Brochure WR-202, write to ~ __.
Technical Literature Service, Sprague Electric Company, P.O. Box 9102, Mansfield, MA ({ » 0g SpRnGUE

02048-9102. For applications assistance, call 800/247-2077 (in Mass., 800/247-2076). THE MARK OF RELIABILITY
CIRCLE NO 145




*U.S

domestic price only. (

Introducing the Tek 1220
and 1225: the two newest
members of the Tek 1200
Series of logic analyzers.

Nothing else in their price
range delivers so much
and makes it all so easy
to use. Consider:

Powerful state,

timing and dis-
assembly analysis.
The 1220 and 1225
provide 32 or 48 data
channels, respectively, in
groups of 16-channels,
with channel groups
clocked independently

or linked together —
SO you can
sample

data from as many a three

circuit sections at once.
Tek currently provides

support for the most popular

microprocessors, with
additional 8- and 16-bit
personality modules to be

GIC ANALYZER

-TO-EXPERT

$3995.

introduced continually. Clock/calendar plus
A total of four 2K storage for up to eight test set-
nonvolatile memories  UPS are also in battery-backed
support each channel. memory. Date and time of

Acquire data inone memory ~ Storage are included with each
and compare ittodatainany ~ datamemory, so its easy to
of the three other memories.  find and interpret results.

/AW s i - oy 20 LMZV
Tektronix 1220 KAz




state and timing anal-

ysis simuftaneously. e
- Above Pop-up menus, such as this.

§ € s CURSOR m Capabilties ~ main menu, are easy to understand
Lo § o e like these make the and logically arranged. i
b i gt = 1220/1225 more than it le ot fdabl :
- e —— ma  hardware analyzers. | is is affordable
. s = | ol They are ycapa')t,ale ; logic apalysis ina
L Lo £ tools for both software ~ league by itself. Users can
e B » - debugging and evolve from one unit to
. YRR .‘ - system integration. another, through the entire
e Y T Pop-up 1200 Series, with a minimum
- - : 4 menus are of readjustment. You can be
easy to use. confident that Tek quality is
Logically built in, and that documenta-
arranged. And tion and service will be there
respond instantly when required.
on command. Call 1-800-245-2036

Push one (in Oregon, 231-1220) for
button for on- more information or for
screen notes the name of your nearest

appropriate to Tek sales engineer. Leam
the current why these are the first low-
display. cost logic analyzers that
don't act like it.

Tektronix

COMMIT TED TO EXCELLENCE

Circle 71 for literature

Circle 149 for sales contact 37
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ply puzzle” (EDN, March 4, pg 79)
was informative, but I'd like to point
out that the limiting factor in high-
frequency power-supply designs is
the losses generated in the semicon-
ductor switches—transistors and di-
odes—and not necessarily in the
magnetic components. By “high-fre-
quency designs,” I mean designs in
which the converters operate at 500

kHz and above. The high-speed
transistors, control chips, and non-
magnetic passive components can’t
easily handle these high frequen-
cies.

Resonant-converter topologies
employing zero-voltage or current-
switching techniques are being used
that do reduce switching losses in
the semiconductors. These tech-

Higher Reliability-Denser Circuits-Reduced Size & Weight

e Advanced Thick Film Technology

Surface Mount Technology

Automated Hybrid Assembly

CAD Hybrid Design
Electrical Test Design
Environmental Testing

Military/Hi-Rel Screening

* Top Quality
* Fast Turnaround

* Competitive Pricing

Degussa <

Degussa Electronics, Inc.
Hybrid Division

2155 N. Forbes Blvd.
Tucson, AZ 85745

(602) 629-0005
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niques are enabling power convert-
ers to operate at higher switching
frequencies. The question of wheth-
er it’s the semiconductor or the
magnetic losses that are predomi-
nant in a particular power-supply
design is really a matter of that
design’s topology.

Donelson C Lawry

Alexandria, VA

Macros improve
PLD design

I'd like to comment on Charles H
Small’s observations in his Special
Report on programmable-logic de-
vices (EDN, February 5, pg 112)
about the use of Altera’s macros for
improved PLD design productivity.
I am concerned that the tone of his
statements (on pgs 120 and 122) will
raise concerns in potential custom-
ers regarding the integrity of the
product.

I agree that when an engineer is
designing at the basic program-
ming-element, or fuse-map, level,
extracting the maximum perfor-
mance from a PLD does require
intimate knowledge of the device
itself. That is exactly why we offer
the tools Mr Small described. We do
that part of the work now. By using
these predesigned, high-level func-
tions, the engineer does not have to
involve himself at the detailed de-
vice level. His efforts can be fo-
cused, more usefully, on solving his
unique system-design problems.
David A Laws
Altera Corp
Santa Clara, CA
(Ed Note: It was not the purpose of
the article to impugn the integrity of
Altera’s tools; instead, we think that
TTL-to-PLD compilers are interim
tools that engineers will use umntil
they become more familiar with
PLD design. The history of technol-
ogy shows many instances in which
older design techniques are tempo-
rarily adapted to a new technology.
For example, when transistors first

appeared, many techwical articles
Text continued on pg 42
EDN June 25, 1987



Theday
Motorola lowers its
VME Board prices,

pigs will fly.



How our boards earned their wings.

Motorola VME board quality has always
come at a price. And quite frankly, we never thought
wed see the day when that would change.

But change it has. Market forces have driven
down the price we once had to pay for components,
while increased demand has led us to invest in more
efficient, high-volume manufacturing lines and other
process improvements.

Up to 67% savings—no hogwash.

We're now able to offer a general price
reduction on many of our existing VME board
products—and lower prices on new offerings.

40

Currently, were passing along savings that are
averaging $700.00—or up to 67%—per board.

To market, to market.

Our MVMEI05 family offers four versions
of single-board computers starting at under $1,000.
With their unique /O interface options, each ver-
sion can be readily tailored for a particular market.
They're ideal for applications such as embedded
controllers and small real-time systems. Through
their common architecture, the 105 family members
let you easily port application software from one
board to another, as your needs change. And you can
quickly swap boards on site for convenient servicing.

Now you can afford to go the whole hog with
32-bit power:

Our new MVMEI33A and MVME134 micro-
computers offer 32-bit power at unbeatable prices.
These highly integrated boards feature the MC68020
—running at either 16 or 20 MHz. The 133A includes
a 20-MHz floating point math coprocessor. The 134
includes a paged memory management unit and
4 megabytes of dynamic RAM, making it a suitable

EDN June 25, 1987



engine to drive SYSTEM V/68™- our
AT&T validated version of UNIX"System
V Release 3. b

With Motorola support, you're not buying
a pig in a poke.
At these prices, you might expect to give
up some vendor support. Not with Motorola. You
still have access to all the software and support
tools you need for fast application development.
That includes operating systems such as SYSTEM
V/68 and our VERSAdos™ real-time executive
as well as de-bugging firmware with on-board
diagnostics and other utility routines. Or, you can
use third-party software such as MTOS" OS-9"
pSOS” RTUX™ and VRTX?

We want to help you get off to a flying start.
You can count on Motorola for in-depth

technical support. We have more experience in

building reliable, high-performance VME system

components than any other vendor. Plus a special-

ized systems and support staff available to you

at over 100 field office locations world-wide.

To get your next project off the ground at an
affordable price, call us today—toll free:

_ 1-800-556-1234, Ext. 230
4 [n California, 1-800-441-2345, Ext. 230

Motorola Microcomputer Division,
2900 South Diablo Way, Tempe, AZ 85282.

Compare these VME board values:

Model Description Price*

MVME105 VMEbus SBC; 10-MHz MC68010 CPU; 512Kb shared DRAM; $995
up to 256Kb EPROM; RS-232-C and RS-485 serial ports;
8-bit parallel port; four 24-bit timers; system controller

MVME104 Same as MVME105, but with I/O channel interface $1,295
MVME106 Same as MVME105, but with 5Y4-in. floppy interface $1,295
MVME107 Same as MVME105, but with SCSI bus interface $1,295
MVME133A VMEbus SBC; 20-MHz MC68020 CPU; 20-MHz MC68881 FPU; $3,585

1 Mb shared DRAM; up to 512Kb EPROM; RS-232-C serial port;
RS-485/RS-422 serial port; three 8-bit timers; real-time clock;
system controller

MVME134 Same as MVME133A, but with 16-MHz MC68020 CPU and MC68851 $2,995
PMMU (instead of MC68881 FPU), plus 4 Mb of shared DRAM

*Call for OEM discount schedule on volume orders.

SYSTEM V/68 and VERSAdos are trademarks of Motorola, Inc. UNIX is a registered trademark of AT&T. MTOS is a trademark
of ial Prog ing, Inc. 0S-9isa of Mi Systems ( ion. PDOS is a trademark of Eyring
Research Institute, Inc. pSOS is a trademark of Software Components Group. RTUX is a trademark of Emerge Systems.
VRTX is a registered trademark of Hunter & Ready, Inc.

MOTOROLA Microcomputer Division

Approaching our technology from your point of view.

EDN June 25, 1987
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Cracking. In surface- !’Q
mounted capacitor ® = €,
chips it’s a nasty problem, usually
caused by mechanical and thermal
stress.

Corning’s MLC capacitor chip is
designed specifically to withstand
those stresses.

ACE process reduces
internal stress

Our ceramic chips are made by the
Advanced Corning Electrode (ACE)
process. We inject a lead-alloy elec-
trode into a strong ceramic body.
Result: far less internal stress and
virtually no delamination or
cracking.

Corning’s patented double
barrier-layer terminations also pre-
vent cracking. A compliant lead-
alloy layer in the termination helps
relieve stresses created by thermal
expansion mismatch. And that
means no cracking.

Solderability exceeds

mil specs

Our rugged terminations also resist
leaching in wave reflow and vapor
phase soldering systems. So solder-
ability beats mil specs, even after
16 hours of steam aging.

And, because the electrode is a
non-noble lead alloy, we eliminate
silver migration and resist low-
voltage failure.

Chip resistors, too

Come to Corning for reliable
resistor chips, too. Our thick-film
chip resistors are glass-passivated
for electrical stability.

Don't let surface-mount head-
aches add stress to your life. For full
information, circle the reader ser-
vice number. Or take two aspirin
and call us in the morning.

CORNING Ok

For capacitor chips, call: (919) 878-6234.
For resistor chips, call: (814) 362-5700.
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were printed that described how to
design with transistors as if they
were triode vacuum tubes having
peculiar biasing requirements. Al-
though we at EDN can’t predict ex-
actly what the future will look like,
we’re fairly sure it won’t look exact-
ly like the past.—Charles H Small)

Credit where

credit is due

The article “Hardware methods im-
prove 1-chip A/D converters”
(EDN, February 5, pg 139) refers
frequently to the Gatti sliding-scale
technique. This technique was pre-
sented by C Cottini, E Gatti, and V
Svelto in Nuclear Instruments and
Methods, Volume 24 (1963), pg 241.

Misnomer

Please note that the correct name of
the GaAs logic IC family discussed
in the New Products section of
EDN’s March 4 issue (pg 197) is
NEC UPG700. The products are
manufactured by NEC and sold in
the US by California Eastern Labo-
ratories (Santa Clara, CA).

YOUR TURN

EDN'’s Signals and Noise column pro-
vides a forum for readers to express
their opinions on issues raised in the
magazine’s articles or on any topic that
affects the engineering industry. Send
your letters to the Signals and Noise
Editor, 275 Washington St, Newton,
MA 02158. We welcome all comments,
pro or con. All letters must be signed,
but we will withhold your name upon
request. We reserve the right to edit let-
ters for space and clarity.

EDN June 25, 1987



The technology is

advanced. The
emperature stays put.

EC1000 EC2000 EC3000 EC 4000

Dial controlled Three digit LED Dial controlled Three digit LED All EC Series

with EC1201P readout with with lightweight readout with light- stations meet

iron. ECI1201P iron. EC1301 soldering weight EC1301 Mil-spec DOD-
pencil. soldering pencil. STD-2000-1

When you need controlled output soldering for |
sensitive components, you don’t need uncontrolled
temperature fluctuations at the work station. In the )
Weller EC Series, the tip temperature is maintained »‘

!

throughout the range of 350°F—850°F to within 10°F.
/ In addition, an electronic system utilizes thyristor
power control with zero voltage thyristor drive. This
ensures that no high voltage spikes or magnetic fields will be present on the soldering tip.
These technologically advanced stations are capable of handling all the delicate
soldering operations necessary, in even the most sophisticated applications. They offer
the ultimate in soldering flexibility with a choice of controls and readouts to suit

youéh%iiﬁi%f;ﬁﬁ?ﬁlectronics Distributor. Weller® EC Sel'ies
(l : YTOO

BREWER TITCHENER CAMPBELL COVER’T CRESCENT LUFKIN MERRILL

!I NICHOLSON PLUMB’ TURNER WELLEH WIRE-WRAP WISS 'XCELITE"® *““‘

The Cooper Group PO Box 728 Apex NC, 27502 USA Q'
COOPER “

Tel (919) 362-7510 Telex 579497




WE PUT
A INTERFACE

As an intelligent interface for small computers, Seagate’s SCSI drives have built-in features that
SCSI has become a great standard, supporting multiple ~ give your products these advantages:
peripherals on a single cable. * Superior performance through higher transfer rates.
Seagate supports that standard with the widest * Greater system throughput with overlapped
variety of SCSI hard disc drives available: 3%%" and operations, low command overhead and defect
5%". Half-heights and full-heights. With capacities management that is automatic and transparent.
from 20 to 160 MB. * Improved data integrity with enhanced recovery
techniques.

ST4077N T ST1096N  ST225N ST138N ST157N
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WHERE I'T DOES
THE MOST GOOD:.

Superior reliability due to fewer cables, connectors Customers have come to expect this attention to
and components. performance, quality and reliability from Seagate.

Increased flexibility with a choice of command That’s why they’ve bought more than 6 million of our
sets: common (CCS) or customer-defined. hard disc drives.

Direct hardware connections to computers with If you want to put great drives with a great interface
built-in SCSI ports. in your system, call us. 800-468-DISC. In California,

Simple PC installation with our STOI host adaptor. ~ 800-468-DISK. Or write: Seagate Technology,
920 Disc Drive, Scotts Valley, CA 95066.

ST 251N ST277N  ST4144N = » = < ST4192N

&P seagate

The first name in disc drives.
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Find the small change:

2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19639 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640

The 197 Microvolt DMM detects the small change—one part in
220,000—for small change: $595. And you can automate with
its IEEE-488 option. Find out how to get a big change in your
measurement capabilities. Call (216) 248-0400. Or write:
Product Information Center: Keithley Instruments, Inc.
28775 Aurora Road
Cleveland, Ohio 44139

KEITHLEY

CIRCLE NO 23
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The Friendly

E/EPROM PROGRAMMER

Two premium quality E/EPROM programmers designed to be equally
productive in the development lab, during equipment start-up, and in
field service.

TELEPROM is known through-
out the field service industry for its
convenient built-in modem and batt-
ery power in a rugged textbook size
package.

$1195.00 (includes modem)

LABCHOICE has all the features
needed in the microprocessor devel-
opment lab, with the added conven-
ience of full battery power.

$895.00

= Stand-alone or R$232 Remote Control
® Stand-alone Editing

® Put/Fetch Address Offsets

= User Selective Data Block Size

® Full Battery Powered Operation
| Fast, intelligent Aigorithms

® Programs 118 E/EPROMS to 512K
® 6 Popular Data Formats

® User Friendly, Menu Driven

& GLOBAL TECHNOLOGY INTERNATIONAL, INC.

917-134th Street SW.
Everett, Washington 98204

(206) 742-9111
Dealer Inquiry Invited

CIRCLE NO 24

CALENDAR

Design to Test (short course), Mil-
waukee, WI. Center for Continuing
Engineering Education, University
of Wisconsin-Milwaukee, 929 N
Sixth St, Milwaukee, WI 53203.
(414) 227-3125. July 7 to 9.

Directions and Implications of Ad-
vanced Computing, Seattle, WA.
Computer Professionals for Social
Responsibility, Box 85481, Seattle,
WA 98105. Jonathan Jacky (206)
548-4117, or Doug Schuler (206) 783-
0145. July 12.

PC-Based Tools for Software
Analysis and Design, Boston, MA.
Integrated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888. July
14 to 17.

PC-Based Tools for Software
Analysis and Design, Washington,
DC. Integrated Computer Systems,
Box 3614, Culver City, CA 90231.
(800) 421-8166; in CA, (213) 417-
8888. July 21 to 24.

Siggraph (Conference on Computer
Graphics and Interactive Tech-
niques), Anaheim, CA. Smith Buck-
lin and Associates, 111 E Wacker
Dr, Suite 600, Chicago, 1L 60601.
(312) 644-6610. July 27 to 31.

SIMS ’87 (Symposium for Innova-
tion in Measurement Science), Ge-
neva, NY. Instrument Society of
America, 67 Alexander Dr, Re-
search Triangle Park, NC 27709.
(919) 549-8411. August 2 to 7.

Effective Skills for Technical
Managers (short course), San Fran-

cisco, CA. Integrated Computer
Systems, Box 3614, Culver City, CA

90231. (800) 421-8166; in CA, (213)
417-8888. August 4 to 7.

PC-Based Tools for Software
Analysis and Design, San Diego,
CA. Integrated Computer Systems,
Box 3614, Culver City, CA 90231.
(800) 421-8166; in CA, (213) 417-
8888. August 4 to 7.

EDN June 25, 1987



MICRO-CAP II.

he CAE tool with fully interactive
analog simulation for your PC.

Spectrum Software’s MICRO-CAP 11® is
fast, powerful, and feature rich. This fully
interactive, advanced electronic circuit
analysis program helps engineers speed
through analog problems right at their
own PCs.

MICRO-CAP II, which is based on our origi-
nal MICRO-CAP software, is a field-proven,
second-generation program. But it’s dra-
matically improved.

AICRO-CAP 11 SOEWTIC EDITOR

Schematic Editor

MICRO-CAP II has faster analysis routines.
Better resolution and color. Larger librar-
ies. All add up to a powerful, cost-effective
CAE tool for your PC.

The program has a sophisticated inte-
grated schematic editor with a pan capa-
bility. Just sketch and analyze. You can step

EDN June 25, 1987
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Transient Analysis

component values, and run worst-case
scenarios—all interactively. And a 500-type*
library of standard parts is at your finger-
tips for added flexiblity.

MICRO-CAP 11 is available for IBM® PCs
and Macintosh.™ The IBM version is CGA,
EGA, and Hercules® compatible and costs
only $895 complete. An evaluation version
is available for $100. Call or write today for
our free brochure and demo disk. We'd like
to tell you more about analog solutions in
the fast lane.

M Integrated schematic editor

M Fast analysis routines

B High-resolution graphic output

B Standard parts library of 500* types
*IBM versions only.

CIRCLE NO 148

M Transient, AC, DC, and FFT routines
B Op-amp and switch models

B Spec-sheet-to model converter®

M Printer and plotter™ hard copy

e AC BODE PLOT
s TEAPERATURE 27 case= 1
0.0 .

1021 S. Wolfe Road, Dept. E
Sunnyvale, CA 94087

(408) 738-4387

MICRO-CAP 11 is a registered trademark
of Spectrum Software

Macintosh is a trademark of McIntosh Laboratory, Inc
and is being used with express permission of its owner

Hercules is a registered trademark
of Hercules Computer Technology

IBM is a registered trademark
of International Business Machines, Inc
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The Real
World Runs
on Real Time.

Modern intelligent systems require real
time response and high efficiency. That's why 0S-9/68000
has been the designer's choice in thousands of the most demand-
ing real-life applications.
0S-9 is very compact, highly adaptable, and fully ROMable. It's
C source code compatible with Unix, and it's supported by a wide range
of outstanding software tools, including graphics and networking options.
Many leading suppliers of 68000 and 68020 based systems offer ready-to-run
0S-9 packages for their products. Or you can use a Microware PortPak to
install OS-9 on your own custom hardware.
When microseconds count, you can count on OS-9.

0S-9/68000— The Emerging Standard.

—ucovye_—

Microware Systems Corporation

1866 N.W. 114th Street » Des Moines, lowa 50322
Phone 515-224-1929 » Telex 910-520-2535

CIRCLE NO 25
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MEET THE
NEWEST MEMBER
OF THE BOARD

It's our new TCXO and he's one tough taskmaster. He sets the standard for
heavyweight performance and runs an extremely tight ship, within a very
specific frequency range. Take a moment and analyze this operational data . . .

DIP TCXO Models

Output choices: TTL or LS-TTL

Frequency Range: 500 KHz to 20 MHz

Frequency Tolerance: .5 ppm, 1.5 ppm, 2.5 ppm or 5 ppm
Package: .26” high, hermetically sealed standard DIP
Make your own executive decision. Call

Connor-Winfield today and get the

bottom line facts on this new series.

