




When it comes to motion control 
products, Hewlett-Packard 
towers over the rest with a more 
diversified and innovative line of 
solutions. Giving you one source 
to meet all your design needs. 

Just look at our award-winning 
HEDS 9000 series of encoder 
modules. Using HP's unique opti
cal technology, these modules 
are the ideal building blocks for 
creating precision high-speed 
linear or rotary applications. 
Your choices include everything 
from a 3-channel module for 
industrial applications to the 
small footprint of our 9700 col
lection for business equipment. 

CG08005 

Control panel: 
the HRPG series. 
For front panel applications, 
tum to our RPG series of potenti
ometers. Offering you full con
figuration flexibility, improved 
rotational feel, and small foot
print, HP delivers the perfect line 
of data entry devices for your 
test, medical, analytical, and 
computer equipment. 

Controlled performance: 
the HCTL series. 
Our new line ofhigh-speed HCTL 
ICs give you high performance 
servo control in low-power CMOS. 
The result: superior perform
ance and more microprocessing 

power left over for your labora
tory, medical, and industrial 
automation designs. 

And because these motion con
trol solutions come from HP, 
you're assured of our on-going 
commitment to excellence in 
service, support, and reliability. 

So why take a chance, when you 
can take control. With motion 
control products from HP. Call 
for our free brochure: 
1-800-752-0900, ext.1497. 

There is a better way. 

Ffj0- HEWLETT 
~~ PACKARD 
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~National 
~Semiconductor 

Jlll Im doing is applying 
technology to solve the world 
human communications:' 

How NATIONAL SEMICONDUCTOR IS 
HELPING YOU MEET 1HE CHAUENGES OF NEXT
GENERATION DATACOM AND TELECOM SYSTEMS. 

Mike Evans, National Semi
conductor's Director of Strategic 
Applications, Integrated Systems 
Group, talks about applying high
performance VLSI solutions to 
communications problems. 

Achieving single-chip 
integration for IEEE 802.3 

local area networks. 
"We're already a generation 

ahead in Ethernet chip design. 
We're the LAN market leader and 
the de facto standard in-the in
dustry. And now we've set a new 
standard in analog and digital 
integration with SONIC, for 'Systems
Oriented Network Interface 
Controller: It combines a controller, 
an encoder/decoder, and a phase-

FDDI Chip Set • 

32-Bit 
Embedded Processors • 

locked loop onto a single chip that 
delivers a data rate of lOMbits 
per second. 

"It's the first device that imple 
ments all 802.3 network manage
ment functions. And the first 
capable of embedding the Ethernet 
control functions in 32-bit com
puter systems. High performance, 
low power, small footprint'.' 

Setting the pace for 
tomorrow's fiber-optic 
solutions with FDDI. 
"This is a quantum leap from 

Ethernet. Fiber Distributed Data 
Interface. It's the backbone of next
generation IANs. And it delivers 
at an incredible lOOMbits per sec
ond, and with an incredibly low 
bit-error rate. We have a four-chip 
set, one in CMOS, three in Bi CMOS. 

Our Bi CMOS gives 
us the bipolar 

Ftbem et Cbzp Set 

SONIC 

1 

speed necessary for these data rates, 
with the CMOS density for high
speed logic functions. And we're 
already adding a fifth chip - a high
performance system interface. 
This is the frontier - and we're right 
on the edge of it'. ' 

Creating the world's 
first analog programmable 

CODEC/filter. 
"Here's another example of 

how we're building on our leader
ship position. Our COMBO I, 
combined coder/decoder and filter, 
is already on nearly half of the 
non-captive analog linecards in the 
world. But the telecom market 
needs higher performance and 
more flexibili ty, so we've given 

COMBO Series 



the world's most advanced 
's most ancient problem: 

them the COMBO II . Second
generation, proven technology, 
fully qualified, fully characterized, 
in production. And it's the only 
one in the world that is fully pro
grammable for gain and hybrid 
balance and time-slot assignment 
and A- or µ-law. .'.' 

Bringing unprecedented 
power and flexibility to 

fax designs. 
"If you think facsimile is 'old' 

technology, then you haven' t seen 

our solution yet. Actually our 
range of solutions - you can go 
from low-end designs to high-end 
designs without rewriting a single 
line of code. Full 32-bit processing 
power. Optimizing your fax func
tions, but also allowing you to utilize 
the processor for other functions 
when it's not sending or receiving 
faxes. So you can do PostScript 
calculations, laser printing, network 
management. Single chip, single 
box, single company." 

Putting the pride of 
National to work for you. 

"You know, communications 
affects the whole world. But the first 
step in communicating is over
coming our natural reluctance to do 
it. Ifl wanted to talk to communi
cations experts, I'd call National. 
That's where it starts'. ' 

1-800- AT-SEMI, Ext. 601 

~National 
~Semiconductor 

0 1990 National Semiconductor Corporation 

PostScript is a registered trademark of Adobe Systems. 
ASPECT; COMBO, M2CMOS, and SONIC are trademarks 
of National Semiconductor Coqx:>ration. 
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THIS MAN MANAG 
MULTIPLE DESIGN DISCIPLIN 
DEADLINES THAT COULD KIL 

The dilemma rears its ugly head 
time and time again. Do the impos
sible. By tomorrow. Worse yet, do it 
with an intimidating hodge-podge of 
design automation tools and data 
formats. And while you're at it, make 
sure all these tools and data play 
together freely and efficiently. No 
problem. Right? 

To avoid this kind of chaos, you 
need to consider a fundamental 
change in your engineering 
strategy. Which is why we now 
offer you our Concurrent Design 
Environmene 

Simply put, the Concurrent Design 
Environment allows tools from vir
tually any source to work together. 

Within it, our new Falcon Framework™ 
lets you assemble precisely the design 
automation environment your situa
tion requires - without sacrificing 
the considerable benefits of inte
gration. And our OpenDoorsM program 
ensures that your choice of tools 
includes the best the entire industry 
has to off er. 



ES 125 ENGINEERS, 
ES, DISPARATE TOOLS AND 
L. SO WHY IS HE SMILING? 

The Concurrent Design Environment 
also includes engineering management 
tools of unprecedented scope and 
power. Like our Decision Support 
System, which automatically moni
tors any aspect of the design process 
you care to specify. So you spot and 
correct little problems long before they 
grow into big ones. 

No matter how tight your dead
lines, no matter how large your 
engineering teams, our Concurrent 
Design Environment will keep you 
ahead of the game. Which, after all, is 
a very nice place to be. For a free 
videotape, call 1-800-547-7390. 

11 Menlt>r 
~Gra~ICS® 
Changing The WJf The Wlrld ~gns. T~er. 
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Build EMC into your 
and it wont be a probl 

With all the new regulations 
surrounding electromagnetic 
compatibility (EMC), the best 
way to avoid costly delays is 
to locate problems as early as 
possible. Two new HP EMC 
solutions make that easy. 

The HP 84100A Design Develop
ment Solution helps you correct 
problem areas at the design 
stage. It pinpoints hot spots on 
breadboards and prototypes 

©1990 Hewlett-Packard Co. TMSAD033/ ED 

using a spectrum analyzer with 
software memory cards that 
simplify troubleshooting. 

The HP 84110A Pre-Production 
Solution gives you added confi
dence that your designs will pass 
compliance. It has all the analysis 
capability, software and acces
sories you need to uncover con
ducted and radiated emission 
problems before final EMI testing. 

So, find out how to build EMC 

• tn Canada, call l -800-387-3867, Dept. 502 

into your designs. For informa
tion about HP's full line of EMC 
solutions and design training 
programs, call 1-800-752-0900:" 
Ask for Ext. 1351, and we'll 
send you our EMC Measurement 
Solutions fact kit. 

There is a better way. 

F//09 HEWLETT 
~~ PACKARD 
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See Us At IEEE EMC Symposium, Booth 212 and 214 
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Now there's a smarter way 
to get a single-channel sec. 

Cut a better deal 
with NEC's single-channel 

serial controller. 

Successful engineers cut waste to create effi
cient designs. And we think it's pretty wasteful 
to buy a dual-channel serial communications 
controller when your system only uses one 
channel. That's why NEC developed the 
µPD72002, a single-channel version of our 
72001 multi-protocol serial controller. 

For single-channel data communications, 
our 72002 is the cost-efficient choice. 

If you need two channels, our 72001 is a 
proven performer. Both devices offer ad
vanced features, including: 

0 Functional superset of the 8530 SCC. 
0 SDLC/HDLC/SYNC/ ASYNC protocol control. 
D Two baud-rate generators per channel. 
DA pair of transmit data-length registers per 

channel. 
D Digital phase locked loop per channel. 
D Speeds up to 2.5Mbps. 
D 12.SMHz system clock. 
O CMOS with standby mode 

for reduced power 
consumption . 

0 DIP, PLCC and plastic 
quad flat packages. 

Our 72001/002 lineup gives you unique 
flexibility in meeting both cost and perform
ance goals. For more information, contact 
NEC today. 

NEC 
CIRCLE85 



From Star Wars 



to Price Wars 

Our High Rel/Aerospace 

linear array experience is 

paying off For companies 

0 

319465 

with high-volume. low-cost applications. 

05 

Symbol Technologies is a good example. 

A tiny Raytheon instrumentation amplifier 

helped them combine both bar code scanner 

and decoder in a single, lightweight, handheld 

unit-that's tough enough to take a five foot 

drop onto concrete, 

Symbol also took advantage of our Win-Win 

program. It let them get to market quickly with 

a semicustom array, then shift to full custom 

as sales volumes increased. 

Win-Win is fast, flexible, and makes good 

business sense because it eliminates the risk 

of getting into a full custom array before you're 

really ready. 

Raytheon is committed to analog technology. 

F'rom our design kits and engineering support 

to our fab and plastic assembly facility. We 

have the experience it takes to help you 

develop creative, cost effective solutions. 

F'ind out how. Call 1-800 722-7074 for 

our new analog brochure. 

Raytheon Company, Semiconductor Division. 

350 Ellis St .. Mountain View. CA 94039. 

CIRCLE 146 

Raytheon 
Where quality starts with fundamentals 



LCD Proto Kit 
Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 

RJ11/ 
serial jack for 
RwD, TwD, 
CTS, and 
GND, plus 
2 spares. 

Kit provides 
serial inter
face to IBM 

PC for quick 
prototyping. 

Board also 
supports 

displays up 
to 240 • 128 

piwels. 

Interface to 
6 son keys or 

4 • 4 key matriw. 

* The 
CY325 

LCD 
Windows 

Controller 
provides 

parallel or 

1::~:~~~i~i 
of Instrument

size LCDs. Up 
to 256 built-Jn 

windows support 
window-relative 
text, bargraphs, 
waveforms, and 
plots. T e.t and 

graphics are main
tained In separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

5 Pin Alternate Add your own 8051 
Power Power CPU for stand 
DIN. Connector. alone operation. 

Kit also includes: 
Power supply provides + 5v and Gnd for 
board, -12V for LCD, 
and + 12V spare. Sample rout ines In 

$495 - Kit 
Popular LCD Starter Kit. 

($595 pre-assembled & tested) 

8051 Assembler 
and QuickBasic. 

Demo routines 
preprogrammed 

into 8751 for 
immediate 

gratification. 

*The CY325 40-pin CMOS LCD Controller 
IC is available from stock @ $75/singles, 
$20/lOOOs (Surface mount also avail in qty.) 

CyberneticMicroSystems 
~Box 3000 • San Gregorio CA 94074 
~Tel: 415-726-3000 • Fax: 415-726-3003 
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EDITORIAL 

NOYCE ON EDUCATION 

I
t 's already been a couple of months since Robert Noyce died in Austin, 
Texas, where he moved to direct operations at Sematech, the consor
tium for semiconductor manufacturing technology. Noyce's last inter
view may have been one of his most profound, published in the July/ 

August, 1990 issue of Intel Corp.'s house organ "Microcomputer Solutions." 
Here he noted, among other things, "We need to decide now whether we are 
going to make an investment in education. The outcome of that decision will 
be with us for the next 40 to 50 years." 

Few will deny that Robert Noyce earned the right to predict for the next 40 
to 50 years. His achievements-as the co-inventor with Tl's Jack Kilby of the 
integrated circuit and as a co-founder of both Fairchild Semiconductor and 
Intel Corp.-will be with us for at least that long. And his comments on 
education, albeit posthumously recorded, are again right on target. 

With all due respect to the leaders of the American education system, we 
believe that few experts exist in the process of education-at least not as 
expert in the same sense that Noyce was an expert in semiconductor technol
ogy. Education is not a rigorous science, as is physics-cause and effect in 
people are not as predictable as, say, the movement of electrons in a conduc
tor or semiconductor. Just about the only common link between the two 
disciplines is that, in today's world, there won't be much progress without 
large upfront investments. But successful education programs involve more 
than money. The home and community environment must actively support 
the education process, and there must be a promise of employment opportu
nity when the education is completed. 

The tributes to Noyce have been offered, the eulogies have been delivered. 
What could possibly remain to be said? Perhaps nothing need be said. Per
haps what's needed is action. 

DESIGN 

~~ 
Stephen E. Scrupski 
Editor-in-Chief 



SPECIFICATIONS 

de to 2000 MHz 
amplifier series 

Unbelievable, until now ... tiny monolithic wide-
MODEL FREQ. GAIN, dB • MAX. NF PRICE $ band amplifiers for as low as 99 cents. These rugged 

0.085 in.diam.,plastic-packaged units are 50ohm* 
input/ output impedance, unconditionally stable 
regardless of load*, and easily cascadable. Models 

MHz 100 1000 2000 Min . PWR. dB Ea. Qty 
MHz MHz MHz (note) dBm 

MAR-1 DC-1000 18.5 15.5 13.0 0 5.0 0.99 (100) 
MAR-2 DC-2000 13 12.5 11 8.5 +3 6.5 1.50 (25) 
MAR-3 DC-2000 13 12.5 10.5 8.0 +Bo 6.0 1.70 (25) 
MAR-4 DC-1000 8.2 8.0 7.0 +11 7.0 1.90 (25) 
MAR-6 DC-2000 20 16 11 9 0 2.8 1.29 (25) 
MAR-7 DC-2000 13.5 12.5 10.5 8.5 +3 5.0 1.90 (25) 
MAR-8 DC-1000 33 23 19 +10 3.5 2.20 (25) 

in the MAR-series offer up to 33 dB gain, 0 to 
+11 dBm output, noise figure as low as 2.8dB, 
and up to DC-2000MHz bandwidth. 

NOTE: Minimum gain at highest frequency point and over lull temperature range. 
"MAR·B. Input/Output Impedance 1s not 50ohms, see data sheet. 
Stable for source /load impedance VSWR less than 3: 1 

• 1dB Gain Compressmn 
o +4dBm t to 2 GHz 

designers amplifier kit, DAK-2 
5 of each model, total 35 amplifiers 

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

Size Tolerance 
(mils) 
8Qx5Q 5% 

Temperature 
Characteristic 

NPO 

Value 

10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
2200, 4700, 6800, 10,000 pf 

only $59.95 8Q x50 10% 
120 x60 10% 

t Minimum Order 50 per Value 

0 Designers kit, KCAP· 1, 

X7R 
X7R .022 .. 047 .. 068, .1µ1 

50 pieces of each capacitor value, only $99.95 

finding new ways ... 
setting higher standards 

0 Mini·A~!!n~!!!lp~n 
P O. Box 350166 . Brooklyn . New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

CIRCLE 104 
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ULTRA-MINIATURE 

SURFACE 
MOUNT 

Actual 
Size 

R2 

DC-DC Converter 
Transformers 

and Power 
Inductors 

These units have gull wing construc
tion which is compatible with tube 
fed automatic placement equipment 
or pick and place manufacturing 
techniques. Transformers can be 
used for se lf-saturati ng or linear 
switching applications. The Induc
tors are ideal for noise, spike and 
power filtering applications in Power 
Supplies, DC-DC Converters and 
Switching Regulators. 

• Operation over ambient 
temperature range from 
- 55°C to + 105°C 

• All units are magnetically 
shielded 

• All units exceed the require -
ments of MIL-T-27 ( + 130°C) 

• Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 

• Transformers can be used for 
self-saturating or linear 
switching applications 

• Schematics and parts list 
provided with transformers 

• Inductors to 20mH with DC 
currents to 23 amps 

• Inductors have split windings 

Delivery
stock to 
one week 

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

Call Toll Free 800·431·1064 
IN NEW YORK CALL 914•699·5514 

CIRCLE91 
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TECH NOLOGY BRIEFING 

GRAPHICS MATURE, BUT AT WHAT PRICE? 

D isplays on graphics workstations are nearing 
the point where the improvements in resolution 
are can't be seen by the human eye. On the other 
hand, monitor manufacturers are struggling to 

keep up with rapidly rising pixel refresh rates now possi
ble with higher-speed ICs. However, such performance 
improvements-higher resolution and faster refresh 
rates-are expensive. The question is: How much will 
users pay for this high performance? Makers of high-end 
graphics systems will be looking for conclusive evidence, 
one way or the other, as they display their wares at the 
Siggraph '90 Computer Graphics Conference, August RICHARD NASS 
6th to the 10th, in Dallas, Texas. COMPUTER SYSTEMS 

In today's market, a 1280-by-1024 monitor's cost (about $3000) is about the 
most users seem willing to spend on a display. Units with a resolution as high 
as 2048-by-2048 pixels are available, but they still cost much more: up to 
$50,000 with today's technology, primarily because of expensive CRT tech
nology. As manufacturers begin to supply users with alternative, potentially 
lower-cost monitor technologies, such as color LCD, high-res display prices 
should start to drop. This may even put added pressure on CRT developers to 
innovate lower-cost CRT technology. 

Consequently, the next few years will see only those users who need high 
resolution move to 2048-by-2048 displays. Rather than higher resolution, the 
most significant improvements probably will be refinements in CRT design 
to improve overall display quality and convenience (such as flatter screens, 
shorter depths, etc.), or in high-resolution flat-panel screens, making them 
larger (greater than 15-in.-diagonal) at an affordable price. 

For example, Dolch Computer Systems, San Jose, Calif., developed a mere 
10-in. display with a resolution of 640 by 480, which represents a solid starting 
point for the active-matrix LCD technology. Using a thin-film transistor 
(TFT) method, the Dolch VGA-compatible display is a step above standard 
electroluminescent or gas-plasma displays. It boasts a contrast ratio of 100 to 
1, five times that of conventional LCDs and a typical response time of just 40 
ms, compared with the LCD's usual spec of 300 ms. 

One key issue facing graphic-workstation designers is integrating differ
ent data-handling functions, such as image processing, volume rendering, 
and interactive graphics. Users typically would prefer to perform all of their 
graphic analyses on one system, rather than jump from one specialized sys
tem to another to get the optimum data-displaying method. Because the need 
for visualization and the amount of data that requires the integrated technol
ogies has grown so rapidly, workstation makers had to turn integration from 
wishful thinking into reality. 

Another issue to be discussed at Siggraph involves tuning up the graphics 
processing system. Producing graphics involves more than just displaying 
an image. Many imaging requirements reside in a "graphics" environment in 
order to offload the CPU from graphic-specific tasks. As a result, it's free to 
handle memory and move data around quickly. The graphics processor then 
performs the graphics-oriented operations, such as zooming, panning, rota
tions, and clipping. Users are now finding that the bottleneck once located in 
the processor has shifted. Statistics indicate that up to 80% of computing time 
is spent processing 110 information to disks, peripherals, or to the graphics 
subsystem. The standard solution of increasing the processing power won't 
help ease the bottleneck. Therefore, it's likely that vendors will now focus 
their resources on increasing 110 performance. 110 specifications will be 
highlighted instead of the MIPS that are always tossed about. And because 
the high number of MIPS can't be utilized effectively, those numbers may be 
leveling off. 

DESIGN 



Don't keep 
your processor 

in suspended 
. t• an1ma ion. 

Introducing the industry's first 
20 and 25ns--1 Megabit SRAMs. 

History is filled with examples of good architecture 
gone bad. Elegant designs left hanging because they 
didn't have the right parts. 

As a system designer, you've probably experienced 
the same thing. Now, Paradigm Technology offers a 
solution. The industry's first 20 and 25-nanosecond 128K x 
8 SRAMs. 

Our 1 Mb SRAMs provide significantly enhanced 
functionality, throughput and performance in a variety of 
architectures. What's more, a very small cell size allows our 
chips to fit neatly into packages as small as 400-mils-all 
made possible by a 
proprietary dual-well 
CMOS process. 

Best of all, every 
SRAM is fabricated right 
here in our own facility in 
Sanjose, California. 

Don't keep your 
processor in a state of 
suspended animation. To 

Access 
Time 

20ns 

25ns 

1 Megabit 128K x 8 Package 

400 mil 600mil 400mil 400mil 
Sidebraze Sidebraze SOJ Cerpack 

AUG SEPI' NOV SEPI' 

NOW SEPI' NOV SEPI' 

Military-grade parts under MIL-STD-883 
Class C available in 4th quarter 1990. 

place an order for any of our family of very fast 1 Mb and 
256K SRAMs, call Paradigm's Express Chip hotline today. 

Catch the Expresssm 
1-800-767-4530 

PARADIGM TECHNOLOGY, INC. 71 Vista Montana, San Jose, California 95134 
(408) 954-0500 FAX (408) 954-8913 
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r to 3GHz fromS1145 
lowpass, highpass, 

bandpass, narrowband IF 
• less than 1 dB insertion loss • greater than 40dB stopband rejection 
• 5-section, 30d8/ octave rolloff • VSWR less than 1.7 (typ) • meets MIL-STD-202 tests 
• rugged hermetically-sealed pin models • BNC, Type N; SMA available 
• surface-mount • over 100 off-the-shelf models • immediate delivery 

low pass de to 1200MHz 
PASSBAND, MHz fco, MHz STOP BAND, MHz VSWR 

(loss <1 dB) (loss 3db) (loss>20dB) (loss>40dB) pass- stop-
MODEL band band 

NO. Min. Norn. Max. Max. Min. typ. typ. 

PLP- 10.7 DC-11 14 19 24 200 1.7 18 
PLP- 21.4 DC-22 24.5 32 41 200 1.7 18 
PLP-30 DC-32 35 47 61 200 1.7 18 
PLP- 50 DC-48 55 70 90 200 1.7 18 
PLP- 70 DC-60 67 90 117 300 1.7 18 

LOW PASS PLP- 100 DC-98 108 146 189 400 1.7 18 
PLP-1 50 DC-140 155 210 300 600 1.7 18 
PLP-200 DC-190 210 290 390 800 1.7 18 
PLP- 250 DC-225 250 320 400 1200 1.7 18 
PLP-300 DC-270 297 410 550 1200 1.7 18 
PLP-450 DC-400 440 580 750 1800 1.7 18 
PLP-550 DC-520 570 750 920 2000 1.7 18 
PLP-600 DC-580 640 840 1120 2000 1.7 18 
PLP- 750 DC-700 770 1000 1300 2000 1.7 18 
PLP-800 DC-720 800 1080 1400 2000 1.7 18 
PLP-850 DC-780 850 1100 1400 2000 1.7 18 
PLP- 1000 DC-900 990 1340 1750 2000 1.7 18 

frequency PLP-1200 DC-1000 1200 1620 2100 2500 1.7 18 

high pass de to 2500MHz 
PASSBAND, MHz fco, MHz STOP BAND, MHz VSWR 

(loss <1dB) (loss 3db) (loss>20dB) (loss>40dB) pass- stop.-
MODEL band band 

NO. Min. Min. Norn . M in. Min. typ. typ. 

PHP-50 41 200 37 26 20 1.5 17 
PHP- 100 90 400 82 55 40 1.5 17 

HIGH PASS PHP- 150 133 600 120 95 70 1.8 17 

"'LL ~- : 
c • 
. 2 ' 
g : 
c • • 
~ . . 
; : : 

PHP- 175 160 800 140 105 70 1.5 17 
PHP- 200 185 800 164 116 90 1.6 17 
PHP- 250 225 1200 205 150 100 1.3 17 
PHP-300 290 1200 245 190 145 1.7 17 
PHP-400 395 1600 360 290 210 1.7 17 
PHP-500 500 1600 454 365 280 1.9 17 
PHP-600 600 1600 545 440 350 2.0 17 
PHP- 700 700 1800 640 520 400 1.6 17 
PHP-800 780 2000 710 570 445 2.1 17 
PHP- 900 910 2100 820 660 520 1.8 17 

frequency PHP-1 000 1000 2200 900 720 550 1.9 17 

bandpass 20 to 70MHz 
BANDPASS CENTER PASS BAND, MHz STOP BAND, MHz VSWR 

FREQ. (loss < 1dB) (loss > 10 dB) (loss > 20 dB) 1.3:1 typ. 
MODEL MHz Max. Min. Min. Max. Min. Max. total band 

NO. FO F1 F2 F3 F4 F5 F6 MHz 

PIF- 21 .4 21.4 18 25 4.9 85 1.3 150 DC-220 
PIF-30 30 25 35 7 120 1.9 210 DC-330 
PIF-40 42 35 49 10 168 2.6 300 DC-400 
PIF- 50 50 41 58 11 .5 200 3.1 350 DC-440 
PIF-60 60 50 70 14 240 3.8 400 DC-500 

""""°""' PIF- 70 70 58 82 16 280 4.4 490 DC-550 

narrowband IF 
NARROWBAND IF CENTER PASS BAND, MHz STOP BAND, MHz STOP BAND, MHz PASS-

FREQ. l.L. 1.5dB max. l.L. > 20dB l.L. > 35dB BAND 
MODEL MHz VSWR 

NO. FO F1-F2 F5 F6 F7 F8-F9 Max. 

PBP-1 0.7 10.7 9.5-11 .5 7.5 15 0.6 50-1000 1.7 
PBP- 21 .4 21.4 19.2-23.6 15.5 29 3.0 80-1000 1.7 
PBP- 30 30.0 27.0-33.0 22 40 3.2 99-1000 1.7 
PBP-60 60.0 55.0-67.0 44 79 4.6 190-1000 1.7 

FREQUENCY PBP-70 70.0 63.0-77.0 51 94 6 193-1000 1.7 

0 Mini-Circuits 
P.O . BOX 350166, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS 

PRICE 
$ 

Qty. 
(1-9) 

11 .45 
11.45 
11.45 
11 .45 
11.45 
11.45 
11 .45 
11 .45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

18.95 
18.95 
18.95 
18.95 
18.95 
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Whether you design, specify or manufacture, 
one discrete semiconductor source simplifies 
your decisions. And cuts your costs. It's Philips 
Components Discrete Products Division. 

We'll provide you with more than the 

$ ~ . Surface Mount Switching Diodes & 
• ~Ji Transistors • Bandswitch & Varicap Diodes 

;f · ll \ '!- ~ Schottky Diodes • Rectifier Diodes 
~ , JI iii. Reference & Zener Diodes • Darlingtons 
>j/f!# • ' RF & Broadband Transistors • FETs 

i ..liila Temperature Sensors 
broadest lineup of high-performance discrete 'PP' 
semiconductors in all standard metal, plastic Small Signal Switching Diodes & 

and glass packages. - Transistors • Bandswitch & 
You can count on Philips Components to ~ Varicap Diodes • Schottky Diodes 

h 1 · d · ~~ Reference & Zener Diodes • High 
~ P you llllprove es1gn-to-.development effi-~ ~ Voltage Transistors • Darlingtons 

ciency. To help you reduce tlffie and costs- ~ FETs • RF & Broadband Transistors 
with SPC, JIT, Ship-to-Stock, EDI, PPM. ~,'JF/. Optocouplers 

Philips Components 



Power Schottky Rectifiers 
Ultra-fast Recovery Rectifiers 

High Voltage Rectifiers & 
Transistors • Zeners • Thyristors 

Power MOSFETs • RF Power 
Transistors & Modules 

• Microwave Transistors 
• CATV Amplifier 

Modules 

For the broadest selection of discrete 
semiconductors-and cost-cutting ways to use 
them better-look no further than Philips 
Components. Call today for a catalog. 

1-800-44 7-3 762 
Philips Components 
Discrete Products Division 
2001 W. Blue Heron Boulevard 
P.O. Box 10330 CIRCLE 96 
Riviera Beach , FL 33404 

More Products. More Solutions. 

PHILIPS 



If the new 
Little Board7386 
fits in your poc 
think fiow it 
would fit • 1nyour 
product. 
Big power. Small package. little Board/386 is 
a complete, 32-bit, 20MHz, 80386 computer which 
occupies just 5. 75" X 8". It's perfect for embedded 
applications such as instrumentation, telecomm, 
network servers, data acquisition, CAM and others. 
Anywhere that you need big power in small space. 
A complete 386:M1 or 4 Mbytes DRAM. Dual serial 
ports and parallel port. Floppy and SCSI controllers. 
Plus solid state disk (EPROM or NovRAM), and an 
expanding list of MiniModule™ expansion modules. 
You can even add standard PC and AT 
form factor boards. 
Priced right. little Board/386 can jump-start 
you in 386-based, embedded-processor product 
development. little Board/386 is shipping now. In 
quantity. And, we can deliver at prices that are 
more than competitive. 
Answers. Now. little Board/386 is the newest in 
our complete family of IBM PC and AT-compatible, 
single board systems. If you embed microcomputers 
in your products, call today for complete information 
on Little Boards, MiniModules and the name of your 
nearest Ampro representative. Worldwide. 

Call Toll Free: 

1-800-966-5200 

~1=1=1 .. • .. 
Ampro Computers, Inc., ll30 Mountain View/Alviso Rd., Sunnyvale, CA 94089 

TEL: ( 408) 734·2800. FAX: ( 408) 734-2939. TIX: 4940302 
All trade marks are the property of their respective owners. 
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1-M I N U T E 0 P I N I 0 N S 

Is the IEEE truly serving its membership? 

I 've been an IEEE member for 12-plus years now, with no regrets at all. There 
is a lot of voluntary work involved, so you can't complain too much. Some of 

the publications are great; I have a large pile that I haven't read through. There 
are a lot of academic papers-I would like to see more practical examples that I 
can immediately come to grips with and apply in my work. J ames D. Traill, 
Tokyo, Japan 

F or a not-for-profit organization with so many volunteers in different societ
ies, I believe IEEE is serving its membership. I do not mean that there is no 

room for improvement However, in the local chapter that I belonged to, there are 
so many workshops and seminars-from how to grow in your own profession to 
how to start your own business. A lot of time and energy has been put in by those 
volunteer organizers. It is a self-service organization. I don't think it is fair to lay 
back and say that it didn't serve me well enough. J anpu Hou, Bridgewater, 
NJ. 

W hat is the goal of the IEEE? Is it to help distribute information and push 
forward technology? I think that these are the goals of the IEEE and the 

IEEE is doing fine on these goals. I do not feel that the IEEE needs to be a union 
for engineers; nor should there be a union for engineers. Richard Lokken, 
Milwaukee, Wis. 

I nstead of surveys and public opinion polls, which seem to have the intent of 
IEEE bashing, you would serve your engineering readers better by sending 

your writers out to report the actions taken by IEEE PACE groups. 
How can your readers know that despite any hearsay resulting from the 

previous reputation of the IEEE, that there are volunteers working within the 
IEEE structure to help the "working" engineers, including the unemployed? The 
tone set by your magazine in both "1-Minute Opinion?" and the career survey is 
such that it debases the efforts of the IEEE volunteers. 

In addition to the EA, the IEEE has on-line services for jobs. It has a national 
network, plus local BBS services, which on Long Island include a message area: 
"jobs for L.I. engineers." A number of IEEE volunteers have been fighting what 
they call ESP-engineering shortage propaganda. We have other groups-the 
Consultants Network, the Retired Engineers, and the group that I chair: the Small 
Business Development Group for engineering entrepreneurs and engineer
owned businesses. 

Remember, the IEEE is a volunteer organization. Anyone with a complaint 
about what the IEEE does (or does not do) needs only to become an active mem er 
to be able to participate with us in improving the member services. Marlene S. 
Farber, East Meadow, L. I. 

What's your opinion on the IEEE? ... or how about the impor
tance of analog design skills ... or the quality of today's EE gradu
ates. See the table of contents (p. 5) for a complete list of questions 
and fax your opinions to (201) 393-0637. Or mail your opinions to 
Quick Look, Electronic Design, 611 Route 46 W, Hasbrouck 
Heights, NJ 07604. 

