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512K EPROM IS HERE.

You think Fujitsu came out with the
world’s first 512K EPROM? No, gomena-
sai. You think Intel’s got the first chip
big enough to hold an entire operating
system? No way.

It's Advanced Micro Devices.

And the Am27512 is just the latest
reason our memory family is skyrocketing.

There’s also our world record speed-
ster, the 256K EPROM, as well as our
really hot 128K and 64K EPROMs.

We've got the biggest family of
EPROMs there is. From 2K to 512K.

And our other products are just as hot.

We'll put you as far ahead
of the competition as we are.

Controllers. Bipolar and MOS micro-
processors. Communication circuits.
Signal processors.

And nobody makes as many peripher-
als for as many microprocessors as AMD.

And every
The International Standard of

Quality guarantees a 0.1% AQL on all Slngle Chlp
electrical parameters, AC and DC, meets or ex-

over the entire opera%ﬁe. ceeds the
International

Standard of Quality.

Next time you need an EPROM, give
AMD a call.

We'll give you something to celebrate.

Advanced Micro Devices ¢l

901 Thompson Place, P.O. Box 3454, Sunnyvale, CA 94088
(408) 749-5000, outside California, call toll-free (800) 538-8450, ext. 5000.
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You'll have your hands on an
amazingly versatile instrument.
Throughout its 100 pHz to 11 MHz
range, the Model 22 does
everything you'd expect of a state
of the art sweep generator. It lets
you set start and stop frequencies
with 3% digit precision on the
display, choose linear or log sweep
modes, and sweep over a 1,000:1
range.

But the Model 22 has a handful
of other capabilities.

For instance, frequencies below
1.1 kHz are digitized, with 1,000
point horizontal and 250 point
vertical resolution. This results in a
precision sine wave or a highly
linear ramp.

When Model 22 is used as a
function generator, its output
frequency can be locked to the
display counter, giving it a long-
term stability of 0.09%. That's more
than 30 times better than the short-
term accuracy of most function
generators.

All this in a package you can
hold in one hand, and own for less
than $1,000.* For details on how
you can pick one up, contact
Wavetek San Diego,9045 Balboa
Ave., PO. Box 85265, San Diego,
CA 92138.Tel. (619) 279-2200;

TWX 910-335-2007.

*U.S. price.

WAVETEK

You can hold all the
stabilized sweep generators that sell
for under $1,000 in one hand.

%/\‘Z,:L\‘,/ﬁggf}'ffj}ﬁ 11 MHz Stabilized Sweep Generator model 2
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PUT MORE ZIP INTO

YOUR BUYING POWER

Dale’s ZIP program is
more than a promise. It's a
guarantee that we can save
you time and eliminate many
of the headaches involved
with component specification,
procurement and evaluation.

And, now ZIP is more comprehensive than ever:

GUARANTEED DELIVERY

When we confirm a shipping date for any product you
order under the ZIP program, we guarantee shipment
will be made on or before that date or we will pay
the shipping costs for the delinquent portion.

GUARANTEED QUALITY

ZIP moves the products you need from our produc-
tion line to yours without stopping for receiving

Dale makes your basics better:

inspection. We guarantee they
will perform as specified with-
out costly in-plant verification.

AT NO EXTRA COST

Dale’s ZIP components are compet-
itively priced and most are available from
comprehensive factory stocking programs. All you
have to do to get these extra advantages is to
specify that you want ZIP products at the time the
order is placed.

COVERING MORE
PRODUCTS THAN EVER

Thick film resistor networks: Molded DIP and SIP
(MSP/MDP), coated SIP (CSC) 01, 03 schematics,
2% tolerance. Phone 915-592-3253, El.Paso, TX.
Thick film chip resistors: CRCW-1206, 1%, 5%
tolerance. Metal film resistors: 1/4 watt commer-
cial (CCF-55); Hybrid chip thermistors (Type “H”).
Phone 402-371-0080, Norfolk, NE.

Wirewound resistors: Commercial/industrial, 3 watt,
(CW-2B, RS-2B); Low value, .005-.1 ohm (LVR-3).
Phone 402-564-3131, Columbus, NE.

CALL FOR ADDITIONAL
INFORMATION

For additional information on products covered by

the ZIP program, contact your Dale representative
or one of the factory locations noted above. ZIP —

it's your assurance of continued Dale leadership in
component quality and service.

DALE,

DALE ELECTRONICS, INC., 2064 12th Avenue, Columbus, NE 68601 « Phone 402-564-3131
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BEHIND THE COVER

designer’s creative juices flow best in an

atmosphere that promotes, rather than

restricts, new ideas—where, as Dave
Rodgers puts it, “you don’t have to battle with
people who say no just because something has
never been done a certain way before.” It was just
such an atmosphere that the 18 founders of
Sequent Computer Systems Inc. hoped to foster.
So strong was the drive to work unencumbered
that the team of engineers, administrators, and
marketers got together in January, 1983, with no
particular preconceptions about a product.

After three months of brainstorming and an-
alyzing industry trends, it became clear that
there was a bright future for a general-purpose
multiprocessing computer —one that would fit
the OEM’s need for performance and config-
urability. That decided, one immediate goal was
to hire Rodgers, who had helped design the VAX-
11/780. And now he and Gary Fielland, whom he
calls the “intellectual father” of the Balance 8000,
have written this issue’s cover story (p. 153)
about that multiprocessing machine.

To be sure, it was Fielland’s extensive back-
ground in system architectures and his grasp of
the problems involved in synchronizing multiple
microprocessors that led to the Balance 8000—a
machine that automatically distributes its pro-
cessing load evenly and continuously among up
to 12 independent processors, runs Unix-based
software, and automatically reconfigures itself
as extra processors, memory controllers, and I/0
modules are added to it. Further, it was Fielland
who came up with the idea for the system link
and interrupt controller chip, which manages the
computer’s global interrupt system, controls its
cache semaphores, and forms the core of a
packet-based communication system.

The new company’s willingness to take risks
was also a factor in getting the complex design up
and running exactly a year from its inception. In
Rodgers’ understated way of speaking, it was “a
much more rapid cycle than I was used to.”

Today, though its engineers now number 45,
Sequent still maintains its air of adventure. To
Fielland, it brings the joy of seeing his ideas
fleshed out and working. To Rodgers, it means
“having a measurable impact on the company,
seeing how you personally have changed it.”

Electronic Design * September 6, 1984 3
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106 Analog converters, sample-and-hold amps lead
the way to a world of ideal design parameters

Design Entries

175 Floating-point converter uses hardware to get
a 20-bit dynamic range
With hardware setting the gain of a programmable-gain amplifier,

an analog-to-digital converter samples full-scale signals from
+20 mV to +£5 V at 320 kHz.

191 One-chip a-d converter interfaces with most uPs
Accepting and delivering data over an 8- or 16-bit bus, a one-chip
analog-to-digital converter is accurate to 10 bits and handles a
conversion in a mere 6 us.

205 A-d converter-filter chip serves as front end

for digital signal processing

An analog-to-digital converter and an anti-aliasing filter based on
switched capacitors form the analog front end for digital signal
processors.

219 Analog I/0 boards ensure speed and accuracy

in VAX-based data acquisition
A bit-slice controller and a 64-kword FIFO buffer compensate for
slow host systems, allowing data transfers at 250,000 samples/s.

TECHNOLOGY NEWS

27 Newspulse Conference Preview
Newsfront 53 Fiber-optic rf link makes waves in connectors

37 Fine-line CMOS process will soon be trimming 61 Midcon/84 addresses speechrecognition,synthesis
feature sizes to 1 um Viewpoint

38 Internal floating-point processor further boosts 71 Functional testing gains importance as boards
RISC machine speed \ become more complex

40 Base metals replace precious ores to cut resistor 72 More memory, at lower cost, will radically alter
network cost the way computers operate

42 Chip capacitors and leaf springs yield compact 85 International Newsfront
connector

45 MESFET technique shrinks power demand
of GaAs chips
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IN THE NEXT ISSUE

235 Clocked v-f converter tightens accuracy and

249

raises stability

Replacing sensitive external components with a clock input, a
v-f converter experiences less gain drift over temperature.

Adaptable chip monitors five power lines

to safeguard digital systems

Designed for retrofit or OEM applications, a quad power supply and
line monitor chip fits a wide range of supply types.

DESIGN ENTRIES

153 Cover: 32-bit computer system shares load
equally among up to 12 processors
A multiprocessor computer automatically redistributes the work

load and lets the user add more CPUs, employing one modified copy
of the Unix operating system.

268
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281

Focus on portable oscilloscopes

Even as they drop in size, portable oscilloscopes are adding new
talents to their repertoire and meeting the user more than half

way in ease of operation.
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Personal Computers: Technology
reports on the latest in small
mass-storage devices and net-
working . .. First details of a new
communications chip ... A new
function block that offloads a host
in controlling peripherals

Cover illustration by Jim Kinstrey
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Analog Technology 104

found the land of milk and honey—a land filled with

more functions per package, higher performance,
and both CMOS and merged CMOS-bipolar processes. Just
how far these devices and their sample-and-hold compan-
ions have gone is the subject of this issue’s Technology Re-
port (p. 106), which is backed up with a diverse selection of
contributed articles.

Leading the coverage are three analog-to-digital con-
verters: a floating-point version that reaches a 20-bit dy-
namic range (p. 175), one that shares its chip with a micro-
processor interface (p. 191), and another that teams up
with an anti-aliasing filter for digital signal processing
(p. 205). For sampling data, an analog I/0 board supplies
' the speed and accuracy required by a VAX-based data ac-

e o o, quisition system (p. 219).

$65.10 - . For those applications that do not need high speeds, a

“.4 .IN100's < voltage-to-frequency chip proves an able stand-in for an
R - a-d converter (p. 235). Rounding out the contributed arti-
cles is a power-line monitoring chip that safeguards digital

systems (p. 249).

D esigners who work with data converters may have

MOTO:SR'.V EI-ALVES ® | Cover: Dynamic load-sharing computer 153
TRANSDUCERS : ' eyt :
YOKES e COILS : Twelve architecturally identical microprocessors can

do the heretofore impossible for a multiprocessor

10 OTHER MODELS computer: deliver twelve times the processing power

SPECIFICATION RANGES: of one CPU. Incremental expansion without degradation or

15V to =150V . bus contention is made possible by a 32-bit system that dy-
*75mA to £15A namically redistributes its processing tasks in order of pri-
SLEW RATES up to 500V/us |} ority and uses one copy of a Unix-based operating system.

NOW AVAILABLE

WITH MIL883 SCREENING 3 3
ELECTRONIC DESIGN is growing.

" If you'd like to grow with us, you may be interested in one of the editorial
" SEE GOLDBOOK FOR: opportunities we have in our New York area home office or in our field offices,

PRODUCT SPECIFICATIONS | g in the United States, Europe, and Japan.
SALES REPRESENTATIVES We are interested in people with experience in all aspects of electronics,
especially the explosive area of computer technology. To examine your
TH potential in the exciting world of engineering journalism, call Lucinda Mattera,
* APEXMICROTECHNOLOGY CORP. Editor-in-Chief, at (201) 393-6000, or write to her at Electronic Design, 10
1130 E. Pennsylvania, Tucson, AZ 85714 Mulholland Drive, Hasbrouck Heights, N.J. 07604.

-

- . YORDERS AND INQUIRIES: (602) 746-0849
APPLICATIONS HOTLINE: (800) 421-1865
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sformers

3 KHz-800 MHz
over 50 off-the-shelf models

from $295

Choose impedance ratios from 1:1 up to 36:1,

connector or pin versions (plastic or metal case built

to meet MIL-T-21038 and MIL-T-55831 requirements*).
Fast risetime and low droop for pulse applications;

up to 1000 M ohms (insulation resistance) and up to 1000V
(dielectric withstanding voltage). Available for

immediate delivery with one-year guarantee.

Call or write for 64-page catalog or see our catalog in
EBG, EEM, Gold Book or Microwaves Directory.

‘units are not QPL listed

finding new ways
setting higher standards

iable! & =] ] =
computer-automated :JMII‘II- II'ClIItS
Once A Division of Scientific Components Corporation
World’s largest manufacturer of Double Balanced Mixers

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

But only National goes
beyond talk with telecom products
that deliver the industry’s
highest performance.

When it comes to telecom
circuits, everyone is making
a lot of noise.

Except National.

Because National is applying
its microCMOS technology
to produce an array of telecom
products that offer important
design benefits.

Specifically, National’s
codec/filter COMBO™circuits,
using microCMOS technology
provide the lowest idle channel
noise. The lowest power
requirements and automatic
power-down. All leading to
higher performance, lower sys-
tem cost and a major improve-
ment in reliability.

Our range of codec/filter
COMBO devices is a perfect
example of what microCMOS
can do for you.

Imagine a whole array of
COMBO circuits that typically
operate at a low 60 mW. Or
an even lower 3mWin the
power-down mode.

And these devices feature

CIRCLE 7

a full range of codec and filtering
capabilities. And, u-law or
A-law compatible COder and
DECoder. Active RC noise
filters for ultra-low out-band
noise. High-pass and low-pass
filtering. Plus serial and
parallel interface options.

On top of that, were apply-
ing microCMOS technology
to ISDN. Including digital
subscriber loops.

Small wonder the industry
giants consider National’s
codec/filter COMBO products
the industry standard.

They’re one more reason to
take advantage of National’s
microCMOS technology.

We'd like to show you
more. For a copy of our
new microCMOS brochure,
contact us at 2900 Semi-
conductor Drive, ms23200,
Santa Clara, CA 95051.

V.74 National
Semiconductor
We're doing it.

W



1watt 07 to 4.2 GHz amplifiers...only $895

Now is the time to rethink your design decisions— ZHL-42 SPECIFICATIONS
if you require up to 1watt output for low-distortion intermodulation Frequency 71042 GHz
testing ... broadband isolation. ... flat gain over wide bandwidth—or if you i oM b " 30dBMin
need much higher output level from your signal/sweep generator Gain Flatess '
or frequency synthesizer — you can now specify Mini-Circuits Power Out @1dBCP. . ........ +29dBm Min.
new ZHL-42 power amplifier .. . for only $895. VSWR In/Out.

Using ultra-linear Class A design, this state-of-the-art four-stage Noise Figure :
amplifier provides 30dB gain, flat (+1.0dB) over the 700 to 4200 MHz ... +15V @ 690mA
range, is unconditionally stable, includes overvoltage protection, and can Third Order Intercept. . .. 38 dBm Min.
be connected to any load impedance without amplifier damage or oscillation. Second Order Intercept .. 48 dBm Min.

One week delivery ... and, of course, one-year guarantee. i 7" x 34" x 26'h

CIRCLE 8
finding new ways
setting higher standards

[JMini-Circuits

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

Domestic and International Telex 125460 International Telex 620156
C97 REV.ORIG.




ON REFLECTION

Digital designers need

a crash course
in analog technology

s keepers of the analog faith have long

Awarned, digital designers are quickly
facing a day of reckoning. It will soon

become mandatory that digital designers
not only be able to understand analog tech-
nology but also be able to operate in what is
to them a nebulous and inexplicable world.
A world, for example, in which industrial
control systems often must handle fast
nanovolt and kilovolt signals in close prox-
imity without interference and to within
0.0015% accuracy.

In addition to pure physics, two other rea-
sons will force the digital designer to learn
the analog trade: a demand for top function-
ality in one package and the obvious short-
age of analog specialists.

With logic speeds reaching for the micro-
wave region, parasitic capacitances and in-
ductances will soon turn sharp pulses into
near sine waves.

Those degraded pulses must not be fur-
ther distorted by logic inverters or gates,
which are actually nonlinear amplifiers. Al-
though the pulses start out reasonably
large, if they travel any distance, attenu-
ation also occurs, making the interference in
noisy environments a critical factor.

Even in moving magnetic memories, the
signals coming off the read heads are truly
linear and must be processed carefully to
determine whether they are logic 1s or logic
0s. Moreover, if these pseudopulses emanate
from the latest hard-disk drives, they de-
mand amplifier bandwidths of 50 to 100
MHz. To complicate the matter, the signals,
which are extremely small to start with,
could suffer from the noise of spindle mo-
tors.

Designers of circuits handling fast high-
voltage or high-current pulses face similar
pseudo-analog problems. For instance, a
100-A power MOSFET can turn off in less
than 1 us. However, the di/dt effects in par-
asitic pe-board and package-lead induct-
ances may turn them on again. Pc-board
wiring resistance, as well as source-drive
impedance and current output, must be min-
imized for guaranteed turn on and turn off.
The high input capacitance of 15,000 pF also
must be charged from the source—through
the resistance—in under 1 us.

Squeezing more functions into one pack-
age has prompted strong interest in putting
digital and analog functions on one chip and
their diverse signals on the same board. As
a result, digital designers are being asked to
handle analog signals, as well as the more
familiar digital ones. Frequently, the digital
designers determine which op amps, com-
parators, or converters should be used.

Those designers may think that trusty
analog engineers will be as helpful in de-
signing the new boards as they have been in
the past. That luxury may not exist much
longer —the shortage of experienced analog
designers is significantly more acute than
that of their colleagues.

Digital designers, dust off your original
analog computer—your slide rule—get out
your trusty handbook, and pay heed to the
real world. It’s later than you think.

Fromnts. fJordirornl

Frank Goodenough
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INTEL CHMOS GIVES
DATA EQUAL VOICE.




The telephone system
of tomorrow will be digital
end to end. Able to
handle voice and data.
Simultaneously.

Today, there’s a short-
cut to get you there.

Introducing the first
two members of Intel’s
third generation Advanced
Telecommunications

Component (iATC™) family:
The 29C51 Codec/Filter
combo in CHMOS. And
2952 Line Card Controller.
Representing a new
approach to telecommuni-

cation’s circuit architecture.

Together, they can
handle all pulse code
modulation coding and
encoding. Subscriber voice
channel filtering. Con-

~ trol signaling. And back-
~ plane interfacing.

Alone, the 29C51
handles all the analog to
digital switching. It’s soft-
ware programmable with
a total of 10 features under
user control, including
transmit and receive gain.
You can also program
the 29C51 for subscriber

~ line balancing.

It offers a secondary
analog channel capable
of monitoring an analog

- subscriber’s line.

And internal analog

three-way conferencing.
All on one chip. All soft-

ware controlled.

Because the 29C51 is

*  manufactured with Intel’s
- CHMOS technology, it

- offers the best of both

~ worlds. The density and

manufacturability of Intel’s

- high performance HMOS

technology. And the low
power benefits of CMOS.

- With absolutely no com-

promise in performance.
Developed for use with

.~ the 29C51, the 2952 Line
Card Controller provides the
~ bridge to ISDN upgrades.

It can control up to 16
subscriber lines at once,

© 1984 Intel Corporation

plus manage all voice and
data transfers between
the backplane and the line
circuits. This includes
matching time slots on
PCM highways and intel-
ligent interface to a con-
trol highway.

Although the 2952
can interface with just
about any part of your
system it's optimized for
use with Intel’s 80C51
microcontroller and the
Intel iAPX family of micro-
Processors.

29C51
Combo

Features

29C14

2914
Combo
T

Power

The high performance 29C51 offers the benefits of low
power with more features than conventional NMOS.

Which means your
telecommunication sys-
tem design can be virtu-
ally unlimited in scope.

Together, the 29C51 and
2952 will work with every
other iATC component.
Now. And in the future.

If there’s a digital tele-
communication system
design in your future, call
Intel toll-free today at
(800) 538-1876. In Cali-
fornia, (800) 672-1833.
And give your data equal

voice.
[ ] | I@



Finally, high-performance
network analysis from 5 Hz to 200 MHz
...foronly $23,500*

> 3577A NETWORK ANALYZER 5Hz - 200 MHz
HEWLETT « PACKARD

0 .000@dB

©00dB

MARKER 198 312.601Hz
MAG(S21) -0.199dB

If you’re testing components, amplifiers,
filters, crystals, or communication
systems, you’re probably paying for
bandwidth you don’t need. Or you’re
getting significantly less performance
than you really want. But not any more.
Because with the HP 3577A Network
Analyzer, you get precision measure-
ments from 5 Hz to 200 MHz at an
affordable price.

Swept Frequency Coverage. The
HP 3577A’s internal synthesized source
lets you sweep as narrow as 10 milliHz
or as broad as 200 MHz. With accurate
and stable start, stop, and CW frequency
selection to 0.001 Hz resolution.

Magnitude/Phase Accuracy and Res-
olution. With three independent receiver
inputs, the HP 3577A can make accurate
magnitude and phase measurements over
a 100 dB dynamic range. Sensitivity is
-115 dBm in a 1 kHz BW. Better than
-130 dBm in a 1 Hz BW. Plus, you can
resolve to 0.001 dB magnitude and 0.005
degree phase.

Versatile Group Delay Measurements.

Swept group delay measurements are
yours to 1 ps resolution. Selectable fre-
quency aperture between 0.5% to 16% of

ocsioneoros,  HP-IB: Not just IEEE-488, but the
hardware, documentation and
support that delivers the shortest
path to a measurement system.

SYSTEMS
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Introduci
the HP 3577A
Network Analyzer

span lets you optimize each measurement
for the situation at hand.

But that only scratches the surface.
You can display measured data in rec-
tangular, polar, Smith, or log (Bode) for-
mats. Perform arithmetic on trace data,
use the autoscale function for bringing a
measurement on scale quickly, get hard-
copy output using the direct HP-IB plot-
ter control. Plus true vector averaging,
electronic line stretch, and selectable in-
put impedances.

Price, performance, and convenience...
they combine to make the HP 3577A the
ideal solution.

Communications. Take advantage of
the HP 3577A’s high resolution, stability
and wide frequency range for measure-
ments in the audio, baseband, and IF

[

HEWLETT
PACKARD

ranges. Add the HP 35677A/B 50 ohm
or 75 ohm test set for simultaneous
reflection/transmission measurements.
Use the group delay feature to check for
phase distortion at 45 or 70 MHz in IF
filters.

Filters. Here’s a major advance. For
the first time, the HP 3577A lets you
measure filters with 100 dB of stopband
attenuation, and 0.001 Hz frequency
setability. Ideal for crystal filters.

Disc Manufacture. With data rates
pushing higher all the time, traditional
digital logic and read/write amplifiers
require precision analog-type testing.
The HP 3577A is the perfect choice for
designing, verifying, and optimizing
such circuits.

Put the HP 3577A to work on your
design problem. The right bandwidth.
Exceptional accuracy. Superior resolu-
tion. And low price. For complete
details, contact your local HP sales office
listed in the telephone directory white
pages. Ask for the electronic instruments
department.

*U.S.A. list price only for the HP 3577A Network Analyzer.

Add the HP 35677A/B S-Parameter Test Set (100 kHz to 200
MHz) for $3,500.
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Track record
speaks for itself

Newsfront story “/s-in.

Cartridge Drive Doubles
Track Density to Store 134
Mbytes” [July 12, p. 44] recog-
nizes data cartridges for what
they are—a tremendously
powerful, reliable, and cost-
effective method of backing
up computer systems.

A clarification is war-
ranted, because of the asser-
tion that our DC 600 data
cartridge lacks mechanical
precision. Nothing could be
further from truth. In fact,
the DC 600 has a four-year
track record of excellent data
exchange and reliability in
the HCD-75 drive and the
HP-7900 series of tape sub-
systems. In these systems,
the cartridge supports one of
the highest areal densities
(640,000 bits/in.?) in the busi-
ness. At 64 tpi and 10,000 bpi,
one cartridge can store 67

Mbytes formatted.
Peter N. Holste
Public Relations Department
3M Co.
St. Paul, Minn.

I’m happy that your fine

of typographical errors ap-
peared to have crept into the
schematic.

The catching diode, type
MR851, is on the wrong side of
the choke, soit won’t catch the
inductive kick. Since the diode
is in the wrong place, switch
S:14 also must be in the wrong
location. Further, the 15-V
zener diode in the lower left-
hand corner of the circuit is
also connected wrong.

Robert Bruce

Senior Engineer

AIL Division of Eaton Corp.

Deer Park, N.Y.

The author replies: I appre-
ciate the opportunity to make
the corrections Mr. Bruce sug-
gests. Onthe schematic, the in-
tersection of the catching di-
ode, and the inductor should
indicate a connection. A node
should also be shown at the in-
tersection of the 15-V zener di-
ode and the base of the 2N 2222
transistor. Incidentally, to
handle a greater output cur-
rent, two 2N3970 transistors
can be used in parallel for the
Darlington pair.

On the right wavelength

Establishing the
right connections

sign Solution in your June

28 issue [“Dual-Mode Pow-
er Supply Works Either Lin-
early or as a Switcher,” p.
294]. This is my area, and an
innovative circuit interests
me. Unfortunately, a number

Iread with interest the De-

he tough stance taken

I by Vincent Biancomano
in his June 28th On Re-
flection [p. 11] may anger a
few readers, but I think it hits
the mark squarely. Even
though the merits of regula-
tion vs deregulation can be
argued ad infinitum, the evi-
dence thus far presented
clearly confirms that when
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A FUL-HOUSE
SOFTWARE BATTLE!

dux INTEGRAL

model-800

INTEGRAL 800 is a complete package for software
development, built around a Z80B, 6MHz CPU with
64KB RAM and using the cP/M™ operating system.
Incorporating keyboard, twin 3.5 floppy disk drive,
in-circuit emulator, display screen, PROM programmer
and eraser, printer and multiple connection ports into a
carrying case the size of a large briefcase, the INTEGRAL
800 is truly profitable for emulation, logic analysis and
debugging that requires real-time and hardware tracing.
Most importantly, the INTEGRAL provides a wide
variety of utilities that allow the user to communicate
with the VAX 11 (DEC), MDS (Intel) etc. . Also, 8 inch
floppy disk drives can be connected to expand the
system. (option)

There’s no short cut to good software, but the dux
INTEGRAL makes the job a whole lot easier.

Brief specifications:

CPU: 2808, 6MHz

Disk drives:  Twin 3.6” micro floppies, each with 720 KB

storage

7" non-glare, amber CRT with 24 lines of 80

characters each

Keyboad: ASCI| plan with function keys

Printer: 40 columns on thermal paper

PROM programmer Supports 2716, 2732, 2732A, 2764, 2764A,
27128, 27128A, 27256 and 27C256 with read,
write and verify functions

PROM eraser: UV with 10 min. timer

Target CPU: 280, Z80A, Z80B and C-MOS with clock up to
6MHz

Dimensions:  19.3(W) x6.7(H) x 15.0(D) in
490(W) x 170(H) x 380(D) mm

Weight: 33 1b (15 kg)

Power requirements AC 115/230V, 50/60 Hz

Display:

(INTEGRAL series) Model—850 (i8085), Model—860 (i8086)

DICE-Z808B
IN-CIRCUIT EMULATOR

You can use the DICE successtully with #ERTeg
any host computer gystem s Y

(DICE-series)
E-8085 DICE-8086
DICE-8048

(65C02 is also available)
DICE-6809 DICE-68K

Manufacturer

KOKUSAI DATA MACHINESYSTEMS INC.

45-6, Iguchi, Mitaka, Tokyo, 181, Japan
Tel: 0422-31-4111  Fax: 0422-31-2050

Authorized export division

V."ANPS ..

SHIBUYA RESIDENCIAL OFFICE 37-10 UDAGAWA-CHO
SHIBUYA-KU TOKYO 150 JAPAN TEL:(03)466-5400
TELEX:J27832 NPSJAPAN FAX:(03)466-5622
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Analog Solutions

Lifetoo
unsettled?

AH103/AH104:
160nsec to 0.1% FET op amps

» 160nsec max to 0.1% (AH104)
» 280V/psec min (AH104)

» Internally compensated for unity
gain (AH103)

» 1mV max VOS, 5u.V/°C max drift
(CL grades)

» 30ma min out at + 10V
» $38.60in 100's

[ ]
w P.O. Box 11140, Tucson, Arizona 85734
Phone 602-624-8358, Telex 910-952-1283

See us at Wescon (Booth 2246) and Electronica (Booth 21-B41)
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Destination:
everywhere.

Qur custom power
supplies make your product
a world-class traveler. VDE,
BPO, UL, CSA—we meet
them all.

At last: you don't have
to be tied up with “customs”
any more! We design power
supplies quickly and cost-
effectively to meet your
critical specifications.

Call us today and ask
about our non-stop service.
We'll write you a passport
to international success.

"A TIONAL

OWER =—
Specifications:
ECHINOLOGY 65-500 watts

Single- and multiple-output

Overload and overvoltage protection
2111 Howell Avenue Remote sense on main outputs
Anaheim, California 92806 Standard models also available;
(714) 937-1301 - TWX: 910-591-1983 call for details.
© Copyright 1984, National Power Technology
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““See us at Midcon; booth nos. 1104-1108"

READER FEEDBACK

deregulation is instituted, all
hell breaks loose. Unfortu-
nately, it is going to be very
difficult for engineers to de-
mand reestablishment of
standards as long as FCC offi-
cials are nontechnical bu-
reaucrats, content to make
decisions that are compatible
with economic factors. To
clear up the problem, engi-
neers may have to fight for
better qualified and more
even-handed decision mak-
ers, a virtually hopeless task.
Name withheld

Corrections

In the Aug. 9 cover article
[p. 153], a regrettable but un-
foreseeable concatenation of
errors eliminated or mis-
named the hatching of ele-
ments in three figures. In
Fig. 3, the ellipse at the ex-
treme right should be cross-
hatched. In Fig. 4, p. 163, the
uppermost row of four ellipses
should be dotted and the el-
lipse within the oblong should
be cross-hatched. In Fig. 5,
page 166, the circle labeled
“sensor usage violations”
should show blue lines.

Apologies to Energetec Sys-
tems Inc. (Lisle, Ill.), whose
name we maisspelled in our
August 9 letters column
while we were trying to cor-
rect a goof in our June 28
Product Report on switching
power supplies. The per-
petrator is now writing “I
will mot misspell Energetec
Systems” 500 times on his ed-
iting terminal.

16 Electronic Design + September 6, 1984



ROCKWELL
SEMICONDUCTOR
TECHNOLOGY DELIVERS
8031 AND 8051

ALTERNATIVES.

Rockwell's R6500 single-chip family—including
the R6501Q “Super Microprocessor”
—offers available solutions to long lead times.

In as little as six weeks, Rockwell [CZ EE T TR T T (s in over half the world's 5”
International can deliver altermatives g ! hard disks. With 2K ROM, 64
to the 8051/31, 8048/49 or 8041 ramen | w2 | w [ e bytes of RAM, a 16-bit counter
families of single-chip products ety and 32 1/0 lines, it's ideal for
Our field applications engineers moderate sized jobs
are ready to answer conversion Bogoon | x|k And if you're waiting foran

Serlal Comm.

Counters

questions and Rockwell's develop- e ] = g 8041 to off-load tasks from your
ment aids can provide £z, el |4 central CPU, look at the
an MDS I cross- a : e I = ' R6500/41. It has | SKROM, 64

assembler and in-
circuit emulation P
hardware to aid in
your redesign process.
Our R6501Q microprocessor
provides an alternative to the 8031
This "super microprocessor” device
extends the R6500 family with four
new bit manipulation instructions, and Rockwell Semiconductor
oftfers 192 bytes of RAM, two 16-bit . s — Products Division
counters, aserial (UART) port, LW § 5. | Rockwell International, P.O. Box C,
321/0 lines, plusa full 65K ./ MS501-300, Newport Beach, CA
address bus. - e, 92660. Call Toll Free (800) 854-8099
In addition, the R6500/110or g’] In California, (800) 422-4230

R6500/12 microcomputers can ]
[’

end your search foran 8051 alter-
Rockwell International

bytes of RAM, a 16-bit counter,
multiplexed address expansion
to an additional 4K and a host bus
that talks 8050/Z80 or 6500/6800.

/. Don't wait any longer. Call your local

// Rockwell field representative or home office
; staff today for fast facts on the available
alternatives from—

native. The R6500/1 1 has all the features
of the R6501Q, plus 3K of ROM, 32 1/0
lines—or 56 [/0 lines with the R6500/12—
and address expansion to 16K is available

[t you're looking for an 8048./49 replace-

ment, look into our R6500/ 1 microcomputer— where science gets down to business

CIRCLE 14




hen reliability is imperative-

NEW! High Density et
Linear Power Supply “ Q-

For crucial military C’l applications, the rugged new
Abbott Model LV provides the high performance of a lab-
type power supply in a small, compact hermetically- 4.25
sealed unit. , , Single & dual output. 50, 60, 400 Hz to DC.
Exceptionally low ripple, (5mV peak-to-peak), it protects o | gw ripple, 5MV peak-to-peak.
critical circuits from damage or inaccuracies. Superior line o | ine regulation: 6.05% on changes from 105 to 125 Vac.
regulation suppresses input transients in accordance with o | pag regulation: 0.1% from no-load to full-load.
MIL-STD-1399. High power density, up to 1.2 watts per cubic  « Qptional input: 47 to 53 Hz, 210 to 250 Vac.
inch, saves valuable space. A low EMI unit, it meets MIL- « Power densities: 28V at 75 amps is 1.2 watts/in’ 5V at
STD-461A. Exceptionally rugged, Model LV meets the 20 amps is 0.6 watts/in’
applicable environmental test methods of MIL-STD-810C.  MTBF: Model LV5D2.0, 68,987 hrs., ground benign.

(e}
Higher Reliability Option. Although the MTBF isvery 1001 rs, Nava shelterd, calculated at S0°C base
high (see right), even higher levels of components may be o EMI: Low-noise. Meets MI'L-STD-461A‘

specified to meet specific project requirements. Ask your

Abbott Sales Engineer for details of our E.R. Program.

Abbott Transistor Laboratories, Inc., Power Supply Division abbot
Eastern Office: (201) 461-4411 Western Office: (213) 936-8185 :

Southwest Office: (214) 437-0697

Call or send for Specs and Full Line Catalog. circLe 15 MILITARY POWER SUPPLIES




U.S. MEETINGS

Defense Computers-Graphics 84,
Sept. 10-13. Convention Center,
Washington, D.C. Dorothy Bomberger,
DCG '84, 2033 M Street, N.-W., Suite 333,
Washington, D.C. 20036; (202) 775-9556.

EASCON ‘84, Sept. 10-12. Shoreham
Dunfey Hotel, Wash., D.C. Larry
Whicker, LRW Assoc., 1218 Balfour
Drive, Arnold, Md. 21012; (301)
765-7264.

1984 Symposium on VLSI Tech-
nology, Sept. 10-12. Vacation Village,
San Diego, Calif. Dr. Lewis M. Terman,
IBM T.J. Watson Research Center, PO
Box 218, Yorktown Heights, N.Y. 10598;
(914) 945-2029.

10th Annual Advanced Control Con-
ference, Sept. 10-13. Fowler Hall,
Stewart Center, Purdue Univ., W. La-
fayette, Ind. Edward Kompass, Control
Engineering, 1301 S. Grove Ave., PO
Box 1030, Barrington, Ill. 60010; (312)
381-1840.

Electronic Imaging ’84, Sept. 11-13.
Westin Hotel, Copley Place, Boston,
Mass. Electronic Imaging '84, 2 Park
Ave., New York, N.Y. 10016-5667; (212)
340-9780.

Midcon/84 and Mini/Micro Mid-
west/84, Sept. 11-13. Dallas Con-
vention Center, Dallas, Tex. Nancy Ho-
gan, Electronic Conventions, Inc., 8110
Airport Boulevard, Los Angeles, Calif.
90045; (213) 772-2965.