CONNOR WINFIELD CORPORATION
West Chicago, IL 60185 USA

Phone : 1-312-231-5270 TLX 270224
Cable: CONWINWCGO

CIRCLE NO 26

CALENDAR

International Computers in Engi-
neering Conference and Exhibi-
tion, New York, NY. American So-
ciety of Mechanical Engineers, 345
E 47th St, New York, NY 10017.
(212) 705-7795. August 9 to 13.

Engineering and Manufacturing
’87, Boston, MA. National Comput-
er Graphics Association, 2722 Mer-
rilee Dr, Suite 200, Fairfax, VA
22031. (703) 698-9600. August 17
to 20.

Effective Skills for Technical
Managers (short course), Washing-
ton, DC. Integrated Computer Sys-
tems, Box 3614, Culver City, CA
90231. (800) 421-8166; in CA, (213)
417-8888. September 1 to 4.

Modern Electronic Packaging, Se-
attle, WA. Technology Seminars,
Box 487, Lutherville, MD 21093.
(301) 269-4102. September 9 to 11.

PC Fab Expo, Minneapolis, MN.
PMS Industries, 1790 Hembree Rd,
Alpharetta, GA 30201. (404) 475-
1818. September 15 to 17.

Effective Skills for Technical
Managers (short course), Los An-
geles, CA. Integrated Computer
Systems, Box 3614, Culver City, CA
90231. (800) 421-8166; in CA, (213)
417-8888. September 15 to 18.

Invitational Computer Conference
Computer Graphics Series, Fort
Lauderdale, FL. BJ Johnson and
Associates, 3151 Airway Ave, #C-2,
Costa Mesa, CA 92626. (714) 957-
0171. September 17.

Effective Skills for Technical
Managers (short course), Boston,
MA. Integrated Computer Sys-
tems, Box 3614, Culver City, CA
90231. (800) 421-8166; in CA, (213)
417-8888. September 22 to 25.
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Smart telecom designers.
Want to get a little smarter?

The S19100.

A switchmode
power IC that
delivers 1 watt
at >80%
efficiency.

The D/CMOS Si9100 switchmode regulator provides all the
functions of a one watt power supply, on a single chip. It’s a
unique combination of high-voltage start-up circuitry, a power
MOSFET output switch and current-mode PWM control cir-
cuitry. Now you can convert high-voltage, unregulated DC (up
to 70 V) to low-voltage output with >80% efficiency. The result:
better circuit performance, on less board space, with improved
system reliability and reduced cost.

It’s smart to think Si9100 when designing smartphones,
PABXs, ISDN terminals, modems and distributed power tele-
communication systems.

ISDN FLYBACK CONVERTER EFFICIENGY ~ [inid out how this type of

%0 efficiency is achieved!
2 Call our hotline and ask
E 80 for the Si9100 response

- package. We'll include a
.g paper on this ISDN

(=23
o

converter.
0 .25 .50 15 10

WATTS

Call 1 (800) 554-5565, Ext. 622 for a free sample of

the Si9100. Dial our toll-free hot line now! Ask for your free
Si9100 package. It includes your Si9100 sample, datasheet and
application notes.

H Siliconix

incorporated

2201 Laurelwood Road, Santa Clara, CA 95054 © 1987 Siliconix

EDN June 25, 1987
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VLSI Part No.

Organization Functions Access Times

VT7C122

VT20C18
VT20C19

256 x4 Separate /O
2K x8 APD; 10 ns OE

15 ns

20 ns

2K x 8 12 ns CE; 10 ns OE

VT20C50

VT20C68
VT20C69
VT20C71
VT20C72
VT20C78
VT20C79

1K x 4 Separate 1/O; FC
4K x 4 APD

4K x 4 12 ns CS

4K x 4 Separate I/O; OT
4K x 4 Separate I/O; HZ
4K x 4 APD; 10 ns OE

20 ns
15 ns

20 ns
20 ns
20 ns
20 ns
20 ns

4K x 4 12 ns CS; 10 ns OE

VT20C98
VT20C99

8K x 8 APD
8K x 8 Fast CE

20 ns

25 ns
25ns

16K x 4 15 ns CS

VT62KS4
VT63KS4
VT64KS4
VT65KS4

16K x 4 15 ns CS; OE
16K x 4 APD
16K x 4 APD; OE

25ns
25 ns
25 ns

% swn; CE =Chip Enable; OE=Output Enable; CS=Chip Selec

Outputs Track Inputs During Write; HZ = High-lnr

So long, Cypress. Sayonara,
Hitachi. That goes for you, too, IDT.
And Motorola. And Toshiba. And all
you other CMOS SRAM makers.

Now VLSI has some of the fast-
est CMOS SRAMs around.

Were not talking about just one
part here. And one part there.

But a whole family of SRAMs
that blow the doors off anything
from the competition.

Our SRAMs make it easy to

EDN June 25, 1987




MS DO TO THE COMPETITION.

boost performance in your existing
designs because each and every one
is pin-compatible with industry-
standard chips.

And weTre developing tools to
make them available for ASIC designs.

So phone VLSI Technology at
800-8-SAMPLE for more informa-
tion and samples. Or write to us at
1109 McKay Dr., San Jose, CA 95131.

And see how you can blow the
doors off your competition.
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VLSI TECHNOLOGY, INC.

a free poster of this ad call 800-8-SAMPLE.
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“lwanta
156" connector

supplier to
“give me more

choices and
no meltdowns!”




Tough customers

team with 3M.

Making 3M your partner solves two pressing
problems—limited selections and unreliable
products. 3M’s newly expanded line of .156"
connectors and cables makes us the supplier
with a line broad enough and reliable enough
to meet your spec. Moreover, our growing
service commitment increases your de-

sign and manufacturing efficiency.

New, broader product line.

Tough, demanding customers like you
need more choices for .156” power appli-
cations. With 3M as your partner, you get
them.

Recent growth has made 3M’s .156" con-
nector line broader—with everything from
socket connectors and headers to card-edge

——— connectors and PCB style transition
| connectors, none of which require
pre-notched cable. Plus, 3M
nign-retention  Offers flat cable in a variety
WMeontact of gauges...completing
the system.

To prevent meltdowns from damag-
ing your product, 3M offers high-grade
polyester .156" connectors, with our
exclusive L/H contact, that reliably
handle 7 amps.

To maximize board real estate, we made
3M boardmount sockets and headers end-to-
end stackable, and available in a variety of
plating options.

New, broader service commitment.
Tough customers demand services that
increase design and manufacturing efficiency.
With 3M as your partner, you get more
service than ever.

Want .156" connections
quickly? They’re on distribu-
tors’ shelves right now.

Have detailed
questions?

Our tech
service hot-
line has the
answers and
the spec data
you want. Just
dial 1-800-328-7732.

More .156" connector options and better
performance put 3M at the top of the list.

Dial 1-800-CALL EPD for the name of your
nearest distributor, or write 3M Electronic
Products Division, Department F, P.0. Box 2963,
Austin, TX 78769-2963.

EDN June 25, 1987

Sponsor

CIRCLE NO 151




A 1.5A/48V BRIDGE DRIVER
THAT NEEDS NO HEATSINK.
WHO CAN DELIVER?

Other manu- ,.2° . The L6202 comes in

facturers a standard outline
may have DIP so you can
iton > use your requ-
paper, GURRENT CONTROL [557ss ‘ . lar automatic
but only : : ' insertion
SGS has it in ma-
stock, and at chines.
less than And
$3.00 in
quantities of 10K o ] using 6 of the
or more. ' i package pins as a

This unique Bipolar/ L6202 BRIDGE DRIVER dedicated heat
CMOS/DMOS, smart \\ path, a small area
power integrated circuit of the PCB copper = dissipatesthe heat.
lets you put a full 70 watts into your But that’s not all. The L6202 Bridge
stepper or DC motor and control it Driver is just one of many ICs based on
directly from TTL, CMOS or even SGS Multipower-BCD technology. This
a micro. unique smart power capability

The high efficiency of the DMOS out- is bringing you a
put stage reduces on-chip dissipation to whole new genera- Absolute Maximum
an extremely low level, so you can do tion of devices Ratings
away with heatsinks or costly forced air with improved per- | Imax 5A
cooling systems. Think of the reduced formance levels Ron 0.30hm
assembly costs and increased reliability. and application :/"“S s

- . & 's max 48V

Then think about cutting assembly potential. Fswitch  200kHz

costs even further.

¢ 1987 SGS. All rights reserved. ® SGS is a registered trademark of the SGS Group. "™ The brighter power is a trademark of SGS.
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You do.

We do.

On one hand, there’s your
drive to find new applications
and new markets. On the other,
there’s our drive to meet your
needs.

And as partners, we both end
up in the lead.

You give us the impetus to
stay a generation or more ahead
of the competition. And we give
you the products to do the same.

Like our high-performance,
high-capacity Winchester drive
families, from 85MB to 760MB.
And our first high-capacity opti-
cal product, a 5%-inch, 800MB
WORM drive.

So keep pushing us.

Because the further you drive
Maxtor, the further we'll drive
you.

Maxtor Corporation, 211
River Oaks Parkway, San Jose,
CA 95134, (408) 432-1700,
TELEX 171074.

Sales offices: Austin (512)
345-2742, Boston (617) 872-8556,
Orange County (714) 472-2344,
New Jersey (201) 747-7337,

San Jose (408)435-7884, Woking,
England (44)/4862-29814.

Ma;gor

Distributed by: Anthem Electronics, Inc., Lionex Corporation, Pioneer-Standard Electronics, Inc., Quality Components, Inc., Storex Corporation.
© 1987, Maxtor Corporation.
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Loosen export restrictions

Although many people clamor for increases in competition and
export sales, the US government continues to burden us with
unreasonable export restrictions. Such restrictions are aimed at
depriving the Soviet Union of the Western world’s high technology.
However, today’s restrictions appear inconsistent and capriciously
applied. They gain us little added national security, and they choke
exports. For example, you need an export license to ship US-made
16k-bit dynamic RAMs to Japan. As long as we apply such thought-
less restrictions, buyers won’t shop in the US. Perhaps that’s the
result we should expect for an export program that’s jointly
administered by the Department of Defense and the Department of
Commerce, whose goals are often at odds.

Export regulations can also be inconsistent. A small company I
worked for sold an inexpensive wP editor-assembler program and a
debugger. The Commerce Department told us we’d need a license to
send the software—paper tape and PROMs—to Eastern Europe.
For inexpensive software it wasn’t worth the effort. However, there
were no restrictions on selling technical books overseas. Two such
books contain complete listings for the programs. Anyone patient
enough to type in 5k bytes of hexadecimal code could have the
software almost for free.

Trade restrictions affect more than just a few high-tech produects.
The National Academy of Sciences estimates that export restric-
tions cost the US almost $9 billion in trade and as many as 200,000
jobs each year. However, despite the lost jobs and trade, the policy
has yielded few national-security gains.

High-tech items that embody sensitive technology will continue
to require special regulations. But we can increase exports immedi-
ately by dropping export restrictions on formerly high-tech prod-
ucts that are now commodities—those that sell on price rather than
on technology. If overseas buyers want our PC clones, dynamic
RAMs, and disk drives, let’s do business—cash on delivery.

Jon Titus
Editor

EDN June 25, 1987
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Or follow the also-rans. The choice is simple.

Because onlyAltera has a proven track record in the
technology that gets your product to market fast. In less space.
For less money.

When you call us, you'll get instant access to the
latest innovations in the fast-moving world of EPLDs. Solutions
that can put you weeks — even months — ahead of your
competitors.

Consider the foundation of our leadership. The Erasable
Programmable Logic Device (EPLD). Based on the most
advanced CMOS processes and familiar high density EPROM
cells, it gives you more architectural flexibility, higher density
and greater functionality than older bipolar PLDs orTTL
MSI/SSL Without the NRE, lead time and custom inventory
burden of ASICs.

You also get CAE development tools that shorten your
design cycle. Flexible A+PLUS software that lets you design it
your way. TTL macros, state machines, Boolean. You choose.

It even fits your design into the appropriate EPLD automatically.
You'll also get programming hardware that lets you implement
your design in silicon. In minutes.

Of course, staying on top is different from getting there.
So we're about to deliver new function-specific device families.
User-Configurable Stand-Alone Microsequencers that let you
build state machines that have hundreds of states rather than
dozens, with speeds you'll find hard to match.

And user-configurable microprocessor peripherals
that enhance system performance. We're even developing a
new general purpose EPLD architecture that will yield up
t0 10,000 gates.

For us, it means clear leadership in terms of technology
and market share. For you, it means confidence. The certainty
that your system will get to market in less time. For less money.
So your competitors can end up following you.

Call (408) 984-2800

ATIRA

3525 Monroe Street
Santa Clara, CA 95051

CIRCLE NO 155

A+PLUS is a registered trademark of Altera Corporation.

Distributed in U.S. byAlliance, Pioneer, Quality Components, Schweber and Wyle.
In Canada, distributed by Future.

© 1987 Altera Corporation.
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ALTERA INNOVATIONS
FIRST EPLD FIRST windowed surface
FIRST generic EPLD St EXa

T FIRST TTL macro functions
FIRST military EPLD for EPLD
FIRST plastic OTP EPLD

FIRST schematic entry

FIRST “zero power”EPLD  goftware for EPLD

FIRST VISI density EPLD FIRST automatic fitting
FIRST pin-grid array EPLD software for EPLD

FIRST programmable
register EPLD

FIRST desktop development
system for EPLD
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How to improve
your memory.

Get 1 Mbit of RAM in a credit-card size cassette.
The DuPont Memory Cassette System is the first
system of its size to deliver up to 1 Mbit of memory.
[t gives you everything you can ask for—size, speed,
and security.

While other types of data storage media may
have slightly more memory, you can fit multiple
DuPont Memory Cassettes in the space of conven-
tional drive systems. These cas-
settes can provide greater memory
and direct access to your data. And
they're faster too—about 107 times
faster, in fact.

Unlike floppy disks, the cas-
sette protects closed architectures
and virtually eliminates copying.
With a long-life replaceable lithium battery, to avoid
erasure during power failures. And the cassette
is designed to offer protection from electromagnetic
interference and electrostatic discharge.

We've put all those features in a really tough
package—the connector is rated for 10,000 mating

cycles minimum; tested up to 50,000 cycles—to
create a truly unforgettable system. Perfect for your
every application, RAM or ROM. The Memory Cas-
sette System will allow you to save on components,
save on space, and still design a more versatile product.
We'll be glad to tell you more. Just call 1-800-
527-2601, for our free brochure. But call now,
while it's fresh in your memory.

DuPont Electronics

Share the power of our resources.

ReC
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FLUKE 9100A « DIGITAL TEST SYSTEM

Get to the test mode

OOloloI

ool

In fact, twice as fast.

If you're developing automated test
routines for microprocessor-based digital
circuit boards, we'd like to introduce you
to the concept of speed. A concept that
has been difficult and expensive to attain
in emulative testers—until now.

Introducing the 9100A Digital Test Sys-
tem. It’s a high-performance, totally inte-
grated solution that accelerates software
development, then boosts test and trouble-
shooting productivity far beyond anything
else in its class.

© Copyright 1986 John Fluke Mfg. Co., Inc. All rights reserved. ~ Ad No. 2941-9100

And i's from Fluke, maker of the 9000
Series, the world’s best selling digital
troubleshooter. Of course.

Fast Programming

With the 9100A Test Programmer’s Sta-
tion, you can create powerful and detailed
test software in half the time it takes with
other emulative-type systems. Weeks
instead of months. And, still accommodate
changes and enhancements without miss-
ing a beat.

Easy-to-use software: The 9100A fea-
tures a high-level programming language,
syntax-checking editor and source-lan-
guage debugger all designed specifically
for writing digital test and diagnostic-
routines. And advanced Fluke hardware
connections let you work interactively with
your unit-under-test (UUT), speeding pro-
gram verification.

Built-in decision tree: Enter the board
information in straightforward database
format. Add stimulus routines. The 9100A
then produces comprehensive test pro-
grams for Guided Fault Isolation (GFI)
almost automatically. A special fault-trac-
ing algorithm makes all the choices about
the troubleshooting sequence.

Fast Troubleshooting

Here’s where Fluke’s new system really
takes off!

Because the programs you develop on
the 9100A can be executed by any number
of low-cost 9105A Digital Test Stations dis-
tributed wherever you need them—on the
production line serving as functional test-
ers, off the line troubleshooting fallout from
your ATE, or in service.

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C, Everett, WA 98206. Sales: (206) 356-5400. Other: (206) 347-6100.
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Full board coverage: This system iso-
lates digital hardware faults down to the
node level on all digital circuitry, SSI to
ASIC, at rates up to 40 MHz. For virtually
all boards (Fluke interface pods support
realtime emulation of over 50 different
MiCroprocessors).

Automated Fault Isolation: Lightning-fast
functional tests for elusive P kernel faults
are pre-programmed, and activated by
simple keystrokes. Beyond the kernel, your
GFI programs guide an operator right to
the faulty node quickly, with diagnostics in
plain English. Which means higher
throughput with operators of all skill levels.

Advanced circuitry interface: New Paral-
lel /0 Modules—a Fluke innovation—Ilet
you test as many as 160 pins simul-
taneously at up to 10 MHz. Helping to iso-
late faults faster than you ever thought
possible. And fixturing is amazingly flexi-
ble, allowing clips, bed-of-nails, and board-
edge connections.

For higher-frequency signals and those
hard to reach nodes, the system also
comes with a single-point probe.

High Performance Support

The 9100A Digital Test System is the
latest in a long ling of Fluke Board Test
Equipment which includes the 32008 43
Manufacturing Defects &
Analyzer, 3050B Functional
Test System and 9000A
Micro-System
Troubleshooter.

And it comes with

all the service, training
and applications support Fluke
is famous for the world over.

From the world leader in
emulative board testing.

Fast answers

Call Fluke at 1-800-426-0361 to get up
to speed fast!

IFLUKE]
®
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The most
compatible
surface-mount
power devices

ever made

HEXFET' A, il

Compare. You'll find no other power :

SMDs so closely matched in features and
capabilities. Together, our HEXFET power
MOSFETs, Schottkys and ultra-fast recovery
diodes will transform your design ideas into
real-world performers.

Look at the options: Schottky and ultra-fast
diodes in D-PAKs, I-PAKs and SOT-89s. The
same for N and P-channel HEXFETs. In all,
almost 100 different SMD part numbers
made to precise manufacturing standards.

This means top quality. Top reliability.
Top performance. And a unique combina-
tion that makes us the price-competitive
leader in complementary surface-mount
power devices.

Your choices? N-channel HEXFETS up

to 200V, and 15A, with Rds (on) as low as
0.10 Ohms; P-channels to —200V, —9.9A,
and 0.28 Ohms. Schottkys to 100V, and 6A;
Ultra-fast recovery diodes to 400V, 6A, with
maximum t,, to 30ns at rated current.

See them all listed in our new 1987 catalog.
Write, or call (213) 607-8842. Today.

Py

HEX-1 D-PAK

»
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HEX-2 T0-39
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POWER (WATTS)
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HEX-Z SOT-89 —T0O-92 (VN2222L)

T = 9
25 50

7'5 |:)0 125 150
JUNCTION TEMPERATURE °C ; H
Unprecedented power dissipation .
in a small package . ema ma
Number 1 in

power MOSFETs IR Rectifier

WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND TELEPHONE (0883) 713215. TELEX 95219

RCLE NO 159 Power MOSFETs + CMOS Power ICs - Commercial/Custom Power Packages * Schottkys
Cl Rectifier Diodes * Thyristors (SCRs) « Diode Bridges « Molded Circuits - Assemblies



TECHNOLOGY UPDATE

PC add-in boards rev up graphics engines
with hardware and software enhancements

Margery S Conner,
Regional Editor

The latest add-in graphics boards
for the IBM PC and PC/AT bus
incorporate graphics engines, which
give them faster response time and
greater color and pixel resolution
than the IBM Enhanced Graphics
Adapter (EGA), often at a surpris-
ingly low price. The EGA, which is
currently the standard graphics
add-in board for the IBM PC family,
is nonintelligent; it provides
640x350-pixel resolution and 16 col-
ors. Boards with graphics engines,
however, can provide resolutions of
as many as 2048x1536 pixels and
256 colors. All of the recently re-
leased boards incorporate either the
Intel 82786 or the Texas Instru-
ments TMS34010. However, you’ll
find that several manufacturers
have added software and hardware
enhancements that further increase
their boards’ capabilities.

The two chips each have their own
strengths (see the Special Report on
graphics engines, EDN, March 4,
pg 112). In general, boards based on
the 34010 are aimed at general-pur-
pose applications, because the chip’s
programmability and resulting flex-
ibility make it suitable for a wide
variety of uses. On the other hand,
boards based on the 82786 tend to
target specialized applications that
take advantage of the chip’s fast
hardware-windowing or dynamic-
RAM-control capabilities.