C A E S U R V E Y 

Which systems do you use for automated 
design (including CAE or CAD), 1990 vs. 1989? 

Standalone PCs 

Standalone 
engineering 
workstations 

Multiuser 
workstation 

networks 

PC networks 

Minicomputer 
host systems 

Mainframe 
host systems 

71.1 
.,_ _____ ... 72.9 

0 1990 
D 1989 

0% 20% 40% 60% 80% 100% 

Source: Survey of Electronic Design readers conducted by the Adams Co ., Palo Alto. Calif. 

H 0 T P C 
P R 0 0 U C T S 

ith line powering, a compact, 2400-
baud modem works without an ac 
adapter or internal batteries. The 
Stowaway 2400 modem from Vocal 

Techologies Ltd. instead derives power from its seri
al port connection to a computer and from the phone 
line, which is how conventional telephones operate. 
Compatible with the AT command set, the modem, 
which has dimensions of 2.2 in. by 3 in., slides easily 
into a shirt pocket or the pouch for a laptop or note
book computer. 

Because it can be tucked behind other equipment 
and doesn't need to be monitored, the modem also 
may find use in embedded applications. The Stow
away 2400, which sells for $295, is available from Vo
cal Technologies, 3032 Scott Blvd, Santa Clara, CA 
95054; phone (408) 980-5181; fax (408) 980-8709. 
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T I P S 0 N 

TRAVEL 
• MAKE productive use of downtime in 
the airport or during in-room time at your 
hotel. More and more hotels, like the Ra
disson in Irvine, Calif, offer computers 
and peripheral equipment for rent; special 
phones in the rooms ease modem connec
tion. When booking a room, check with the 
particular hotel about 
computer facili- ..-:::;..-:;....-? 

ties-reservation
ists at toll-free 
numbers rarely 
have this information. 
• LUGGING a portable computer 
through airports could well be a thing of 
the past. LapStop Corp. offers laptop com
puters from Apple and Zenith for rent at 
Avis car rental counters in Boston, Chica
go, Newark, and Washington D.C. air
ports. Next on LapStop's list-airports in 
Atlanta, Dallas, Houston, Los Angeles, 
and San Francisco. 

OFFERS YOU 
C A N' T R E F U S E 

B 
nalog Dialogue is a free quar
terly technical journal that cov
ers circuits, systems, and soft
ware for real-world signal pro

cessing. Journal No. 23-4 discusses high
speed pin electronics, the electrical interface 
between an ATE system and each pin of the 
device under test. The 24-page issue de
scribes two new high-speed pin driver chips 
(the AD1321 and AD1322) and a complete ac
tive load (the current-switching AD1315). Re
quest a copy from Analog Devices Literature 
Center, Shawmut Rd, Canton, MA 02021. 

Another free journal, for those interested 
in or working with OSI, is The SPAG Stan
dard. The spring edition has articles on test
ing open systems and the role of the Stan
dards Promotion & Application Group in open 
systems. The 12-page issue also has a glossa
ry, which spells out 27 of the myriad abbrevi
ations in the world of standards and OSI. For 
a copy, contact Karen Garside, SP AG sa, Ave
nue Louise 149, Box 7, 1050 Brussels, Belgium; 
phone (32) 2 5350811; fax (32) 2 5372440. 

A new version of Motorola Inc.' s Data Disk 
has information on more than 13,000 of the 
company's I Cs and components. The database, 
contained on a floppy disk, also has cross
references to 25,000 competitive devices. The 
free disk is available in IBM PC and Macin
tosh formats. Contact Motorola Data Disk Lit
erature Distribution Center, P. 0. Box 20924, 
Phoenix, AZ 85063; (800) 521-6274. 

BEST SELLERS 
Which technical books are the most popular in Silicon Valley? 

·~09ii11J:1t41 
0 SPICE: A Guide to Circuit 
Simulation and Analysis Using 
PSP!CE. Paul Tuinenga. Prentice-Hall, 
1988. $21. 
fl Noise Reduction Techniques in 
Electronic Systems, 2nd ed. Henry W. Oh. 
Wiley, 1988. $42.95. 
0 Microelectronics Packaging 
Handbook. Rao R. Tummala, Eugene 
Rymaszewski. Van Nostrand-Reinhold. 
$94.95 
[I Logic Design Pn"nciples. Edward 
McClusky. Prentice-Hall, 1986. $58.60. 
EIArt of Electronics. Paul Horowitz, 
Winifred Hill. Cambridge University Press. 
$49.50. 

131lD!Qii i ~ il\191 ~:rn I 
D Object-oriented Analysis. Peter Coad 
and Edward Yourdan. Prentice-Hall, 1990. 
$29. 80. 
fl Object-oriented Design with 
Applications. Grady Booch. Addison
Wesley, 1990. $37.25. 
0 Envisioning Information. Edward R. 
Tufte. Graphics Press, 1990. $48. 
0 Computer Architecture: A 
Quantitative Approach. John L. Hennessy 
and David A. Paterson. Morgan Kaufman, 
1990. $54. 95. 
D A Practical Guide to Structured 
Systems Design, 2nd ed. Meilir Page-Jones, 
Prentice-Hall, 1988. $39. 

From Stacey's Bookstore, 219 University, Palo Alto, CA 94301; (415) 326-0681. 

...Perspecaves 11 Ti•e-11-larket 
BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Calif.; (408) 4464458 

III 
aving discussed first-of-a-kind, me-too-with-a-twist, and 
derivative classifications for new products, now I turn to 
next-generation products. These replace an aging product family that has little 
room left for market growth and that is being picked apart by the competition. 

For these products, time to market (TTM) is a prime concern. TTM shouldn't be so short that 
new products appear before they are needed, nor too long so that products reach the market 
too late. 

Care must be taken to offer new capabilities, not just a smaller, faster, and less expensive 
version of the original. Next-generation products need to be in tune with the overall 
market, not merely redesigned versions of their predecessors! In all cases that I've studied, 
TTM was longer and engineering effort (number of person months) was higher on the next
generation product than on the first-of-a-kind effort. This suggests that a starting point for 
an estimate of TTM for a next-generation product is that it should least equal that of the 
TTM of the product about to be replaced. 

Often, improved competitiveness results because next-generation efforts move the en
tire organization in a new direction. With a next-generation program, Xerox reduced its de
pendence on a large number of material suppliers and established new manufacturing ca
pability. Hewlett-Packard draws on technology from all over the world to maximize its 
efforts in laser printers. Apple, IBM, NCR, and TI have used next-generation efforts to 
integrate, fuse, and develop design-for-manufacturing and computer-integrated-manufac
turing processes and systems. Cooperative alliances and development of next- generation 
products seem to be this year's hot strategic business issue. 

Describing next-generation products is relatively easy since prior product descriptions 
already exist and data has been collected from the marketplace over the years. Likewise, 
knowledge about customer desires and the competition is highest for this type of product; in 
fact, next-generation products are often pulled into the market. Information culled from the 
market feeds the product-development process, creating a product that meets requirements 
set by the market. It is usually very clear to the development team what has to be done, but 
usually not too clear how to achieve project objectives. For this reason, next-generation ef
forts tend to produce major gains in an organization's tactical and logistical performance. 
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~National 
~ Semiconductor 

Nationals Simple Switcher.™ 
Finally, simple means just that. 
THE LM2575/LM2577 FAMILY 

OF SWITCHING REGULATORS. 

EASY TO USE, AND JUST AS 

EASY TO PAY FOR. 

No matter how you're doing 
it now, our Simple Switchers will 
change the way you use regulators. 

No more losing valuable 
design time to tedious inductor 
selection. No more parting with 
precious board space to accom
modate as many as 10 extra com
ponents. And no more expensive 
DC-to-DC converters. 

National's LM2575 Simple Switcher requires just four 
external components. 

an inductor, a diode, and two 
capacitors-and selecting them is 
a breeze. 

And you won't have to sac
rifice the quality and reliability 
you've come to expect from a 
National three-terminal regulator: 
current limit, thermal shutdown 
and a guaranteed system output 
voltage tolerance (±3%). If you're 
looking for MIL-STD-883 B 
Rev. C-compliant devices, we 
offer the LM 1575 and LM 1577, 

scheduled for qualification 
later this year. 

ONE SIMPLE PHONE CALL. 

This is a power solution that 
won't try your patience or test 

~ 7_:_ z z 7 
Instead, we offer our mono

lithic LM2575 step-down (buck) 
and LM2577 step-up (boost) reg
ulator families, in 5V, 12V, 15V 
and adjustable versions. They're a 
lot easier to use than a traditional 
switching regulator, and cost 
about one-fifth as much as a DC-

Take the inductor: We 
provide a nomograph right in the 
datasheet, along with tables asso
ciating inductor codes with their 
corresponding values and man
ufacturers. You simply look up the 
inductor value required by your 
application. Then you can pur
chase the inductor (as well as the 

... ....... .. - v. 

= 
Typical SV application. 

to-DC converter. 
Now you can save design 

time, board space and money. 

MINIMUM DESIGN EFFORT. 

Designing a reliable, efficient, 
power supply used to be com
plex and tedious. No more. Our 
LM2575 Simple Switcher requires 
only four external components
Simpte Switcher is a trademark of National Semiconductor 
Corporation. © 1990 National Semiconductor Corporation. 

capacitors and the 
diode) right off the 
shelf. And you put 

+sv them to work 
with a simple, 

three-step design 
process. 

MAxlMUM SYSTEM 

PERFORMANCE. 

There's nothing common
place about the Simple Switcher's 
performance. For example, the 
LM2575T-5.0 features a 5V output 
capable of driving a IA load with 
impressive line and load character
istics. Operating at 82% efficiency 
(compared to 40-50% for a linear 
regulator), it will help your system 
consume less power. 

LM2575-SO STEP.DOWN tA K.T 

LM2575-12 STEP.DOWN 1A K,T 

LM2575-15 STEP-DOWN IA K.T 

LM2575-AOJ STEP-DOWN IA K,T 

LM2577-12 STEP-UP, FIYllACK, 
FORWARD CONVERTER 

3A K.T 

LM2577-15 STEP-UP, FIYllACK, 3A K.T 
FORWARD CONVERTER 

LM2577-AOJ STEP.UP. FlY8ACK. 3A K.T 
FORWARD CONVERTER 

TheSimpleSwitcherfarnily. K=T0-3 T=T0-220 

your budget. If you'd like to know 
more, give us a call. We'll even 
send you a complete Simple 
Switcher design aid kit, with an 
optional PC-DOS-compatible 
design diskette. In the U.S., call 
1-800-624-9613, Ext. 25. In Can
ada, call 1-800-548-4529, Ext. 25. 
Or write us at National Semi
conductor, P.O. Box 7643, 
Mount Prospect, Illinois, 
6oo56-7643. 

We can't make it any simpler. 

~National 
~ Semiconductor 

~ 

v 
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<T TRIG CHANNELS 9··16 

\o oooooon ; 

LOGIC I OSCILLOSCOPE 
1600 

Sorry you had to wait so long. 
Introducing theModel1600 

Logic/Oscilloscope 
Now you can clearly see logic 
timing problems in analog 
form across as many as 160 
channels-with logic analyzer 
triggering. 

Look at both time align
ment and signal fidelity 
simultaneously on lots of 
channels, and solve all kinds 
of measurement problems. 
Bus monitoring, for computers 
and peripherals. Termination 
problems. Ringing. Over
shoot. Rise and fall times. 
Set-up and hold times. 

And now, finally, you 
can test and time-align high 
channel-count test equip
ment. Calibration labs can 
now test and verify their ATE 
systems and ASIC verification 
systems. 

The Logic/Oscilloscope 
lets you see it all, in exactly 
the format you want, with one 
machine. One screen. One 
group of parameters. One set 
of probes. 

Display any channel, any 
place, relative to any other 
channel you want. Overlap 
two or more waveforms for 
easy comparison, and differ
entiate them in eight colors. 

Easy- to-understand 
screens, prompted functions 
and a "Help" key make it easy 
to set up and take measure
ments without ever opening 
the manual. 

Call (408) 374-2990 now 
and find out how to get a good 
look at the new Model 1600 
Logic/Oscilloscope from 
Outlook. 

You've waited long enough. 

CIRCLE 121 

Outlook Technology, Inc. 
200 E. Hacienda Avenue, Campbell, CA 95008 
Telephone ( 408) 374 -2990 FAX ( 408) 374-9273 



The way 
we build 

workstations, 
you'd think 

we had 
to use them 
ourselves. 

CIRCLE 100 

Wedo. 

There's nothing like some real world proof to establish the 
viability of a product. 

Which is why you might find it comforting to knaw that 
the Sony NEWS" line of workstations are being used by real 
designers. On real chip, board, and product development 
prajects. For one af the warld's most successful electronics 
manufacturers: Sony. 

In fact, Sony engineers are using NEWS workstations to 
design everything from SRAMs and other chips to advanced video 
and audio controllers for the professional broadcast markets. 

All of which uniquely positions us to understand your engi
neering and product development needs. Because here is a 
case where the supplier is acutely aware of the consumer's 
needs. And hos to meet those needs. On a daily basis. 

The result is our very affordable NEWS 3710 desktop 
workstations-the latest additions to our current workstation 
line. Fast, powerful, and expandable, these R3000!based 
systems offer extensive memory plus high capacity, cost
effective storage options-including Sony's unique magneto 
optical drives and DAT tapes. Of course, you can choose the 
black-and-white, grayscale, or high-resolution Trinitron" color 
monitor that best fits your application. 

We even have most of the popular EDA software packages
including applications from vendors such as Cadence, Valid 
Logic, Data 110, Synopsys, Racal-Redac, Silvaco and an ever
expanding roster of others~ 

To find out more about why Sony's solutions should be 
your solutions, give us a call at 1-800-624-8999, ext. #96. 

Then just sit back and watch the NEWS. 

SONY. 
Sony Microsystems Company 

Sony Microsyslems Company, 651 River Oaks Parkway. San Jose, CA 95134 (408) 434-6644 FAX: (408) 954-0849 • Sony of Canada, Ud., Ontario, Phone: (416) 499-1414 FAX: (416) 497-1774 • Sony MJCrosystems Europe, Koln, 
Phone. (0221) 59 30 42 FAX• (0221) 59 35 42 • Sony (Austraha) Ply., Ud., NS.W., Phone: (02) 887-6666 FAX: (02) 887-4351 • lnlemat10nal Sales Dtv1SIQ(l, Tokyo, Phone: (03) 448-4041 FAX: (03) 448-4043 • Sony, NEWS, and Tnrulron 
are 1eg1stered trademarks of SonyCorporaho11 R3000 is a registered trademark of MIPS Computers, Inc. Cl 1990 Sony CorporatlOn of America Design and spec1flcatoos subiect 10 change without nottce. 'Some of the software 
mentlOl'\ed herem may not be available tor all NEWS models or lor worldwide d1S1ribu11on_ Cati your Sony representa11ve to check lor ava1lab1hty 



TECHNOLOGY NEWSLETIER 

MOLDING COMPOUNDS A? importan~cause in t~e degra.dation of the inter~etal~i~ re~ion of the gold
w1re-to-alummum-bondmg-pad mterface has been identified m several types 

HASTEN IC DEMISE of IC devices. In a paper presented at the International Reliability Physics 
Symposium in New Orleans in March, it was reported that antimony trioxide-a common com
ponent of semiconductor molding compounds-is the overriding factor in causing "ball lift," 
leading to a near-complete loss of bond strength. The test results, reported by scientists from 
Dexter Electronic Materials, Olean, N.Y., contrast sharply with earlier reports that antimony 
trioxide improves wire-bond reliability in dry environments. Dexter disclosed that the com
monly used substance actually weakens many molding compounds. Using ion-scavenging 
additives with specific types of flame retardants solves the problem. Dexter's scientists be
lieve that their test procedures will help screen molding compounds and benefit many applica
tions. DM 

ASIC MAKERS PROMOTE Several leading ASIC suppliers have formed a specif.ication group to enhance 

S T 
and promote a standard test-access port for on-chip test structures devel

TAND ARD EST PORT oped by CrossCheck Technology Inc., San Jose, Calif. The group's first meet
ing discussed how to improve and extend the test circuitry while ensuring compatibility with 
independently developed application software tools, such as fault-simulation and automatic
test-pattern-generation (ATPG) programs. With a standard port, ASIC designers could use 
the same application software to design ASICs with different suppliers. Members include Fu
jitsu Ltd., Harris Semiconductor Corp., LSI Logic Corp., and Raytheon Co. The group, all of 
which are licensees of Cross Check technology, decided that the test port should be usable as a 
standalone port or with the IEEE-1149.1 test-access port for board testing. The patented test 
structure is a grid with many test points embedded in the ASIC's base array. Using the grid 
and specially developed ATPG software, designers can get faster high fault coverage than 
with conventional techniques. JN 

SERVER BRINGS BACK The recently announced VAX 4000 model 300 "server" from Maynard, Mass.
based Digital Equipment Corp., closely resembles the minicomputer of yes

MINI MEMORIES teryear. The VAX is the first that DEC designed and optimized specifically 
for client-server operation, coming on the heels of the company's proclamation that client
server computing will rule in the 1990s. Fully compatible with other members of the VAX 
family, the server can utilize the extensive library of existing application software. The pedes
tal-enclosure machine occupies less than 20 ft. 2 and doesn't require any special air condition
ing or a separate computer room. Systems start at $127,000. The server, as well other prod
ucts, were announced at DECWorld '90. RN 

SMART MODELS RUN Board-level simulation with the Max family of erasable programmable logic 

S 
chips from Altera Corp., San Jose, Calif., has just become possible thanks to 

IMULATIONS WITH MAX behavioral software models created for the EPLDs. The simulation models, 
called SmartModels, from Logic Automation Inc., Beaverton, Ore., enable designers to simu-
late the EPLDs as standalone devices and simulate the entire system, into which the EPLDs 
are inserted. One option available for the models is a "window" feature that allows designers 
to view some of the inner workings of the EPLDs. With the window viewports, designers can 
set breakpoints, single-step through instructions, change register values, and group various 
registers or bits together to form a cluster that can be observed as one entity. SmartModels 
will be available next quarter for the four current Max family members, and for two soon-to
be-released additions to the Max EPLD family. Contact Rick Denker at Logic Automation, 
(503) 690-6900. DB 

HDTV'S FIRST IMPACT TO ACM Siggraph, the Associa~ion of Computing Machinery's ~pecial Interest 
Group on Computer Graphics, forecasts a greater emphasis on computer 

HIT COMPUTER INDUSTRY graphics applications as high-definition television (HDTV) shifts into niche 
markets. According to ACM's report, "HDTV & the Quest for Virtual Reality," HDTV will in
fluence the evolution of desktop workstations significantly. According to the study, HDTV 
and workstation designers must replace bulky CRT screens with flat-panel displays, and 
adapt to higher-capacity communications channels. The study examines the current state of 
HDTV hardware and the probable future direction of the technology and its marketplace. The 
study, which was recorded on videotape, serves as a buying and planning guide for users with 
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production and closed-circuit applications. It offers manufacturers , programmers, and educa
tors a thought-provoking analysis and forecast of the HDTV movement. Also, the debate on 
standards, program delivery, and interactivity is addressed. The report was released at the 
Siggraph '90 conference. For information on obtaining the tape, call (800) 523-5503. RN 

SPICE MODEL CREATES By correct.ing several deficiencies in existing models, a new S~ice model 
allows designers to more accurately represent GaAs metal-semiconductor 

BETTER GAAS ICS field-effect transistors (MESFETs). For instance, in most existing Spice mod
els (like Raytheon-Statz Spice models), the correct drain conductance can be predicted only for 
a small range of drain current values. The new model, developed by TriQuint Semiconductor 
Inc., Beaverton, Ore., rectifies this problem by making pinch-off voltage a function of drain 
voltage, and by correcting self-heating more efficiently. It also incorporates several features 
unique to GaAs technology, and more accurately predicts small-signal parameters over many 
bias conditions. As a result, the improved model delivers more realistic results for gain com
pression and other nonlinear parameters. The model is available now to TriQuint customers, 
and may soon be included with commercial Spice programs. For more information, call (503) 
644-3535. LG 

MEGABIT FLASH EPROM Unlike the simple flash memory chips thatjusterase the entire chip, a 1-Mbit 
flash memory's space divided into 128 sectors of 1 kbyte each. Each sector of 

PERFORMS SECTOR ERASE the 128-kword-by-8-bit memory from Philips Components-Signetics Corp., 
Sunnyvale, Calif., can be erased and rewritten independently. The entire chip can also be 
erased, as is the case with the simpler chips. The 48F010 is the first flash memory chip from 
Philips-Signetics to come as a result of a technology-sharing agreement inked between Seeq 
Technology Inc. , San Jose, Calif., and Philips in the fall of 1989. Philips is an alternate source 
for the previously released Seeq megabit flash memory. Data in the 48F010 can be read in 200, 
250, or 300 ns (depending on the speed grade), and can be stored injust0.5 ms/ byte. The 48F010 
requires a 12-V supply for the erase/ program cycle and can endure 100 such cycles; screening 
can yield units with 1000-cycle ratings. Future chip versions will be able to endure up to 10,000 
erase-program cycles. DB 

PROCESS MERGES TUNGSTEN An integrated met~llizatio.n system to create interconnections, or vias, be
tween metal layers m multimetal layer I Cs has been developed to reduce wa-

DEPOSITION, ETCHBACK fer-processing cycle time and particle-induced defects. The system, devel
oped by Applied Materials Inc., Santa Clara, Calif., combines chemical vapor deposition (CVD) 
of tungsten with tungsten etch back and maintains the wafer under vacuum throughout the 
processing sequence to avoid airborne contaminants. After receiving the CVD tungsten depo
sition, the wafer is then transferred to the etchback chamber where a magnetically enhanced 
reactive ion etching removes the tungsten blanket at a rate greater than 7000 A/ min. , but 
leaves tungsten in the contacts or via holes. At this point, the etch system removes any 
residual tungsten and the adhesion layer on the oxide surface using a highly selective over
etch step. To prevent plug recess, the system-called the Precision 5000 WCVD-uses an end
point-detection scheme based on multiline optical emission. This detects the interface between 
the blanket tungsten film and the underlying adhesion layer. ML 

SUBMICRON BICMOS A next-generation biCMOS process with drawn features as small as 0.8 µm 
makes it possible to pack 300,000 gates on a chip. Up to 120,000 ECL gates (in-

p ACKS 300 KGATES/CHIP eluding embedded RAMs), or 200,000 to 300,000 biCMOS gates, as well as 
mixed ECL, TTL, or CMOS I/Os can be integrated. Dubbed ABIC IV (advanced biCMOS IV) 
by its creator, National Semiconductor Corp., Santa Clara, Calif., the process can implement 
loaded ECL gates with delays as short as 50 ps, biCMOS gates with delays of less than 200 ps, 
and CMOS gates with loaded delays of about 400 ps. The process employs twin buried layers 
and double-diffused npn transistors to get 15-GHz cutoff frequencies for the bipolar devices. 
In addition, contactless self-aligned structures with polysilicon sidewall silicidation are used. 
Silicide also coats the source, drain, gate, base, and emitter regions to reduce contact resis
tances. Short polysilicon local interconnections are also silicided. Tungsten plugs are used in 
the dielectric contact holes between metal layers so that subsequent metal layers are deposit
ed on planar surfaces, thus eliminating step-coverage problems. With the planar layers, four 
levels of metal can be used for device interconnections, resulting in high wiring densities . DB 
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Clearpoint, of course! 
Advanced Chip Technology 
and Design 
Get up to 64 MB of fast, VME
compatible memory in a single slot. 
Designed with state-of-the-art 4 Mb 
DRAM technology, Clearpoint's 
VMERAM-FPl assures higher 
reliability through lower component 
count. Each of Clearpoint's VME
compatible boards supports all 
VMEbus addressing and data transfer 
types-block mode (BLT), unaligned 
(UAT), and address only (AOO) . 

The Fastest Byte Parity 
The VMERAM-FPl, available in 4 to 
64 MB, provides the fastest sustained 
block transfer timing available. 
Typical operating speeds boast 74 ns 
read and 100 ns write. 

Our company-wide 
pledge to deliver 
reliability and 
performance . CE-

CLEARPDINT 

Quality Commitment 

Clearpoint is a registered trndcmark of Clearpoint Research Corporation. 

Error Detection and 
Correction Options 
Clearpoint offers several EDC boards 
for the VMEbus and the VSB 
subsystem bus. Our proprietary 
second generation EOC chip set 
allows for reduced chip count while 
providing advanced EDC logic. 

• VMERAM-ECl: Featuring 
Clearpoint's exclusive "extra 
bit" technology, 24- and 32-bit 
addressing, and 8-, 16-, and 32-bit 
data transfers, VMERAM-ECl is 
available in 2 to 64 MB densities. 

• VMERAM: The VMERAM is the 
low-cost alternative for EDC 
memory, with pricing comparable 
to parity memory. The VMERAM 
is available in 2 to 16 MB 
densities. 

• VSBRAM-ECl: Features include 
"extra-bit" EDC and dual 64-bit 
caches for simultaneous transfer 
capabilities. Dual-ported for the 
VMEbus and VSB subsystem bus, 
the VSBRAM-ECl is available 
in 2 to 64 MB densities. 

CIRCLE 124 

T he Clearpoint Difference 
Clearpoint is a leading vendor in the 
VME marketplace, with the most 
comprehensive service program 
available. All Clearpoint memory 
products are covered by a lifetime 
warranty and a toll-free technical 
support hotline. Dedicated inventory 
in multiple locations worldwide 
support our 24-hour replacement 
program. 
Call or write to receive 
the facts: 
0 Product/Services Catalog 
0 Designer's Guide • • 
0 Spec Sheets 
0 Newsletter 
0 Applications Video "' 
0 Quality Assurance Information 

CLEARPOINT 
Clearpoint Research Corporation 

35 Parkwood Drive 
Hopkinton, MA 01748 

1-800-CLEARPT 
(1-800-253-2778) 
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Before you buy development 
One glance at the advertising in this magazine 

and you know your embedded design involves 
mega choices. But too much of a good thing may 
lead to one thing: confusion. 

We can help dear this up, for free. With the 
articles and technical notes you see above. 

Because whether you're an old hand or just 

starting out, they'll provide timely insights and 
techniques. To help you get to market first. 

Learn which development tools are right for 
your project. Do yuu need emulation or simulation? 
And just how can you debug less and enjoy it more. 

These papers are based on Applied Microsystems' 
experience at setting up over 12,000 systems 

0 1990 Applied Micros)>(ems Corporation, P.O. Box 97002, Redmond, WA 98073·9702 USA. All rights reserved AMC·9. Other names indicated by~ are registered trademarks of their respective holders. 
For the name o f your nearest dlslrlbutor in Europe, call 44-(0)-296-625462. Europe Fax 44·296-623460. Or contact Applied Microsystems Corporation, Lid., Chiltern Coun, High SCreel, Wendover, 



tools, read the fine print. 
worldwide for 8-, 16- and 32-bit designs. Our field 
engineers have seen enough to write a book 

But we've boiled some of it down to several 
thousand well-chosen words. 

To order an article, or to receive a system 
demonstration, call 1-800-343-3659. 

And get the bigger story: 

1111mm 

Applied 
Microsystems 
Corporation 
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The Intel i960 32-Bit 
Embedded Processor 
Family: Low Risk 
Solutions for High
Perforniance Entbedded 
Designs 

Because successful designs require more than just a single embedded processor, 
Hamilton / Avnet carries the Intel i960 32-bit Embedded Processor Family. 

Featuring i960 Superscaler architecture with up to 66 MIPS of performance, the 
i960 Family includes a broad performance range of 32-bit embedded processors, as 
well as the peripheral components, coprocessors, and development tools to ensure 
the success of your designs. 

Peripheral components that include Intel's 82596, 32-bit ethernet processor; 27960 
burst EPROM; 85C960 and 85C508 EPLDs; and evaluation boards. 

And Hamilton / Avnet can further support your design with Intel development 
tools, such as the ICE-960KB; development software; technical literature; design 
application notes; and technical specialists. For details, simply send in the coupon 
below, or call toll free, 1 (800) 442-6458. 

r-----------------------1 
FREE DEMO DISKEITFS! 
D I'd like more informatio n on the Intel i960 Family, including 

the i960 development tools demo diskette. 
D Please h ave a Hamilton / Avnet representative call on me. 

Ti tle ___________ _ _ ___ _ _ __ _ 

Company _ __________________ _ 

Address-------------------~ 

City ____________ ___ _ _____ _ 

State ___ _ _ ________ .Zip _ _ _____ _ 

Phone _____ _ _ _____________ _ 

Applicatio n ------ - - ----------

Mail to: H amilton / Avnet Electronics 
Dept. 175, P.O. Box 9000, San Fernando, CA 91341-9981 

Offer expires October 31, 1990. , ________________________ J 
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X·WINDOWS GETS TRUE COLORS SIMULTANEOUSLY 

T
hanks to a RAMDAC 
with a unique archi
tecture and a virtual

resource scheme, X-win
dow terminals can now 
have true colors simulta
neously for all windows. 
The RAMDAC, dubbed the 
Bt463, was developed joint
ly by Brooktree Corp., San 
Diego, Calif., and Digital 
Equipment Corp., May
nard, Mass. The chip's vir
tual-resource scheme en
ables each X-terminal win
dow to have its own color 
map and the associated 
pixel data that's struc
tured uniquely by the 
graphics chip without any 
color degradation. 

The Bt463 operates at 
110 to 170 MHz and is the 
first commercially avail
able monolithic IC that of
fers a high-resolution true
color palette (see the fig
ure). According to Brook
tree, the device's mapping 
functions are completely 
different from any other 
RAMDAC's, and is the key 
to its performance. 

The chip's lookup tables 
have enough storage space 
to switch between a full 
eight-plane pseudo-color 
and a full 24-plane true-col
or display. By adding the 
pixel-mapping function, 
called window-type tables, 
the lookup table can be sub
divided into 16 smaller ta
bles, depending on the win
dow types being support
ed. The window-type tables 
offer the ability to switch 
on a pixel-by-pixel basis for 
different visual types 
(gray-scale, true-color, or 
pseudo-color). In addition, 
they make it possible for a 
window to be set at any 
depth. For example, one 
window can have a 24-
plane true-color format, 
another a 12-plane true-col-

or format, and still another 
an 8-plane pseudo-color or 
gray-scale format. 

The Bt463 is constructed 
so that each residing appli
cation can have control 
over its own lookup table. 

Before the Bt463, the appli
cation that last touched the 
lookup table (the applica
tion on top) would modify 
the table. This confused all 
of the other applications 
running on the screen at 

INSTANT GATE ARRAYS HAVE 
WIRING CONFIGURED BY LASER 

Aproprie_tary laser
patternmg process 
has been developed 

that eliminates many 
drawbacks of other fast
turnaround patterning 
schemes. It also lets pre
metallized gate arrays be 
configured in minutes. By 
predefining a two-level
metal X-Y matrix of wiring 
above the gate array, Chip 
Express Corp., Santa 
Clara, Calif., can pattern 
both layers at the same 
time, thus eliminating pro
cessing steps of other fast
turnaround gate arrays . 
That promises to reduce 
the turnaround time for 
gate arrays to 1to5 days. 

Although the scheme 
can theoretically work 
with almost any gate ar-

ray, its key is the custom X
y wiring grid for each ar
ray family. However, to en
sure no hitches on the first 
product release, the com
pany, along with Interna
tional Microelectronic 
Products Inc., San Jose, 
Calif., developed its own 
family of gate arrays with 
predeposited metalization 
grids. The CMOS arrays 
have 3000, 6000, and 10,000 
gates, and typical loaded 
gate delays of 500 ps. 

Because the grid sits 
atop a standard chip, the 
company expects utiliza
tion to be near that of fully 
mask-configured arrays. 
To "instant" program a 
gate array, the base array 
is coated with metal. The 
metal is then patterned to 

E L E C T R 0 N 

that time. 
At 170 MHz, the chip can 

achieve 112-pixel resolu
tion-at 110 MHz, that 
equates to 114-pixel resolu
tion. The chip, which con
tains a standard micropro
cessor interface, isn't de
signed exclusively for 
DEC hardware. It isn't X
window specific either, 
just window specific. 