UNIX Systems Expo/84, Sept. 11-14.
Convention Center, Los Angeles, Calif.
Sally Nestler, Computer Faire, Inc., 181
Wells Avenue, Newton, Mass. 02159;
(617) 965-8350.

Voice Input/Output Systems Appli-
cations Conference ’'84, Sept. 11-13.
Marriott Crystal Gateway Hotel, Ar-
lington, Va. Leon Lerman, AVIOS, PO
Box 60940, Palo Alto, Calif. 94306; (408)
T742-2539.

1984 ASM Materials Science Semi-
nar, Sept. 15-16. Westin Hotel, Detroit,
Mich. Prof. B.W. Wessels, Technological
Institute, Northwestern University
Evanston, Ill. 60201; (312) 492-3219.

The Solid Modeling Revolution, Oct.
15-16. The Sheraton Tara Hotel, Farm-
ington, Mass. Lorraine Mazza, Manage-
ment Roundtable, Inc., 824 Boylston St.,
Chestnut Hill, Mass. 02167; (617)
232-8080.

Compcon Fall ’84, Sept. 16-20. Hyatt
Regency/Crystal City, Arlington, Va.
Gerrie Katz, Small Computer (R)evolu-
tion, PO Box 639, Silver Spring, Md.
20901; (301) 589-8142.

DataStorage 84, Sept. 17-19. Fairmont
Hotel, Denver, Colo. Terri Noble, Cart-
lidge & Assoc. Inc., 4030 Moorpark Ave-
nue, Suite 205, San Jose, Calif. 95117,
(408) 554-6644.

FOC/LAN 84, Sept. 17-21. MGM
Grand Hotel, Las Vegas, Nev. Michael
O’Bryant, Information Gatekeepers
Inc., 138 Brighton Ave., Boston, Mass.
02134; (617) 787-1776.

1984 International Microelectronics
Symposium, Sept. 17-19. Loews Ana-
tole, Dallas, Texas. Glenn Dowler,
International Society for Hybrid Micro-
electronics, PO Box 3255, Montgomery,
Ala. 36109; (205) 272-3191.

Federal Computer Conference, Sept.
18-20. Washington Convention Center,
Washington, D.C. Dallas Kinney, Con-
ference Communications, PO Box 368,
Wayland, Mass. 01778; (800) 225-5926 or
(617) 358-5181.

17th Annual Connectors and Inter-
connections Symposium, Sept. 19-21.
Disneyland Hotel, Anaheim, Calif. Jim
Pletcher, Electronic Connector Study
Group, Inc., PO Box 167, Fort Washing-
ton, Pa. 19034; (215) 279-7084.

13th Annual Conference North
American Thermal Analysis Society,
Sept. 24-26. Marriott Hotel, Philadel-
phia, Pa. Hal Ferrari, Lederle Labora-
tories, Bldg. 65B, Pearl River, N.Y.
10965; (914) 735-5000, ext. 3443.

World Conference on Ergonomics in
Computer Systems, Sept. 24-25, Los
Angeles; Sept. 25-26, Dallas, Texas;
Sept. 26-27, Chicago, Ill.; Sept. 27-28,
New York, N.Y. Robert Baily, Computer
Psychology Inc., 54 E. Main St., PO Box
16, Mendham, N.J. 07945; (201) 543-9009.

International Industrial Controls
Conference and Exposition, Sept.
25-27. Philadelphia Civic Center, Phila-
delphia, Pa. Tower Conference Manage-
ment Co., 331 Wesley St., Wheaton, Ill.
60187; (312) 668-8100.

Annual Convention and Exhibition
Showcase of the North American
Telecommunications Association
(NATA), Oct. 1-4. NATA, 200 M St,,
N.W., Washington, D.C. 20036; (202)
296-9800. (continued on p. 21)
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Best
switch
on earth
and beyond!

Shooting for the moon?

Our rotary switches have been there
and back. And on almost every NASA
project since the space program began.
We make everything from micro-
miniature rotary selector switches to
totally enclosed explosion-proof
power selector switches, for major
airframe and aerospace contractors all
over the globe.

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

Even if they're out of this world.

1 ] [ L= ]}
‘ An ESOP Corp.

P.0. Box 3038, 3111 Winona Avenue
Burbank, CA 91504 Phone (213) 846-1800
TWX 910-498-2701
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Draw Your Way to the Top

PC-Draw Will Increase Your Olffice Productivity.
And Upward Mobility.

magine. You now have the capability to graphically

depict your best ideas, plans, designs and proposals. In
color or black & white. Accurately. Completely. Dramati-
cally. Concepts presented so forcefully—yet so simply—

that you leave that critical meeting
with upper management. .. fotally

confident of success.

And you win. Your secret 10 DAY
weapon? PC-Draw. A powerful in- TRIAL
teractive graphics program for the PERIOD
IBM PC or XT™ —ynlike anything —

else on the market. Using PC-Draw
you create virtually anything that can
be drawn with pencil and paper. Quick-
ly. Easily. With far greater detail.
PC-Draw is ideal for presentation graphics, proposals,

systems design, forms, diagrams ... and an endless variety
of charts, graphs and illustrations. PC-Draw allows you to
produce drawings up to 99 pages long. Several templates
come with PC-Draw including Flowcharting, Electrical
Design, Office Layout, and Alternate Text. In addition
you create and store your own unlimited supply of user
defined symbols.

PC-Draw includes an easy-to-follow interactive tuto-
rial. Requires IBM PC or XT™ or compatible, graphics
adapter and graphics monitor. Version for PCjr available.
Graphic boards, plotters at competitive prices.

Shhh! Don’t tell your office competition about PC-Draw.
They’ll catch on soon enough. For free brochure or to
order call 800/2PC-DRAW. In Texas or for customer
service call 214/234-1769. Micrografx, Inc., 1701 N.
Greenville Ave., Suite 305, Richardson, Texas 75081.

MICROGRAFX

(Most popular plotters and printers supported.)

The Picture of Success.
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U.S. MEETINGS

(continued from p. 19)

AUTOFACT 6 Conference and Ex-
position, Oct. 1-4. Anaheim Con-
vention Center and Disneyland Hotel,
Anaheim, Calif. SME’s Public Relation
Dept., One SME Drive, PO Box 930,
Dearborn, Mich. 48121; (313) 271-0777.

Information Management Exposition
& Conference (INFO ’84), Oct. 1-4.
INFO ’84, 999 Summer St., Stamford,
Conn. 06905; (203) 864-0000.

Northcon 84 and Mini/Micro North-
west 84, Oct. 2-4. Seattle Center Flag
Pavilion, Seattle, Wash. Nancy Hogan,
Electronics Convention Inc., 8110 Air-
port Blvd., Los Angeles, Calif. 90045;
(213) 772-2965.

IEEE International Conference on
Computer Design (ICCD 84), Oct.
7-11. Rye Town Hilton, Port Chester,
N.Y. Harry Hayman, IEEE Computer
Society, PO Box 639, Silver Spring, Md.
20901; (301) 589-8142.

1984 ACM Annual Conference, Oct.
8-10. Hilton Hotel, San Francisco, Cal-
if. Alexander Roth, 9900 Main St., Suite
303, Fairfax, Va. 22031; (703) 385-0211.

Electronics Manufacturing Techno-
logies & Systems 84 (EMTAS 84), Oct.
9-11. North Carolina State University,
Raleigh, N.C. Gerri Andrews, Society of
Manufacturing Engineers, 1 SME
Drive, PO Box 930, Dearborn, Mich.
48121; (313) 271-1500.

Circuit Expo 84, Oct. 16-18. Centrum,
Worcester, Mass., Worldwide Conven-
tion Management Company, Box 159,
Libertyville, I11. 60048; (312) 362-8711.

Fifth Annual Assembly Technology
Expo, Oct. 16-18. O’'Hare Expo Center,
Rosemont, Ill. Richard lewis, Assembly
Technology Expo, 2400 East Devon
Ave., Suite 205, Des Plaines, Ill. 60018;
(312) 299-3131.

Maecon/84, Oct. 16-18. Cervantes
Convention Center, St. Louis, Mo.
Ohmeom/Maecon, PO Box 699, Utica,
Miss. 48087; (313) 731-4551.

Unix Expo, Oct. 16-18. Sheraton Cen-
tre Hotel, New York, N.Y. National Ex-
positions Co, Inc., 14 West 40th Street,
New York, N.Y. 10018; (212) 391-9111.

International Test Conference 1984,
Oct. 16-19. Franklin Plaza Hotel, Phil-
adelphia, Pa. Harry Hayman, PO Box
639, Silver Spring, Md. 20901; (301)
589-8142.
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Environments Generated and
Controlled...Choose from
Tenney’s wide range of
environmental test chambers

® Temperature ® Space simulators
® Temperature/humidity ® Vacuum ovens
® Temperature /Altitude ® Autoclaves

® Thermal Shock ® Explosion

® AGREE ® Burn-in

® CERT

Tenney has been generating and controlling
these environments in confined work spaces of
all sizes for over a half century.

Why not contact Tenney when specifying
your next environmental test chamber.

Send for Free
Short Form Catalog

The Largest and Most Experienced Manufacturer
of High Technology Environmental Test Equipment

Fenney

ENGINEERING, INC.

1090 Springfield Road, Union, New Jersey 07083 @ (201) 686-7870 @ (212) 962-0332

“SEE US AT MIDCON/84 BOOTH #327” CIRCLE 19
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THE NICOLET 2090 DIGITAL OSCILLOSCOPE

TAKE A CLOSER LOOK _
AT WHAT YOU'VE
BEEN MISSING.

DIGITAL PRECISION AND RESOLUTION

LIKE YOU'VE NEVER
Picture this. The smallest detail in
2-bit resolution, expansion to X064,
with voltage and time coordinates
alphanumerically displayed. Plus the
ability to record 4K data points at
Speeds up to 50MHz, with the 205A
plug-in. It's what you'd expect from
the digital oscilloscope that’s still

setting the standards—Nicolet’s 2090.

The 2090 offers push button tran-
sient capture, at speeds selectable
from 20 nanoseconds to 200 seconds
per point, so you can record fast or
slowly changing signals with ease.
And pre- and post-trigger capture lets
you see what led up to an event as
well as what followed. Built-in floppy
disk allows unattended operation . . .
just set and forget.

DON’T Miss ANY TRANSIENTS.

THE VERSATILITY YOU'VE
BEEN LOOKING FOR.

Optional RS232 and IEEE-488
bidirectional interfaces give you the
ability to coordinate and manipulate
data by remote computer. That me

the 2090 scope can be the front end
of an entire analysis system. Not only

that, the 2090’s modular design allows

you a choice of four different plug-

CIRCLE 24 FOR MORE INFORMATION

ins. Pick the digitizer that’s designed
for your present application, and

add other plug-ins to fit your expand-
ing needs in the future.

SEE FOR YOURSELF.

Let us show you how easy the
2090 is to use. It’s time you started
benefiting from the tremendous digi-
tal advantage. Call us: (608) 273-
5008. Or write: Nicolet Oscilloscope
L on, 5225 Verona Road, Madison,
W1 53711.

BRINGING DIGITAL PRECISION
To AN ANALOG WORLD

Nicolet




PERSONALLY SPEAKING

Semicustom circuits

usher in new concerns

about IC packaging

revolutionized logic technology, so will

they affect packaging. The dual in-line
package, the acknowledged industry standard
for preceding generations of logic circuits,
cannot keep pace with the explosion of
semicustom logic chips, which command pin
counts far beyond 64 pins. Though packaging
issues are often placed on the back burner, this
case is particularly hot, since it could well
influence the success with which arrays and
cells are designed into a system.

Fortunately, standardization efforts and
concentrated developments in plastic leaded
chip carriers and pin-grid arrays are keeping
packaging in the forefront. JEDEC has already
given standardization a top priority. For over a
year, representatives from the semiconductor
and chip packaging industries have been
trying to hammer out the first specifications.
A document for chip carriers will likely be
completed later this month and will spell out a
square-shaped package with as many as 144
pins, center spacings of 50 mils, and J-form
leads that are rolled under the package.

Early next year, JEDEC plans to iron out the
specifications for grid arrays with as many as
400 pins. Ten different families are in the
offing, ranging from an array with 121 pins
configured in 11 rows and columns to one with
400 pins arranged in 20 rows and columns. All
will be based on 100-mil center spacings.

The need for a standardized pin count will
squarely hit semicustom circuit users who are
currently or are on the verge of investing huge
sums into the test systems and specialized
equipment needed for handling complex chips.
To cope with the testing issue, several chip
manufacturers are pushing for uniform

' ust as gate arrays and standard cells have

placement of power-supply and ground pins, a
move that would undoubtedly simplify testing
while eliminating many costly testing fixtures.

Large capital investments are further
pressing semiconductor makers to drop the
cost of semicustom packages, particularly for
arrays of 3000 to 10,000 gates and for standard
cells with even greater gate complexity. Not
surprisingly, plastic is emerging as the
economical alternative to ceramic packages.
The less-expensive circuit is set upon a small
pc board, and then encapsulated in a high-
temperature plastic mold. Plastic would also
eliminate much of the gold found in ceramic
packages. Altogether, system designers might
expect to find a 4000-gate pin-grid array,
housed in plastic, dropping in price from $55 to
$37in large quantities. Equally impressive,
those savings might become a reality as early
as next year.

Unless pin count and other packaging-
related problems are resolved, system
designers may take a wait-and-see attitude
before moving head on into gate arrays and
standard cells. Surely, the semiconductor
industry has enough pull to prevent that from
happening.

Mortn G20

Martin Gold
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Introducing the newest member of

The HP 1630G...65 channels and
maximize 16-bit system

First came the HP 1630A and the
HP 1630D. One, a low-cost general
purpose logic analyzer suited to the
needs of the full development cycle.
The other, with 16 channels of tim-
ing analysis and 27 of state, an
invaluable tool for the hardware
design engineer. Now Hewlett-
Packard introduces the HP 1630G.
With up to 65 channels of state
analysis, it is the new standard for
software design engineers working
on complex new 16-bit micropro-
cessor-based products. Plus, the
ability to configure 8 of those lines
for 100 MHz timing analysis gives
you a logic analyzer system with in-
vestigative power and versatility
for virtually all your needs.

Three new software overview
modes let you nonintrusively
monitor software performance
and hardware/software interac-
tions in real time.

The HP 1630G significantly ex-
pands on the software performance
capabilities already introduced in the
HP 1630A/D family members. In
addition to time histograms that
show execution-time distribution,
and label histograms that show ad-
dress activity, the HP 1630G gives
you three new modes: program
flow, time positional, and linkage
measurements. Program flow
measurement lets you monitor pro-
gram activity based strictly on op-
code accesses. This can help resolve
confusions which may occur when
histogramming by address, especially

SESONGOTOnA  HP-IB: Not just IEEE-488, but the
hardware, documentation and
support that delivers the shortest
path to a measurement system.

SYSTEMS

if the program generates inline
code or if memory blocks are in-
terspersed between sections of the
program. Time positional measurement
lets you measure the number of oc-
currences of an event per unit time.
Use this to better understand the
behavior of your system under a
time-varying load. Linkage measure-
ment measures the relative frequency
of the activity between specific soft-
ware modules. You’ll find this mode
invaluable when you want to moni-
tor the transfer activity between a
main program and a series of sub-
routines, for example. Take advan-
tage of all these software perfor-
mance analysis modes to rapidly




HP’s logic analyzer family.

advanced software analysis help you
performance.

discover if your system is resource-
limited or if, for example, poorly
chosen program segmentation is
causing too much time-consuming
disc-to-memory swapping.

Time tagging gives you added
insights into system functions.

In the state analysis mode, time
tagging measures the time elapsed
between each stored state. Make
detailed absolute time measurements
between states and known physical
events. Or, use the mode to measure
the total time from the trigger point
to a particular state. Because time
tagging is a single-pass activity, it is
well suited to helping you identify
inline sections of code that take
longer to execute than anticipated.

Floppy disc interface and
pop' 16-bit microprocessor

support.

On-board non-volatile memory
keeps one instrument setup and
your current disassembler instantly
available at power-up. For even
greater storage, the HP 1630G
features direct compatibility with a
number of HP disc drives such as
the HP 9121S/D (the HP 9121D
is illustrated). In one convenient
3 1/2” floppy you can now store
data, state listings, timing diagrams,
alternate disassemblers, and instru-
ment setup configurations. For add-
ed flexibility, the HP 1630G sup-
ports all popular 8-bit, as well as the
following 16-bit microprocessors:
68000, 8086, 8088, 80186, 80286,
728001 and Z8002.

Our HP 1630G upgrade kit
protects your previous HP
investment.

If you’ve already invested in an
HP 1630A or HP 1630D, but you
feel you need the added capabilities
of the HP 1630G, you’ll be glad
to know that an upgrade kit is
available.

Compare the HP 1630G. At
$12,100* it’s even HP-IB program-
mable for fully automated measure-
ments. To find out more about the
HP 1630G or its companions the HP
1630A/D, call your local HP sales
office listed in the telephone direc-
tory white pages. Ask for the elec-
tronic instruments department.

* U.S.A. list price only.
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Your System...

Now You've Got Raythebn s Q

RC4391 and RC4193
Switching Regulat}gﬁ

Bis’ By
GMMRRRRELLL

The RC4391 and RC4193 are switch mode regulators
each containing all of the active circuitry you need
to build a switching regulator circuit.

You Get Flexibility:With Raytheon’s RC4391 inverting
regulator and RC4193 configured in the step-up
mode, the designer can take an existing “on-card”
voltage (typically 5.0 Volts or from a battery), and
add justtwo inductors, transistors, steering diodes,
and some passive components to configure an
adjustable dual output power supply.

You Get Efficiency: No need for additional positive
and negative “on-card” three-terminal regulation
(typically required when using an external power
supply). With the RC4391 and RC4193 the designer

can achieve electrical efficiencies up to 70%. And
both devices draw 135uA of quiescent current, are
adjustable, and have internal circuitry to provide
line and load regulation of less than 0.5% of the
output.

You Get The Facts: Raytheon has data sheets on
each product including theory of operation and a
complete application note on a dual tracking
power supply using the RC4391 and RC4193.

Raytheon Company

Semiconductor Division

350 Ellis Street

Mountain View, CA 94043

(415) 966-7716 Semiconductor Division
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TECHNOLOGY NEWS

NEWGSPULSE

Solid-state ceramic display competes head on with LCDs

he ubiquitous liquid-crystal display is going to face some sharp contention

from an electro-optical ceramic display that outperforms LCDs in operating

temperature range, response time, and viewing angle. The solid-state
ceramic display, dubbed SCD, is built with a lanthanum-doped material called
polycrystalline lead zirconate titanate (PLZT), which enables the ceramic display to
work over —40° to +85° C without the heaters required by LCDs. Over that entire
range, the SCD responds in 500 ws and affords a wide viewing angle of 160°. Developed
by Motorola Inc.’s Ceramic Products Division (Albuquerque, N.M.), the display can
be built with reflective, transreflective, and transmissive characteristics, thanks to
the PLZT. Furthermore, it can change colors as a function of the operating voltage’s
amplitude. The material was originally developed at Sandia Laboratories
(Albuquerque) for the Air Force.

Matchmaking efforts between software, hardware giants pay off

he HILO-2 software package has found a hardware home on the 32-bit HP 9000
I Series 500 computer. The agreement between GenRad Inc.’s Engineering Test

Products Group (Santa Clara, Calif.) and Hewlett-Packard Co. (Palo Alto, Calif.)
calls for GenRad to also participate in HP’s software supplier program, known as HP
Plus. HILO-2 is a high-speed logic simulation package that has been running on a
number of powerful 32-bit computers including those from IBM Corp. (Armonk, N.Y.),
Apollo Inc. (Chelmsford, Mass.), and Digital Equipment Corp. (Maynard, Mass.). It
also runs on advanced engineering workstations from Computervision Corp. (Bedford,
Mass.), CAE Systems Inc. (Sunnyvale, Calif.), Metheus Corp. (Hillsboro, Ore.), and
Valid Logic Systems Inc. (Mountain View, Calif.).

IBM broadband communications system joins 1000 PCs

inking more than 1000 personal computers, a network announced by IBM
L Corp. (Armonk, N.Y.) is the first of its kind to operate over broadband

channels. The PC Network uses the CSMA/CD arbitration scheme, as well as
the localNet/PC protocol developed by Sytek Inc. (Mountain View, Calif.). With coaxial
cable as the transmission medium, it handles 2 Mbits/s. Hardware consists of a network
adapter, associated translators, and retransmitters. The network adapter itself has
an 80188 microprocessor, an 82586 communications controller, a broadband rf modem,
a BIOS (basic I/0 system) ROM, and related circuitry.

EIA chooses standard for consumer electronics bus

technical steering committee of the Electronics Industries Association meets
A this week to consider proposals for a standard consumer electronics bus. Buses

of this kind link appliances to electronic systems, managing control, status, data,
voice, and wideband analog signals. Contending for acceptance will be a digital
small-area network codeveloped by Signetics Corp. (Sunnyvale, Calif.) and its parent
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company, Philips International BV (Eindhoven, the Netherlands); HomeNET from
General Electric Co. (Fairfield, Conn.); and a proprietary scheme from BSR Inc.
(Blauvelt, N.Y.).

Philips and Signetics have announced a CMOS controller for their network that they
hope will weigh the committee’s decision in the favor of their bus. Combining two
chips, the controller not only links different appliances but also allows ICs within
equipment to rapidly share data.

Adaptable head substrate marks magnetic printer

thin-film head, placed on a flexible substrate, opens the door to a new generation
Aof nonimpact magnetic printers that can conceivably challenge laser-based

printers. Developed by Ferix Corp. (Fremont, Calif.), the flexible head can
conform to the many shapes of an adaptable drum; as a result the magnetic page
printer that uses the head is—unlike laser units—virtually unaffected by flaws in the
drum’s surface and variations in inks and paper thickness. Thin-film recording coils
that are sputter-deposited on the flexible substrate project the magnetic flux lines
through the head, thereby magnetizing the drum’s surface. As with other magnetic
printers, a toner containing metal particles is attracted to the drum’s surface and
rolled out onto the paper. The Ferix printer lays down 240 dots/in. and produces about
10 pages a minute.

Smallest LAN interface satisfies military standards

T he smallest local-area network interface yet for MIL-STD-1553 systems squeezes
all required military functions into a single, 1.9-by-2.1-in. package. The BUS-
65112 device, developed by ILC Data Device Corp. (Bohemia, N.Y.), has two
fully redundant identical buses. Screened to meet MIL-STD-883 as well, the 78-pin
hybrid owes its compactness to a monolithic chip design using proprietary gate arrays.

New PC-compatible computer uses 80286 processor

The first personal computer to use Intel’s 80286 processor chip puts it to work
supporting multiple users with a CSMA/CD communications protocol. The
Personal Computer AT from IBM Corp. (Armonk, N.Y.) also works with an
8087 math coprocessor, as well as the familiar PC series of software, peripherals, and
expansion cards.

Although the AT s internal data bus is 16 bits wide, provisions have been made on
the motherboard’s eight expansion slots to accept adapter cards from the older IBM
PC family, which were developed for the 8088 processor and an 8-bit data bus. The
computer additionally uses what is called a high-capacity 5%-in. floppy-disk drive. The
80-track drive is double-sided, recording at 96 tpi and 9646 bpi.
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VLS| VERIFIGATION:
NOW YOU CAN REALLY PUT
THE DAS TO THE TEST!
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If you thought the DAS 9100 was 91DVV software converts test VLSI personal test station:
a powerful logic analyzer before, vectors used by your simulator 1-800-547-1512.
wait til you see what it can do into a compressed DAS pattern In Oregon, 1-800-452-1877.
now: VLSI prototype testing! generator program, then down-

Tek's new 91DVV DesignLink ™ loads to the DAS for stimulation of
VLS| Verification Software Package the prototype. Resultant outputs

ties the DAS to a VAX computer are automatically acquired and v;,}b"v
to let you do interactive functional  uploaded to the host, where @Méﬁi
testing right at your benchtop. 91DVV compares actual to simu-

Only the DAS, with its unique lator-predicted responses and
channel width and stimulus displays the differences.
capability, could develop into this When it comes to VLSI
kind of personal test station. prototype testing, DesignLink

software now lets you bring the
test to your bench. Call us today
for all the facts on the first

*VAX is a registered trademark of Digital Equipment, Inc
-Copyright © 1984, Tektronix, Inc. All rights reserved. LAA-134

Tektronix

COMMITTED TO EXCELLENCE
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“Standard-cell
but I don’t know




ICs sound good,
how to design them.

y

With Texas Instruments, you do.

The TTL design techniques you are
thoroughly familiar with are the basis for
TI’s Standard Cell Integration System.
Put simply, designing with TI’s standard
cells is much like arranging standard TTL
logic packages on a printed-wiring board.
And you not only have the standard
digital functions to design with but also
RAM, ROM, PLA, ALU, and linear
functions.

Using TI’s 3-pm CMOS technology
requires only minimum effort on your part
to achieve an affordable semicustom chip.

Getting started is easy

You can get your design started by
bringing us your hand-drawn schematic
or, better yet, a schematic generated by
an engineering work station. When you
use a work station, TI will supply the cell
library and translation software for
automatic generation of the TI design-
description language. TI's standard-cell
library is supported on many industry-
standard work stations, including Daisy,
Mentor, and Valid, as well as on several
PC systems.

We deliver to specs

TI’s Standard Cell Integration System,
with its systematic step-by-step
procedure, gives your design its best
assurance of first-pass success. TI
commits to deliver chips that perform to
your specifications.

After your logic design is complete,
simulation, testability analysis, test
generation, and test-pattern grading are
performed either by you or by TI. And
then double-checked by TI.

Next, TI will develop a computer-
aided layout of your design which is
thoroughly verified for accuracy. Or you
can do the chip layout, and TI will
supply the specifications you need.

A final simulation becomes, upon your
approval, the conformance specification

against which prototypes are produced

27-4778
©1984 Tl

and measured. Prototypes are then
shipped to you for in-system evaluation
and a “go” decision.

Your Regional Technology
Center is nearby to help

All of the IC design resources and
expertise of Texas Instruments are
available to you through your nearest
Regional Technology Center.

Each Center is staffed with a team of
standard-cell specialists who will work
closely with you to meet your design
goals and product schedule.

Your Regional Technology Center can
provide quick answers to technical
questions as well as provide training in

standard-cell design procedures. Here you

will receive assistance in design
optimization and test development as
well as in creating the data-base
description of your chip design. Here are
engineering work stations for your use
and the software tools and the computers
needed to complete the logic design and
perform simulation and verification.

State-of-the-art design tools speed
TI standard-cell design process, help
minimize development costs.

T1I’s standard cells

are cost-effective

Texas Instruments offers a full spectrum
of logic alternatives—semicustom,
including standard cells and gate arrays,
advanced bipolar logic, and HCMOS
logic. Thus, we at TI are in a unique
position to help you weigh all the factors
concerning each to determine which
alternative is best for your application.

In the case of standard-cell ICs, we’ll
analyze how you intend to use them and
how they will impact your overall system,
including performance and cost.

One standard-cell IC can contain the
equivalent of hundreds of individually
packaged chips. It can dramatically
reduce the number of individual parts
needed to implement a system. It can
significantly cut weight, size, and power
consumption while increasing system
quality, reliability, and capability.

Then, too, TI standard-cell chips are
the lowest cost alternative when
produced in mid to high volumes.

Call 1-800-232-3200, Ext. 111
You already know the TTL design rules,
so you're well on your way to tailoring
logic more precisely to your performance
requirements using T1 standard-cell
technology. For our brochure, pocket
selection guide, sample data sheets, and a
more detailed description of the design
flow, call the telephone number above or
circle the Reader Service Card number.
Or write Texas Instruments Incorporated,
Dept. SRSO13EL , P.O. Box 809066,
Dallas, Texas 75380-9066.

j
TEXAS "“
INSTRUMENTS

Creating useful products
and services for you.
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~ For
SIX years
we've been telling you
about the benefits of
Programmable
Array Logic.

And
for six years

you've refused to leave
asynchronous logic

_ behind.
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OK,youwin.

Here’s the first PAL” circuit
for asynchronous logic designs.

The PAL 20RA10.

It has everything you need to put
your design on silicon in a hurry.
While you chase as many as a dozen
TTL parts off your board.

A guaranteed 30ns clock-to-
output time.

20 inputs.

10 outputs that can be clocked
separately. Each with program-
mable asynchronous set and reset.

Programmable registers. Each
with an independent transparent
mode.

Programmable output polarity,
so you won’t even need an inverter
circuit.

The whole thing sits in a sleek
24-pin SKINNYDIP® package.

And the programming is a snap.

Using PALASM}" our enhanced

CAD software, and a standard PAL
programmer, you can design and
program an asynchronous PAL
circuit in just hours.

You can build a prototype in
seconds.

And when your design is stable,
you can crank out as many PAL
circuits as you need. Or you can
convert to our mask-programmed
HALI circuits.

So you win.

You get the profound benefits of
programmable array logic.

Without leaving your asynchron-
ous logic behind.

Call your Monolithic Memories
representative or franchised distrib-
utor for our PAL 20RA 10 data sheet
and an applications packet.

Or write Monolithic Memories,
2175 Mission College Blvd., Mail
Stop 9-14, Santa Clara, CA 95054.

PAL and HAL are registered trademarks and PALASM is a trademark of Monolithic Memories, Inc. © 1984 Monolithic Memories, Inc.

Monolithic
Memories
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PRESENTING VAXSTATION 100.

While others have been busy
designing computing systems
forthe technically naive, Digital
has been busy designing them
for the technically astute.

The welcomed result: the
VAXstation 100™ workstation ter-
minal. Connected to a VAX™ host
computer by fiber optic cable,
VAXstation 100s make full use
ofthe VAX/VMS™ operating
system, itslayered products
andtherange of its office auto-
mation, networking and appli-
cations software.

caloand anel rrguat .
£

The workstation terminal’s
comprehensive design de-
mands that you now reconsider
what s possible with computer
assistance. From filling polygons
tofiling reports, it enables you
to automate every step of atech-
nical project. Whether in engi-
neering, education, research,
or science. Whether your need
istext manipulation, numerical
calculation, graphics processing
-orallthree.

To be sure, the VAXstation
100 workstation terminal will be
the envy of every technical pro-
fessional who now sits before a
computer dedicatedto doing

one or two things well at the ex-
pense of doing anything else.

THE FRIENDLIEST
INTERFACE IN
TECHNICAL CIRCLES.

The VAXstation 100 worksta-
tionterminal mirrors the latest
trends in desktop computing
with acomplete assortment of
end-user niceties. They include
all-English commands, helpful
pop-up menus, descriptive
icons and convenient point-
ing devices.

Powerful screen manage-
ment software presents the user
with an endless array of over-
lapping applications windows
and the means to move easily
between them.

With this friendly interface
you can simultaneously display
andinterrelate any combination
oftasks. You can work with equal
facility in words, numbers, or pic-
tures. You can work concurrently
on parts of different jobs. Or on
different parts of the same job.

Each application window re-

" mains active whether on display £

or not. Like papers on adesk,
windows can be moved at will,
allowing you to always maintain

a‘'clean’ working environment. /

DRAWING ON
THE POWER

AND VERSATILITY
OF VAXSYSTEMS.

The VAXstation 100 worksta-
tionterminal can be addedto
any existing UNIBUS™ VAX
computer, fromthe 11/725to
the 11/785.

This makes VAXstation 100
the most versatile add-on work-
station of its kind. It capitalizes
onyour installed base of soft-
ware by executing the thou-
sands of programs written by
Digital and third parties for the

Digttal Equipment Corporation, 1984 Digital, the Digttal logo, UNIBUS, VAXstation 100, V

VT100™terminal series, as well
asthose applications written
forthe popular Tektronix 4014™
terminal. Andin aimost every
case, it executes them without
modification.

While scaled-down sub-
systems compromise the
performance of micro-based
workstations, the VAXstation
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100 presents no such barriers.
With virtual memory manage-
ment, your program size is
defined by the virtual address
space of the VAX computer -
some two billion bytes. You also
getthe complete set of VMS
operating system facilitiesand
utiliies that have made ita
world-famous development
environment.

A COMPREHENSIVE TOOL FOR THE
TECHNICAL PROFESSIONAL.

Plus, there’s a wide choice
of high-level languages impor-
tantto technical professionals,
including industry-standard
versions of FORTRAN and
Pascal and artificial intelligence
languages like VAX LISP.

No matter what you're work-
ing on, or how demanding your
projectis, the VAXstation 100
workstation terminal possesses
an astonishing capacity to work
right along with you.

Your working surface is
acrisp nineteen-inch mono-
chrome raster display. The
screen boasts 864 x 1088 pixel
resolution. The monitor tilts and
swivels to suit your environment
and your posture.

Atyour disposalis
both the CORE

§ 7~ sy, Graphics Library

(basedonthe
CORE graphics standard)
and the VAXstation Subroutine
Library. Both are callable from
ahigh-levellanguage, and be-
tween them you are guaranteed
full creative freedom throughout
the design and simulation
phases.

A powerful MC68000™ mi-
croprocessor running at 10MHz
has been completely dedicated
to screen manage-
mentand graphics
processing. Its
accelerator
enhances
raster oper-
ations. This
allows you tomove large pixel
blocks quickly and slide windows
across the screen without eras-
ingthem. You can even process
multiple applications on the
screen simultaneously.

Whether you are working on
circuit design, seismographic
studies, CAD/CAM, or financial

fektronix. Inc. MC68000 1s a trademark of Motorola, Inc



modeling, whether you are exe-
cuting familiar technical tasks or
dabbling onthe edge of engi-
neering exotica, you'll run out of
practically everything before you
run out of VAX software.

MAINSTREAMING
THE TECHNICAL
PROFESSIONAL.

VAXstation 100 workstation
terminals can be configured

way, the data and programsin
general company use can be
incorporated into technical
projects. Conversely, the highly
technical resultsinasingle
applications window can be
mainstreamed throughout
the corporation.

VAXstation 100 workstation
terminals let you and your co-
workers share and swap infor-

2 ‘a"-x-sxa"}ian"a
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with ease. Whether you network
them via Ethernet throughout a
hierarchy of VAX/VMS systems,
or cluster several around a single
processor, communications re-
main streamlined. Each station
can access the full range of VAX
information management and
office automationtools. In this

mation readily. Extrapolate
results quickly. Draw conclu-
sions confidently. They rescue
the technical professional from
tiresome commuting between
single-function workstations.
They declare war on errors and
losttime attributable to manual
CONVErsions.

Thisisthe state-of-the-art
in distributed computing. VAX-
station 100s will not just help

project managersincrease pro-

ductivity some day - they will
do soimmediately.

DIGITAL'S
COMMITMENT TO THE

WORKSTATION MARKET.

The firstadd-on workstation

terminal for VAX systems, the

i

VAXstation 100 is also the firstin

afamily of new workstation prod-

ucts from Digital. Each reflects
Digital’s dedication to providing
integrated computing solutions.
The workstation terminal
providesatruly comprehensive
and cost-effective way to coor-

dinate the work of engineers,
scientists and researchers. It
isunmatched inits ability to
accommodate the fluid and
unpredictable nature of highly
technical projects. And it does
soelegantly, whetherinresponse
toamomentous change in direc-
tion orto amomentary change
of heart.

Each VAXstation 100 system
comes backed by full Digital
service and support from coast
to coast and in 44 foreign coun-
tries. Each carries with it Digital’s
enviably high reputation for qual-
ity and engineering excellence.