Best of both worlds

In its Pepper SGT graphics
board, Number Nine Computers
took a novel approach to balancing
the tradeoffs between software flex-
ibility and hardware windowing
speed: The board has both a 34010,
which serves as the general-purpose
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In its PG-1281 intelligent graphics add-in board, Matrox accelerated some of the 3,010 p.P’s

commonly used graphics software routines by implementing them in ASICs. The company
then took advantage of this proprietary hardware by developing its own software library.

graphics processor, and an 82786,
which handles the windowing func-
tions and dynamic-RAM control. At
$995, the board is competitive with
models that have only one graphics
processor.

“We felt that the two chips were
so complementary in functionality
that they were ideal in a single-
board package,” says William
Frentz, vice president of marketing
for Number Nine. “Because the
Intel chip is an advanced display
controller and the TI chip is a 32-bit
wP that’s tailored for graphics,
they’re not really doing the same
things—there’s a slight overlap, but
you get a different set of utilities out
of each chip.”

The board’s multiport display
memory permits asynchronous ac-
cesses by the 34010, the 82786, and
the host uP (Fig 1). The board can
also map display memory to any
part of the host pP’s memory: As
much as 16k bytes at a time can be
switched into a 64k-byte bounded
area in host memory. This method

allows a system operating under
MS-DOS, which has a 640k-byte
memory limit, to access a display
memory in excess of that limit.
NNIOS, the company’s proprietary,
EPROM-resident software inter-
face, controls the three processors’
access to the memory. NNIOS also
boosts the board’s efficiency by se-
lecting from the three processors
the one best suited for a particular
task.

The 82786 serves as the display-
memory controller for the board, as
well as controlling hardware win-
dowing.

You can access the 32-bit 34010
processor through NNIOS, or you
can program it directly. NNIOS
contains the manufacturer’s version
of graphics routines for the chip;
you can also write your own rou-
tines.

Optimized for MS Windows

Like Number Nine, Renaissance
GRX has developed extensive pro-
prietary software for its board. The
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PHILIPS SMD

<

DISCRETE SEMICONDUCTORS

What do you want in surface-mounted discrete semi-
conductors? The most advanced technology. Field-proven
reliability. And a broad range that meets all your needs.

That’s Philips. A world leader in SMD technology.
Inventor of the SOT-23. And the most experienced user
of SMDs in Europe.

Amperex offers you Philips surface-mounted discrete
semiconductors that are the industry standard. And it’s
the widest range of surface-mounted discrete semicon-
ductors you'll find anywhere. Including vertically diffused
MOSFETs and high-frequency transistors, up to 7.5 GHz.
In the SOT-23, SOT-143, SOT-89, and SOD-80 packages.

But that’s not all. Amperex, a North American Philips
Company, understands the industry-and understands

your applications. You can count on prompt delivery of
reliable components. And you can call on the Amperex
Technical Sales Specialists for advice or assistance.

Surface-mounted discrete semiconductors. Devel-
oped by Philips...supported by Amperex. For know-how,
selection, and support, we've got you covered.

To get all the facts, write or call Amperex Electronic
Corporation, A North American Philips Company,
George Washington Highway, Smithfield, RI 02917. Tele-
phone: (401) 232-0500. TWX: 710-381-8808.

In Canada: Philips Electronics Ltd., 601 Milner Ave-
nue, Scarborough, Ontario M 1B 1M8, (416) 292-5161.

In surface-mounted discrete semiconductors, we've got
you covered.

®
Amperex
A NORTH AMERICAN ™ pPHILIPS COMPANY
SMD-»
TECHNOLOGY
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software optimizes the company’s
Rendition board for Microsoft’s MS
Windows operating environment.
Despite its wide acceptance by ap-
plication-software writers, who ea-
gerly await the emergence of a
standard window environment, MS
Windows has yet to gain wide ac-
ceptance by users, because without
intelligent graphics hardware, the
environment’s response time is
sluggish and its windowing capabili-
ties are limited. (For more informa-
tion on proposed graphics interface
standards, see EDN’s July 9 issue.)

Because intelligent graphics
boards like Rendition can speed the
response of software windowing en-
vironments, MS Windows’ time may
finally have come. Further, it will
be easy to upgrade software appli-
cations written for the Windows en-
vironment to IBM’s new operating
system, OS/2. This fact may serve to
increase its attraction for applica-
tion-software writers. (For informa-
tion on how IBM’s new PS/2 may
affect add-in graphics boards, see
box, “Add-in graphics cards for the
IBM PS/2”.)

In a system with a nonintelligent
graphics board, such as IBM’s en-
hanced graphics adapter (EGA), the
host pP communicates through
Windows by firing a string of

graphics commands (also called a
display list) to the graphies adapter.
The host pP then waits for the
adapter to acknowledge that the en-
tire list has been accepted. The
34010-based Rendition board uses a
dual-ported RAM buffer to hold the
display list. At the same time that
the host pP fills the RAM from one
end, the Rendition removes the
commands from the buffer’s other
end. Renaissance has also written
its own MS Windows driver for the
board.

According to Renaissance, MS
Windows runs 20 times faster on the
Rendition board than on the IBM
EGA. Applications can run 100
times faster by writing directly to
RGDI, the board’s software inter-
face. RGDI contains entry points for
TT’s graphics-software library rou-
tines. (An example of a graphics
subroutine is a software program
that draws a graphies primitive,
such as a line.) Renaissance has also
written its own graphics routines,
which it claims are faster than TI's.
Most of TT’s graphics routines are in
C; Renaissance’s routines are in as-
sembly language. The company sug-
gests a retail price of $1195 for the
board, but anticipates selling it for
$535 in OEM quantities.

The major reason that these man-

ufacturers are taking pains to add
enhancements to their boards is
that they’re wary of getting in-
volved with another commodity
product like the EGA board: Be-
cause all the EGA clones are based
on the same chip sets, they’re differ-
entiable only by price. By adding
value in hardware or software or
both, manufacturers can avoid mak-
ing the same mistake with their
intelligent  graphics  add-ins.
Matrox, for instance, realized that
merely placing a graphics processor
on the bus and reselling TI’s soft-
ware would not differentiate its
board from other basic intelligent-
graphics-card models. In its PG-
1281 graphies board, Matrox saw an
opportunity to accelerate some of
the 34010’s commonly used graphics
software routines by implementing
them in application-specific ICs
(ASICs). Then, to take advantage of
this proprietary hardware, the com-
pany developed its own software li-
brary.

The PG-1281 includes an ASIC
that accelerates raster operations;
the chip also supervises host-to-
graphics-processor communications;
hard-wired vector generation; and
hard-wired pan, scroll, and zoom
capabilities. The implementation of
the vector generation alone makes

ONBOARD PEPPER BUS
i -
128k-BYTE | || 128k-BYTE COLOR
NNIOS RAOERAMIF S = }gjuATLSUGT- 2% ANALOG
EPROM MEMORY m— i ﬁ pgind s
- ; =
34010 5. /=
3M-BYTE (e} A S Wi
GRN"’HlCS DISPLAY- |2 g rlé OUTPUT
SYSTEM MEMORY |o <
PROCESSOR EXPANSION | @
e e
- — >
34010/HOST || 3
INTERFACE (] ';-—--------
MEMORY WINDOWS
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Fig 1—Combining the TI TMS34010 and the Intel 82786, the $995 Pepper SGT board from Number Nine Computers uses the firm's
proprietary software interface, NNIOS, to control communications among the two graphics engines, the host uP, and memory.
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for a fourfold increase in speed over
a standard 34010 implementation,
according to the company.

An onion-like software shell

To support the custom hardware
surrounding the 34010, Matrox sur-
rounds the 34010 and its ASICs with
a library of onion-like layers of C-
callable routines. The library com-
prises more than 300 graphics rou-
tines and consists of four layers. The
outermost and most abstract is the
3-D layer, which contains modeling
transformations for 3-dimensional
space. Below this layer is the 2-D

layer, followed by the screen layer,
which generates all screen shapes.
The screen layer transfers the shape
parameters to the kernel layer,
which is a direct interface to the
display hardware.

If you call library routines from
the 3-D layer, which is the most
abstract and hardware-independent
layer, the 3-D layer uses routines
from the 2-D, screen, and kernel
layers. If, however, you choose to
write directly to the hardware, you
call routines from the kernel layer.

The layers’ routines operate
under one of three command shells.

The PGM shell supports IBM’s Pro-
fessional Graphics Adapter (PGA)
commands as well as Matrox com-
mands used by other boards. The
library shell provides a command
interpreter that permits access to
library routines. The custom shell
gives you the option of writing a
custom command interpreter that
calls the graphics subroutines, so
you can develop your own algo-
rithms for the 34010.

Graphics add-in boards that use
the Intel 82786 offer a different set
of capabilities than those of the
34010-based boards. The 82786’s

Add-in graphics cards for the IBM PS/2

For its Personal System/2, IBM has introduced two

graphics-enhancement boards, one standard and
one optional. If the PS/2 catches on, the boards
will certainly become standard. The basic graphics-
enhancement board for the PS/2 is the video
graphics array (VGA), which, like the EGA, is
nonintelligent. The high-performance board is the
8514/A display adapter, an intelligent add-in. Both
boards use custom components.

The VGA, which will be the PS/2’s standard
graphics hardware, is essentially an EGA with ei-
ther higher resolution (640x480 pixels and 4 bits/
pixel) or more colors (320x200 pixels and 8 bits/
pixel). Like the EGA, the VGA has no processing
capability but relies on the host processor for dis-
play-memory manipulation. Its relatively simple
circuitry will fit into a gate array.

For EGA chip-set manufacturers like Paradise
Systems (South San Francisco, CA), cloning the
IBM EGA board and its software was relatively
easy—all of its components were discrete parts,
and IBM made the adapter’s BIOS extensions pub-
lic. To make its VGA and 8514/A boards more
difficult to clone, IBM is apparently not going to
release the graphics hardware’s BIOS.

Despite that fact, Paradise announced that it will
have samples of a VGA-compatible chip set by this
summer. The company admits that the software
development won’t be as easy as with the EGA
BIOS, when a group of software engineers could go
through the actual code and develop a specification
for all possible responses of the code. Working only
from the spec, programmers who had never seen
the original code could develop a BIOS that per-

formed exactly as IBM’s did, but had different cod-
ing. Developing the new BIOS without the orlgma.l
code will take a major effort in reverse
engineering. . L

Paradise didn’t wait for the announcement of the
PS/2 to start developing its ASIC design. Six
months before the announcement, the company’s
design engineers speculated about how IBM would
implement its new graphics board. The engineers
decided on the characteristics they thought were a
given and left open the hazier sections until after
IBM’s announcement. They claim that this head
start will allow them to have samples in 90 days
instead of a year.

Emulating the IBM’s 8514/A, the graphlcs-dls-
play option that takes advantage of the PS/2’s
microchannel, will require different technology.
The 8514/A is capable of 1024 X768 pixels and 4
bits/pixel (or 1024 X768 pixels and 8 bits/pixel) of
resolution and has some processing capabilities,
such as line drawing and BitBlts, so it will proba-
bly be too complex to implement in a gate array.

Further, emulating the 8514/A will require a
clone-maker either to invest in its own hardware
version of the graphics processor or to mimic the
processor’s functions with a graphics engine. This
development has Texas Instruments licking its
chops over the prospect that companies that at-
tempt to clone the IBM 8514/A will use the 34010,
which is a prime candidate because it’s program-
mable. It’s reasonable to speculate that a board
combining both the 34010 graphics processor and a
VGA-compatible chip would far exceed the capabili-
ties of IBM’s own board.
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So, Is There a Real ASIC
Second Source Setup 1n the Picture?

(Hint: Raytheon’s RL7000 and LSI Logic’s LL7000 are like . . .)

There’s been a lot of wishful thinking
about an active, genuine, semi-custom
logic array second source. For very
good reasons, but without a very
good solution. Now, the right people,
technology, and systems have been
brought together. Raytheon and LSI
Logic. It’s happening.

[0 Complete and identical: Long term
maintenance and bilateral updates of
well-known LDS™ front and back
end software. The same methodology.
The same libraries, logic design,
physical design, testing. ldentical.

LL7000 and LDS are trademarks of LSI Logic Corp

EDN June 25, 1987

[0 The Right Product: According to
the marketplace, 7000 Series is the
leading choice in 2-micron HCMOS
logic. Now, with a full-on second
source, 7000 Series is the ASIC
standard.

O It’s Happening: Raytheon has over
ten years of logic array experience.
LSI Logic has over five. Real time, in
the market, with real products.

(0 Now: You ought to can the apples

and oranges routine. Call Raytheon
for a real ASIC matchup.

CIRCLE NO 205

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
(415) 966-7716

Access to the right technology

Raytheon
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resolution is normally limited to
640x480 pixels and 8 bits/pixel for a
noninterlaced color (or shades-of-
gray) display. The UDC-800 board
from Univision overcomes this limi-
tation by using proprietary glue
logic around the graphies processor
to enhance the chip’s addressing ca-
pability and increase the resolution
to 2048 X 1536 pixels and 8 bits/pixel.
The board has a video-RAM-
based, 3M-byte frame buffer, and it
uses dynamic RAMs for the 500k-
byte display-list memory, which is
expandable to 1M byte. (The frame
buffer is the memory that stores the
screen’s pixel information; the dis-
play-list memory contains the com-
mands that drive the graphics en-
gine.) Note, however, that the 82786
can perform hardware windowing
only on 1-bit-deep pixels, and the
UDC-800 makes use of 8-bit-deep
pixels, so the board can’t perform
hardware windowing. To support
its windowing functions, the board
uses BitBlts, which are software
bit-block transfers from off-screen
memory to display memory.
Because of its high resolution, the
UDC-800 must support video-dis-
play rates of 200 MHz. The video-
display section, including the color
look-up table, is implemented in dis-
crete ECL. Although its resolution
is sufficient to support 256 different

CP/M-based S-100 systems.

Expect longevity for PC add-in cards

- You may wonder what effect IBM’s announcement of the Personal
System/2 will have on the market for add-in boards for the PC"and -
PC/AT bus. Tom Van Overbeek, who was vice president of m
ing at Morrow Computers (he now holds that position at Paradi
Systems), thinks a parallel may exist between IBM PC/XTs a
PC/ATs and the path of the machine they eventually replaced

Morrow Computers, now defunct was at one tune the Iarge
shipper of desktop CP/M systems. When IBM announced th
1981, the public perceived that the PC was clearly superior to

- CP/M-based systems in many ways. The PC immediately beca
popular; even so, the fourth quarter of 1983 was the biggest

- period in Morrow’s history. The CP/M machines continued to flour:
ish for several years after the announcement of the IBM PC.

Just as it took a while for the PC to catch on, Van Overbeek

~ suspeets, it will take a while for PS/2 hardware and software to
become dominant. He cites three reasons for his pro.]ectlon. First, it
will be some time before adequate interface support for PS/2 hard-
ware peripherals is available. Further, the established base of IBM
PCs, PC/XTs, PC/ATs, and compatibles is 15 to 20 million
finally, before they'll buy the PS/2, people will have to see a falrly
extensive base of software support for the OS/2. This last reason
may be the strongest of all: After all, you buy a record player to
listen to records, not just to look at a slick new machine.

. And

colors, the UDC-800 is currently
configured only for shades of gray,
because monitors that support this
display and color resolution are at
present prohibitively expensive.
The Vista VCS-2000 3-board set
exploits the dynamic-RAM-control

capabilities of the 82786. The set
comprises a graphies board with
1728 x2200-pixel monochrome reso-
lution and two data-compression/de-
compression boards that speed the
image processing of digitized docu-
ments or drawings. One application

Emulex Corp

Dorval, Quebec HIP 2T4, Canada

National Design Inc

2265 116th Ave NE

For more information . . .

For more information on the graphics boards discussed in this article or listed in the accompanying table, contact the
following manufacturers directly or circle the appropriate numbers on the Information Retrieval Service card.

Tektronix Inc

Box 6725 12885 Research Blvd Information Display Group 11 Tigan St
Costa Mesa, CA 92626 Suite 105 Box 1000 Winooski, VT 05404
(714) 662-5600 Austin, TX 78750 Wilsonville, OR 97070 (802) 655-2860
TWX 910-595-2521 (512) 335-1550 (503) 235-7202 TWX 510-600-1184
Circle No 734 Circle No 737 Circle No 740 Circle No 743
International Software Corp Number Nine Computer Corp Univision Technologies Inc Verticom Inc
528 Commons Dr 725 Concord Ave 12 Cambridge St 545 Weddell Dr
Golden, CO 80401 Cambridge, MA 02138 Burlington, MA 01803 Sunnyvale, CA 94089
(303) 526-0388 (617) 492-0999 (617) 273-5388 (408) 747-1222
Circle No 735 TLX 3717799 TLX 988755 TLX 754044

Circle No 738 Circle No 741 Circle No 744
Matrox Electronic Systems Ltd
1055 St Regis Blvd Renaissance GRX Inc Vectrix Corp Vista Computer Systems Inc

2606 Branchwood Dr

TLX 05822798 Bellevue, WA 98004 Greensboro, NC 27408
Circle No 736 (206) 454-8086 (919) 288-0520
Circle No 739 TLX 574417
Circle No 742

Vermont Microsystems Inc

860 Crusoe Circle
Thousand Oaks, CA 91362
(805) 495-7611

Circle No 745
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side view
(actual size)

With a Planar light-emitting
electroluminescent flat
panel display, you could use
the rest of this space for
anything you like. Call either
503-690-1100 or 503-630-1102,
or write for a brochure:
PLANAR SYSTEMS, INC.
1400 N.W. Compton Drive

Beaverton, Oregon 97006. l= ANL\:

CIRCLE NO 198 The Definition of Quality
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for the system is in document imag-
ing systems. The display memory
can hold the equivalent of as many

ings or documents. The standard The 82786’s dynamic-RAM-con-
board has 2M bytes of display mem- trol capabilities were the deciding
ory; you can expand the memory to factor in Vista’s choice of a graphics

as eight 8%x11-in. digitized draw- a maximum of 8M bytes. engine because the company wanted
REPRESENTATIVE PC ADD-IN, GRAPHICS-ENGINE-BASED BOARDS
- GRAPHICS | MEMORY | RESOLUTION INTERFACE | PRICE AND
MANUFACTURER MODEL ENGINE (BYTES) | (BITS) BUS SUPPORT COMMENTS
EMULEX INTELLIGENT 34010 512k TO4M | 640x480x4, |PC/XTORPC/AT | C,D,W |$1499 TO $2499;
GRAPHICS CONTROLLER 960x720x4, PRICE DEPENDS
1024x768x4, ON RESOLUTION
1024 %1024 x8,
1280x1024x8
VIEWMATE 82786 | 2MTO5M | 1240x950x1 |PC/XTORPCAT| W $5400
PG-1281 34010 | 512k TO 15M | 1280x1024x4, |PC/XT OR PC/AT | C, CGI, E, |$3495; EGA IS
1280x1024x8 G,M, P |OPTIONAL
GENESIS 1024 34010 [512k TO 15M | 1024x800x4 |PC/XT OR PC/AT | CGI, D, W [$1700; FOR 15M-
: , & BYTE MEMORY,
| ~ ADD $600
PEPPER SGT 34010 AND | IMTO4M | 1280x480x4, |PC/XT OR PCIAT | C,CGI, E, [$995; EGAIS
82786 640x480x8, G,H,N |OPTIONAL
800x600x4,
1280x350x 1
PEPPER PRO 1280 34010 IMTO8M | 1280x1024x8 PCIAT OR C,CGI, E, |$2995
RT PC G,H,N,P
RENDITION | 34010 512k 640x480x4, |PC/IXT ORPCIAT | C,CGLE |[§1195
1024 x768x 1 '
TEKTRONIX PLOT 10 PC4100 34010 M 640x480x8 |PC/XTORPC/AT| C,E,T |$1800; FOR
TERMINAL EMU-
LATION, ADD
$995
'UNIVISION UDC-800 82786 3M 1024x1024x8, |  PCIAT W $3495 TO $6995;
r | 1280x1024 x8, PRICE DEPENDS
' 1024x1280x8, ON RESOLUTION
1536x1280x8,
. 2048x1536x8
VECTRIX PRESTO 34010 512k 1280x1024x4, | PC/XT OR PC/AT C,D $1950 TO $2650;
1280x1024 x8, PRICE DEPENDS
1024 x1024 x4, ON RESOLUTION
1024 x1024 x 8,
1024 x768 x4,
1024 x768 %8
'VERMONT MICRO | PAGEMANAGER 100 82786 512k | 1024x1024x1 | PCIXT, PCIAT, C.G,W [$2495
SYSTEMS 1 OR RT PC .
[ mAGE MANAGER 640 34010 | 512k | 640x480x8 | PC/XT,PCAT, | CW  [8$1695
. . | oRmTEC |
VERTICOM DESKTOP 1280 82786 512k 1280x960x1 |PC/XTORPCAT| C,E, G, |$1295
PW
VISTA VCS-2000 82786 MTO8BM | 1728x2200x1 PCIAT w $3400 TO $5000;
, . , PRICE DEPENDS
ON MEMORY
SIZE AND IN-
CLUDES DATA
COMPRES-
SION/DECOM-
PRESSION
CAPABILITY
KEY:
C=COMPUTER GRAPHICS ADAPTER M=MATROX ENHANCED
CGI=COMPUTER GRAPHICS INTERFACE N=NNIOS
D=DIRECT GRAPHICS INTERFACE SPECIFICATION P=PROFESSIONAL GRAPHICS ADAPTER
E=ENHANCED GRAPHICS ADAPTER T=TEKTRONIX
G=GEM W=MS WINDOWS
H=HALO
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FlexOS

Bringing Design Flexibility

T

To Yur Real-tim Ne ds

Introdﬁéin the Flex0S Family of real-time,

multitasking, multiuser operating systems from Digital Research.