The chip's pixel ports are 
reconfigurable on a pixel
by-pixel basis, offering the 
flexibility for multiple dis
play modes. The reconfi
gurabi li ty feature also 
makes the frame buffer 
more efficient because the 
same buffer can be used 
for pseudo- and true color. 

The RAMDAC lets 
DEC-one of the key insti
gators behind the X-win
dows software standard
promote the graphical user 
interface as a standard 
more easily. 

RICHARD NASS 

form the first-level grid, an 
oxide insulating layer is de
posited, and the second 
metal level is deposited and 
patterned. Tiny window re
gions are next etched away 
in the oxide regions formed 
between the grid of sec
ond-layer metallines, to ex
pose the programming 
points on the first metal 
layer (see the figure, p.36, 
left part). 

For accurate laser posi
tioning and minimal vapor
ized aluminum-wiring re
depositing, a thin, propri
etary antireflection mate
rial is deposited over the 
chip surface. Wafers can 
then be stockpiled for con
figuration at any time. An 
array is configured under 
the proprietary Quick la
ser-micromachining sys
tem. About an hour later 
(for up to 12,000-gate ar
rays), a configured chip 
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emerges (see the figure, 
right part). 

Post-processing re
moves the antireflection 
coating and any redeposit
ed aluminum. A sealant 
cap layer is used to protect 
the chip. Chips can then be 
tested with customer test 
vectors and then delivered. 

All of this works well for 
a few chip samples with a 
turnaround of 1 to 5 days. 
However, when a few doz
en to a few hundred chips, 
there are two alternatives 
through IMP. The first is 
the OneMask production 
option, which allows all 
metal lines to be patterned 
in a single etch step. 

Most double-level-metal 
arrays require four mask 
steps to custom-create the 
two wiring layers, result-

ing in a much longer pro
cessing cycle. For major 
production volumes, the 
second option lets IMP cre
ate custom metal masks 
for the Chip Express ar
rays to further optimize 
performance. For either 
option, customers can deal 
directly with IMP. 

Chip Express doesn't 
plan to sell its laser system 
initially, but hopes to be-

GAAS COMES OF AGE 
IN LOW-COST DOWNCONVERTER 

Gallium arsenide's 
days as a bridesmaid 
may finally be over. 

For years, proponents of 
GaAs technology have pre
dicted that the material's 
time was just around the 
corner.Ittooklongerthan 
originally thought to turn 
that corner, but Anadigics 
Inc., has done so. The War
ren, N.J., company is pro
ducing more than 70,000 
GaAs downconverter I Cs a 
month to fulfill a 1-million
piece order from British 
Satellite Broadcasting. 
This is the largest produc-

Low·noise amplifier 

tion run of any GaAs IC. 
The Anadigics low-noise 

block downconverter is 
mounted in the Ku-band 
antenna's feedhorn. The 
circuit drops the incoming 
ll.7-to-12.5-GHz signal to 
950-to-1750 MHz, a fre
quency range than can be 
sent through coaxial cable 
to the indoor direct-broad
cast satellite (DBS) receiv
er. The downconverter and 
a preceding two-stage low
noise amplifier also boost 
the signal by 50 dB (see the 
figure). The Anadigics IC 
replaces more than 50 dis-

Bandpass 
filler 

Bandpass 
filter 

Downconverter IC 
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come a "service house," 
making possible designs in 
either of two modes. Cus
tomers can provide a cir
cuit net list and test vectors 
created with the library of 
macrocells supplied by 
Chip Express and standard 
tools from popular work
station vendors. Chip Ex
press will then do the lay
out (a fuse cut list) and sup
ply post-layout parame-

crete components used in 
older-generation downcon
verters. 

To win the British Satel
lite order, Anadigics had to 
come up with a way to pro
duce large numbers of 
GaAs ICs with a higher 
yield and lower price than 
is typical for the GaAs in
dustry. To do that, the com
pany bought moderately 
priced, commercially avail
able equipment and modi
fied it to fit the project's 
needs. Production technol
ogy was also improved to 
increase yields. 

Furthermore, the com
pany developed a quick
turn design cycle that went 
from mask tape to device to 

Lowpass 
filler 

II output 

ters for final simulation 
before signing off. 

Alternatively, custom
ers can purchase the lay
out software tools from 
the company and do all 
placement and routing. 
Then they just supply a fi
nal approved fuse pattern 
and test vectors. 

Contact Adi Gamon, 
(408) 988-2445. 

DAVEBURSKY 

evaluation in just 2 weeks. 
The whole cycle requires 
only 4 weeks, compared 
with a typical 16 weeks. 

The chip was packaged 
in a modified T0-5 can that 
costs less than $1, rather 
than the $10 or more for a 
specialized microwave 
package. In fact, the whole 
chip sells for under $8. The 
discrete components being 
replaced cost from $5.50 to 
$7, depending on quantity. 
However, the IC also per
mits a smaller and simpler 
antenna, reduces manu
facturing and test costs, 
and improves reliability 
and consistency. 

The 12-GHz Ku-band 
transponders, which have 
transmitters in the 100-W 
range, make it possible for 
home receivers to use an
tennas of less than 1 m and 
costing about $500. This 
compares with C-band sys
tems in the U.S. with 3-m 
antennas and price tags of 
$1500 and up. 

JOHN NOVELLINO 
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Get the Facts 
When evaluating RISC processors 

for embedded applications, you 
need real benchmark data from 
independent sources. The R3001 
Performance Comparison Report is a 
collection of the original third-party 
data used in the graph below. 
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B_enchrnark Your Code 
Of course, we know that pub

lished data can't give you all the in
formation . You'd prefer to perform 
benchmarks for your specific appli
cation, and our six technology cen
ters are equipped to do just that -
bring us your code and we'll run 
your benchmarks! 

You Can Count On Us 
IDT offers a full array of comple

mentary high-performance system 
building blocks for all your applica
tions. Contact us today and get the 
facts: an R3001 Data Pak and R3001 
Performance Comparison Report. 

IDT Corporate Marketing 
P.O. Box 58015 
3236 Scott Blvd. 
Santa Clara, CA 95052-8015 

(800) 345-7015 
FAX:408-492-8454 

dt 
When cost-effective 
performance counts 

0 
DHRYSTONE 

1.1 
BUBBLE BEZIER CONTEXT READ/ HAND COMPILED 

SORT SWITCH WRITE CODED 
TO/FROM ~-Ml-LIT-AR~Y-A-DA~ 

PERFORMANCE CRITERIA QUEUE BENCfiMARK 

Sources : Electronic Engineering Magazine, High-Performance Systems Magazine, Microprocessor Forum Conference Fall 1989, 
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A 1983 concept 
that's still an innovation 
Ericsson component power 

If you've only just discovered the economy, reliability and 

flexibility of component power, don't worry. Even some power supply 

manufacturers think it's new! 

In fact, component power concept - using very efficient, 

high frequency DC/DC converters 

as complete power 'components' 

for distributed power architeaure -

was introduced by Ericsson way 

back in 1983. And EriPower™ 

modules have since been proven 

~ in thousands 

switching it's the world's smallest converter to offer full power 

operation at 85 °C. And with ceramic capacitors for filtering and 

effective thermal management design, it has a demonstrated MTBF 

of over 200 years! 

This same concept applies to the 15 and 18 Watt 

PKC. With a footprint smaller than a credit card, these 

sub-miniature converters offer the unique option of 

In-Card low profile mounting. The mechanical design 

allows the center of the module to rest in a slot in the 

PCB, giving a maximum height of just 8.5mm. 

The PKA and PKC can be easily paralleled for 

#~~ ofapplications 
. The PK.A & PKC, DC/DC converters are produced on fully automated 

IM)rldw1de. lines to IJUarantee consistently high quality and reliability 

higher power applications and they make ideal com

ponents for n + 1 parallel redundancy applications. 

The first product, the PKA 25 to 40 Watt 
The PKC In-Card, 
15-18 Watt DC/DC 
converters provide 
ultra low profile 

converter, set the standard and is still the market 

leader by far. Using hybrid construction and 300 kHz 

Sweden 
Australia 
France 
Hong Kong 
Great Britain 
Italy 
Norw.1y 
United States 
West Germany 

Ericsson Components AB, Stockholm, Tel: (08) 721 70 59 Fax: (08) 721 70 01 
Ericsson Components Pty Ltd, Victoria, Tel : (03) 480 12 11 Fax: (03) 484 36 45 
Ericsson Composants SA, Gyancourt, Tel: (01) 30 64 09 DO Fax: (01) 30 64 11 46 
Ericsson Components AB, Wanchai, Tel : (05) 756 640 Fax: (05) 834 5369 
Ericsson Components AB, Coventry, Tel: (0203) 553 647 Fax: (0203) 225 830 
Ericsson Components Sri, Milano, Tel: (02) 551 81 597 Fax: (02) 545 97 31 
Ericsson Components NS, Oslo, Tel: (02) 6 50 190 Fax: (02) 644 138 
Ericsson Components Inc, Richardson, TX, Tel: (214) 480 83 DO Fax: (2 14) 680 10 59 
Ericsson ComponentsGmbH, Engen, Tel: P7733) SDO 10 Fax: P7733) 5927 

If your produa demands innovative power supplies, yet 

needs the security of well proven solutions from a reliable source, 

call Ericsson. And let our technology lead help maintain yours. 
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COVER FEATURE 

Two CLOCK-GENERATION CIRCUITS SIMPLIFY 
HIGH-SPEED TTL SYSTEM DESIGN BY D ELIVERING 

CLOCK SIGNALS WITH SKEWS UNDER 500 PS. 

ELIMINATE SIGNAL SKEWS 
WITH GAAS CLOCK CHIPS 

DAVE BURSKY 

ne of the most difficult as
pects of high-speed sys
tem design is distributing 
minimal-skew high-speed 
clock signals across one or 
several circuit boards. Of
ten, board designs have to 
be "tuned" by adding in
verter strings or delay 

lines to reduce clock skews. Such tuning 
lowers the maximum performance be
cause the board must operate with worst
case trims. Yet another problem is distrib
uting high-speed clock signals across mul
tiple circuit boards so that the clocks can 
all be synchronized. 

Although ECL systems have dealt 
with both issues for years, the latest 
crop of high-speed 'ITL-compatible sys
tems now face this same problem as 
clock speeds go to 33 or 50 MHz and be
yond. A 5-ns clock skew across a large 
board or system caused by improper 
buffering or system design could de
tract as much as 20% from the through
put in systems that run at 40 MHz. 

By trimming the clock skew between 
clock output lines to less than 500 ps, 
most skew-related performance degra
dations can be eliminated. A pair of gal
lium-arsenide-based timing support 
chips, the GAlllO and 1210 from Ga
zelle Microcircuits, accomplish just 
that. They offer flexible and program
mable control of timing-signal edges 
for systems with clock frequencies of 
25, 33, 40, or 50 MHz, or with double
frequency clocks of up to 100 MHz. 

The GAlllO can generate as many as 
five 'ITL clock signals that are phase-

and frequency-synchronized to a mas
ter clock, adjust the clock edges in 2-ns 
steps, and buffer the clock signals for 
distribution. The GA1210 generates 
multiple output-clock signals at double 
the input frequency. Those clocks are 
also phase-aligned to the input clock. 

In its basic configuration , the 
GAlllO serves as a multiple-output, 
zero-skew clock buffer. Inputs and out
puts are all 'ITL compatible, with each 

E L E C T R 0 N I C D E s I G NI 39 
AUGUST9, 1990 



Yee Yee Yee Clock input Feedback input 

Phase-locked loop 
(Pll) 

CLOCK GENERATOR 
CIRCUITS 

S1 SO Ground Ground Ground 

Phase-control logic 

Configuration logic 

Output buffer 0 • • • Output buffer 5 

00 05 

1
1. CONTAINING A 500-MHz PHASE-LOCKED LOOP, the multi-output 
Gazelle GAlllO clock generator delivers five buffered outputs that are phase and frequency 
synchronized to the input clock. By using Sl and SO control inputs and a feedback path, the 
clock output edges can be adjusted in 2-ns steps to provide early or late clocks, or an 
inverted clock. 

output able to deliver symmetric 
waveforms with an output drive of 
+24 mA. Output lines can be paral
leled if higher drive currents are 
needed. The chip generates five iden
tical phase-aligned output clock sig
nals, as well as one 180° phase
aligned output clock, from a periodic 
reference clock (Fig. 1). Both the 
phase and frequency relationships of 
the output clocks to the input clock 
are controlled by the circuit through 
an on-chip phase-locked loop (PLL) 
that operates at about 500 MHz. 

Proprietary PLL circuitry, similar 
to that employed in the company's 
previously released Hot Rod serial 
communication circuits, eliminates 

the need for any external compo
nents to support internal phase lock
ing at up to 500 MHz. That makes the 
GAlllO very simple to use. A sixth 
clock output serves as the feedback 
signal to the PLL and synchronizes 
the outputs to the input clock. Multi
chip clock chains and clock trees can 
now be easily configured thanks to 
the tight skew control. 

There's no requirement, however, 
that the external feedback connec
tion be directly hardwired from an 
output pin to the feedback input 
(FBIN) pin. Additional logic can be 
inserted in the feedback path as long 
as the signal arriving at the FBIN 
pin is derived directly from one of the 

Configuration Select pins Outputs fed to feedback input pin 
Output phase shift 

number S1 so 00 01 02 03 04 05 

1 0 0 00. 01 , 02, 03. or 04 0 0 0 0 I 
2 0 0 05 I I I I 0 
3 0 1 00, 01 , or04 0 0 t ·t 0 I 
4 0 1 02 -t ·t 0 ·2t -t 1-t 
5 0 1 03 t 2t 0 t l+t 
6 0 1 05 I l+t 1-t I 0 
7 1 0 00, 02, or03 t 0 0 -t -2t 
8 1 0 01 -t 0 -t -t -2t -3t 
9 1 0 04 t 2t t t 0 -t 

10 1 0 05 2t 3t 2t 2t t 0 
11 1 1 00 0 t t -t -t -2t 
12 1 1 01 or02 -t 0 0 -2t -2t -3t 
13 1 1 03 or 04 t 2t 2t 0 0 -t 
14 1 1 05 2t 3t 3t 0 

Notes: 1. t represents the incremental phase-shift adjustment (2 ns) 
2. A O phase shift indicates the output is aligned to the clock input 
3. A negative phase indicates the output precedes the input clock 
4. A positive phase indicates the output follows the input clock 
5. I indicates an inverted version of the input clock 
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output pins, and it maintains the out
put pin's frequency. The internal 
PLL will adjust the output clocks to 
ensure zero phase delay between the 
FBIN and CLKIN signals. This fea
ture is very handy when custom 
chips must be synchronized to the 
system clock. There's one caveat, 
though: The signal at the FBIN pin 
must stay continuous (it can't be a 
gated or conditional signal) to ensure 
synchronization . 

A pair of active-high control sig
nals, Sl and SO, combined with the 
feedback of an output clock signal to 
the FBIN, enables users to select 
any of 14 timing relationships be
tween the five output clocks (Table 
1). Consequently, the clock edges 
can be placed in precise, digitally
controlled 2-ns increments (+ or -) 
relative to the input and feedback 
clock phase. In systems where clocks 
must be sequential, or where wiring
trace and loading mismatches devel
op, the chip can supply the early or 
late clocks. When the chip is powered 
up, or the system clock is reset, the 
PLL requires a short time period 
(Ts nc) to lock onto the signal. 

fn a typical system, designers may 
require several low-skew outputs, 
one early clock, one late clock, and 
one inverted clock. Such a system 
can be satisfied by setting Sl low, SO 
high, and connecting QO, Ql, or Q4 to 
the FBIN input (row 3 of table 1). The 
result is that QO, Ql, and Q4 will be 
phase-aligned to the input clock, Q3 
provides the early clock (by one 2-ns 
increment), Q2 delivers the late clock 
(also by one 2-ns step), and Q5 sup
plies the inverted clock. 

Output clock signals are generat
ed with 50/50 duty cycles, even if the 
input clock isn't completely symmet
rical. Ratios of up to 75/25 for the 
input clock can be handled. Housed 
in a standard 16-pin DIP, the chip has 
three pins assigned for power and 
another three serve as ground lines. 
As a result, it permits more than ade
quate power-supply bypassing to 
eliminate noise. The chip operates 
from a 5-V supply and typically 
draws about 120 mA. 

Working either in conjunction 
with the GAlllO or as a standalone 

• circuit, the GA1210 delivers multiple 



!U&f's 50 to 150 Watt 
Board Mounted Power Modules: 

Engineered to take the heat ... 
for virtually 100% system up-time. 

Our UL*-recognized modules not only with
stand 0° to 90°C temperatures, they bring 
Bell Labs' design innovation and AT&T qual
ity to your distributed power architecture. 
This provides leading-edge power features 
that help you reduce design time, and man
ufacturing and servicing costs, while 
enhancing reliability 

Component needs are cut by including 
filtering and control functions within the 
package. They include an EMI filter to meet 
FCC requirements (Class A) by controlling 
both radiated and conducted EMI. 

Modules are hot-plugable in parallel 
configuration and can be replaced or ser
viced while the system is up and running
with no loss of power or data. 

AT&T power modules also allow 
parallel redun
dancy, so you 
need only one 
extra module 
to back up the 
system. All SO, 
100 andlSO 
watt modules measure 4.8 x 2.5 x .S" and 
are available in a variety of outputs. 

Save space and prevent downtime 
with AT&T's power modules. Call today for 
our complete catalog of AT&T SW to lSOW 
devices: 1800 372-2447, ext. 590. 
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Regulated 
5 Watt to 30 Watt 

• 386 Standard Models 
• Single , Dual and Tri ple Output 
• Output Voltages of 5, 9, 12, 

15, 24 , 28 and 48 Volts DC 
Standard 

• Ambient Temperature Range 
- 25°C to + 70°C with No Heat 
Sink or Electrical Derating 

• All Units Sh ielded 
• 500V DC Isolation Input to 

Output 
• New PLR Series Features 

.300" ht. 
• New NR Series , up to 30Watts-

50 Models-30 Triple Outputs 
OPTIONS AVAILABLE 

• Expanded operating temp (-55°C to +85°C) 
• Stabilization Bake (125°C ambient) 
• Temperature Cycle ( - 55°C to + 125°C) 
• Hi Temp, full power burn In 

(100% power, 125°C case temp) 

Delivery
stock to 
one week 

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

Call Toll Free 800-431 · 1064 
IN NEW YORK CALL 914•699·5514 

PICO also manufactures over 700 
standard DC-DC Converters, AC-DC 

Power Supplies and over 2500 Miniature 
Transformers and Inductors 
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CLOCK GENERATOR 
CIRCUITS 

TABLE 2: OUTPUT CHOICES FOR THE GA1210 
Control pins Clock output lines 

Enable Invert 
2-phase 01 00 01 02 03 04 05 
clocking output 

0 0 1X 1X(I} 2X 2X 2X 2X 
0 1 1X 1X 2X 2X 2X 2X 
1 0 1X 1X(I} 2X 2X PH1 PH2 
1 1 1X 1X 2X 2X PH1 PH2 

Notes: 1. 1X is an output clock, a phase-aligned copy of the input clock signal. 
2. (I} indicates inverted version of 1X clock (180" out of phase} 
3. 2X is an output clock, a phase-aligned double-frequency copy of the input clock signal. 
4. PH1 and PH2 are the first and second of two clock phases, synchronous to the input clock. 

low-skew clock signals that are twice 
the frequency of the input clock, 
which can be as high as 50 MHz (Fig. 
2). The chip also generates several 
lX clocks, one of which is fed back to 
the FBIN input so that the PLL can 
maintain synchronization. 

All of the generated clocks (up to 
100 MHz) are phase-aligned to the 
periodic clock input . Such a circuit 
solves the problem of distributing 
high-frequency clock signals in large 
systems. A low-frequency clock of 50 
MHz or less can be distributed to 
each board and then doubled on the 
board by a GA1210, so that 50-to-100-
MHz clocks can time the logic on that 
particular card. 

Several different configurations 
can be set up on the chip to accommo
date various system requirements 
through the Enable 2-phase Clock
ing (EN2) and Invert Ql (INVl) con
trol pins (Table 2). In addition to sup
plying the 2X clock, the chip can be 
configured to generate non-overlap-

Yee 
Clock Feedback 
input input 

Phase-locked 
loop (PLL) 

ping two-phase clocks. 
As with the GAlllO, the clock mul

tiplier accepts a master-clock input 
frequency from 25 to 50 MHz, has a 
maximum skew of 500 ps between 
outputs, recreates a 50/50 duty cycle 
on each output, and can drive up to 24 
mA on each output line. The GA1210 
also comes in a 16-pin DIP, and in
cludes triple power and ground lines 
to minimize noise. D 

PRICE AND AVAILABILTY 
The GAlllO and 1210, which come in 16-
pin D/Ps, are immediately available. The 
commercial-temperature-range versions 
of the 25- and 33-MHz speed grades sell/or 
$28.50in 1000-unit quantities. The higher
speed grades will be sampled next quarter. 

Gazelle Microcircuits Inc., 2300 Owen St., 
Santa Clara, CA 95054; Bob Gunn, (408) 
982-0900. CIRCLE 511 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
547 
548 
549 

Enable 2-phase Invert the 
clocking input 01 output . Ground Ground Ground 

Phase-control logic 

Divide logic 

• • • Output buffer 5 

ao Q5 

12. GENERATING CLOCK INPUTS that are 2X or lX multiples of the input 
clock, the GA1210 clock circuit can use its high-frequency PLL to synchronize the output 
clock signals to the input clock. 
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SIEMENS 

From 1op to bottom. RISC_ ISON Microprocessors. Smart Power and 4 MB DAAMs 

A Fine Line Separates Us From 
Other ASIC Suppliers. 

We back our world-class ASIC 
technology with a full line of standard 
semiconductor devices, offering you a 
complete solution for any of your IC 
needs, with technological advance
ments across the board . From our 
32-bit RISC Processors, to our 4 MB 
DRAMs, to our comprehensive line of 
ISDN ICs. In fact, it's our extensive 
experience in standard semiconductor 
technology that sets Siemens apart 
from other ASIC suppliers. 

And our significant R& D investments 
have made us a world-class leader in 
ASIC technology. We feature 1.5µm 
and 1.0µm CMOS Sea of Gates 
ASICs, offering up to 172K raw gates, 
and a ful l line of ECL gate arrays. 

Through ADVANCELL~ our cell-based 
custom capability, we offer compiled 
megacells in 1.5µm and 1.0µm CMOS 
technology for maximum flexibility and 
functionality. And both our CMOS prod
duct families are alternatively sourced 
by, and identical to, industry-leading 
families at the mask level, giving you the 
added flexibility of multiple sourcing . 

From R& D to design to production, 
Siemens offers the quick turnaround 
and high-precision capabilities, to get 

you to market fast, and supply you with 
quality ASIC parts and support. As well 
as a world-class line of standard semi
conductor products. Ensuring you a 
line you can believe in . 

For details on our ASIC products, call 
(800) 456-9229, or write: 
Siemens Components, Inc. 
2191 Laurelwood Road 
Santa Clara, CA 95054 -1514. 
Ask for literature package M31A003. 
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Siemens 
Practical Solutions by Design. 

© 1990 Siemens Companents, Inc. M31A003. AOVANCELL 1s a registered trademark of Siemens AG. or licensed from Toshiba or HamsSem1Conductor, USA 1n certain countries 



EUCTRONIC DESIGN REPORT 

EMBEDDED CONTROLLERS 

D AVE BURSKY 

FOR EMBEDDED 
CONTROL, 
MICRO
CONTROLLERS 
SOLVE MOST 
NEEDS. 
functions include timers, counters, 
serial ports, and parallel I/O ports. 

MICROCONTROLLER 
ICS OFFER MANY 

ON-CHIP FEATURES 

Additional support functions be
coming popular include interrupt 
controllers, large register files, and 
DMA controllers. Furthermore, 
manufacturers have created special
ized I/O functions that include com
plex timer modules, pulse-width 
modulators, analog-to-digital and 
digital-to-analog converters (ADCs 
and DACs), and others for automo
tive system, telecommunication, con
sumer-equipment, and computer-pe
ripheral applications. 

On the whole, the older NMOS con
trollers have given way to CMOS. 
However, for applications that 
aren't power-critical, NMOS 8-bit 
controllers are still viable and cost 
slightly less than the newer CMOS 
chips. NMOS-device choices are 
somewhat limited to older- or first-

ingle-chip microcon
trollers are evolving with 
more features and higher 
throughputs, and are 
packed with CPU, RAM, 
and nonvolatile memory 
(ROM, EPROM, or EE
PROM), and other system 
resources. The ubiquitous 

chips can be found embedded in multi
ple quantities in almost every product 
that has some electronic circuitry. 
From their beginnings as 4-bit systems 
on a chip, they've progressed to 8-, 16-, 
and 32-bit subsystems. 

Although a few Japanese manu
facturers are still creating new 4-bit 
microcontrollers, most low-end em-

generation architectures-the MCS-
48 and 51 families originated by Intel 

bedded controllers are moving to the Corp., Chandler, Ariz.; the 6805 se-
8-bit plateau as the chips' tasks get ries from Motorola Inc., Austin, Tex
more complex. A wider choice of as; and the Z8 from Zilog Inc., Camp
third-party development tools is also bell, Calif.; among others. 
available for 8-bit and larger micro- One way manufacturers can cut 
controllers, and so are some alter- chip cost is to design a simple proces
nate sources-features lacking in sor that performs its operations with 
the 4-bit arena. minimum hardware by time-sharing 

The latest crop of 8-bit controllers the silicon resources. In previous de
offer a kaleidoscope of features that signs, that approach worked because 
tackle nearly every application processor throughputs could handle 
niche. Aside from the expected the expected applications. 
RAM, ROM, and EPROM options, Today's demanding applications, 
more controller manufacturers are however, require much higher per
adding electrically-erasable memo- formance. As a result, controller 
ries as an on-chip feature, with some makers are taking two approaches to 
makers now eying the use of flash meet the customer's needs. The sim
memories. Commonly available plest approach is to up the clock fre-
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quency that the controller runs at. 
Over the past few years, clock fre
quencies have crept from 8 MHz up 
to 16 MHz, and later this year some 
suppliers expect to ship controllers 
that run at 20 MHz and beyond. Un
fortunately, elevated clock frequen
cy creates several problems-test
ing the chips at the higher speeds, po
tentially reduced yields of higher
speed devices (and thus a higher 
device price), and more generated ra
dio-frequency interference caused 
by higher clock frequencies. 

Alternatively, more silicon can be 
used to address the throughput is
sue. The processor's time-shared in
ternal architecture can be restruc
tured to a more parallel structure 
that enables multiple operations to 
be done in one clock cycle. 

Many original low-cost 8-bit pro
cessors, such as the 80C51 family 
from Intel Corp.; the 68HC05 series 
from Motorola Inc.; the TMS7000 se
ries from Texas Instruments Inc., 
Dallas; and the Z8 family from Zilog 
Inc.; require 8 to 12 clock cycles (1 to 
2 µs) for one instruction to execute. 
In contrast, some of the latest 8-bit 
controllers-such as the H8 proces
sors from Hitachi Semiconductor 
Inc., Brisbane, Calif.; the updated 
PIC family from Microchip Corp., 
Chandler, Ariz .; the K series chips 
from NEC Electronics Inc., Moun
tain View, Calif.; and the TMS370 
family from TI-require just a few 
cycles (less than 500 ns) to complete 
an instruction. Consequently, for a 
much lower clock rate, the processor 
can perform the same work. The 
drawback is that more silicon area is 
needed for the more efficient proces
sor core, increasing chip cost. 

Today 's workhorse processors, 
the 8-bit microcontrollers, come in a 
dazzling array of configurations. A 
well-established family, such as In
tel's 80C51, which has several li
censed alternate sources, contains 
more than two dozen commercial 
versions from Intel; Advanced Micro 
Devices Inc., Austin , Texas; Oki 
Semiconductor Inc. , Sunnyvale, 
Calif.; Philips-Signetics Corp., Sun
nyvale; Siemens Corp., Santa Clara, 
Calif.; and others. 

The original CMOS versions in the 
Al6 I E L E C T R 0 N I C 
'j: AUG UST9, !990 
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MCS-51 family include the 80C51 
with 4 kbytes of ROM and 128 bytes 
of RAM, and the 80C52, which in
cludes 8 kbytes of ROM and 256 
bytes of RAM. UV EPROM and 
ROM-less versions of both chips are 
also available. Other 80C51 re
sources include a pair of 16-bit timer
counters, a full-duplex serial port, 32 
bidirectional 1/0 lines (four 8-bit 
ports), and a five-source interrupt 
structure with two priority levels. 
The C52 adds one more timer
counter and its interrupt source. 

Intel's latest offering is the 
87C51FC, which offers the largest 
on-chip program storage in the MCS-
51family:32 kbytes of EPROM, dou
bling the memory of the company's 
previous version-the 87C51FB. 
Along with the expanded program 
memory, the chip packs an array of 
programmable counters with five I/ 
0 channels to handle complex timing 
applications with minimum CPU 
overhead. Either a windowed ceram
ic package or a one-time-program
mable (OTP) plastic package can 
house the chip. 

Additional 87C51FC resources in
clude 256 bytes of RAM, a serial 1/0 
port, three 16-bit timer-counters, and 
a two-level program lock to guard 
against software piracy. A simpler 
version of the chip, the 87C54, elimi
nates the complex counter array to 
trim the price. The chips are de
signed to handle some of the complex 
operations in automotive control sys
tems, and can operate over a -40 to 
+ 125°C temperature range at either 
12orl6MHz. 

The 80C515, packing 48 I/ 0 lines, a 
16-bit watchdog timer, three addi
tional 16-bit counter-timers, a full
duplex serial port, an 8-bit ADC, as 
well as 8 kbytes of ROM and 256 
bytes of RAM, is an extended-1/0 
version of the 80C51 offered by AMD 
and Siemens. Housed in a 68-lead 
PLCC, the controller's ADC has 
eight multiplexed inputs and per
forms a conversion in 13 µs. When 
operating at 12 MHz, the controller 
executes most commands in about 1 
µs. Higher-speed 16-MHz units are 
also available. 

AMD and Siemens went in differ
ent directions for additional control
E S I G N 

lers based on the C51 CPU core. 
AMD created the 80C541, 521, and 
321, as well as a forthcoming chip, 
the 80C324. The first three share a 
common architecture that includes 
16 kbytes, 8 kbytes, or no ROM, re
spectively, and 256 bytes of RAM. 
The controllers have a dedicated 
watchdog timer and dual data point
ers to reduce the CPU's access time 
to external memory. The C324 has all 
of the ROM-less 32l's features plus a 
port-expansion mode that enables 
the chip to control up to fifteen 8-bit 
ports by multiplexing signals over 
its 8-bit Port 1. 

Pushing towards the high-end of 
the 8-bit range, the SAB80C517 and 
537 (ROM-less) from Siemens start 
with the 80C51 core, 8 kbytes of 
ROM, and 256 bytes of RAM. To that 
base the company added a complex 
compare-capture unit (CCU), a 
watchdog timer, a priority interrupt 
subsystem with four levels, a multi
plication-division block, a second se
rial port, an 8-bit 12-channel ADC, 
eight data pointers for indirect ad
dressing, and nine parallel 1/0 ports. 

The CCU block includes one 16-bit 

Timer 0 Timer 1 Interrupt 0 

lnte~pt1 

-I t--
TO, T1 CPU -I t-- Two 16·bit 

timer.event (PCBBOC51 
-I t--

counters core) 

-! t-- ... .. ... 
"' -I f-1 

-I t--
... ~ ... 
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... .. 
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~ ~ ... ~ 
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-,. Parallel 1/0 ports Serial 

and external bus UART port 

"' "'"' "'" .. ~ ~ 

"" 
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'" Transmit 
Port "" ~Port "" "' 0 Port1 2 Port3 data 

Receive data 



timer-counter, one 16-bit compare 
timer, one 16-bit reload-capture-com
pare register, four 16-bit capture
compare registers, eight 16-bit com
pare registers, the ability to perform 
concurrent compare operations, and 
up to 21 channels of compare out
puts. The multiplication-division 
block tackles the math-intensive ap
plications and delivers results on 32-
bit numbers in just 4 to 6 µs. 