BEST ENGINEERED
MEANS ENGINEERED
TOAPL

The VAXstation 100 worksta-
tionterminal, like every Digital
hardware and software product,
isengineered to conformtoan
overall product plan. Thismeans
Digital systems work together
easily and expand economically.
Only Digital provides you with a
single, integrated computing
strategy direct from desktop to
data center.

Configured with graphics
processor, monitor, keyboard,
mouse, fiber optic cable andin-
terface, the VAXstation 100 work-
station terminal can be added
onto an existing VAX/VMS sys-
teminexpensively.

Forthe new VAXstation
100 product brochure, call
1-800-DIGITAL, extension 250.
Or write: Digital Equipment
Corporation, Media Response
Manager, 200

Baker Avenue,
West Concord,
MA01742.

THE BEST ENGINEERED
MPUTERS
IN THE WORLD.
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How Four Innovative Des%gn
Using The New DASH-1*

Engineers Found Happiness
Schematic Design Sys?em.

BOB: “DASH-1 keeps me under
budget and ahead of schedule..”
“DASH-1 has freed my designers
from the drudgery of manual schematic
design and documentation. Now, we
can knock out complex designs in a
fraction of the time it used to take.
Using the huge DASH-1 parts library
(on disk) we can instantly call up any
symbols we need — all with pinouts
and pin functions. Also, our amazing
DASH-1's automatically generate Net
Lists, Lists of Materials, Design Check
Reports and other critical documents
I'm a hero in my company now, with
productivity at an all-time high!

CAROL: “DASH-1 helped save
our CAD Systems..”

“My company has a big investmentin
large CAD systems. Butforalongtime |
noticed our engineers were frustrated.
They'd send in schematic sketches
FutureNet, DASH-1and STRIDES are trademarks of FutureNet
Corporation. IBM is a registered trademark of the IBM
Corporation. CADAT is a trademark of HHB Softron, Inc
DASH-1 CAD Translators (Partial List): APPLICON, CADAM

CADAT, CALAY, CALMA, CBDS, COMPUTERVISION,
GERBER, RACAL-REDAC, SCICARDS, TEGAS

only to get back drawings and docu-
ments that were completely different.
The poor engineers would spend hours
checking, changing and red-lining
DASH-1's family of CAD translators,

to front-end all of our large systems,
has changed all this. And back annota-
tion is easy. DASH-1 has provided our
engineers easy access to those previ-
ously difficult-to-use and inaccessible
CAD tools’

TED:“Imagine! Simulation right
at my desk..”

“I'm even more sold on my DASH-1
with its new simulator. After | complete
my schematic, | have a closely coupled
logic and fault simulator that | can run
at my desk. | can analyze my designs
much faster — and put them into pro-
duction without delay. FutureNet calls it
the DASH-1 CADAT.™ | call it a miracle
because | can handle designs as large

as 10,000 gates right at my
desk, and up to 100,000 gates using
a FutureNet CAD translator. Thanks
to DASH-1, simulating is stimulating!”

ALICE: “DASH-1 keeps growing —
aswedo..”

“Ours was a start-up company —
but it's growing fast. One of our first
investments was a DASH-1 (about
the price of an IBM PC or XT system)
to speed up schematic design and
documentation. Since then, FutureNet
has added all kinds of low-cost en-
hancements. Things like CAD trans-
lators; direct-connections to most
computers; the STRIDES hierarchical
package with 99 levels of structured
design nesting; the powerful CADAT
simulator, pen plotter options, and
hot new features, like Rubber Banding,
Tag and Drag, and Snap. We're with
FutureNet... for now and the future’

FutureNel

FutureNet Corporation e 6709 Independence Avenue
Canoga Park, CA 91303-2997 ¢ TWX: 910-494-2681

Authorized = Value-Added Dealer

(818) 700-0691
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Fine-line CMOS process
will soon be trimming
feature sizes to 1 um

A CMOS technique ultimately aimed at 1-um
features uses retrograde p-well structures
to give 2-um circuits speed and low power.

n advanced CMOS pro-
Acess, now successfully
producing circuits
with 2-um feature sizes, will
soon cut that figure in half.
The savings in chip area, pow-
er, and speed will permit the
process’s developer, TRW
Inc.’s LSI Products Division
(La Jolla, Calif.), to build
chips like 16-bit parallel mul-
tipliers that operate at less
than 50 ns and consume only a
few hundred milliwatts.
Though TRW originally
wanted to go directly with
1-um features and extremely
tight metal-to-metal pitch-
es—4 um with 1-um spaces—
it has backed off slightly, opt-
ing for 2-um features until it
wrings the quirks out of the
process—by the end of the
year.

The structure is all

To bring such small design
rules into the realm of possi-
bility, the company developed
aretrograde p-well transistor
structure —the key to defin-
ing the n-channel transistors.

Dave Bursky

That structure’s doping
profile calls for a lower boron
density at the surface, in-
creasing in density deeper in
the material.

The dopant concentrations
represent a tradeoff between
device switching speed and
latch-up immunity. The tran-
sistors are so fast, however,
that the circuit speed is
limited by interconnection
capacitances and not by gate
delays.

Start with deep implants

The retrograde structure
starts with a deep boron im-
plant that defines the region
for the n-channel transistor.
The boron region within the
p well also serves as a field-
isolation guard band, pre-
venting interdevice leakage.

The process reduces the
current gain of parasitic ver-
tical npn bipolar transistors
by a factor of 10 as compared
with conventional p-well pro-
cesses. Consequently, circuits
built with the retrograde p
well have high latch-up im-
munity.

This process replaces more

conventional forms of device
isolation such as guard rings,
making possible very high
packing densities. For exam-
ple, a 16-bit CMOS multi-
pliers has been fabricated
with 1-um design rules; its
area—just 180 mils®—is
about 30% smaller than the
bipolar counterpart, also
built with a 1-um process.

Second implant

After the boron has been
deeply implanted, the poly-
silicon gate structures are
formed, followed by a second
boron implant (self-aligned to
the gate) that creates the
source and drain regions of
the n-channel devices. A simi-
lar arsenic implant defines
the p-channel transistor’s
source and drain regions.

Next, the regions are an-
nealed and an oxide layer de-
posited on top to insulate the
previously deposited poly-
silicon from the next metal
interconnection layer. Con-
tact windows are opened in
the oxide to permit access to
the n, p, and polysilicon areas,
and then platinum, titanium-
tungsten, and aluminum are
sequentially deposited.

The platinum and tita-
nium-tungsten layers form
silicided barriers in the con-
tact regions, which prevent
aluminum spikes from pass-
ing through those shallow re-
gions and contacting the sub-
strate, shorting the drain or
source. And, to house the
chips in plastic packages,
TRW uses a silicon nitride
passivation coating that is
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deposited via low-pressure
chemical vapor desposition.
Single-level metal circuits
with 2-um features are now
moving into production, and
1-um metal devices should be
released as samples later this
year. Additional process de-
velopment, though, is already
under way toadd a second lay-
er of metal interconnections.
Designers are experiment-
ing with forms of low-temper-
ature reflow glass to act as

the planarizing intermediate
insulating material between
metal layers. Although the
more complex double-level
metal process might result in
losses in yield, it will produce
a more compact layout that
will more than compensate
for the loss in yield since al-
most twice as many chips will
fit on a wafer. Samples of the
double-level metal circuits
are slated to appear early
next year.

Internal floating-point processor
further boosts RISC machine speed

ith a floating-point
Waccelerator built di-
rectly into its exe-

cution path, a reduced-in-
struction-set computer
pushes its streamlined oper-
ation ever upward in speed,
performing floating-point
arithmetic faster than a
VAX.

Designated the 32 CX by de-
signers at Ridge Computers
Inc. (Santa Clara, Calif.), the
RISC microcomputer elimi-
nates the three or four addi-
tional machine clock cycles
ordinarily required by float-
ing-point processors for ad-
dressing and accessing mem-
ory. With a 125-ns clock, the
machine saves 375 or 500 ns, a
significant amount for com-
putationally intensive tasks
like solids modeling, inter-
active IC design, logic simula-
tion, and design rule checks.

With the floating-point
processor built directly into
its execution path, the CPU
does not care whether the in-
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struction being executed is an
integer addition, comparison,
or a double-precision float-
ing-point operation.

A full 64-bit floating-point
addition can be done in 0.750

us on the 32CX, compared
with 1.4 usona VAX 11/780,
which uses anadd-on
floating-point accelerator. A
multiplication—the most
time-consuming operation
since it comprises successive
addition cycles—can be done
in 3.5 us vs 4.25 us for the
VAX, and a division takes
7.375 us compared with 8.0 us.

Calculating RISCs

Unlike conventional micro-
computers with generalized
instruction sets, RISC ma-
chines (using an architecture
developed at the University of
California at Berkeley) spend
absolutely no time interpret-
ing their limited instructions.

The Ridge 32CX supple-
ments that with a “pipelined”
architecture, meaning that it
does no work finding instruc-
tions; a separate mechanism
rapidly loadsinstructions and

4-stage
Instruction pipelined
CPU fetch unit execution
unit
Cache and Dual
pre-fetch unit S2-bit
paths
=
32-bit 32-bit
data address

Memory
controller

1. In the CPU of Ridge Computers’ reduced-instruction-set computer,
memory access and instruction loads are accomplished simultaneous-

ly with execution.



How the TE55AI makes
short work of long problems.

Whenever you can solve
complex problems quickly and
accurately, you're ahead of the
game. And that’s exactly what
the TI-55-1I does for you. By
giving you 112 pre-programmed
functions (like definite integrals),
it allows you to take short cuts
without losing accuracy. You'll
accomplish a lot more in less
time which means increased
efficiency.

With our TI-55-1I you can
tackle problems you thought
could only be solved with higher-

capabilities. This way you can
work out linear regressions, per-
mutations and combinations, just
to name a few.

The TI-55-1I also gives you
enough programmability to
eliminate a lot of repetitive key
punching. Our Constant Mem-
ory™ keeps programs and data
on tap, even when the calculator
is turned off. So once you've
entered a formula, you can simply
put in the variables to get your

solution. The Liquid Crystal Dis-

play shows your answers in stan-

priced programmables. You're not dard, scientific or engineering

only getting the standard slide
rule functions but also statistical

Copyright © 1983 Texas Instruments

notations — clearly and precisely.
We also help you get the most

out of your calculator with the
Calculator Decision-Making
Sourcebook. It gives you step-
by-step examples of the best
techniques used for solving math-
ematical, scientific and statistical
problems. And we've included a
special section on how to pro-
gram your T1-55-11.

So next time you're facing
another time-consuming

problem, cut it down to :
size with the TI-55-I1. J

TeEXAS
INSTRUMENTS

Creating useful products
and services for you.
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operands. With virtually no
memory-addressing over-
head needed to pull instruc-
tionsinto the CPU, the
microcomputer attains great
speeds.

For floating-point oper-
ations, all instructions are
indexed in advance and pipe-
lined into the execution unit
(Fig. 1); memory addressing
and accessing take place
simultaneously. In other
words, the loading and exe-
cution functions of the CPU

In addition to the regular
ALU of the CPU, the floating-
point processor requires an
exponential-function ALU
and other mechanisms to
keep track of signs, decimal
points, and other record-
keeping necessities for mak-
ing successive passes through
the CPU (Fig. 2). The CPU is
constructed on two circuit
boards with FAST logic com-
ponents. Except for PALs and
PROMsS, there are no custom-
ized parts in this machine.

are performed at once. Stephan Ohr
1 Fostegpon . 1 (Path for
| Floating-point .
| ALU : Registers multiplication)
|
I |
! |
: [
l i B S
| Sign Exponential e
| log 10 functLiJon : 5
AL

| | 32 N 82
| (Sign
| of result) : ALU /
|
| 24-bit Shift
| register control
: : o ; y
o s 64-bit shifter }
| |
| |
| +

1
I 1
L _jl Result

2. The 32CX includes a floating-point processor within the execution
path of its instruction execution unit. With most memory fetch cycles
eliminated for floating-point operations, the machine’s performance
proves superior to that of a VAX 11/780.
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Base metals replace
precious ores to cut
resistor network cost

thick-film process opts
Afor base metals in

place of the precious
and semiprecious ores now
used in resistor networks,
sharply slashing cost and im-
proving aging characteristics
without diminishing impor-
tant standards.

The new resistor technique,
devised by CTS Corp. (Elk-
hart, Ind.), replaces the com-
mon silver conductor with
less costly copper and also
substitutes a proprietary
base metal alloy for ruthe-
nium, a semiprecious metal.

The switch to copper not
only reduces costs but also
eliminates a problem encoun-
tered in silver conductors: ion
migration. Silver is more sus-
ceptible to ion movement
when moisture is present.

Although other ruthenium
substitutes have been re-
jected because of their poor
noise characteristics, the pro-
prietary alloy compares fa-
vorably. The noise constants
of the base material range
from —3 dB for the lowest
noise to 20 dB for components
with looser specifications.

The resistors can be used
over a wide resistance range,
from 10 Q/square tol
MQ/square. The thermal co-
efficient of resistance re-
mains within +100 ppm/°C.

The metal also holds up
well under the repeated fir-
ings frequently used when
manufacturing resistors. Af-
ter the component is assem-
bled, fired, and laser-




HOW COMPUTERVISION

BEGINS AND ENDS

ELECTRONIC DESIGN

D esigning sophisticated
electronic products today
takes more than a great begin-
ning. It takes a tool that will
see you through to the end
product. That’s why Computer-
vision developed multiapplica-
tion CAD/CAM systems that
integrate and support all
elements of electronic design.
From logic schematic capture
through IC/PCB design, and
electromechanical design.

Our system allows you to
design from engineering con-
cept to finished product. Which
saves you time while also in-
creasing your design quality.

And with our flexible
product line, you'll be able to
select a Computervision
system to meet your specific
needs. Which is the best way
to improve your productivity
and cut your time to market.

From concept to reality, our
user-friendly systems auto-
mate the full electronic design
process. Saving you money
each step of thc way.

system will be as advanced
tomorrow as it is today. Just
another example of how our
commitment to customers
and to quality is helping you
stay out in front of the com-
petition—from beginning

to end.

For more information about
Computervision products write
Dept. 425H, 100 Crosby
Drive, Bedford, MA 01730.

And our
ongoing
research and
development
ensures your

&/

COMPUTERVISION
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2-way 90°

splitters

1.410 450 MHz
from $1295 (5-49)

IN STOCK. . .IMMEDIATE DELIVERY

* over 50 models available
* octave and narrow-band designs

* quadrature performance
tightly controlled

* hermetically sealed
* MIL-P-23971 performance*
* one-year guarantee
“Units are not QPL listed
2-WAY 90° SPECIFICATIONS

® isolation 22 dB typ.

® avg. insertion loss 0.4 dB typ.

® 90° phase deviation <2 deg. typ.
e amplitude unbalance <1.2 dB typ.

Freq. Range Price
MODEL MHz $Ea.
PSCQ-2-1.5 1.4-17 12.95
PSCQ-2-3.4 3.0-38 16.95
PSCQ-2-6.4 58-7.0 12.95
PSCQ-2-7.5 7.0-8.0 12.95
PSCQ-2-10.5 9.0-11.0 12.95
PSCQ-2-13 12-14 12.95
PSCQ-2-14 12-16 16.95
PSCQ-2-21.4 20-23 12.95
PSCQ-2-50 25-50 19.95
PSCQ-2-70 40-70 19.95
PSCQ-2-90 55-90 19.95
PSCQ-2-120 80-120 19.95
PSCQ-2-180 120-180 19.85
PSCQ-2-250 150 - 250 19.95
PSCQ-2-400 250 -400 19.95
PSCQ-2-450 350 - 450 19.95

Call or write for 64-page
RF Designers Guide or referto EEM,
EBG, Gold Book, Microwaves & RF Directories

etting higher standard
- an - =
[-JMini-Circuits
A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers

P.0. Box 166, B'klyn, N.Y. 11235 (718) 934-4500
C99-3REV ORIG
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trimmed, it will hold to within
+0.2% of its trimmed value
through subsequent heat
treatments. The thick-film
resistors have a typical value
of £0.5%.

A drawback to the tech-
nique is that both the copper
and resistive element must be
fired in nitrogen ovens, which
are more costly to operate
than conventional ones. How-
ever, gas or infrared heat
sources can be used. Addi-
tionally, the amount of time
used to fire the devices can
vary widely without adverse-
ly affecting the materials or
the stability of the parts.

Terry Costlow

Chip capacitors and
leaf springs yield
compact connector

sing chip capacitors in
U a filtered connector in-

stead of the traditional
tubular components not only
lowers the EMI/RFI emis-
sions of the connector but also
bolsters its performance and
durability while cutting pack-
age size. To those benefits,
add another: The capacitor is
held in place with a leaf
spring, considerably lower-
ing—if not actually elimin-
ating— the piezoelectric in-
terference encountered with
the more common contact
method of soldering.

By going with chip capaci-
tors instead of the tubular,
axial-leaded components, Al-
lied Corp.’s Amphenol Prod-
ucts (Oak Brook, I1l.) racked
up several benefits. For one,
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the capacitor chips are signi-
ficantly smaller than the
regular components, making
the filtered connector pack-
age no larger than the one for
unfiltered devices. Tubular
capacitors, in contrast, are
usually curved around the
pins, meaning that their
packages must be much
wider. Size becomes particu-
larly important in light of the
connector’s typical final rest-
ing place—mounted inside a
terminal, a printer, or other
peripheral equipment.

Springing to life

The chip capacitors, fur-
thermore, are well suited to
leaf-spring mounting, a tech-
nique that presses the chip
against both the housing shell
for grounding and the connec-
tor pins while it lends a large
degree of stress isolation. In
the traditional approach,
solder holds the capacitor to
the connector pin; unfortuna-
tely, vibrations caused by,
say, a cooling fan, can stress
the joint, creating piezoelec-
tricinterference.

In contrast, leaf springs
virtually eradicate the risk
that a device designed to filter
noise will instead become a
source. Not only that, they
strengthen durability, since
the stress isolation absorbs
some of the shock when the
part is dropped or jarred. To
ensure a long and secure life
for the connector-pin contact,
the capacitors are fitted into
the recesses of the housing,
reducing the chance that the
connection might break.

With filtered connectors
mounted inside the various
peripheral cabinets, EMI/



L-Band transistors
1200-1400MHz

bh watts, 6.5dB gain.

(Now available in production quantities)

Get twice the power in a single package,
and cut circuit complexity by 50 %, with

our latest L-Band transistor, the MRA1214- |

55H*—immediately available in the
quantities you require through your local
TRW distributor. This new microamp is
a state-of -the-art device that incorporates
special features pioneered by TRW such
as PtSi—Ti-W-Au metallization and
diffused silicon ballast resistors. It’s the
latest NPN silicon power microwave
transistor for both military and industrial
service in radar systems, ECM systems
and other L-Band systems and its 100
unit U.S. price is in the $200 range.

Our new L-Band transistor provides a
minimum of 55 watts output power at
28V collector potential —double the
power output of other devices. In a
pulsed mode (100us modest duty) as
much as 100 watts output power is
available. And efficiency is 50 %.

You can enormously simplify hybrid
combining by using far fewer parts and
ancillary components.You can cut circuit
complexity in half to achieve a specific

Double your power output,
cut circuit complexity 50%.
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power. The new MRA1214 is a tremendous
technological advancement—the kind
you'd expect from a company like TRW
that’s dedicated to advancing the state-
of-the-art in RF Devices.

The MRAI1214 is only the first of a
whole new generation of RF Devices
we'll be announcing during the next year.
Keep your eye on TRW RF Devices.

For information and data sheets on the
MRAI1214-55H, contact your local

| TRW/ECG Field Sales Office or RF

Devices Division, TRW Electronics Group,
14520 Aviation Blvd., Lawndale,
California 90260, phone 213.536.0888.

© TRW Inc.1984 TRF 4103

*U.S. Patent 3713006 (TRW)

4 FIXWY

RF Devices Division
TRW Electronic Components Group
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SSI-INNOVATORS IN GMOS AND
BIPOLAR GUSTOM INTEGRATION

When you outgrow your gate
arrays, turn to SSi for your
custom/semicustom integration.

For fast turnaround and low cost at

low volumes, gate arrays still compete
favorably in the digital market place. But
the gate array design advantage dis-
appears after that first quick turnaround,
and the cost advantage is quickly eroded
as your volume goes up. And if your
design requires analog and digital func-
tionality, gate arrays are not your
answer. For those reasons, more and
more gate array users are furning to
standard cells and full custom chips
much earlier in their design and pro-
duction cycles. And many designers are
skipping the gate arrays altogether.

Silicon Systems offers “Application
Specific” and semicustom

CIRCLE 34 FOR PRODUCTION INFORMATION

alternatives.

At Silicon Systems we offer you a
standard line of "Application Specific”
telecommunication and rotating memory
IC’s that already incorporate many of
the functions formerly available only

in custom designs. We also offer special
semicustom switched capacitor arrays
that can be easily tailored for a variety
of special filter applications. And
throughout 1984 we will be adding
dozens of new analog and digital
standard cells.

For the maximum in performance/
price/reliability—SSi full custom
chips are the ultimate answer.
Full custom chips provide the highest
performance and reliability and utilize
the smallest possible silicon area. This
resulfs in the lowest cost per function

and the maximum cost effectiveness in
medium-to-high volumes. Silicon Systems
can advise you when to move to a full
custom design. And with both flexible-
design and multi-process capabilities,
we can provide you with analog or
digital designs—or both on the same
chip. We can also offer you the best
technology for your circuit—CMOS or
Bipolar—because we can process both
in our ultra-new SSi wafer fab.

For an overview of Silicon

Systems’ custom capabil- Sl
ities, send for the new W%"’ i
brochure, “SSi Today” ‘e

i AN GBGEER

Silicon Systems incorporated,
14351 Myford Rd., Tustin, CA 92680
(714) 731-7110, Ext. 575.

dillion ﬂJfam

INNOVATORS IN JINTEGRATION

CIRCLE 35 FOR CAREER INFORMATION



FAST
TURNAROUND
FULL GUSTOM

Problem: Integrate the analog and digital
functions of a dozen different small-scale
IC’s fo reduce size, cut the costs, and
boost the reliability of floppy disk drive
circuitry—and do it fast.

Options: GATE ARRAYS. Rejected because
they waste silicon real estate and generally
don’'t accommodate analog functions.
STANDARD CELLS. Considered but rejected
for this application because volume require-
ments justified going directly to full
custom design.

Solution: Using SSi’s Integrated Design
Methodology (IDM™) it was possible to
design and deliver a 40-pin full-custom
CMOS chip in just 14 weeks. A high-
reliability chip that combines both analog
and digital functions for the most cost-
effective use of silicon.

If you, too, are evaluating the frade offs
between cusfom and semicustom and are
concerned about time, SSi's IDM™ may
be the answer for you. At Silicon Systems
you don't have to sacrifice tfurnaround
time to get a high-reliability cost-effective
solution.

Silicon Systems, 14351 Myford Road,

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

dillion ﬂ&fmﬂ

INNOVATORS IN JINTEGRATION
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RFI emissions fall to lower
levels than could be possible
with shielding. Filtering
noise before it leaves the pe-
ripheral’s enclosure removes
any concern that noise will be
transferred from one periph-
eral to another. Beyond that,
it eliminates the need for
shielding the connector and
the full cable.

The capacitance values in
the filtered connector range
from 100 pF to 47,000 pF, de-
pending on the signal level of
the peripheral. However, var-
iations in system parts and
applications make it extreme-
ly difficult to quantify the de-
crease in noise emissions
afforded by the filtered con-
nector. Terry Costlow

MESFET technique
shrinks power needs
of GaAs chips

MESFET process
yvields gallium arse-
nide ICs with power
consumption below 1 mW per
gate, even on dense circuits.
Two high-speed devices, a di-
vider and a ring oscillator,
have demonstrated the tech-
nique’s success.
Atal-GHzeclock frequency,
the divide-by-4 chip dissi-
pates only 0.172 mW per gate,

Relative speed vs supply voltage
and power dissipation

Voltage (V)| Power (mW)|Frequency (GHz)
0.84 3.47 0.5
1.00 4.79 1.0
1.83 11.9 1.5
6.6 59.4 2.0

or 4.79 mW for the entire cir

cuit (see the table). The ring
oscillator operates as fast as
30 ps, with power consump

tion falling within the 1-mW/
gate range.

The fabrication technique
from Honeywell Inc.’s Phy
sical Sciences Center (Bloom
ington, Minn.), makes use of
normally off, self-aligned
gate MESFETs. Refractory
metal-silicide gates are
formed by combining a di-
electric-assisted lift-off pro-
cess for the first two metal
layers. This permits addition
of a third interconnection lev
el needed in complex ICs The
metal levels have a4-um pitch
and nonoverlapping vias be-
tween layvers.

Across the entire 3-in.
wafer, threshold voltage typi
cally varies from 50 to 70 mV,
with variations as lew as 10
mV over smaller areas.

The divider chip makes es-
pecially good use of gallium
arsenide’s speed: Tt operates
as high as 2.5 GHz The equiv-
alent gate delay at the max-
imum clock frequency is
about 100 ps.  Terry Costlow

ELECTRONIC DESIGN is growing.

and Boston field offices.

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

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

As Collins Avionics and Singer-Kearfott
developed JTIDS", the new communica-
tions system for the F-15 fighter, Texas
[nstruments helped solve a severe cir-
cuitry packaging problem.

The new system utilizes the most ad-
vanced chip packaging technology, the

*Joint Tactical Information Distribution System

Successful application of high-density
packaging was achieved in the PC boards
of the F-15's new communications
equipment. TI's clad metal system solved
thermal expansion mismatch. This mirror-
reflection photo shows how ICs were

mounted on both sides of the PC boards.

leadless chip carrier. Design objectives
called for 191 components to be surface
mounted on both sides of a 6" X 8.5"
printed circuit (PC) board—and to dissi-
pate up to 40 watts of power.

But, during thermal cycling tests, the
difference in the thermal coefficient of
expansion (TCE) between the ceramic
chip carriers and the conventional PC

4 Improved reliability in the F-15's new com-
munications system (JTIDS) is achieved with
TTI's copper-clad Invar used to prevent sol-
der joint breakage on densely populated PC
boards. TI teamed up with Collins Avionics
and Singer-Kearfott to meet the demanding
packaging requirements of the fighter’s
receiver/transmitter.




Instruments and Collins Avionics
dense circuit reliability soar.

board caused the solder joints attaching
the components to the board to break.

TT’s solution: A composite metal core
of low-TCE Invar that is clad on both
sides with copper. Thin, polyimide-glass,
multilayer boards were bonded to each
side of the metal, to provide the circuitry
function.

With a TCE match between the
board and the chip carriers, the PC
boards easily passed the exacting thermal
cycling tests.

And the metal core in the board dra-
matically improved thermal conductivity
and overall rigidity.

Solves thermal
mismatch problems

As Collins Avionics discovered, the ad-
vantage of using chip carriers to achieve
high-density, high-performance circuitry
also imposes stringent demands for in-
creased thermal management, structural
integrity, as well as TCE compatibility—
demands met by Texas Instruments
copper-clad Invar.

By combining TCE compatibility
with high lateral thermal conductivity.
And mechanical rigidity.

All at lower cost than alternate
approaches.m

The solution is

a trilayer metal.

TT’s process involves roll bonding copper
foil to Invar—a 36% nickel/64% iron

COPPER CLAD INVAR SUBSTRATE-NO FAILURES

TYPICAL
. POLYIMIDE-GLASS BOARD

% GOOD SOLDER JOINTS
o=885883888
s/

100 200 300 400 500

TEMP CYCLES (— 55 T0 125°C)
After 540 thermal cycles from —55° to
125°C failed to break chip carrier solder
joints, Collins Avionics halted tests of PC
board used in F-15 communications sys-
tem. Reliability goals had been surpassed
by a wide margin.

©1983 TI 27-9216

Circuit Lines Invar

Plated Hole

Copper

Dielectric

Bond Material

Effective thermal management is achieved with a copper-clad Invar core that acts as a sup-
port for circuitry in the PC board. Heat dissipation characteristics of the copper are excel-
lent, and the Invar contributes rigidity and strength.

alloy. The bonding to each side of the
Invar is accomplished by the same pro-
cess used to make thermostat metal and
coins. No adhesives or brazing alloys are
required to achieve a permanent bond.

By varying the ratios of the high
thermal conductivity copper to the ultra-
low TCE Invar, the TCE of the clad
metal can be tailored to match that of
silicon, alumina, or beryllia.

THERMAL COEFFICIENT OF EXPANSION VS.
COPPER CONTENT IN COPPER CLAD INVAR

STEEL
(—6510 +125°C)

-
N

8 - BERYLLIA

1 1

THERMAL COEFFICIENT OF EXPANSION, ppm/°C,

20 40 80
% OF THICKNESS COPPER, BALANCE INVAR

Matching the TCE of the metal core of a
PC board to chip carrier ceramic is accom-
plished by bonding the correct ratio of
copper to Invar.

This material is available in thick-
nesses from 5 to 62 mils (.13 to 1.57
mm). You can get it in widths up to 24
inches (610 mm).

Copper-clad Invar is being developed
for many other applications: From ground
and power planes in multilayer boards,
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to heat sinks and covers for multichip ce-
ramic modules, and more.

A clad remedy
to packaging challenges

TI’s innovative clad metal solutions can
solve your circuitry packaging prob-
lems—with a variety of materials.

You can get copper-cored electron tube
materials; nickel-clad stainless steel
transistor can materials; copper-clad
stainless steel lead frame materials; pre-
cious metal, aluminum, and solder selec-
tive cladding on base metals for lead
frame and connector applications;
copper-clad steel, aluminum, and Alloy
42 wire products; and high-speed preci-
sion stamping and assembly.

In fact, TI—the world’s leading clad
metals manufacturer—can help you de-
velop a clad metal solution to many elec-
tronic materials problems.

For information, contact Texas
Instruments Incorporated, Dept.
MM]J923El , P.O. Box 401560,
Dallas, TX 75240. 1-800-341-5202.

/]
TEXAS b
INSTRUMENTS

Creating useful products
and services for you.



All encompassing.

Harris ICs are armed for the military.
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The Harris Spectrum. A broad-base line of
top-quality integrated circuits supporting
an almost infinite variety of tactical
and strategic military applications.

High performance. Low power.
High reliability. That's Harris
territory. No one in the hi-rel

military IC industry has the in-
depth experience we have.

Analog. Digital. CMOS. Bipolar.
Standard products. Gate
arrays. Standard cells. Full
custom. Silicon and gallium
arsenide. Harris has it all.
Along with the experts who can
help you meet exact military IC
needs. Rad hard, 883B, you name
it. Processed on the latest gen-
eration of manufacturing and
testing equipment to eliminate
unwanted surprises.

Harris has always been acknowledged
as an industry innovator.
the leading edge of technology. You'll
find Harris ICs aboard the F-14, F-15, F-16,
F-18, ANAYK-14, A-10, AWACS, GPS, LAMPS,
MRCA, ITADS, Patriot, Trident, Peacekeeper,
Tomahawk, Tri-Tac, Roland, Minuteman, Captor
and Space Shuttle. To name only a few.

We'd like to name you.

Find out how easy it is to get Harris ICs into
your system. Send for our latest short form
products catalog. You'll find our capabilities
all encompassing.

Write: Harris Semiconductor Sector,
P.O. Box 883, MS 53-170, Melbourne, Florida 32902-0883.

%

A Full Spectrum of ICs.

PRODUCT TECHNIQUES
e Standard Products

* Programmable Logic

o Gate Arrays

e Standard Cells

e Full Custom

TECHNOLOGIES

¢ Bipolar Digital

¢ Bipolar Analog

e CMOS Digital

e CMOS Analog

e Dielectric Isolation
* Gallium Arsenide

LINEAR

e Op Amps

* Comparators

¢ Voltage Reference
* Analog Switches

DATA ACQUISITION

e Analog Multiplexers
* D/A Converters

¢ A/D Converters

e Sample-and-Hold

ANALOG COMMUNICATION
e Subscriber Line
Interface (SLIC)
* CODECs
* PCM Monolithic Filters
e CVSD

DIGITAL COMMUNICATION

e CMOS 1553 Bus
Interface

* CMOS UART/Bit Rate
Generator

e CMOS Manchester
Encoder/Decoder

* CMOS ARINC Bus

e CMOS 6120— 12 Bit
* CMOS 8/16-Bit Peripherals

Interface
MICROPROCESSOR MEMORY
* CMOS 80C86 — 16 Bit * Bipolar PROM
e CMOS 80C88 —8/16 Bit e CMOS RAM
* CMOS 80C85 RH—8 Bit * CMOS PROM

* Bipolar/CMOS
Programmable Logic
* CMOS Memory Modules

GALLIUM ARSENIDE

e Microwave FETs

* Microwave Amplifiers
e Digital

RADIATION HARDENED
* RAMs/PROMs

* Microprocessors

* Gate Arrays

e Op Amps/Multiplexers

Harris Semiconductor Sector: Analog - Bipolar Digital - CMOS Digital - Gallium Arsenide - Semicustom - Custom
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Dialight adds
the finishing touch.

High quality and reliable Whatever your requirements,
performance make Dialight Dialight can meet your needs.
switches, indicators, LEDs and Let us add the finishing touch
readouts the perfect finishing that helps your products make

touch for any product. a great firstimpression. Dialight,
We have rockers, toggles 203 Harrison Place, Brooklyn, NY,
and illuminated switches in 11237-1687 (718) 497-7600

thousands of different designs.

And our incandescent, neon —
and LED indicators and opto- 4 @ /

electronics come in the world’s

largest selection of colors, the f"“Shlng touch.
shapes and sizes. A North American Philips Company
CIRCLE 41 FOR INDICATOR LIGHTS CIRCLE 42 FOR SWITCHES

CIRCLE 43 FOR OPTOELECTRONICS CIRCLE 44 FOR REPRESENTATIVE TO CALL

See Us At Midcon, Booth #930
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Fiber-optic radio link
makes waves at
connector conference

Ways of reducing EMI, measuring shielding
effectiveness, and designing high-density
connectors for VLSI computers share the bill.

ow to apply relatively
H new fiber-optic tech-

niques to conventional
rf systems in military set-
tings will be the main topic at
the 17th Annual Connectors
and Interconnection Technol-
ogy Symposium, held in
Anaheim, Calif., Sept. 19-21.
Several companies have also
devised better ways to reduce
EMI in hard-wired systems
and to measure shielding ef-
fectiveness. Finally, at the
low (de) frequencies, high-
density connectors are im-
proving the performance of
VLSI systems.

Military communications
systems have begun to trans-
mit over fiber-optic cables.
Optical transmission reduces
the risk of eavesdropping.
Furthermore, optical cables
cost less and are less bulky
than metallic cables, in addi-
tion to having a higher band-
width.

In all fiber-optic systems,
alignments must be precise.
A connector for linking an rf
system to optical fibers must

Vincent Biancomano

also be rugged enough for ar-
my life. A fiber-optic connec-
tor, developed by ITT Cannon
Electric’s Military Aerospace
Division (Santa Ana, Calif.),

meets the optical perform-
ance requirements of military
specifications 1344A, 5015,
and 202E for shock, vibration,
mating durability, submer-
sion and corrosion.

The connector itself aligns
a 50-um fiber cable by means
of a jewel ferrule-and-guide
sleeve (see figure). Its average
coupling loss is 1.65 dB over
—40° to +68°C in the infra-
red spectrum.