Real integration requires real performance and
capability. While microprocessor technology has
advanced to the point of competitiveness with
mainframes and minis, operating system technology has
left system developers frustrated—looking for the
flexibility, reliability, and portability you need in an
operating system.

The FlexOS family of operating systems brings you
minicomputer capabilities on micros. Standard FlexOS
features including real-time kernel, event-driven
dispatcher, multiuser file system, and asynchronous
functions, plus optional DOS compatibility, graphies,
and networking provide the resources you need to do
the job right. Developers will recognize functional
similarities between FlexOS and the popular features of

UNIX®, DOS, Concurrent” DOS, and RSX-11".

Flexibility: FlexOS has a modular architecture that lets
you implement the services you need today and with
full application compatibility, integrate the expanded
capabilities your system requires in the future.

Reliability: FlexOS has undergone IBM’s rigorous
testing as the operating system of choice for the 4680
POS cash register system. FlexOS has also been
designed into and approved for products from major
OEM’s including American Manufacturing Systems Inc.,

Toshiba® and IBM® Plant Systems.

Portability: FlexOS versions are available for the

80186", 80286™, 80386™, 68000" family and soon
for the NEC® V60. This gives you the same program
interface from the factory floor to the executive suite.

FlexOS derives from Digital Research’s decade
of experience developing multitasking, multiuser
operating systems for microprocessor-based designs.

For more information on FlexOS or to order a FlexOS

Developer Kit, call 408-649-3896. Or write to:

FlexOS Customer Service
Digital Research, Inc.
Box DRI

Monterey, CA 93942

DIGITAL

RESEARCH

T Y

FlexOS and the FlexOS logo are trademarks and Digital Research is a registered trademark of Digital Research Inc. Integrating Man and Machine is a service mark of Digital Research. Inc.
Other computer. processor. company and software names are trademarks or registered trademarks of their respective manufacturers. Copyright ©

EDN June 25, 1987

1987. Digital Research. Inc. All rights reserved.
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We Pioneered Modular
SemicustomTo Keep Your
Products Competitive

FIRST IN MODULAR: LTI developed the first ever modular
semicustom linear IC - MODULA™. The MODULA
semicustom series gives you superior design flexibility,
helping you meet project cost targets through PCB size
reduction.

DESIGN CENTRES - FIRST WITH OUR CUSTOMERS:

Customers have always come first with LTI. Our design
centres serving the Eastern U.S.A., Canada, Europe and
Japan are utilized to reduce prototype turnaround time.
Future centres are planned for the south and the west.

Linear Technology Inc.

P.O. Box 489, Station A
Burlington, Ontario, Canada L7R 3Y3
(416) 632-2996 Telex: 061-8525

Call us or contact one of our representatives.

CIRCLE NO 27
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DID YOU KNOW?

EDN serves
electronic engineers and
engineering managers in more than
100 countries worldwide.

EDN

LEPDATE

to offer a graphics board that was
capable of controlling a large memo-
ry. At the time the board was being
designed, dynamic RAMs were far
less expensive than video RAMs,
and 1M-bit video RAMs were not
(and still aren’t) available in produc-
tion quantities. (The US govern-
ment’s recent tariffs on Japanese
chips have since reduced the price
advantage of using dynamic RAMs,
however: The majority of 1M-bit dy-

namic RAMs are Japanese.)
Another factor in the choice of the
82786 was its hardware windowing
capability, which supports the VCS
2000 in instantaneously shifting the
display around the 8M-byte display
memory. For example, while view-
ing a schematic, a user might want
to call up a parts list; these tasks
might require scrolling and pan-
ning. The 82786 can handle such
window manipulations at hardware
speeds, regardless of the window’s
size (hardware windowing is based
on pointers selecting the portion of
memory to be displayed). Note that
Vista and Univision chose opposite
sides of the resolution/hardware
windows coin: Univision’s board has
eight bits of pixel resolution and no
hardware windowing; Vista's prod-
uct has hardware windowing, but
provides only monochrome display.
EDN

Article Interest Quotient
(Circle One)
High 512 Medium 513 Low 514

EDN June 25, 1987



[FYOU CAN'T
AFFORDTO SPEND
NINE MONTHS
DEVELOPING HIGH:
PERFORMANCE
GRAPHICSWE HAVE

IMPORTANT

NEWS.




YOUR PICTURES
ARE READY.

- USA. PlC @ BlVrite - (Untitled) 0%
Seare

"nfd Dra nm ns Uiew Line Pattern [ Fi
Test [ | Char

l

First corner: Other corner: Regenerating drawing.
Commeand:

Until now; there was only you can get a high-perform-
one way to make a desktop  ance graphics system to
system produce a decent  market in weeks.
image.You had to tie up Because weve already
your development team for written the key software
at least 9 months writing ~ drivers into the chip. In fact,
software. all the speed-critical func-

But now, with ournew  tions of CGI, DGIS, GDI and
82786 graphlcs coprocessor VDI are buﬂt in. So you can

AutoCAD is a trademark of Autodesk, Inc. Window ed trademark of Microsoft Corporation. © 1987 Intel Corpc
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draw lines, characters, poly-
gons, circles, arcs and fill
primitives at blazing speed.
And Bit BLT5 are almost
instantaneous.

Better yet, since the Intel
827806 has these functions
built in, you won't have to
g0 back to school to learn
how to program an addi-
tional microprocessor. And
with AutoCAD; DGIS, Gem
and Windows; you get all
this without writing one
line of code.

Of course, you'll save
more than time. Since you
don't have to buy expensive
emulators, compilers, and
debuggers, you'll also save
the cost and aggravation
of developing a system
with multiple processor
architectures.

At the same time, the
82786 delivers speed and
performance gains on the
order of 10x to 100x. Even
with standard, low-cost

DRAMs. And by using 786
windows, you can boost
the performance of your
windowed systems to 100x
Key Specifications

CRT LCD, Laser Printer

33.5 Megabits (1-8 bits/
Dixel, any aspect ratio)

Supported output devices:

Maximum resolution:

Maximum line drawing rate: 2.5M pixels/sec

Monochrome to 256
colors (1-8 bits/pixel)

Number of colors:

Maximum Clock Frequency: 20 MHz Bus Clock
25 MHz Video Clock

a typical software approach.
Or increase standard sys-
tems resolution up to 2K by
2K using standard video
RAMS.

So if youd rather make
great-looking pictures than
write endless lines of code,
we're ready to help.

Just call Intel at (800)
548-4725, toll-free, and ask
for Literature Department
W352.

And see what develops.

intal
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CMOS packaging.

Get GE, RCA and Intersil world-class CMOS chips
in your choice of surface mounted packages.

Forincreased board density, lower lead
inductances (for increased speed) or lower
manufacturing costs, consider surface
mounting. GE/RCA offers a broad range of
CMOS ASICs and standard ICs in three dif-
ferent families of surface-mount packages.

Small-outline (SO) packages.

Except for the “gull-wings” that make it
surface-mountable, the SO package s like a
miniature DIP. A major advantage of the SO
package s its small footprint (50-mil lead
centers vs. the 100-mil lead centers of a DIP.)

GE/RCA offers two SO body widths:
150-mil for 8, 14 or 16 leads; and 300-mil for
16,20, 24 or 28 leads. Both meet JEDEC
standards.

Plastic chip-carriers (PCC).

For well-protected leads and a minimum-
sized package, GE/RCA offers the square
PCC with “J-bend” leads on all four sides.
Initial PCC’s offer lead counts of 28, 44,68
and 84. Our PCC package dimensions con-
formto JEDEC standards.

Ceramic leadless-chip-carriers.

For applications requiring the highest
reliability, these packages are screened to
MIL-STD-883, Method 5004 Classes S and
B format.

GE/RCA leadless-chip carriers are her-
metically sealed, square, three-layer ceramic.
They're available with terminals spaced on
40-mil centers (24, 32 or 64 terminals) or
50-mil centers (20, 28 or 44 terminals).

Start saving with surface mount.

For more information, call toll-free
800-443-7364, ext. 13. Or contact your local
GE/RCA sales office or distributor.

Call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (02) 826-6747.

2 ren
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SUB-MICROSECOND
A/D CONVERTERS

| | . ‘ ' . ’ THROUGHPUT

A/D converters give you the greatest MODELNUMBER |  RESOLUTION & HOLD AMPLIFER
choice aval_lable tOday from a single ADC-500/-505/-508 500-800 nSec
source. This combination of products i o
coupled with DATEL's commitment to ADS105/-106 750 KHz
bringing you the fastest most precise ADS-21/-22 13/1.0MHz
and reliable A/D converters, will expand | abc-si0/-515 325 nSec
your design capability and enhance your | aps-115/-16 1.00 MHz
system performance levels. = e

Speed up your designs with DATEL | apcsin 900 nec
converters today. ADC-815 ; 700 nSec

Call or write for information on all s e
DATEL data conversion products includ- > i
ing complementary Traci and Holds.

L [ [=|L

LEADERS IN DATA CONVERSION TECHNOLOGY

11 Cabot Boulevard, Mansfield, MA 02048 (617) 339-9341 EDN June 25, 1987
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Comparisons reveal the pros and cons of
designing with switched-capacitor ICs

David Shear, Regional Editor

Now that the telecommunications
industry is no longer dictating the
performance levels of switched-ca-
pacitor components, many more
flexible models of these ICs are rap-
idly becoming available. But al-
though the options abound for dif-
ferent applications, you should
consider some of the drawbacks in-
volved in designing with switched
capacitors. Disadvantages in perfor-
mance may outweigh such advan-
tages as the low cost and ease of
design that switched-capacitor com-
ponents can often claim. Your spe-
cific application will of course figure
largely in your final choice; never-
theless, some general rules are rele-
vant, and some pitfalls may send
you running back to the correspond-
ing conventional linear devices.

The most popular application of
combining switches and capacitors
is switched-capacitor-filter imple-
mentation. Some common charac-
teristics of these devices are low-
pass, highpass, Bessel, and
Butterworth. Sometimes the manu-
facturer defines all the parameters,
but in some cases, the user can
specify some parameters according
to his application. A filter’s corner
frequency is determined by a clock
supplied to the filter. A corner fre-
quency is the clock frequency di-
vided by some number, usually 50
or 100. (For more detailed informa-
tion on switched-capacitor filters,
see Ref 1 and Ref 2.)

The accuracy of the corner fre-
quency is a major advantage of
switched capacitor filters (see box,
“Switched-capacitor filters”). The
clock- to center-frequency ratio of
Linear Technology’s $8.25 (100)

EDN June 25, 1987

Combining in-circuit emulation with menu-driven software, the Filter Development

System from Crystal Semiconductor allows anyone who can describe the parameters of a
filter to test the design. It's used in conjunction with the CS7008 universal active filter.

LTC1061 Triple Universal Filter
Building Block is 50:1 or 100:1 with
an accuracy of +1.2%. As long as
the clock you use is also very stable,
the +1.2% accuracy is very stable
over time and the full temperature
range (better than +1 ppm/°C). The
monolithic construction and use of
capacitor ratios creates this out-
standing stability. By varying the
clock frequency, you can tune the
corner frequency from less than 1
Hz to 40 kHz. For applications re-
quiring frequencies of less than 1
Hz, these filters save you much both
in cost and in pc-board real estate
because they don’t require the large

capacitors that a conventional filter
needs for low-frequency applica-
tions.

Switched-capacitor filters are in-
trinsically easy to use in a design.
Crystal Semiconductor’s $30 (100)
CS7008 Universal Filter and the
CDS7000 Filter Development Sys-
tem ($3599) make designing a
switched capacitor filter even easi-
er. The CS7008 is a digitally config-
urable filter that you can use in the
audio band for even-order filters up
to the eighth order. To configure an
actual filter, you can load the pa-
rameters from a PROM, from which
the filter can self-load, or you can
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SPEED
WITHOUT

COMPROMISE

PMI’s OP-42

Guarantees
Fast Settling
Plus DC Precision

PMI'’s newest high
speed op amp
guarantees slew rate

of 50V/us and settling OP-42 Available now. For more
time of 1us to 0.01%. information circle the

: V, 750uV M:
With its IOMHz gain 08 o s o inquiry number or call us.
bandwidth and 850kHz AyoL 500,000 Min 1-800-843-1515. In California,
full power BW, the OP-42 CMR 88dB Min call 1-800-826-9664.
combigssiish poed TCVps  10uV/°C Max Precision Monolithics Inc.

with accurate DC

A Bourns Company EEINeR
performance. panj i

Santa Clara, California, USA
408-727-9222

Guaranteed unity gain stability,
capacitive load tolerance, and
clean transient response make
the OP-42 easy to use. ..

... with only 6mA of supply
current max.

ANAHEIM: (714) 866-0140, LOS ANGELES: (818) 886-6881, SANTA CLARA: (408) 727-6616, J e u—
DALLAS: (214) 341-1742, CHICAGO: (312) 885-8440, ATLANTA: (404) 263-7995, B1\Vii
PHILADELPHIA: (215) 675-7600, BOSTON: (617) 794-0026 ® ‘

The precision solution.

CIRCLE NO 200
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load the parameters via the univer-
sal filter’'s wP interface from a host
microprocessor.

The Filter Development System
is an IBM PC-based system that
includes an in-circuit emulator.
Anyone who can define, via menus,
the parameters of a filter can quick-
ly test the filter in the target sys-
tem.

Noise remains a concern

Noise has always been a concern
when evaluating switched-capacitor
filters. As the noise goes up, the
signal-to-noise (S/N) ratio de-

creases. The output noise of EG&G
Reticon’s $6.50 (50) RF5609A sev-
enth-order elliptic lowpass filter is
2.5 mV rms whereas the company’s
$5.25 (50) RU5622A 8-pole universal
active filter spees 240 wV rms. Lin-
ear Technology claims that the
LTC1061 has a wideband rms noise
level of less than 100 wV rms. With a
maximum input voltage of 3V rms
and a wideband rms noise of 55 pV
rms, the resulting S/N ratio for the
LTC1061 is 95 dB.

The total harmonic distortion
(THD) provides a good indication of
a device’s linearity. The THD of

ov

10 pV/DIV

50 wSEC/DIV

(a)

10 pV/DIV

2 mSEC/DIV

(b)

Fig I—The noise of a chopper-stabilized op amp (a) is 10 pV p-p with 16 wWV p-p switching
spikes. The noise of a conventional OP-77 op amp (b) is on the order of 2 pV p-p. For both

cases, gain equals 1000.

Advantages:

Ease of design

Small pe-board area

Very low frequency (<1 Hz)
Low cost

Monolithie implementation.
advantages:

High noise (>10 pnV)

Large Vs (>100 mV)
Aliasing problems

High THD

Di

w

Low voltage swing (<10V p-p)

May need post-filtering.

Switched-capacitor filters

Switched-capacitor filters exhibit the following advantages and disadvan-
tages in comparison to conventional filters.

® Good corner frequency accuracy (0.6%)
Good corner frequency stability (1 ppm/°C)

Low corner frequency (<40 kHz)

Requirement for system-generated clock frequency
Clock required for analog function
Limited dynamic range (<95 dB)

switched-capacitor filters will in-
crease with increasing input-voltage
swing. As a result, increasing the
maximum signal (and the S/N ratio)
also increases the THD. If your ap-
plication requires that the THD be
kept to a minimum, you must de-
crease the maximum input signal,
which in turn decreases the S/N
ratio. The current consensus is that
a S/N ratio of about 80 dB results in
a THD that’s below the noise floor.
Unfortunately, the typical
switched-capacitor filter also has
an input offset voltage (Vos) of a few
hundred millivolts. Linear Technolo-
gy’s $3.55 (100) LTC1062 fifth-order
lowpass filter does not have the off-
set problem because that filter actu-
ally operates outside the dec path.

Chopper-stabilized op amps

Another application of switches
and capacitors is the chopper-stabi-
lized op amp (see box, “Chopper-
stabilized op amps”). Using
switched-capacitor techniques, this
amplifier continuously recalibrates
the input in order to subtract the
input offset voltage. This technique
results in an initial offset voltage of
5 nV and a drift of 0.05 wV/°C. And
you don’t even have to trim to obtain
these impressive offset specifica-
tions.

Of course noise plagues this appli-
cation just as it does all the others,
and it limits the dynamic range. Fig
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Fig 2—The 1/f noise of a chopper-stabilized
op amp actually decreases at low frequen-
cies, where a conventional op amp’s noise
increases at a 3-dBloctave rate.
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1 shows the noise from a precision
monolithic op amp and the noise
from a chopper-stabilized op amp.
However, the chopping process ac-
tually reduces noise for the very
low-frequency ranges. Fig 2 shows
that the 1/f noise of a chopper stabi-
lized op amp at very low frequencies
does not follow the standard 3-dB/
octave increase.
Chopper-stabilized op amps do
not have very fast settling times or
overload recovery time because they
sample the signal at a rather low
rate (around 400 Hz). The output

will approach the final value rather
quickly and then step to the final
value at the sample rate.

The chopper-stabilized op amp
has a very long overload recovery
time. If a chopper stabilized op amp
reaches saturation, the external ca-
pacitors are driven to a supply rail,
and the time it takes the capacitors
to recover is usually in the hundreds
of milliseconds. The overload recov-
ery of a conventional op amp will be
less than 10 psec.

Chopper-stabilized op amps have
generally required external capaci-

up like this:
Advantages:
® Low Vg drift (0.05 nV/°C)
® Low initial Vg (5 nV)
® No testing needed
® No trimming required
® Low noise at low frequency.
Disadvantages:
® Higher noise
® Limited dynamic range
® [External capacitors required
® Slow settling times
“

Chopper-stabilized op amps

When compared to monolithic op amps, chopper-stabilized op amps stack

Poor overload recovery (>100 msec).

Advantages:

® Ease of design

® Low cost

® Small size

® No inductive spikes.
Disadvantages:

® Low output current

e Unregulated output.

Switched-capacitor voltage converters

Switched-capacitor voltage converters have the following advantages and
disadvantages in comparison with switching regulators.

Advantages:
® 120-dB CMRR to 20 kHz

® No adjustment for high CMRR

Disadvantage:
® Low frequency (<15 Hz).

Switched-capacitor instrumentation amplifiers

In comparison with conventional instrumentation amplifiers, switched-ca-
pacitor instrumentation amplifiers reveal the following characteristics:

® Stable over time, temperature range

® Low cost, no precision components.
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tors on the pc board. However, some
devices, like Maxim’s $5.65 (100)
MAX 430/432, now have the capaci-
tors within the package. The MAX
430/432 has the added advantage of
working on *15V instead of the
more standard =5V. Also, it uses
the standard 8-pin op-amp configu-
ration, so you can replace an exist-
ing amplifier with a chopper-stabi-
lized version without modifying
your pc board.

Making a negative supply

Ease of design is a major advan-
tage when you compare a switched-
capacitor voltage converter to a
switching-regulator design (see
box, “Switched-capacitor voltage
converter”) because the latter re-
quires the use of inductors or some
form of magnetics. No inductors
means less noise. The inductors cre-
ate spikes when switched, and these
spikes are typically noisier than
those created by switching capaci-
tors. Low cost and small pe-board
real estate are also big pluses.

The main problem with switched-
capacitor design is the low amount
of output current it produces. You
can use Intersil’s $1.40 (100)
ICL7660 to supply 20 mA, for exam-
ple, but the output will only be
—4V—instead of —5V—because the
output won’t be regulated. The
Maxim MAX 680 +5V to =10V
Voltage Converter ($2.16 in 100s)
creates a dual supply from a single
5V source, but it too is unregulated.

Linear Technology’s $2.95 (100)
LTC1054 switched-capacitor volt-
age converter is a monolithic bipolar
converter with a regulator. It’s pin
compatible with the ICL7660 and
can supply 100 mA on the negative
rail. The LTC1054 also includes a
2.5V bandgap reference and an
error amplifier. If you want a regu-
lated negative output, you can pro-
vide two external resistors for feed-
back from the output to the error
amplifier.