In addition to the MCS-51-compati
ble chips, Siemens just signed a deal 
with SGS-Thomson Inc., Phoenix, 
Ariz., to alternate source and jointly 
develop future versions of SGS's S
series microcontrollers. The ST8 se
ries from SGS is based on a core CPU 
that can address up to 32 kbytes of 
program memory and a 6-bit stack 
pointer (future versions will increase 
the pointer to 8 bits to address up to 
256 bytes). The first two processors 
in the family, the ST8108 and 81E08, 
pack 8 kbytes of ROM and EPROM, 
respectively, 176 bytes of RAM, tim
ers and serial I/O ports, as well as 
bidirectional I/O ports. Future mem
bers will include EEPROMS, ADCs, 
DACs, and other functions. SGS also 
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has two other families, the ST6 to 
tackle the low-end applications, and 
the ST9 to handle the most complex 
8-bit applications. 

Tackling I/0-intensive applica
tions, Philips-Signetics created an 
extended I/ 0 processor-the 
83C451-which offers seven 8-bit I / 
0 ports in a 68-lead PLCC version. 
One unique port includes a "mail
box" feature that makes it possible 
for the port to serve as an I/ 0 port or 
as a control and status register. The 
chip packs the same amount of RAM 
and ROM as the original 80C51. 

A more complex version of the 
same chip-the 83C552-starts with 
the 80C52 memory and adds six byte
wide parallel ports, a 10-bit 8-channel 
ADC, two pulse-width-modulated 
(PWM) outputs, and an inter-IC bus 
serial port for chip-to-chip communi
cations (see the figure). Also avail
able are an EPROM version, and a 
version without the ADC and PWM 
outputs and with only four ports. 

Very large memories on a version 
similar to what Intel included on the 
877C51FC are also on the horizon. 
Philips-Signetics plans to offer the 

83C528 with 32 kbytes of EPROM 
and 512 bytes of RAM. In addition, 
the company will have two ver
sions-the 83C053 and 054-both of 
which pack 192 bytes of RAM, and 8 
or 16 kbytes of EPROM, respective
ly. These two chips are aimed at TV 
remote-control subsystems and pack 
a separate 128-byte display RAM and 
three digital video outputs. 

Going in the low-cost and minimal
!/ 0 direction, Philips-Signetics 
slimmed down the 80C51, creating 
the 83C751. It comes in a 24-pin skin
ny DIP (300-mils wide) and packs 19 
I/O lines, one counter-timer, a sin
gle-level interrupt structure, 2 
kbytes of ROM, and 64 bytes of 
RAM. A slightly larger version-the 
83C752-comes in a 28-lead DIP or 
PLCC, and packs the same memory 
and counter-timer, but has three par
allel ports (two 8-bit and one 5-bit 
parallel ports), an inter-IC serial in
terface, one PWM output with timer, 
and a five-channel 8-bit ADC. Both 
chips can't use off-chip memory. 

Philips-Signetics is also upgrading 
its 80C51 direct-equivalent control
lers so that they can operate at 20 
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1 1 modulat~ output 1 AnalogV00 
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I I ONE 0 F the most complex microcontrollers based on the 80C51 processor core is the PCB83C552 from Philips·Signetics. It packs an eight· 
channel ADC, a pair of PWM outputs, a pair of serial ports, multiple timer-counters, and a large number of 1/0 lines. 
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and 24 MHz. The 24-MHz unit be- match similar customer requests 
comes the fastest C51 controller with similar features and then to 
available from any source and can turn all of the requests into a com
execute typical commands in just 500 mon piece of silicon that can be of
ns. The company hopes to be the first fered commercially. The company 
supplier to include EEPROM on an also expects to add such capabilities 
80C51-based controller. Plans are as handling high voltages for display 
underway to create the 83C851, an driving or high-current outputs to di-
80C51 with 256 bytes of EEPROM. rectly drive small motors. 
One alternative to EEPROM for the For more demanding applications, 
80C51 is a battery-backed version of- Motorola offers the 68HC11 family, 
fered by Dallas Semiconductor the first microcontrollers to offer 
Corp., Dallas, Texas. By embedding RAM, ROM, and EEPROM on one 
a long-lifetime battery-backed RAM chip. The original HCll processor 
in the same package as an 80C51- packed 256 bytes of RAM, 512 bytes 
equivalent controller, Dallas devised of EEPROM, and 8 kbytes of ROM, 
a controller that can retain data for as well as a timer, both simple and 
about 10 years, if used in accordance complex serial ports, multiple paral
with its data sheet. lei 110 ports, an 8-channel ADC, and 

Although many C51-based CMOS a watchdog timer. One forthcoming 
controllers can operate at voltages HCll processor will include no 
down to about 2.5 V, even lower oper- ROM, but will offer demultiplexed 
ating-voltage requirements led de- address and data lines, 1 kbyte of 
signers at Philips-Signetics to create RAM, and 512 bytes of EEPROM
another version of the C51-the the 68HC11Fl. Additional proces-
83CL410. The CL410 was designed sors with larger on-chip memories 
with static CMOS logic and can oper- are also in development. 
ate with supply levels of just 1.5 V, or The HCll processors execute a su
draw less than 1 mA when operated perset of the original 6800 and 6801 
at 3 V and 3 MHz. instruction sets and include the abili-

As prolific as the MCS-51 family is ty to tie the dual 8-bit accumulators 
thanks to its multiple suppliers, Mo- together and perform 16-bit arithme
torola has limited alternate sources tic operations without looping. The 
to its low-to-mid-range 68HC05 ar- simplest version in the family is the 
chitecture microcontrollers, estab- 68HC11D3, which contains just a 4-
lishing itself as a sole-source for its kbyte ROM, 192 bytes of RAM, and 
mid-to-high-end 8-bit family-the comes in a 40-pin DIP. Memory ca-
68HC11 series. However, that hasn't pacities for large programs are also 
limited the proliferation of the available-the HC11E9 packs 12 
68HC05 controllers. Nearly two doz- kbytes of ROM, 512 bytes of EE
en versions of the 68HC05 already PROM, and 512 bytes of RAM. 
exist, with a few of these alternate- Also offering two families of 8-bit 
sourced by Harris Semiconductor microcontrollers, TI developed the 
Corp., Melbourne, Fla . (an out- TMS7000 series to tackle what it con
growth of Harris's acquisition of siders low- to mid-range applica
RCA Corp., the original licensee of tions, and the TMS370 series to han
the Motorola processors). The chips' die the mid-range to high-end appli
typical instruction execution time is cations. About a dozen versions of 
about 1 µsand contain a similar soft- the TMS7000 processor exist, all of
ware structure to the original 6800 fering performance levels competi
microprocessor. tive with the MCS-51 and 68HC05 

Needless to say, a wide variety of families. The TMS7000 chips pack up 
memory, 110, and control functions to 4 kbytes of ROM or EPROM, 128 
are available in the processor family , or 256 bytes of RAM, timers, serial 
and more "standard" versions are ports, and up to 32 110 lines. One 
planned by both Harris and Motor- CMOS processor, the 70C42, oper
ola. To create so many versions, Mo- ates from as low as 2.5 V and as high 
torola implemented a customer-spe- as 6 V. At the low value, the chip 
cific adaption program that tries to must run at a much-reduced clock 
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frequency-800 kHz, maximum
rather than the 5 to 6 MHz when 
powered by a 5- or 6-V supply. 

Employing a more complex CPU 
core, the TMS370 series chips com
pete more with the 68HC11 and the 
K-series from NEC Electronics. TI 
actually divided its 370 family into 
several sub-families, which total 
close to two dozen choices. The sub
families consist of the 370Cx10, 
Cx3x, and Cx5x series. The CxlO 
aims at the lower end of the higher
performance range, the Cx3x for 
slightly more complex applications, 
and the Cx5x solves the high-110 and 
large memory needs of the most 
challenging applications. 

Various members of the CxlO se
ries offer up to 4 kbytes of program 
ROM or EEPROM, 128 bytes of 
RAM, another 256 bytes of data EE
PROM, a counter-timer and a watch
dog timer, a serial port, and up to 22 
110 lines. More formidable applica
tions might use the Cx5x processors, 
which pack up to 16 kbytes of ROM 
or EPRO M, or 4 kbytes of EEPRO M, 
as well as 256 or 512 bytes of RAM, 
256 or 512 bytes of data EEPROM, 
an 8-channel ADC, two counter-tim
ers plus a watchdog timer, two serial 
ports, and up to 55 I / O lines. 

Some of the most recent family 
members include versions that oper
ate at clock frequencies as high as 20 
MHz. They add on-chip functions 
such as a multichannel ADC, or a 
multi-output complex timer array 
that can offload the Cx32 core pro
cessor, much like the timing array 
Intel and Siemens included in their 
80C51-based controllers. The pro
grammable acquisition and control 
timer module provides six capture in
puts, eight timer-controlled outputs 
with PWM capability, up to 20 confi
gurable comparison lines, a watch
dog timer, and a full serial port. 

With ROM capacities of 2 or 4 
kbytes, Zilog 's NMOS ZS family 
gives customers about a dozen varia
tions with pin counts ranging from 
28 to 64 leads. All of the chips in the 
28600 family pack 124 bytes of RAM, 
either 1 or 4 external interrupt in
puts, two timers, and in most ver
sions, both an asynchronous serial 
port and another simpler, synchro-



Frustrated with 
microprocessor system 

debugging? 

How the right 
preprocessor interface 
can simplify logic 
analysis. 

Here's free help 
in making the connections. 

Plug into our new series of 
application notes today. And 
learn how to save time and 
aggravation when you're debug
ging microprocessor systems 
and busses. 

Find out how an HP preprocessor 
literally makes it a snap to 
connect your microprocessor 
to an HP logic analyzer. And see 
how completing your HP logic 
analysis system with a pre
processor will speed and sim
plify measurements and data 

There is a better way. 
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nous serial port. The CMOS Z8 fam
ily includes over 15 processors that 
have as few as 18 and as many as 40 
pins. On-chip memory ranges from 2 
to 8 kbytes of ROM or EPROM, 
while RAM is either 124 or 236 bytes. 

Several Z8 versions are designed 
to retain data when the power supply 
dips as low as 2 V, and they can oper
ate from 3 to 5.5 V with clock speeds 
of 2, 8, or 12 MHz. When running at 
12 MHz, the average instruction exe
cutes in about 1 µs. Some also in
clude analog comparators to per
form level-sensing operations and 
programmable timers with program
mable prescalers (the Z86C08, 09, 30, 
40 and the ROM-less C90). 

The company's older NMOS Super 
8 processor will soon be converted to 
CMOS, thus reducing power, possi
bly increasing the on-chip ROM to 16 
kbytes, the RAM to 512 bytes, and 
improving performance. The NMOS 
version packs many resources-a 
DMA controller, high-performance 
math instructions and commands to 
support threaded-code languages 
such as Forth, a large 128-kbyte ad
dress space, a complex interrupt-ser
vice unit that responds to an inter
rupt in just 600 ns, a pair of counter
timers, a full-duplex serial port, and 
40 parallel I/O lines. 

One version of the Z8, the Z86C27, 
is optimized for television control, 
and contains an 8-kbyte ROM, 256 
bytes of RAM, a separate 180-byte 
character RAM, 4-kbyte character 
ROM, and 13 PWM outputs with 6 or 
8-bit resolution (except for one that 
offers 14-bit resolution). The chip 
also includes some analog compara
tors, a pair of counter-timers, 36 par
allel 110 lines, and fast-responding 
interrupt control logic. 

Future members of the Z8 family 
will tackle such applications as 
hard-disk control, thanks to a sepa
rate ALU that accelerates multipli
cation and division operations, thus 
improving response times in servo 
control loops. 

In addition to offering an alternate 
source to the old Intel MSC-48 fam
ily, Mitsubishi America Inc., Sunny
vale, has a family of over thirty 8-bit 
controllers in its proprietary M50xxx 
and M37xxx families that are soft-
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ware-compatible with the 6500 fam
ily instruction-set processors. On
chip ROM ranges from 3 to 16 kbytes 
on the smallest to largest units, with 
RAM growing from a minimum of 96 
bytes to 512 bytes at its maximum. 

Minimum instruction execution 
times range from about 2.5 µs when 
a 3.2 MHz clock is employed, to just 
670 ns when the chips run from a 12-
MHz clock. The 6502 processor core 
is also used by NCR Corp., Colorado 
Springs, Colo., to create custom cus
tom microcontrollers, while Rock
well International, Newport Beach, 
Calif. has developed a single-chip 
controller with 2 kbytes of RAM and 
64 bytes of RAM. 

Depending on the chip in Mitsubi
shi's family, there can be from 14 to 
48 I/O lines, asynchronous or syn
chronous serial ports, ADCs, DACs, 
PWM outputs, counter-timers, and 
special features including vacuum
fluorescent or liquid-crystal display 
drivers, telephone-tone generators, 
or variable-threshold comparators. 
A complex chip, the M37409M2, com
bines the controller, 192 bytes of 
dual-ported RAM, 320 bytes of nor
mal RAM, 4 kbytes of ROM, three 
full-duplex serial ports, an 8-bit tim
er, and two byte-wide I/O ports. 

Targeting the high-throughput 
applications, the K-series processors 
from NEC offer designers highly ef
ficient CPUs. The company current
ly has close to 20 devices defined and 
in production, with more to be re
leased before year's end. In the K2 
family, versions are available with 
RAMs as large as 1 kbyte and RO Ms 
or EPROMs of up to 32 kbytes. As 
with the Motorola 68HC11, NEC of
fers one type that packs 16 kbytes of 
ROM, 512 bytes of RAM and 512 
bytes of EEPROM-the uPD78244. 

The K-series is crafted for speed
at 12 MHz the K2 chips execute in
structions in 333 ns-about half the 
time required by the 68HC11 or 
TMS370 controllers. Due later this 
year are 16-MHz versions that cut 
the instruction cycle time to 250 ns. 
Serial 110 ports, counter timers, and 
multichannel ADCs and DACs are 
common on most devices in the K se
ries. One carryover from the previ
ous uPD7800 family of 8-bit control-
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lers is an improved on-chip peripher
al management unit that offloads 
the CPU core from handling inter
rupts and greatly reduces the pro
cessor's response time to interrupts . 

Hitachi's H8 series also offers 
high speed, executing instructions in 
as little as 200 ns. It comes with a 
wide variety of memory and II 0 op
tions, including EPROM, OTP, 
ROM, and ROM-less versions. First 
off the production line is the H8/ 532, 
an 8-bit unit with an ADC, 1 kbyte of 
RAM, 32 kbytes of EPROM, eight ti
mers,a high-performance serial port, 
and 65110 lines. 

Yet another controller family is 
available from Fujitsu Microelec
tronics Inc., San Jose, Calif.-the 
MB89700 series. The controllers 
pack up to 16 kbytes of ROM or EE
PROM, 512 bytes of RAM, an 8-bit 8-
channel ADC, multiple counter-tim
ers, a serial port, and up to 53 parallel 
110 lines. They also have a relatively 
high-performance instruction set, 
executing the shortest commands in 
just 500 ns when running at 12 MHz. 

Tackling the high-speed but low
end, minimal-feature set needs in the 
market, Microchip offers two simple 
controllers that rip through their in
structions at just 200 to 400 ns each. 
The PIC16C54 and C55 have small 
RO Ms and RAMs-just 512 bytes of 
EPROM and 32 bytes of RAM-and 
low-pin counts-18 and 28 pins, re
spectively-to keep the chip prices to 
less than $1 in large quantities, for 
the smallest unit. 

Another high-speed offering 
comes from joint effort by National 
Semiconductor Corp., Santa Clara, 
Calif., and Sierra Semiconductor 
Corp., San Jose, Calif. The COP800, 
which also goes after the low end of 
the market, comes in versions with 
ROM or EEPROM on-chip and con
tains a simple mix of the basic I/O 
functions-parallel ports, counter
timers, and simple serial ports that 
tie into N ational's family of serial pe
ripheral support chips.D 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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It may not look like one, but it is. 
You see, even the world's most 
advanced semiconductor tech
nology means nothing until 
someone puts it to good use. 
Someone like Unisys? So while 
this may look like an ad for 
the powerful new Unisys Al6 
computer, it isn't. It's really a 
testimony to the power of 
partnerships. 

Unisys joined forces with 
Motorola's ASIC division in 
applying leading-edge technol
ogy to meet customers' needs. An 

example of our handiwork 
is the advanced, 

pow er 
memory 

array module which 
integrates multiple high 

speed memories with our 
semicustom ECL arrays, dramat
ically reducing interface delays. 

But please, don't get so 
caught up in the Al.6 's exceptional 
cost/performance ratio. Don't be 
overwhelmed by its incredible 
performance and reliability. Or 
its environmental efficiencies in 
electricity and cooling. There's 
more to life than mainframe per
formance housed in a unit that 
requires less than 10 square feet 
of space. Please, these things are 
nice, but don't forget about the 
teamwork and technology that 
made it possible . 

• 
UNISYS 

Unisys is a registered trademark of the Un isys Corporation. 

YOU'RE READING 
A MOTOROLA 

ASIC AD. 
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Push Systems 1b NeflJ Performa'llCe Highs:' 
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''But whats in it for us today?" 
''A.full line of embedded controllers for our 
integrated systems, which means we can 
drop man-years of software development:' 

"You mean we can do it all with htlrdware, 
and achieve orders of magn.itude 
greater performance?" 

"~s, tbis is what we have been looking/or. 
When can we get started?" 

"I've got 1bshiba here today!" 

It's true. With Toshiba's highly integrated line of embedded controllers, you 
won't have to rely on slow, memory-hungry software routines any more. Instead, a 
single embedded chip implements complex algorithms. The result- a system 
running at least an order of magnitude faster than even optimized software 
routines. 

This advanced line-up of embedded controllers is a product of Toshiba's lead
ership in CMOS technology. Each offers a single chip embedded solution to a 
specific application. All provide significant advantages in system speed and 
throughput over other products on the market. And they provide a higher level of 
system integration. 

If you're designing laser or print-shop quality printing systems, for instance, the 
TC8511F Font Graphics Accelerator (FGA) provides the full set of font rasterizing 
algorithms. For everything from common fonts to the most demanding graphics 
characters. Rasterizing is conducted with algorithms for Bezier curves, straight 
lines, arcs and ellipses. 

The Gouraud Shading Processor (GSP), on the other hand, provides for the 
smooth shading of 3-0 or 2-0 graphic displays. The solution is based on a Gouraud 
shading procedure, and is intended especially for PC and workstation displays. 

The Token Ring Controller (TRC) is an IEEE 802.S based I.AN controller 
utilizing token ring protocol. It also includes MAC operations, supports bridge 
functions, and is 16/4 Mbps software switchable as well. The TRC operates with a 
Toshiba BiCMOS media driver. 

For international standard communications, the ISON protocol controller meets 
the CCITT basic rate interface recommendations. It is suitable for broad applica
tions such as digital telephone, facsimile, terminal adapter and other ISON 
terminals. 

There's a good deal more to tell you about these advanced embedded controllers. 
But we just don't have the room. If you'd like technical literature for any of them, 
give us a call at 1-800-888-0848, ext. 517. We'll fill in whatever details you need. 
Service is our key component. 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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AMP TBC (l\vin-Beam Contact) 
Connectors steal the show for high
density, high-pin-count affordability. 
Three- and four-row versions deliver 
compelling perfom1ances in 32 to 
540 position roles. 

The twin-beam receptacle at 

MP and AMP·HDI are trademarks of AMP Incorporated. 

the heart of the TBC Connector 
represents the very best of AMP 
engineering-the greatest economy 
of material consistent with design 
excellence. It provides two-point contact 
(with gold-over-nickel plating), and 
the BeCu base assures high normal 
forces of 50 grams/ contact (end of life 
minimum) for solid dependability. 

There's more here than economy, 
though. Tightly controlled, short point
of-contact geometry allows two levels 

of mating for make-first 
break-last sequencing of 
power and ground pins. 
The same design 
reduces insertion 

Two levels of sequenced mating allow 
"hot" connect/disconnect. Compliant 
pin option for solderless pcb insertion. 



cost reduction:' 

force, and provides out
standing contact wiping 

action: .070" on short 
pins, and a mini

mum of .100" 

Unique twin-beam receptacle de
livers outstanding reliability in an 
affordable high-density connector. 

on long. (Coming soon: TBC Plus 
Connectors, with six rows of contacts 
and three levels of sequencing.) 

AMP TBC Connectors are 
fully polarized, with closed-entry 
design to eliminate stubbing, and they 
come in high-temp materials ready 
for vapor-phase and IR reflow 
soldering. 

And TBC receptacle assemblies 
intermate with our popular AMP-HD I 
pin header assemblies, to give you 
immediate daughter card cost-reduc
tion, without redesign. 

Call 1-800-522-6752 and ask about 
the AMP TBC Connector Series. 
AMP Incorporated, Harrisburg, PA 
17105-3608. 

AIVI P Interconnecting ideas 
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Don't get cornered by 
limited PLD design software. 

A close look at most PLD design soft
ware reveals disturbing dead-ends. 
Unsupported devices, limited design 
entry methods, inefficient optimiza
tion, and lack of testability analysis 
can stop the design process cold. 

Data I/O® gives you powerful PLD 
design software that outperforms the 
competition in every category. And 
we can prove it. 

More devices supported. Data I/O 
supports more PROMs, traditional 
PLDs, complex PLDs, and FPGAs. 
Our device coverage includes every 
semiconductor manufacturer on the 
market and more than 200 different 
device architectures. 

More design entry methods. Enter 
your design using any combination 
of high-level logic equations, truth 
tables, state machines, or schematics. 
Only Data I/O offers true high-level 
design entry. 

Data I/O supports more computing platforms 
including 28fi- and ~RR-based PCs, Sun ['J 
Apollo workstations, \'A.'(s and Apples. 

More levels of verification. Behavioral 
verification checks the circuit's func
tion as you design. After synthesis, 
partitioning and PLD selection, 
structural verification provides 
full debugging of every fuse, node 
and pin. 
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Full testability analysis. Using fault 
grading techniques, our tools analyze 
the testability of your circuit and iden
tify untestable portion . They also 
automatically generate test vectors 
to provide the best fault coverage 
possible. 

More output formats. Our tools gener
ate output for PROMs, PLDs, and 
FPGAs. We can provide pinlists, 
netlists, Berkeley PLA files, and 
schematics-whatever output you 
need for the technology you're using. 

Make us prove it. Data I/O has the 
world's most powerful 
PLD design tools. 
Ask for the proof. 

Call today for a 
FREE PLD design 
evaluation kit. 

1-800-247-5700 
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E D T 0 R A L F E A T u R E 

Autos Spur the 90s 
Transportation emerges as the next catalyst for 

electronic component technology. 

THE ELECTRONICS industry 
is undergoing a fundamenta l 
change , spurred on by new 
applications in vehicles. Au

tomakers in the 1990s will incre
asingly depend on electronics to 
meet ever more stric t safety and 
emissions standards. Moreover, 
manufacturers now see auto elec
tronics technology as a means of 
getting a competitive edge. The re 
su lt : Innovative applications in 
ride control , entertainment, and 
driving aids have already been de
veloped , and indications are that 
the best is yet to come . The next 
phase of automobile development 
will treat the auto as a total inte
grated system which will rely on 
substantially higher levels of com
puter speed and memory. 

Experts feel that automotive ap
plications may stimulate the de
mand for e lectronics in the 1990s 
as the PC d id in the early 1980s. 
Electronics companies that supply 
European and Japanese auto
makers may benefit in particular. 
The reason is that these car build
ers tend to buy electronic compo
nents from outside suppliers. The 
Big Three automakers in Detroit, 
on the other hand, tend to obtain 
most of their electronics from inter
na l divis ions . 

TRENDS AND PROJECTIONS 
According to Roger Grace Asso

ciates , a San Francisco-based con
su ltin g firm , automakers' in 
creasing dependence on elec 
tronic so luti ons (along with a 
growing automotive market) will 
boost the worldwide automotive 
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ELECTRONIC CONTROLS for the power train of American cars are 
expected to account for the lion 's share of the auto electronics market, 
according to Dataquest. Electronics for vehicular controls will experience 
the largest growth, while other market segments undergo little change. 

electronics market from an esti- year 2000. 
mated $12.5 billion in 1987 to $35 Another study by Dataquest Inc., 
billion by 1995. Growth for orth a San Jose -based market research 
American auto electronics is and consulting firm, divides an es 
equal ly dramatic. Where a 1970 timated $2.6 billion electronics 
model car from Ford Motor Co. market for the North American 
contained about $25 worth of e lec-· passenger-car industry into appli 
tronics, the e lectronic content per cation areas. Most expenditures 
vehicle of 1984 models averaged (40%) will go toward power-train 
$585 . Projections for 1995 indicate controls such as ignition systems, 
a jump to $1,500 per vehicle, and to emission control, and engine and 
$2,000 by the end of the decade. transmission control. Vehicle con
Similarly, Chrysler Corp. estimates trols will comprise another 19%, 
a jump from an average $350 for a followed closely by the safety, 
1988 model to about $1,400 for a comfort, and convenience (SCC) 
1992 model. The increased em - aspects of automotive design, 
phasis on automotive e lectronics is which will consume 17% of the 
also reflected in a study conducted market. Currently the fastest grow
by The University of Michigan at ing segment of the automotive 
Ann Arbor. The Delphi V study re- market , SCC includes keyless 
ports that electronics will repre- entry, automatic climate control , 
sent20%ofacar'stotalvaluebythe memory seats, and antiskid 
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ELECTRONIC FUEL INJECTION 
ELECTRONIC FUEL-INJECTION 
(EFI) computers basically con
trol engine air-fuel (A/F) ratios to 
handle changing conditions. For 
example, a ratio of 14.7/1 is opti
mal for cruise conditions, but a 
richer mixture is needed for cold 
start and wide open throttle 
(WOT). Similarly, a leaner mix
ture is required for decelerations; 
sometimes the fuel is totally cut
off on deceleration. 

Sensors give the EFI controller 
information about the volume of 
air inducted so it can calculate the 
precise amount of fuel to be injec
ted. Direct-measuring mass air 
flow sensors were not readily 
available for use in early Erl sys
tems. Rather , a so-called speed 
density system was employed that 
measured engine speed, man 
ifold vacuum, and inducted air 
temperature. Mass air intake 

Lambda 

could only be interpolated from 
these secondary measurements. 
Inaccuracies resulted and had to 
be corrected . 

However, Bosch of Germany re
cently developed an advanced 
mass airflow sensor that over
comes such drawbacks. The air 
meters use either a hot wire or hot 
film as the sensing element. In
ducted air tends to cool the 
heated resistance element as il 
passes. The idea is to adjust cur
rent through the element to keep 
it at a constant temperature. The 
amount of current flow is propor
tional to airflow and, thus, serves 
as a measure of inducted air mass. 

Exhaust emission and fuel 
economy requirements have 
forced engine designers to con
stantly improve fuel -management 
techniques. For example, systems 
are being designed to learn and 

EFI System functional diagram 

adapt to changing driving condi 
tions and engine parameters. New 
solutions to internal -combust ion 
engine-management problems 
include injection valves with split 
spray jets for engines containing 
four valves per cylinder, hot wire 
mass airflow meters , and hi ghly 
integrated electronic ignition sys
tems. 

Two basic types of EFI systems 
are widely used . The first is called 
multiport injection where each 
cylinder has a separate fuel injec 
tor . The other is single-point in
jection where one main injector 
sits in the throttle body. 

The Mono-] etronic system by 
Bosch uses a simple single-point, 
throttlebody injection system 
(TBI). Gasoline is injected 
through a single solenoid-oper
ated valve located above the throt 
tle valve. This thoroughly atom
izes fuel at the point of maximum 
air velocity. 

How-wire mass 
air-flow meter 

Fuel filter 

0 
Electric fuel pump 

Electronic control unit 
Gas tank 

THE LH-JETRONICS system with hot-wire airflow sensor is one of the most advanced EFI systems available for 

passenger cars. Earlier systems, such as the L-Jetronic, contained a moving vane {pushed by the airflow) connected to 
a position-sensing potentiometer. 

Like most other EFI systems, the LH-Jetronic fuel system is controlled by solenoid-operated injector valves. The 

pressure drop at the injector nozzle (metering point) is held constant with a pressure regulator. Thus, the injected 
volume of fuel depends solely on the opening period of the injector valves as calculated by the electronic control unit. 
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Contact wires 
for heating Heating 

element 

gas . The intel 
ligent system 
takes into con
sideration 
warm-up char
acteristics, dif
ferences in 
temperature, 
air pressure, 
and the en 
gine condi 
tion. 

THE LAMBDA serisor-developed by Bosch in the 

The exhaust 
gas Lambda 
sensor devel 
oped by Bosch 
has been in 
production 
since 1976. It 
is used in the 
U.S., Japan , 
and Europe on 
more than 10 
million vehi 
cles. 

early 1970s is used in many European and U.S. 
vehicles today. Placed in the exhaust stream, the 

sensor constantly monitors the residual exhaust 
gas oxygen content and helps regulate it via the 

ECU. The downstream catalytic converter both 
chemically oxidizes and reduces the three principle 

The Lambda 
sensor sit in 
the exhaust 
gas stream , 
typically in the 
exhaust pipe 

· toxic constituents - CO, HC, and NO,. 

The TBI system consists of a 
throttle valve, injection valve, 
pressure regulator, throttle valve 
potentiometer, temperature sen
sor, and throttle valve servomotor. 
Because of the compact and low
profile design, the throttle body 
can mount directly on the intake 
manifold. 

Fuel-injection control and ex
haust gas optimization is handled 
by an intelligent system, called 
Alpha-n control. This is a self
adaptive controller that monitors 
the exhaust gas (Lambda) sensor, 
throttle valve angle, and engine 
speed. These inputs determine 
the fuel-control schedule, also 
known as the engine map. 

: ahead of the catalytic converter. 
'. The external surface of a Z,0 2 ce
: ;amic sensing element protrudes 
'. into the exhaust gas flow and the 
'. inner surface is exposed to outside 
: air. The Z,0 2 electrodes generate a 
'. small voltage that is proportional to 
: the ratio of residual oxygen in the 
: exhaust gas to oxygen in ambient 
'. air. When the ratio changes, the 

output voltage also changes. 
The electronic control unit uses 

the Lambda output voltage as a fac 
tor in adjusting the air -fuel ratio. 
The exhaust gas composition is 
kept at a level that is optimum for 
treatment by the catalyst. 

The computer monitors ex
haust gas composition and stores 
the data in memory. Next, it calcu
lates an optimum operating point, 
outputs a new fuel -injection sig- . 
nal , then rechecks the exhaust : 

The Lambda sensor can only op
erate when the exhaust gas and 
manifold exceed 900 ' C. On some 
engines, the time for Lambda sen
sor warm-up is prohibitive so a self-
heating sensor was developed . This 
permits closed-loop control within 
30 s of starting and during idle. 

braking. Driver information sys
tems , such as digital gages, service 
reminders, trip and navigation 
computers, and CRT and head-up 
displays , will account for another 
14%, and entertainment and body 
systems, such as multiplexing and 
lighting will comprise the rest. 

NEAR-TERM BENEFITS 
New car models showcase ad 

vanced electronic control systems 
from the power train throughout 
the chassis. For example, General 
Motors Corp. plans to equip all 
luxury and full -s ize 1991 cars with 

. ABS (antilock braking systems), 
: which will become standard on all 

models by 1994. A typical ABS 
combines wheel -speed sensors, 
microcontrollers, and brake-pres
sure modulators to apply pulsed 
brake pressure at each wheel with
out brake lockup. 

Using many of the same compo
nents as ABS, traction control 
minimizes wheel slippage during 
vehicle acceleration. The front 
wheel drive of the 1990 Cadillac 
Allante has a 2-stage antislip sys
tem made by Robert Bosch GmbH 
of Stuttgart, West Germany. The 
system combines front-axle 
traction control with Bosch 's four 
wheel ABS. Cadillac 's 1992 El 
dorado and Seville are expected to 
be similarly equipped. Other U.S . 
cars expected to have traction con
trol next year are the Lincoln Town 
Car from Ford Motor Co. and the 

ew Yorker Fifth Avenue and Im
perial from Chrysler Corp. 

Active suspension improves ve 
hicu Jar handling and safety by 
changing the damping force of 
shock absorbers according to 
driving conditions. European and 

'. Japanese auto suppliers are lead
ing the technology with systems 
that respond to such variables as 
road surface, axle load , wheel 
turning angle, and even side loads 
caused by wind . 