The connector is being used
tolink a Magnavox AN/
GRC-206 hf/vhf/uhf radio set
to forward observer units up
to several kilometers away.
Magnavox Government and

Audio 1-km reel
Hf (R/T) - T
subsystem > :
Control Optical
: transmitter
Audio |
| Vhi/FM (R/T) [€<—> Signal |
subsystem |« »| distribution Optical
Control unit | receiver
|
N/~ Audio |
‘ Vhi/AM (R/T) | Optical
: subsystem | > | transmitter
Control |
1| optical
{ Vbt Audlo: || receiver y
subsystem e | A oo
e (Remote) (Remote)
Support
tube Optical Optical
transmitter transmitter
Optical }EOPtlcal]< Optical
receiver %%b;: receiver
Jacketed fiber ( )
Unified radio set Unified radio set
control unit control unit

A fiber-optic connector (inset) from ITT Cannon links remote radio
units to conventional rf networks in the first tactical system of its
kind. The key to the connector’s excellent optical performance—an
average insertion loss of 1.65 dB—and its mechanical reliability is a
precision jewel ferrule-and-guide sleeve.
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Industrial Electronics Co.
(Fort Wayne, Ind.) has exten-
sively analyzed the inter-
action of the connector and
radio, as well as the possi-
bility of system loss, in fiber-
optic links of this kind.

Get the static out

Static discharge and EMI
continue to disrupt systems
that have plastic-based con-
nectors. Through experi-
ments, LNP Corp. (Malvern,
Pa.) can relate the electro-
static voltages produced on a
plastic surface to relative hu-
midity and to the source of the
static electricity. The com-
pany’s results have helped
determine which materials
are best for a given applica-
tion.

As part of the study, fillers
and coatings used in or on
plastics, including carbon fi-
bers and powders, dissipative
and antistatic composite ma-
terials, and polymers were
compared for the following:
shielding effectiveness over
the range of 500 kHz to 1 GHz,
ability to dissipate static, vol-
ume resistivity, and tensile
and flexural strength.

Errors drop down

To all the measurement in-
accuracies caused by im-
proper test fixtures one more
can be added —the voltage
standing-wave ratio, which
distorts the measurementofa
multipin connector’s shield-
ing effectiveness. Between 1
and 10 GHz, load-to-fixture
mismatches of only 2:1 can
create measurement errors of
about +3 dB. Often the mis-
matches are much greater, as
are the resulting measure-
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ment errors.

A noted expert in making
accurate mode-stirred mea-
surements on connectors,
Allied/Amphenol Products’
Bendix Connector Operations
(Sidney, N.Y.) suggests re-
visions that would tighten the
standard measurement pro-
cedures for systems, basing
the suggestions on a coaxial
transmission line. These re-
visions will benefit triaxial,
radiation, and mode-stirred
test schemes.

Among the experimental
changes proposed is to sub-
stitute a short circuit for the
matched load termination in
a “nominally matched” test
fixture, so that the worst-case
figure (which varies a known
6 dB from a perfectly matched
condition) can be found.

Making better contact

VLSI and high-speed com-
puter systems demand con-
nector arrays with improved
physical and electrical prop-
erties, such as greater elec-
trical contact, less resistivity,
and better impedance control.
Unfortunately, designing the
connector arrays is not easy:
They require long-life plugs
with low insertion force for
quick and easy separation
from the host board.

Pins with greater electrical
contact areas reduce the risk
of faulty connections. On con-
ventional pins, only 1% to 2%
of the contact area meets the
socket wall. A new pin, from
Multi-Contact AG (Basel,
Switzerland), increases five-
fold the contact area between
pin and socket by welding the
pin onto a springlike metal
band. The flexible band also

minimizes insertion stress.

A flexible pin may well
solve the problem of out-of-
tolerance hole sizes on pc
boards. Developed by Bihler
of America Inc. (North
Branch, N.J.), a one- to four-
piece welded spring made of
phosphor-bronze or beryl-
lium-copper asserts a uni-
form force on the walls of the
hole. The spring permits bet-
ter electrical contact and al-
lows the pin to work in a hole
with a larger than nominal di-
ameter.

Massing for the attack

In addition to the general
developments in pin technol-
ogy, high-density connectors
are meeting the ever-growing
need for mass termination.
One such connector, intro-
duced by Advanced Circuit
Technology Inc. (Nashua,
N.H.), has 40 contacts per
inch. Called SNAP for sus-
tained necessary applied
pressure, the six-part clamp-
type connector has a zero in-
sertion force.

Better interconnecting de-
signs for leaded chip carriers
are also coming. A pin array,
from ITT Cannon’s Commer-
cial Interconnect Division
(Fountain Valley, Calif.), uses
an externally activated con-
tact technique to mate up to
1000 contacts to the carrier.
Its pins have diameters of
16 to 20 mils and are spaced
75 mils apart. Its greatest ad-
vantages are its controlled
impedance characteristics (a
standing-wave ratio of less
than 1.2 at 3 GHz), zero in-
sertion force, automatie
alignment, and lifetime of
10,000 cycles.O
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introducing the

32-bit microprocessor
performance standard.




Unleash the potential of your
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new system with the MC68020:
microprocessor.

The new performance standard.

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

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

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

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

A fully compatible M68000 Family
member.

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

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

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

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

New features enhance 32-bit
architecture.

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

On-board instruction cache speeds
operation and provides increased
multiprocessing efficiency. The copro-
cessor interface allows direct expan-
sion of the architecture off the MC68020
chip to coprocessors or customer-spec-
ified processing systems.

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

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

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

Design support brings projects
together, fast.

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

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

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

Move up to the MC68020.

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

Additional technical information is
available by writing or sending the
completed coupon to Motorola Semi-
conductor Products Inc., P.O.Box20912,
Phoenix. AZ 85036.

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

EXORmacs is a registered trademark of Motorola
UNIX is a trademark of AT&T Bell Laboratories.
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A Texas

Control

Months ahead of the market, Control
Data is delivering the DDC (Director-to-
Device Controller) interface on its
33800 Disk Storage Subsystem. It’s an
extremely compact, high-speed, large-
capacity unit. Most important, it is the
only available mass-storage subsystem
plug compatible with the new-generation
IBM DDC. What helps give Control
Data this competitive edge? The
SN75174 line driver from Texas

Instruments.

Only TT’s SN75174 line driver could
provide the drive capability vital to
Control Data’s new 33800 disk storage
subsystem featuring DDC interface.

No choice but TI

Only TI's SN75174 could provide suffi-
cient differential current drive through
Control Data’s special compensation
circuit to deliver proper signals in the
DDC interface cable.

And Control Data will be able to stay
current with future market developments
because of the minimum active-high
drive (40 mA) capability of the *174.

Forty-two "174s are used in a fully
configured 33800 disk storage subsystem.

TI's SN75126 and SN75127 are also
used in the new storage subsystem. These
circuits meet the IBM 360/370 specifi-

<« Leading the market, Control Data is
shipping the first non-IBM storage sub-
system that's plug compatible with the
IBM Director-to-Device Controller inter-
face. Use of TI's new SN75174 line
driver not only made the Control Data
design feasible but also minimized design
time, component count, board size, and
power requirements.

27-4812

©1984 TI




Instruments line driver drives
Data to market faster.

cation, providing fault protection and
power up/power down protection, as well
as enable and fault flags.

Performance as specified

Control Data engineers learned about
the '174 early on. Moving quickly, they
evaluated and designed it in, counting on
it to perform to very exacting specifica-
tions. It did . . . perfectly.

The alternative? Greater costs

Control Data engineers estimate that a
discrete-component alternative would
have resulted in at least a 15% increase

in board area to accommodate the
necessary additional components.

As it turned out, the SN75174 driver

contributed important system savings to

the design, improved reliability, helped

Control Data get to market faster. W

Get on the party line faster
with eight new line circuits
from Texas Instruments.

possible with TT’s full family of line circuits.

Hooking 32 driver-receiver pairs on a single bus to achieve party-line communication is

Now, eight new line drivers, receivers,
and transceivers from Texas Instruments
allow you to implement party-line ap-
plications on a single bus efficiently.

SN75176A

Half-duplex Transceiver

This new circuit wraps the capability to
send or receive data over a single twisted
pair in a compact, 8-pin package. It saves
board space and cuts component cost.

SN75179A
Full-duplex Transceiver

Also available in a space-saving, 8-pin
package, the SN75179A can send and
receive data simultaneously, and requires
two twisted pairs.

SN75177A/SN75178A

Bus Repeaters
These two differential ICs are identical
except for complementary enable inputs.

CIRCLE 27

The SN75177A is active high and the
SN75178A is active low. This allows you
to pair the two back-to-back for im-
proved bidirectional communication
when extending cable distance.

SN75172/SN75174
Quad Drivers,
SN75173/SN75175
Quad Receivers

The two quad drivers operate from a
single +5 V supply, yet maintain a high-
impedance output over a common-
mode range from —7 V to +12 V with
power on or off. Without sacrificing
speed. Both drivers have maximum delay
times of 50 ns, rise and fall times of less
than 80 ns. They allow data rates up to
four megabaud.

The major difference between the two
drivers is the enable scheme. And this
increases design flexibility. All four
drivers in the SN75172 are enabled at
once, whereas they are enabled in pairs
in the SN75174.

The two quad receivers are similar to
existing RS-422 devices but have higher
input impedance and extended common-
mode range, from +7Vto = 12 V.
Sensitivity is =200 mV over —12 V to
+12 V common-mode range.

All other standards covered, too
In addition to offering these new

devices that meet RS-422 and other
party-line applications, TI offers the
industry-standard ICs you need to meet
the EIA RS-485, RS-232-C, and RS-423
standards, as well as IEEE 488.

In fact, with its wide selection of
general-purpose line circuits, TI fields the
industry’s broadest line of line circuits.
Results: Component compatibility, design
flexibility, and immediate availability.

For details on TI's broad family of

line circuits, write Texas Instruments

Incorporated, Dept. SLLO53EI1, P.O.

Box 809066, Dallas, Texas 75240.
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WORLD'S LOWEST PROFILE,
FULLY SEALED
BINARY CODED SWITCH

'y

New Switch Saves Space. /
However you look at it, EECO’s

new Series 3300 MICRO-DIP® :
switch is the lowest profile binary- 5
coded rotary switch in the world. An
incredible .190 inches high, and only

.390 inches square, the new switch

allows a compact board architecture

never before possible with conven-

tional rocker or rotary switches.

Fully Sealed. We've completely and
permanently sealed the new MICRO-DIP
switch top and bottom to be impervious to
automatic wave solder and cleaning pro-
cesses. The switch withstands the stringent
Fluorinert* leak test for board-mounted compo-
nents. The O-ring top and epoxy-sealed bottom
are standard.

Easy-to-Set. Programming electronic equipment
was never easier. Our screwdriver-siot and extended
shaft actuators make setting binary values a one-step
operation. No need to fumble with multiple rocker or
slide actuators, no need to convert from one number
system to another. Simply dial in the value you need. ; ‘
Positive detent actuation lets you know your setting is : Y. W
securely entered. - "

From the MICRO-DIP Originators. Our new switch incor-
porates all the special design features you've come to expect
from EECO. Like gold plated contacts, operational longevity,
rugged construction, and generous environmental/electrical
operating ranges. And all at an affordable price.

At EECO we profile our products for tomorrow’s technology.
Call us or our nearest representative for more information.
EECO Incorporated, 1601 East Chestnut Avenue, P.O. Box
659, Santa Ana, CA 92702-0659, Phone: (714) 835-6000;
EECO Ltd., Bar Hill, Cambridge, CB3 8SQ, England, Phone:
Crafts Hill (0) 954-80257.

* Fluorinert is a registered trademark of 3M Corporation. CIRCLE 37
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Midcon/84 addresses
refinements in speech
recognition and synthesis

As testing improves voice recognition,
speech synthesis gets a push from CMQOS.
Meanwhile, chip makers tackle the ISDN.

esting the accuracy of
I speech recognition
systems has enabled
researchers to improve the
systems’ hit rates. Results of
the tests will be a hot item at
this year’s Midcon, which will
be held in Dallas, Sept. 11-13.
In addition, extra registers
and memory have improved
the quality of sound and the
vocabulary of speech synthe-
sizers. Finally, in what is still
unconquered territory in the
U.S., semiconductor manu-
facturers have introduced
complete families of chips to
support voice-and-data net-
works based on the Inte-
grated Services Digital Net-
work (ISDN).

A system that monitors its
own speech recognition pro-
cess helped researchers dis-
cover is the best parameter of
speech for successful recogni-
tion. The Interactive Labora-
tory System (ILS) from
Signal Technology Inc. in-
spects individual speech pa-
rameters as it goes through
the basic steps of voice rec-
ognition —digitization, seg-
mentation, labeling, feature
extraction, template gener-

Heather Bryce

ation, recognition, and per-
formance analysis.

To create templates that
could identify words without
regard to syntax (and con-
sequent inflection change),
experimentors embedded
words in a variety of sen-
tences and syntactic posi-
tions. The ILS analyzed each
word for a number of differ-
ent speech characteristics.
Reference templates were
constructed from all of these
parameters.

Words that were spoken in-

to the system after the tem-
plates were created were
broken down and compared
with all of the templates. The
word was identified by the
template whose coefficients it
most closely matched. Words
that had similar sounds were
confused —for instance, the
words “keep” and “heat.” Re-
sults showed that a 95% hit
rate could be obtained using a
measurement parameter that
looked at frequencies below
1 KHz linearly and those
above logarithmically.

Generic system

A simpler speech recogni-
tion system restricts entry
into a secured area by verify-
ing identity. It consists of a
self-contained 6800-based
voice recognition system. Au-
thorized individuals must re-
cord samples of their speech
for the machine to recognize.

Developed by Interstate
Voice Products (Orange, Cal-
if.), the system can be imi-

Subscriber

Switching system

29CX components

29CX components-\ 29CX components
e
e A’I‘i:':g Gro:p
@ card controller
Telephones
Computer
ISDN subscriber
equipment
ISDN
line < Switching
card
Fal

Backplane

1. In a typical switching sytem, an analog line card di-
gitizes voice interformation for backplane switching
and routing. The ISDN line card interfaces analog and
digital ISDN subscribers with the backplane.
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tated with standard voice
recognition hardware. Re-
quirements for the generic
system include a voice di-
gitizer, memory for storing
reference patterns, a micro-
processor for implementing
the pattern recognition algo-
rithm, and an input channel.
In the generic system, as in
the self-contained system, the
voice input is analyzed and
compared with reference pat-
terns. If the voice matches a
reference pattern, the
speaker is allowed entry.

Interstate Voice Products
set up the system for 25 male
and 25 female speakers and
determined that 3.5% to4.5%
of the time the system failed,
admitting imposters and re-
jecting true speakers.

In another area, small-
geometry CMOS parts and
greater on-chip capabilities
have improved speech syn-
thesis technology. Texas In-
struments Inc. (Dallas) devel-
oped the TMS50C40, the
CMOS version of an earlier

speech synthesis chip. A
pitch-fractional register that
supplements the standard
pitch-period register raises
the quality of the chip’s
speech by allowing it to record
more points along a sound
wave. The chip uses linear
predictive coding to expand
the compressed speech. On
earlier models, a set number
of bits—at most six—were
defined for various reflection
coefficients (pitch and ener-
gy,for example). With the TM-
S50C40, the user can select up
to eight bits, trading off bet-
ter sound for added memory.
Further, thanks to a mask-
programmable option, the
user can set keys of a 4-by-4
matrix to generate responses
for up to 16 keys on a pad.
Formerly, software was re-
quired for this type of pro-
gramming. Enhancements on
the TMS50C40 include a
64-kbit ROM that stores 25
seconds of speech and a mi-
croprocessor that handles
both 4- and 8-bit buses with

2. CCITT’s conceptual access to ISDN defines various
interfaces (R through V) within a voice-and-data net-
work. Only the S interface has been fully defined: It in-
terfaces the PBX with the subscriber. Intel’s 29C53
four-wire transceiver serves as the interface.
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few interface chips.

Gould AMI, too, has a basic
speech synthesizer that uses
linear predictive coding. It
shrank a 5-um CMOS chip
with a 3-um CMOS process
and then made the chip into a
macrocell, ready to be cus-
tomized to users’ needs.

As the macro core of a chip,
the synthesizer lies between a
back end (output) and a front
end (input logic and timing)
and allows either end to be
modified. Some of the most
popular customizations are
likely to be an internal memo-
ry for speech or a keyboard in-
terface. Other features, as
well, may be embedded in the
Gould AMI macrocell.

Switching over

Front-runners in the field,
U.S. researchers are trying
new approaches toward
speech recognition and syn-
thesis. In contrast, the U.S.
lags somewhat behind
Europe in the area of voice-
data networking. To catch up,
some U.S. semiconductor
manufacturers have imple-
mented the ISDN approaches
in their products.

A group of advanced tele-
communication components
called the iATC 29CX family
effect the ISDN protocol in a
typical switching system
(Fig. 1). Of the components,
which were developed by Intel
Corp. (Santa Clara, Calif.),
theiATC is the intelligent
line-card controller, as well as
the time-division multiplexer
for the network. It interfaces
both analog and digital sub-
scribers with the backplane,
interleaves signals (on
smaller systems), directs
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P.O. Box 2472, La Jolla, CA 92038,
619.457.1000
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group signals over dedicated
highways, and manages
transmissions over serial or
parallel highways.

The subscriber interface
scheme realized by the 29CX
family is the subscriber line
data link. This serial protocol,
adopted by more than eight
manufacturers, is a simple
approach that requires only
three leads per subscriber.
Thus all information can be
sent with a 512-kHz data
clock, an 8-kHz directional
signal, and a bidirectional
data link.

Interface travels

A four-wire transceiver,
the 29C53, will be the net-
work’s S interface, as defined
by the CCITT standard (Fig.
2). The transceiver interfaces
with the line-card controller
through the subscriber line
data link. A microprocessor
port is planned that will send

unformatted data to the
29C53.

Further, a two-wire trans-
ceiver link, the 29C55, is being
developed together with the
29C53. The link will be a com-
pletely separate physical lay-
er capable of 144-kbit/s echo
canceling.

Also tackling the ISDN
model, Motorola Inc. (Austin,
Texas) built a family of uni-
versal digital loop trans-
ceivers (UDLTSs) that inte-
grate voice and data into a
single network with a PBX
(Fig. 3). The system works
with an analog line card that
contains the traditional logic
functions, a time-slot assign-
ment circuit, a filter-codec,
and a subscriber line inter-
face circuit (SLIC) for two-to-
four-wire conversions.

On the analog line card,
pulse-code modulation cir-
cuits code and decode voice
signals using stored voltage

references.

Five circuits make up the
“monocircuit” family. The
14400 and 14401 work with a
transformer interface and a
solid-state interface, respec-
tively. With the 14402, the
most complex of the circuits,
clock speed and volume can be
adjusted. Two simpler cir-
cuits, the 14403 and 14404, are
for synchronous transmis-
sion, and the 14405 can run on
a variable data clock. The cir-
cuits support both line cards
and digital phones.

Three time-slot assign-
ment chips direct the signals
in a single-party telephone
line circuit. The most ad-
vanced chip, the 14418,
assigns variable time slots for
digital switching.

A digital line card that also
can be plugged into the net-
work replaces the pulse-code
modulator and the SLIC with
a master UDLT. Since the
pulse-code modulator and the

Analog phone . master UDLT perform the

Analog Time siot | 1 same backplane I/0 func-

card o, : tions, the analog and digital

| I line cards are interchange-

Subscriber I i
able in the PBX.
loop 1 i

1 interface Monocircuit ({4 A master UDLT on the digi-

i : tal line card formats signals

ToMptione oo o e [ ; for the network and forwards

line card ",‘gg;' : switch them to a slave UDLT that re-

v i erant el transceiver| || L sides on a remote telephone
Monocircuit | 1 9

00p transceiver . Y . [ set. The two transfer data at

80 kbits/s et ot 14 : 80 kbits/s over 26 gauge wire

i v << cirauit and over larger twisted-pair

ata ital Ping pon I
port e — — — — — —————- cables for distances up to 2
Dighal G phone 5% Lol : km. Even when remots the
12l f
ircuit . . y %
Microprocessor [} 9% : L L circuit can still have high-
160 kbits/s 0-

d::;:;mp e ] | el ?pegﬁ dalt{iJ access to the PBX

vomoareut L | transceiver i s, , acl 1t.y. sing a ping-pong

[oars) | slave master g technique, the master and

slave UDLTSs send and receive

voice data at 64 kbits/s and

3. A voice-and-data PBX system from Motorola includes a line-card bl : :
digital signals at 16 kbits/s.0

control for both analog and digital phones.

64 Electronic Design - September 6, 1984



"TL
i

285"

P
Tlll]

RCA is leading the way.

d
—
—
7y
-
@
O
©
Q.
o
e,
ot
S
-
(C
O
)
i -
pra—
=




RCA has true low-power
drop-in replacements for LSTTL.

97 High speed CMOS types:

HC/HCT10 Triple 3-Input NAND Gate
HC/HCT3‘W Hex Buffer/LineDriver;a—Stat nverting

HC/HCT174  HexD-Type Flip-Flop with Reset

HCT533' : ctal Transarent Latch; 3-Stte; | :

QMOS blasts LSTTL. Shipping in volume, now.

If you're an LSTTL user, your quickest route to Most suppliers who have announced HCT products
CMOS power savings at LSTTL speeds is switching to have yet to ship in volume. RCA, onthe other hand, is
HCT types of high speed CMOS logic. shipping production quantities and we've increased our

HCT types are drop-in replacements for LSTTL. You QMOS capacity by 100% in the past six months!
get big power savings and better noise immunity, with- High-Rel QMOS, too.
out redesigning. RCA will soon introduce High-Rel QMOS devices to

True low-power LSTTL replacements. MIL Spec 883 Class B.

Only RCA's unique input circuitry produces TTL
compatibility without resorting to the use of a pull-up res-
istor. And pull-up resistors increase power consumption.

Philips N.V.is an alternate source for RCA QMOS.
Call: Hamburg, 49-4106-6130; London, 44-03-2785511; Paris, 33-3-946-5656; Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033.



And we’re shipping them now.

Available now from RCA.

HC/HCT40104* 4-Bit Bidirectional Universal Shift Register; 3-State

HC4024 7-Stage Binary Ripple Counter

HC/HCT158 Quad 2-Input Multiplexer; Inverting

HC/HCT4514  4-to-16-Line Decoder/Demultiplexer with Input Latches

*Types with a bus driver output stage. Photo by Pete Turner, NYC

et L ML S SR R R pTe L S e |
Mail to: RCA Solid State, Box 2900, Somerville, NJ 08876

0O Please send me the following samples (maximum 2):

Let’s form a true-CMOS relationship.

Don't settle for high speed CMOS HCT without true-
CMOS advantages. And when you're ready to redesign,
or if you have an all-CMOS system now, RCA can intro-
duce youto our broad line of HC high-speed CMOS
components.

Don’t wait to redesign. Drop-in HCT today.

Let QMOS drop-in replacements for LSTTL help
you blast your competition, too.

Application

Estimated annual usage

-
I
I
1
| 0O Please send me data sheets on the following RCA QMOS types:
I
I
I
I
I
|
I
I
I

Call your local RCA sales office or your RCA distrib- zzmea e
utor today. Ad;zg:y
Or call toll-free (800) 526-2177. Sy Stetol
e e e e e e e e e e e e e e ey o

Changing to serve you better. “ﬂ"
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From commercial applications, to z’nduStm'al
control, National supplies more systems with board-level
CMOS solutions than anybody else.

Now’s the time to take a close look
at CIM™ (CMOS Industrial Micro-
computer), National’s CIM family high-
speed CMOS microcomputers, which
includes CPU, memory expansion, and
digital and analog I/0 boards.
Already over 60 products are avail-
able off-the-shelf today.

No other family of boards with-
stands wider temperature
extremes, draws less power,
performs better, or fits tighter
than CIM, on the factory
floor, under the sea, to the
skies and beyond.

And best of all, National’s
microCMOS technology gives
these boards high NMOS per-
formance at low CMOS power.

CIM CPU boards are based on the
NSC800 microprocessor, which exe-
cutes the Z80" instruction set.

CIM operates from —40°C to
+85°C in harsh environments. That’s
125% wider than the 0°C to +55°C
range of typical NMOS boards. A com-
mercial version operates from 0°C
to +70°C and costs less.

Lower power consumption means
high reliability, portability, and lower
operating cost. CIM draws 240mW,
while equivalent NMOS can draw 20W.
That’s 1/30 the power for a 97%
savings.

And you can back up or operate

them from a battery, and toss out your
cooling fans.

Smaller boards also mean more
compact systems. CIM’s Eurocard
form factor is 15% smaller than STD
BUS and 69% smaller than MULTIBUS™
CIM measures 3.9-inches by 6.3-
inches (100mm by 160mm).

CIM’s pin-and-socket connectors
resist corrosion and vibra-
tion better than card-edge
connectors.

And alternate sources mean
there's no reason not to spec
CIM boards. And over 60 rea-
sons you should.

Shouldn’t you take a close
look at National’s CIM boards?
It all goes to prove National
supplies more board-level CMOS solu-
tions than anyone else.

For complete details on National’s
CIM family, and a free copy of our
new CIM databook, call or write
National Semiconductor, 2900 Semi-
conductor Drive, MS 23200, Santa
Clara, CA 95051.

CIM is a trademark of National Semiconductor Corporation.
MULTIBUS is a trademark of Intel Corporation,
280 is a registered trademark of Zilog Corporation.

7-7] National

Semiconductor
Everybody talks CMOS. We're doing it.
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New Sprague ULN-3783M, ULN-3705M and ULN-2283B Low-Power Audio
Amplifiers are cost-effective alternatives to discrete transistor amplifiers. Available
as monophonic or stereo amplifiers, they’re well-suited for use as headphone drivers in
portable radios, in tape players, and in other sound system applications. They function with
supply voltages as low as 3 volts (at reduced volume). Write for Engineering Bulletins

27117.21, 27117.22, and 27117.23 to Sprague Electric Co., Technical Literature

Service, 347 Marshall St., North Adams, Mass. 01247. For
applications assistance, phone Linear Marketing at 617/853-5000. Ysp“ngg!!g

a Penn Central unit
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Functional testing
gains importance as boards
become more complex

Bob Bergstrom

Marketing Manager
Automated Systems

John Fluke Manufacturing Co. Inc.

Everett, Wash.

s printed circuit boards
Aincorporate more and
more LSI and VLSI de-
vices, a greater number of
faults remain hidden unless
these parts are tested in con-
cert. “Those dynamic faults,”
says Bob Bergstrom, “will call
increasingly for functional
testing.” Riding close behind
this area’s return to promi-
nence is a new emphasis on
testability and better links
between the design and test
disciplines.

According to Bergstrom,
in-circuit testing, which ex-
cels at finding individual
component and manufactur-
ing faults in isolation, does
not have high enough yield to
be relied upon alone. “The
problem,” he explains, “is that
in-circuit testers cannot diag-
nose dynamic functional
faults.”

Although functional de-
fects, such as cumulative tim-
ing and tolerance buildups,
have typically accounted for

Bob Milne

only 10% of board problems,
the picture is changing.

“It’s no secret,” Bergstrom
points out, “that American
companies are following the
lead of the Japanese in de-
manding higher-quality
parts from their suppliers. As
a result, fewer parts are dis-
covered dead or out of toler-
ance, and functional faults as-
sume a larger proportion of
the total.”

The growing concentration
on functional testing will de-

Bob Bergstrom’s 13 years with
Fluke have seen him in a variety
of marketing and engineering
roles, including the automation
of that company’s testing
operations. Previously, he dealt
with Martin Marietta’s line of
avionics automated test equip-
ment.

mand a solution to that
method’s major drawback —
lengthy programming time.
In-circuit checks can still help
by screening out the majority
of board faults first.

Another solution, Berg-
strom suggests, involves de-
signing the test stimulus into
the board itself. Of course,
that will not complete the
troubleshooting job. “That is
where the functional tester
comes in,” he adds. “It will
ride piggyback on the built-in
self-testing routines and per-
form the diagnostics.”

He also sees more and more
functional testers making use
of bed-of-nails fixtures. “It is
extremely important to gain
access to the microprocessor
and other critical areas of a
board without going from the
card-edge connector through
layers of logic—not only to
control the board but for
measurements as well.”

Bergstrom also believes
that comparing a test board
with a reference (a known-
good board)—a technique
that has been around for a
while—still has a lot to offer
in functional testing. “To test
a board you have to have a
model of it some place. It can
be modeled in software or in
hardware. But if you have a
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known-good board as a model,
you cannot create a software
model that is better than the
board itself.”

Finally, Bergstrom consid-
ers the communications link
between test and design engi-
neers equally important, as is
the physical link between

CAE tools and testers.

“Five years ago a designer
probably didn’t know any-
thing about his company’s
ATE equipment. What’s
more, he did not care. If a
divide-by-counter on a pc
board provided no easy way
for a tester toinitializeit, that

was not the designer’s prob-
lem. The test engineer had to
spend a lot of time trying to
find a solution.” Fortunately,
says Bergstrom, the height-
ened emphasis on testability
will continue to strengthen a
dialogue between design and
test engineers.

More memory, at lower cost,
will radically alter the
way computers operate

Harry Garland

President
Cromemco Inc.
Mountain View, Calif.

he revolution in com-

I puter technology will

be furthered not so

much by microprocessors as

by cheaper high density semi-

conductor memory,” says
Harry Garland.

In all computer architec-
tures, optimum engineering
is constrained by limited
memory. “This,” he adds, “is
increasingly true as comput-
ers are called upon to simulta-
neously handle multiple users
and perform multiple tasks.”
Even a 68000 microprocessor
that can address 16 Mbytes is
limited by the partitioning of
this space for simultaneous
tasks.

Engineers waste a lot of

Stephan Ohr
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time prioritizing memory
space assignments and mak-
ing choices about which tasks
must return to disk for their
completion. Plentiful and in-

Harry Garland cofounded Cro-
memco in 1976. While in the elec-
trical engineering department

at Stanford University, he

helped define the S-100 bus

used in the original Altair compu-
ters. He holds a PhD in biophy-
sics from Stanford and a BA
from Kalamazoo College.

expensive memory, Garland
suggests, would simplify the
assignment of memory
spaces, so that engineers will
be able to concentrate on
better designs for existing
applications and even for new
applications instead of allo-
catingrelatively scarce mem-
ory. CPUs will also be freed
from having to keep track of
as many program instruc-
tions and operands scattered
throughout memory.

As for improved designs,
“A 1-Mbyte work space pro-
vides one way of solving a
problem, a 16-Mbyte space
provides a completely differ-
ent set of possible solutions.”
As an example, advanced
computer tasks like speech or
visual pattern recognition
currently utilize algorithms
to calculate values that only
approximate digitized inputs.
It would be much easier and
faster to find matching values
for spoken words or visual
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inputs on a memory table and
bypass calculations entirely.

Memory will make a differ-
ence in the approach to speech
synthesis, as well. The use of
phonemes and predictive cod-
ing algorithms, says Garland,
are compression schemes de-
signed to construct speech
when memory is limited.
Unlimited memory will allow
full digitizing of voice inputs
fostering much higher qual-
ity of synthesized speech than
is possible today.

Matrix inversions, as an-
other example, require fre-
quent returns to disk memory
because of limited work space.
A 16-Mbyte RAM space
speeds up matrix inversions
by a factor of 10 without any

changes in the computational
program.

Computer graphics and
digital imaging are other
memory-intensive applica-
tions. Reproducing one frame
of a simple low-resolution
television screen, notes Gar-
land, takes more than 256
kbytes of memory. Further-
more, to feel comfortable to
the human eye, which is very
discriminating, a high-res-
olution display requires at
least a megabyte.

Memory management
units can only be a short-term
solution. Management
schemes can improve how a
limited amount of memory is
used, but not sufficiently to
revolutionize the way com-

puters handle processing.
What is required is not more
management but virtually
unlimited, high-speed semi-
conductor memory.

The new generation of
256-kbit chips will free com-
puters somewhat from mem-
ory restraints, as will the
1-Mbit devices on the horizon.
Even more promising is the
use of CMOS for RAMs with
both lower power and shorter
access times. Not only will the
cost of the devices be less, but
also the attendant expenses of
power supplies and cooling. In
addition, these chips will re-
duce the need for other pe-
ripheral circuitry by includ-
ing more housekeeping func-
tions.O

If it's an SIP style, here’s 36 sizes that help save board space

and make component mounting easier. Molded from NYLON with
a U.L. rating 94V-2.
Standoffs aid eleaning, filleting, inspection. Complete specs
and prices on 4,000 other BIVAR products teo, FREE upon request.
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ABOUT SYNCHRO-CONVERSION e HIGH-SPEED. HIGH ACCURACY D/A & A/D CONVERSION e DATA BUS DEVICES

PUBLISHED BY

ILC DATA DEVICE CORPORATION

SEPTEMBER 1984

SYNCHRO / RESOLVER TEST INSTRUMENTS
COMBINE HIGH ACCURACY WITH

SUPERIOR PERFORMANCE

When accuracy and perfor-
mance are required by your syn-
chro or resolver test application,
DDC’s SIM-31200 simulator and
SR/HSR-203 angle indicators are
unexcelled.

The SIM-31200 simulators are
broadband (47Hz to 11KHz) syn-
chro and resolver simulators,
which incorporate microprocessor
control of digital input multiplex-
ing, front panel display, and
status/fault flag outputs. An inter-
nal converter provides resolution
of .001° BCD or .00034° binary,
with accuracy up to + .003° (10
arc seconds). The angle input may
be entered locally via the front
keyboard, or remotely through the
rear panel connector.. The remote
input format (BCD or binary) is
selectable via a rear panel switch.
An optional IEEE-488 interface is
available.

The outputs are transformer
isolated synchro or resolver signals
programmable to 11.8, 26, or 90V
rms line-to-line.

In addition, the microprocessor
works in conjunction with a non-
volatile memory and a counting
circuit to measure the reference
frequency which is used to

CIRCLE 49 FOR LITERATURE
CIRCLE 250 FOR SALES CONTACT

generate a digital correction and
calibration scheme. The instru-
ment is powered by 115V or 230V
rms, and has internal EMI/RFI
filtering. Bench top and rack
mounted configurations with or
without front panel keyboard or
display are available.

Applications for the SIM-31200
Series include production testing,
quality control inspections and
laboratory instrumentation.

The SR/HSR-203 are high
quality angle indicators used in
precision synchro and resolver test
equipment. They accept synchro
or resolver signals from a front
panel input channel or either of
two rear connector input channels.
Both models are enclosed bench-
type instruments, with a carry han-
dle, which may be used as a tilt
stand.

Control functions, such as input
channel select, input type, band-
width, unipolar/bipolar, lamp test
and inhibit, may be controlled
either manually by front panel
switches or remotely via the rear
connector. An internal IEEE-488
data bus interface is available as an
option. The SR/HSR-203 in-
struments differ only in their ac-
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curacy and resolution. The SR-203
is accurate to +0.03°, while the
HSR-203 is accurate to +.005°.
Resolution for the devices is
+0.01°and +0.001 ° respectively.

Because they can accept a broad
range of voltages and frequencies,
without programming, and signal
to reference phase shifts of +50°
(max), the SR/HSR-203 are ideal
for situations where a variety of in-
puts must be quickly accom-
modated. There can be no hangup
180° away from the input angle. A
fault indicator shows when the
unit is not tracking the input
signal, and an ambiguity indicator
shows when the output data is
changing.