Among the many other applica-
tions of switched capacitors, Linear
Technology’s $2.95 (100) LTC1043
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RAPID SYSTEMS ANNOUNCES
PC-BASED, REAL-TIME SPECTRUM ANALYSIS!

Finally, a complete line of PC-
based, real-time spectrum FFT Spec-
trum Analyzers for all your digital
signal processing requirements. No
programming required!

Our new Spectrum Analyzers
utilize a 20MHz T1/TMS32010 digital
signal processing chip with unique
hardware address generation for fast
spectrum computation. Simply plug
one of our new Spectrum Analyzer
Peripherals into your PC, connect
your signal source, slip in the soft-
ware disk, and you're ready to run
real 1024-point FFT spectrums at 5
to 12 times a second, depending on
your PC configuration.

Our R360 Spectrum Analyzer
Samples 4 Channels Simultan-
eously — Only $2995.

The R360 front end has 4 S00KHz
analog-to-digital converters, allowing
4 separate and individual channels
to be captured or sampled at the
same time.

Large Buffers And A Program-
mable Gain Amplifier For
Each Channel.

The R360 offers the benefit of
extremely large buffer size (32,760
eight bit words) for 4-channels. The
total data buffer size is 128K. The user
can view 4 channels simultaneously.

In addition, programmable gain
offers 100db of input signal resolu-
tion from 1mv to 512v p-p.

Unique Software Features.

The R360 provides completely turn-
key spectrum analyzer software:
Spectrum averaging
Print spectrums
Self calibration by channel
Triggering: Digital/Analog
Linear or log amplitude and
frequency scale (auto-ranging
in linear scale)

Digital scope data display
Sample rates from .1Hz to S00KHz
Amplitude and frequency cursor

{20 st I )

oOoo

O Switch between time and
frequency displays using one
function key

O Label spectrums

O Save/retrieve spectrums

Plus, The Spectrum Analyzer
Features You Expect.

O FFT window types: Hanning and
rectangular

1 Meg ohm 30pf input impedence
BNC input connectors

AC or DC coupling of the inputs
Diode protected inputs

250KHz bandwidth in all gain
ranges

Input protection to +/— 250 volts
Software selectable gain ranges
from 10mv/div to 20v/div

Full analog triggering with analog
trigger input BNC

O Trigger adjust potentiometer

High Performance Test and
Measurement Instruments

Controlled By PCs.

Rapid Systems Test and Measure-
ment PC Products are designed,
manufactured and tested to be ready
to go, the minute you receive them.

Plug a Rapid Systems Peripheral
into your personal computer, slip
in the disk, touch one button and
you're ready to work. It's that sim-
ple and easy to use.

] ] o e N M

For your free copy of the new
Rapid Systems catalog, to order,
or for further information, call or
write Rapid Systems, 433 N. 34th
St., Seattle, WA 98103. (206) 547-8311.
Telex: 265017UR.

RAPID SYSTEMS =gt
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NEW
~ SERVO CHIP SET FOR
HIGH PERFORMANCE
HARD DISK DRIVES

FEATURES:

$S1 567 SERVO DEMODULATOR

« Servo demodulation for dedicated
surface servo systems

« Di-bit quadrature servo pattern

* PLL synchronization

§S51568 SERVO CONTROLLER

+ Servo control for dedicated surface
servo systems

* Quadrature servo pattern

« Linear velocity control loop

« Programmable offset and gain
control

 Microprocessor bus compatible
interface

SSI 569 SERVO MOTOR DRIVER

» Voice coil servo motor predriver

« Compatible with complementary
power FETS

« Bridge output driver configuration

« Automatic head retract and spindle
motor brake command in the event
of power supply failure

Now, with Silicon Systems new Servo
Chip Set, HDD designers have the
means to provide fast, precise, head
positioning in their high performance
hard disk drives.

The new chip set provides superior
performance and features lower power
dissipation, reduced board space, and
lower cost than alternative design ap-
proaches. With ifs high level of integra-
tion, the set includes all the functional
building blocks needed in the servo
channel, and it is easily confrolled via
the microprocessor interface.

For more information, contact:
Silicon Systems, 14351 Myford Road,
Tustin, CA 92680.

Phone: (714) 731-7110, Ext. 575.
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switched-capacitor building block
provides you with an instrumenta-
tion input that realizes a 120-dB
CMRR to 20 kHz (see box,
“Switched-capacitor instrumenta-
tion amplifiers”). This ratio is stable
over time and the full temperature
range and requires no adjusting to
achieve the high CMRR. Compared
to the standard multiple-resistor in-
strumentation-amplifier design,

this approach is less expensive be-
cause no precision components are
needed and no trimming is re-
quired. Yet the signal bandwidth of
this device is only 10 or 15 Hz, so it’s
best used for de measurements.
National Semiconductor’s $4.20
(100) LMC669 auto-zero circuit al-
lows you to reduce the Vs on any
other device. This feature lets you
take advantage of the characteris-

=15V O 15V
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Fig 3—The LMC669 auto-zero circuit from National Semiconductor corrects the 250-mV
offset of an MF-6 switched capacitor filter. The Vs of most inverting systems can be corrected

i this manmner.

For more information . .

numbers on the Information Retrieval
Crystal Semiconductor Corp Intersil Inc
2028 East Saint Elmo Road
Austin, TX 78760

(512) 445-7222

TWX 910-874-1352

Circle No 728

(408) 996-5000
Circle No 730
EG&G Reticon

345 Potrero Ave
Sunnyvale, CA 94086

(408) 738-4266 (408) 432-1900
TWX 910-339-9343 TLX 4993977
Circle No 729 Circle No 731

For more information on the switched-capacitor ICs described in this arti-
cle, contact the following manufacturers direetly or circle the appropriate

10600 Ridgeview Ct
Cupertino, CA 95014

TWX 910-338-0171
Linear Technology Corp

1630 McCarthy Blvd
Milpitas, CA 95035

Service card.

Maxim Integrated Products
510 N Pastoria Ave
Sunnyvale, CA 94086

(408) 737-7600

Circle No 732

National Semiconductor
2900 Semiconductor Dr
Santa Clara, CA 95052
(408) 721-5000

TLX 172139

Circle No 733
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Silicon Systems now introduces the
SSI Servo Chip Set. It is a 3-chip servo
sef for precise head positioning in
the new high-performance hard disk
drives. This is just the latest develop-
ment in the company’s program for the
full integration of disk drive electronics.

The new set consists of the SSI 567
Servo Demodulator, which provides
servo demodulation for dedicated-
surface servo systems; the SSI 568
Servo Controller, which provides servo
control; and the SSI 569 Servo Motor

Circle no. 4 for Product Information

INEW FROM SILICON SYSTEMS—
A SERVO CHIP SET FOR
HIGH PERFORMANCE HDD's!

Driver, whick > coil servo
motor predriver that is compatible with
complementary power FETS. The chip
sef includes all the functional building
blocks required in the servo channel,
and is easily controlled via the micro-
processor interface.

This chip set will break down major
barriers to entry into the development
of high performance hard disk drives.
With its high level of integration, it pro-
vides superior performance and fea-
tures for lower power, reduced board

dillom ﬁ&ffm‘f“

INNOVATORS IN JINTEGRATION

DATA
RECOVERY

$61532

space, and lower cost.

For more information on the new
SSI Servo Chip Set and the other excit-
ing product families in the complete
ESDI and SCSI Chip Sets for HDD
and FDD disk drive electronics, contact
Silicon Systems today.

Silicon Systems, 14351 Myford Road,

Tustin, CA 92680. Phone: (714) 731-
7110, Ext. 575.

Circle no. 43 for Career Information
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3201 LathamDf, Madison, W1 53713
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DID YOU KNOW?

Half of all EDN’s
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tics of any device with substantial
reduction of its Vos. For example,
Fig 3 shows a method of reducing
the Vs of a switched-capacitor fil-
ter. You can only use the LMC669 in
an inverting configuration.

One inherent limitation of most
switched-capacitor ICs lies in the
CMOS technology with which
they’re built. Bipolar is much more
rugged than CMOS, in terms of
resistance to electrostatic discharge
as well as resistance to the effects of
radiation.

Although you will always find a
place for the conventional bipolar
linear devices, manufacturers are
using switched-capacitor technolog-
ies to create other options. They are
beginning to make new components
available that are stable and repro-
duceable, require no trimming, cost
less, and could prove easy to include
in your next design. EDN

References

1. Cormier, Denny, “Program-
mable switched-capacitor filter ICs
cut component count in many filter
types,” EDN, June 26, 1986,
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2. Lacanette, Kerry, “Universal
switched-capacitor filter lowers
part count,” EDN, April 3, 1986,
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GE/RCA Silicol

on-Sapphire

pice. . errors/bit/day. SOS offers a very high total dose
That's because the sapphire substrate gives you tolerance: all the way from 100K Rads to
totally isolated n and p devices, for outstandlng “MEGARAD” dosage.
radiation-hardness. w When you want SOS performance,
CMOS/SOS is virtually latch- there’s simply no substitute for
up free under transient radiation GE/RCA. We invented both CMOS
It has extremely high toler- and SOS technology. And we have
ance tosingle event upset (SEU) | extensive experience in both rad-
caused by radiation—for '\ hard ICs and Class S screening.

continued —




No one offers you a

" ASICs

Our CMOS/SOS standard cell family with-
stands total dose radiation of 100K Rads (Si). It
can be screened to Class S specifications.

You can choose from dozens of fully-charac-
terized cells, to design ASICs to over 3,000 gates
with die sizes up to 100,000 mils? And use proven,
user-friendly design and testing software (our
first-time success rate is over 90%).

We offer a variety of packages, including dual
in-line, flat packs, leadless chip carriers and pin-
grid arrays.

Your CMOS/SOS ASICs will be latch-up free,

SEU tolerant, transient upset >10"° Rads/second,

and give you allthe CMOS advantages, including
low-power requirements, high noise immunity and
wide operating temperature range.

92

CMOS

Logic

GE/RCA has long been the leader in High-Rel
rad-hard logic, with the time-tested CD4000 se-
ries, with more than 100 functions, and total dose
tolerance of 10° Rads (Si).

Now we've got a new high-speed rad-hard
logic series that's an outstanding drop-in, low-
power replacement for bipolar LS and ALS cir-
cuits. These circuits are as fastas ALS with only a
fraction of the quiescent current.

For example, our new HCTS240 octal buffer
has a quiescent current of only 5uA, SEU immuni-
ty, latch-up immunity, insensitivity to neutron irra-
diation, and a transient-upset rate >10"° Rads/
second. It's available now in volume.

And we'll be introducing many new devices
this year, including a 4-bit counter, an octal buf-
fer/line driver, a dual JK flip-flop and a hex
inverter.



broader line of rad-hard

products.

When Rockwell needed super-reliable com-
ponents for their 1750A processor (used inthe
new small ICBMSs), they turned to us.

We responded with ASICs that did the job: the
MIL-STD-1750A embedded processor.

The processor has speed >700 KOPS (dias
mix). CPU uses six LSl logic chips implemented
with our standard cells. And it's in 132-terminal flat
packs.

Most important, it meets the critical require-
ment of rad-hard survivability for strategic weapon
systems, the most stringent application that exists.
And this processor is available for your programs

- EPIC chip set

This CMOS/SOS Emulating and Program-
mable |C set can be usedtoimplementnewarchi-
tectures or emulate existing ones, like a 1750A
processor.

It consists of an 8-bit-slice processor, con-
trollers, 1/O devices and ROMs, giving you com-
plete design versatility.

16 K RAMs

We're delivering rad-hard 16K static RAMs,
screenedto Class S, in high volume.

These 16,384 x 1 RAMs are latch-up free;
have SEU of 2x10™ errors/bit/day; a transient
upset rate >10"% Rads/second; and total dose
tolerance >100K Rads (Si).

Add to this access time of 125 ns (80 ns typi-
cal)at 25°C (post-RAD access of 150 ns), and the
wide CMOS operating temperature range of -55°C
to +125°C, and you can see why we're producing
these RAMs as fast as we can.

We also offer 4096x1 and 1024x4 rad-hard SOS
CMOS static RAMs, which are being qualified to
M38510 Class S.

So if you need rad-hard memories, or any other
rad-hard devices, there are only three things you
need to remember: CMOS/SOS; GE/RCA—the
technological leader; and our toll-free number
800-443-7364, extension 18.

B nen

Call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (02) 826-6747. 93



Toshiba’s process technology has
made us the world’s leading supplier of

50000 Gates
At 07 Nanoseconds.

CMOS devices. From this experience

comes the capability to build a 50,000

gate ASIC.
And
from Toshiba’s
manufactur-
ing capa-
bilities comes
the volume
production to
meet your
smallest or
greatest needs.
These

new Toshiba
“Sea of Gates”

Compacted Arrays™ provide high packing
density for more effective silicon utiliza-
tion and ultra-high speed. And they are

available in 5 base arrays with usable gates

from 15,000 to 50,000.

This new family is compatible

TOSHIBA. THE POWER IN GATE ARRAYS.

SEA OF
3 MICRON 2MICRON 1.5 MICRON GATES
CHANNELLED CHANNELLED CHANNELLED COMPACTED
ARRAY ARRAY ARRAY ARRAY™
SERIES TC15G TC17G TCI19G TC110G
880to 540 to 3,200 to 2,100 to
e 6,000 10,000 10,000 50,000
DESIGN RULE 3pum 2pm L.5pm 1.5pum
GATE SPEED 2.5ns 1.5ns 1.0ns 0.7ns
PART NO’s 6 9 53 5
AVAILABILITY NOW NOW NOW NOW

All Si-Gate CMOS double layer metal.

Compacted Array is a trademark of LSI Logic Corporation.

with Toshiba’s existing channelled array

families, using
compatible
macrocell
libraries

and CAD
software.

If you
are working
on advanced
products — or
working to
advance exist-
ing products,

talk to Toshiba

at one of our conveniently located
Design Centers. We're leading the way.
Toshiba. The power in gate arrays.

AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., (408) 244-4070; SOUTHWESTERN
REGION, Toshiba America, Inc., (714) 752-0373; SOUTH CENTRAL REGION, Toshiba America, Inc., (214) 480- 0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 493-4401; MAJOR ACCOUNT OFFICE,
POUGHKEEPSIE, NEW YORK, Toshiba America, Inc., (914) 462-5710; MAJOR 'ACCOUNT OFFICE, BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Mont omery
Marketlnq Inc., (205] 830-0498; ARIZONA, Summit Sales, (602) 998-4850; ARKANSAS, MIL-REP Associates, 1512) 459-8602; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (LA. & Orange ounty)

0(;er Eleclromcs Inc., 818)712 0011, (714) 957-3367, SSan D|
203) 288-7005; DISTRICT OF COLUMBIA, ArboTek (301

825-0775; FLO

IDAHO Components West, (509) 255-6224; ILLINOIS, Carison Electronic Sales, (312) 956-82

D.LE. Electronlcs (316) 744-1229; KENTUCKY, Leslie M. DeVoe Company,
MASSACHUSETTS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action

oCount‘) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc.,
IDA, Sales Engmeenng oncepts, (305) 834-7656, (305) 426-4601, (813) 963-1042; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124:

EPS., (217)529-5711; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; I0WA, C.H. Horn, (319) 393-8703; KANSAS.

317) 842-3245; LOUISIANA MIL-REP Associates, (713) 444-2557; MAINE, Datcom, Inc., g
omponents Sales, (313) 349-3940; MINNESOTA, Electric Component Sales, (612) 933-2594; MISSISSIPPI, Monlgomery Marketing, Inc.,

617) 891-4600; MARYLAND, ArboTek, (301) 825-0775;



RAM & ROM Memory
In CMOS ASICs.

Now add custom-built memory to
your standard cell designs. Add ROM in

various word and bit combinations up to

16 kbits. Add RAM in word
and bit configurations up to
4 kbits.

Based on Toshiba’s pro-
prietary 2-micron, double-
metal CMOS process, this
new series of devices is com-
patible with existing and
future Toshiba standard cell
and gate array families.

These advanced de-
vices integrate up to 10,000
gate equivalents with typical
speeds of 1.5 nanoseconds
for a loaded 2-input/2-output
NAND gate.

Look to Toshiba for

the newest advances in custom LSIs and

TOSHIBA.

THE POWER IN STANDARD CELLS.
SERIES TC2ISE TC22SC
GATES MAX. 10K | MAX. 10K
CAD VLSI VLSI

CAD-1 CAD-IA
DESIGN 2.0 pm 2.0 pm
RULE
SPEED 1.5ns 1.5ns
MACRO TCI17G TE2SC
FUNCTIONS | Gate Array | MACRO:s,
MACRO plus:
Cell RAM 4K
ROM 16K
Functional
MACROs
74 Series
AVAILABILITY | NOW NOW

All Si-Gate CMOS double layer metal. g

%

for the manufacturing strength that
means unmatched production capability.
For complete details, call your

Regional Sales Manager
at one of Toshiba’s Regional

Sales Offices:
NORTHWESTERN: San Jose,
CA (408) 244-4070.
SOUTHWESTERN: Newport
Beach, CA (714) 752-0373.
NORTH CENTRAL: Chicago,
IL (312) 945-1500.

SOUTH CENTRAL: Dallas,
TX (214) 480-0470.

. NORTHEASTERN:
Burlington,
MA (617)
272-4352.
SOUTH-

' EASTERN:
Atlanta, GA
(404) 493-4401.

TOSHIBA AMERICA, INC.

MONTANA, Components Wesl.&ZOS) 885-5880; NEVADA, Elrepco, Inc., (415) 962-0660; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Technology,

(201) 947-0151; NEW MEXIC

Summit Sales, (602) 998-4850; NEW YORK, Nexus Technolog

(201) 947-0151; Pl-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA, Montgomery Marketing, Inc.,

919) 467-6319; NORTH DAKOTA/SOUTH DAKOTA, Electric Component Sales, (612) 933-2594; OHIO, gieﬂen & Associates, (216) 461-8333; (419) 884-2313, (513) 293-3145; OKLAHOMA, MIL-REP Associates, (214) 644-6731;
REGON, Components West, (503) 684-1671, PENNSYLVANIA, Steffen & Associates, (412) 276-7366; RHODE ISLAND, Datcom, Incz.ésﬂ) 891-4600; TENNESSEE, Montgomery Marketmf'.‘lnc.. (205) 830-0498; TEXAS,

MIL-REP Associates, (512) 459-8602, (713) 444-2557, (214) 644-6731; UTAH, Straube Associates Mountain States, Inc., (801) 263-

40; VERMONT, Datcom, Inc., (617) 891-4600; VIRG

IA, ArboTek, (301) 825-0775;

WEST VIRGINIA, Steffen & Associates, (419) 884-2313; WASHINGTON, Components West, (206) 885-5880, (509) 922-2412; WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales.&mz 933-2594;

WYOMING, Straube Associates Mountain States, Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 726-1452;

Source, Inc., (514) 694-0404
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American Automation has
designed more emulators than C Language for selected
Intel or Motorola, more than processors. Count on American
Hewlett Packard or Tektronix, = Automation software.
more than anyone. Count on Count on EZ-PRO from
American Automation’s American Automation for the
emulator experience. features you need for your proj-

For each EZ-PRO emulator,  ects, including Deep Trace™
American Automation provides 4,096 real-time events, 256

complete software support: break-points with zoning,
macro cross-assembler, complex triggering, on-line
linker, symbolic debugger. assembly/disassembly:
EZ-PRO 2.1* SUPPORTS:
Intel: g(())gé Motorola: Hitachi: s Rockwell:
: 6502
8035 e 11 (5203 6303
v 6802/B02 ol i
146805E2 ik
8048 6803 RCA: b§06
i 6808 T il
i 68B08 1805 go12
e e e i
- ¢ P6805C4 o514
s 68HC11-A8 CDP6805D2 v
83(1)2(83 22883 - CDP6805E3 Signetics: ¥
e s
n TV Z80H National:
Harris:  80C86 V30 Z8001 NSC800
80C88 78002

with MSDOS 3.1

...AND MORE. *Connected to PC

american automation

2651 Dow Avenue, Tustin, California 92680 (714) 731-1661

Telex II: 910-595-2670 AMAUTO TSTN Interational Busintes Machnes, Inc.
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TECHNOLOGY UPDATE

Beware of subtle electrical, thermal differences
between through-hole components and SMDs

Charles H Small,
Associate Editor

Component manufacturers are ship-
ping new surface-mount-technology
(SMT) versions of old, existing
through-hole components under the
older parts’ spec sheets, reflecting
the needs of component and manu-
facturing engineers, not design en-
gineers. As SMT reaches the R&D
lab, design engineers will have to
pay attention to some subtle, yet
important, electrical and thermal
differences between equivalent
SMT and through-hole components
or risk unforeseen problems with
their designs. Design engineers
can’t afford to ignore SMT forever
because many new, high-perfor-
mance components are available
only as surface-mount designs.