The list goes on with antitheft 
and security systems. GM's PASS
Key (personalized automotive se 
curity system) has an ignition key 
with an embedded resistor code 
which is read by electronic sensors 
in the ignition lock cylinder. If an 
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improper key is inse rted, the sys
tem di sab les the starting and fuel 
sys tems. r n a more aggressive sys
te m by Ford , opening the door 
turns o n th e horn , blinks th e 
lights , and disables the starter coil 
when the dome light is lit by open
ing the door. 

With th e number of in -vehicle 
co ntrol modul es doubling to over 
60 during the past ten years, the 
size and weight of wire harnesses 
that inte rconnect these functions 
has increased dramati ca ll y. To re 
duce th e compl exity of such links , 
L\.S. carrnakers are turning to mul 
tipl exed designs. These use a mi 
croprocessor to se nd pulse -width 

nique called the automotive serial 
controller area network (CAN) . Its 
protocol is supported in silicon . 
from both Microcontroller Div. of : 
Motorola Inc. (Austin, TX) and In
tel Corp. (Santa Clara, CA) The 
network topology is a multimaster 
bus configuration that operates 
over either two shielded copper 
wires or fiber cable with a max
imum bus length of 40 m and a data 
rate of lM bit/ s. Other standards 
vying for universal acceptance are : 
the Car Link protocol from Detroit's : 
Big Three , and Automobile Bus : 
and VAN (vehicle area network) in : 
Europe. 

rn od u lat ed co mmand s over a ONTHEHORIZON 
single wire to distributed o utput Even more intriguing features 
devices. are in the planning stage. Digital 

For exa mple, an integrat<:>d sys- signal-processing (DSP) tech 
tem on the Buick Electra controls niques for speech synthesis and 
exterior mirrors, window motors, speech recognition will enable 
and door locks, and provides key- cellular telephones to be con
less entry, antitheft, and illu - : trolled by voice and talk to the 
minated entry functions. Multi - :. driver. Cellular users can already 
plexing reduced the number of : use a system from L.A. Cellular in 
wires passing through the door on · Los Angeles to receive traffic up
the drive r's side from 56 to 20 . dates , vehicle location, and recom 
Multiplexing is also being used in mendations for hotels , restaurants, 
the Cadillac Allante to power inte- and trip designations. 
rior lighting modules and in For truck drivers, an emerging 
Chrysler 's collision-detection sys- satellite technology called radio 
rem to allow an engine-control determination satellite service 
module , body co mputer, and trip- (ROSS) beams messages to areas 
fuel consumption computer to not serviced by traditional commu 
share data fro m various sensors. nications systems. A terminal 

Th e d ep loy ment of multi - mounted in the cab displays the 
plexing tec hnology in automotive message on a screen, prints out a 
applications has been delayed by a hardcopy, or delivers the message 
lack of inte rnational standards. In with a speech-synthesis system de 
pursuit of a common approach to veloped by Berkeley Speech Tech
system protocol , standards com- nologies of Berkeley, CA. 
mittees in the U.S., Japan , and Eu - DSP technology is also behind 
rope have devised three classes of : an active noise-cancellation sys
multipl exed systems as a starting : tem being developed by Lotus En
point: Class A for low-speed body : gineering in the United Kingdom . 
wiring and control functions , Class Aimed at reducing interior car 
B for medium -speed data commu- noise , the system effectively "fin
nications , and Class C for high - gerprints" the sound picked up by 
speed , rea l-time control. Further- seve ral microphones distributed 
more, the Society of Automotive throughout the car, generates out
Engineering (SAE) is expected to of-phase noise signals, and broad
complete its recommended prac- casts this sound through the car's 
tice (]1850) for Class B applica- stereo speakers to cancel the noise. 
ti ons late this year. The system is expected to be of-

etworking schemes will also fered to auto manufacturers within 
show up in automotive applica - twoyears. 
ti ons. Bosch has developed a tech- Although market growth beyond 
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the mid-1990s is difficult to pre 
dict , driver information systems 
that work with "smart highway" 
equipment are expected to help 
fuel continued growth. Japan and 
Europe are far and away the lead
ers in this and related tech 
nologies such as sophisticated ve
hicular navigation systems . 
However, an experimental pro 
gram in the U.S. may spur interest 
among domestic carmakers. 

In part because of its legendary 
traffic jams, California is experi
menting with a smart highway pro
gram which could lead to a com
mercial system by the 
mid-nineties.Jointly conducted by 
the California Department of Trans
portation (Cal trans), the Federal 
Highway Administration, and Gen
eral Motors Corp. , the Pathfinder 
program was initiated in 1988 to 
relieve traffic tie -ups by integrating 
traffic information with a vehicle 
navigation system. 

The $1.6 million experiment 
uses 25 Oldsmobile Delta 88 
sedans equipped with electronic 
navigation systems from Etak of 
Menlo Park, CA. The navigation 
system consists of a trunk 
mounted communications con 
sole and a display screen fitted on 
the dashboard. The two-way com
munications system is linked to 
other test vehicles and to the Cal 
trans traffic operations Center in 
Los Angeles. Drivers receive traffic 
information visually on the display 
screen or by computer -syn 
thesized voice. The screen shows 
area street maps, tracks the 
vehicle 's position, and gives alter
nate routes for avoiding traffic. 

The ultimate solution for smart 
highways will need to include sen
sors along the highway for gaging 
traffic density and speed. A traffic 
control center will retransmit this 
information to properly equipped 
vehicles . The scheme might even 
be used to regulate vehicle speed 
automatically. Though the pro
spects for smart highway technol
ogyare dramatic, several major hur
dles remain , such as high 
installation cost, software devel 
opment, and the need for commu
nications protocols . 
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111e LeCroy Arbitrary Function Generators 
The ideal signal source for testing 
duplicates any worst case signal 
that a OUT can encounter including 
variations in shape, frequency, duty 
cycle, amplitude, phase, and even 
noise. 

Now there is such a source, the 
Lecroy Arbitrary Function 
Generator. You can create signals 

taCroy 9109 AA81TAAll' 'VNCTIOl<I OENtA.i10R 
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of any shape and vary all the para
meters singly or simultaneously, 
separately or interactively. And the 
generation of test waveforms is not 
a problem. LeCroy's EASYWAVE® 
software is a complete toolkit for 
making test waveforms from 
scratch. Whether you choose to 
create waveforms by using 

CIRCLE 133 FOR INFORMATION 
CIRCLE 134 FOR DEMONSTRATION 

700 Chestnut Ridge Rd, Chestnut Ridge, NY 10977-6499 USA 

equations, select elements from our 
library of simple elements, or even 
by acquiring real world signals with 
a digital oscilloscope! In minutes 
you will be building your signal; in 
an hour you'll be an expert. 

Three models offer a choice of 
single, dual, or both analog and 
digital outputs. All have 100 MHz 
bandwidth (200 MHz clock), 
± 1 O V p-p swing, 5 ns risetime, 
and other characteristics optimized 
for high speed, high fidelity 
applications. 

Call the technical information 
hotline 1-800-5-LECROY for 
product information including the 
tutorial, " The Hows and Whys of 
AFG's", a demonstration version of 
EASYWAVE, or for application 
assistance. 

LeCroy 
Innovators in Instrumentation 



Hanis ASICs are 

No one butHarris brings 
you so many creative options. 
From custom to semicustom. From 
digi.tal to analog to power. Even all three 
combined. Our custom capability spawned the 

disk drives to 

For the complexities of full custom, 
there's no one with more experience than 
Harris. Or so many processes: CMOS 
to BiCMOS. Bipolar JI to bipolar DI. 

Even BiCMOS/DMOS for 
Intelligent Power AS/Cs. 

creation of two sophisticated AS/ Cs which control the 
motor and disk head position in this Seagate disk drive. Our broad portfolio of 

technologi£s and libraries 
allows for smooth inte
gration of digital, ana-

Our FASTRACK™ Design System, 
built on the Cadence Framework, * 

offers you open architecture, exceptional 
design flexibility, easy upgrades and 

a standard user inter/ace. 

Your success is 
ensured because 
Harris is committed 
to total customer 
satisfaction. Wii're the number 
one supplier of AS/Cs to the U.S. military, a 
responsibility which sets precedents for the levels 
of quality, reliability and service you require. 

log and power-on a 
single chip. As in the 

mixed-signal sub
scriber line inter

face circuits we 
supply to major 

companies in 
the telecommunica-

tions industry. 

Your ASIC possibilities are enriched through our strategic alliances. 
Advancell®, the international agreement of Siemens, Toshiba and Harris, 

offers you a cell-based design library with over 400 functions, 
including RAM, P LA and analog. Our gate arrays inclu<k 13 sizes 

with up to 110, 000 equivalent gates. 

Harris is an unmatched source for a broad range of ASICs, including digital, analog, 
power, 6805 and RI'X rnicrocontrollers, and application-specific standard products. Last 
year alone, Harris introduced hundreds of complex new designs, now in operation in a 
wide variety of applications. For more infonnation on how we can deliver your ASICs on 
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Our own ASIC design system - - ~ 
FASTRACK™ - isn't the only track; Harris also 

supports the leading industry software: Dazix*, Mentor*, Valid* and OrCAD*. 

In core-based design, we 
support several industry 
standards including the 
6805 and our RTX™ 
microcontrollers. 

Harris' strength is more than technology alone. 
On-time delivery of our 6805s, for example, met 
Chrysler's just-in-time inventory requirements 
for production of its LeBaron Convertible. 

With the help of custom and 
off-the-shelf Harris AS/Cs, 
GE Fanuc Automation 
produced its uni,que 
Genius* 110 System-a 
distributed input/output 
system with extensive 
diagnostic capabilities. 
Harris' wide-rangi,ng 
capability lets you 
marry logic, analog and power 
for factory automation and other intelligent motor 
control applications. 

Our AS/Cs are found in 
many leading PCs. Some of the world's top 

creative designers-with small time-to-market windows-
find our expertise can apen doors. 

time, within budget, call 1-800-4-HARRIS, ext. 1210 (in Canada, 
1-800-344-2444, ext. 1210). Or call your local sales office. Harris 
Semiconductor. What your vision of the future demands. Today. 

HARRIS RCA · GE INTERSIL 

*Trademark of a company other than Harris Corporation. 
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PASSENGER RESTRAINT SYSTEMS 
Seat belts have been widely used 
on American vehicles since the 
early 1960s. But recently, law
makers have dictated that cars be 
equ ipped with passive restraints. 

: calculation is so fast that the car- The seat-belt tensioner for Lhe 
: tridge fires within only 10 ms. front seat passenger operates from 

Beginning with model year 1990, 
all U.S. cars must provide a passive
restraint system for the driver, and 
in 1994 it must be available for the 
front seat passenger as well. Safety . 
legislation places unusual de - ·: 
mands on designers to provide air- · 
bag systems that are reliable, do not 
deploy during minor fender -bend 
ers, can remain unused without de 
gradation for long periods, and can 
survive a crash but still deploy. Key 
to such a system is a trigger unit that 
senses the magnitude of the crash. 

In a collision, a weight bends beam
mounted strain gages. The gages are 
a bridge circuit driven by a reference 
voltage. Strain changes gage re
sistance that is related to de
celeration, unbalances the bridge, 
and signals the ECU. The ECU deter
mines when the airbag should deploy. 

The trigger unit must contain an 
acceleration sensor that accurately 
determines when to blow the air 
bag or tighten a seat belt. When an 
evaluation circuit det ec ts de
celeration indicative of serious ac
cidents, a firing cartridge triggers 
an air bag and activates the seatbelt 
tensioner. In a frontal collision at 
30 mph (18 km/ h) - the velocity 
needed to trigger the air bag - the : 

At the same time, the system the same trigger unit as the air bag. 
must be sensitive enough to dis - Propellent forces fluid against im 
cern minor bumps that must not peller blades of a turbine. Turbine 
deploy the air bag. To prevent such : wheel rotation forces a roll -up shaft 
problems, the device checks itself : to tighten the be lt. 
againsL data from test crashes to im- If the vehicle batte1y is disabled 
plement filtering action . For fur- during an accident, a large capaci 
ther reliability, a diagnostic pro- tor gives enough backup power to 
gram continuously checks the operate the restraint system. A volt
integrity of the entire electrical sys- age converter assures that the full 
tem , including the controller, ca- operating voltage is available for 
ble and plug, and trigger unit. the trigger unit even if the battery 

At specified deceleration , the drops as low as 4 Vdc. 
trigger sends an electrical pulse to A check lamp monitors the elec
a detonator located in a gas genera- trical system. The lamp illuminates 

Seat-belt tightener 

Housing with 
propellant capsule, 
thrust chamber 
and piston 

Tube 

Roll-up 
shaft 

Drivers are protected by an airbag in : 
the steering wheel. Passengers are : 
restrained by a special belt tensioner. : 
Upon impact, a capsule is detonated : 
by an electrical signal, and the re- : 
suiting high pressure expels a fluid : 
against turbine blades. The turbine : 
turns the shaft, reverses the roll-up : 
mechanism, and tightens the seat : 
belt. · 

tor. The propellent detonates and : 
fills the air bag. After 100 ms, the : 
gas escapes through slots around : 
the edge of the bag and collapses to : 
absorb the kinetic energy of the : 
driver's body. · 

when the ignition switch is on and 
remains lighted for about 10 s dur
ing a test cycle. If the system is 
operable , the lamp goes out. The 
lamp stays lighted if system service 
is needed. 

Older restraint systems were pri 
mari ly mechanical, employing 
several sensors that can monitor 
only two or three parameters. Ac
celeration in these devices con
tained mechanical switches that 
tended to cause inadvertent bag 
deployment. In contrast, newer 
electronic units contain more so
phisticated acceleration sensors, 
with microprocessor and digital 
signal-processing ICs for control 
and monitoring functions. 

The accelerometer in a Bosch 
AB6 system, for example, uses a 
spring-weight system and elec
tronic circuitty. The dual element 
sensor detects ve hi c 1 e de -
celeration during frontal collision. 
The movable weight bends a spring 
that is bonded to four sensing re
sistors in a bridge circuit. The de
vice generates a voltage that is pro
portional to the deceleration. The 
voltage is fed to an amplifier 
through a high pass filter. 

A limiter stage follows that filters 
out high-frequency vibrations and 
subtracts signals less than 4 g -
accelerations encountered during 
normal driving conditions . The 
threshold decelerati on value for 
the seat belt is relatively low. Belts 
tighten at a frontal collision speed 
ofonly 25 mph (15 km/ h) . But the 
threshold level for the air bag is 
approximately 42 mph (25 km/ h). 
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HPandApollo 
proudly announce 
the birth of 
five new 
workstations. 



As yolid expect, 
compatibility runs in 

Soli.d modeling for mechanical engineering Graphic inform,a 

Advanced 3D graphics Mechanical computer-

400t 425t 400s 4JJs 

The HP Apoll.o 9000 Series 400. 



the family. 

t'i<msystem Present.at'i<m spreadsheet Mechan'ical CAD and manufacturing 

a'ided engineering CASE configurat'i<m manngernent Ef,ectron'ic design automat'i<m 

You're ready for more powerful 
workstations. But you want them 
at a reasonable price. And you don't 
want to sacrifice your software 
investment to get them. 
Hewlett-Packard has a better way. 

The new Hewlett-Packard Apollo 
9000 Series 400 workstations. 
Based on the latest Motorola tech
nology, they give you astonishingly 
fast performance at a very low 
price. As well as the capability to 
handle over 3200 applications, the 

broadest and best set of applica
tions available. 
At the entry level, there's the very 
powerful 400dl with 12 MIPS for 
under $5,000~ The 425t with 20 
MIPS and 3.5 MFLOPS is priced 
under $9,000~ And, there's the 
affordable 433s, with 26 MIPS and 
4.5 MFLOPS for under $16,000~ 

Our new VRX graphics options offer 
you excellent performance for 2D 
graphics with X Wmdows. Or add 
the unparalleled power of our 
advanced 3D graphics for the best 
rendering technology in the 
industry. 
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The affordable, compatible new 
generation of Hewlett-Packard 
Apollo workstations. Just the kind 
of innovation you'd expect from 
HP Apollo. For more information, 
call 1-800-752-0900, Ext.1540. 

There is a better way. 

Ff/OW HEWLETT 
~/.!a PACKARD 

•U.S. List price. 
© 1990 Hewlett-Packard Company CPWG002 
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FL U KE A N D P HILI P S TH E G L O BA L A LLI AN C E I N TE S T & MEA SU R E MENT 

Backlit display for low-light 
work areas. (88 only) 

Precision Analog Pointer 
quickly indicates changes 

in oxygen sensor output 
voltage, sweeping throttle 
position sensors and other 

variable readings. 

Frequency measurements 
tor testing MAF, MAP and 

ABS sensors. 

Smoothing ~ provides stable 
RPM readings. Shows average 

ol last 8 measurements, 
while analog display shows 

present measurement. 

Lo-Ohms to locate bad 
grounds on regulator, relay and 

iQnition contacts, magnetic 
pickups and coils. (88 only) 

RPM Measurements 
with Inductive Pickup for more 

convenient and accurate 
readings of both conventional 

and distributorless 
(DIS) ignitions. 

Introducing the Fluke 86 and 88. 
Dedicated automotive multimeters. 
More Capable. More Profitable. 
The new Fluke 86 and 88 Automotive 
Meters have all the right features 
to test electronic engine control com
ponents. To test every part of the 
electrical system and to zero in on the 
problem fast. To hunt down even the 
trickiest driveability problems. Quickly. 
And profitably. 
They are the first to deliver Fluke's 
superior digital multimeter perform-

ance in a totally automotive-specific 
package. Providing full DMM capa
bilities plus pulse width , duty cycle, 
frequency measurements, and RPM 
measurements with an inductive pick
up. The Fluke 88 adds Smoothing;• 
Lo-Ohms, deluxe test leads and a 
backlit display. 
Yet with all this high-tech perform
ance, Fluke meters are tough enough 
to stand up to dust, dirt, grease, 
moisture, and all the abuse you can 
dish out. And a full three-year warranty 
to back them up. 

PHILIPS 
Duty Cycle with dwelt 

conversion chart for electronic 
fuel injection and feedback 

carburetors. 

• 

Milliseconds Pulse Width to 
test on-time of fuel injectors, 
idle air control motors, and 

electronic transmission 
controls. 

0.3% basic de voltage 
accuracy 
0.4% basic resistance 
accuracy 
Min/Max Record ing 
Protective holster with 
flex-Stand· 
Touch Hold• 
Test leads, test clips , 
inductive pickup, hard 
carrying case 
Instruction manual with 
troubleshooting applications 
Three-year warranty 

FLUKE 88 
0.15% basic de voltage 
accuracy 
0.2% basic resistance 
accuracy 
Min/Max Recording 
Protective Holster with 
f lex-Stand· 
Touch Hold• 
Backlit display 
Lo-Ohms too .om 
Smoothing· 
Deluxe test leads, test 
probes , alligator cl ips , 
inductive pickup, hard 
carryino case 
Instruction manual with 
troubleshooting applications 
Three-year warranty 

1c1an 
Demand the best- Fluke . To get the 
job done right, the first time, for a long 
time to come. Fluke 86 and 88 Auto
motive Meters are available from leading 
automotive tool suppliers nationwide. 
Or call 1-800-44-FLUKE, ext. 11, for 
more product information. 
Everett, WA98206. U.S.: (206) 356-5400. Canada: (416) 890-7600. 
C>1990John Auke Mfg. Co., Inc. Alt rights reserved. 
Ad No. 0601.fll6 
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Newly Developed ICs 
Driving Auto Electronics 

Early automotive electronics had to make do with older 
semiconductors) but specially designed !Cs 

are opening up a wide range of new applications. 

RANDY FRANK AUTOMOTIVE SEGMENT, 
MOTOROLA DISCRETE AND SPECIAL TECHNOLOGIES GROUP, PHOENIX, ARIZONA 

C
ARBURETORS and points 
have gone the way of horse
shoes and saddles in the area 
of personal transportation. 

Just as the automobile replaced the 
horse, increasingly sophisticated 
electronic control systems have 
made formerly essential compo
nents of the auto obsolete . The new 
systems improve performance , 
safety, convenience, communi
cations , and manufacturability, and 
reduce emissions. In addition, they 
offer superior system diagnostics 
for improved serviceability, and 
system integration for increased re
liability. 

Although the microcontroller 
unit (MCU) is the critical control 
element in many current systems 
(12 applications depend on MCU 
technology), other semiconductor 
technologies will also play a key 
role in achieving high -volume pro 
duction. Applications will include 
transient suppression, load con
trols that need more rugged and 
smarter power devices , and sensing 
of numerous vehicle inputs . In ad
dition to supplying more precise 
control , the automotive semi
conductors used in these appli 
cations must cope with one of the 
harsher environments for elec 
tronic components. 

A good example of an automotive 
electronic control system is an anti
lock braking system (ABS). Virtu 
ally every auto manufacturer offers 
some sort of ABS on selected mod
els . The typical ABS uses an MCU , 

: several sensors, semiconductor 
: power devices, and hydraulic com
: ponents to automatically pump the 
: brakes rapidly and repeatedly. As a 
: result, the driver can maintain 
: steering ability and vehicle sta
: bility under difficult road surfaces, 
: such as ice or wet asphalt and un
: der hard braking conditions. 
: Functions performed by a typical 
: ABS controller include actuation of : 
: solenoids, motors, and indicator 
· lamps. A simplified model of age - : 

neric ABS system starts with inputs 
from either vehicle sensors (or 
switches) or driver -actuated 
switches (Fig. 1). These inputs are 
converted to a form that can be em
ployed by the MCU. For simple 
switched inputs, the interface re
quirements are minimal or non
existent, but many sensing inputs 
require amplification, buffering, 
temperature compensation, or 
analog-to-digital conversion . 

If designers develop custom I Cs 

ABS block diagram 

Wheel speed #1 

Wheel speed #2 

Wheel speed #3 

Wheel speed #4 

Brake switch 

Pressure switch 

Valve test # 1 

Valve test #2 

Valve test # 3 

Valve test #4 

Longitudinal 
deceleration 

sensor 

Brake pedal 
pressure sensor 
(Custom MPX) 

Fluid level 
sensor 

(Custom MPX) 

Diagnostic 
bus driver 
(SN75171!) • 

Modulation 
valve#1 

Modulation 
valve#2 

Modulation 
valve #3 

Modulation 
valve#4 

Hydraulic 
fluid pump 

ABS on light 

ABS fault light 

Diagnostic 
bus 

1. DESIGNERS CAN REDUCE the complexity and component count in an antilock 

braking system controller by developing custom /Cs to link the sensors to the 

microcontroller unit. That interface c ircuitry is represented by the input-signal 

conditioning block in this simplified model. 
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to link the sensors to the MCU, the 
ABS controller's complexity and 
component count can be consid
erably reduced. For instance, com
bining signal conditioning with 
the sensing e lements to allow bidi
rectional communication with the 
MCU creates a "smart sensor." 
Smart sensors are typically mono
lithic semiconductor devices that 
offer fewer components, improved 
re liability, and reduced system 
cost. 

The MCU's low-current, digital 
output must be amplified before it 
can control the power semi
conductor or relay that will ulti
mately actuate the desired sole
noid, motor, lamp, or display. As in 
the smart sensor, output signal 
condition ing and power semi
conductor devices can be com 
bined into smart-power I Cs. 

Besides easing the interface task, 
smart I/O devices also protect the 
system and supply fau lt-de tection 
or diagnostic capabili ties. With in
creased vehicle-system complex
ity, circuit protection and diagnos
tics are viewed as mandatory for 
improving manufacturability, 
safety, and firs t-time success for re
pairs. 

The sensors measure the speed 
of the wheels and send the MCU an 
ac signal whose freque ncy is pro
portional to the wheel 's speed. 
When the MCU detects a wheel 
lock-up, the controller drives re 
lays that activate solenoid valves. 
The valves control the hydraulic 
pressure applied to each wheel to 
keep it in an optimum slip range . 
Present systems use electrome
chanical relays and bipolar power 
transistors or power FETs to acti 
vate the solenoids. 

One of the many problems that 
confronts automotive -e lectronics 
designers is that the nominal 12 -V 
system in passenger cars is just 
about anything but 12 V. In typical 
operations, charging systems regu 
late the alternator 's output to sup
ply sufficient voltage to keep the 
batte1y charged under various tem 
perature and load conditions. This 
voltage can range from over 15 V at 
0 °F to about 12 Vat maximum un 
der-hood temperatures. 

2. AN ALTERNATOR PROTECTED with new avalanche rectifiers generates 
a much smaller voltage transient when it's disconnected from the charging 

circuit (dashed line). The vehicle 's electronics can then use less expensive 
power FETs with lower breakdown voltages. 

Moreover, e lectronic assemb lies 
on cars must withstand reverse bat
tery conditions to -13 V, jump 
starts from tow trucks (24 V), short
duration voltage transients that can 
easily exceed ± 100 V, and long
duration (400 ms) "load -dump " 
trans ients that can exceed +80 V. 
To prevent damage due to exces
sive voltage , the systems must ei 
ther use electronic components 

FET block diagram 

: with a breakdown voltage that can 
: withstand the various automotive 
: voltages , or they must include pro
: tective circuits. 

The load-dump effect is a good 
: example of the varying -voltage 
: problem and how it can be reme 
: died. To the voltage -regulated al
: ternator, a properly connected bat
: tery appears as a large capacitor, 
: maintaining a low and constant bus 
: voltage . However, when it 's discon
: nected , the alternator suddenly 
: generates a high (by automotive 
: standards) voltage transient lasting 
: several hundred milliseconds (Fig. 
: 2). This transient can cause cata
: strophic damage to voltage-sensi 
: rive electronics. 

A common and relatively inex
pensive way to suppress these tran
sients is to place a short voltage 
clipper- such as a Zener diode or 
surge supressor- across the input 

. of the electronics. The suppressors , 
: which for automotive applications 
: are in the 24-V to 32-V range, must 

--------------- : withstand the energy of the tran
3. A CURRENT-LIMITED FET is actually a 
small IC that holds the power FET plus a 
small-signal npn and related components. 
As the npn unit turns on, gate drive is 
taken away from the FET, limiting its 
maximum current. 

sient. This energy level is defined 
by many automotive specifications , 
the most common being 60-V or 
100-V peak transients decaying ex

. ponentially to a 14 -V batte1y level 
: in a time constant of 0.115 seconds . 
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SIEMENS 

If you think you have no choice 
when it comes to MOSFETs ... 
think again. 
Tired of losing in a shell game with 
manufacturers who offer a limited 
selection of small signal MOSFETs? 
Then take a look at Siemens SIPMOS® 
FETs, and choose from an unequalled 
number of types and packages. 
That 's right. Siemens small signal 
SIPMOS FETs are the answer for your 
circuit when high performance can 't 
be compromised. With Siemens 
SIPMOS FETs, you can choose 
between a wide range of N- and 
P-channel enhancement mode and 
N-channel depletion mode devices 
with the largest surface mount 
selection available anywhere: 
• N-Channel Enhancement

Logic-level; general-purpose (with 
very tight VGs(th) range); high-voltage 
(up to 600V); and medium-power 
(> 1.0A)-in T0-92, T0-18, T0-202, 
SOT-23, SOT-89, and SOT-223 
packages . All with exceptionally 
low on-state resistance. 

SCl-1000 

• N-Channel Depletion- General 
purpose and high-voltage types in 
T0-92, SOT-23, and SOT-223 
packages. 

• P-Channel Enhancement
Complements to the N-channel 
devices with breakdown voltages 
up to 240V in T0-92, SOT-23, 
SOT-89, and SOT-223 packages. 
So why gamble with other suppliers 
when you can win with Sie_mens? 
Select SIPMOS small signal FETs 
for a real choice in MOSFET 
devices. Return the coupon for a 
data kit including our handy 
Product Selector Guide. Or call 
1 (800) 888-7730 today. 
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Select Siemens SIPMOS ... 
for a real choice 
in small signal MOSFETs. 
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Therefore, for five time constants 
(0 .575 seconds), the suppressor 
must sustain this source or compli 
ance voltage through a specified 
limiting resistance. The general 
range of resistor values produces 
surge currents in the 0.5 -A to 10-A 
range. In addition, the specifi 
cations usually require that the de 
vice withstand 10 transient pulses, 
one every 30 seconds . 

The duration of the load-dump 
transient will cause excessive junc- . 
tion temperatures even in many : 
ruggedized power MOSFETs. How- : 
ever, using avalanche rectifiers : 
(such as Motorola's MR2535L) in : 
the alternator can limit the max- : 
imum voltage to 40 V, even with 90 : 
A of reverse current for 80 µs at a : 
junction temperature of 175 ° C 
(Fig. 2, again). 

This solution is very cost-effec- . 
tive because the on-resistance of : 
power FETs increases as their : 
breakdown voltage is increased to : 
the 2.2 power. If a lower breakdown : 
voltage can be used, the resulting : 
reduction in on-resistance will re - : 
duce the cost of the power FETs, : 
assuming that die size remains con- : 
stant. Even if only a few power FE Ts ; 
are used, the savings can easily off- : 
set the cost of the avalanche ; 
rectifiers. 

, 

The spectrum of new automotive : components that offe r oppor 
systems is pushing the devel- : tunities to reduce the number of 
opment of power electronic com- ; circuit components because 
ponents (including smart power : they're easier to interface and they 
ICs), which will ease system de - : perform special functions . For ex
sign and lower costs . The devices ; ample , using tighter processing 
must control lighting, solenoid : controls and techniques devel 
(inductive), and motor loads; illu- : oped for fabricating MCU and 
minate displays; and perform de-de ; memory chips has substantially im
power conversion for 12-to-15 -V, : proved the typical gate -rupture ca-
12-to-24 -V, and 12-to-48-V systems ; pability of the MTP50N06E (a 60-V, 
(see the table). Many of these loads : 50-A, 0.028-Q power FET) from ap 
require relatively high in-rush : proximately 40 V to over 90 V. In 
and/or high steady-state currents, ; many applications, this improve
so to minimize power dissipation : ment can eliminate the need for an 
or heatsinking requirements large : external Zener diode on the gate. 
output devices are used. Power ; The procedures used to qualify 
FETs are the most frequently used : new power devices are also being 
semiconductor device in these ; beefed up. Standard practice is to 
cost-sensitive applications . use 80% of the breakdown rating 

A critical factor in under-hood : during reliability tests . For all 
automotive applications is a high ; power FETs , this has been in 
ambient temperature. As a result , : creased to 100% of the maximum 
the auto industry has pushed for : data-sheet rating to ensure that de 
higher maximum junction temper- ; vices are stressed to the combined 
atures for power devices. By using : maximum temperature and volt 
plastic packaging materials with a ; age . For example , high -tempera 
glass transition temperature ap- : ture gate bias tests are conducted at 
proaching200 °Cmakesitpossible: 100% VGs and 150 °C, and high 
for 175 ° C ratings for the newest, : temperature reverse bias testing is 
energy-rated power FE Ts , such as : done at 100% Vos and 150 ° C. De
Motorola 's E-FET power MOSFETs. : vices that can operate at 175 ° Care 

Another class of devices , rug - ; being qualified at the higher tem 
gedized FETs like the Motorola : perature as well. 
TMOS series , are designer-friendly; Another important feature of 

power I Cs is the ability to withstand 

Sensor block diagram 
a shorted load. A current-limited 
FET, such as the ML Pl N08L, offers 
an integrated solution to protect 
semiconductor power devices from 
high in-rush current as well as from 
short circuits . With a current rating 
of 1.1 A, minimum breakdown volt 
age of 80 V, and an on -resistance of 
0.75 n at 25 °C, the MLP1N08L lim
its the current that can flow in a 
logic-level power FET. 

+5V 
input 

Gnd 

4. A FULLY INTEGRATED pressure sensor contains the piezoresistive silicon sensor 

element and all of the necessary signal conditioning circuitry in the same die. 
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The current-limited FET incor
porates a small -signal npn transis
tor and a diode from the gate to the 
source of an n-channel , logic-level 
FET (Fig . 3) . Because it 's designed 
for medium -speed switching appli 
cations that require rfi and emi to 
be minimized, the device has an 
integral resistor, R 1 , that limits the 
gate charge and discharge rate. R2 

is the sensing resistor that deter
mines the maximum current level 
for forward biasing of the npn tran-



SIEMENS 

Saturation! 
With more new U.S. Industry types and our extensive 
European line-up, we're "saturating" the market. 