The SR/HSR-203, in addition to
serving as high performance bench
instruments, can be used wherever
accurate angle information is re-
quired for display, control, testing
purposes, or computation.

Full particulars on DDC’s high
accuracy instruments are readily
available. Circle one of the
numbers shown below on the
readership service card or call the
nearest DDC office for immediate
attention. =

‘““See us at Booth 931
+ MIDCON/84 + Dallas * Sept. 11-13"

ILC DATA DEVICE CORPORATION

HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, (516) 567-5600, TWX: 510-228-7324
WEST COAST: ILC Data Device Corporation, Woodland Plaza, 21243 Ventura Boulevard, Suite #123, Woodland Hills, CA 91364, (818) 982-6454, TWX: 910-499-2674
WASHINGTON, D.C. AREA: ILC Data Device Corporation, 2110B Gallows Road, South Tysons Corner Office Park, Vienna, VA 22180, (703) 893-7989, TWX: 910-997-0967
EUROPEAN OFFICE: ILC Data Device Corporation, 40 Triton Square, London NW1 3HG, England, 01-387 4599, TLX: 851-261967
UNITED KINGDOM: DDC United Kingdom Ltd., 128 High Street, Hungerford, Berkshire, RG17 ODL, England, (44) 488-82141, TLX: 851-848826
FRANCE: DDC Electronique, 4 Rue de I'Abreuvoir, 92400 Courbevoie, France, (1) 333-5888, TLX: 842-630609
WEST GERMANY: DDC Elektronik, GmbH, Vorderer Anger 286, P.O. Box 1212, 8910 Landsberg A.L., West Germany, Tel: (08191) 3105, TLX: 841-527128
JAPAN: DDC Electronics K.K., 1-32-3, Nishi-Gotanda, Shinagawa-Ku, Tokyo 141, Japan, Tel.: (03) 490-0203, TLX: 781-34158



Plan your
' LinCMOS

High speed, exceptionally low power
consumption, and multipurpose

2 analog and/or digital inputs—new
)1. ool LinCMOS™ microprocessor-
» controlled data-acquisition systems
from Texas Instruments deliver all!
You can forget about traditional
performance “tradeoffs.”

You only have to remember TI.
And two new LinCMOS families:
The 28-pin TLC532A family with
parallel output, and the 20-pin
TLC540 family with serial output for
interface to a variety of popular
MiCrOprocessors.

One-chip

data-acquisition system

Both families provide an entire data-
acquisition system, from analog
multiplexer to digital data bus, on
one chip. You treat the IC as a

.- simple plug-in component, replacing
a board of parts.

Eliminating external components
also reduces total system costs. And
the chip itself is less costly than
many metal-gate CMOS ICs having
only an A/D converter function.

One potential application for the
new LinCMOS peripherals is envi-
ronmental control. An array of these
A/D peripherals could sense room
temperatures throughout a building
and feed them to a microprocessor
that instructs the heating/cooling
system to direct air where it
is needed.

Result: Energy bills could be
slashed by a simpler, more cost-
effective system.

.‘.._,
Sy

<« Moving energy costs down by moving air
around—that’s how TI’s new LinCMOS A/D
peripherals could work in a large building.
These ICs could take multiple readings of
each room’s temperature for a microprocessor
that quickly determines where warmer or
cooler air is needed.

™Trademark of Texas Instruments Incorporated

Photo taken at Plaza of the Americas, Dallas, Texas.

275077 A
g ©1984 TI



control system with TTs new
microprocessor-controlled A/D ICs.

DATA-ACQUISITION EVOLUTION
197983 W

1981-85 W 1983-1990s

Technology:

Converter:

Part types: ADC0808, 0809N TL520, 521, 522N TLC532A, 533A

1,700 mil? 500 mil?

256 resistors 9 capacitors 9 capacitors
511 switches 26 switches 26 switches

*. o AN 75000 TP

Components:

*Includes six multipurpose inputs.
Major speed improvements, more inputs, smaller size—the evolution to LinCMOS products

from metal-gate technology reflects big performance boosts and operational advantages,
creating a bright linear future.

These devices feature a built-in
sample-and-hold circuit (software-
controlled on the TLC540) that
holds a “snapshot” of the input
signals to reduce the effects of noise
and random spikes.

Up to 71,000 samples

per second

Dramatic speeds are available—as
fast as 71,000 samples per second.
With power requirements as low as
6.0 mW.

This allows noise canceling and

precise control of blower motors or Yanieitiaio availdbli
heating elements. While virtually Allct these linCMOStX/D

eliminating bulky power supplies. penpherals ae TTL, MOS, and

CMOS compatible. And all are
available now. With performance
that will change the way you look
at linear.

Environmental control is only one
possibility. These LinCMOS periph-
erals offer many opportunities in test
equipment, automotive instrumen-
tation, industrial controls, robotics,
toys, home computers, signal
processing, and other applications.

Exceptional stability
over a wide temperature range
Both the TLC532A family and the
TLC540 family offer excellent tem-
perature-range stability—total output
error is within =0.5 least significant
bit (LSB) over a wide temperature
range—from —40° to 85°C.
Military versions, also available,
are stable within +=0.5 LSB over a

—55° to 125°C temperature range. ) ]
For more information on TI's A/D

converters, op amps, and the
LinCMOS process that creates them,
call your authorized TI distributor or
nearest T1 sales office. Or write
Texas Instruments Incorporated,
Dept. SLAG43E1, P.O. Box 809066,
Dallas, Texas 75380-9066.

Handle up to 11 inputs

Each LinCMOS A/D peripheral
family allows a processor to monitor
up to 11 analog signals. Six signals
can be digital, if preferred, allowing
keyboard or switch-position sensing.

CIRCLE 29

TI is first with silicon-
gate CMOS for linear.

The key to a successful combination
of CMOS and bipolar capabilities:
Phosphorus doping of the silicon
gates that effectively halts and binds
sodium ions—the main cause of
threshold voltage shifts in MOS-
based technologies.

For enhanced carrier mobility,
NMOS transistors are placed in a
p-type substrate and the PMOS
transistors in an n-well. This
increases carrier mobility of the
NMOS transistors to about 3.7 times
that of the PMOS transistors,
enhancing speed.

The LinCMOS process also pro-
vides a gate-to-drain capacitance
about one-seventh that of metal-gate
CMOS. This performance stems
from gate formation, which is accom-
plished in the same step that forms
the transistor source and drain. The
source, gate, and drain are all self-
aligned, boosting speed and enhanc-
ing the bandwidth even further.

And the final result: A built-in
speed advantage that greatly
enhances AC performance and
makes possible the 20X speed im-
provement of the TLC532A
over its pin-compatible metal-gate
TL532 predecessor.

j
TEXAS {"
INSTRUMENTS

Creating useful products
and services for you.
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IX+MOSTEK

Add the above together, and what do you get? The Mostek Matrix 68K™ It combines a
multi-user, 16-bit microcomputer system based on the VMEbus architecture — plus a UNIX
operating system. The result is a powerful and cost-effective tool for system integrators.

The Matrix 68K is also a high performance tool. It’s modular. Structured. Flexible.
And easily expandable for future application requirements. What's more, it can lower
your development costs, and get your product to the market faster.

This new system in its base configuration features 640KB of expandable main memory,
a 36MB Winchester disk, IMB of floppy disk storage, serial RS-232 interfaces for five
users, a standard parallel printer interface, and three open slots for expansion.

The heart of the system is the VME-MMCPU board with its 16-bit processor. The
VMEbus-based modular board designs meet today’s 16-bit needs. And permit fast, easy
reconfiguration for 32-bit applications in the future. So, you won’t have to develop
another architecture as more powerful hardware becomes available.

The flexibility of VMEDbus architecture is further enhanced by the powerful UniPlus +™
operating system (UNIX System III with Berkley enhancements). It provides you with a
flexible, expandable operating system that’s well suited to program development, text
preparation, and general purpose processing. Its supported languages include “C,” Fortran,
and Pascal.

Another big plus is Mostek’s ongoing development of new cards for the VMEbus: a
one megabyte DRAM, SMD disk controller, and Intelligent I/O boards will soon be
available. With the reconfiguration software package, UNIX can easily be expanded to
use these and many more VMEDbus boards.

With the Matrix 68K, you get high performance. Full VMEbus compatibility. Trans-
portable software. Flexibility. And unusual value. Because it’s all you need today. And
tOMOTTOW.

Get in on VMEbus + UNIX + all the future applications. Contact Mostek, 1215 W.
Crosby Road, MS2205, Carrollton, Texas 75006, (214) 466-8801. In Europe, (32)
02/762.18.80. In Japan, 03/496-4221. In the Far East (Hong Kong), 5-681157.

UNIX is a trademark of Bell Laboratories. UniPlus + is a trademark of UniSoft Systems. UniPlus + is derived from UNIX System II under license from AT&T. Matrix
68K is a registered trademark of Mostek Corp.

R UNITED
. &1 TECHNOLOGIES
MOSTEK
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What a performance! Seven
new data acquisition and control
boards for your IBM PC."

Encore! Encore!

Data Translation has done it again. Our
first two analog and digital I/0 boards for IBM
personal computers received rave reviews.

So we extended our product line to seven
...starting at $295 for quantity purchasers.

While most of the personal computer world
focused on home and office applications, we lifted
the curtain on two other key areas. Laboratory data
acquisition and industrial control.

Now, no matter what you need for your IBM PC,
we have it. Each board is a complete data acquisition
and control system. With A/D, D/A, digital I/O, and a
programmable clock. You simply choose the board offer-
ing the speed and resolution you need most. Just plug it
into your PC’s backplane and it’s showtime.

With on-board intelligence, all seven are software
compatible and supported by Data Translation’s PCLAB

software package.
/ nD / m  /
/s vy
N §/ s &3 /8
& S 3 5/ 5/) 8§/5/5/8/8/ &
& g < &) s/ &/E)8/&/§/E
295 (OEM) | Low Cost DT2808 10| 16SE| 3.3| 82|10 (16 |yes
495 16SE
1195 General Purpose | DT2801 12| or [13.7(12 16
1345 | High Speed DT2801-A 81 1215 3
2170 High Resolution | DT2801/5716 | 16 | 8DI | 2.5 16
1295 Low Level DT2805 12 13.7
2210 Low Level, DT2805/5716 | 16 25
High Resolution
1695 Simultaneous S/H | DT2818 12| 4 (215 N X [ (L

NOTES: 1.PCLAB software supports all models. 2.Programmable gain is standard for all DT2801 and DT2805 models
3.Screw terminal and signal conditioning panels available for connection of all I/0 signals

Data Translation is playing the leading role in personal
computer data acquisition and control. Find out how we
can help your performance today.

VISA and MasterCard accepted.

Call (617) 481-3700 =
S : | E‘
ee our new %
192 pg. product \‘

supplement in
Gold Book
1984, Vol. I1I,

o and our 336 pg.
QI oaloghandbook,

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 TIx 951 646.
European Headquarters: Data Translation, Ltd., 430 Bath Rd., Slough, Berkshire SLI 6BB England (06286) 3412 Tix 849 862
IBM PC is a registered trademark of IBM.

In Canada: (416) 625-1907
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o enter Mini-Circuits’

Design Conte

IBM" PC Personal Computer,
dual disk-drives, printer, software

(word processing, spreadsheet and planner).
A complete system ... a $4,000 VALUE!"

IBM is a registered trademark of International Business Machines Corporation
*Value at time of press. All applicable taxes and duties are the sole responsibility of the winner

F 93-A REV. ORIG

2-4-6 hr. VHS Videocassette Recorder
3 speed, remote control, timer,

electronic tuning ... including 6 tapes
.a $500 VALUE!"



Design Contest #

It’s Easy to Enter Contest Rules

Do you have a clever design idea or applica- 1. Submit as many entries as you 5. Employees of Mini-Circuits

tion involving IF/RF/microwave signal-pro- wish. Laboratory, Microwave Journal
cessing components—mixers, power splitter/ 2 [deas should be original and and the”fétf representatives,
combiners, attenuators, RF transformers, non-proprietary.t are not eligible.

directional couplers, amplifiers or RF 3 6. Contest void where prohibited

. Entries will be judged by the

switches? Or perhaps a versatile setup for aditerial staff of Misretosvs by law.

testing them or a novel approach to enhance Journal and their decisions 7. Make sure to include your

their performance. will be final. The top 25 win- business address and phone

If h iqinal id ter Mini- ning entries will be published in number. In addition, for non-
el Sl Sl Becse iyl Microwave Journal. U.S. entries, indicate AC power

Circuits Design Contest now. Type or legibly

print your submissions. Start with a brief ab- 4 All entries become the prop- .
stract describing the key point of your idea erty of Mini-Circuits Laboratory 8. Send your entries to:

line voltage and frequency.

i g g d must be received by Mini-Circuits’ Design Contest
(cost saving, improved performance, simpli- aDn
3 § i i ] ecember 31, 1984. P.O. Box 137
fied testing, etc.). List RF signal processing Himers may be ased to S n Brooklyn, NY 11235

components used. Then proceed with the de-

tailed explanation. Make schematics and block
diagrams clear; include values of circuit com-
ponents. Be sure to include performance data Good LUCk, and Thanks.

and curves: judges' scores will be based on The Mini-Circuits Design Contest, with its competitive excitement
content multiplicity of products savolved snd and fabulous prizes, is our way of thanking all of the designers

worldwide whose staunch customer support has been responsible
thoroughness. for our continuing growth.

Free 64-page RF/IF Signal Free fact-filled Question/ Answer Series
Processing Components Guide on RF Signal-Processing Components

For an up-to-date review Since Mini-Circuits is the world’s largest manufacturer
of Mini-Circuits’ I[F /RF /Microwave of mixers and RF signal-processing components,
product line, refer to EEM, EBG, it’s natural for us to receive hundreds of

Gold Book or Microwaves Directory. questions from engineers on these products. How

Or call/write our factory or any to test them, how to make the right selection,

of our 45 worldwide sales offices how to optimize a circuit design ... questions with

for our 64-page RF Signal-Processing answers not found in textbooks or reference manuals.

Components Guide. So we've put together a series of Q & A

(question/answer) booklets on most-frequently
asked questions on mixers, phase detectors
and power splitter/combiners. They are loaded
with application-oriented tips, ready to solve

a problem you may be facing. The set is free ...
just call or write us or any of our 45

worldwide sales representatives.

F 93-BREV. ORIG



send your entries to:

EXAMPLE 1:

Mini-Circuits’ Design Contest

P.O. Box 137,
Brooklyn, New York 11235

Low- cost, high performance Image-Rejection Mixer.
KEY COMPONENTS; mixers, power splitters.

Many telecommunications systems require a mixer arrangement that delivers the
desired IF and sharply rejects the other image fraquency.

An effective, low-cost solution makes use of Mini-Circuits’ TFM-2 mixers and
it's 2-way, O° PSC-2 and 2-way, 90° PSCQ-2-90 power splitter/ combiners as
Shown in the diagram.

The key to an efficient image-rejection, such as shown in the block diagram, is the
use of double -balanced mixers with well-matehed amplitude and phase
characteristics and high isolation. However, r hybrid phase characteristics,
differences in the qutput amplitucles of the hybrids and non-symmetrical external
circuits will also reduce image-rejection performance. The effects onsideband
suppression caused by unequal mixer amplitude and phase shift are shown in Tables 1and 2.

Table 1 Table 2
Amplitude unbalance Phase Unpalance
vs. A, dB A, dB
Unbal,d B A,dB Phase Unbal,degree A, clB
Q.3 35 o 23
0.9 27 9 22
L3 22 15 18
2 I3 20 15
4 |15 30 (2
>
RF - —_— o fmecl ———
Input 90° Hybrid 3 va\nei N psg‘f;_l 30°Hybrid | O Real
McL n-phase O imvut mcL IF output
PSC@-2-90 «f-Merll o c?,\f,dzts.e 3 PscQ-2-90 Image
50 > iwer | 2 f %0

JOSEPH CANTORE,
Engineering Dept.,
Alphaomega Corp,
Il Madison Street

Key Biscayne,Florida 33149

F93-C REV. ORIG

finding new ways
setting higher standards

- - - £
[ JMini-Circuits
A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156



send your entries to:

EXAM PLE 2: Mini-Circuits’ Design Contest

P.O. Box 137,
Brooklyn, New York 11235

Improving two-tone, third-order IM measurements.
KEY COMPONENTS; power splitters, attenuators, amplifiers

Two-tone  third-order intermodulation (IM) expresses the degree of non-linearity of 3n amplifier
or mixer. This parameter is generally not included on data sheetfs because it is dependent upon
operating frequencies, terminating impedance ancl input levels; it must be measured under
specific design performance cenditions.

Two comman errors in these measurements are (1) failure fo provicle adequate isolation between
Input signal generators and properimpedance metching and (2) insufFicient filtering of the two
Input test signals.

Aproper test setup for measuring two-tone, third order [M distortion is shown. Note the use of
two amplifiers and 6dB pads For input generator isolation and proper 50 ohm matehing- A
practice of simply using & Tee-connector between generators developes mismatches, producing
undesirad harmanics which dramatically affect accuracy.

Twa-tone, third-order IM distortion is only meaningful whenthe input levels to the
device-undler -test are defined.

Examine the spectrum analyzer display for a ZAY- dauble-balanced mixer-. Notice the signiFjcant
difference in twa-tone, third -order component with aninput level of ~10dBm For each tone (b)
campared with O dBm inputlevel For each tone (a).

Also, the amaunt oF two-tone, third-order must be specified relative to either the RF input
or desired |F output; the desired IFoatput is more meaningFul.

Pty
RE WI(DEBAND
| _lAMPLEIER |2
GENA 1 2000 <
cAT-|0 CAT-6 CAT-3 CAT-6 cAT-3
todB Ié»dB 3dB B 3dB
POWER | o LP 2 WIDE BAND A B DEV|CE L WIDEBAND
COMBINER 23— FILTER—S Ampuﬂaz—%-o'o——i—ﬂ UNDER t—$—1 AMPLIFIER
265¢-2-1 ZHL-2-% TEST ZHL-2-8
c%rélo% 0&3%
RF WIDEBAND soectRom | LIB° LP Lo
GEN.#2 — AMPLFIER |3 ANALY2ER 2 FILTER GEN.
2ﬂ~zoo_oj aj;e | 7

GENERAL NOTES AREENNE
D) All Mini-Circuits products have madel numbers shown. ©0dB 8QB
2) OdBm input, A~B connected as shawn Q) (b)

~l0dBm input, insert CAT-10, |QdB between A~B

0dBm input power  ~ O dBm input power
JOSEPH CANTORE,
Engl'neering D&pf'., finding new ways
Alphaomega COFP setting higher standards
*) - - - -
|| Madison Street [JMini-Circuits
Key Biscayne) Florida 23149 World's jargast manufactiret uf Double Balanced Mixsss

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156
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“Fine Line” Circuitry:
When You Need Conductors
Finer Than A Human Hair

Miniaturization marches on. When round wire board interconnects, test equipment, and much more.

becare too heavy and bulky, fiat cable and fiex We're ready to work with you. Call your nearest
circuitry were developed. Now, densltv requirements Hughes rep, or phone us in Irvine. Our R&D people
ca(% beStO(t)ht(%yghhever);Qr CE.”V?,ntt'(lz”al flex cir- are at your service. Our circuitry is as fine as it comes.
Cultry. 50 that's where “Fine Line takes over. Today. The future? How about invisible conductors?
What it is. Circuitry, as shown above, with lines : : gt 2
and spaces of less than .010. Our current production 66[695[)%%reolpfvc\);irtneatﬁiourgﬁgg r)\eirl(r):f\é %g%np%nzlqd
capabilities range down to .003. That's “Fine Line” Connectin'g Devices Division. 17150 Von Karmar

Where it's used. Satellite circuits, high-speed Avenue, Irvine, CA 92714. In Europe, Hughes
computer interconnects, cryogenic infra-red detec- Microelectronics, Ltd., Clive House, 12-18 Queens
tors, thermal imaging sights, mother board/daughter Road, Weybridge, Surrey KT13 9XD, England.

AIRCRAFT COMPANY

CONNECTING DEVICES DIVISION
Industrial Electronics Group
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TACH

Expanding the Limits of Excellence in
Semiconductor Design

@HITACHI

A World Leader in Technology



-CHNOLOGY

HITACHI AMERICA, LTD.
Semiconductor and IC Sales and Service Division
1800 Bering Drive, San Jose, CA 95112
1-408-292/6404



A New World of Products

Mil-Spec Approved

Low Profile Resistor Networks

* Mil qualification approval per
MIL-R-83401 in all pin styles,
/07 (6-pin), /08 (8-pin), /09 (10-pin)

® Both pull-up (C) and terminator (G)
configurations

® Tolerances: F( = 1%), G+ 2%) and
J(£5%)

® Temp coefficient // Resistance Range:
K: £ 100PPM/°C //475to 1 MQ
M: £ 300 PPM/°C // 10.0to 1 MQ

CIRCLE 50

Low ESR Computer Grade

Aluminum Electrolytic Capacitor-

Series 3189

* Innovative non-DMF electrolyte &
new construction techniques
provide lowest ESR ever offered

* |[mproved ripple current capability

® Operating life: 1000 hrs. at 85°C
with full rated DC voltage

® Capacitance: 0.0032 to 0.76F

® \/oltage range: 5 to 75 WVDC

e 38 std. case sizes from 134" to 3" dia.

® Operating temp: —40° to +85°C

* Offered in PCB mounting configu-
ration or with std. screw terminals

® A 2000 hr. long life version (Series
3190) also available

CIRCLE 51

Commercial SMD (Chip) Resistor-

Series 9C

® |deal for use with high speed,
automatic placement equipment

® Provides dramatic reduction of PCB
real estate in new designs

® |[nternational std. size: 1.6 X 3.2 mm

® Power Rating: 1/8w @ 70°C

® Tolerance // Resistance //  TCR

% Q PPM/°C
+ 1 10to IM + 100
+5 10to 1M + 200

+10 1.2Mto 10M £ 200
Zero ohm unit is also available
® Bulk or tape and reel packaging
CIRCLE 52
Corporate Headquarters
Columbia Rd., Morristown, NJ 07960
(201) 539-2000 TWX 710/986/7437

Reliability across the board

Mepco// Electra

A NORTH AMERICAN PHILIPS COMPANY



INTERNATIONAL NEWSFRONT

Digital signal processing
makes the headlines
at European conference

High-speed CMOS signal processors garner
their share of glory at the conference; NMOS
and bipolar are not left out in the cold.

iner design rules and
Ftighter chip layouts

have yielded CMOS
chips that rival the speeds of
their NMOS and bipolar
counterparts, opening the
floodgates to the era of CMOS
digital signal processors.
These devices are very much
in evidence at this year’s
European Solid-State Cir-
cuits Conference. Neverthe-
less, neither NMOS nor bi-
polar chips are overshadowed
at ESSCIRC 84 —architec-
tural and process develop-
ments are putting both to
work in faster and denser de-
vices. The meeting, which will
be held in Edinburgh (Sept.
19-21), will also take a close
look at the progress in compu-
ter-aided design.

An essential ingredient of
many digital signal-proces-
sing systems is a circuit for
performing fast Fourier
transforms. The speed that
CMOS is clocking in at can be
seen in a processor that com-
putes 1024-point FFTs on
complex inputs in a mere 1.4

Mitch Beedie

ms and also executes a stag-
gering 15.4 million multipli-
cations/s. The 2.5-um bulk-
CMOS processor (Fig. 1),
developed by Cornell Univer-
sity (Ithaca, N.Y., U.S.), con-
tains 61,000 transistors and
uses serial multipliers and
adders. Intended for radar
and sonar signal processing,
the device’s serial registers
are distributed throughout
the arithmetic section so that

signals can propagate rapidly
between stages.

A bit-slice 2-um CMOS chip
will form the number-crunch-
ing core of a Harvard-archi-
tecture digital signal pro-
cessor. The IC, from Philips
International BV’s Research
Laboratories (Eindhoven, the
Netherlands), carries 18,600
transistors and connects to
other functional blocks with-
in the signal processor
through two 16-bit data buses
and a control bus (Fig. 2).

Operands for the multi-
plier’s accumulator come
from outside the core via the
buses or are stored locallyin a
three-port register file. Ad-
dressing two operands in the
register file, putting them on-
to the buses, multiplying
both, and storing the result in
the product register takes one
processor cycle. The device’s
expected cycle time—about

Data bus

(32 bits)
Bus
interface
Address bus

Memory

Memory

Address bus 1 Clock
Data bus 1
Watchdog
check
Data bus 2

Address bus 2

Signal
processor 1

generator

Signal
processor 2

1. Cornell University’s signal processor demonstrates the ad-
vantages of a dedicated VLSI architecture for carrying out
complex digital signal processing. The chip capitalizes on its
ability to be connected with other identical ICs to form a

fault-tolerant array.
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INTERNATIONAL NEWSFRONT

100 ns—will suit it to speech
recognition and similar ap-
plications.

A CMOS chip that is laid
out with 3-um rules features
both programmable echo can-
celing and gain setting. The
processor, developed by Bell
Telephone (Antwerp, Bel-
gium), shapes speech signals
to CCITT specifications and
serves as a control link
between a subscriber line in-
terface circuit (SLIC) and a
line card controller. The
23,000-transistor chip re-
ceives line-control data in
8-byte packets from the card
controller, and SLIC control
data is exchanged through a
256-kHz full-duplex link.

Though impressive per-
formances are being turned in
by CMOS chips, NMOS tech-
nology is holding its own. A
systolic processor for digital
video-matrix operations, for
example, runs at 13.5 MHz
and reverse-transforms lumi-
nance and color-difference
video signals into RGB sig-

nals. The 3.15-um NMOS
peripheral processor is part
of an experimental video
decoder for 108-Mbit/s wide-
band digital TV. The chip,

from CCETT (Cesson-

Sevigné, France), carries
35,000-transistors and is
equipped with three pro-
cessors, each of which car-
ries out linear functions
XA+YB+ZC (where X, Y,
and Z are 8-bit coded con-
stants). During each 13.5-
MHz clock cycle, three bytes
are pipelined into the pro-
cessor from a 24-bit input bus;
the result emerges 13 clock
cycles later at the outputs.
For document analysis, an
optical recognition circuit can
search text—at the rate of 500
char/s—for a given string of
characters. The full-custom
IC, from the University of
Louvain (Louvain-la-Neuve,
Belgium), links to a 68000
microprocessor over the
VMEDbus and also can be used
for coding graphics and im-
ages (Fig. 3). The bit-slice IC

is programmable and runs
many of the highly repetitive
algorithms associated with
document analysis. In oper-
ation, the microprocessor
sequences an algorithm at a
high level, and the custom IC
handles segmentation. The
chip contains 10,000 tran-
sistors, is built with a 6-um
NMOS process, and has a
4-MHz clock frequency.

Twice is nice

Virtually doubling the
speed of existing converters, a
6-bit analog-to-digital con-
verter samples at 200 MHz.
The bipolar device shuns the
parallel operation that is the
norm for high-speed a-d con-
verters and uses instead rapid
master-slave comparators
that are arranged in four
blocks, with three encoding
stages. The chip, from the
Entwicklungszentrum fur
Mikroelektronik (Villach,
Austria), has no missing
codes and a signal-to-noise
ratio as high as 37 dB at fre-

Y bus

X bus

‘— X Y Destination
source | source field
Function Accumulator 4 field field
select +> register > i Dest_lnaﬂon
PLA @ field
1‘ \L 40[ Extractor | 40| Format Three-port
@ Accumulator JaN selection adjuster [% regist':err
input | 16 X 16 matrix 32 S b | file
register | Booth I Overflow 16 16
multiplier Ez Product L register Ri-Ris
I . register Writable ¥ Most Least @
nput control i anifi ianifi
16 register register 'Stz-;tus sgggﬁg?i sngrr(\)lgﬁ‘a;;\t
16 16 16

T f

2. A microprogrammable bit-slice processor serves as the number-crunching core in a Harvard-architecture
device. From Philips Research Laboratories, the chip is fabricated in 2-um CMOS and features three buses.
The X and Y buses handle the operands and products, and the C bus takes care of control functions.
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The KM6 Su

W1

orack System
never be complete...

The KM6 Subrack System has always been years ahead of its time

1981

Polarising/PCB
Mounting

Bracket

Secured to front panel
or direct to PCB. Mating
half fitted to front of PCB
guide during assembly.
Polarisation by breaking
spills and filling corres
ponding

holes. &=

Security PCB

Retainer

Ensures PCB’s stay
electrically mated to
connectors within sub
rack. Easily assembled.
Prevents PCB’s
becoming disengaged
even in vibrative
environments.

1932

Front Panels

An increased variety

of front panels for PCB
mounting. Just look

around . . . you'll notice
them everywhere,
good looks and
quality where
it counts.

Horizontal
Mounting Kit
Horizontal Mounting

Kit accommodates any
size of PCB within width

Leaders in packaging technology

1933

PCB Ejector/

Injector

Unigue saddle
operated Injector/
Ejector means
increase in number of
connector contacts
without difficulty of
inserting and
retracting PCB'’s from
subrack.

Unit operates within
confines of subrack,
utilising normal front
panels, hinged or
otherwise.

BICC-VERO ELECTRONICS INC.

171 Bridge Road Hauppauge New York 11788
Telephone: (516) 234-0400 TWX: 510-227-8890

4001 Leaverton Court Anaheim California 92807
Telephone: (714) 630-2030 Telex: 277732

CIRCLE 53

1934

9U KM6. Flexibility in Packaging
Triple High Eurocards

Anticipating packaging needs has always been
our strong point.

KMS is now available in 9U heights for those who
need the extra ‘real estate’ a triple high Eurocard
offers.

Needless to say you can also mix single and
double Eurocards along with triples.

Mixing different depths?
No problem.

It will never be complete because our
programme of improvement and
innovation will never cease. ..
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Address pon‘h Data port

Main bus

Arithmetic
data unit

Address unit

+*

Logic data unit

*

Command amplifiers

* *

Decoder

Operative code

r 3

quencies up to its Nyquist
limit of 100 MHz.

One approach to digital sig-
nal processing actually falls
under the CAD portion of the
conference, since the ele-
ments of a bit-serial digital
signal processor have been
created with a silicon com-
piler. Researchers at the
Wolfson Microelectronics In-
stitute at the University of
Edinburgh have produced a
cell library that consists of
addition, subtraction, multi-

3. Dedicated to analyzing documents, a chip that optically recognizes
characters can scan text at 500 char/s. The programmable processor
runs many of the highly repetitive algorithms associated with such
tasks, including block and character segmentation, contour detection,

and Boolean functions.

plication, multiplexing, and
other processing functions—
including a mixture of dy-
namic and static logic. The
ICs operate at 20 MHz and are
fabricated with 2.5-um bulk-
CMOS.o

THE MOST PRACTICAL REFERENGE
GUIDE TO MICROELECTRONICS

For the first time the International society for Hybrid
Microelectronics (ISHM) will make available its Annual
Symposium Proceedings for each year going back to 1966.
That's 15 Annual Proceedings. You can buy the 1980. Each of
the last 2 years. 3 years. 4 years. Etc. Or a complete set of the
last 15 years.

Each Proceedings includes approximately 60 technical
papers on a variety of subjects covering thick film technology,
design concepts, quality control and reliability, thin films,
manufacturing methods, application engineering and so on.
Each has been authored by highly qualified experts.

ISHM is the official society for the industry. It's non-
profit. Non-commercial. And committed to the dissemination
of information.

The Official ISHM Proceedings

To place your order, complete and return the coupon below.

ISHM
P.O. Box 3255
Montgomery, Alabama 36109

Individual books. .......................
Any3bOOKS ..... ..o
The complete set of 15

Alabama residents add sales tax
Price includes shipping and handling
Check or company’s P.O. must accompany order

| would like to purchase:

O The Proceedings for the year(s)

0 The complete set of 15 for the years 1966 through1980
0 Check enclosed O Company P.O. enclosed

$29.95 each
$24.95 each

Name

Company
Address
City/State/Zip

L--------------------

---------1
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DIGITAL WAVEFORM
TRANSIENT RECORDER

When The Application Demands. . .

Precise multichannel recording, the SMR2
comes through.

Excellent for data collection of SHOCK,
VIBRATION, STRESS and STRAIN.

SMR2 enables tape drive users to do
“quick look” analysis of recorded
information.

'SMR2 is ideal for multichannel recording
of any non-recurring event, i.e. ballistics,
explosives and destructive testing.

And for “babysitting” of power line
monitoring you can rely on the SMR2...

plus much, much more

P mm»@aw e

e MORE CHANNELS

.UPTO16

® MORE MEM

Y.
. UPTO 64K PER CHANNEL

e MORE CAPAB
MULTICHANNEL STORAGE,
ANALYSIS AND DISPLAY

When things are happening fast. ..

The SMR2 will monitor, capture, measure and analyze
transients that range from DC to 2.5 MHz, together with the conditions that existed prior to
and after the event. It will display this data with an alphanumeric tabulation of its
parameters and output it for hard copy or further digital processing It will transmit data
over standard serial or parallel busses or store it off-line for interchange, archival, or future
reference. It will call the data back for direct comparison to subsequent events and display
these events with common or independent triggers. The SMR2 can be expanded to a 16
channel recorder complete with a CR/M 2-2 operating system and standard software
packages. SMR2’ smnardestmammoheconﬁwed for a wide range of high speed
mwm awicauom—

, omplete details
or a demonstration
CALL

SOLTEC

CORPORATION

11684 PENDLETON STREET ¢ SUN VALLEY, CA 91352

IN CALIF. (818) 767-0044
Caurornia 800-423-2344
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INTERNATIONAL MEETINGS

Third International Conference on
Flexible Manufacturing Systems,
Sept. 11-13. Stuttgart, West Germany.
IFS (Conferences) Ltd., 35-39 High St.,
Kempston, Bedford MK42 7BT England;
(0234) 853605.

Exhibition with Congress on Tech-
nology Innovation in Power Elec-
tronics, Motors, Drives & Motion
Control, Sept. 18-20. Geneva, Switzer-
land. Incom Zieroth & Partner, Klein-
reuther WEG58 D8500, Nuremberg 10,
West Germany.

Tenth European Solid-State Circuits
Conference (ESSCIRC ’84) Sept.
19-21. Edinburgh. ESSCIRC ’84 Secre-
tariat, CEP Consultants Ltd., 26 Albany
St., Edinburgh EH1 3QH, Scotland;
(031)-557 2478.

Unix Systems 84, Sept. 19-21. Kelsey
Kerridge Hall, Cambridge, England.
Network Events Ltd., Printer Mews,
Market Hill, Buckingham MK18 1JX,
England; (0280) 815226.

Design Engineering Show, Sept.
25-28. NEC, Birmingham, England.
Cahners Exhibitions Ltd., Chatsworth
House, 59-61 London Road, Twicken-
ham, London TWI 3SZ, England; (01)
891-5051.

Sama/Swissdata/Autofact Europe
’84, Sept. 25-29. Swiss Industries Fair,
Basel, Switzerland. Leslie Hossack,
Society of Manufacturing Engineers, 1
SME Drive, PO Box 930, Dearborn,
Mich. 48121; (313) 271-0023.

Semiconductor International Ex-
hibition, Sept. 25-27. NEC, Bir-
mingham, England. Cahners Exhi-
bition Ltd., Chatsworth House, 59-61
London Road, Twickenham, London
TWI 3SZ, England; (01) 891-5051.

Eurocon ’84, Sept. 26-28. Brighton,
England. Conference Services, Institu-
tion of Electrical Engineers, Savoy
Place, London WC2R 0BL, England;
01-240 1871, ext. 222.