Although the engineering com-
munity has heard much about SMT
and the difficulties the technology
presents to pe-board designers and
manufacturing and test engineers,
little education has been directed
toward design engineers. Tables 1
and 2 list the measured parameters
of equivalent through-hole and SMT
packages.

Component makers aren’t certify-
ing the newly repackaged SMT com-
ponents to existing specs in order to
deceive anyone. Component and
manufacturing engineers need parts
that conform to in-house quality-
assurance standards as closely as
possible. Also, SMT components
aren’t easy to characterize because
their small physical geometries and
thermal mass tax existing measure-
ment techniques.

The good news is that because of
their smaller size, SMT components
have less lead inductance and lead-
to-lead capacitance than equivalent
through-hole parts. Consequently,

EDN June 25, 1987
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Not all components change when designed into SMT packages. These relays, for example,
have identical mechanical and electrical specs to their through-hole counterparts. (Photo

courtesy Omron)

SMT components have faster rise
times and exhibit less ringing than
do their through-hole counterparts.

The bad news is that because of
their smaller size, SMT components
have poorer thermal performance
than through-hole parts. Active
SMT devices, for example, use
smaller lead frames and less-mas-
sive pins. Consequently, an active
SMT device cannot conduct heat out
as well as a DIP can.

Designers ignored

Presently, most of the action in
SMT revolves around pe-board lay-
out and manufacturing because

SMT means new production machin-
ery, layout standards, and test pro-
cedures. SMT soldering methods
subject components to a higher de-
gree of thermal stress than through-
hole components. Most component
engineers are intent on certifying
packaging that suits automated as-
sembly and that will withstand sol-
dering and cleaning. There are
three factors, however, that are pro-
pelling the electronics industry to-
ward SMT—smaller products, fast-
er circuits, and automated
assembly—and these first two fac-
tors also affect design engineers.
Until component engineers com-
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Surface mounted components
do a lot more than merely

reduce size

Today’s demand for smaller and
smaller electronic systems has fos-
tered the creation of a large number of
surface mounted chip components.
This has resulted in the more efficient
utilization of available PCB space with
the net result of vastly reduced product
size. That's the obvious advantage of
surface mount. But there’'s more than
just the obvious.

Improved electrical performance:
Smaller, leadless components with
shorter interconnections result in
reduced stray capacitance and lower
inductance allowing much faster oper-
ating speeds, faster rise times and
higher frequency response.

Lowered manufacturing costs: Sig-
nificant savings are achieved through
elimination of the necessity for drilling

and plating thru holes in PCB'’s and by
reduction in the overall PCB size and
number of layers required.

Automated assembly: Surface
mounted components permit the use
of the latest automated assembly tech-
niques leading to greater product
consistency, higher reliability, better
yields and a faster production
capability.

Standardized designs: Component
and packaging standards reduce prod-
uct design efforts.

Shock and vibration resistance:
Due to their low mass, small size, and
strong solder interconnects, surface
mounted components have excep-
tional resistance to shock and
vibration.

CIRCLE NO 130

Product synergism: With a wide
range of surface mounted configura-
tions now available—ceramic capac-
itors, ceramic trimmer capacitors, fixed
resistors, trimming potentiometers,
inductors, ceramic resonators and ce-
ramic filters—problems resulting from
the integration of leaded and surface
mounted devices have been signifi-
cantly reduced.

To find out more about surface
mounted components, write to Murata
Erie North America, Inc., 2200 Lake
Park Drive, Smyrna, GA 30080 or call
404-433-7878.

MURATA ERIE NORTH AMERICA, INC.
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plete the monumental job of thor-
oughly recharacterizing SMT ver-
sions of through-hole components,
design engineers will have to inves-
tigate the performance of SMT com-
ponents themselves before attempt-
ing an SMT-based design. For
instance, component engineers rec-
ommend that design engineers re-
quest reliability data derived from
MIL-spec testing, even if a design
isn’t destined for installation in a
military system. The MIL-spec hu-
midity tests are particularly en-
lightening. Because of the thermal
stress that SMT devices encounter
during soldering, the packages are
subject to cracking. Devices lacking
in hermeticity, when tested under
high-humidity (85%) conditions, will
quickly fail.

Thermal skills are lacking

Design engineers have never been
as good at thermal analysis as they
have been at electrical analysis.
SMT will only make this situation
worse. Computers will not be of
much help at first because existing
thermal-analysis software isn’t set
up for SMT components.

SMT designs will perforce pack
more components into a given vol-
ume. Industry experts estimate
that even the least-dense SMT de-
sign will be twice as dense as the
same design executed with through-

SMT components promise smaller, faster circuits, but a host of subtle spec differences may
trip up the unwary design engineer faced with converting through-hole designs to SMT. ( Photo

courtesy Silicon General)

hole components. Further, SMT
components will probably run at
higher speeds than ever before.
The greater density and higher
speeds of an SMT design, coupled
with the relatively poorer thermal
performance of SMT packages vs
through-hole designs, means that
design engineers will have to do
more thorough thermal testing of
their SMT designs at the prototype
stage than they have in the past.
Even when recasting an existing
through-hole design for SMT, de-
signers may opt to substitute low-
power CMOS parts for bipolar.

TABLE 1—14-LEAD PACKAGE CHARACTERISTICS
(14-LEAD DIP VS 14-LEAD SO*)
R (mQ) L (nH) C (pF)

S0 DIP SO DIP SO DIP

1.46 25 1.69 10.72 0.203 0.574

0.83 17 1.23 7.87 0.089 0.381

0.22 12 0.56 5.54 0.081 0.224

0.22 6 0.42 3.59 0.079 0.229

0.21 13 0.48 55 0.088 0.381

0.72 18 0.88 6.8 0.224 0.585

1.46 23 1.81 10.62 0.141 0.417

1.46 24 0.222 0.588

0.83 16 0.103 0.391

0.35 14 0.074 0.228

0.23 6 0.079 0.226

0.22 13 0.079 0.382

0.74 18 0.209 0.582

1.45 24 0.143 0.385

TOTAL =~ 104 229 7.07 50.64 1814 5573
PERPINAVG = 0.74 16.36 1.01 7.23 0.13 0.4

*SO = SMALL-OUTLINE PACKAGE (COURTESY: MOTOROLA INC)
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Power-supply designers report,
for example, that power-handling
components having a built-in ther-
mal-shutdown feature may cycle on
and off much faster than expected.
The culprit here is the SMT power-
handling device’s lower thermal
mass. A short-circuited regulator in
a TO-3 package might take a second
or more to cycle on and off. The
SMT version of the same regulator
might cycle on and off quickly
enough to generate an audible tone
when overloaded.

Beyond the obvious problems of
dissipating the heat associated with
the power-handling components,
power-supply designers may find
unwanted spurious oscillations be-
cause the parasitic capacitance and
inductance associated with through-
hole parts and through-hole pc
boards no longer exists. Such de-
signers will have to be especially
careful as they switch from through-
hole to SMT designs.

Fortunately, not all specs neces-
sarily have to change when a part
goes from a through-hole design to
an SMT package. Equivalent
through-hole and SMT digital de-
vices have the same specifications
for setup and hold times and fan-
out, for example.

On the other hand, access times
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for digital SMT parts are shorter
than for their through-hole counter-
parts, and bandwidths for SMT ana-
log devices are higher. Surface-
mount versions of existing parts
tend to run at their spec sheets’
maximum speeds rather than at
typical speeds. This greater perfor-
mance can be a mixed blessing, par-
ticularly when adapting an existing
design to SMT. In such a case, a
designer might find his circuit re-
sponding to glitches or race condi-
tions that previously didn’t cause
trouble.

Passive components lend them-
selves to SMT design. Designers
working with hybrid circuits have
long enjoyed the superior perfor-
mance of chip capacitors and resis-
tors, and now these components suit
pe-board applications. SMT capaci-
tors and resistors depart less from
their ideal models than do through-
hole components. For example,
SMT capacitors exhibit less equiva-
lent-series inductance and equiva-
lent-series resistance (ESL and
ESR) compared with through-hole
components. SMT resistors have
lower inductance as well and come in
handier, multiple-device packages.

Among passive components, only
connectors present a problem to de-
signers. Design engineers are
just becoming aware of the deleteri-
ous ground-shift effect that a con-
nector’s inductance can have on the
integrity of high-speed bus commu-
nications (see “Simple solution cures
glitches on high-speed buses,”
EDN, April 30, 1987, pg 173).

Surface-mount designs threaten
to increase both the number of I/0
lines on a given board and the speed
of the board’s signals. The increased

When recasting an existing through-hole design to an equivalent surface-mount design,
designers shouldn’t assume that the new version of their design will work just like the old one.
(Photo courtesy Vitelic Corp)

speed and density of surface-mount
interconnections poses a challenge
that SMT-connector designers must
meet if their connectors are to main-
tain the controlled impedance neces-
sary for high-speed buses.

Switches survive

Electromechanical components
have made the switch to surface-
mount technology virtually un-
changed electrically and mechani-
cally. SMT DIP switches, for
example, are still on 100-mil cen-
ters. SMT relays have exactly the
same design as through-hole ver-
sions. Toggle switches, too, remain
unchanged.

The electromechanical industry
has been in the process of reducing
the size of electromechanical compo-
nents for some time, but the transi-
tion to SMT is unlikely to initiate
any further accelerated shrinkage
for a couple of reasons.

TABLE 2—40/44-LEAD PACKAGE CHARACTERISTICS
(40-LEAD DIP VS 40-LEAD PLCC?)

*PLCC = PLASTIC LEADED CHIP CARRIER

R (mQ) L (nH) C (pF)
PLCC DIP PLCC DIP PLCC DIP
MIN 3 4 32 14 0.1 0.1
MAX 6 i 35 191 03 30

(COURTESY: NATIONAL SEMICONDUCTOR)
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First, the reliability of a mechani-
cal component decreases as it gets
smaller. Also, a switch that’s de-
signed for the human hand to oper-
ate can’t shrink beyond a certain
point or its design will be ergonom-
ically unsound. Although electronics
parts are shrinking, the human
hand is not.

Further, switches, like relays,
must often meet isolation and volt-
age-withstand specs. The dielectric
constant of air and the switches’ and
relays’ insulating materials deter-
mine the physical spacing of the
devices’ contacts. Switch makers
are developing SMT switches with
contacts on SMT spacings rather
than the old through-hole spacings,
but these switches aren’t available
yet.

Inductors in SMT packages are
becoming available. Like electrome-
chanical components, inductors
have made the transition to SMT
virtually unchanged in electrical
performance. The only trouble SMT
inductors present is possible un-
wanted cross-coupling from closely
spaced components. EDN

Article Interest Quotient
(Circle One)
High 515 Medium 516 Low 517
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IS SCOPE SETUP
A SOURCE OF DELAY?

The Tek 2465A with AUTO SETUP
is the time-saving solution. See up
to four waveforms on-screen at the
touch of a button. Your display is
triggered and scaled automati-
cally, without having to adjust a
single knob. Add other standard
features such as 350 MHz
probe-tip bandwidth, 2 mV/div
sensitivity and auto trigger
level—all in a scope made

for solving tough prob-
lems in analog design.
It makes trou-
bleshooting trou-
ble-free!

CUT
IT OUT!

[]Please send me your free Yes! | want a closer look at the Tek 2445A/2465A Family.
videotape introduction, “The

2445A/2465A Family: From

Performance to Productivity.” Name
[[] Please send me your free 22-page
brochure. Title
[l Please have a Tek representative
get in touch with me as soon as Company
possible to arrange a
demonstration. Riloreas
City State Zip
D887-6-38AX EDN ( )
Phone Ext

Tektronix

COMMITTED TO EXCELLENCE

Copyright ©1987, Tektronix, Inc. All rights reserved. PMA 816A




SGOPES GUT OUT FOR
YOUR KIND OF WORK.

Accurate measurements, accu-
rately interpreted. The 350 MHz
2465A builds on proven, industry-
standard high performance. You can
easily measure pulse parameters
and frequency with on-screen cur-
sors. Full bandwidth is maintained at
2 mV/div sensitivity to monitor low-
amplitude signals such as noise and
ripple with full fidelity.

You can make timing measure-
ments with 20-ps resolution at sweep
speeds to 500 ps/div. And trigger on
500 MHz signals from any one of four
channels or on four asynchronous
channels. Dual, delaying time bases
mean precise measurements on
complex waveform details.

Measurement options, extended
capabilities. For specialized per-
formance requirements, five com-
binable enhancements are available
—a GPIB interface, digital multi-
meter, counter/timer functions with
enhanced triggering, 17-bit word
recognition and video measurement
capabilities.

Three multiple-option packages,
the 2465A Special Editions, are con-

[ ]

Key Features 2465A DV | 2465A DM | 2465A CT | 2465A | 2445A '

Probe Tip 350 MHz 350 MHz 350 MHz 350 MHz | 150 MHz

Bandwidth

No. of Channels 4 4 4 l 4 4

Horizontal 2% 2% 2% 2% 2%

Accuracy (.001%") (.001%*) (.001%"*) (:001%) (.001%*)

Max. Sweep 500 psec 500 psec 500 psec 500 psec 1 nsec

Speed

Vertical Sensitivity | 2 mV/div 2 mV/div 2 mV/div 2 mV/div 2 mV/div
»Eigger Frequency | 500 MHz 500 MHz 500 MHz 500 MHz 250 MHz

GPIB Standard Standard Standard Optional Optional

Counter/Timer/ Standard Standard Standard Optional Optional

Trigger/Word

Recognizer .

Digital Multimeter | Standard Standard Not Optional Optional
7 Available i
Video Trigger Standard Not Not Optional Optional

Available Available
Probes 4 4 4 2 , 2
lVarranty 3 years on parts and labor, including CRT -

*with Counter/Timer/Trigger

figured for specific application areas
at a significant savings over the sep-
arately ordered options.

All models come with Tek's com-
prehensive three-year warranty on
labor and parts, including the CRT.

Get the full story! Return the
reply card to Tek today. For a hands-
on demonstration, call your Tek Sales
Engineer.

NO POSTAGE
NECESSARY
IF MAILED
IN THE

FIRST CLASS

BUSINESS REPLY MAIL

BEAVERTON, OR

PERMIT NO. 1

UNITED STATES

POSTAGE WILL BE PAID BY ADDRESSEE

Tektronix, Inc.
PO. Box 1700
Beaverton, OR 97077



“1 GAN DESIGN IT,
BUT CAN THEY BUILD IT?”
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we've bridged the gap between design and production.

With Additive SMC’s, you not only
get the greatest design flexibility you've
ever had, but your production department
gets ease of assembly, cost-effectiveness
and the highest first-pass yield of any
circuit board in use today! The reasons
are found in Additive SMC’s basic con-
struction, with these exclusive features:

1. Near-flush surface provides trouble-
free glueing, placement and soldering
of all surface mount devices.

2. Hi-rel micro-vias (0.010” diameter
min.) permit routing density well
beyond conventional capabilities.

3. Uniform, permanent Solder Mask Over
Bare Copper assures complete encap-
sulation and easy cleaning.

4. Permanent dielectric used to define
lines/spaces allows the highest den-

sity circuitry available (down to
0.003")

S. Accurately registered one-between (7
mil lines) or two-between (4 mil lines)

PLCC pad centers give the highest
circuit routing available while avoiding
assembly problems.

6. Micro-socket™ soldermask eliminates
pad to pad solder bridging during
solder paste reflow.

These features assure the ability to

assemble the highest pin count plastic

PRODUCTS
KOLLMORGEN CORPORATION

PO. Box 700 Aquebogue, NY 11931
516-722-4100 Fax: 516-722-4154

CIRCLE NO 19
EVERY ADDITIVE PRODUCT
IS A PLUS FOR YOU

leaded chip carriers used today, making
Additive SMC’s the first choice of design
engineers and their production depart-
ments for every application.

Send for complete information on Sur-
face Mount Circuits or other Additive
Products.

I-Please send me detailed information on:
| O Additive PDF (High Density) Circuits-

l Tech Sheet #1
[[] Additive CPF (Precious Metal Replace-

|  ment) Circuits-Tech Sheet #2

l [ Additive SMC (Surface Mount) Cir-
cuits-Tech Sheet #3

| O Additive ALC (Add-A-Layer Multilayer)

Eovoses)

© Copyright 1987 Additive Products Division, Kollmorgen Corp.

I Circuits-Tech Sheet #4 |
[] Additive’s Local Seminar Program
Name I
P :
Address
| |
]

e
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Compiled Cell Custom from S-MOS
saves you valuable ASIC design time.

With S-MOS’ new Compiled
Cell Custom program, you can cut up to
three months from your custom IC
design cycle.

Simply by pressing three buttons.

C.C. Custom automates the
design process by combining S-MOS’
advanced LADS software with Tangent’s
Tancell” The program allows you to
create new designs based on standard

104

cells, our megacells, your megacells
or any combination.

You can mix and match more
than 300 standard macrocells simply by
doing the schematic capture and
simulation steps that you would do
for a gate array.

The circuit is then laid out and
routed automatically at our design
center. The system is timing driven, so

new user-defined macrocells will
match their simulations. The first time
and every time.

With a full custom design, you
typically have to wait half a year for the
first chip samples. C.C. Custom can
do it in 12-14 weeks with NRE charges
normally associated with standard
cells. Or about half what a full custom
would cost.

So you get your products to
market faster and more economically.

Since we produce our chips on
the 1.5 micron line of our affiliate,
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Seiko Epson, you will also benefit from
higher-speed operation and virtually
nonexistent failure rates. Seiko Epson
is one of the world’s most automated
and reliable CMOS manufacturers.

If you'd rather press three buttons
than spend three additional months de-
signing circuits, call us. (408) 922-0200.

S-MOS Systems
2460 North First Street
San Jose, CA 95131-1002

Tancell is a registered trademark of Tangent Systems

EDN June 25, 1987

Floor Plan

Auto-Placement Routing

Modify Layout

SYSTEMS

A Seiko Epson Venture
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A Little Piece
of Brilliance

Integrated
Circuits
Incorporated

10301 Willows Road
Redmond, WA 98052
(800) 822-8782
(206) 882-3100

CIRCLE NO 7

DID YOU KNOW?

EDN serves
electronic engineers and
engineering managers in more than
100 countries worldwide.

EDN
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The new 2022A Signal
Generator from Marconi
Instruments offers a
giant step forward in
overall performance.

For $4,395 you get flat
RF power over 10 kHz—
1000 MHz
frequency
coverage,
comprehensive,
low distortion
modaulation
(AM, FM, and
phase), and true non-volatile
memory for 100 settings.

With a panel width of
only 8%2” and weight,
just 16%2 Ibs., it's ideal
for bench or field use.

10 Hz resolution and
0.1 dB accurate level
setting permits precise
SSB measurements.

Easy to use controls
provide fast data entry, and
combined with memory
sequencing, significantly
reduce test times.
Incrementing functions
speed and simplify
bandwiath and other
receiver checks.

Costly attenuator repairs
are avoided with built-in
reverse power protection
which is fail safe, even
with supply off.

A lalker/listener GPIB
option allows full
programmable control of
all functions in low cost
ATE applications.

Call us to put a giant
on your bench now.

Marconi
Instruments

MARCONI INSTRUMENTS

3 Pearl Court

Allenaale, New Jersey 07401
Telephone: (201) 934-9050
West Coast: (714) 895-7182
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Thomson-Mostek introduces the world’s fastest FIFO.

From the company that set the standard
for single-chip FIFOs, now comes yet another
milestone in technology. Introducing the Thomson-
Mostek MK4505 BiPORT™ FIFO —the first 15ns
FIFO in the world.

Sync fast.

The MK4505 was designed specifically
for high-performance applications. So you don't
get stuck having to add extra registers and
buffers, just to get it up to speed.

What you do get is 1.2 full CMOS, single-
poly, double-level-metal process technology.

A memory array constructed using our eight-
transistor BiPORT memory cell. And a unique
1K x 5 pipelined architecture that gives the
MK4505 its incredible 15ns Access Time (Cycle
Time 25ns).

For high performance like this, timing
is everything. With its separate rising edge-
triggered read and write clocks, the MK4505
assures that you can transfer data between
two totally asynchronous systems with ease:
Designed for use in applications where data
is moving through the system on the leading
edge of a clock, the MK4505 is dedicated
to applications like digitized video and audio,
image processing, A-to-D and D-to-A conver-
sions, high speed data links, RADAR return
sampling and fast bus watching.

The MK4505 is available in two versions:
a Master (MK4505M) and a Slave (MK45058S).
With the MK4505M, you get all the control
signals necessary for reliable full speed, fully
asynchronous width and/or depth expansion.
Making the MK4505 cascadable to any depth,
without a hodgepodge of extra logic taking up
valuable space.