"Soturation''-simply, it means that we're 
putting together an enormous family of 
quality SOTs for you to choose from. And 
since we're constantly expanding our 
product line, finding the perfect SOT for 
your design will be easy. 

But that's only part of our successful 
SOT story. 

That 's because each SOT is built with 
Siemens unsurpassed quality and long 
term reliability. And every one of them is 
produced using Statistical Process Con
trol (SPC), a data-driven method that 
manages the manufacturing operation, 
providing a quality level of ::::;5 DPM. 

Result: Performance that 's second to 
none. Which is what your boards require 

to withstand the punishing environment 
of surface mount assembly, plus 
whatever your application demands. 

Whether the need is for automotive, 
computers, communications, telecom
munications, instrumentation, tuners , or 
factory automation; you 're assured of the 
highest quality SOT for your applications. 

Discrete Surface Mount Semiconductors 
from Siemens. The definition of superior 
quality. Check it out yourself. Write or 
call. .. today! Siemens extensive line-up 
of quality SOTs are in stock now at 
Advacom, Advent, Hall-Mark and 
Marshall. Or clip the coupon for our 
new expanded SOT catalog. Siemens 
Components, Inc. (800) 222-2203. 

Siemens ... pioneer and leader in SOT technology . 

• • • • • • • 
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sistor. As the npn transistor turns 
on, gate drive is taken away from the 
power FET, limiting the current. 
The current limit is temperature 
dependent and decreases with in 
creasing temperature, from 2.3 A at 
25 ° C to 1.1 A at 150 ° C. The 
MLP1N08L withstands over 8 kV in 
electrostatic discharge tests con
ducted with the human-body
model test circuit. 

Because the MLP1N08L con
ducts current and dissipates power : 

even during a short circuit, a heat
sink is needed to keep the junction 
temperature below the maximum 
of 150 ° C. To simplify the user's as
sembly process, therefore, the cur
rent-limited FET will also be of
fered in a fully isolated package 
whose thermal performance is sim
ilar to schemes that use additional 
hardware, such as mica washers or 
commercially available isolation 
pads. Both versions of the FET are 
suitable for low-cost applications . 

: lack of isolation between circuit 
: elements (except forthe oxide-iso
: lated diodes) . Eliminating the iso
: lation keeps the cost down but also 
: limits the circuits that can be ob-

tained. Moreover , parasitic ele 
ments that can occur must be ac
counted for in each design. 

Devices made possible by the 
Smartdiscrete process also help fill 
another need in automotive elec
tronics: diagnostic signals. The 
process permits a simple open
drain diagnostic scheme that can 
indicate the presence of an open or 
short fault by sending a flag to an 
MCU. The diagnostic uses informa
tion supplied by either the current
limit or thermal -sensing circuits . 

Automotive systems and their loads 

Engine control: 
Fuel injection 
Canister purge 

EGRValve 
Ignition 

Engine cooling fan 
Load control 

Anti-skid brakes 
Audio system 

Climate control 
Anti-theft 

Power seats 
Power windows 

Remote control mirrors 
Heated key 

Trunk release 
Trunk closing device 

Door lock systems 
Door closing device 

Power antenna 
MPG/trip computer 

Retractable headlamp doors 
Headlamp wiper motors 
Windshield wiper motor 

Rear window wiper motor 
Horns 

Heated backlite 
Electronic transmission 

Electronic power steering 
Diagnostic 

Four-wheel drive control 
Electro-hydraulic 

suspension 
Electronic heater 

Heated windshield 
24 V or 48 V power 
Traction control 

Collision avoidance 
Multiplex wiring 

Display 
Solenoid 
Solenoid 
Solenoid 

Coil 
Motor 

Solenoids/display 
Solenoids 

Speaker coil 
Motor + solenoids/display 

Solenoids/alarm/light/flasher 
Motors 
Motors 
Motors 
Resistor 

Solenoid/display 
Motor 

Solenoids 
Motors 
Motor 

Display 
Motors 
Motor 
Motor 
Motor 

Inductors 
Resistor 

Solenoids 
Motor 

All 
Solenoids/display 
Solenoids/display 

Resistor I display 
Resistor/display 
Inductor/de-de 

Solenoids/display 
Solenoids/display 

Lamps/motors/solenoids/ 
display 
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1\vo ideal auto-
motive uses are 
in incandes
cent-lamp oper
ation and in in
jector drivers. 

. Electronic engine control sys
: terns have used semiconductors for 
'. sensing manifold absolute pres 
: sure (MAP) for over seven years. 

A standard, 
logic - level 
power FET pro
cess produces 
the current-lim
ited FET. The 
process, which 
can create 
small -signal de
vices as well as 
power res, en
ables designers 
to boost integra
tion levels with 
only a small in
crease in area 
beyond that 
needed by the 
basic power 
FET and with 
the addition of : 
only one mask
ing layer . Con
sequently, the 
cost of the 
added circuitry 
is minimal com
pared with the 
total cost of the 
power switch
ing device. An 
intermediate 
level between 
smart-power 
res and stan
dard power 
MOSFETs, 
dubbed Smart 
discretes, dif
fers from an IC 
process by the 

Most frequently, a MAP sensor uses 
: two silicon wafers to produce a pie
: zoresistive silicon pressure sensor. 
: The top wafer is etched until a thin, 
: square diaphragm (approximately 
: 1 mil thick) is created. The square 
: area is extremely reproducible, as 
: is the 54.7° angle of the cavity wall. 

In addition to absolute pressure 
measurements , atmospheric pres
sure or a reference pressure can be 
applied to one side of the sensor 
through a hole that's micro 
machined in the second, constraint 

: wafer. 
The latest development in semi 

conductor pressure sensors is the 
integration of all conditioning cir
cuitry on the same chip as the mi 
cromachined diaphragm. This cir
cuitry adjusts the offset and span , 
compensates for temperature ef
fects on both offset and span, and 
supplies an amplified signal (Fig. 
4). The device is based upon one 
piezoresistive sensing element po
sitioned at a 45 ° angle in the center 
of the edge of the square di 
aphragm. The variation of the offset 
voltage and the full -scale span of 
this sensing element with tempera
ture is highly predictable. 

The added circuitry comprises 
an interactively laser-trimmed 4-
stage network produced in one 
monolithic structure. The circuit 
uses silicon area that 's needed to 



Everytime 
all the time. Sanyo. 
Designed to withstand contin
uous maintenance overcharge 
and high rate discharge 
in a sealed environment, 
the superior performance 
of Sanyo Nickel Cadmium 
batteries has made them 

leading Edge Battery 1echnology 
Sanyo offers you the highest energy density, longest run time, 
longest cycle life, and the broadest family of cells, from high tem
perature to fast charge (1 hour), of any battery manufacturer 
today. 

Superior Service life and Economy 
With output power much higher than that of dry cells, Nickel 
Cadmium batteries can withstand over 500 repeated 100% charge/ 
discharge cycles, in addition to offering outstanding economy. 

Excellent High-rate Discharge Performance 
Sanyo's unique electrode plate manufacturing process and cur
rent collectors minimize internal resistance, which in turn enables 
high-rate discharging and guarantees stable discharge voltage. 

Charge/Discharge Characteristics 
Sanyo Nickel Cadmium batteries are designed to give you optimal 
performance during charge and discharge thus assuring out
standing performance in your applications. 

Cycle Characteristics 
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ideal for use in leading prod
ucts using rechargeable bat
teries. Review their superior 

technical performance for 
yourself and see why Sanyo 

Nickel Cadmium batteries are 
the world's choice. 

Wide Operating Temperature and 
Maintenance Free 
In addition to displaying only minimal variation in performance 
over a wide temperature range, the totally-sealed construction 
makes Sanyo Nickel Cadmium batteries maintenance free over 
their life time. With the additional benefit of 5 year shelf life, 
there's no better battery on the market. 

Superior Reliability 
Sanyo CADNICA batteries are 
manufactured under strict 
quality control conditions. 

All of our products are fully 
formed and cycled to insure 
uniform performance and 
superior reliability. 

Structional Design 
Sanyo also offers a long life 
resealable precision spring 
vent system and a pat
ented welded electro-tab 
construction on all nickel 
cadmium batteries. 

Sanyo's the One 
No other battery manu
facturer offers all these 
benefits. So if you're not 
buying Sanyo batteries 
you're simply not buying 
the best. 

Structural Design 
of CADNICA Battery 

For more information on Sanyo Nickel Cadmium 
batteries, contact: 

Poeitivt -· 

SANYO Energy (U.S.A.) Corporation, 
1201 Sanyo Avenue, San Diego, California 92073, (619) 661-6620 
In Florida : (904) 376-67 11 
In Illinois: (708) 595-5600 
In New Jersey: (201) 641-2333 (Ext. 417) 
In Georgia: (404) 279-7377 
In Texas : (214) 480-8345 
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On the road ... quartz crystals were once the king of fre
quency control and electronic systems timing. No more! 

Ceramic Resonators are taking over the throne. 
They're stronger. They take on 
harsh automotive-class environ
ments with a vengeance. 

They're less expensive .. . 
just a fraction of the cost of 
quartz crystals. And, in most 
cases, they're smaller at com
parable frequencies. We even 
offer surface mount chip ceramic 
resonators. 

Murata Erie has taken the lead in getting 
ceramic resonators ready for the road. We've been at 
the forefront of ceramics-for-electronics technology for 

over 45 years and have built an 
enviable, world-renown repu
tation for quality and capability. 

If your automotive 
electronics application needs 
a frequency or timing control 
device, give us a call at 
1-800-831-9172. Chances are 
one of our ceramic resonators 
can get it on the road. 

MURATA ERIE NORTH AMERICA 

2200 Lake Pruk Drive• Smyrna, GA 30080 
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Current transfer ratio improve ments in p rocess contro l 
. implemented by Moto rol a have 
: greatly increased long -term re
: liability. The tests used the curre nt 
: transfer ratio ( CTR)- the ratio of 
: transistor collector current to fo r
: ward curre nt- as a measure the 
: LED's li ght o utput. Afte r 7500 
: hours, the average CTR of the im
; proved LEDs was still almost 98% of 
: their initial va lue (Fig. 5). This test
; ing was perfo rmed at room temper
; ature but tests are in progress to 
: evaluate their operati on at 85 • C, 
· 105 °C,and 125°C. 
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Several custom optical sensors 
have already been developed fo r 

10,000 ; automotive use. Two pairs of opti 
ca l emitters and d e tec to rs were 
mounted at the end of the steering 
colu mn to measure steering whee l 
tu rn angle directi on and speed as 

5. PROCESSING REVISIONS and improvements in process control have yielded ; part of a ride -contro l system. Multi 
LEDs whosecurrenttransferratio(ameasureofthediode'slight output)remained : p ie slots in a shutter interrupt the 
at 98% of its initial level even after 7,500 hours. ; light path of the two pairs of e mit

; te rs and de tectors to provide the 
stood over 1 milli on pressure cycles : quadrature signal. mec hani ca ll y s u p p o rt th e di 

aphragm, so the die size fo r the 
fully signal -conditioned unit is 145 
by 130 mils, compared to 120 by 
120 mils fo r the uncompensated 
element. 

The laser trim procedure yields a 
device ( the MPX51 00D) with a 
zero -pressure offset voltage of0.5 -V 
nominal and a full -scale output 
voltage of 4 .5 V when connected to 
a 5.0-V supply. Therefore , the out
put dynamic range caused by an 
input pressure swing of 0-15 psi is 
4.0 V. The output depends on the 
supply voltage, which can be a 
maximum of 10 V. . 

To measure pressures or levels of : 
ve hicle fluids, semiconductor sen- · 
sors must be exposed to one or 
more liquids (oil , fu el, coolant) 
de trimental to the semiconductor 
circuit 's operati on . Each appli 
cation must be addressed sepa
rate ly, but cost limits generally pro
hibit the use of stainl ess steel 
isolation . Instead , more cost-effec
tive protective polymers and chem
ically to lerant plastic and rubber 
materials are needed . Recently de
veloped materials have made possi
ble a 100-psi sensor, the MPX700, 
that can measure oil pressure. A 
custom version of this unit has with-

at high temperature. : The MCU in the ri de -contro l sys-
Severa l manu fac tur e rs have ~ tern uses an algorithm that de ter

adapted the techniques used fo r : mi nes the straight-ahead whee l po
makin g piezores istive press ure ; sitio n and th e n ca lc ul a tes th e 
sensors to develop piezoresistive : latera l acce leration that will result 
accelerometers. The piezoresistive ; from the tu rn angle. If this late ral 
acce lerometer, however, with its ; acce leration is above a program
beams and suspended mass, is con- : med leve l , th e shoc k abso rbe r 
siderably more complex than the : damping is switched to firm . The 
simple di aphragm used in most : opti cal steering se nsor also sends 
pressure se nso rs. A three- laye r : the MCU info rmation that enables 
structure is needed to supply over- ; it to de termine the rate at which the 
range stops, a bending beam, and : steering whee l is turning. If this 
air damping. : rate is too high, the damping is 

Optical sensing techniques us- : switched to fi rm to supply more 
ing infrared emitters and detectors : maneuverability. 
have bee n used successfully fo r ; Perhaps the most significant as
several years in rather benign envi- : pect of semiconductors is the fa bri 
ronments to accurately sense rota- : cati on process , which offers the 
tional and linear motion . But their ; abi lity to in tegrate fu ncti ons while 
extension into automotive elec - : aggress ive ly reduc ing cos t , es 
tronics has been delayed du e to : pec ially in the vo lu mes re pre 
temperature se nsitivity and sta- : sented by automotive applications. 
bility problems with the emitte rs. : In the 10 years since the fi rst use of 
With recent improvements, how- : microprocessors in veh icles , prices 
ever, optical sensors can work at : have dropped by more than an or
temperatures to 150 °C. ; der of magni tude , while features 

Detailed studies of LEDs from : and co mp ytin g capabi lity in 
U.S. and non-U.S. sources showed : creased significantly. Cont inuing 
that under accelerated conditions : development ensures that new de 
it's common fo r the diode to de- : vices will be ava ilable for cost-ef
grade 15% to 20% after 1000 hours : fec tive performance in future auto
of testing. Processing revisions and : motive systems. 
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Every new idea in automotive electronics must meet high quality 
standards in a tight economy. 

To provide advanced connectors that live up to those require
ments, we work under a formal, corporate-wide quality program, 
starting from an established technological 'platform' and developing 
products that enhance the manufacturing process. 

Our latest - the AMPSEAL underhood connector and the 
POSI-MATE instrument panel connector - typify the philosophy. 
Both employ proven contact technology, a design platform that offers 
easy reliability projections and cuts development and testing time 
significantly. 

Yet both still allow application-specific versions, particularly the 
high-density POSI-MATE connector, which can be implemented in 
many configurations. 

Crimp contacts allow automated termination, and the clean 
(lanceless) design uncomplicates handling. Terminal position assur
ance is provided by the housings. Our IP connector goes a step further 
with connector position assurance: for protection against under-dash 
tugs, the latch can also be locked. 

Both assemble quickly, but our AMPSEAL high-temp submersi
ble connector is unique - it literally goes together in seconds. 

The housing comes preassembled, seals in 
place, with the front partially 
extended. In a simple, two-stage 
loading sequence, terminals 
are first inserted through the 
rear seal area and held firmly 
in the positioning stage. When 
the front is pushed into place, 
the contacts are locked. 

Both connectors provide an 
inherent quality control check as 
well - the housings won't assemble 
if a contact is in wrong. Ideas like 
this have helped us meet tough 
quality/manufacturability require
ments in the global automotive 
arena for decades, and in every 
related industry as well. We'd like 
to help you. 

For more information or to 
arrange for an AMP Automotive 
Sales Engineer to visit at your 
convenience, call 1-800-522-6752 
Ext. 7302. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

Quick-assembly AMPSEAL sub
mersible connectors -sea/ both wir
ing and interface. True-position 
assurance within housing, no 
back out. 

POSl-MA TE high-density connec
tors stagger contacts on a 3 mm x 
1.5 mm interface. Instrument 
panel security: secondary locking 
prevents separation of mated 
housing. 

THISISAMPTODAY. AIVIP 
CIRCLE 153 
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We'd like to name names, but the story is still 
unfolding. 

One of the Big Three automobile manufacturers 
had been buying custom controllers for instrumentation 
lighting from an off-shore vendor-we're talking about a 
million pieces annually-when the dollar suddenly took a 
downturn. 

Faced with continuing price increases, they went 
looking for a reliable domestic supplier. ''All we need is a 
simple form, fit and function replacement," they said. 

Not so simple. As they discovered, other suppliers 
either wanted to sell them standard parts or an expensive 
ASIC. Furthermore, no one was willing to make the effort 

to supply an IC and hybrid and make it cost competitive. It was driving them nuts. 
Then in marched the General. 
Because we're set up to provide custom hybrid power IC solutions, we routinely dedicate 

a program manager to the project. In this case, he not only successfully engineered exactly the 
part they wanted, he also pioneered a few improvements of his own. 

He designed the heat sink right onto the package at no additional expense. This reduced 
parts count, saved labor costs and significantly increased reliability. What's more, because of 
his growing intimacy with the customer's design process, he was able to identify and implement 
a new consumer feature that was also incorporated onto the hybrid-a circuit that activates a 
courtesy light for 30 seconds after you close the car door. 

The auto manufacturer was thrilled. Not only did we give them another competitive 
advantage, we've shipped them nearly a million parts. 

That's our business: solving problems by going that extra mile. If you need a custom 
power IC or hybrid solution, contact Silicon General, 11861 
Western Avenue, Garden Grove, 
CA 94641. TWX: 910-596-1804. 

FAX: 714-893-2570. 
Phone: 714-898-8121. 

Solutions ... 
that's the general idea. CIRCLE 145 



ACTUATORS PROVIDE 
MOTION CONTROL 
ANEW LI NE OF ELECTRIC linear actu
ators are designed to provide remote 
and auto111atic motion contro l in large 
ve hi c les s uc h as buses , vans, and 
trucks. Applications in c lud e door 
opening and c los ing; transmissi on 
"shift by wire " in trucks and off- high
way eq uipm ent; and wheelchair lifting, 
position ing, and lock ing . Using motor 
voltages of 12 , 24, 36 or 90 voe, the 
actuators can operate at stroke le ngths 

up to 24 in ., speeds to 2 in./s and w ith 
loads up to 1,500 lb . 

ELECTRONICS 

: whether the amou nt of vol tage is cor
: rect. In addi ti on, the AD22001 is de 
: signed to provide an outpu t to supply The weatherproof actuators, which 

consist of a motor, gea rbox, and lead 
screw, are simple to insta ll because 
comp lex wi rin g is n o t n eeded .. 
Warner Electric/ Dana Corp. , 449 : 

15-V CMOS interface circu its. Analog 
Deuices In c., One Technology Way, 
P 0. Box 9106, Norwood, MA 02062: 
(617)329-4700. 

Gardn e r St ., S. Beloit, IL 6 1080; · C/RCLE344 
(815)389-3771. 

COMPARATOR IC 
TESTS CIRCUITS 

CIRCLE343 

THE AD22001 IS A five -channe l com 
parator IC which tests the series circuit 
leading to a lamp to dete rmine if a cir
cuit is intact and a fun ctional lamp is 
in the socket. This IC continually 
monitors the status of up to fi ve bulbs. 
It features a wide temperature range 
(-40 to 125 ' C) and low voltage drop 
(nominal 1.75 mVat 22 ' C). 

The comparators, which can be con 
nected to a car battery, are designed to 
check the amount of voltage applied 
to automotive lamps . The AD22001 
genera tes a digital display to s how 

HALL SENSOR 
: ACTIVATES LAMPS 
: THE UGQ5140K IS AN IC Hall sensor 
: that can acti vate incandescent lamps, 
: relays, and so leno id s. The IC is 
: equipped with an internal protection 
: system. A voltage regulator on the chip 
: allows use of the device to be used 
: with supply vo ltages of 4.5 V to 28 V. 

The UGQ5140K features a high-cur
: rent sink capability (300 -mA con 
: tinuous; 900-mA peak current limit), 
: an automotive temp e rature range 
· (- 40 to 85 ' C) , and a low-profil e 4-pin 

Mini -SIP package . Spragu e Elec tric, 
70 Pembroke Rd. , Concord, NH 03301; 
(603)224-1961. 

C/RCLE345 

P&B relays handle tough automotive switching problems 
Entertainment Systems 

Lighting 
Systems 

Peace of mind. 

Electronic 
Engine Controls 

For nearly 60 years, manufacturers of industrial controls 
have known they can rely on Potter & Brumfield relays to 
handle their toughest switching problems. A new line of relays 
from P&B now allows designers of automotive electronic/ 
electrical systems to have that same peace of mind. 

P&B automotive relays range from miniature PC board 
units to 70 amp, plug-in types and special relay modules. 
They're designed to handle the toughest switching problems. 

Our expertise in the field of electrical switching is consid
erable, plus we can call on the resources of Siemens. We're 
supported by their vast experience and automotive elec-

Power Windows 

tronic/electrical product knowledge. 

Fuel Management 
Systems 

This combination assures you of competitively priced , 
high quality relays that deliver the performance you demand. 
All from a domestic source with worldwide manufacturing 
facilities. 

Contact your P&B sales representative and find out 
more. For the name and telephone number of the sales rep
resentative serving your area, call toll-free 800-255-2550. 

Write us for a free automotive relay catalog . Potter & 
Brumfield Inc., 200 S. Richland Creek Dr., Princeton , IN 
4 7671 . Fax 812-386-2335. 

Potter & Brumfield A Siemens company 
CIRCLE94 
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Many design engineers have said that in addition to the other qualities 
they look for in a material, aesthetics is an important one, and that thermoset 
polyesters give them an attractive product as well as one that can stand the heat 
better than other materials including thermoplastics. 

More and more of them looking for a tough plastic with tight color match
ing (including grays and whites) are finding Plenco thermoset polyesters to be 
a good solution. 

These compounds offer characteristics, in addition to colors, that outdis
tance most higher-priced engineering thermoplastics - injection moldability, 
high heat resistance, excellent appearance and real economy. 

Why not choose Plastics Engineering Company from the beginning of 
your next project? We can help you gain a level of quality, product perfor
mance, and total cost savings that can help to keep you competitive. You'll also 
get Plenco's first-rate service and on-time delivery that many manufacture rs 
and molders count as part of their success. For information , call 
414-458-2121 or write P.O. Box 758, Sheboygan, WI 53082-0758. 

PLENCO 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, WI 53082 

Since 1934 

CIRCLE 108 



METERS AID IN 
TROUBLESHOOTING 
IN ADDITION TO MEASURING basic 
quantities such as DC and AC voltage, 
curre nt , and resistance, two handheld 
meters, the Fluke 86 and 88, also have 
the ability to measure revolutions-per
minute, frequency, duty cycle, and 
pulse rate. Both models can record 
minimum and maximum readings and 
can average the readings in a given 
time period . These capabilities make 
it possible to check current draw and 
voltage drops in automotive starting 
and charging circuits. 

Built according to military s tan 
dards , th e 86 mete r includes probes 
and alligator clips. The 88 includes 
hea r probes , needle point probes, and 
alligator clips . Both meters have sa fety 
features which warn users when leads 
are co nn ec ted to the current jack 

while the meter is se lected for vo ltage 
or resistance . An added feature for the 
88 meter is smoothing, which displays 
th e average of e ig ht measu re me nts 
and provides a stabl e display fo r flu c
tuating s igna ls . U.S. list prices are $4S9 
for th e 88 and 399 for the 86. john 
Fluke Mfg Co. In c., P 0. Box 9090, 
frere tt, WA 98026, (206)881-6966. 

CIRCLE346 

SURGE SUPPRESSORS 
CHALLENGE ZENER DIODES 
THE V2"1ML FAMILY of s urge s up 
pressors are designed as alternatives to 
Ze ne r d iodes fo r au to motive app lica
ti o ns. The devices are rated for peak 
curren ts of up to 2,000 A (8/20 -µs cur
re nt wave) , have a jump-start over
vo lt age capabi lit y of 24.S V for five 
minutes and can operate at a wide te m
perature range ( - SS to 12S • C) to han 
d le th e harsh e nvironment of the auto-

motive industry. 
The devices are supplied in leadl ess : 

ch ip for m fo r surface mo unting. These : 
devices can also distr ibute heat evenl y ; 
because th e ir se mi co nducting ce- : 
ra mie stru cture, unlike that of Zeners , : 
contains thousands of p -n junctions at : 
their condu ctive-gra in bo undari es. : 
The result is low peak te mperatures, ; 
which makes the device more reliable. : 

Production quantities o f th e: 
V24ML1210 are now available at $.46 : 
each. The V24ML1206 , 2820 and 2220 : 
will be ava ilable at the e nd of thi s year. : 
Harris SPmicond11ctor, P 0. Box 883, : 
Melbourne, FL 32901: 1-800-4-Harris, : 
ext. 1066. -

C/RCLE347 : 

IC REGULATOR OFFERS 
ACTIVE RESET 
THE CS-403 IS A LI NEA R postregulator : 
IC fo r switching power supplies . It fea - : 
tu res low drift and no ise immunity an d : 
is the first regulator IC to p rovide an ; 
active rese t. The reset functions at : 
vo l rages as low as 3 V. The CS-403 a lso : 
offe rs low quiescent curre nt (for ex- : 
ample, 3 mA for 0-mA load ; S mA for : 

ELECTRONICS 

SOO-mA load) and low dropout (lV 
typica ll y). O the r features include SOO
mA o utput current , short-circuit pro
tecti o n , and high effic ie ncy. 

Microprocessor-based systems can 
also use the CS-403 for filtering. Unit 
price is $.9S in high vo lumes. Product 
is ava ilable from stock. Cherry Semi
condu ctor Corp. 2000 S. Co unty Trail, 
E. Green 1l'ich, Rf 02818; Call Robert 
Le Fort ( 40 I )823-3959. 

CIRCLE348 

1M-BIT DRAM FOR HOSTILE 
TEMPERATURES 
A NEW lM -BlT DRAM c hip is designed 
to fun cti o n in a tempera ture range of 
-40 to 12s · c fo r automotive applica 
ti ons. The extended -temperature 
memory ch ip can also be used in ro
boti cs , testing and measuring equip 
ment , and industri al PCs. The DRAM is 
avai lab le in s tand ard ZIP, DIP, and 
SOJ packages in lM bit X 1 and 2S6k 
X 4 configurations . Micron Technol
ogy In c., 2805 E. Columbia Rd., Boise, 
ID 83706; Call Sharon Bittick 
(208)383-4000. 

CIRCLE349 

When you need to select a transducer 
for your high volume OEM application, 
think of Data Instruments' new 
Model DG pressure transducer. 
• for hostile environments 
• meets SAE specifications for 

shock, vibration, salt spray, 
and humidity 

• ±4% total error band 
• 0-100 psi to 0-5000 psi ranges 

Pick up the phone and call us today at 1-800-333-DATA. 
We'll send complete specifications your way! 

• ti DATA INSTRUMENTS 
DATA INSTRUMENTS INC. 100 Discovery Way, Acton, MA 01720 USA 
1-800-333-3282 Fax: (508) 263-0630 

CIRCLE 135 
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ADVERTISEMENT 

AUTOMOTIVE ELECTRONICS 
RESOURCE FILE 

These brochures, catalogs and technical bulletins 
are available to you. 

To order copies, circle the appropriate numbers 
on the information Center Card. 

ELECTRONIC COMPONENTS 
CATALOG 
98 pgs. of charts and dia
grams covers complete 
line of products. Includes 
info. about ceramic capaci
tators, chip inductors, po
tentiometers and piezo 
alarms and other elec· 
tronic components. 

Murata Erie North America, Inc. Symrna, GA 
CIRCLE202 

POWER IC DRIVERS 
Descriptive data on power 
ICs designed for auto
motive application such as 
lamp, solenoid and motor 
drivers. Key features, spec 
sheets , environmental 
stress data, and a handy 
product/ application selec
tion guide are included in 
this reference folder. 

Harris Semiconductor, Melbourne, FL 
CIRCLE205 

FREE MOSFET DATA KIT 
This handy kit is packed 
with data sheets about the 
full Siemens line of small 
signal SIPMOS® FETs ... 
high voltage types ... low 
threshold . . . depletion 
mode ... medium power 
... and the most surface 
mount types in the indus
try! I (800) 888-7730 

Siemens Components, lselin, NJ 
CIRCLE208 

PRESSURE SENSORS 
An updated guide has been 
issued by Honeywell's Mi
cro Switch Div. Gage, dif
ferential , absolute, vac
uum gage, low pressure, 
high pressure, heavy-duty, 
pressure-to-current, ad
justable gage & digital set
point pressure sensors are 
included in catalog. 

Micro Switch, A Honeywell Div., Freeport, IL 
CIRCLE211 

MOLDING COMPOUNDS 
Plastics engineering com
pany offers a reference file 
for manufacturing and de
sign engineers. The de
tailed listing of phenolic, 
melamine-phenolic and 
polyester molding com
pounds shows properties 
and test values for stock 
compounds. 

Plastics Engineering Co., Sheboygan, WI 
CIRCLE203 

................... ........... ........ 
: NICKEL CADMIUM BATTERIES 

Literature from Sanyo 
provides electrical 
specifications for seven 
families of nickel cad· 
mium batteries. They 
all exhibit excellent 
charge/ discharge and 
thermal characteristics. 
Applications include 
high -capacity , fast 
charge, high tempera
ture, heat resistance 
and memory backup. 

SANYO Electric Co. Ud. San Diego, CA 
CIRCLE206 

Potter & Brumfield, Princeton, IN 
CIRCLE209 

FEA FOR DESKTOP COMPUTERS 
FEA 3D modeling & anal-

B,~GDR ysis system for 286/386/ 
486 PC's perform linear & 
nonlinear stress, dynamic, 
heat transfer, piping & 
electrostatic analysis. 
Model with included CAD 
package or interface to 
others. Phone: 4 I 2-967-
2700 FAX 967-2781 

Algor Interactive Systems, Inc., Pittsburgh, PA 
CIRCLE212 

HP ME CAD/CAM 

11/'Ml'l~t.-r 

Hewlctt·Packard's Me
chanical Engineering Pro
gram promotes the capa
bilities of HP 's CORE 
products as well as com
plementary and supple
mentary VAB products to 
cover the full spectrum of 
needs within the ME envi
ronment. 

Hewlett-Packard, Ft. Collins, CO 
CIRCLE201 

FREE AUTOMOTIVE ELECTRON/CS 
POSTER 
Now available from Fluke; 
an illustrated guide to 
troubleshooting I 0 of the 
most common electronic 
control components found 
in today's high tech auto
mobiles. This attractive 
poster is approximately 2 
X 3 ft. 1-(800) 44-Fluke 

John Fluke Mfg. 
CIRCLE204 

DIGITAL SCOPES 
Catalog includes DSO's 
and signal sources and is a 
reference guide to digital 
waveform instruments . 
Contains substantial edu
cational material on re
lated concepts. 