Symposium on Electrostatics, Sept.
26-28. Southhampton, England. Oyez
Scientific and Technical Services, Booth
House, 3rd floor, 56 Holborn Viaduct,
London EC1, England; (01) 236 4080.

International Symposium on Indus-
trial Robots (ISIR), Oct. 1-4. Goth-
enberg, Sweden. Patricia Van Doren,
RI/SME, 1 SME Drive, PO Box 930,
Dearborn, Mich. 48121; (313) 271-1500,
ext. 369.

World Conference on Ergonomics in
Computer Systems, Oct. 1-2, London,
England; Oct. 3-4, Dusseldorf, West
Germany; Oct. 4-5, Helsinki, Finland.
Robert W. Bailey, Computer Psychology
Inc., 54 E. Main St., PO Box 16, Mend-
ham, N.J. 07945; (201) 543-9009.

Automatic Testing and Test Instru-
mentation Conference and Ex-
hibition, Oct. 2-4. Paris, France.
Network Events Ltd., Printer Mews,
Market Hill, Buckingham MK18 1JX
England; (0280) 815226.

Infomatics ’84, Oct. 2-4. Hyatt Regen-
cy, Singapore. Infomatics 84, PO Box
34404, Bethesda, Md. 20817; (301)
983-0604.

Toronto Tool & Manufacturing
Engineering Conference & Exposi-
tion, Oct. 2-4. International Centre,
Toronto, Ontario. Tom Reichert, Ex-
positions Division, Society of Manu-
facturing Engineers, 1 SME Drive, PO
Box 930, Dearborn, Mich. 48121; (313)
271-1500, ext. 323.

Japan Electronics Show, Oct. 4-9.
Harumi International Fair Ground,
Tokyo, Japan. Japan Electronics Show
Assn. Tokyo Chamber of Commerce
Building, 3-2-2, Marunouchi, Chiyoda-
ku, Tokyo, Japan.

Taiwan Electronics Show, Oct. 5-11.
Taipei Sungshan Airport, Taiwan. Chi-
na External Trade Development Coun-
cil, Taipei Sungshan Airport, Taiwan.

Computer Graphics ’84, Oct. 9-11.
Conference and Exhibition, London,
England. Online Conferences Ltd., Pin-
ner Green House, Ash Hill Drive, Pin-
ner, Middlesex HA5 2AE; (01) 868-4466.

Machine Intelligence 84, Oct. 9-10.
Novotel London Hotel, Hammersmith,
England. Bob Tracy, Industrial & Trade
Fairs, Ltd., Radcliffe House, Blenheim
Court, Solihull, West Midlands B91
2BG; (01) 940 6065.
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flat pack
mixers

(+7 dBm LO)

510 1000 MHz
only S$14% .24

IN STOCK...IMMEDIATE DELIVERY

* pin-for-pin replacement
of competitive models

* MIL-M-28837/1A performance*
* extra-rugged construction
* hermetically-sealed

« every unit thermal shock tested,
5 cycles, —54°C to +100°C

* low conversion loss, 6.2dB
« hi isolation, 40dB
« 1 year guarantee

“units are not QPL listed

LMX-113 SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO, RF 5-1000
IF DC-1000
CONVERSION LOSS, dB TYP.  MAX
one octave from band edge 6.2 7.0
total range 70 8.0
ISOLATION, dB TYP MIN
5-50 MHz LO-RF 50 45
LO-IF 45 40
50-500 MHz LO-RF 40 30
LO-IF 35 25
500-1000 MHz LO-RF 30 20
LO-IF 25 1

SIGNAL 1dB Compression Level 0dBm min

finding new ways

setting higher standa

C:;lMini-Cii'cuits

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

2625 E. 14th St. B’klyn. N.Y. 11235 (718) 769-0200

CIRCLE 55 C91-3 REV. ORIG.



“Just like the sun, Boschert is
a source of power you can rely on.

“Our switching power supplies
have to be reliable because they pro-
vide the power to operate an extra-
ordinary variety of today’s electronic
products. Products whose users
depend upon them to work reliably.
Every time. All the time.

“That's why we go to unusual
lengths to build extraordinarily
reliable switchers.

“This dedication to
reliability has been a hall-
mark at Boschert ever
since we pioneered this
more efficient type of power supply
forcommercial applications ten years
ago. And set our sights on becom-
ing the industry leader, through

‘e. “L: ’

high quality

and consistent

performance.

“Today we are the industry leader.

With more than a million commer-
cially proven power supplies shipped
to the Who's Who in electronic man-
ufacturing. We offer the industry’s
most complete line of low-, medium-
and high-power switchers for

standard and custom applications.

“And while the industry return rate
is averaging about seven percent,
Boschert's rate is typically well under
one percent. An unprecedented
achievement that every Boschert
employee can be proud of! And we
won't stop moving toward zero.

“It takes more than just desire,
however, to build consistently

POWERYOU




reliable products.

“That's why we have always
placed such high emphasis on hiring
talented, motivated people. And
then providing them with the right
tools to work with. Including auto-
mated, process-controlled manufac-
turing facilities, state-of-the-art test
and burn-in equipment, and training
programs at all levels.

hert

“Because, just like the sun,
Boschert switchers are busy supply-
ing reliable power around the clock.
And around the world”

For more information, send the
coupon to Boschert Incorporated,
384 Santa Trinita Avenue, PO.

Box 3426, Sunnyvale, California
94088-3426.Or just give us a call
at 408-732-2440.

[ ——————

ST |

Mail coupon to Boschert Incorporated,
384 Santa Trinita Avenue, PO. Box 3426,
Sunnyvale, CA 94088-3426. 1ED 96

L o e e o o — ————

|

|

|

| B0 »
schert : N

| A BICC Company \’y&

l Please send me Boschert's new full-line

| power supply catalog.

|

| Name

|

| Title Company

|

| Address

: City State Zip

|

|
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your connectorcompany...

Step up to Midland-Ross.
We’ll go that extra step for you!

Over the past two years we've
marshalled the combined
strengths of Cambion,
Hollingsworth Solderless
Terminals and SAE Connectors
to become a force in the
connector marketplace. This
outstanding combination of
strengths means more than a
connector line that's second
to none. It means a long term
commitment to the highest
level in field sales and appli-
cations support.

We're not complacent. To
get your business we’ll out-
perform the rest; in quality,
reliability, delivery, and com-
petitive pricing, with the
strongest distributor network
in the industry and field sales
and applications know-how
that's all action!

We offer you over 80,000
printed circuit board inter-
connect devices, solderless
terminals, splices and a
complete line of electronic
hardware. Our SAE IDC
(Multi-Term™), two-piece
connectors (Modcon™),

edgecard connectors and
cylindrical connectors offer
price, quality and reliability
advantages that are hard to
find anywhere else in the
industry. Our combined
Cambion and SAE product
offering of IC sockets is
broader than ever before,
with the same outstanding
quality and reliability you've
come to depend on; and our
Hollingsworth Solderless
Terminals cover all of your
loose piece, tape mounted
and strip, terminal and splice
needs. We're ready to bring
you the best in connector
products and service. Give us
atry. You'll find our product
breadth stacks up with the
best of them. And our quality,
pricing and service goes that
extra step!

Midland-Ross Corporation
Electronic Connector Division
Cambion «Hollingsworth SAE

One Alewife Place
Cambridge, MA 02140
617-491-5400
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REFLECTIONS ON QUALITY

A Reflection on Quality: Quality Saves
Money!—Component failures result in sub-
stantial increases in costs by creating the
need for rework and replacement, by dam-
aging other components and by delaying
production schedules. Murata Erie’s quality
assurance program provides true “parts
per million” quality levels while completely
eliminating inspection requirements.

A Reflection on Quality: Vertically Inte-
grated and Highly Automated Manufacturing
—From raw ceramic powders to actual pro-
cessing and assembly machines, we insist
on producing our own raw materials and
automated manufacturing equipment. This
ensures complete traceability and guaran-
tees that the highest standards are met

Headquarters:

1148 Franklin Road, S.E.
Marietta, GA 30067
(404)952-9777
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throughout the entire production process
thus maintaining product consistency.

A Reflection on Quality: Statistical Process
Control—All critical manufacturing opera-
tions are monitored and controlled through
analytical and statistical techniques. Each
shipment includes a statistical lot perfor-
mance analysis detailing the performance
of the lot shipped, plus the previous 25
lots of like components.

A Reflection on Quality: Low Failure Rate
—While shipping hundreds of millions of
monolithic ceramic capacitors worldwide
each and every month, our average failure
rate is 50 PPM or better. PPM at Murata Erie
is the measurement of outgoing perfor-

Regional Sales Offices:
West—714-835-4822
Southeast—305-644-0954
Central—312-297-5560
Northeast—617-245-7880
Canada—416-676-9484

CIRCLE 58

mance on all electrical and physical charac-
teristics at a more stringent level than that
of our customers.

A Reflection on Quality: 0.04 AQL—In
addition to 100% in-process electrical
inspection during manufacture, Murata
Erie imposes a 0.04 AQL outgoing in-
spection level at time of shipment for all
component characteristics.

A Reflection on Quality: Murata Erie
Monolithic Ceramic Capacitors—To find
out how Murata Erie provides quality that
no one else can match, write to Murata
Erie North America, Inc., 1148 Franklin
Road, S.E., Marietta, GA 30067, or call
814-237-1431.

URATA ERIE NORTH AMERICA, INC.
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LBO-518 emerges as the proven 100-MHz standard.

Hundreds of companies
have proven it.

A year ago, we predicted that

the Leader LBO-518 would replace
the TEK 465 as the new industry
standard. Now, there is no doubt
about it. Hundreds of companies
have evaluated and purchased the
LBO-518, some in very large
quantities. And new orders are
pouring in.

The LBO-518 beats TEK
465 & 2235.

Although the LBO-518 costs
$1090* less than did the TEK 465,
this versatile 4-channel alternate
time base scope provides superior
performance and features. It has a
faster, brighter, higher voltage CRT;
ten times greater maximum vertical

*Based on Erice & specs published in 1983 Tektronix
catalog. TEK is a registered trademark of Tektronix.

sensitivity; an extra calibrated input;
and it's compact enough to fit under
most airline seats. Of course, the
LBO-518 beats the TEK 2235, since
that’s not even in the same league
as the 465.

Your company will love it.
Try one Leader LBO-518. You'll

be impressed with its amazing
versatility, performance, accuracy
and ease-of-use. Compare this
cost-effective, feature-packed
oscilloscope to any on the

market. Once you do, we're sure
the LBO-518 will become your
company’s new 100-MHz standard.

‘Two-year warranty.

Our two-year warranty, including the
CRT, is backed by factory service
depots on both coasts.

CIRCLE 59 FOR PRODUCT DEMONSTRATION

Call toll-free

(800) 645-5104

In New York State
(516) 231-6900

Ask for an evaluation unit, catalog,
and the name of your nearest
“Select” Leader distributor.

For professionals

wno
ed LEADER
the Instruments Corporation

difference.

380 Oser Avenue
Hauppauge, New York 11788
Regional Offices:
Chicago, Dallas, Atlanta,
Los Angeles, Boston
In Canada call Omnitronix Ltd.
(514) 337-9500
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How would you

like to create the
next generation

incircuit design
technology?

We'll make it easy.

All you have to do is come
up with that new, beyond-the-state-
of-the-art idea. The one destined
to push back the horizons in elec-
tronic circuit design technology.

Then send your schematic
or circuit net list—along with an

unwired panel—to dataCon. In as pc-design system you specify. Result? Your

little as a week we'll send you back a S et list can be read in immediately. And the pe-
fully machine-wired, 100% inspected and tested, design process can be underway while you debug
completely documented circuit board for your new your wire wrapped prototype.

design. So you can debug that It’s fast. It’s easy. It saves you money. And it’s

hot new idea, validate it, and 100% accurate.
document it—before commit- Find out how dataCon’s exclusive Board 1
ting to expensive pc artwork. Service and net listing can bring a whole new gener-

_ Sound absurd? ation of accuracy and efficiency to your circuit design
s No way! efforts. Call the largest independent wiring service
dataCon’s Board 1 in the world. dataCon. There’ an office near you.
Service takes you from circuit Yes, dataCon . . . can.

design to hardware faster, more accurately,

and for less money than the way you're
probably doing it now.

Even if your final circuit design
will be produced as a multilayer printed

circuit board. Eastern Division—60 Blanchard Rd., Burlington, MA 01803/(617) 273-5800 Telex: 951651
1 Western Division—20150 Sunburst St Chatsworth, CA 91’311/ 818) 700-0600 Telex: 9104942197
As part of our Board 1 Service, Mid-Atlantic Division—89 Carlough Rd., Bohemia, NY 11716/(516) 589-1100 Telex: 5102220161

dataCon can provide a machine-readable  Mid-Western Division—502 Morse Ave., Schaumburg, IL 60193/(312) 529-7690 Telex: 722474
European Division—In der Klinge 5 D-7100 Heilbronn, W. Germany (07131) 217 12 Telex: 841 728144

circuit net list formatted for the CAD 1-800-521-8008—Outside Massachusetts
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IS .

edge of electronic technology have used the most
archaic, tedious and inefficient means of finding
the right components for new designs. Catalogs,
data sheets, articles and microfilm are scoured for

information. Then, more time is spent on the phone,

getting specifications and other information. Often,
the component has been improved or replaced, or
the state of the art has passed it by.

Now, thanks to VideolLog, that’s all changed.
Engineers and users of electronic products, like
yourself, have an online solution that will save time
and assure up-to-the-minute and accurate
information.

Using your personal
computer, log into a database
that features product sources,
specifications, new product
information and an online
component library.

Access information on 2,000
product categories and over
14,000 manufacturers and service
organizations. Search on up to 15
key parameters covering more
than 500,000 types of
semiconductors. Find functional
equivalents and alternative sources
Review product data, including
schematics and graphs in'color.

Finally, VideoLog tak
electronics engingers

it's ironic that, until now, those on the leading

'Videolog

Request acti use of an electronic
InfoGram—directed to the manufacturer. Cet a f
reply on pricing and other questions, or request a -
sample, a data sheet or an immediate phone call from
the company.

Why not join the thousands of engineers that
are emerging from the information dark ages with
VideoLog. Use the coupon below, or call our toll
free number for more details on this exciting new
information service for the electronics industry.

Call 1-800-VIDEOLOG

(] Yes! Please send me more information
about Videolog. ED9/6/84

Name

Title Mail Stop
Company

Address

City State Zip

( )

Telephone © 1984, VideoLog Communications

Return to: VideoLog Communications,
50 Washington Street, Norwalk, Ct. 06854
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A videotex catalog for the electronics industry.



What Good Are Good Electricals
If They Don’t Stay That Way?

INSU ON RESISTANCE

35°C, 95% R.H.

This test illustrates the results obtained using specific samples of one manufacturer’s FR-4. Tests using other
FR-4 samples may produce varying results. We suggest running your own long-term insulation resistance tests.




In October, Electronic Design
has something extra

for career-minded engineers

Career Extra is the industry’s only
recruitment newspaper for 118,000
professional engineers. Our career-
oriented articles and interviews with
leading Personnel Managers give
readers a complete assessment of
employment trends and
opportunities.

Like which engineering titles are
currently in demand. And by whom.
Which industries are on the rise
and are bringing new employment

opportunities. And which ones
aren’t.

The new strategies companies are

taking to overcome manpower
shortages. And what alternative
methods they’re using to recruit
working engineers.

News about career development
centers and college relations
programs.

Plus exclusive career studies
surveying industry conditions,
attitudes and opinions.

As an Electronic Design subscriber,
you'’ll receive four issues of Career
Extra in 1984. The next one’s coming
in October. Don’t miss it!
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Coming to Electronic Design Readers
on October 4... a special issue
devoted to CMOS Technology

PLUS REPORTS COVERING THESE MAJOR AREAS:
mmm Digital ICs =m= Microcomputer System
=== Analog & Power ICs Design

Two Special Reports
coming in our October 18 issue:

=mm [nstruments Technology Special
=== Focus on Portable Oscilloscopes

PLUS THESE RELATED ARTICLES:
mmm Field-Service Testers === Dower Sources

NEXT IN OUR PERSONAL COMPUTER SERIES:
Personal Instruments

su: World-¢
Components

g% e e = e ‘r—“-y,‘ C e S R o

i Flat-Cable
PC-Board- = o Connectors

o T
FUJITSU

e e MM e e s

Part of Tomorrow’s 918 S erwood Drive, Lake Bluff, IL 60044
Technology (312) 295-2610 Telex: 206196 TWX: 910-651-2259




Electronic Design’s
October 31 issue delivers
in-depth coverage of Wescon/84

=== DPreview of technical sessions
=mm Exclusive new product coverage

Plus a Special Report on Advanced Logic

ALSO IN THIS ISSUE:

=== Annual Career Survey wsm Microcomputer System Design
mmm [ntegrated Circuits === [nstruments

Fujitsu relays
and CSA certified.
so complete, there is a

nearly every applica
process control, telecom

Aibide | i ‘ solution with its wealth of techno-
reliability, performance and : f ' —~"§ =Sl _Jamml”  logical experience and resources.

sophistication. <t i

r years, Fujitsu has been on
Fujitsu technology produces relays e ,ga e J i doveloping
no other company can. Such as the breakthrough, problem-solving
world’s smallest electromechanical technology. Offering companies
relay, the FBR-20. Fujitsu provides worldwide, uncompr omisingj
relays with such ouistanding size- quality and reliability—the result of
to-performance characteristics that Fujitsu’s insistence on controlling,
major automobile makers use them in house, every aspect of the
in state of the art keyless door systems, design and maﬁufacturing process.
voice electronics and other applications. And delivering—with the highest level of

When the problem demands a mercury-wetted service and absolutely competitive prices.
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Analog
Technology

Computing power has never been easier to mesh with
the world of analog signals. More functions are being
crammed into individual chips and more chips are
being crowded onto hybrid substrates or into modules
than ever before. In data converters, enhanced micro-
processor interfaces are being brought on chip, as are
filters and low-noise operational amplifiers. And com-
panion sample-and-hold amplifiers are almost keep-
ing pace with the speed and accuracy of analog-to-
digital converter chips.

Underpinning most of these advances is an array
of ever more sophisticated CMOS process tech-
nologies, either used on their own or merged with
bipolar elements. Compatibility with switched-
capacitor techniques further enhances
the versatility of CMOS, notably in creating
sampling digital-to-analog converters.

The following Technology Report
discusses the latest chips, hybrids,
modules, and boards to meet the
digital needs of everything from
graphics processors to panel
meters. Then a half-dozen De-
sign Entry articles home in on
the newest advanced devices.
Three of these involve analog-to-
digital converters: a 10-bit device
brings anti-aliasing filters on
chip to increase the integration
of analog subsystems; another
attains a 20-bitdynamic range by
using hardware rather than software to set the gain of
its programmable gain amplifier; and a third, also a
10-bit device, boasts an on-chip microprocessor in-
terface that comes close to being universal.

As for the others, one chip integrates a design for a
voltage-to-frequency converter that till now was prac-
tical only in discrete device form, while another chip
monitors five voltages, one of which can even be the
ac line. Finally, an ingenious motherboard bends the
power of a VAX superminicomputer to the real-time
exigencies of the signal-processing environment.







TECHNOLOGY REPORT

Analog converters,
sample-and-hold amps
lead the way

to a world of ideal
design parameters

The system designer who works with analog-to-digital and
digital-to-analog converters — and their sample-and-hold
companions — may have found the land of milk and honey.
They have access to alternatively sourced single-chip d-a
converters that remain accurate to 12 bits even over the
military temperature range. These are complemented by
hybrid 12-bit a-d converters — with low chip counts —
that do not miss any code over their operating tem-
peratures. What's more, a single-chip device is on
the way. To put the finishing touches on this
earthly paradise, monolithic sample-and-hold
amplifiers with a guaranteed accuracy of 12
bits are starting to arrive.

This brave new world is founded on
three ideals: more functions to a pack-
age, higher performance, and the
use of both CMOS and merged
CMOS-bipolar processes.

The move to more functions takes
into account four aspects of a de-
signer's requirements: complete-
ness, single-supply operation, versa-
tility, and the need to house a number
of similar chips in one package. The
first two ensure that devices are
easy to use. The second pair broad-
ens a unit's range of functions.

The greater use of dielectric isolation yields higher
speeds and lower bias currents. Further, high-speed digital
bipolar processes are being adapted to linear applica-
tions. At the.same time, thin-film resistors are cropping up
in more settings, and there is a decided move to ion-
implanted and polysilicon resistors. For the ultimate in
converter speed, though, gallium arsenide is the key.

The main process trend in analog converters is the move
to CMOS. As in the digital world, CMOS transistor pairs
build dense logic, and CMOS circuits consume signifi-

FRANK GOODENOUGH







ficantly less power. Until recently, however,
CMOS devices were limited to noisy op
amps (with a tendency to drift), 8-bit a-d
converters, and 12-bit current-output d-a
converters with thin-film resistors. Al-
though built without references, the last of -
ten demanded complex interface logic.
CMOS, in particular, puts switched-
capacitor techniques into the designer’s
hands. It also makes possible a number of
new converter architectures, as well as au-

tomatic zeroing and calibrating. It is found
across the board, from slow dual-slope de-
vices to flash converters and on to sample-
and-hold and operational amplifiers.

The trend to CMOS is split along two
paths: so-called linear processes, aimed
mainly at building high performance chips,
and merged processes that combine the best
of CMOS and bipolar technologies (see
“CMOS and Bipolar: The Twain Shall
Meet,” below).
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More functions to the package
save space and design time

ing, and assembly time, as well as by

the price of pc board real estate, the
number of functions squeezed into a single
package is rapidly increasing. That rise
holds true even if the package contains a
single chip, is a multichip hybrid (holding
from two to dozens of components), or is it-
self a module.

Importantly, in most cases, neither the
package size nor the number of chips or de-
vices in a housing is climbing with the in-
crease in functionality. There are three rea-
sons for this: For one thing, packages can
hold even the largest chips. Second, hybrids
are taking advantage of the boost in func-
tionality to be seen in standard and semi-
custom ICs. Finally, modules and boards
are themselves using specially constructed
hybrids.

The move to more complete devices domi-
nates the world of converters, with versa-
tility running a close second. In compari-
son, the trend toward mounting multiple
identical devices in a package and the abili-
ty to operate from a single power supply are
just beginning to show up. Nonetheless,
whether discussing the increase in func-
tionality of a particular device or a greater
number of devices in a package, such im-
provements always start with 6- and 8-bit
devices and then move on to higher-resolu-
tion converters.

The past year has seen the arrival of a
variety of digital-to-analog converters that
are true portents of the future. For exam-
ple, the first monolithic 8-bit quad d-a con-
verter appeared (Fig. 1). The AD7226, from
Analog Devices Inc. ((Norwood, Mass.) is

D riven hard by the cost of design, test-

fabricated in CMOS. Additionally, the set of
latches on its eight inputs and on its 2-bit
address word both crams the chip into a
20-pin DIP and simplifies the interface to
virtually any microprocessor.

Like most CMOS converters, the quad
chip has no reference. However, the linear
CMOS process with which it is built uses the
substrate npn transistor common to all
MOS transistor processes to supply each
converter with an output op amp that sports
a bipolar output stage. The converter also
exemplifies the trend toward single sup-
plies, although a split supply improves
performance when the output voltage is
close to zero. The coming year should wel-
come several other chips with similar capa-
bilities, including one from Precision Mono-
lithics Inc. (Santa Clara, Calif.).

Harnessing hybrids

Designers who need to put more general-
purpose 12-bit (rather than 8-bit) d-a con-
verters in less space must go with hybrid
units. One such device is Analog Devices’
AD390, which squeezes four 12-bit con-
verters into a 28-pin double-width (0.6-in.)
DIP. Its single set of 12 digital inputs is
more versatile than the 7226’s. Each of the
package’s four d-a chips is an AD567—a
current-output 12-bit device with a pair of
cascaded input latches. The use of cascaded
latches in the hybrid illustrates the way
that double buffering permits several con-
verters, riding a common bus, to be sequen-
tially loaded with data (into the first latch)
and have their outputs change simulta-
neously when the four new words are con-
currently strobed into the second set of

Electronic Design - September 6, 1984 109




latches. The quad converter is also complete
with a reference, and an op amp is con-
nected between each 567 and its output pin.
Just how the number of d-a converters
housed in a DIP will rise is interesting: Not
only will there be more chipsin each hybrid,
but there will also be more converters to a
chip. In fact, a monolithic dual 12-bit con-
verter is expected within a year. Made pos-
sible by dense CMOS logic, it will be a ref-
erenceless current-output device.

Flexible inputs

The ultimate versatility for a d-a con-
verter’s input logic combines double buffer-
ing with the ability to take an input word in
two or more subwords (bytes or nibbles), al-
lowing connections to be made to a host of

microprocessor buses. For example, the
567’s architecture takes input words in any
combination of left- or right-justified nib-
bles (MSB or LSB first). If connected to a
12-bit bus, it can handle all 12 bits at once,
ascan the AD390. If linked to an 8-bit bus, it
first accepts the 4 MSBs and then the 8
LSBs (or vice versa). On a 4-bit bus, the data
word is read in three sequential nibbles.

The 567 and a referenceless CMOS part-
ner both lack output op amps. But units
with such op amps are not unavailable.
Bursting on the scene early this year, vir-
tually simultaneously, came a pair of one-
chip voltage output devices (ELECTRONIC
DESIGN, March 8,1984, p. 197, and March 22,
1984, p. 262).

The DACS811 and the AD667, from Burr-
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*—ﬁb Vou (3)

—0 V., (4)
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1. Four d-a converters are squeezed into a 20-pin DIP. Moreover, these 8-bit chips
from Analog Devices ensure a true voltage output. The AD7226’s ability results
from an advanced linear CMOS process combined with an innovative circuit de-
sign, including reverse-connected d-a converters buffered by voltage-output op
amps. The process permits the substrate npn transistors tc be used as the ampli-
fier output transistors and also builds the dense logic required for bus data inputs.
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2. Standard bipolar processes, thin-film resistors that are trimmed on the wafer,
and good circuit design creates two 12-bit d-a converters with output op amps.
They link with virtually any bus structure, since input words can arrive in any com-
bination of 4-bit nibbles. Although both Analog Devices’ AD667 (a) and Burr-
Brown’s DAC811 (b) are in 28-pin packages, their pinouts differ significantly.
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ONVERTERS |

ATA Gl

Brown Corp. (Tucson, Ariz.) and Analog
Devices respectively, are functionally very
similar. That does not imply that they are
pin-compatible, even though both are
housed in 28-pin double width DIPs (Fig. 2).
The two chips’ logic is very much alike.
However, the 811 requires +5 V (as well as
+15V) and the 667 does not. Further, the
667’s extra pin permits it to keep its feed-
back loop open, in turn allowing current
boosters to be incorporated into the loop. On
the other hand, when high the TTL inputs of

the 667 demand a drive current of 300 uA,
which is more than seven TTL loads. The
811, in contrast, needs only 10 uA of drive
current.

It will be an interesting race to see which
of these parts becomes an industry stan-
dard—a sure key to the question is which
one will be alternatively sourced first. At
present, it looks like the odds are slightly
in favor of the 811. That may be because
each 667 requires about 1v2 times as much
silicon.
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Several monolithic 14-bit CMOS d-a con-
verters, without references or output op
amps, can be had with double buffering. At
16 bits, a two-chip double-buffered hybrid
supplies a simple microprocessor interface.
(In large volumes, a two-chip hybrid built
on an automated assembly line costs only a
little more to put together than a one-chip
device.) From Burr-Brown, the hybrid com-
prises an analog 16-bit d-a converter and a

DAC708, current-output unit. Both are
mounted in double-width 24-pin DIPs and
accept data in two bytes (ELECTRONIC DE-
SIGN, March 8, 1984, p. 141.) In addition, to
minimize the number of interface lines,
both can take in the input word one bit at a
time. The serial input also permits simple
opto-isolation between digital inputs and
analog outputs.

Double the buffer

gate array. It comes in two versions: the
DACT709 voltage-output unit and the Also pointing the way to 16 bits is a sin-
gle-chip multiplying d-a converter with

double buffering and a voltage output. Fab-

Data bits ricated with a new high-performance bi-
3 97 1 (Lsa)g‘ MOS process, it uses a pair of cascaded re-
sistor strings in a circuit somewhat similar
8 204 2 to to a Kelvin Varley divider. Since the AD569,
v — from Analog Devices, is a multiplying con-
D $o 0 verter, it does not contain a reference. That
o le oo oo i is not much of a surprise, though, since
Q Q building a reference stable enough to main-
= = tain 16-bit accuracy over temperature is no
[% 3 el A -% mean feat—even on its own chip—let alone
T S putting it on a complicated monolithic chip,
Voo o along with a variety of other digital and
s Ty analog circuits (ELECTRONIC DESIGN, June
14,1984, p. 273).
—_——  lBias i |'°<]"*°::;:“ A ticket to ride
U g S An interesting alternative to converters
o e that are versatile enough to link easily with
o o 1 virtually any microprocessor (thu.s en-
= b Swien gt abling one chip to take on many jobs) is the
5 (28 paraliel current |-|_ wide range of low-cost thin-film converters
el o Brignt —each specifically designed for a particu-
N Case Bl paed oy e lar bus. These CMOS devices include 12-bit
b I ?1_,0‘;‘;;’33’"‘ single- and double-buffered converters,
——| Voo Blas cirouit 12-bit double-buffered units expressly for
EEE—— ocempesiie|  an 8-bit bus, and 12-bit double-buffered de-
3. The first CMOS d-a converter that produces
a composite video output is an 8-bit device from
Telmos that operates at up to 25 MHz. Its archi-
:3;?,? lout tecture takes advantage of the high packing
density of CMOS to use bar-graph decoding. It
employs over 256 current sources to ensure

monotonicity and to minimize glitches.
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vices with a serial input.

Another peek into the future reveals that
12-bit CMOS d-a converters with references
and output op amps—some chopper-
stabilized at that—will be on the scene
within a year. The same period should also
see some 12- to 16-bit devices with de-
glitching circuits built into the op amp.

The drive for better and lower-cost color
graphics has—over the past five years—
seen video speeds jump from 20 to 125 MHz
and d-a converters move from modules,
through thick-film hybrids, to CMOS and
bipolar ICs. These 4- to 8-bit devices pro-
duce a composite video signal that is com-
patible with international standards
RS-170 or RS-343. Virtually all of them use
a single input buffer register to minimize
the glitches caused by time skews in the ar-
riving information. When all the digital
data has been received, the latches are
strobed and the analog output changes
cleanly.

4. Hybrid technology shoehorns three 100-MHz
d-a converters and three high-speed 256k-by-
8-bit RAMs in a single package only 2 in. square.
The result is Intech’s color-mapped red-green-
blue composite video converter that can paint
over 16 million colors on a raster-scan CRT.

Additional digital inputs produce out-
puts such as a full-scale reference white,
whiter than white, and blacker than black.
The first single chip for the job arrived
about a year ago. A bipolar device, the
TDC1018 from TRW Inc. (La Jolla, Calif.)
lacks a reference. However, it operates at
100-MHz word rate.

Two on the town

Two additional 8-bit chips have made
their debut within the last three months.
One is a CMOS device (Fig. 3), from Telmos
Inc. (Sunnyvale, Calif.); the other, a bipolar
unit from Analog Devices (ELECTRONIC
DESIGN, June 14, 1984, p. 332). Both have
references, a rarity for CMOS converters.
The CMOS TML 1840 is limited to a 25-MHz
update rate, while the AD9200 runs at
100 MHz. On the other hand, the 1840 con-
sumes less than 85 mW, the 9200 more than
seven times that amount.

Three converters are required, one each
for red, green, and blue in the color CRTs
they are meant for. At present, thick-film
hybrids are available that supply the re-
quisite number of converters. From Intech
Inc. (Santa Clara, Calif.), these Tri-DACs
simplify the display designer’s job (mixing
125-MHz digital and analog signals is no
easy task). Also available from the com-
pany are hybrids containing both the con-
verters and high-speed RAMs, which act as
color look-up tables (F'ig. 4). In the near fu-
ture, look for triple 4-bit video-speed d-a
converters implemented on a single chip.
Although unable to produce the 16.7 million
colors of their hybrid counterparts, the ICs
will still have a palette of over 4000 colors.

The big three

Unlike d-a converters, all of which have
very similar architectures (even the
switched-capacitor designs), analog-to-
digital converters sometimes seem to sport
as many different approaches as there are
trick circuits using the 555 timer. Neverthe-
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less, three designs dominate—and a fourth
is coming on fast. The major three are the
usually slow multislope integrating con-
verter, the general-purpose midspeed
successive-approximation converter, and
the typically high-speed flash converter.
The relative newcomer (dubbed, for want of
a better name, the multistep converter)
puts two or more of those three basic cir-
cuits to work in sequence.

For example, to build a 10-bit multistep
converter, a 4-bit flash converter might
handle the 4 MSBs and could be followed by
a 6-bit successive-approximation circuit.
Currently, converters using this architec-
ture run the gamut from chips to boards
and use a pair of flash circuits or employ the
same flash twice. Mixed pairs, like the
aforementioned, and designs using more
than two steps are being reinvestigated for
the future.

Increased functionality dominates the
realm of a-d converters as much as it does
that of d-a converters. In a general sense, it
does so in much the same way; more analog
capability on the input and more digital
capability on the output.

Come the evolution

The increase in digital ability has been
evolutionary, as it has in its d-a counter-
parts. Fueled by advances in micropro-
cessors, the movement has been from plain
TTL outputs, through three state outputs,
up to multibyte outputs. The last reduces
the number of lines and pins and simplifies
the interface with microprocessor buses.

In addition, control circuits have been de-
veloped that minimize bus-access time (the
time needed to transfer data toabuswhena
conversion is complete). Also, clock circuits
have been added to converters. They may
prove to be an anachronism, though, since
devices are now used with a microprocessor
or a microprocessor-based system and must
be synchronized with the system clock.
What’s more, the outputs of integrating

converters aimed at digital panel meters
and digital voltmeters have moved from
BCD-encoded outputs to multiplexed lines
for driving seven segment displays.

In a sense, as sample-and-hold amplifiers
are showing up on their front ends, a-d con-
verters are finally becoming true sampling
devices rather than just encoders or di-
gitizers. This revolutionary increase in
functionality is found in chips, modules,
and boards and is the result of many inter-
related causes. The basic motivating factor
is that if the input to an a-d converter
changes during a conversion, regardless of
its architecture (even if it is an integrating
or a flash device), an error may occur. The
right sample-and-hold amplifier in front of
it, though, eliminates the problem.

Coming soon

In the near future, hybrid technology will
wed a 574 with a sample-and-hold ampli-
fier—all in a 574 package and pinout. Fol-
lowing it in a year or so, using merged pro-
cesses, a single-chip device can be expected.

Nonetheless, as the speed and resolution
of converters climb, the capability of these
sampling amplifiers has not risen at the
samerate. Rather, it has remained the weak
link in sampled-data systems. Moreover,
optimizing the performance of a high-speed
or high-resolution converter, or both, with a
companion sample-and-hold amplifier (if
one can be found) is not easy: Timing and
wiring are critical. In high-speed, high-
resolution, two-step converters, incorpo-
rating a sample-and-hold amplifier is man-
datory, since the input must remain con-
stant throughout the conversion.