The MK4505M also gives you a very
special feature not available in any other FIFO
—a full complement of status flags, including
Output Valid, Empty, Aimost Empty, Half Full,

o R DR LR T e

Actual MK4505 BiPORT FIFO Scope Trace Photograph

In addition to FIFO memories, Thomson-Mostek manufactures a broad selection of MOS and bipolar devices for both commercial and milita
microcomponents, ASIC, memories, telecom/datacom and linear circuits as well as Discrete, RF and microwave transistors and passive co

Almost Full, Full and Input Ready. So you know
how much is—or isn't—available, before it's
too late.

The Slave, MK4505S with dual write
enable and dual read enable inputs, allows
width expansion in an instant.

Finally —and even more incredible —is
that, for all its high-performance capabilities,
the MK4505 fits into one board-saving ultrathin
300 mil DIP. Proof that big things really do come
in very small packages.

Sync again, IDT.

Of course, we don't claim to be the only
FIFO manufacturer around. Just the best. And
we've got the black-and-white facts to prove it.

MK4505-25  IDT 7202-35

Cycle time 40 MHz 22 MHz
Access time 15ns 35ns
Almost full & Almost empty

status flags Yes No
Free-running clock inputs Yes No
Separate read & write

enable inputs Yes No
Package 300 Mil DIP 600 Mil DIP
Depth 1024 1024
Width 5-bit 9-bit
Width & depth expandable

with no support logic Yes No
Fully authorized second

sourcing Yes No

So if you're looking for a superfast, super-
smart FIFO solution, get it in sync. With the
MK4505 BiPORT FIFO from Thomson-Mostek.
The people who also bring you the world's
densest FIFO—the MK4503.

For more information on the MK4505,
call or write Thomson Components-Mostek
Corporation, 1310 Electronics Drive, Carrollton,
Texas 75006, MS2205, 214/466-6836.

Almost Full «-— AF HF AE |—2 Empt
5 5
Data In —4»{ D b RS it
Full Flag = FF EF |— Empty Flag

Input Ready <—

Write Enable > Read Enable

|

RESET

MK4505M Logic Symbol Diagram

BiPORT is a trademark of Thomson Components-Mostek Corp.
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U.S. and Canadian
Sales Offices

Western Area:

Santa Clara, CA
408/970-8585

Irvine, CA
714/250-0455

Woodland Hills, CA
818/887-1010

Seattle, WA
206/632-0245

Longmont, CO
303/449-9000

Scottsdale, AZ
602/998-1580

Tigard, OR
503/620-5517

Eastern Area:

Burlington, MA
617/273-3310

Mariton, NJ
609/596-9200

Huntsville, AL
205/830-9036

Liverpool, NY
315/457-2160

Poughkeepsie, NY
914/454-8813

Dublin, OH
614/761-0676

Greensboro, NC
919/292-8396

Norcross, GA
404/447-8386

Central Area:

Carroliton, TX
214/466-8844

Bloomington, MN
612/831-2322

Schaumburg, IL
312/397-6550

Austin, TX
512/451-4061

Canada:

Montreal, Quebec
514/288-4148

Brampton, Ontario
416/454-5252

Semiconductor

Distributors

Add Electronics

Advent Electronics

All American
Semiconductor

Almac Electronics Corp.

Almo Electronics, Inc

Dixie Electronics

Future Electronics

Greene-Shaw

Hammond Electronics

Integrated Electronics
Corp.

ITAL Sales

Kierulff Electronics

Lionex Corp

Marshall Industries

Nu-Horizons Electronics

Pioneer Technologies
Group

Pioneer-Standard

Quality Components
(Q.C-sw)

Quality Components
(Q.C.-SE)

ITT Multicomponents

Schweber Electronics

Solid State, Inc

Zentronics

Zeus Components, Inc
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OUR HYBRID

ICs WORK
THROUGH THICK
AND THIN.

Count on our thin film/thick film hybrid ICs
to work their best under some pretty tough
conditions.

Like meager budgets. Tight tolerances. And
insufficient board space.

The secret is our T2 technology. A unique
fabrication process that allows you to place
critical components on thin film, active com-
ponents on thick film, resulting in a single,
space-saving package.

A technology that can easily handle capaci-
tance ranges of 50 t010,000 pF, at 600 pF/mm?
with positive temperature coefficients. Resis-
tance ranges from 5 to 1,000,0000, at 250€/sq.
with negative temperature coefficients. CR
products accurate to +.1% stable to 0.01/10
years. And all for less than the cost of thin
film alone.

But along with saving you from a design
crunch, our durable thin film/thick film
hybrids save you from headaches.

Every one is built with our uncompro-
misingly reliable, face-to-face solder bump
mounting technique, to minimize connection
paths and hot spots.

Accelerated aging, with 100% testing, is
standard procedure.

And fully operational samples, ready for
prototyping, are yours in a brisk eight weeks.
Ifyou'd like to put our 20 years of hybrid

IC experience to work for you, write Fujitsu
Components of America, Inc., 3320 Scott
Boulevard, Santa Clara, California 95054-3197
Or call (408) 562-1000, for a complete list of
local distributors and representatives.

Ask us to help you mix the best of thin film
and thick film technologies.

Together we'll make an unbeatable
combination.

FUJITSU

COMPONENT OF AMERICA INC

CIRCLE NO 13

FUJITSU




PRODUCT UPDATE

Semicustom linear arrays feature
high-frequency vertical pnp transistors

Because they incorporate vertical
pnp transistors, the ALA semi-

custom linear arrays offer better

high-frequency performance and
faster speeds than similar arrays
that have lateral pnp transistors.
All semicustom linear chips use ver-
tical npn transistors, but most chips
also use lateral pnp transistors,
which have far poorer high-frequen-
cy performance than do their verti-
cal npn counterparts. Typically, the
gain-bandwidth product (fr) of later-
al pnp transistors is lower than that
of vertical npn transistors by as
much as two orders of magnitude—
4 MHz and 400 MHz are common
values for lateral pnp and vertical
npn transistors, respectively.

The ALA arrays, however, are
fabricated in what the vendor calls a
“complementary bipolar integrated
circuit” (CBIC) process, which gives
the npn and pnp transistors similar
characteristics. These arrays are
also designed on a grid system,
which provides easier interconnec-
tions for the IC designer.

At present, this semicustom-ar-
ray family has three members: the
ALA200 UHF (12V) array, the
ALA300/301 HV (90V) array, and
the ALA400 general-purpose (30V)
array. All three consist of uncom-
mitted vertical npn and pnp transis-
tors, MOS capacitors, and diffused
and/or ion-implanted resistors. All
the inputs and outputs have ESD
protection. The company plans to
introduce a fourth array, which will
combine analog and digital func-
tions, later this year.

The ALA200 UHF array is the
family’s highest performance mem-
ber; it provides an fr of 4 GHz for
the npn transistors and 2.5 GHz for
the pnp transistors. The vendor typ-
ically fabricates the array with
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The ALA200 UHF linear array is divided
into 12 modules: eight standard, two power,
one input, and one trim. Each standard
module contains 12 npn and seven pnp tran-
sistors, as well as 8} implanted resistors. The
other modules contain similar quantities of
components, which vary slightly for each
module. The array is laid out on a grid
system, which facilitates the interconmection
of components.

dual-layer or thick metal, but single-
layer metal is available by special
request. The top and bottom metal
layers have a sheet resistance of
<0.03Q)/square and a current-carry-
ing capacity of 2 mA per micron of
metal width. The standard 10-pm
top and 6-pm bottom metal lines are
capable of carrying a maximum of
20 mA and 12 mA de, respectively.
For applications in which higher dc
currents must be carried, a thick
gold layer is available with a sheet
resistance of less than 0.01€)/square
and a current-carrying capacity of
14 mA per micron of metal width.

The chip is divided into 12 mod-
ules: eight standard, two power, one
input, and one trim. All 12 modules
are symmetrically located within
the array, so you can lay them out
easily. Because the modules are on a
regular grid system, you intercon-
nect components by drawing lines
on a clearly defined grid marked on
a layout sheet.

The ALA200 contains a total of
133 npn transistors, 85 pnp transis-
tors, 982 boron-implanted resistors,
and 22 capacitors. The individual

resistor values vary from 50 to as
much as 6 kQ. The values of all the
capacitors but two are program-
mable from 1 to 5 pF; the two excep-
tions, which are located on the pe-
rimeter of the chip, are fixed at 150
pF.
The ALA300/301 are higher-volt-
age chips with a 90V breakdown
capability. The single-module ver-
sion (ALA300) consists of 13 vertical
npn and 15 vertical pnp transistors,
three 6-pF capacitors, and 108 resis-
tors located in 1k diffused and 10k
ion-implanted resistor banks. The
quad version (ALA301) has four
times the number of components as
the ALA300, but is otherwise iden-
tical. The typical fr is 350 MHz for
the npn transistors and 300 MHz for
the pnp transistors.

The interconnections are dual-
layer metal. The top and bottom
metal layers have sheet resistances
of 0.03Q)/square and 1.0€)/square,
and current-carrying capacities of 2
mA and 60 pA per micron of metal
width, respectively. For higher cur-
rent-carrying capacity, you can ob-
tain thick metal interconnections
that have a sheet resistance of less
than 0.003Q)/square and a current-
carrying capacity of 20 mA per mi-
cron of metal width.

The third member of the family,
the ALA400, is a general-purpose
array with a 30V breakdown volt-
age. Its typical fr is 360 MHz for the
npn transistors and 300 MHz for the
pnp transistors. The ALA400 is di-
vided into 16 modules—12 standard,
two power, and two JFET modules.
Its npn transistors total 100, includ-
ing four power types capable of han-
dling >70 mA. The array also has a
total of 100 pnp transistors, includ-
ing four power types, four JFETS,
and 14 capacitors. The resistor com-
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Introducing

...developing acceleration,

sensors to OEMs worldwide
in our first year.

We're new! We're NovaSensor!
We're bringing silicon micro-
machining to the world market.
Our story includes:

...merging the best academic and
industrial sensor technologists

support you with Herculean

t_lle newest force and flow sensor technology
. t}l ...delivering advanced silicon
power m € micromechanical structures
Ssensor World. ...shipping one million high-

performance, low-cost pressure
Bring us your application. We'll

skills. Start sharing the excite-
ment of our technology today.

1055 Mission Court, Fremont, CA 94539 (415) 490-9100

\‘
w0
.rNA
3
-
=
T 8
e
% |

CIRCLE NO 30

UPDATE

DID YOU KNOW?

Half of all EDN’s

articles are staff-written.
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plement includes 272 diffused types
and 384 ion-implanted types.

The interconnections are dual-
layer metal. The top metal layer has
a sheet resistance of 0.03(}/square
and a current-carrying capacity of 2
mA per micron of metal width. The
bottom metal layer has a sheet resis-
tance of 1()/square and a current-
carrying capacity of 200 wA per
micron of metal width. You can ob-
tain a thick-metal interconnect that
has a sheet resistance of 0.003()/
square and a current-carrying ca-
pacity of 20 mA per micron of metal
width.

Along with the semicustom linear
arrays, the vendor offers a library of
macrocells. This library includes op
amps, comparators, output buffers,
and voltage and current references.
The vendor offers the arrays in a
number of different packages, in-
cluding plastic and ceramic DIPs,
plastic SOJ and SOIC packages, and
plastic and ceramic chip carriers.

The nonrecurring engineering
(NRE) charges vary from $10,000 to
$30,000, depending on circuit type,
and include a design review of your
layout, the layout digitization, a de-
sign-rule check and conductivity
verification, the generation of a
200x plot, a complete mask set, and
either two de-tested wafers or 25
dec-tested packaged parts. The com-
pany also quotes lower NRE
charges for customers that don’t re-
quire all these services. Unit costs
for the chips (in quantities of 10,000)
are ALA200, $14.35; ALA300,
$1.40; ALA301, $4.65; ALA400,
$2.15. In 16-pin DIPs, the chips cost
$17.10, $2.20, $5.95, and $3.05, re-
spectively.

The delivery time for prototypes
after the completion of the design
and layout is four to eight weeks.
The production lead-time after the
approval of samples is six to eight
weeks.—Dave Pryce

AT&T Technologies, 555 Union
Blvd, Dept 50A 1203140, Allentown,
PA 18103. Phone (800) 372-2447.
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SCANBE'S
IT'S

MAXCHASSIS:
A WRAP

FOR YOUR VME PROJECT.

Let Scanbe package your
new VMEbus system in a neat,
attractive enclosure complete with
high-performance backplane, UL/CSA/VDE power
supply with power fail circuit, and the same tough
card cages that we make for OEMs.

And nothing beats the
MaxChassis for adaptability.
You can remove the card cage and replace it with
another if your requirements change, or for testing or
service.

Wrap up your VMEbus system with Scanbe’s

The MaxChassis comes in a huge variety of sizes unbeatable MaxChassis. Call us today for a closer

and configurations fo meet any conceivable VME

system design. Tablefop or rack mounting. Front or

rear card loading, or both front and back for large
systems with up to 40 cards! Card depths from
100mm to 400mm-—3U, 6U and 9U heights—or
even mixed depths and heights!

For disk drives and other peripherals there’s a
choice of infernal mounting brackets or Scanbe’s
slide-in disk drive modules.

EDN June 25, 1987

800-227-0557 (siasr6-2360
2 SCANBE

UNIT OF ZERO JRATION
LEADERS IN PACKAGING TECHNOLOGY

3445 Fletcher Ave., El Monte, CA 91731-3001
TWX 910 587 3437

CIRCLE NO 160
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PRODUCT UPDATE

Switching-regulator IC offers
three methods of current-mode control

You can connect the CS-320/321 cur-
rent-mode control ICs in any of
three configurations that sense
peak inductor current. The CS-320
has an output stage that is active
high, and the CS-321 has an output
stage that is active low. At present,
they are the only current-mode con-
trol ICs that provide hysteretic and
constant-off time control, as well as
the less-precise constant-frequency
type of control. (It’s likely, however,
that at least one other manufacturer
is developing new current-mode
ICs, which may by announced by

press time.)

Current-mode control provides
inherent pulse-by-pulse current lim-
iting, which effectively eliminates
the 90° phase lag associated with
the filter inductor or energy-storage
inductor, and which makes it easy to
apply output-current feed-forward
information to quickly correct load
transients.

ICs dedicated to current-mode
control of switching power supplies
have been available for the past two
or three years in the form of fixed-
frequency types, such as Unitrode’s

1842 Series. These current-mode
control circuits offer significant ad-
vantages over voltage-mode control
circuits, but your application may
determine which method you
choose. There are actually five dif-
ferent methods of current-mode
control: hysteresis, constant-off
time, constant frequency (with
turn-on at clock time), constant-on
time, and constant frequency (with
turn-off at clock time).

Each of these methods involves
the sensing of the inductor current.
The first method senses both the
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OUTPUT STAGE

This power-supply-control IC provides three current-mode options:hysteretic, constant-off-time, and constant-frequency control. The IC’s
high-current totem-pole output is suitable for driving power MOSFETs.

114

EDN June 25, 1987



TR s L
x i i T i

For the best GaAs performance,
testdrive abord.

At Ford, we know the true test of a product
—performance and availability. Test us. Test drive
our E/D Foundry.

Our E/D self-aligned gate process will put you
on the fast track with the highest performance
in the industry. And it's run in one of the largest
production GaAs fabs in the world today.

Our E/D Foundry Service Center provides full
support—from concept to finished product. Test
our design consultation services. Use our com-
plete foundry design tool kit, featuring GASSIM™
our proprietary circuit simulator. Finish your pro-
duct with our packaging and test. We'll meet all
your special requirements.

If you need a test vehicle for your GaAs
designs, try our E/D gate array. It's over 1100 gates
of fast track performance.

Test our custom and semi-custom foundry
services. Test our gate array.

Test Ford just once. Call 1-800-824-0812, and
we'll show you how driving new technology will
put you in the winner's circle with your next

product.

Ford Microelectronics, Inc.
10340 State Highway 83 North - Colorado Springs, CO 80908
CIRCLE NO 161




® STRENGTH ® DESIGN VERSATILITY

ALUMINUM...
HEAVY DUTY STRUCTURAL SYSTEMS

More and more equipment manufacturers, government and industrial project leaders are
finding solutions to their unique structural needs at Amco...

...military and industrial enclosures of complex structural design and strength are often
readily resolved with the Amco Aluminum Structural System. Here's why:

You can eliminate expensive welding and inherent stress relieving because Amco bolted
assembly techniques exceed welded strength.

Application testimonials include Sentinel Program enclosures, Army mobile communications
vehicles, military ground support and shipboard, Airforce and NASA airborne applications.
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Acceleration Switches: Cantilever beams of sil-
icon dioxide overhang shallow wells in silicon.
Beams flex under acceleration, making electro-
mechanical contact.

122x Scanning Electron Microscope

WORLD'S
SMALLEST

STRUCTURES

Micro beams, channels, nozzles, flow restrictors, and valves—all
sculpted from silicon and glass. These leading-edge silicon chip
techniques have created accelerometers, sensors, actuators,
and microflow controllers for automotive, biomedical, aerospace,
and industrial process control applications.

MICROSTRUCTURES

Silicon-based micromechanical structures are
smaller, more reliable, and often less expensive
than traditional electromechanical sensors and
actuators. And since these silicon devices are
semiconductors, they interface easily with com-
plex electronic systems.

DESIGN AND MASS PRODUCTION

Here’s something new that you should know
about IC Sensors: Transensory Devices, the
company that pioneered advanced microma-
chined silicon structures, is now part of IC
Sensors.

Through this new partnership, we have suc-
cessfully combined microstructure design au-
tomation and mass production techniques. We
are equipped to take an application-specific
approach to your design problem, come up with
the right microstructure for your appfication, and
produce itin large—or small—quantities.

Propel your product into the future—with a sili-
con microstructure. All it takes is a phone call to
IC Sensors.

© 1987 IC Sensors, Inc

CIRCLE NO 162

E==FENSORS

1701 McCarthy Blvd., Milpitas, CA 95035
FAX: (408) 434-6687 Telex: 350066
Phone: (408) 432-1800

Mass Flow Sensor Element: All-silicon struc-
ture with micromachined bridge and channel.
Multiple-element structure measures mass flow
rate in a commercial gas control system.

73x Scanning Electron Microscope
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ONIC COMPANY

WHAT'S NEW IN
VME PACKAGING

Ready to use, 32-bit, integrated

VECTOR-PAC® system enclosures with

combined J1/J2 backplane, power

supply and cooling fans, assembled

in a fully accessible, removable

sub-rack. Plug in your cards and go.

MASSIVE
BUSBAR POWER
DISTRIBUTION
3U-9U, 5-21 slot,

| J1/J2 backplane
175-450 watt power
4 supply, UL Listed
standard and
custom models.

VECTOR ELECTRONIC COMPANY
12460 Gladstone Avenue

Sylmar, CA 91342

818/365-9661 FAX 818/365-5718

800/426-4652 In CA
800/423-5659 Outside CA
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PRODUCT UPDATE

Autorouter eliminates
restrictions on grid size

To lay out very dense pc boards, as well as
those that include SMDs or other new-tech-
nology devices having nonstandard lead
spacing, you can use the variable-grid router
available for Calay’s Design Automation
workstations. This hardware router elimi-
nates restrictions on grid size, letting you
select grids of any resolution.

When you use the Design Automa-
tion family of pe-board-layout work-
stations in conjunction with the ven-
dor’s  board-layout  software
packages and variable-grid auto-
router, you can achieve 100% hard-
ware autorouting of your pc boards.
The variable-grid router eliminates
restrictions on grid size, letting you
select grids of any resolution. This
feature is an important one for the
layout of pe-board designs that in-
clude SMDs or other new-technolo-
gy components having nonstandard
lead spacing. In addition, because
the router allows you to define ex-
tremely fine grid resolutions, you
can use it to lay out very dense pc
boards.

The Design Automation Series
comprises the DA1000 basic work-
station, the DA3000 intermediate-
range workstation, and the DA5000
high-end workstation. The DA1000
is a complete design station that
comes with interactive graphics;
component-placement tools; a hard-
ware, 100% autorouting package for
multilayer boards; and postprocess-
ing software.

The DA3000 has the same capabil-
ities, but adds increased graphics
performance, more autorouting op-
tions, and a twofold overall improve-
ment in performance over that of
the DA1000. The top-of-the-line
DA5000 offers all the features of the
DA3000 and also comes with the
variable-grid autorouter and a
RISC-based hardware autorouting
accelerator.

The DA1000 costs $65,000; the
DA3000, $90,000; and the DA5000,
$120,000. The variable-grid routing
package is a $5000 option for the
DA1000 and DA3000 workstations.

—Jim Wiegand

Calay Systems Inc, 2698 White
Rd, Irvine, CA 92714. Phone (714})
863-1700. TLX 6711321.

Circle No 737
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Pop-up command menu
simplﬁies editing (sup-
ports 16 color
graphics.)

Objects & Groups of
Objects are easily rub-
berbanded in real
time.