Lecroy Corporation, Chestnut Ridge, NY 
CIRCLE207 

Siemens Components, lseline, NJ 
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PRESSURE TRANSDUCERS 
Full-line catalog provides 
pressure transducer, in
strumentation and load 
cell information . Appli
cation and selection guides 
provided to determine the 
type of transducer you 
need. New product data 
sheets available for low 
cost high pressure/high 
volume OEM users. l -800-
333·DATA 

Data Instruments, Acton, MA 
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The Management Collection 
Books selected to help you approach difficult 

business situations more knowledgeably. 
LEADERSHIP 
R75 Surviving the Crisis of 

Change - Honing Your 
Management Skills 

In today's fast-paced business world it is not 
always easy to find the best answers to diffi
cult questions. This series offorty articles is a 
collection al Industry Week's best informa
tion dealing with change that affects manag
ers' pralessional as well as personal lives. 
You'll learn how to gain control over difficult 
problems that you encounter every day. Arti
cles include ... Expand Your Career by Ex
panding Yourself; The Politic Game; Surviv
ing a Takeover; When \/alues Collide; and 
many more. 
124 page .... softbound .... $22.50 

R85 How to be a Better Leader 
Frederick Herzberg, Daniel Yankelovich, 
Charles Day, Perry Pascarella and others in 
classic articles about the changing ex
pectations al today's workforce and how to 
deal with them. Included are: Selecting Your 
Management Style, Dealing With Your Subor
dinates, Motivating Your Workers, and more. 
98 pages . .. softbound ..... . $17-50 

R09 Your Toughest Tests As 
AManager 

This book guides you in assessing your own 
management skills and helps you to develop 
the strong leadership capabilities you need 
to be a more effective manager. Articles in
clude: Developing a Flexible Management 
Style, Motivating Without Manipulating, Han
dling Creative Staff Members, Dealing With 
Conflict, Delegating Without Losing Control, 
and many more. 
57 pages . . . softbound ..... . $15.00 

R87 the Unhealthy Executive and 
Some Practical Cures 

Managing in an age of anxiety can drive exec
utives into dangerous responses. This book 
keys on emotional awareness. It shows you 
~: t~od~:f~t~i~~e~tential problems and 

72 pages .. _softbound ..... . $16.00 

R89 Future Focus: Advancement 
and Leadership Strategies 

Should vou plan your career - or just let it 
happen~ Are you using strategies that build 
success or deter advancement? These are a 
few of the topics you'll find discussed in a 
series of articles ranging from career plan
ning to executive management skills. 
117 pages ... softbound . .. $18.00 

MOTIVATION 

R88 Herzberg on Motivation 
What can the manager do for himself and for 
his subordinates to overcome the "burnout" 
caused by the increasing abstraction al work 
and work relationships? Why is scientific 
management not the answer to increasing 
productivity? This book answers all these 
questions plus many more ... from prob
lems that might surface in trying to make 
participative management work to effective 
leadership in a period of psychological de
pression .. . this book has it all. 
80 pages ............... softbound 
third printing . . . . . . . . . . . . . . . $22.50 

LEGAL 
RSO Right Off The Docket 

This book is an invaluable reference source 
al more than 140 industrial accident and oc
cupational illness claims. The index provides 
a cross-reference for each case by type of 
injury and the judicial ruling set forth so that 
you can quickly turn to those cases of partic
ular interest. 
130 pages . .. softbound .... . $10.00 

Order your 
review copies now! 

Call toll-free 
800-321-7003 

(in Ohio 216/696-7000) 

MANUFACTURING 

R72 Strategic Manufacturing 
This complete series of twenty-four arti
cles analyzes some of the key issues 
management must face in developing ef
fective strategies in the years ahead. 
The articles discuss "how" to link manu
facturing with all of the functional de
partments of an organization so they 
work with a broad, corporate view al 
their~oals . Articles include .. . Ten Ways 
to Mismanage Technology; Learning 
From Foreign Strategies; CIM ... Walk
ing Througn Fire; Challenging Tradition; 
and much more. 
94pages .. softbound .. $19.50 

FINANCE & ACCOUNTING 
X38 Managerial Accounting for 

Non-Financial Managers 
You 'll work as a company controller in this 
programmed learning course. You'll learn to 
properly record all the company's business 
transactions ... sales, inventory purchases, 
operating expenses, depreciation, equity 
chan~es , disposal of assets. When the com
pany s fiscal year ends, you 'll prepare the 
annual report, balance sheet, income state
ment, and the statement of source and appli 
cation of funds. When you've finished the 
course, you 'll understand better the role of 
accounting and how to use the information 
accounting gives you to be a more effective 
manager. 
Two volumes-course book and 
workbook .................. $27 .50 

X29 How To Read a Financial Report 
Written in programmed learning format, this 
book will review the accounting process, tra
acing the steps from the actual sale to the 
appearance of the transaction on the fi
nancial statements. Then you'll learn how to 
assess financial position and performance of 
your company through the use of ratio analy
sis-analyzing liquidity, activity, profitability, 
and coverage ratios. 

140 pages .. spiral bound .. $19.50 

BUSINESS STRATEGY 
R70 Strategic Management 

Gettinl) a fix on your competitive position, 
Establishing a clear purpose for the corpora
tion, Meshing the corporate purpose with the 

;~~\;i~~~~~~=n~f f~r; g~:c}ic,~~ t~~~i~~ 
cles will help show you ways to foster greater 
vision of your corporate purpose and tech
niques for combining the human and tech
nological factors needed for good decision
making. 
34 pages . .. softbound ...... . $7.00 

To order these books, just fill 
out the coupon below and 
mail to: 

Penton Education Division 
1100 Superior Avenue 
Cleveland, Ohio 44114 

r-------------------------------, 
Please send the books indicated. I 
understand that I can review them 
for 15 days and, if not satisfied, 
return them for full refund or 
credit. 

Orders under $15.00 must be prepaid. 

Item # Quantity 
R09 
R70 
R72 
R75 
R80 
R85 

Item # Quantity 
R87 
R88 
R89 
X29 
X38 

D My payment is enclosed for postage-free shipment in the U.S. and Canada. 
D Bill my company and include postage and handling charges. My purchase order is enclosed. 
Charge my D Mastercard D Visa D American Express Card 
Account No. Exp. Date ___ _ 
Name _____________________________ ~ 
Company ___________________________ _ 

Address (not P.O. Box) _____________________ _ 
City __________________ State _____ Zip ___ _ 
Signature ___________________________ _ 

Penton Education Division 
1100 Superior Avenue • Cleveland, Ohio 44114 

--------------------------------~ 



Industry standard Microsoft QuickBASIC, C, 
or QuickC compatible development tools for 
data acquisition and instrument control 
Work with interactive easy-to-use function panels that 
generate 100% Microsoft QuickBASIC and C 
compatible code, and still use industry standard 
compilers to create standalone programs for any DOS 
computer. 

Functions for all your instrument control needs 
All the functions you need to control and read data from 
GPIB, RS-232, and VXI instruments, plus an instrument 
library of over 70 ready-to-use instrument drivers for 
hassle-free instrument programming. 

Integrated support for plug-in data acquisition 
boards 
Write programs quickly and easily for multichannel 
acquisition direct to disk, digital control, and waveform 
generation using the National Instruments plug-in boards. 

High-performance analysis libraries make 
number crunching fast and simple 
Have the analysis functions you need right at your finger 
tips, including array operations, statistics, FFT and digital 
filtering functions, and much more. 

·~: ~ 6504 Bridge Point Parkway 
Austin , Texas 78730-5039 
(512) 794-0100 CIRCLE 83 

Extensive graphics capabilities make it easy to 
put your data on display 
Creating sophisticated multiplot displays and real-time strip 
charts is no problem, plus you get hard copy support for 
HPGL plotters and over 160 dot-matrix and laser printers. 

Lab Windows ... making industry standard 
programming languages work for you in data 
acquisition and instrument control. 

Ask for a FREE Catalog and Demo Disk 
(800) IEEE-488 or (512) 794-0100 

NIHON NATIONAL INSTRUMENTS K.K. (JAPAN ) (03) 788- 1922 • NATIONAL 
INSTRUMENTS OF FRANCE (I) 4865-3370 • NATIONAL INSTRUMENTS OF 
ITALY (2) 4830 1892 •NATIONAL INSTRUMENTS UNITED KINGDOM (6) 355-2:154.1 • 
ARGENTINA ( I) 46-5776 • AUSTRALIA (2) 736-2888 • AUSTRIA/EASTERN EUROPE 
(3 16) 391-804 •BELGIUM (2) 466-8 199 • CANADA (41 6) 890-20 10. (613) 596-9300. 
(514) 747-7878. (403) 295-0822. (604) 988-2 195 • DENMARK (42) 25 1- 122 • 
FINLAND (358) 0 35 1-1800 • GREECE ( I) 361-1283 •HONG KONG (2) 0426-2707 • 
INDIA (2) 346-613. ( II ) 683-657 1 • INDONESIA (2 1) 41 4-838 • IRELAND (3) 846-66 14 14. (1) 
(3) 427-2282. (44) 236-40840 • ISRAEL (3) 324-298 • KOREA (2) 776-5340 • 
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DESIGN APPLICATIONS 

CAREFUL DESIGNING Is NEEDED To MEET TODAY'S 
STRINGENT TIMING REQUIREMENTS AND To SUPPLY 

CLEAN CLOCK SIGNALS. 

LOW-SKEW CLOCK DRIVERS 
MAXIMIZE MPU SYSTEMS 

oday's CISC and RISC microprocessor systems 
have frequencies that approach 40 to 50 MHz. As 
a result, maintaining a synchronous system de
mands precise, well-controlled clock signals. 
Many microprocessors also require input clock 
duty cycles very close to 50%. These stringent tim

CHRIS HANKE AND GARY THARALSON 
Motorola Inc., 

ing requirements mandate the use of special, low-skew clock distribution cir
cuits, or clock drivers. Just plugging one of these parts into a board doesn't 
ensure a trouble-free system, however. Meeting system timing requirements 
and providing clean clock signals call for careful design techniques for systems 
and pc boards. 

Semiconductor Products Sector, 
3102 North 56th St., Phoenix, AZ 
85018-6606; (602) 952-3000. 

Designers of microprocessor systems want to use as much of a clock cycle as 
possible without adding unnecessary timing guardbands. Unfortunately, prop
agation delays of peripheral logic don't scale with frequency. Therefore, as the 

66MHz _j 
-I tPLH I-

33 MHz 

~f-tos 
I 

33MHz ___ ~I 

33MHz 

~ f-tpy 

___ __, 

Notes: 1) tps measures ~PLH - tPHJ 
for any single output on a part. 
2) los measures the maximum 
difference between any tPHL or 

tPLH between any output on 
one part. 

3) tpv measures the maximum 
difference between any tPHL or 

tPLH between any output on 
any part 

I Clock 
input 

Part 1 
a. 

Partn 
a. 

1
1. IN DEFINING CLOCK-DRIVER skew, T08 measures the difference between 
the fastest and slowest propagation delays between the outputs of one part. T rs measures 
the difference between the high-to-low and low-to-high transition for one output (pin). T rv 
measures the maximum propagation-delay delta between any pin on any part. 

E L E C T 

clock period decreases, system de
signers have less time but the same 
logic delays to accomplish the func
tion. How do designers gain more 
time? One option is to use a special 
clock source that minimizes clock 
"uncertainty." 

A simple example illustrates this 
concept. At 33 MHz, Tcycle = 30 ns. An 
FCT240A octal inverter buffer, for 
example, has a high-low uncertainty 
of the min/max spread of trLH to trHL 
of about 3.3 ns. If 1.7 ns of pin-to-pin 
skew due to the actual part and pc-
board trace delays is also considered, 
then only 25 ns of the clock period is 
still available. The worst-case tr of 
.clock-to-data valid on the 88200 M
bus is 12 ns, which leaves only 13 ns 
to accomplish other functions. In this 
case, 17% of a cycle is required for 
clock distribution or clock "uncer
tainty." From a system designer's 
point of view, this percentage is an 
unacceptable penalty. At 50 MHz, 
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Proprietary ASIC 

MC88200 
cache MMU 

i 1 ifi(d:l · !~J!lff ·iilil:f'I 

LOW-SKEW 
CLOCK DRIVERS 

MC88914 
clock driver 

MC88100 
CPU 

d 
Proprietary ASIC 

MC88200 
cache MMU 

MC88200 
cache MMU 

Clock trace line lengths: a = 9.4 in. = c = 9.6 in. i = 
b = 8.6 in. d = 7.8 in. - Termination symbol • 

Device input 
connection 

1
2. A SCALE REPLICATION of a RISC 88000 system board-layout section includes 
an MC88100 CPU, MC88200 cache MMU devices, and MC88914 CMOS clock driver. The only 
pc-board traces shown are the clock-output traces from the MC88914 to the various loads. 
For this clock driver, the output-to-output skew (t08) is guaranteed to be less than 1 ns at 
any given temperature, supply voltage, and fixed load up to 50 pF. 

the penalty balloons to 25%. 
A maximum of 10% of the period 

allotted for clock distribution is an 
acceptable standard. If multiple lev
els of clock distribution (one clock 
driver's output feeding the inputs of 
several other clock drivers) are nec
essary owing to large clock fan-outs, 
the additional part-to-part skew vari
ations add even more to the clock un
certainty. Standard logic has always 
been specified with a large (and con
servative) delta between the mini
mum and maximum propagation de
lays. This delta creates excessive 
clock uncertainty, which system de
signers have been forced to design 
into their systems, even though it's 
unrealistic. 

When system frequencies were 
below 16 MHz, this large clock penal
ty could be tolerated. As the preced
ing example points out, that's not the 
case today. A clock driver's specifi
cations guarantee this min/max del-

90 I E L E C T R 0 N I C D 
AUGUST9, 1990 

ta to be a specific, small value. To re
duce the clock overhead to manage
able levels, a clock driver with mini
mal variation (less than 5%) from a 
50% duty cycle and guaranteed low 
output-to-output and part-to-part 
skew must be used. 

CLOCK-SKEW DEFINITIONS 
A typical clock driver has one in

put, which is usually driven by a 
crystal oscillator. The clock driver 
can have any number of outputs, 
which have a certain frequency re
lationship to the clock input. And 
clock-driver skew is typically de
fined by three different specifica
tions (Fig. 1). 

The first specification, t0s, mea
sures the difference between the 
fastest and slowest propagation de
lays (any transition) between the 
outputs of one part. Note that this 
number must be 1 ns or less for high
end systems. 
E S I G N 

The second specification, tp8, mea
sures the difference between the 
high-to-low and low-to-high transi
tion for one output (pin). It defines 
how close to a 50% duty cycle the 
clock driver's outputs will be. For ex
ample, if this specification is 1 ns 
(+0.5 ns), the output duty cycle at 33 
MHz is 50% (±3.5%). A clock driver, 
which buffers only the crystal input, 
creates a 1:1 input to output frequen
cy relationship. This can be a prob
lem if a very tight tolerance to a 50% 
duty cycle is required. 

OUTPUT DUTY CYCLE 
In this case, the output duty cycle 

depends on the input duty cycle, 
which isn't well-controlled in most 
crystal oscillators. The clock driver's 
outputs switching at half the input 
frequency (--:--2) is a common relation
ship. This means that the outputs 
switch on only one edge of the oscil
lator. As a result, the output doesn't 
depend on the duty cycle of the input 
(crystal oscillator frequency is very 
stable). 

The third specification, tpy, mea
sures the maximum propagation-de
lay delta between any given pin on 
any part. This specification defines 
the part-to-part variation between 
any clock driver (of the same device 
type) ever shipped. This number re
flects the process variation inherent 
in any technology. 

For CMOS, tpv is usually 3 ns or 
less (see "What's available now?''). 
High-performance ECL technolo
gies can bring this number down into 
the 1-to-2-ns range. Another way to 
minimize the part-to-part variation is 
to use a phase-locked-loop clock driv
er, which is just now becoming avail
able. 

When designing a clock driver into 
a system, it's important to give con
sideration to the skew specs that are 
usually specified at a fixed, lumped 
capacitive load. In a real system envi
ronment, the clock lines usually have 
various loads distributed over sever
al inches of pc-board trace, which can 
contribute additional delay. Because 
the clock lines sometimes act as 
transmission lines, the system de
signer must use careful board-lay
out techniques to minimize the total 



The ADSP-2100. 

•The ADSP-2100 computes a 
1024-point complex FFT in less 
than 3 ms with a total memory 
requirement ofless than 4k bytes. 
It also computes a 2 x 2 2D con
volution in 1.2 µ.sand executes 
AD PCM in only 68 µ.s. 

•The ADSP-2100 can access two 
words of external data every cycle. 

•The ADSP-2100 supports zero
overhead loops of any length. So our 
looped code-which is the easiest 
to write - is also the fastest. 

•The ADSP-2100's two dedicated 
data address generators can auto
increment/decrement by any offset 
value, and they have automatic cir
cular buffer wraparound. 

•The ADSP-2100 Assembler 
supports the easiest language in 
the business. So you code a 
multiplication/accumulation 
the same way you'd write the 
original algorithm. For example, 
the algebraic R = R + X*Y codes 
as MR= MR+ MXO*MYO. 

Given 
eno_ .............. 
time,t e 

---- 320C25 
ran do 
almost 

• eve 
he 

ADSP-2100 
ran. 

The TMS320C25. 

• The TMS320C25 takes more than 
three times as long to compute the 
same size FFT, while it devours over 
4 7k bytes of memory: 1 

• The TMS320C25 is limited to one 
access of external data every two 
cycles. 

• The only zero-overhead loop the 
TMS320C25 can execute is one 
instruction repeated no more than 
256times. 

• Circular buffers? TheTMS320C25 
doesn't support them. 

• The TMS320C25 is programmed 
with 133 mnemonics like SPAC, 
BGEZ, MACD,XORX,and SBRK. 
A multiplication/accumulation is 
coded as MACD > FF03,* - . While 
this might not scare the XORX out 
of you, it's not the easiest thing to 
debug or maintain. 

We're not saying the TMS320C25 is slow. But even if it were twice as efficient as it is now, it'd still be a lot slower at 
DSP than the ADSP-2100. The fact is, the ADSP-2100 is out in front of the TMS320C25 in performance, readability of 
code, and development tools. 

Just how far out front? Get our free technical booklet and read about it. Or better yet, ll ANALOG 
get an ADSP-2100 sample kit for only $49.95 and see for yourself. To request either, call DEVICES 
DSP Marketing at 1-617-461-3771. 

Analog De1oces, Inc., One Technology Way, PO. Box 9106,Norwood,MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391,(619) 268-4621,( 408) 559-2037; 
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 575-6344: Austria: (222) 885504-0; 
Belgium: (3) 237 1672: Denmark: (2) 845800; France (I) 4666-25-25; HoUand: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831,(2) 6883832,(2)6883833;Japan: (3) 263-6826; 
Swede11: (8) ~82740; S11itmland: (22) 31 57 60; United Kingdom: (932) 232222; West Gennany: (89) 570050. 'EDN, "EON~ DSP Benchmarb~September29, 1988. 
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system skew. In other words, just 
plugging a low-skew clock driver 
into a board won't solve all timing 
problems. 

Consider a scale replication of a 
section of an RISC 88000 system 
board layout (Fig. 2). The board sec
tion includes the MC88100 CPU, the 
MC88200 cache MMU devices, and 
the MC88914 CMOS clock driver. The 
only pc-board traces shown are the 
clock-output traces from the 
MC88914 to the various loads. For 
this clock driver, the output-to-out
put skew (t0s) is guaranteed to be 
less than 1 ns at any given tempera
ture, supply voltage, and fixed load 
upto50pF. 

MINIMIZE CLOCK SKEW 
To calculate the total system 

skew, the difference in clock pc
board trace length and loading must 
be taken into account. For an unload
ed pc-board trace, the signal delay 
per unit length, ~d' depends only on 
the dielectric constant, er, of the 
board material. The characteristic 
impedance, Z0 , of the line depends 
upon er and the trace's geometry. 
These relationships are depicted for 
a microstrip line (Fig. 3). The formu
las for tpd and Z0 are slightly differ
ent for other types of strip lines. For 
simplicity, all calculations in this ar
ticle assume a microstrip line. 

The equations are valid only for an 
unloaded trace. Loading down a line 
increases its delay and lowers its im
pedance. The signal-propagation de
lay (tp,d ') and characteristic imped
ance tZ0 ') due to a loaded trace are 
calculated by the formulas: 

tpd' = tpd Vl + Cctf C0 

Zo' = Zo/Vl +Cd/ Co 

Cd is the distributed load capaci
tance-per-unitlength, which is the to
tal input capacitance of the receiving 
devices, divided by the length of the 
trace. C0 is the intrinsic capacitance 
of the trace, which is defined as: 

Co= tpd/ Zc 

Assuming typical microstrip di
mensions and characteristics as w = 
0.01in.,t=0.002 in., h = 0.012 in., and 
er = 4.7, the equations yield Z0 = 69.4 
n and ~d = 0.144 ns / in. (Fig. 3, 
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again). C0 is then calculated as 2.075 
pF/in. If it's assumed that an 
MC88100 or 88200 clock input load is 
15 pF and that two of these loads, 
along with a 7-pF FAST TTL load, 
are distributed along a 9.6-in. clock 
trace, Cd= 37pF/9.6in. = 3.85pF/in. 
The loaded trace propagation delay 
and characteristic impedance are 
then calculated as ~d, = 0.243 ns/in. 
and Z0 ' = 41 n. 

In terms of trace c, the two 

MC88200s are about 3 in. apart (Fig. 
2, again). Using the calculated value 
of tpd', the clock-signal skew due to 
the trace is about 0.7 ns. Because 
these two devices are on the same 
trace, this is the total clock skew be
tween these devices. Careful inspec
tion of all the clock traces shows that 
clock-signal skew was accounted for 
and minimized on the board layout. 
The longest distance between any 
88000 devices on one clock trace is 

WHAT'S AVAILABLE NOW? 

L
ow-skew clock drivers 
come in several technolo
gies (see "How is a low
skew clock-driver chip 

achieved?': p. 96). There are big 
differences among clock drivers 
in operating frequencies, voltage 
levels, power consumption, and 
packaging (see the table). Some 
drivers have features like power
on reset and external reset, which 
enables multiple clock-driver de
vices to be synchronized. 

One clock driver design that can 
be helpful in large applications is 
the MC88915 phase-locked loop. 
Using an internal V co and phase/ 
frequency detector, the PLL 
forces the driver output always to 
be in phase with the input signal. 
Thus, a system clock, which feeds 
several boards and may be of low
er frequency, can be regenerated 
after crossing a backplane to en
sure that each board is synchro
nous with the others. 

TYPICAL CHARACTERISTICS 
Parameter CMOS4 TTLs ECL6 ECL/ TTL7 

Max. input clock frequency (min.)(MHz) 110 70 1000 135 

Output characteristics 
Number 40 + 20' 40' 90+ 90' 800-1 :1 

Levels: (V) 
Voh Vee 2.5 -1 .0 2.5 
Vol GND 0.5 -1 .6 0.5 

Timing (50-pF load; maximum values) : 
to5-propagation delay skew 1 (ns) 1 0.15 1 
tp5-output-to-output skew 2(ns) 1 1.5 0.05 0.5 
tpv·Part-to-part skew 3(ns) 3 3 0.15 1 
Rise/fall times (ns) 3/ 3' 3/ 3 0.5/ 0.5 1.7/ 1.6 
Drive sink/ source current (mA) 24 / 24 20 / 24 50 !l 24/15 

Input requirements: 
V;h(V) 2.0 2.0 -0 .7 PECL/ TTL 
V;1(V) 0.8 0.8 -1.4 PECL/ TTL 
Pulse width (minimum) (ns) 3 6 0.1 3.5 

Power: 
Supply voltage (V) + 4.Sto + 5.5 + 4.5 to I 5.5 - 5.0 to-5.4 + 4. 75 to 5.25 
Ice (quiescent) (mA) 1.5 70 60 70 

Packaging: 14-pin DIP 14-pin DIP 28-pin PLCC 28-pin PLCC 
14-pinSOIC 14-pinSOIC 

NOTES: 
1 It PHL actual-! PLH actual! 
2 Any two outputs from a given input clock 
3 For a given set of conditions (that is, capacitive load, temperature, and V eel at each device 
4 Reference data sheet MC? 4F803 
5 Reference data sheets MC88913, 88914, 88915 
6 Reference data sheets MC10E111 , 1 OOE111 
7 Reference data sheets MC10H, 100H640, 641, 642, 643 
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The A:DSP-21.Ql 
-

•The ADSP-2101 builds on the 
ADSP-2100 architecture, so it's 
upwardly code compatible. You 
can quickly port ADSP-2100 code 
to the ADSP-2101. Or use our 
C Compiler for a fast start. 

•The on-chip memory of the 
ADSP-2101integrates64k bits of 
the fastest SRAM available today 
with an architecture designed for 
signal processing. This allows the 
processor to fetch two operands 
and the next instruction on every 
cycle for sustained performance. 

•The ADSP-2101 has two full 
duplex serial ports, hardware 
companding, timer, low-power 
IDLE instruction, full-speed in
circuit emulator, and more. 

And now 
with our 

ADSP-2101, 
- there's 

justQO 
companson. 

We're not saying all other DSP processors are slow and inefficient. But the ADSP-2101 is already enabling hundreds 
of DSP engineers around the world to create their next generation products. The fact is, our DSP processor family is out 
in front in performance, readability of source code, and development tools. 

Get the facts on the ADSP-2101 by sending in the reply card. Or better yet, call DSP Marketing at 1-617-461-3771 
and request a sample today. 

1"11111 ANALOG 
WDEVIQ:S 

Analog Devices, Inc., One Tuchnology Way, P.O. Box 9106,Norwood, MA 02062-9106. Offices and applications support available worldwide.Austria: (222) 885504-0; Belgium: (3) 2371672; 
Denmark: ( 42)845800; France: (I) 4666-25-25; Holland: (1620) 81500; Israel: (52) 911415; Italy: (2) 6140977,(2) 6143484,(2) 6143459;Japan: (3) 263-6826; Korea: (2) 554330!;~{8)il!INO: 

Switzerland: (22) 73157 60; United Kingdom: (932) 232222; West Gennany: (89) 570050; US.and all others: (617)329-4700. 
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about 4.5 in., which trans
lates to about 1.1 ns of 
skew. 

The two 88000 devices 
farthest from the clock 
driver (traces a and c) are 
at about the same distance 
along their respective 
traces. This makes the 
clock skew between them 
the 1 ns guaranteed from 
output to output of the 
clock driver. As a result, 
the worst-case clock skew 
between any two devices 
on this board is about 2.1 

LOW-SKEW 
CLOCK DRIVERS 

I• w >I Microstrip ~ine 

--'--+-b/,-;;~ji" 
z. = 

Ground or power plane 

87 
-----1n 
~ ( 

5.98h ) 
O.Sw t t 

t = 1.017 r----
pc1 \j 0.475 e, t 0.67 ns/ft 

Where: e, = relative dielectric constant of the board material 

w, h, t = dimensions indicated in microstrip diagram 

Consider then a clock
signal waveform seen at 
the receiver end of an un
terminated 0.5-in. trace 
and an unterminated 9-in. 
trace (Fig. 4). These re
sults, which were obtained 
using Spice simulations, 
may not be exact but are 
adequate to predict trends 
and for comparison pur
poses. The 9-in. trace, well 
beyond the 1.5-in. limit 
where transmission-line ef
fects come into play, exhib
its unacceptable switching 

ns, which at 33 MHz is 7% 
of the period. Unless a de
signer pays careful atten
tion to matching the clock 
traces on the board, this 
number could easily ex
ceed 3 ns and the 10% cut

1
3. IN CALCULATING SYSTEM skew, the difference in 
clock pc-board trace length and loading must be taken into 
account. For an unloaded pc-board trace, the signal delay per unit 
length, tpd, depends only on the dielectric constant, e,, of the board 
material. These relationships are depicted for a microstrip line. 

characteristics caused by re
flections shuttling along the 
trace. Even the 0.5-in. line 
exhibits substantial over
shoot and undershoot. At 
these edge rates, any unter
minated line shows some 

off point, even if a low-skew clock 
driver is used. 

Transmission-line effects occur 
when a large mismatch is present be
tween the characteristic impedance 
of the line and the input or output im
pedances of the receiving or driving 
device. The basic guideline to deter
mine if a pc-board trace needs to be 
examined for transmission-line ef
fects is as follows: If the smaller of 
the driving device's rise or fall time is 
less than three times the propaga
tion delay of a switching wave 
through a trace, transmission-line 
effects will be present. This relation-

10 
l•I 

20 
Time (ns) 

ship can be stated as an equation: 

3 X tµ ct ' X trace length :::;; trise or tra11 

For the M C88914 CM OS clock driv
er described previously, rise and fall 
times are typically 1.5 ns or less 
(from 20% to 80% of V cc). Analyzing 
the clock-trace characteristics pre
sented earlier for transmission line 
effects means that 3 X 0.243 ns/ in. X 
trace length :::;; 1.0 ns {l ns is used as 
"fastest" rise or fall time). There
fore, the trace length must be less 
than 1.5 in. for the transmission-line 
effects to be masked by the rise and 
fall times. 

30 40 
lbl 

10 

overshoot and undershoot. 
Clock lines shorter than 1.0 to 1.5 

in. are unrealistic on a practical 
board layout. As a result, CMOS 
clock lines should be terminated if 
the driver has 1- to 2-ns edge rates. 
Termination, which closely matches 
the line to the load or source imped
ances, has been a reality in the ECL 
world for many years. But, CMOS 
and TTL devices have only recently 
reached the speeds and edge rates 
that require termination. CMOS out
puts further complicate the issue by 
driving from rail to rail (5 V), with 
slew rates exceeding those of high-

20 
Time (ns) 

30 40 

14. SPICE SIMULATIONS, run with parameters of 25° and V cc of 5 V, were done for an unterminated, 0.5-in., 41-!l transmission line 
(a) and an unterminated, !Hn., 41-!l transmission line (b). The !Hn. trace shows unacceptable switching characteristics caused by reflections 
moving back and forth along the trace. Even the 0.5-in. line shows a great deal of overshoot and undershoot. 
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When it comes to affonlable DSP, 
no one has it down like 

Analog Devices. 
• At 10 MIPS, the ADSP-2105 
is the fastest DSP in its price 
category, and it's even faster than 
many other DSPs costing a lot 
more. Plus the price is the same 

~ whether you buy 100 or 100,000. 

- -• TheADSP-2105 builds on the high 
_performance ADSP-2100 f<imily architec
ture, so it's cod_e compatible. You can quickly ----=- portADSP-2100 or ADSP-2101 code to the

_:'.:- _ -- -- - ~SP-2105.0ruse our C ffompiler for a (ast start. 

_ • Not-only is the ADSP-2105 code c.ornpatible, -

it's also pin compatible with the ADSP-2101. 
So it provides a complete upgrade path to 

higher performance. 

• The ADSP-2105 packs plenty onto 
one chip, including 1024 words of 
program RAM, 512 words of data 
RAM, full serial port, hardware 

-Wmpanding, timer and more. 

e-ft's easy to get the ADSP-2105 UI? 
and running with our inexpensive. 

EZ-KJT, a complete-software and hard-
ware design package. -

-~ - -

--=='"" ----

Introducing a-DSP-that could orilycome from Analog_Bevices, the ADSP~105. An exclusive.because it com
bines the higft performance-of our ADSP--2-100 family with an unprecedented-price in DSP-just..$.9.9Q each. SQ now 
yolTcan consider the power of DSP in a host of new apQlications. - -
~------------~ Justli~welldoes the ABSP-2105 combine.low price with high 

• 

performan~e? Find o. ut for yourself by ordering our EZ-KIT from your local 
Analog_Devices sales office today. Or call DSP .... ANALOG 

'Yi Marketing at (617) 461-3771. W DEVICES 
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performance ECL devices. 
Because clock lines are driven only 

from one location, they lend them
selves to termination more easily 
than bus lines, which are commonly 
driven from multiple locations. Digi
tal systems use various types ofter
mination techniques (Fig. 5). Be
cause no single termination scheme 
is optimal in all cases, the trade-offs 
in the use of each needs to be dis
cussed and recommendations made 
specific to clock drivers. 

The driving device in the Spice sim
ulations of various termination 
schemes was the MC88914 output 
buffer. In all simulations, it drove a 
9-in., 41-n transmission line. The sim
ulations were run using model pa
rameters at 25°C and V cc of 5.0 V. 

SERIES TERMINATION 
Series termination is recommend

ed if the load is lumped at the end of 
the trace and the output impedance 
of the driving device is less than the 
loaded characteristic impedance of 
the trace. It's also recommended 
when a minimum number of compo
nents is required. The problem with 
series termination arises when the 
driving device has different output 
impedance values in the low and high 
states, which occurs in TTL and 
some CMOS devices. A well-de
signed CMOS clock driver should 
have nearly equal output imped
ances in the high and low states, 
avoiding this problem. An additional 
advantage is that series termination 
doesn't create a de current path. 

As a result, the V OL and V OH levels 
aren't degraded. The Spice-generat
ed waveforms of series termination 
show that this termination effective
ly masks transmission-line effects. 

If each clock output is driving only 
one device, series termination is rec
ommended. Because this isn't realis
tic in most systems, series termina
tion isn't generally advised for clock
line termination. 