Both process technology and circuit de-
sign have helped meet these demands. For
example, the move to CMOS has brought
about converters using switched-capacitor
circuits that in many cases inherently sup-
ply the ability to sample and hold signals.

Building an a-d converter that is truly ac-
curate to 16 bits is no easy task. Demanding
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that it first sample a signal to that accuracy
in under 1 us and then carry out a conver-
sion in under 2 us only complicates matters.
Yet that is exactly what the Adam-826 from
Analogic Corp. (Wakefield, Mass.) can do,
with a throughput of 435,000 conversions/s.
The module, which stands 3.0 by 5.0 by 0.44
in., adapts to various bus interfaces by us-
ing three-state outputs. Its performance is
attributable to innovative circuit design,
which employs precision, high-speed dis-
crete devices.

Indicative of the need for these 16-bit
sampling converters (and ones that work at
14 and 15 bits, regardless of their speed)is a
trio of 16-bit modules from Analog Devices.
The throughput of the DAS1157, DAS1158,
and DAS1159 (14 to 16 bits) may only be 18

5. A multistep circuit architecture is the design of choice when resolution and speed must be wed

MHz, but on the other hand their maximum
power consumption is just 660 mW. (Adam,
for instance, needs about five times that.)
The low power draw is achieved with CMOS
thin-film d-a converters. Two sets of three-
state output buffers allow data to be taken
either in one byte or in two.

The two-step converter, probably more
than any other type, demands a sample-
and-hold amplifier ahead of it, since the
only reason for its existence is speed. An ex-
ample of such a device is a member of a fam-
ily of board-level converters. The CAV-1210
(Fig. 5a), from Analog Devices, is about 5 by
6.5 in. and combines two flash-converter
stages, a d-a converter, an error amplifier,
and several other components in a manner
that allows the second (7-bit) stage to cor-

in an a-d converter. It uses one or more flash a-d converters, as well as d-a converters. Some multi-
step circuits like Analog Devices’ CAV-1220 (a) and Micro Networks’ MN5245 (b) use digital cor-
rection logic to ensure accuracy. The board-level CAV-1220 supplies 12-bit digital words at a 20-MHz
rate; the MN5245, a hybrid, the same number of bits at over 1.1 MHz.

116 Electronic Design - September 6, 1984



rect for inaccuracies in the first (6 bits).

The analog input is digitized by the first
stage, and 6 bits of digital information are
applied to the digital correction logic cir-
cuits. They will eventually become bits
1 through 6 of the output. These same bits
arealsoreconstructed as an analog signal in
the 6-bit d-a converter and subtracted from
the original input. The difference between
the two is an error signal that is amplified
and applied as an analog input to the second
flash converter.

If both stages and all components were
perfect, another 6-bit converter could be
used for the second stage. The two outputs
could then be added for the desired 12-bit
output. Digitally corrected subranging
takes the imperfections of the practical

world into account by resolving the error
signal, instead, into seven bits.

The seventh bit

The additional bit ensures that the out-
put is twice as accurate as would have to be
if every part were flawless. The digital cor-
rection logic can then use the output to com-
pensate for various errors in the first stage,
the d-a converter, the internal track-and-
hold amplifier, and the difference
amplifiers.

The value of the MSB of the 7-bit output
determines whether the 6-bit output of the
first stage is passed as is or if 1 should be
added to it. Bits 2 through 7 of the second
stage become bits 7 through 12 in the output
of the CAV-1210’s a-d converter. In the next

Electronic Design - September 6, 1984 117




6 to 18 months, this approach should yield a
40-MHz 10-bit sampling converter and a
20-MHz 12-bit unit.

The same technique—in hybrid form —
will be used to build families of general-
purpose sampling converters with resolu-
tions from 12to 16 bits and conversion times
in the submicrosecond range. In many
cases, they will use a simpler form of digi-
tally corrected subranging, with a single
flash converter used twice. Such an ap-
proach is taken in the MN5245 from Micro
Networks (Worcester, Mass.), which adds a
sample-and-hold amplifier to the device’s
front end (F'ig. 5b).

Turn, turn again

CMOS made possible switched-capacitor
circuits, and they in turn spawned the
charge-balanced comparator, which
brought the world the single-chip sampling
a-d converter. That converter’s comparator
is a sample-and-hold amplifier. One of the
first devices to use the charge-balanced
comparator was a 1.5-us, 8-bit converter
from National Semiconductor Inec. (Santa
Clara, Calif.).

The technology has recently made the
leap to 10 bits, in this case an NMOS con-
verter from EG&G Reticon Corp. (Sunny-
vale, Calif.). The chip, which performs a
conversion in 24 us, adds to its overall fune-
tionality with a switched-capacitor anti-
aliasing filter on the front end. Addi-
tionally, it sports a charge-pump-type
negative bias generator that lets it handle
+5-V signals, although it is powered by a
single 6-V supply (see Design Entry, p. 205).

An 8-bit bipolar converter, from Ferranti
Electric Inc. (Commack, N.Y.), alsofeatures
an on-chip charge-pump for generating a
negative bias voltage. The circuit converts
voltages down to zero and employs a single
supply. Unlike the MOS devices, it needs an
external capacitor for the pump and also
has its own precision 2.5-V reference.

The next few months could see the arrival

of two more CMOS a-d converters with
sample-and-hold amplifiers at their front
ends. One will be a 12-bit, 100 us unit from
National Semiconductor—the first 12 bit
converter to operate from a single +5-V

supply.
Pulling double duty

Most of these chips have enhanced analog
capabilities, and many also mate more eas-
ily with different processors. For example,
National’s 12-bit chip is available in two
versions: as a 28-pin DIP it carries a broad-
side 12-bit three-state output, as a 24-pin
DIP it supplies two bytes on eight pins.

Also at 12 bits is the Am6112 from Ad-
vanced Micro Devices Inc. (Sunnyvale, Cal-
if.). Specifically designed with processor
interfaces in mind, it too furnishes data in
two bytes. In addition, it takes control
signals in on three of its data output lines.
One line sets the output code at offset bi-
nary or two’s complement. The other two
lines put the converter under micropro-
cessor control with a conversion started by
an active WR or an active RD. Those two
lines can put the converter completely
under the direction of a DMA controller
chip (such as the Am9517A).

Another converter aimed at simplifying
the link to a microprocessor also uses a bi-
directional data bus and supplies either a
10-bit broadside or an 8- and 2-bit output.
More importantly, its built-in software
protocols enable it to link with virtually any
microprocessor without external logic. Not
only that, the ADC910, from Precision
Monolithics Inc. (Santa Clara, Calif.), is a
6-us bipolar chip with a precision reference
and a clock (see Design Entry, p. 191).

At the peak of their powers?

Integrating a-d converter chips, both
those with BCD outputs for DPMs and
DVMs and those with binary outputs for
data acquisition, might be considered to
have reached their zenith. The first drive
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seven-segment LCDs; the latter work close-
ly with processors. However, within the
next few months, two U.S. manufacturers
plan to unveil a pair of 3%2-digit autorang-
ing converters designed for hand-held mul-
timeters. Unlike autoranging chips from
Japan, the U.S. versions need only 20 to
30 external components as compared with
over 100.

The ultimate in autoranging and in ana-
log front-end functionality must reside in
an a-d converter module with the ability to
handle a signal with a dynamic range of a
million to one (20 bits/120 dB) to an accu-
racy of 12 bits (see Design Entry, p. 175).
Moreover, it operates at over 300 kHz.
Earlier autoranging converters that com-
bined a software-programmable gain am-
plifier with a successive-approximation a-d
converter were slow. Further, they tied up
the microprocessor while it iteratively in-
creased or decreased the gain of the ampli-
fier until the optimum level was found. That
approach might be called negative feed-
back. In comparison, the MN5420 uses a
feed-forward technique.

At the module’s input is a sample-and-
hold amplifier, followed by a flash con-
verter that measures the approximate level
of the input signal. The digital output of the
flash converter then sets the program-
mable gain amplifier: The signal is ampli-
fied, sampled again, and a 12-bit conversion
made in 1 us. The 4-bit output of the flash
converter and the 12-bit output of the sec-
ond a-d converter, when combined, furnish
areading accurate to 12 bits of any signal to
160 kHz over a 120-dB dynamic range.

A different drummer

Another interesting route to increased
functionality is the development of
matched pairs of a-d and d-a converters.
Two of these have surfaced recently, each
aimed at quite different tasks. One pair is
built around hybrids; the other, chips. Both
sets incorporate many of the architectural

features mentioned earlier and both repre-
sent high-resolution systems.

The hybrids are from Analog Devices and
are 14-bit units designed for frequency-
division multiplexing and time-division
multiplexing systems. They can, however,
be employed in other types of data trans-
mission, as well as in their own right as
stand-alone devices. The a-d converter, des-
ignated the HAS-1409, is a two-step device
with a sample-and-hold amplifier on the
front end. It operates at a minimum
throughput rate of 112 kHz, and its three-
state output is available as a single 14-bit
word or in two bytes. Its mate, the HDD-
1409 also accepts its input either way. Thus
both can operate from an 8- or a 16-bit bus.
The 1409 runs at a guaranteed update rate
of 200 kHz, and its output swings +5 V.

The second duo was designed to permit a
digital signal-processing chip, the TMS320
from Texas Instruments Inc. (Houston), to
connect its inputs and outputs to the real
analog world (ELECTRONIC DESIGN, May 17,
1984, p. 243). The architecture of each chip
virtually mirrors that of the other (F'ig. 6).
The only difference is the addition of the
(sin x)/x correction filter in the d-a half of
the pair. The low-pass anti-aliasing filter in
thea-d converterisidentical to the low-pass
smoothing filter in the d-a converter.

Switching and sampling

These NMOS chips work with switched-
capacitor techniques, so the sample-and-
hold function is easy to implement for all of
the analog circuits. Their resolution, differ-
ential linearity, and monotonicity are a full
16-bits, but integral linearity (accuracy)
drops to 10 bits. Both devices operate at a
throughput rate of 16 kHz. A quick glance
shows that the a-d converter is similar to
the Reticon converter in many ways. For ex-
ample, they both handle a +5-V signal and
minimize errors in the vicinity of zero by
generating their code in sign-magnitude
form and then converting it to the two’s
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6. Switched-capacitor converters built with NMOS permit a pair of mirror-image
chips to contain all the analog and digital circuits needed to link a digital signal
processor chip to the outside world. The TMS32050 analog IC (a), from Texas In-
struments, contains a 16-bit a-d converter, an anti-aliasing filter, a FIFO memory,
and control and serial I/0 logic. It works in a system (b) with the output d-a con-
verter chip, designated the TMS32051 (c). Both converters are 16-bit devices with
10-bit integral linearity. The capacitors in both are monotonic to 16 bits, ensuring
no missing codes in the input chip and low distortion in the output device.
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complement output code more often em-
ployed by computers for bipolar signals.

A sign-magnitude code produces both
plus and minus zeros. The average comput-
er finds that concept impossible to handle,
so an offset binary or two’s complement
code is used. Therefore, with rare excep-
tions, both a-d and d-a converters operate in
an offset binary configuration. Offset error
is a function of gain error.

A few years ago, there was a movement
afoot to build complete multichannel data
acquisition systems in one package—first
as modules and then as hybrids. Such
systems would offer the ultimate in func-
tionality. The trend may be re-emerging,
powered by the demands of the automobile
industry and made possible by very af-
fordable switched-capacitor CMOS tech-
nology.

In fact, families of 8-bit systems on a chip
that handle from 2 to 11 analog inputs are
now available from Motorola Semiconduc-
tor Products Inc. (Austin, Texas), National
Semiconductor and Texas Instruments. Not

only do most of them sport sample-and-
hold amplifiers at their front ends, but the
11-channel units can be linked serially with
microprocessors. The fastest of these chips
acquires and converts a signal in under 12
us. The serial I/0 permits them to be pack-
aged in 20-pin DIPs or 20-pin square lead-
less chip carriers. In addition, they all han-
dle 5-Vinput signals when operating from a
single 5-V power supply (Fig. 7).

The next step up in functionality is to put
a complete multichannel analog I/0 system
in a small package. That has just occurred,
perhaps starting a new trend. A four-
channel analog multiplexer, a sample-and-
hold amplifier, and an 8-bit a-d converter,
plus four voltage-output d-a converters (all
with 8-bit resolution and accuracy), all
share a single double-width 28-pin DIP by
Hybrid Systems Corp. (Billerica, Mass.).
The HS9410 a-d converter does its job in 20
us. Further, its logic control circuits make
possible easy access to processor buses us-
ing either a memory mapped or an I/0 con-
figuration.

Vaa
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7. CMOS switched-capacitor circuits have made possible an 8-bit data-acquisition
system on a chip that can be had from a number of sources, including Tl, Moto-
rola, and National. It samples 11 analog inputs, and a 12th input calibrates it; con-

version times approach 12 us.
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Can IC technolo

with converters’

keep pace
emands?

an semiconductor technology con-
' tinue to meet the demand for one-

chip converters that possess ever-
greater resolution, accuracy, and speed?
Answering this question from the available
evidence and from the devices that are
planned does not yield a clear-cut reply. On
the one hand, d-a converters appear to be
moving quite successfully in the directions
indicated. On the other, advances in mono-
lithic a-d converters appear to have stopped
dead in their tracks.

The last two years have seen a steady
gain in the performance of d-a converters.
The period began with a one-chip voltage-
output version of the industry-standard
bipolar DACR80, from Harris Corp. (Mel-
bourne, Fla.). That device was soon second-
sourced by Analog Devices, whichimproved
the circuit by eliminating the need for a
+5-V supply. Now, by using its bipolar di-
electrically isolated process, Harris has
spawned a DAC80 that is four times as fast
as the original. Its output op amp settles to
within 0.01% in 1 us. These d-a converters,
as well as the 811 and 667, are laser-
trimmed on the wafer and use thin-film re-
sistors. Some make use of them in an R-2R
network, others turn to an R-2R network on
the LSBs and go with segmented current
sources for the MSBs. The next six months
should see a 12-bit CMOS converter from
GE-Intersil (Cupertino, Calif.) with an
auto-zeroed output op amp.

About the same time that the monolithic
DACS80 arrived, a 16-bit bipolar (current-
output) converter with a reference came on
the scene. This Harris chip appeared at the
same time that 16-bit CMOS (multiplying)

current-output converters, which also used
thin-film resistors, arrived from GE-
Intersil, Micro Power Systems Inc. (Santa
Clara, Calif.) and Hybrid Systems. All of
these are so-called 16/14-bit converters.
(They resolve 16 bits and are accurate to 14
bits.) Except for the Intersil unit, all use
some form of segmentation combined with
an R-2R network, and none are laser-
trimmed. The Intersil device has an on-chip
correcting d-a converter that is activated
during postassembly testing by blowing an
on-chip PROM.

Next, following in the footsteps of the
16/14-bit converters came a family of chips
with a reference and an output op amp, the
DAC700 series from Burr-Brown. It is built
with a bipolar process, and employs thin-
film resistors that are trimmed on the
wafer. The resultant chip has 14-bit inte-
gral linearity and is monotonic to within 14
bits over temperature. For a 16-bit con-
verter, the settling time to 14 bits is typical-
ly 4 us for a 10-V step.

Eight equal segmented current sources
supply the 700’s 3 MSBs; nine more current
sources—used with a modified R-2R
ladder—take care of the next 9 bits, and
area ratioing along with a continuation of
the R-2R ladder handle the four LSBs
(ELECTRONIC DESIGN, March 17,1983, p. 14).

Steady as she goes

A monotonicity of 16 bits over the tem-
perature range has just recently come on
the scene with the aforementioned AD569
voltage-output converter. Its unique archi-
tecture makes possible the monotonicity
but limits integral linearity to 12 bits
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(Fig. 8). Nonetheless, its output settles to
within +12LSB (of 15 bits) of its final value
in under 5 us for a 10-V step.

How long will the wait be to the next step:
a16-bitd-a converter with both integral lin-
earity and monotonicity over temperature
guaranteed to the full 16 bits? At minimum,
it will be two or three years, since such de-
vices are only now being considered. One
proposed approach would trim and keep

8. The one-chip AD569 d-a converter, from Ana-
log Devices, has a resolution and a monotonicity
over temperature to 16 bits. The pair of thin-film
resistor strings (256 resistors apiece) that make
this performance possible dominate the chip.
Decoding logic runs along the left- and right-
hand edges, and three 16-bit fast-settling op
amps lie between the resistor strings.

trimmed the equality of the segments in ei-
ther voltage- or current-segmented con-
verters.

As advanced merged processes (bipolar
plus CMOS) come on stream, it should be
possible to automatically zero and auto-
matically calibrate circuits continuously
(or as required), thus correcting the accu-
racy of a device. Until that time, however,
system designers will have to use 16-bit hy-
brids and modular converters. For example,
one hybrid uses just two chips, an 18-bit
CMOS switch set, and a thin-film network

with the 4 MSBs segmented and the re-
maining 12 LSBs in an R-2R network. The
HS9331, from Hybrid Systems, is paired
with the HS9377, which adds a reference
and output op amp. Thus the evolution of a
true 16-bit unit will be slow. Along with
greater functionality, significant gains in
speed are expected but only incremental in-
creases in accuracy and stability are to be
hoped for.

If there is to be a true 16-bit monolithic
a-d converter, regardless of conversion
time, it is a long way off. By definition, such
a device would present no missing codes
over its operating temperature range and
would exhibit 16 bits of terminal linearity.
Infact, the benchmarks set by one-chip con-
verters in 1982 still stand today and none of
the devices have been second-sourced —yet.
In order to gauge the enhancements ex-
pected in a-d chips over the next few years,
any frame of reference must include the
three major achievements that took place
in 1982.

The big three

These include the appearance of the first
14-bit successive-approximation converter
with a conversion time of 40 us (the GE-
Intersil ICL 7115). The year also marked the
arrival of a 12-bit successive-approxima-
tion device that converted signals in only
3 us (the AMD Am6112). These were the
first two fast monolithic a-d converters
with 12 or more bits of resolution. Both are
just now becoming available, and the
conversion time of the second has dropped
to 7 us.

The third hallmark of 1982 was the first
1.5-us 8-bit converter priced at less than
$10. Moreover, it performed the sample-
and-hold funection. The ADC0820, from Na-
tional Semiconductor, is still the fastest
low-cost 8-bit converter available.

Since that time, no other monolithic
successive-approximation a-d converters
have appeared with 12 or more bits of reso-
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lution, and no 10-bit devices can yet touch
the speed of the Am6112. In fact, until now
monolithic 10-bit converters were few and
far between and their conversion times
were in the 30- to 100-us range.

Stranger than fiction

It was unimaginable that a one-chip
16-bit voltage output d-a converter would
show up before a monolithic version of the
two-chip 574 a-d converter. Yet that is just
what has happened. The device, which was
considered imminent two years ago should
be available as a stocking stuffer this De-
cember—and in plastic at that.

During the two-year waiting period,
though, there has been no shortage in activ-
ity surrounding the 574. It has become the
industry standard for general-purpose
12-bit a-d converters (using two to seven
chips) and can be had from multiple
sources. As an aside, a primary factor mak-
ing possible those multiple sources has been
the availability of multiple sources for the
565 bipolar 12-bit d-a converter. That high-
speed, thin-film converter —with its pre-
cision reference—has, in the shadow of the
DAC80, become a ubiquitous component
with six (going on eight) manufacturers.
Their growing popularity signifies that
laser trimming thin-film resistors at the
wafer level is now widely spread.

These multiple-chip 574s meet the unit’s
primary speed and accuracy specifications
over temperature (35 us maximum con-
version time, bus access in 250 ns, no miss-
ing codes, 12-bit accuracy) and are function-
ally identical as well —but they are not
clones. To optimize performance, each di-
vides up its functions differently. The origi-
nal 574 uses the bipolar 565s plus a second
bipolar chip that contains the clock, pre-
cision comparator, successive-approxi-
mation register, and control logic (I°L),
which permits bus interfaces that handle
one or two bytes. The offset voltage of its
comparator is trimmed by zener zapping to

an impressively low Y10 LSB.

A five-chip version, from Hybrid
Systems, uses a custom CMOS chip for its
clock, successive-approximation registers,
switches, and decoding and control logic. A
bipolar chip that provides a comparator and
a reference and a three-chip thin-film re-
sistor network (high bits, segmented; low
bits, R-2R) completes the device. What'’s
more, by the end of the year, it should turn
up on two-chips, with the thin-film reg-
isters divided between them.

Picking up speed

Still another two-chip configuration of
the 574 adds the comparator to the bipolar
565 and uses a CMOS chip for logic. How-
ever, the analog bipolar IC is built with a
dielectrically isolated process that in-
creases its speed significantly. So much so,
in fact, that Harris Semiconductor has just
announced the HI-674A, which drops guar-
anteed conversion time to 15 us and bus ac-
cess time to 15 ns. All other specifications
remain the same. The 674 can be dropped di-
rectly into a 574 socket to upgrade a system
(Fig.9).

Within six months, a further drop in con-
version time—to 6 or 7 us—is predicted,
putting it in the same range as the 6112.
From a system’s point of view, as conver-
sion time drops, so must bus access time.

Although very slow, the soon-to-be-
announced 12-bit monolithic converters,
from National Semiconductor, will certain-
ly be in the running to be a future standard.
Even at 100 us, they are still 100 to 1000
times faster than integrating converters,
and even though they are referenceless,
they require fewer parts.

Ten bits is suddenly a very popular num-
ber, as evidenced by the pair of converters
just announced by PMI and EG&G Reticon.

A CMOS chip is expected from RCA
Corp.’s Solid State Division (Somerville,
N.J.) and a bipolar unit (with a conversion
time of 30 us) is expected from Analog De-
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9. The industry-standard 574 a-d converter, originally introduced as a two-chip device, is now built
with up to seven chips. A single-chip version of the 12-bit converter should be out by the end of the
year. Although the first device used a pair of bipolar chips, the converter is now available from multi-
ple sources, some of which use a combination of CMOS and bipolar ICs.
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vices by the end of the year. Like many new
converters, the second offers serial rather
than parallel I/0. As a result, it can be
dropped into a 14-pin DIP. Also, like most
present-day bipolar converters, it has both
areference and a clock.

Bringing in the sheaves

Although the field of one-chip general-
purpose a-d converters has remained fallow
for the past several years, a much richer
crop is foreseen for the next several. At
8 bits, for example, we can expect to see one
or more second sources for the AM6108
(2-us maximum conversion time) and Na-
tional’s ADC0820 (1.5-us). Moreover, fol-
lowing the trend of companies to use the
process and circuit design technologies at
which they are best, rather than those of
the original manufacturer, both these
second sources will not be clones of one an-
other or of the original.

The trend to CMOS will continue and
with it will come several 10- and 12-bit con-
verters, with conversion times between 5
and 20 us. Some of these will sport auto-
zeroing; others, sample-and-hold ampli-
fiers on their front ends. Some will employ
switched capacitors; some, thin-film re-
sistors; some, both.

Looking ahead

The best look at the future of monolithic
general-purpose converters, particularly to
determine if a true 16-bit device is possible,
was described at last winter’s International
Solid-State Circuits Conference. Each of
the two approaches uses a-d converters
with switched capacitors to build high-
resolution a-d converters (ELECTRONIC
DESIGN, Feb. 23,1984, p. 142). Both were de-
veloped at the University of California at
Berkeley, the home of switched-capacitor
techniques—first in NMOS and now in
CMOS.

One of the converters uses an algorith-
mic, successive-approximation circuit to

achieve 12-bit performance in 70 us. Since it
employs just three op amps (one as an am-
plifier, one as a sample-and-hold amplifier,
and one as a comparator), the amount of
silicon taken up was minimal. Further, the
technique eliminates the need for ratio
matching the capacitors.

The second converter is a self-calibrated
successive-approximation device using
three d-a converters. A switched-capacitor
circuit handles the 9 MSBs, a 5- and a 7-bit
resistor string converter (built with ion-
implanted resistors) take care of the LSBs
and the calibration, respectively. True
16-bit performance has been obtained in
under 20 us because the CMOS comparator
settles out to +1/2 LSBin under 1 us. At
present, several major commercial devel-
opment programs are under way to supply,
in a year or two, true 16-bit a-d converters
using these techniques.

Three to go

A third development unveiled at the con-
ference gives a glimpse of the future of
multiple step monolithic converters. In this
case, three were used to build a 10-bit, 1.5-us
unit (Fig. 10). A bipolar chip, it has its own
reference and three-state output.

Although it looks as if there is still some-
thing of a wait for true 16-bit monolithic a-d
converters, a variety of hybrid and modular
devices are available and more are coming.
For instance, a hybrid housed in a 32-pin
DIP with a 100-us conversion time achieves
an impressive set of specifications by using
an 18-bit CMOS switch set and thin-film
resistors. From Hybrid Systems, the
HS9516 operates from 0° to 70°C. Over its
temperature range, it misses no codes to 16
bits and keeps integral nonlinearity to
within +0.0008% . Future devices will use
multistep architectures to reach higher
speeds.

The slowest and the fastest a-d con-
verters have at least one major point in
common: They are almost exclusively
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monolithic. In fact, flash converters did not
become practical until they could be put on
one chip. Interestingly, the same is true for
switched-capacitor circuits.

With metal-gate CMOS technology, the
integrating chips have reached a resolution
of 41/> digits and an accuracy of 15 bits. Cur-
rently, thereis neither the driving force nor
the technology to increase resolution to
51/ digits or to 18 bits. However, two devel-
opments are on tap. The first represents a
move from aluminum-gate to molybdenum-
gate CMOS for a 41/2-digit integrating a-d
converter from Micro Power Systems. The
process change brings the input noise of the
pre-amplifier to a new low. As a result, the
device can resolve 10 1V and thus eliminate
so-called last-digit flicker.

The second change can be seen in the ana-
log half of a 4/2-digit (20,000 count) inte-
grating converter. It is meant to be used
with one-chip microcomputers to build
smart instruments and data acquisition

systems. The chip, from Teledyne Semicon-
ductor (Mountain View, Calif.) contains the
integrating op amp, comparator, and auto-
matic zeroing circuits (Fig. 11). The com-
puter controls the chip’s timing, creates its
output code, and processes measurement
results. It could, say, linearize thermocou-
ples, perform cold junction compensation,
and calculate flow by taking the square root
of the value of a differential pressure mea-
surement.

The ways to go

There are only three discernible trends in
flash a-d converters: increasing prolifera-
tion in kind and number, an attempt to de-
crease power requirements by switching to
CMOS, and improving the speed-power
product by reducing feature size.

These unique chips remain hard to
pigeonhole: They are getting both faster
and slower as well as increasing and de-
creasing in resolution. They are made with

Comparator
1,_>,__ -
r COmp;rator

V
Comparator

10. Multistep a-d converters are less prevalent in one-chip devices than in hybrids,
modules, or boards. A 10-bit three-step device, developed by Signetics, does not
incorporate digital correction logic, as many other converters do.
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Consider the LogicScope 136

B The LogicScope 136 is the next logical step in test instru-
mentation for you. It combines many of the features and capa-
bilities of sophisticated logic analyzers and oscilloscopes . . .
and it fits in your hand. Never before has so much technology
been available in so small an instrument, at such a low price.
B The pocket-sized LogicScope 136 is made possible by a
patented breakthrough in display technology. The conven-
tional cathode ray tube has been replaced by a unique array of
400 LED’s that permits simultaneous display of two digital
waveforms.

B The 136 can be used for viewing single shot events, or
repetitive waveforms. It can be operated in real time mode, or
in memory mode which permits acquisition and storage of up to
24 128-bit waveforms. These can be recalled, logically com-
pared (AND, OR, EXCLUSIVE OR) to other stored/input
waveforms, or output to an external device via an RS 232 port.
B [ts very low cost, convenience and ease-of-use make the
LogicScope the ideal instrument, for designing, troubleshoot-
ing or repairing digital systems.

Consider its Engineering & Field Service Applications:
® On microprocessor-based systems, check the timing rela-
tionship of various parameters relative to the system clock and
other key events. Its storage capability allows visual and logi-
cal comparison of non-repetitive waveforms to known refer-
ence signals. Output in the start-up of the digital device can be
compared to reference signals to determine the operating state
of the device. Questionable waveforms can be stored for analysis.
B Its light weight and small size make the LogicScope conve-
nient to take on every service call. The 136 provides much
more information for trouble shooting a digital system or pe-
ripheral thdn a logic probe or digital multimeter, without hav-
ing to lug an oscilloscope or logic analyzer along.

Contact us for the name of your local distributor

POt teCHNOLOCY, INC.

7320 Parkway Drive, Hanover, MD 21076
301-796-3300
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Ok 1]

virtually every imaginable silicon process,
including the 10-year old triple-diffused bi-
polar approach, three kinds of CMOS pro-
cesses, metal gates and silicon gates, and
exotic merged processes. What’s more, gal-
lium arsenide is in the offing. Geometries
range from 5 um down to less than 1 um.

Not so fast

Flash converters should be the easiest
converters to use: Simply hook them up to
the signal, supply a clock and a reference,
and the answer is always there. Despite
their apparent simplicity, in most applica-
tions they are operating at blinding speed,
and a practical knowledge of video or rf
techniques is required. In addition, several
have to be clocked continuously to maintain

an answer; all must be clocked to find a new
answer. Some require positive signals, oth-
ers demand negative, and some handle bi-
polar inputs.

At the same time, such converters would
appear not to require sample-and-hold am-
plifiers. To optimize speed and accuracy,
though, these amplifiers are mandatory,
and they must be able to drive a capacitive
load, which is usually changing as fast as
the signal does. The converter’s eccen-
tricities do not stop here: some are pipe-
lined, others are not; some consume a great
deal of power, some very little. Finally,
some can be stacked for increased resolu-
tion.

These converters do suffer from two po-
tential problems. In certain instances their

Integratin
op amp

Comparators

Analog
switch
control
signals

Converter control truth table

Converter phase

Zero output of integrator
Auto-zeroing circuit
Integrate signal
De-integrate

11. The ultimate adaptation of an analog chip to micro-
processor compatibility is an a-d converter that will not
work without a processor. Fabricated in metal-gate
CMOS, by Teledyne Semiconductor, it represents the
analog portion of a 20,000-count (47/2-digit) integrating
converter. A microprocessor does the rest.
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Design in leadership with
fiber optic components from HP

Depend on our com-
mitment to fiber
optic technology.
Today, fiber optics is a
leading technology for
data transmission be-
cause it’s faster, more
reliable, more secure
and often less expen-
sive than alternative
technologies.

Hewlett-Packard’s
commitment to fiber
optic technology began
ten years ago. Since
then, we've applied
these years of exper-
ience in LED emitters,
detectors, integrated
circuits, optical fiber
and packaging to make
HP your best choice
for tiber optic com-
ponents.

Our wide range of
fiber optic components gives you
performance choices that are reli-
able, easy-to-use and cost-
effective.

IETAL HOUSING
EPOXY BACKFILL

CONNECTOR FERRULE

100-um CORE GLASS FIBER
WINDOW (GLASS)

LENS CLIP

This cross section of an HP fiber optic transmitter
shows HP's advanced lensing scheme for optimal
coupling of light into the fiber.

CG08403

At Hewlett-Packard's Optical Communications Division, engineers use advanced
research and development equipment to test state-of-the-art fiber optic components.

Choose from three families of
products.

There are currently three families
of HP fiber optic products: Plastic
Snap-In Components; Miniature
Link Components; and High Per-
formance Modules. The families
are growing, too. New products
will offer increasingly faster data
rates and greater distances. Pack-
aging developments and improved
manufacturing techniques will
keep costs coming down.

Start moving your data today
with HP fiber optics and get the
added assurance that your designs
will keep you a leader tomorrow.
HP'’s worldwide team of applica-
tions and sales engineers is ready
to help you.

()

HEWLETT
PACKARD
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To learn more about
HP fiber optics, circle
the reader service
number below. For
pricing and delivery
information, contact
your local HP Autho-
rized Components Dis-
tributor. In the U.S.,
call Hall-Mark, Hamil-
ton/Avnet, Pioneer
Standard, Schweber,
or the Wyle Distribu-
tion Group. In Canada,
call Hamilton/Avnet
or Zentronics, Ltd.

HP: The right choices
for moving data today
and tomorrow.



input bandwidth is not up to the specified
sampling rate. Also, they have a tendency to
miss a code every few billion conversions.
The first difficulty shows up as an inability
to digitize a sine wave of half the rated sam-
pling frequency (its Nyquist frequency) to
the specified resolution and accuracy. For
example, an 8-bit converter that samples at
100 MHz may only supply 6 bits of accuracy
when encoding a 50-MHz sine wave. An
accuracy of 8 bits may be obtained at only
15 MHz.

The second problem may seem insignif-
icant until it is realized that such an error
may occur several times a minute when a
converter is sampling at 100 MHz. The error
is particularly troublesome, as well as being
difficult to locate, when a flash converter is
used to build a two-step device.

All flash converters do have one thing in
common: they demand 2¥—1 comparators,
where N is the resolution in bits. Within the
approaching legion of flash devices are
several monolithic two-step, or half-flash
parts. These require a mere 2(2 *—1) com-
parators. Thus an 8-bit converter, say,
would use 30 rather than 255 comparators.
If a sample-and-hold function is not impli-
cit in its architecture, it must use a sample-
and-hold amplifier between the signal and
the input.

Flash converters’ move to less power has
been made possible by advances in process
geometry (Table 1). Such work has been one
of the converns over the past two years of
TRW Inc.’s LSI Products Division (La Jolla,
Calif.). Its main intention has been to drop
the minimum feature size of its triple-
diffused bipolar process from 2 um to 1 um
and to go with double metal interconnects.
The first device was a 6-bit, 100-MHz chip
(the TOC1029) that arrived about two years
ago (ELECTRONIC DESIGN, Sept. 16, 1982,
p.89).

The drop in feature size is accompanied
by an increase in speed/power ratio which
permits chips to either sample faster at the
same power or consume less power than was
previously needed at a specific speed. In ad-
dition, input capacitance drops, making the
converters easier to drive.

By moving from a 5-um bipolar ECL pro-
cesstoal-um linear MOSAIC process,
Motorola Inc.’s Semiconductor Products
Division (Phoenix, Ariz.) hopes to increase
the sampling rate of its 7-bit flash con-
verter from 15 to 25 MHz, enabling 10-MHz
1-V signals to be encoded to 8 bits of accu-
racy. Two of these 7-bit converters can then
be stacked to obtain 8 bits of resolution and
accuracy. The upcoming family of devices
uses less power and less silicon, and its logic

Table 1. Improvements in flash converters as process geometry shrinks

~2um

1um

o

(MHz)

Power

e

(Msamples/s)

, "‘P“'“ ,
(PF)

Sampling
rate
(Msamples/s)

50
12

Not practical

m.:”
(w)
2.0

3.8 50

100

25

0.6 20

3 . 20

1.4 20

1.0 20

5 - 18

Source: TRW Inc.
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EM1/RFI product qualification
doesn’t have to be
confusing or expensive.

Or impossible.

For years we've been making filters that
meet the toughest standards for Hi-Rel
military, mainframes, personal computers
and electronic games, switching power
supplies...for low and high current,
single and three phase, DC to 12 GHz. So,
whatever your application, your voltage
and current ratings, package and
terminal styles, rely on San Fernando
Electric Division. We can fill your filter
needs...in the right quantities, at the
right price.
The right choice.