“E” size worksheet
supports over 200
256K DRAM’s.

OR 8707

‘ v — CIRCLE NO 163
%

Contact your OrCAD Representative
For Further Information

/ Efzo Net Lié;t Formats — Corﬁpaﬁble to most PC board

- and simulation work stations.

/f Part Libraries — Featuring 3000+ unique parts. Spend
less time creating parts, more time designing. ‘

[Z{ZO(H Levels of Hierarchy — Usually found with more
expensive packages.

leruns on your IBM PC/XT/AT or compatible — Use
the cost-effective work station you already own.

[2{40 Drivers — Supporting the most common graphic
cards, printers and plotters.

Excellent Documentation — The program is intuitive
and simple to use. The manual and tutorial make
learning quick and easy:.

E/Support — OrCAD provides excellent support: techni-
cal staff to answer your questions, a Bulletin Board
System for 24 hour support, 1 year free product up-
dates and a trained international sales and support
network.

[/ Great Price — For only $495, OrCAD/SDT is the most
cost-effective schematic design tool available.

With OrCAD/SDT, you get all of these and more!

Call or write today for our
FREE Demo Disk and brochure.

;v,v

|
—J

Systems Corporation [

1049 SW. Baseline St., Suite 500
Hillsboro, OR 97123
(503) 640-5007

. WA, OR, MT, ID, AK 6. NE, KS, 1A, MO 1 ) %
Seltech, Inc Walker Engineering, Inc. High Tech Support
503-627-0716 913-888-0089 813-920-7564
2. N.CA, Reno NV 7. TX, OK, AR, LA 12. DE, VA, MD, DC
Elcor Associates, Inc Abcor, Inc. MGM Visuals
408-980-8868 713-486-9251 703-352-3919
3. So.CA 8. MLE.WI IL 13. MS, AL, GA
Advanced Digital Group Cad Design Systems, Inc. Electro-Cadd
714-897-0319 312-882-0114 404-446-7523
4. LasVegas, NV, UT, AZ, NM 9. IN, OH, KY, WV, W. PA 14. E.PA NJ,NY
Tusar Corporation Frank J. Campisano, Inc. Beta Lambda, Inc.
% S 4 = 1-446-1100
602-998-3688 513-574-7111 20 5 16. BC.AB. SK. MB
5. ND, SD, MN, W. WI 10. TN, NC, SC 15. CT, RI, MA, VT, NH, ME interworld Elactrotiics & Electralert
Comstrand, Inc Tingen Technical Sales DGA Associates, Inc. Computer Industries, Ltd 416-475-6730
612-788-9234 919-878-4440 617-935-3001

604-984-4171




TEST YOUR LIMITS.

x
Q: In which direction (A or B) is the bus heading %en
it’s going forward? (This isn“t a frick question.)

\

Solving complex test problems is always the name of
the game at LTX.

Thesolutiontothesemiconductorindustry’sneedforan
even faster linear tester is the Hi.T: combining the world’s
highest throughput in programming and production.

The solution to the digital market’s need for a high
speed, highly accurate VLSI tester is LTX's Trillium.

And now that the industry has moved to more complex
mixed-signal devices, we’ve answered with the LTX
Ninety: an even more sophisticated version of the LTX77 -
the industry standard.

EDN June 25, 1987




Michael A. Steuben © Discover Magazine 1/87, Time Inc.

The LTX Ninety offers the best price performance available today, and is com-
patible with the LTX77. Like every LTX system, the Ninety is ultra fast, accurate
and efficient—from program preparation to final test. Expanded memory means
long test programs are no problem. And the list of add-ons goes on and on,
including ISDN capability.

The LTX Ninety. One more powerful reason why we’ll continue to be the
world’s leading supplier of mixed-signal test equipment. If
you're facing a stubborn test challenge, chances are we have the B
solution. And if you’re also stumped by the test above, call your
nearest LTX sales office for the answer to that problem,too.  TESTYOUR LIMITS.

CIRCLE NO 164
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READERS’ CHOICE

Of all the new products covered in EDN’s April 15, 1987, issue, the ones reprinted here generated the most reader
requests for additional information. If you missed them the first time, find out what makes them special: Just
circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in our

April 15, 1987, issue.

OPTICAL SENSOR

The SFH 910 slotted optical-sensor
module has a GaAlAs infrared
source and a photodiode detector
separated by a 3.2-mm slot. It is
suited for use in incremental angu-
lar resolvers or linear motion de-
tectors (pg 228).

Siemens AG.

Circle No 601

Siemens Components Inc.

Circle No 602

A VOICE PROCESSOR

The VP 600 voice processor converts audio input into
a digital format for storage on a computer disk (pg
255).

Antex Electronics Corp.

Circle No 604
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A RMS-TO-DC CONVERTER

The LT1088 is a thermal-type rms-to-de converter
that comes in a 14-pin, side-brazed DIP, assembled
with proprietary techniques to achieve the required
thermal characteristics (pg 244).

Linear Technology Corp.

Circle No 603
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A EMI PROBES

The 7405 probe set, comprising three loop probes, a
ball probe, and a stub probe, detects E and H fields
separately (pg 270).

EMCO.

Circle No 605

FEEDBACK ANALYZER

The Classical Controls Analysis
Program (CCAP) is an interactive,
menu-driven program that helps
you analyze and design feedback-
control systems (pg 280).

Lewis Engineering Software.
Circle No 606
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Were delivering

jcosecond speeds
11:11 24 hours.

Solutions to high speed design problems
can be in your hands tomorrow. Because
we have, in stock, a complete line of ultra-
fast PicoLogic GaAs ICs ready to ship to
you in volume today.

By using standard ECL 1/0 levels and
power supplies, PicoLogic ICs speed up
your present ECL designs across the board.
And for applications that simply must out-
run ECL, you can have a successful Pico-
Logic-based design up and running the
same day parts arrive using our Proto-
typing Kit.

Our line continues to expand. PicoLogic
now covers all commonly used 100K ECL
catalog functions. And our standard cell
library plus design and foundry services
help many leading companies create GaAs
ASICs, including LSI circuits with over
2,000 gate complexity.

A 10:1 return on investment.

Our customers tell us that the value added
to systems that use PicoLogic produces at
least a 10 to 1 return on investment. Why?
Because your new higher speed product
leapfrogs the competition, provides your
marketing staff with products that sell
themselves and allows you to sell at a
premium price with higher profit margins.
Today, PicoLogic ICs are designed into
many systems:
1) Our Time Division MUX/DEMUX and
clock and Data Recovery Circuit create
a 1.5 Gbit/s digital interface in fiber optic
communications links.
2) In ATE and lab instruments PicoLogic ICs
e produce square signals with 125 ps
output transition times;
* decrease the skew in clock distribution
by a factor of four (4); and

« generate and deserialize vectors at
GHz rates.

3) Synthesizer and PLL control loops oper-
ating up to 1 GHz use our new Phase/
Frequency Comparator, Variable Modulus
Divider and Synchronous Counter.

4) 2K x 2K display electronics rely on our
1.5 GHz Shift Register for pixel generation
with speed margin to spare.

For Application Notes and a quotation on
ICs you can order today and use tomorrow,
contact us immediately.

GigaBit Logic, 1908 Oak Terrace Lane,
Newbury Park, CA 91320-5524. Telex
6711358. Phone (800) GaAs ICs (422-7427).
in CA (805) 499-0610.

GigaBit Logic

PicoLogic™ Digital ICs Part No. Speed Availability PicoLogic™ Digital ICs Part No Speed Availability
Gates Arithmetic Operators
Quad 3 Input NOR 10GOOOA 290 ps In Stock Dual 9-Bit Parity Generator/
Quad 2 Input NOR 10G001 290 ps In Stock Checker and 8-Bit Equivalence
(Quad Differential XOR/XNOR Checker 10G045 800 ps In Stock
and Line Receiver 10G002 1.8 GHz In Stock Ultra-High Speed 4-Bit Adder 10G100 800 ps In Stock
5,4, 3, 2/3. 2 Input AO/AOI 10G003 600 ps 1 weeks ARO Ultra-High Speed Carry [nokahead 10G101 500 ps In Stock
Drivers/Receivers/Comparators 4-Bit ALU (10181 ECL equivalent) 10G181 2ns 6 weeks ARO
Dual Complementary Driver/ i R s ;
Comparator 10G012B 1.8 GHz In Stock I\)jon(‘)hlhl( HT and Diode Arvays n e
Dual 41 Fanout Buffer 10GO11B 700 ps In Stock oA Daile ferny e i
Dua Differertia] \H’(\I'l UliB i ol0C 100 mA Diode Array 16G011 - In Stock
e G010 15 GHs e St Single Gate FET Array 16G020 15 GHz In Stock
. AR L holack Dual Gate FET Array 16G021 15 GHz In Stock
Flip Flops and Registers .
Dual Precision D Flip Flop 10G021A 2.7 GHz In Stock NanoRam™ Memory o ) !
Quad MUXed Input D Flip Flop 10G023 2 GHz In Stock 256 x 4-Bit Pipelined Static RAM 12G014 3ns Production
Quad XOR Input Flip Flop 10G024 2 GHz In Stock cycle time Sampling
Octal Register/Shift Register Colmunicaton Erodacte
r b} Y s Ceners " NIVY Ly Q = e S
‘n‘nl PN (‘14)(|( Generator 10G022 1.5 GHz In Stock 84 Time Division MUX 106040 15Gb/s In Stock
Register Files - : ; 1:8 Time Division DEMUX 10G041 1.5 Gb/s In Stock
16 x 4 3-Port Register File 106030 I'ns 6 weeks ARO Clock and Data Recovery Circuit 16G040 2.0 Gb/s In Stock
Multiplexers/Demultiplexers 16G040 Demo/OEM Board 90GCDR = In Stock
Quad 4:1 or Dual 8:1 MUX 10G046 600 ps In Stock Phase Frequency Comparator 16G044 1.0 GHz In Stock
Quad 2:1 MUX 10G004 1.8 GHz In Stock ASIC Products
. » Dual 9- seoder/DRY () 7 . gt OIG S
ﬁffu‘;'“'("r';‘/'ljhl\';‘q‘l:‘r'i" PEMUR S T o vals e SC-1 Standard Cell Library 80 GSC1 - Available
) rs/Prescalers 4 an 2 = Al
2-Stage Divider 10G060 25GHz In Stock Foundry Program Available
4-Bit Synchronous Programmable Prototyping & Support Products
Counter 10G061 1.6 GHz In Stock Universal Prototype Kit 90GUPK — In Stock
7-Stage Counter/Divider 10G065 3.0 GHz In Stock Universal Prototype Board 90GUPB - In Stock
Variable Modulus Divider 10G070 20GHz In Stock High Speed Socket (401 Package) 90GSKT-40L - In Stock

Create faster designs right now with in-stock PicoLogic™ ICs.
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LEADTIME INDEX

Percentage of respondents

5 5
o 4 LR %
- WA A % WA A% %
L% AN VRN W% AL AR,
ITEM >% 2% ITEM % £
TRANSFORMERS RELAYS
Toroidal S v B3 s Ol o Bl 76 General purpose Bl 3 BEE « BOE o RN 45
Pot-Core 0 8 5o > oY s [ii4 77 PC board B 35 Bl o4 BOE o0 B 62
Laminate (power) 6 12 [4p | 35 00 o 98 | 57 Dry reed 90| 30 80 30 6 o0 [80 64
CONNECTORS Me.rcury 17 17 ES88 33 0 0 §88 " 63
Miitary panel 0 12 26" 50 13 o H88 5 Solid state 6 27 §8bE 27 0 0 81" 66
Flat/Cable 10 48 20 14 0 0 59 8  DISCRETE SEMICONDUCTORS
Multipin circular §0 38 [ 5 B2RE o BaF 104 Diode Bl 45 [l 2 BoE o Bl s
PC ~ E3 BEA I ©m Zener IER EFB BB X
RF/Coaxial 5 4 B 27 T o M 50 Thyristor 8 23 388 3 [0 o 185 61
Socket 21 26 3 16 0 0 BEay 4.1 Small signal transistor 24 33 FHRE 19 5 0 F8¥N 50
Terminal blocks 8 45 1288 14 GN o §ES | 30 FET, MOS fA00 36 A 0 W@ o §8 57
Edge card 20 7 & Z 6 0 |88 50 Power, bipolar L 12 2 & 30 0 0 [ /8 42
SUERORR . ! S > SRR 0 B 42 INTEGRATED CIRCUITS, DIGITAL
Rack & panel 18 27 28 27 0 0 e 43 CMOS 16 24 28 32 0 0 79 49
Power B0 20 79 64 BO O EEE 39 T g8 23 [ 18 B0 o0 64 41
PRINTED CIRCUIT BOARDS LS 2 23 a0 18 WOF 0 Seil 38
Single-sided & N T B 0 3  INTEGRATED CIRCUITS, LINEAR
Double-sided 1 38 4 8 W8N 0 FE8 | 57 Communication/circuit DR 27 R 27 @UE o A oS
Muttiayer 00 25 SO 25 §0E 0 JE6S 72 OP amplifier B 18 FE5E 0 BoE o BN co
Prototype D 82 oM 12 FORY 0 B8 32 Voltage regulator & 30 P o0 WY o FEUN 53
RESISTORS MEMORY CIRCUITS
Carbon film 57 5 118 19 0 0 46 28 RAM 16K 20 o7 R 26 0 0 5 39
Carbon composition 41 5 T 27 0 0 B 31 RAM 64K 22 22 28 28 0 0 72 45
Metal film 43 9 fe8 19 B0 0 §SS 39 RAM 256K 60 3 a0 v E1 o FoiW 42
Metal oxide 21 36 21 22 0 0 61 37 ROM/PROM i 45 20 > B o BEEH as
Wirewound 2 22 30 26 0 0 71 51 EPROM I .33 B 34 B o R 5o
Potentiometers 25 25 29 13 4 4 8 55 EEPROM 14 43 21 22 0 0 63 44
Networks T ER EE B E DISPLAYS
FUSES Panel meters 08 31 K6 23 B0T o FEON 65
40 3 20 8 0 0 38 26 Fluorescent 5 1B I8 3 B0 o B 84
SWITCHES Incandescent S 33 B 34 @GS o S 68
Pushbutton @ s B9l > B o B oo LED N 31 B0 s B0 o BN ss
Rotary T 31 . 31 0 0 88 6.2 Liquid crystal 0 21 §80 29 0 0 91 68
e e 44 SN 7 SR O BEN ¢! MICROPROCESSOR ICs
Thumbwheel 13 20 33 34 0 0 84 60 8-bit 19 19 25 31 6 90 43
Snap action 7 57 14 22 0 0 be 73 16-bit 14 33 33 20 0 0 68 38
Momenta “I'B EB I E
e B~ 11 o I o FUNCTION PACKAGES
Amplifier 20 33 B v B o B ss
WIRE AND CABLE Converter, analog to digital 0 27 "o 46 [ 0 [0 63
Coaxial sS4 40 (485 13 HONN 0 S48 40 Converter, digital to analog 0 20 §40" 40 B0 | O FHOOW 7.2
Flat ribbon B0 56 [ 7 WOF o BE 3
- LINE FILTERS
Multiconductor 22 34 = 22 0 0 B8 36 0 43 30 36 0 o Fasl s1
Hookup SO 30 ({0W 0 BEE o MRS 15
Wire wrap 3 3 18 _12 0 o0 43 13  CAPACITORS
Power cords 8 33 [ 7 B o B o7 Commc S 35 T 17 B O e 07
Other b7 14 29 29 14 0 108 80 geramfc (r:onohthlc 21 2 2 | 29 0 0 §88 37
eramic disc CEH o Ed KR kY
POWER SUPPLIES Film 0 > 9g 7 5 o [N so
Switching i 3 i s 08 125 68 : -
T 8 23 38 23 8 0 93 60 Electrolytic 10 17 B8 23 0 0 F8l " 54
CIRCUIT BREAKERS Tantalum 9 32 N 23 0 0 74 45
Bl 42 8 e EEE o BEEE o4 INDUCTORS
Bl s B s B o Bl o
HEAT SINKS
2 46 [ 7 0 0 53 27 Source: Electronics Purchasing magazine’s survey of buyers
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High-powered

workstation
roductivity
or CAE/CAD

W applications.

No matter what your Computer Aided Engineering or Design
demands might be, Digital offers a solution that can boost your
productivity. Only Digital provides a full range of VAXstation™
workstations and integrated computing resources to meet even
your most compute-intensive applications.

Our integrated approach not only increases product quality,
but also lowers product development costs and speeds up time
to market. Plus, Digital’s integrated circuit and printed circuit
board design tools let you address every step of the process from
design concept to finished product. To learn more about how
you can be more productive and more competitive, write:

Digital Equipment Corporation, 200 Baker ™
Avenue, West Concord, Massachusetts
01742. Or call your local sales office.

© Digital Equipment Corporation 1987. The Digital logo and VAXstation are trademarks of Digital Equipment Corporation
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You can't do it with a pencil. Or
with tape.

But you can with Redcad™
software and an ordinary IBM
PECATT

Let’s say you've rearranged a
dozen components on your latest
PCB design. redirected a handful
of traces and added a few new
channels. With a click of your PC's
mouse — and faster than you can
swallow your coffee — Redcad
has automatically rerouted
every trace. And quite possibly
eliminated an unnecessary via
or two.

Auto routing is only one way
Redcad puts your PCB projects on
the fast track. It also lets you move
terminal points without having to

126

Connect the in 4.57 seconds.

go back and check for electrical
connectivity. It can make a first
pass at automatically placing your
ICs, power and ground routes in a
matter of minutes. And it'll show
you which connections have yet
to be routed and where their
destinations are, so you won't

RACAL-REDAC

CIRCLE NO 186

have to constantly refer to your
schematic.

The point is, Redcad CAE and
CAD software can help you
complete three to five times the
projects you currently handle in
the same amount of time. For
about $15.,000.

So what's the fastest way to put
Redcad to work for your group?

Connect with us. Just return the
attached card today, or phone
us at (714) 859-6336, Irvine,
California. We'll put you in touch
with your nearest Racal-Redac
representative and he'll rush you
a complete description of the
Redcad software system. 220

1[BM PC AT are trademarks of the International
Business Machines Corporation.
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MULTIBU
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SUPERCHARGE WITH SB

Drop SBE's MPU-20 CPU into your Multibus* I chassis and
buckle your shoulder harness. Because you're in for one fast ride.

Sieve Benchmark

M68K10
10 MHz

M68CPU
10 MHz
MPU-12
12.5 MHz
MPU-20
16.7 MHz
MPU-20
20 MHz

) B |

seconds 0 05 1 15 2 25 3 35

The MPU-20 is the only no wait state, 68020-based board
running at either 16.7 or 20 MHz. And, it's a field upgrade for the
68000-based CPU you're using now. Which means you can
supercharge your existing system. Fast. At a reasonable cost.

We'll even give you a running start with a free 30 day trial.
Call us Toll Free. Give us your P.O. number and a credit reference.
We'l ship you the MPU-20 Starter Kit:*** The MPU-20 CPU board

SBE, INC. IS A PUBLIC COMPANY TRADED ON THE NASDAQ NATIONAL MARKET SYSTEM  *MULTIBUS IS A REGISTERED TRADEMARK OF INTEL CORPORATION
**RUNNING REGULUS (TRADEMARK OF ALCYON CORP) OPERATING SYSTEM. UNIX (REGISTERED TRADEMARK OF AT&T) SYSTEM V BENCHMARKS ALSO AVAILABLE.

***SUBJECT TO CREDIT APPROVAL

CIRCLE NO 187
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32-BIT, 20 MHz MPU-20.

with 1 Megabyte of RAM, plus PROBUG" software, cabling and
documentation. . .everything you need to upgrade your 68000-
based system. At our 100-piece price of $1,950. Complete.

Install the board in your system and let ‘er rip. If the MPU-20
doesn’t supercharge your system as promised, send it back
within 30 days and tear up the bill.

SBE. From CPU’s, COM and LAN boards to I/0 J#&
expansion and systems. We've got what it takes to g/
make Multibus breathe fire: No-compromise 4§
boards and systems.

To Order, or for more information:

Toll Free: (800) 221-6458

In California: (800) 328-9900
In Canada: (514) 445-0898

SEBE e

MICROCOMPLUTER BOARDS AND SYSTEMS
2400 Bisso Lane, Concord, CA 94520
TWX: 910-366-2116 (SBE CNCD)
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. ‘ . Jixtures from VLSI circuit
Testing them should be simple. e it ver ic
performance without
diverting creative energy.
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Introducing the STM4100 and

STMS5100: a simpler way to
test VLSI.

Now theres a simpler way to
put a prototype IC through its
paces than spending weeks
hardwiring, programming
and debugging verification
routines. The STM4100 and
STM5100-Digital VLSI Test
Systems from Cadic. One’s a
desktop functio