We've got the broadest spectrum of
filters from which to choose:
* Minifilters, up to 15 A, MIL-Spec or

commercial
 Miniature power line, up to 30 A/phase
« Power line, up to 100 A/phase
« High current, tubular, for power
distribution, aerospace

As a result of the filter technology
we've developed. . . including one of the
most advanced CAD/CAM capabilities
in the industry, we can offer the systems
designer the widest variety of filter
solutions — in off-the-shelf
standards or one-of-a-kind
customs. Call us at the
design stage for

Network Y

YECHAMC
\
\

immediate assistance. We'll help you
make the right choice.
Total capability.

Our total capability starts with expert
application engineering: design engineers
who closely collaborate with you in
specifying or designing a filter for your
equipment that is the most economical
possible. Our engineers can help you with
product qualification now.

Quality.

Inspection points at every step of
production help us achieve total quality
control. To us, high yields and Hi-Rel
components are the result of a philosophy
that mandates the highest possible
standards. When you buy our technology,
it works. First time. Everytime. For a
very long time.

Total control.

San Fernando Electric Division is the

leading manufacturer of the two essential

components that comprise a filter —
capacitors and inductors. That gives you
the edge in experience, production
capability and application engineering.
Free EMI/RFI tutorial tape.

We've given you a few of the reasons
why San Fernando Electric Division is
the right choice in EMI/RFI filters. For
more information, call Jim Walker,
Product Manager, at (818) 365-9411. Or
write to SFE Technologies, San Fernando
Electric Division, 1501 First Street, San
Fernando, CA 91340-2793. Ask Jim for
your free tape cassette which includes a
tutorial on EMI/RFI filters.

In Europe, contact SFE Technologies
Europe B.V., WiltonStraat 11-13. 2722
NG Zoetermeer, The Netherlands,

Tel. 079-413231.

TECHNOLOGIES
San Fernando Electric Division
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will be TTL-compatible.

Today’s variety of flash converters is
staggering. Even a limited overview of
these devices shows the dramatically lower
power requirements of CMOS converters
(Table 2), which use a number of different
comparator circuits (Fig. 12). Most, but not
all, take advantage of the switches and
capacitors made possible by the CMOS pro-
cess, which uses automatic zeroing to elimi-
nate offset voltage errors.

As for the future, four of the seven a-d

converters unveiled at February’s ISSCC
were flash units. Heading the list, a
400-MHz 6-bit converter from Hewlett-
Packard Laboratories (Palo Alto, Calif.),
proves quite clearly that silicon is not lim-
ited to 100 MHz. It takes advantage of a bi-
polar process that builds 5-GHz transistors
and a circuit architecture that carries out
two bits of analog encoding ahead of the
clocked comparators (Fig. 13).

Another silicon flash converter is an
8-bit, 120-MHz unit from Matsushita Cen-

12. A variety of comparators are used for CMOS flash converters. Most use switched-capacitor cir-
cuits to perform automatic zeroing. When a pair of the RCA circuits (a) are cascaded, 8-bit, 15 MHz
converters can be built. Rather than autozeroing, a differential circuit is used by Telmos (b) to elimi-
nate the offset voltage errors. It builds 7-bit, 10-MHz units. Combining both techniques is Toshiba’s
differential, autozeroed comparator, which builds an 8-bit, 20-MHz CMOS converter—the fastest

CMOS unit around.
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tral Research Laboratory (Osaka, Japan),
which uses a 1-um bipolar process. Com-
pleting the list are an 8-bit, 100-MHz device
from Sony Corp. (Kanagawa, Japan) and a
20-MHz, 7-bit bulk CMOS converter from
Toshiba Microelectronics Center (Ka-
wasaki, Japan). The first is the fastest 8-bit
unit to date; the second, the fastest 7-bit
bulk CMOS device (ELECTRONIC DESIGN,
March 22,1984, p. 75).

Also on the horizon are converters rang-
ing from 4-bit, 15-MHz silicon CMOS chips
to 4-bit, 1-GHz gallium arsenide ICs. Tek-
tronix Inc. (Portland, Oregon) is also work-
ing with gallium arsenide and has achieved
5- and 6-bit performance; the company will
continue experimenting until it reaches the
required 8 bits of resolution. At present,

surface states cause hysteresis in the
depletion-mode MESFETS, limiting their
resolution.

Over the past few years, the speed, resolu-
tion, and accuracy of monolithic and hybrid
successive-approximation a-d converters
have increased. Sample-and-hold ampli-
fiers, on the other hand, have witnessed in-
creases, but not at the same pace as their
successive-approximation brethren. Helpis
arriving. It should be noted that even the
first device (the Harris HA-2420) was
aimed at 12-bit a-d converters.

Defining perfection

The ideal sample-and-hold amplifier
requires a set of specifications that in no
way degrades or hinders the performance of

s o WA b' ;",C
- By
Power Signal | Supply
Resolution| rate |dissipation| voltage | voltage Model
(bits) (MHz) (mw) v) ) Process| number |[Manufacturer| Comments
10 20 1800 Oto -2 —5.2 | Bipolar | AN6859 | Panasonic |Highest resolution;
high speed
8 50 3700 0to —2 —5.2 | Bipolar | TDC1025 TRW See Table 1
8 20 900 Oto —2 —5.2 | Bipolar | MB40508 Fujitsu
8 5 75 3to8 5to 8 | CMOS | MP7683 | Micro Power |Two-step circuit
7 14.5 1100 32 +5,—5.2 | Bipolar [MC10315L| Motorola |Can be stacked
7 20 400 0to +2.5|+5, +12| NMOS [PNA7507C| Phillips |Uses high-impedance
reference resistor string
7 8 150 +3.2 + 8 CMOS | TML1070 Telmos
1 9 +3.2 5 CMOS | TML1072 Telmos
12to 19 200 24toV,,| 5to8 |CMOS/| CA3300 RCA CMOS on sapphire,
SOSs must be clocked
6 110 500 +5, —5.2| Bipolar | SDA5200 | Siemens :
100 1200 ix +5, —5.2| Bipolar | AM6688 AMD May not be available
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Oliver Germanium,
The Great Detector.

Who'd have guessed it?
It's good old Germanium, after all these years of faithful service, that turns out to
be the ideal material for photodetectors, as used in fibre optics and
various infrared applications With Germanium in your diodes, you get the kind
of spectral response you've been asking for, (800 to 1800nm, peaking at 1.550nm; Oliver O. Ward, President of GPD

see Curve) and frequently referred to
as pliver Germal.xium,
" In fact Germanium is especially dls?ﬁt‘:;err: ii:)ia(sicel:l:tamn?um
| suited for the 1300 nanometers photodiodes.
] P \ responsivity required for
& \ fibre optics.
| % Whereas, Silicon as every- J
i body knows, gives very
. \ little response
%04 SPECTRAL SENSITIVITY Vs WAVELENGTH \ beYOl’ld 900 nm.
204 \ At GPD, we are
10 now making photodlode
T " %+ Chips from 0.3 to 5mm
WAVELENGTH (M) active diameter; all are

available either in chip form or in TO-18, TO-5
or TO-8 packages, with windows or lenses to
suit the application.

You can use GPD photodiodes in voltaic or
conductive modes; to measure optical power or
fibre attenuation, and in dozens of other ways.

“The chap weTe looking for” said the Great 4
Detector, “is a committed engineer, with a light
measurement problem, and a healthy respect
for efficient, reliable components’

"I predict the next thing he'll do is send for
the GPD photodiode data sheet;
, then we've got him!’

% Elementary, my dear Schottky’

CIRCLE 75
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the converter. The following relationships
must exist: First, the time needed to acquire
afull-scale signal (to within +v2LSBof the
converter’s resolution) should be less than
one-tenth of the conversion time. Second,
the aperture uncertainty time, or jitter,
should be short enough to allow the con-
verter to accurately sample complex wave-
forms with sinusoidal frequency com-
ponents up to half its maximum throughput
rate (at the system’s Nyquist rate).

Third, all other errors, both de and
dynamic (such as charge transfer, feed-
through, offsets, and droop) must represent
lessthan + 12 LSB of the converter’s resolu-

tion in bits. In earlier modular sample-and-
hold amplifiers, there was often a tradeoff
between acquisition time and droop. How-
ever, in most of today’s units —regardless of
their construction—the required hold time
(conversion time) is no more than 10 times
the acquisition time; thus droop is not a
problem.

At last count, only five monolithic sam-
ple-and-hold amplifiers are available from
four suppliers. Three new units, one from an
additional source, are on the way.

Unlike their converter counterparts, for
which new processes are continually being
developed or old ones refined and upgraded,
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13. Hewlett-Packard’s 6-bit, 400-MHz flash converter (a) reaches very
high speed by performing 2 bits of analog encoding with differential
transistor pairs (b) ahead of the latched comparators. As a result, only
17 rather than 63 comparators are needed.
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New Buss International Fuseholder for PCBs
stands up to the waves of automatic soldering.

Buss’ new PCB - mountable International
Fuseholder is making waves in the fuse
business; it's the first to stand up against
the rigors of high-speed production.
Here’s the up-to-the-minute answer for
designers opting for the advantages of
printed circuit boards. The Buss
International Fuseholder meets both
domestic and overseas requirements; it
accepts both 5x20mm and 1/4 in.x1-1/4
in. fuses. Available in vertical
and horizontal configurations.
A kicked-leg design holds both
types firmly to the board. They
can't be vibrated off during

wave soldering. The vertical version
provides additional stability pins to secure
it tightly during soldering. This Buss design
is sensitive to all the exigencies of your
manufacturing procedure. For example,
an exclusive Buss feature prevents flux
wicking. The Buss International Fusehold-
er for PCBs is designed to meet UL, CSA,
VDE and SEMKO standards. For com-

‘ plete specifications phone yourlocalBuss

MI}GHAW{IIISIIN

distributor today. Or call Buss-
mann Division, McGraw-Edison-

Company, PO. Box 14460,
St. Louis,MO.63178.Phone (314)
597-3877 for Order Service.

World leader in fuses, fuse blocks and accessories.
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monolithic sample-and-hold amplifiers are
mostly limited to existing process technolo-
gies. Although CMOS or biMOS processes
might seem natural for this application, all
of the existing and the planned devices are
bipolar—except for the HA-2420, which
contains a pair of p-channel MOSFETs
built with a modified bipolar process. The
latest of the bipolar units have taken advan-
tage of biIFET technology.

Still, a seemingly minor process change
made just a few years ago has had signifi-
cant consequences on functionality: The
hold capacitor, which must be insensitive to
voltage and also have a low dielectric ab-
sorption, was brought on chip. In Harris’s
HA-5320, that capacitor is a 100-pF MOS
device, but the rest of the chip is bipolar
with JFETs buffering the hold capacitor.

To some extent, higher performance (and
thus broader applications) made the change
possible, which may appear to be a paradox.
The acquisition time of the HA-2420 was
dropped from 5 to 1 us. (Thus it needed only
a 100-pF capacitor). Although hold time
needed to meet a droop requirement with a
12-bit accuracy is ordinarily somewhat low-
er, since the 5320 is aimed at faster con-
verters, droop is not a problem. Further,
Harris has just made a very important up-
grade of the relatively new chip—acquisi-
tion time to 0.01% is now guaranteed to be
under 1 us worst case. Previously, that fig-
ure was a typical specification.

Across the spectrum

The solutions to the problem of fast ana-
log sampling represent the wide diversity of
circuit design technology. The 2420 (Fig.
14a) uses an input op amp that charges the
external hold capacitor (Cy) located be-
tween its output and ground. A MOSFET
input buffer op amp limits the capacitor’s
discharge while it is holding. The device
may be connected as an inverter or follower.
External resistors set the gain at unity or
greater. (Most sample-and-hold units are

used as unity-gain followers.)

The AD582 (Fig. 14b) may appear simi-
lar, but its external hold capacitor (Cy) is
charged as a true integrator in the feedback
loop of the output op amp. The 5320 is simi-
lar except that the hold capacitor, as men-
tioned, is on chip and low-noise JFETs
rather than MOSFETs minimize droop.
Using a circuit somewhat similar to that of
the 2420 but internally connected as a
unity-gain buffer, the LF198, from National
Semiconductor, also uses low noise JFETs
toreplace the MOSFETS (Fig. 14c).

Another switch

All of these units use a low-leakage bi-
polar switch between their input op amps
and their hold capacitors. Another kind of
switch circuit, a diode bridge, is used in an
internally connected unity-gain buffer
sample-and-hold amplifier, the SMP-10,
from PMI (Fig. 14d). It uses a third ampli-
fier, called a supercharger, to drive the ex-
ternal hold capacitor, which, like those on
the 2420 and the 198, are connected to
ground. The SMP-10 was the first one-chip
sample-and-hold amplifier to guarantee
acquisition time to 0.01% —in this unit just
5 us. Rather than JFETSs, it uses low bias
current superbeta bipolar transistors to
minimize droop.

Three upcoming sample-and-hold ampli-
fiers each offer something different. A cir-
cuit similar to that of the 5320, with an on-
chip 100-pF capacitor and working with
JFETSs, adds a pair of laser-trimmed thin-
film resistors to set the gain (Fig. 14e). The
AD585, from Analog Devices, is not as fast
as the dielectrically isolated 5320, but at
2.5 us, it will still guarantee acquisition to
0.01%.

The second chip to arrive—and none too
soon—is aimed at 14- and even 16-bit con-
verters. It operates at an inverting gain of
1,uses JFETSs, an on-chip capacitor in an in-
teresting circuit, and a third amplifier. The
last is located between the input and the
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The cost-effectlve

way to design

S-MOS high-performance CMOS gate arrays make a difference.

We've just expanded the world of
semicustom arrays.

S-MOS combines the economy of full
custom production with the speed and con-
venience of semicustom in its new CMOS
high-performance gate arrays. Now you
can get the best of both worlds.

That's because the cells of our SLA 5000
and SLA 6000 families emulate popular
gate and MSI functions. And our unique
satellite communication network links
schematic-entry computers directly to the
CAD mainframe. Our proprietary software
assures high gate utilization while the ad-
vanced CMOS facilities of Suwa Seikosha
(one of the world's largest, most automated
IC manufacturing plants) assures economi-
cal volume production.

The S-MOS way. It makes a difference!

RAM

The S-MOS system

SEMICUSTOM/CUSTOM PURCHASE GUIDE
! 111982

| 1
GATE ARRAY 7:( STD GELX FulL cusTom

] )
! 1984
FULL
GATE ARRAY STD CELL STOM

1
VOLUME 50K 200K 500K

S-MOS expands cost-effectiveness of gate arrays
beyond 500K quantities

Design lead-in-time slashed 90%.
Not only will you save months of design
time compared to full custom — you'll also
save as much as 90% of the traditional time
necessary to convert discrete logic to gate
array designs. That's because the S-MOS
CAD system translates your logic directly
into equivalent gates, while also doing much
of the mundane work. In most cases you'll
have a design in less than a week. And
engineering samples in less than ten.

That's fast!
State-of-the-art CMOS speeds.
Speaking of speed, you'll find our CMOS
gate arrays are faster than many bipolar
logic families, with far less power drain.
Intrinsic gate delays are as low as 1.0 ns
(plus 350 ps per load) — in designs as com-
plex as 4000 gates.

COST EFFECTIVENESS
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And S-MOS two-micron geometries are
also pure state-of-the-art. Our arrays replace
entire boards of discrete logic chips. You'll
also save on power supplies and even fans.
Because the inherent low power require-
ments of our CMOS circuits dramatically
reduce power drain.

That's very good news, indeed.

We don't leave anything to chance.
Here's more good news. At S-MOS, quality
and reliability are our first priority. That's
why our SLA 5000 and SLA 6000 gate arrays
are rigorously tested, including burn-in.

Even second-sourcing is covered. All
our gate arrays are alternate-sourced by
International Microcircuits, Inc.

You shouldn't leave anything to chance,
either. Boost your bottom-line volume
productivity the S-MOS way — with high-
performance CMOS gate arrays.

SV e

WIS
SYSTEMS

S-MOS Systems, Incorporated
50 West Brokaw Rd., Bldg. 7
San Jose, CA 95110

(408) 993-1212
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switch, to charge the capacitor. It can ac-
quire a new sample of 0.001% accuracy in
2 us. From Signetics Corp. (Sunnyvale, Cal-
if.), the output of TDA1535 slews at 100
V/us and it easily samples 20-kHz sine
waves. The third chip, slated to arrive from
Harris, some time next year, will move
12-bit sampling time to under 0.5 us.

When faster or higher accuracy sampling
amplifiers are required, the user must turn

to hybrids and modules. Designers of such
devices have the luxury of picking devices
from any process to minimize errors and
maximize performance. For example, high-
speed MOSFET switches can be combined
with fast, low-offset bipolar amplifiers us-
ing gigahertz-bandwidth transistors. In ad-
dition, great care can be taken in laying out
the unit, thus minimizing coupling between
high-speed digital and analog circuits.o

14. Monolithic sample-and-hold amplifiers, the few around, all are built on bipolar processes.
However, their architectures and functions differ. Some can operate in both inverting and follower
configurations and with variable gains (a, b), while others can only operate as unity-gain followers
(c). Most use bipolar switches, but one uses a diode bridge (d). The newest devices sport an

on-chip hold capacitor (e).
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CMOS GATE ARRAYS.

FLEXIBLE DESIGN METHODS FROM SILICONIX FOR
BOTH INDUSTRIAL AND MILITARY CMOS GATE ARRAYS,"

FAST SILICONIX GATE ARRAYS.
Now you can design military or industrial CMOS gate
arrays—with 180 to 2400-gate complexity—using advanced CAE
workstations from Daisy Systems Corporation. From your facility.

MILITARY AND INDUSTRIAL EXPERIENCE. Unlike other gate array companies,
Siliconix is applying over 20 years of military processing experience to meet your
specific application requirements.

Our advanced three and five-micron gate processes ensure your design is competitive.

And because we perform all fabrication, the entire production cycle is under our
control. Which means you get quality devices. At spec. On time. Everytime.

FLEXIBLE FEATURES. Using powerful TTL-compatible |/O buffers, easy-to-use cells and
a vast macrocell library, Siliconix has developed the most flexible system available.
And our quick-turnaround service makes sure you get your finished designs fast.

So if you have a design challenge, call the flexible gate array people today. Or send in
the attached coupon.

Corporate Headquarters, 2201 Laurelwood Road, Mail Stop 5,

Santa Clara, CA 95054; TEL (408) 988-8000

Siliconix Ltd., 3 London Road, Newbury, Berks, UK; RG13 1J1;

TEL (0635) 30905

CIRCLE 78

Siliconix

W incorporated

(408) 988-8000

r Siliconix incorporated, P.O. Box 4777,
Santa Clara, CA 95054

I'd like more information. Please:

[ Send me a gate array design brochure. (j)

[J Send me a gate array design manual ($70.00). (5)

[J Send me information on workstations for
Siliconix gate arrays.

[J Have an Applications Engineer call me. (b)
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You'll never get trapped into dead-end designs with




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

=
a

Here’s more proof that nobody does more to extend
the life of your 8-bit designs than Zilog. Because now
you can increase 8-bit Z80® performance up to 6
MHz with the high-speed Z80B CPU and its family
of peripherals. You can join the hundreds of design
engineers that have already tested this claim with
winning results. Or wonder...

Is there something here they know that you don’t?

Like the fact that the Z80B CPU has the same 158
instruction set and the elegant registers and interrupts
that you’re used to working with, but runs them 50
percent faster than the Z80A chip?

That the Z80B processor is completely software
compatible with the rest of the Z80 family, permitting
you to upgrade to higher performance without get-
ting trapped into software redevelopment? That soft-
ware compatibility also means you can use the Z80B
device in co-processing and/or multi-processing
environments along side our other Z80 processors?

And consider the fact that you can surround our
Z80B CPU’s with a complete family of Z8400 and
78500 peripherals and really boost system performance.
They help you keep your parts and space require-
ments to a minimum and increase system throughput
because we build more functions into every device.
The peripherals include a PIO, a CTC, an SIO, an
SCC, an FIO, an FIFO, a CIO, and a UPC.

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

Z80 is a registered trademark of Zilog, Inc.

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

Spte . Tin

ED 9/6/84

an affiliate of
exXoN Corporation

Pioneering the Microworld




(Q: WHAT HAVE THESE LINEAR
DESIGN GURUS BEEN UP'10?

Linear Technology is Proving
Itself to Be the Firm with
Innovative Leading Edge IC
Designs, Cost-Effective Prob-
lem Solving Products, High
Reliability and Personalized
Service.

Linear is not dead. It’s alive
and doing well at Linear Technol-
ogy in Silicon Valley. We're the
people you've been hearing
about. Our design team’s respon-
sible for almost half of the linear
industry’s most successful chips,
and an even larger share of its
design techniques.

Linear’s been hard at work
creating many new linear IC’s and
we're just getting warmed up. The
next generation of linear industry
standards are already in the lab.

AN IMPRESSIVE LINEAR
PRODUCT LINEUP

Linear Technology has pro-
duced an impressive array of in-
dustry firsts and other exceptional
linear IC’s that are attractive for a
host of applications. These new
linear IC’s include:

LT1038 10 Amp Adjustable
Regulator

This product is intended for
applications such as system power
supplies, battery chargers, and
constant current regulators
where higher current is needed.
It has an output voltage range of
1.2V to 32V, a load regulation
guaranteed at 0.4%, and is avail-
able in the TO-3 metal can.

LT1012 A New Standard
In Op Amps

For those tough precision
instrumentation applications, this
product features 35wV max. offset
voltage, 1.51V/°C max. offset volt-
age drift, 100 pA max. bias cur-
rent, low power (600pA max,

supply current), low noise, and is
internally compensated. An exter-
nally compensated version with
additional flexibility in shaping
the frequency response is also
available—the LT1008.

LTC1044 Switched Capacitor
Voltage Converter

For use in converting posi-
tive supplies to negative supplies
over 1.5V to 9V supply range.
Built on a proprietary silicon gate
CMOS process LTCMOS™ The
LTC1044 is pin compatible with
the 7660 without the need for
external protection diodes.

LT1004 Micro Power
Reference

The best micropower refer-
ence with an accuracy of +=4mV
max. It is ideal for portable instru-
ments requiring references with
operating current down to 10pA.
Available in either 1.2V or 2.5V
versions.

™Trademark of Linear Technology Corporation

IT1007/LT1037 Lowest Noise
Monolithic Op Amp

It has a 10Hz noise voltage of
4.5nV/'VHz max., 130nV p-p max.
noise from 0.1Hz to 10Hz, a 7 mil-
lion min. voltage gain, a 25V
max. offset voltage, 0.6uV/°C max.
offset voltage drift, and 11V/p.Sec
min. slew rate (LT1037).
IT1010 The First Monolithic
150mA High-Speed Buffer

This product has both cur-
rent and thermal overload pro-
tection. It is capable of driving
capacitive loads. Operates off
4.5V t0 40V supply and, in many
applications, is a plug-in alter-
native to the LH0002 hybrid.
ILT1033 The First 3 Amp,
3 Terminal Adjustable
Negative Regulator

This regulator has guaran-
tees of 1% initial voltage toler-
ance, 0.015%/V line regulation,
and 0.02%/W thermal regulation.



A:PLENTY. ANDYOUAIN'T

SEEN NOTHIN’ YET.

LT1009 2.5 VoltReference

The first 0.2% tolerance,
2.5V, low cost, reference with a
guaranteed temperature stability
of 25 ppm/°C. Available in either
TO-46 metal can or TO-92
package.

IT1001 The Lowest Offset
Voltage And Drift General
Purpose Op Amp

Useful for low-level signal
processing and high accuracy data
acquisition applications. Has per-
formance features of 15wV max.
offset voltage, 0.6uV/°C max. off-
set voltage drift, and 2.0nA max.
bias current. For similar perfor-
mance in a dual with guaranteed
matching specifications, the
LT1002 is available.

LT1005 Logic Controlled
Regulator

A new dual output 5 volt reg-
ulator, where a switchable output
provides load currentsupto 1 A
and can be shut down by a TTL/
CMOS logic control signal. The
other output provides 5V at 35mA
and is unaffected by the control
signal or overload of the main
output.

LT1003 5 Volt/5 Amp Voltage
Regulator

The LT1003 is ideal for on-
card regulation and laboratory
supplies where more current is
needed than the LM323 can pro-
vide. It has a 2% initial tolerance
output voltage guarantee.

LT1011 General Purpose
Comparator

The first comparator with 0.5
mV max. offset voltage, and 25nA
max. bias current. Ideal for Ato D
converters, low-level detection,
and other precision applications.
It features a guaranteed 200,000
voltage gain, 50mA output current
source or sink, = 30V differential
input voltage, 250nS response
time, and is fully specified at + 5V
supply.

Whether it’'s an Op Amp,
Voltage Regulator, Comparator, or
a Reference, you can count on Lin-
ear Technology to provide some-
thing to meet your linear product
needs. Eight new high perfor-
mance products are scheduled
for introduction before the end of
1984.

LINEAR PRODUCT
RELIABILITY YOU CAN
ALWAYS COUNT ON

Linear Technology is dedi-
cated to delivering an excellent
quality product. Outgoing quality
levels of<100ppm are consistently
maintained. Our product has
logged over 20 million hours at
125° C equivalent temperature,
with overall failure rates of 0.009/
1000 hours. We offer Mil Std 883B
Rev C versions of all our products.

AMPLE SUPPORT BY AN
EXPERIENCED TEAM

The Linear group is an ex-
perienced team of specialists in
design, wafer fabrication, process
control, test, quality, reliability,
production, marketing, applica-
tions support, customer service
and sales.

If you want to sharpen your
linear senses, look to Linear Tech-
nology. We're also a viable second
source for hard-to-find linear IC’s.
For more information, fill in the
coupon, or contact us.

[J Please send me more technical information on

Name

Company
Address

City

State Zip

Phone
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LINEAR TECHNOLOGY CORPORATION s
Milpitas, CA 95035-7487

LT R

1630 McCarthy Bivd.
PH: (408) 942-0810



amplifiers you
can buy.

All parameters, including noise, 100% tested and guaranteed.

MODEL | NOISE (10kHz, max) | Vos (max) | DRIFT (max) | ls (max)

OPA111BM 8nV/\/Hz +250uV +1uV/°C +1pA
OPA27AJ 3.8nV/\/Hz +25uV +0.6uV/°C +40nA

BURR-BROWN?®

Putting Technology To Work For You
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32-bit computer system
shares load equally
among up to 12 processors

A multiprocessor computer automatically redistributes
the work load and lets the user add more CPUs, employing
one modified copy of the Unix operating system.

steadily increased as the demand for
computer power has continued to spiral
upward. What would seem to be the most pow-
erful outcome of these trends—a computer that
uses multiple processors—has run afoul of the
law of diminishing returns in several ways.
Traditionally, it has been necessary to call for
extensive changes when more processors are
added to a system. Those additions, in turn, in-
vite memory contention and overworked buses
and require multiple copies of expensive oper-
ating systems. Furthermore, experience has
shown that adding a processor to a system mul-
tiplies that system’s and computing power by a
factor of only 0.8, making each successive pro-
cessor less effective.
By sharing its processing load among up to

The performance of microprocessors has

Gary Fielland and Dave Rodgers
Sequent Computer Systems Inc.

Gary Flielland, director of advanced devel-
opment at Sequent, worked at Intel for nine
years, mostly in its OEM Systems operation,
before joining the Portland, Ore., company.
He holds a BSME and a master’s degree in
electrical engineering and computer science
Jfrom the University of Florida.

Dave Rodgers is vice president of engineering
at Sequent. He worked at Digital Equipment
Corp. for 10 years, where he was instrumen-
tal im the design of the VAX 11/780. He holds
a BSEE from Carnegie-Mellon University.

12 architecturally identical microprocessors
and employing a single copy of a Unix-based
operating system, a new computer eliminates
the barriers associated with multiprocessor
systems. Called the Balance 8000, it delivers up
to 5 million instructions/s (MIPS). Its power
grows almost linearly when more processors—
32-bit NS32032s plus floating-point and mem-
ory management units—are added (see “More
is Better, Finally,” p. 154).

To make the most efficient use of its multi-

September 6, 1984 153




DESIGN ENTRY

Cover story: Multiprocessor computer

processing power, the system dynamically bal-
ances its load; in other words, it automatically
and continuously assigns tasks to run on any
processor that is currently idle or busy with a
lower-priority task. This process is carried out
transparently; neither the user nor the pro-
grammer need be aware that the system sports
multiple processors.

Easy to extend

At the same time, the computer is easily ex-
tensible. The user can add CPUs, memory, and
I/0 subsystems within a node, or more nodes
within a distributed network, or more distrib-
uted and local-area networks—all with no
changes in software (Fig. 1). Moreover, if the

machine’s assigned tasks do not run quickly
enough, the user can add two more processors
by simply plugging in a single circuit board.

The new computer is the first of a family to
implement a processor pool architecture (see
“Getting Everyone Into the Pool,” p. 156). The
system consists of a pool of 2 to 12 processors, a
high-bandwidth bus, up to 28 Mbytes of pri-
mary storage, a diagnostic processor, up to
four high-performance I/0 channels, and up to
four IEEE-796 (Multibus) bus couplers. It is
managed by a version of the Unix 4.2 BSD oper-
ating system, enhanced to make the multi-
processor base appear invisible to any applica-
tion program.

Each processor in the pool is a subsystem

The Balance 8000, with its scal-
able processor pool érchitecture,
lets OEMs easily set the number
of processors to match an appli-
cation. It does so in spite of a well-
known saturation curve reflect-
ing the performance of tightly
coupled multiprocessors—a rule
of thumb that says that each ad-
ditional processor adds only 80%
of the power of the one previously
added. Under this rule, no matter
how many CPUs are added, the
maximum effective computing
power does not surpass the equiv-
alent of only five processors.

Worse, the rule only predicts
the effective computing power
and not an additional processor’s
effect on a particular application,
which in many ways could actu-
ally degrade that program’s per-
formance. Therefore, this rule is
best taken strictly as a measure of
hardware performance.

Two classes of simple bench-
marks were used to test the rule
against Balance 8000: One class
(Class I, in the figure) consists of
traditional benchmarks like bi-
nary sort and Whetstone pro-
grams. The second (Class II) con-

More is better, finally

sisted of so-called pathological
benchmark programs like cache
busters and memory saturation
generators to push the machine to
its limits. All the tests are concen-
trated on the computer itself and
produce negligible I/0 activity.
Overall system performance is
N times the ratio t;/ts, where t; is
the run time for executing a
single copy of a benchmark and
to is the run time for executing
N copies simultaneously. The
results show how the new com-
puter’s performance stacks up
against the rule-of-thumb pre-

diction and the theoretical max-
imum,

Clearly, the cached machine is
well suited for running the Class I
tests. It achieves a nearly linear
improvement in performance (up
to eleven effective processors
when twelve are applied). With
the same number of processors,
the Class II tests show a much
wider spread, but still yield an
effective range of more than six to
nine processors. And in all cases,
the benchmarks show a much bet-
ter performance than the rule of
thumb predicts.

12 9

~

- 10

Cumulative  _
number of
processors)

Theoretical maximum

Class |

Class Il

Rule of thumb
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containing three VLSI parts: a 32-bit CPU, a
hardware floating-point accelerator, and a
paged virtual memory management unit. Two
such subsystems are on one circuit card (Fig. 2).
The fully 32-bit CPU and the floating-point ac-
celerator suit technical applications, which
tend to stress 32-bit operations and address cal-
culations. The paged memory management,
which handles a fully associative translation
look-aside buffer and a two-level page table, ac-
cesses up to 16 Mbytes of virtual memory space
for each process.

Each processor also contains a cache memory
for near-zero wait states and minimized bus
traffic. The two-way set-associative cache con-
sists of 8 kbytes of very high-speed memory and

stores recently accessed instructions and data.
In this way, subsequent requests for the same
data are satisfied from the cache, rather than
main memory, to conserve bus and memory
bandwidth. The cache takes in 8 bytes, a trade
between hit rate and bus traffic that affords an
effective hit rate of 95%.

Cache takes brains

Designing a cache for a processor pool archi-
tecture is difficult for several reasons. Since
data in each cache represents a copy of some
data in the primary memory, it is important
that all copies and the original remain the
same, even when a cache is updated. To ensure
that, the new computer employs a write-

Ethernet

SCSI controller,

Dual-CPU Memory Expansion Ethernet interface, and
proseson controllers———————— _arrays diagnostics processor
boards - P I
i_C — Console
E—=r e |
J‘* j 1 :
Remote
Console| |console
System link
and interrupt
controller Small Computer
(SLIC) bus System bus System Interface
12 slots (SCSI) bus
Mbytes/s
i User Va-in. 50-Mbyte
N;:':&:f’ ,“,','g:',‘;gﬁ devices tape drive | | disk drive

board

8-slot multibus

400-Mbyte 2-in.

16-line User

multiplexer devices disk drive tape drive

1. An extensible multiprocessor computer, the Unix-based Balance 8000 centers on a
high-speed 26.7-Mbyte/s bus. Plugged into the bus are one to six dual-NS32032
processor boards, at least one memory controller, and at least one 1/0 controller.
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Getting everyone into the pool

The concept of multiprocessing
embraces a full spectrum of struc-
tures that range from loosely to
tightly coupled (see the figure).

Multicomputers, or specialized-
function multiprocessors, encom-
pass I/0 controllers or data-
acquisition subsystems whose
processor boards often include
special-purpose hardware. But
the term “multiprocessor” may
more classically be applied to
general-purpose systems consist-
ing of two or more processors of
equal capability. This definition,
however, covers at least three
different structures: coordinated
job scheduling, master and slave
scheduling, and homogeneous
scheduling.

In coordinated job scheduling,
a loosely coupled approach, each
processor is relatively autono-
mous. Each has its own interrupt
system and storage. Each pro-
cessor also has its own copy of the
operating system and receives its
job load from a centralized sched-
uling-policy manager. Once as-
signed, a job stays with the same
processor until it ends.

One advantage of this approach
is that there is relatively little
coupling among the processors,
simplifying the design. But there
are significant disadvantages to
this approach, too. First, the pro-
cessing load is balanced only at
the beginning of a job, when a
user logs on, making the balance
relatively inflexible. For this rea-
son, it is not unusual for several
users to experience poor response
even when a processor within the
group sits idle.

Other short-term resource im-
balances are also possible, such as
a memory shortage occurring in
one processor while a neighboring
processor has memory to spare.
Also, it is not possible to employ
processors concurrently to speed

up a single application, as is often
needed for technical tasks.

In a master and slave schedul-
ing, a tightly coupled approach,
all memory is accessible to all
processors, but one processor is
distinguished (usually by the
software) as a master while all
the others are slaves. The master
maintains all of the system struc-
tures and schedules the work of
all the slaves. Slaves, however,
are limited to executing only user
code while the master handles
both user and supervisory code.

In a dual-processor, master-
slave, Unix-based implementa-
tion at Purdue University, for ex-
ample, the slave inspects a run
queue to get the next process but
can take only those marked as be-
ing user-mode code. Even then, if
a process running on a slave
makes a system call, the slave
stops the process, marks it for
supervisor mode service, and re-
inserts it on the run queue.

Master and slave systems, like
the previous approach, are relati-
vely easy to implement, and they
do have the potential for handling
parallel-programmed applica-
tions. But under heavy system
loads, the master becomes a ma-
jor bottleneck, and this limits the
number of processors the system
can have.

In the third case, a general
multiprocessor system with a
homogeneous architecture, all re-
sources (memory, I/0 devices, the
interrupt system, and so on) are
accessible to all processors. Re-
sources are dynamically assigned
to processes and not hard-wired
rigidly to a processor. In this form

of tightly coupled mult