Parallel termination uses one re
sistor tied to ground or V CC• whose 
value is equal to the line's character
istic impedance. Its major disadvan
tage is the de current path it creates 
when the driver is in the high state (if 
the resistor is tied to ground). This 
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DESIGN APPLICATIONS 

LOW-SKEW 
CLOCK DRIVERS 

D
esigning and manufac
turing a low-skew clock
driver chip calls for 
many of the same factors 

in system design, but obviously on 
a much smaller scale. Careful cir
cuit design, symmetrical layout 
techniques, and good control of 
the fabrication process are need
ed for low output-to-output and 
part-to-part skew characteristics. 
First, using circuit design meth
ods, the high-to-low and low-to
high transitions from the clock in
put to the distributed outputs 
must be as close as possible to 
each other. Then the rise and fall 
times of a signal out of the output 
buffers (drivers) must be evenly 
matched. This is done by match
ing the output impedances of the 
pull-up and pull-down transistors. 
Satisfying these two require
ments results in a 50% duty cycle. 

The design-related methods de
pend on computer simulations 
and the accuracy of the simulator 
models. But when the circuit is im
plemented in silicon, layout para
sitics can adversely affect circuit 
performance. Chip-level parasi
tics are similar to the pc-board 
trace parasitics that must be ac
counted for when calculating sig
nal delays on the board level. 
However, one advantage at the 
chip level, due to the short length 
of signal lines, is that transmis
sion-line effects are negligible. A 
clock-distribution part has sever
al outputs, usually at least four, 
whose propagation delay skews 
must be matched within a given 
tight specification (for example, 
less than 1 ns). If the path to one 
output has more layout-induced 
parasitic resistance and/ or capac
itance than the other outputs, 
then its propagation delay might 
be slower than the others by more 
than the specified limit. 

Layout parasitics are always 
present, therefore the trick is to 
match the parasiLics of each out
put as closely as possible. This 
means that the layout must be 

E S I G N 

symmetrical, with the path from 
clock input to each output looking 
almost identical. As such, the 
length and parasitic resistance 
and capacitance of each signal 
path must be equal. ECL's ex
tremely high switching speeds 
also demand that the characteris
tic impedance of the paths be tai
lored to avoid reflections at the 
branching points. 

Packaging effects must also be 
considered to minimize skew. The 
leads of a standard DIP package 
have large and variable inductive 
parasitics. As a result, the out
puts must be connected to pack
age leads that have matched in
ductances-that is, symmetrical 
pins on opposite sides of the pack
age. Again, for ECL, the high 
speeds demand a package such as 
a plastic leaded chip carrier, 
which minimizes the inductive 
and capacitive effects of the pins. 
External impedance matching of 
clock lines is also important. 

Within a part, the circuit de
sign, layout, and packaging tech
niques that are described guaran
tee that one part will have low out
put skew. However, in a synchro
nous system using more than one 
clock driver device, the part-to
part output skew must be within a 
reasonable tolerance (two to three 
times the output-to-output skew). 
Achieving this goal requires tight 
control over the fabrication pro
cess. CMOS particularly doesn't 
have ECL's temperature and volt
age compensation features. How 
well critical process parameters, 
such as channel length and 
threshold voltage, are held within 
a small tolerance determines how 
small the part-to-part variation 
will be. 
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1. "A Clock Distribution Circuit 
with a 100-ps Skew Window" by 
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You could call 
for two sales engineers ... 

or ask for this free video. 

The world is crossing over 
to digitizing oscilloscopes. 
Which means new issues 
in making scope decisions. 
How do you know the right 
questions? Where do yff1 
find the answers? 

The first step is to call for 
this FREE videotape. It 
shows you an objective com
parison of HP & Tuktronix 

digitizing oscilloscopes. Not 
just the features and specs, 
but the practical differences 
in real measurement situa
tions. Information which is 
vital for a good decision. 

So call l-800-752-0900* 
today. Ask for Ext. 1228 
and we'll send your FREE 
videotape. 
*In Canada call 1-800-387-3867, Dept. 411. 

There is a better way. 

F//d9 HEWLETT 
~~ PACKARD 



causes excessive power dissipation 
and V OH level degradation. Because 
a clock driver output is always 
switching, the de-current-draw argu
ment loses some credibility at higher 
frequencies. For one thing, the ac 
switching current becomes a major 
component of the overall current. 
Therefore, the key consideration in 
parallel termination is how much 
V OH degradation can be tolerated by 
the receiving devices. This termina
tion technique is effective in mini
mizing switching noise. N onethe
less, Thevenin termination has some 
advantages compared with parallel 
termination. 

Thevenin termination uses one re
sistor tied to ground and a second 
tied to V cc· When designers use this 
type of termination, it's important 
that they consider the choice of resis
tor values to avoid settling of the 
voltage between the high and low 
logic levels of the receiving device. 
TTL designers commonly use a 220/ 
330 resistor value ratio, but CMOS is 
somewhat tricky because the switch 
point is at V cc/2. With a 1:1 resistor 
ratio, a failure at the driver output 
would cause the line to settle at 2.5 V. 
Besides causing system-debugging 
problems, this could lead to potential 
damage to the receiving devices. 

i 1!fi@l·IQQ!l9'1iiiUI 

LOW-SKEW 
CLOCK DRIVERS 

HEVENIN AND AC 
TERMINATION 

ARE THE RECOMMEND· 
ED SCHEMES FOR 
CLOCK LINES, BUT IT 
DEPENDS ON THE 
CLOCK'S FREQUENCY. 

In Thevenin termination, the par
allel equivalent value of the two re
sistors should equal the line's char
acteristic impedance. A de path does 
exist in both the high and low states. 
However, it's better than parallel 
termination because the resistance 
in the Thevenin de path is at least two 
times greater. 

The Thevenin termination wave
forms exhibit characteristics similar 
to those for parallel termination but 
with less V OH degradation (Fig. 6). 
The only real advantage of parallel 

1
5. co MMON TERMINATION TECHNIQUES, represented schematically' are 
a transmission line with no termination (a); a transmission line with series termination (b); a 
transmission line with parallel termination (c); a transmission line with Thevenin 
termination (d); and a transmission line with ac termination (e). 
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over Thevenin is fewer resistors 
(half as many), resulting in more 
available board space. If space isn't a 
factor, Thevenin termination is rec
ommended over parallel. 

Ac termination typically uses a re
sistor and capacitor in series to 
ground. The capacitor blocks de cur
rent flow but allows the ac signal to 
flow to ground during switching. 
The time constant of the resistor and 
capacitor must be greater than twice 
the loaded line delay. Ac termination 
is recommended because of its low 
power dissipation and the availabil
ity of the resistor and capacitor in 
single-in-line packages (SIP). A pull
up resistor to V cc is sometimes add
ed to set the de level at a certain point 
because of the failure condition de
scribed in regard to Thevenin termi
nation. As noted earlier, the argu
ment of lower de current is less con
vincing at high frequencies. The ac
termina ted waveform walks out 
slightly toward the end of a high-to
low or low-to-high transition, mak
ing it somewhat less desirable than 
Thevenin termination at higher fre
quencies. 

Thevenin and ac termination are 
the two recommended termination 
schemes for clock lines, but it de
pends on the clock's frequency. It's 
safe to assume that ac is the best 
choice at frequencies of 25 MHz and 
below. If the system frequency could 
reach 40 MHz and beyond, Thevenin 
becomes the better choice. 

The results presented might imply 
that terminating the clock lines com
pletely solves noise problems, but 
termination can cause secondary 
problems with some logic devices. 
Termination acts to reduce the noise 
seen at the receiver, but that noise 
actually appears as additional cur
rent and noise at the driving device's 
output. If the internal and input logic 
on the source device isn't sufficiently 
decoupled on chip from the high-cur
rent outputs , internal threshold 
problems can occur. This phenome
non is commonly known as "dynamic 
threshold." It's usually evidenced by 
glitches appearing on the outputs of 
a fast, high-current drive logic de
vice as it switches high or low. This is 
most severe on " ACT" devices , 





Finally, a plug and play 
IOBASE-T network. 

With our new ML4650 family of 
Single Chip lOBASE-T transceivers, 
you're covered all across the LAN. 
Because we have single chip twisted 
pair solutions for both ends, hub to 
node. Available now. In quantity. Giving 
you a fast, no hasslelOBASE-Tsolution. 

On the PC side, the ML4651 and 
ML4652 transceivers incorporate AUi 
interfaces designed for both Ethernet 
adapter cards and external MAUs. 
On the hub side, the ML4654 is tailor
made for a hub design with TTL or 
ECL outputs. All are highly integrated 

single chip 
, solutions, mini

mizing 

the number of external components 
required. So your design-in process is 
much easier. And faster. 

lOBASE-T transceivers let 1;111 c 
you network computers and 
peripherals using un-shielded 
twisted pair wiring that is less 
expensive and easier to install 
than Ethernet. 

On-chip current driven transmit
ters are less sensitive to noise and 
power supply variations. So you get 
superior jitter performance and low 
noise outputs that help you easily pass 
FCC requirements. And the receiver 
includes an intelligent squelch that 
rejects cross-talk noise commonly 
found coupling from the phone wires 
into the LAN. There's no external 

crystal oscillator required either, and 
devices use 5 volts only power 
supplies. 

Parts are available in 20- and 



24-pin skinny DIPs and 
28-pin PLCCs. There's 
even an ML4621 Fiber 
Optic Inter-Repeater 
Link (FO IRL) receiver 
available to satisfy 10 Mbps 
fiber optic Ethernet requirements. 

And unlike much of the tech-, 
nologyyou've been hearing about, these 
are products of experience.We've 
been shipping twisted pair transceivers 
since 198 7, as part of Synoptics' 
LattisNet network. 

Semi-standard options. 
We're one of the first to market 

for one simple reason. Our lOBASE-T 
family is based on our standard FB3651 
bipolar tile array: So we were able to 
quickly modify our "standard" product 
to satisfy the rapidly-emerging IEEE 
802 standards. 

And, for the same reason, they 
can be easily modified with semi
standard capability to give you pro
prietary product advantages. Like 

Semi-standard options of the standard 
lOBASE-Tcircuits are possible simply by 
modifying the metal mask on the FB3651 
tile array. 

functional or perform
ance modifications. 
Or special screening 
packaging or reliability 

levels to meet your specific network 
requirements.Whether it's an on-board 
AUi device. Or a multi-port repeater 
(MPR) designed to achieve that 
critical time-to-market advantage 
you've been looking for. 

Call us on it. 
If you'd like to turn your 

lOBASE-T idea into a deliverable 
product, just call Charles Yager today 
at ( 408) 433-5200 and ask him for 
the complete story on our ML4650 
family of single chip lOBASE-T ~ 
transceivers. Or ask for a free 
sample. It could add a whole 
new twist to your networking 
scheme. 

Micro Linear, 2092 Concourse Drive, 
San Jose, CA 95131 

'-Micro Linear 



Before you begin your next 
data comm transceiver design, 
there are a lot of things we think 
you should consider. 

Should it be a standard, 
off-the-shelf transceiver? A semi
standard transceiver? Or even a 
USIC (User Specific) transceiver? 

With us, the decision is 
yours. Because we can satisfy 
the whole spectrum. From high 
performance standard data 
comm transceivers like lOBASE-T 
and Fiber Optic IEEE 802.3, 
802.4 and 802.5 networks. To pro
prietary semi-standard solutions. 
To sophisticated, ASIC-based 
designs. Or any combination. 

Since 1983 we've pio
neered the use of analog ASIC 
methodologies to produce high
performance, high reliability 
analog products for a wide range 
of commercial and military 
applications including com
puter peripherals, instrumenta
tion, telecommunications and 
data communications.Yours could 
be next. 

To find out, simply send 
us your data comm transceiver 
design problem with all the 
critical performance parameters. 
Our application engineers 
will quickly analyze your 
problem, evaluate the alterna-

tives and give you our best 
recommendation. 

We'll even give you a 
number of development cost 
options- ranging anywhere 
from a one-time NRE charge to 
waiving it in exchange for the 
rights to eventually offer your 
design as one of our standard 
products. 

Write to Micro Linear, 
2092 Concourse Drive, San Jose, 
CA 95131. Or send in the coupon 
below. Better yet, call Charles 
Yager at (408) 433-5200 and give 
him all the facts.The answers 
he'll give you are anything but 
standard. 
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immediate requirement. I 
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16. SPICE SIMULATIONS, run with parameters of 25° and V cc of 5 V, were done for various terminations of a !Hn., 4H1 transmission 
line. Simulation results are for series termination (a); parallel termination (b); Thevenin termination (c); and ac termination (d). The 
waveforms for Thevenin termination show similar characteristics to those of the waveforms for parallel termination, but there is less V 0H 

degradation. 

which have high current and high 
slew-rate CMOS outputs, along with 
TTL inputs, which have low noise im
munity. This problem can be mini
mized by decoupling the internal 
ground and V cc supplies on-chip and 
in the package. 

This decoupling is accomplished 
by having separate "quiet" ground 
and V cc pads on-chip, which supply 
the input circuitry's ground and V cc 
references. These pads are then tied 
to extra "quiet" ground and "quiet" 
V cc pins on the package or to special 
"split leads." These resemble a tun
ing fork and use the leadframe in
ductance to accomplish the decou
pling. When choosing a clock source, 
designers should note that the part 
must have one of these decoupling 
schemes. 

A reliable, high-frequency micro
processor system requires a low
skew clock driver, along with special 
attention to the board layout of clock 
traces. The line lengths and loading 
must be matched to avoid excessive 
signal skew between CPUs, cache 
MMUs, and other critical peripheral 
devices. 

To ensure a clean clock signal 
throughout the system, clock traces 
must also be terminated in some 
fashion. Carefully addressing these 
issues early in the design cycle helps 
designers to guarantee optimal sys
tem performance.D 
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0.5 to 1000MHz trom $13~&24qfy) 
Tough enough to meet fu ll MIL-specs, capable of operating over a wide -55° to +100°C 

temperature range, in a rugged package . .. that's Mini-Circuits' new MAN-amplir.er series. 
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 
pc board area as a T0-8 and can take tougher punishment with leads that won't break 

off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
1000MHz, NF as low as 2.8dB, and power output as high as +15dBm. 

Prices start at only $13.95, including screening, thermal shock - 55 °C to + 1 OOC, 
fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 

voltage and current. 

Internally the MAN amplifiers consist of two stages, ir.cluding coupling capacitors. 
A designer's delight, with all components self-contained. Just connect to a de 

FREQ. 
RANGE 
(MHz) 

MODEL fl tofu 

MAN-1 0.5-500 
MAN-2 0.5-1000 
MAN-1LN 0.5-500 

OMAN-1HLN 10-500 
* MAN-1AD 5.500 

supply voltage and you are ready to go. 

The new MAN-amplifiers series ... 
another Mini-Circu its' price/ performance 

breakthrough. 

GAIN MAX. NF DCPWR PRICE 
dB OUT/ PWRt dB 12V, $ ea. 

min flatnesstt dBm (typ) mA (10-24) 
28 1.0 8 4.5 60 13.95 
19 1.5 7 6.0 85 15.95 
28 1.0 8 2.8 60 15.95 
10 0.8 15 3.7 70 15.95 
16 0.5 6 7.2 85 24.95 

ttMidband 10fL to fu12.±0.5dB t ldB Gain Compression <>Case Height 0.3 In. 

Max input power (no damage)+15dBm; VSWR in / out 1.8:1 max. 

*Active Directivity (difference between reverse and forward gain) 30 dB typ. 

finding new ways ... 
setting higher standards 

O Mini-Circuits 
A 01v1sion of Scienflfle Components Corporation 

P.O. Box 350166, Brooklyn, New York 11 235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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IDEAS FOR DESIGN 

CIRClE 

5 21 TEST GANGED 
POT TRACKING 

The values shown in the circuit are 
for 10-kfl ganged potentiometers. 
For other values, let resistors R3-6 

equal a potentiometer value of 0.1 to 
restrict the maximum output volt
ages of U 1 and U 3 to within 80% of the 
supply voltages.D 

M. S. NAGARAJ 
lsro Satellite Centre, Digital Systems Div., Airport Rd., Vimanapura P.O., 

Bangalore 560 017, India. 

G
anged potentiometers are 
widely used in audio stereo 
systems and in many instru
mentation circuits. Often, 

the performance deficiencies in this 
type of equipment can be traced back 
to the ganged potentiometers, which 
have two resistance tracks that are 
out of step. Here, a circuit is devel
oped to rapidly test the ganged-po
tentiometer tracking. The tracking 
error can be measured with an accu
racy of better than 1% at all shaft
slider positions in the entire electri
cal travel of the potentiometer. 

The circuit uses ultra low-offset
voltage op amps, eliminating the 
need for offset nulling (see the fig
ure). The inverting amp built around 
op amps U1 and U3 uses the potenti
ometers under test as feedback re
sistors. 

At any given shaft-slider position, 
letR/R2 = n volts at point A. As a re-
sult, VA= 1 V X (R1 kfl/1 kfl) = R1 = 
nR2• 

The voltage at point D, VD = V cl 
gain of U3 = nR2/(R2/1) = n, and at 
point E, VE= 10 X (n - 1). 

These relationships show that VE 
is positive when R1 > R2, zero when 
R1 = R2, and negative when R1 < R2. 

One volt at the circuit's output corre
sponds to a tracking error of 10%. 

IFD WINNERS 
IFD Winner for April 26, 1990 

Kerry Lacanette, National Semi
conductor, 2900 Semiconductor 
Dr., P.O. Box 58090, Santa Clara, 
CA 95052; His idea: "Create an 
Accurate Noise Generator." 

IFD Winner for May 10, 1990 
Gary Molter , Sen Majumdar, and 
Raj Pisupati, Digital Equipment 
Corp., 20 Hampden St., Boston, 
MA 02119; His idea: "Drive Step
per Motor, Cut Cost." 

Left potentiometer ~ Right potentiometer ~ 

+15V 

1.0 v 
© 

R• 
1k 0.1% 

R8 100k 0.1% 

CD 
6 

Output 

I THIS CIRCUIT MEASURES THE TRACKING ERROR of ganged 
potentiometers. Less than 1 % accuracy can be achieved at all shaft-slider positions of the po
tentiometer. 
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522 BUILD A PRECISE, 
LOW-CURRENT SOURCE 

JOHN GUY 
Precision Monolithics Inc., 1500 Space Park Dr., P.O. Box 58020, 

Santa Clara, CA 95052; (408) 727-9222. 

A
current source that attains 
a resolution as low as 10 pA 
is useful in applications 
where a precise, low-value 

current is needed. When the circuit 
forces current into ground, the out
put remains within 2% of the ideal 
current over the +100-nA range. 
Over the -4 to +3.5-V compliance 
range, the error that appears is less 
than 5%. This accuracy results from 
using an OP80 op amp from Preci
sion Monolithics in the feedback loop 

ELECT R 

(see the figure, p. 106, top). The 
OP80 has an 18 of 200 fA typical. 

For a given voltage (Vin), amp U IA 
generates an output voltage so that 
the current through Rs equals Vin di
vided by Rs (10 Mfl). This current 
causes a voltage drop across Rs, 
which is sensed by the unity-gain-dif
ferential amp consisting of Urn and 
U2• Thatamp'soutputisconnected to 
the inverting input Of UlA• complet
ing the feedback loop. 

The noise in the circuit is of partic-
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ular concern, especially that pro
duced by resistor R5. The circuit is 
limited to low-frequency and de~ 
plications due to its 400-n V /VHz 
noise. For applications that don't re
quire the circuit's 10-pA output, low
er values of R5 can be substituted. 
This will cause an increase in band
width. 

V;. 

IDEAS FOR DESIGN 

R1 1k 

R2 1k 

R3 1k 

Re 
1k 

OP270 

-15V 0.1~F i 

+5V 

OPBO 

-5V 
lout R5 10M 

1%metalfilm 

Because a high impedance exists 
at the input, a 10:1 resistive attenua
tor can be added to enhance the reso
lution of the input source. The output 
of the circuit is trimmed to 0 pA, 
while the input is grounded. As the 
circuit is assembled, care should be 
taken to prevent leakage-current er
rors. When the prototype was built, 
R5 was mounted on teflon standoffs 
and pin 3 of U2 was soldered directly 
toR5.D I A HIGH-ACCURACY' LOW-VALUE CIRCUIT can be achieved by using an 

OPSO op amp in the feedback loop of a current11ource circuit. 

CIRCLE 

523 FIND TEMP WITH RTD, 
VARIED CURRENT 

ROBERT MAYER 
Peerless Instrument Co., 90-15 Corona Ave., Elmhurst, NY 11373; 

(718) 592-3300. 

T
o measure temperature with 
a resistance-temperature de
tector (RTD), a known cur
rent is passed through the 

RTD as the voltage across it is mea
sured. By applying Ohm's law, the 
RTD's resistance is calculated as VI 
I. This resistance then corresponds 
to a one-to-one function of the RTD's 
temperature. 

The RTD's resistance can also be 
found by determining the current 
and voltage separately (see the fig
ure). When the 7407 open-collector 
output transistor is on, current I 
flows through R1, R2, and the RTD. 

VOTE! 
Read all the Ideas for Design in 
this issue, select your favorite, 
and circle the appropriate number 
on the Reader Service Card. The 
winner receives a $150 Best-of-Is
sue award antl becomes eligible 
for a $1,500 Idea-of-the-Year 
award. 
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R1 limits this current to a maximum 
of33mA. 

A data-acquisition system mea-

+15V 
R1 365 5% 

+ 
R2 

100 + 
0.1% Other inputs 

m 

+ 

+ 

Data· 
acquisition 

system 

10 n < RTO < 1000 n 

TEMPERATURE CAN BE 
measured with an RTD by taking two 
voltage measurements-one across R2 

and the other across the RTD. The 
current and then the RTD resistance are 
then calculated. The temperature is then 
a function of the resistance. 

DESIGN 

sures the voltage across R2 and 
across the RTD. The circuit's micro
processor (not shown in the figure) 
divides V R2 by R2 to find I, then di
vides V RTD by I to find the RTD resis
tance. When these steps are fol
lowed, I drops out of the equation 
leaving: 

RTD resistance= R2 X V RTn/V R2· 

This approach offers four advan
tages over conventional methods 
that employ a constant-current 
source to supply the known current. 
First, the signal-to-noise ratio (SNR) 
is excellent because a large RTD 
voltage is induced by a large current. 
Second, only one precision compo
nent (R2) is required to supply a high
accuracy result. A constant-current 
source with the same accuracy and 
SNR would need additional high-pre
cision components. 

The third advantage of this meth
od is that the current can be switched 
on and off by a TTL signal. Errors 
caused by selfheating of the RTD 
can be can be reduced by turning the 
current off between measurements. 
Finally, the RTD resistance can vary 
over a large range. The constant-cur
rent-source method has a much 
smaller range because it can't upply 
the required current when th RTD 
resistance exceeds the quoti nt of 
V supp1/ l constant· D 
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.......... 
.......... ,,. If you need an object-oriented 

database with: 

• unprecedented DBMS performance 

• low-cost conversion of existing C applications 

• a high productivity C++ development environment 

Join the growing list of companies now using 
ObjectStore to build next-generation applications. 

Object Design has designed ObjectStore especially for 
computer-aided design and engineering, financial 
modeling, medical imaging, office automation, 
document publishing, and multimedia applications. 

To get involved call Gene Bonte at Object Design 
1 ·617 -270-9797 or write to Object Design, Inc. 
One New England Executive Park, Burlington MA 01803 
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68040 SYSTE~S EQUIPPED 

· . . 

Systems utilizing the new 

Samsung 84C31 take off. 

They run like Triple Crown

winning thoroughbreds. 

They blaze, scorch, and 

leave others in their dust. 

In a word, they are fast. 

And they make even 

speedy 68040 systems that 

'Jon't use the 84C31, look 

like they' re not in motion. 

The 84C31 was designed 

~~ .. :_:·YO ~LL NOTICE A 

with the close cooperation 

of Motorola. It is the onLy 

DRAM controller designed 

SAMSUNG"S DRAM CONTROLLER 
FOR THE 680AIOAND 68030 

Parl NumJ,,r RMf, Suppcrl-3 Pach.g< 

KS84C31·33CL 256K. !Mb 68-pin PLCC 

KS84C32-33CL 256K, !Mb, 4Mb 84-pin PLCC 

Sanip/LJ an3 proJwtion avaiWJk now. 

specifically for Motorola's 

powerful 68040 and 68030 

microprocessors. 

Like the extremely suc

cessful earlier-generation 

, 

, . ~ 

Samsung System Accelera-. 
tors~M the part is highly 

integrated and inherently 

fast. And as the cutting 

edge in memory control, it 

can help you simply and 

economically enhance even 

68040 performance. 

The 84 C3 l supports both 

the burst and non-burst 

modes of the 68040. It also 

provides a direct interface 

. , .. 

. . 
~ . ·- -
·i. 



WITH OUR DRAM CONTROLLER: 
.CERTAIN IMR OVEMENT. . . 

.. .. .. 
'to ,tlie . micr.opro~~ sso·f. 
Which saves you dollars, 
board real estate, and 

68030 "RFORMANCE SUMMARY 

Acce.MCk>c/:4 DRMf Sp«J FmiULncy (Mbz) 

4-2-2-2 70 ns 20 

5-2-2-2 120 ns 20 

5-2-2-2 80 ns 25 

6-2-2-2 120 ns 25 

6-2-2-2 80 ns 33 

7-2-2-2 100 ns 33 

~ "RFORMANCE SUMMARY 

3-2-2-2 80 ns 25 

5-2-2-2 100 ns 25 

6-2-2-2 120 ns 25 

5-2-2-2 80 ns 33 

6-2-2-2 100 ns 33 

esign time, since it means 
you don't need additional 
glue logic. 

ECUJe of design is another 
advantage. As a glance at 

our System Design Guides 
will show, it's an unusually 
simple chip to design in. 

All in all, we believe the 

84C31 is the best memory 
controller solution available 
today. 

For details on using it to 
make your designs take off, 
contact DRAM Controller 
Marketing, Samsung 
Semiconductor, 3725 No. 
First St., San Jose, CA 

95134. Or call 1-800-669-
5400, or 408-954-7229. 

c8 ~!'!~!!~G 
IC SIUn.dung SrmiconJuclor, Inc., 1990. SYJltm Atulualor iJ a tralknuirk 
of StJm.<ung Stmico,.Juclor, Inc. Molbl"Ola i.i a troikmark of Afotorola, hit. 



Why You Should 
Come To 

Midcon®/®® 

Experience 350 high power 
exhibitors - Discover what's new in 

0 automated design 
0 instrumentation 
0 semiconductors/ ASICs 
0 RF /Microwave 
0 production materials 
0 power supplies 
0 bus products 
0 passive and electro-mechanical 

components 

Learn about the latest technology at 
0 36 sessions 
0 6 tutorials 

Meet more than 10,000 of your 
professional peers. 

Plus, a state-of-the-art automated 
design center and special exhibit, 
a special purchasing conference, an 
IEEE career responsibility session and 
the latest information on the Super
conducting Super Collider - the 
designated topic of Midcon's invited 
keynote speaker, Senator Phil Gramm. 

One more reason to attend. You. Join 
your peers. The best and the brightest 
in your profession. Reach beyond the 
edge of the new frontier in technology. 

For more information call: 

800/877-2668. 

MIDCON/90 
September 11-13, 1990 
Dallas Convention Center 

Sponsored by Regions 5 and 4, Dallas and Chicago Sections, IEEE + 
and Central U.S. Council, Southwest and Chicagoland Chapters, ERA E!r~ 
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NEW PRODUCTS 
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WORKSTATIONS AND HDTV GET 
TRIPLE 10-BIT 80- MHz DAC ICs FRANK GooDENouGH 

F
or the first time, designers of 
high-resolution computer 
graphics systems can get 10-
bit video digital-to-analog 

converter (DAC) ICs. Moreover, 
they can get three of these 80-MHz 
DACs on a single chip for under $20. 
The ADV7121/22 triple DACs from 
Analog Devices can resolve over one 
billion colors at any given time, a ca
pability that's well beyond that of 
the human eye. Such capability is 
needed by sophisticated color graph
ics systems such as HDTV and work
stations, to linearize the transfer
function curve of drive current to 
light output (also known as a Gamma 
curve) of the display system (see the 
figure). 

The DACS are aimed at any high
resolution color graphics application 
employing a true-color system or a 
special lookup table. These include 
workstations, medical imaging, and 
even high-end PCs. 

With the higher 10-bit resolution 
(instead of the more common 6 or 8 
bits), calculations for the required 
color shadings become simpler. For 
the graphic designer in need of a col
or with half the intensity, it's much 
easier to call out a digital half-code 
than to calculate which code associ
ated with the given display system 
will produce the desired color. 

This feature is in such high de
mand thatNHK (the Japanese equiv
alent of the FCC) designed the 7121 
into the prototype system they use 
for receiving their MUSE HDTV 
standard. Other HDTV development 
teams in both the U.S. and Europe 
are already using these DACs for 
their prototype systems. The DACs 
also comply with the Society for Mo
tion Pictures and Television Engi
neering (SMPTE) 240, a proposed 
U.S. production HDTV standard. 

At the heart of each ADV7121 and 
ADV7122 lie three RGB, 10-bit 30-, 
50- or 80-MHz DACs, each with its 
own TIL-compatible latched pixel in
put port. An additional input is pro
vided for the pixel clock which 

strobes the latches to refresh the 
DAC outputs. A reference amplifier 
converts an external 1.235-V refer
ence to a 17.7-to-18.5-mA fullscale 
current source for each DAC. A vari
able resistor connected to the ampli
fier sets the exact fullscale cur
rent-the white level for all three 
DACs. The current sources are com
plient from -1.4 to + 1 V. Thus, each 
DAC can develop 0.5 Vat the end of a 
doubly terminated 75-n line. 

IDENTICAL DEVICES 
The two devices are identical (the 

same chip) except that the 7121 lacks 
the SYNC and BLANK inputs due to 
its 40-pin double-width DIP package 
(the 7122 is in a 44-pin PLCC). In addi
tion to the three speed-versions and 
two packages types, there are two 
performance grades. Integral and 
differential nonlinearity (INL and 
DNL) of the J-grade device run +3 
and -1 LSB maximum, respectively, 
over the temperature range of 0 to 

70°C. Under similar conditions, INL 
and DNL of the K-grade units run 
+2 and ±1 LSB, respectively. All 
are guaranteed to be monotonic over 
temperature. 

The availability of three speed ver
sions permit system designers to 
choose the most economical device as 
a function of CRT resolution. For ex
ample, at a refresh rate of 60 Hz, the 
80-MHz converters are required for 
the latest 1024-by-1024-pixel CRT 
displays. Maximum current con
sumption from a 5-V power-supply 
rail for these CMOS chips is just 125 
mA for the 80-MHz units and 100 mA 
for the others. 

In quantities of 1000, pricing 
ranges from $18.35 each for the 30-
MHz, J-grade ADV7121 to $35.30 
each for the 80-MHz, K-grade 
ADV7122. Small quantities are in 
stock. 

Analog Devices Inc., 804 Woburn 
St., Wilmington, MA 01887; Chris 
Hyde, (617) 937-1422 CIRCLE 301 
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NEW PRODUCTS 
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MULTIPLEXED SAMPLING AMPLIFIER 
DELETES COSTLY DACS 

W hile the cost of 12-bit IC d-a 
converters (DACs) has 
dropped, if you need a lot of 

them, total system cost can climb-and 
they not only take space, but the input 
digital lines to them do as well. Another 
approach, somewhat analogous to dy
namic vs static RAMs, uses a single 
DAC and multiple sample-and-hold am
plifiers which are continuously re
freshed. To fill that need, Precision 
Monolithics has announced the SMP-
08. It has eight, voltage-output, sam
ple-and-hold amplifiers any one of 
which can have its held voltage unique
ly updated, at any time, from a single 
DAC. A 3-bit input word selects the 
channel. An update to 8-bit accuracy 
for 0 and 10 V typically takes 1 µs. 
Droop rate is 0.25 m V /ms. And that's 
with on-chip capacitors. Absolute accu
racy is 8-bits, linearity 12-bits. Unit 
price in lots of 100 runs $6.25. 

58020, Santa Clara, CA 95052-8020; 
Walt Heinzer (408) 562-7254. 
lflld&l#lttj 

• FRANKGOODENOUGH 

1 of 8 decoder 

5 channels SMP·OB 

I ~a-~~~~~B~u-tff er y ~ ~··'_! 
Hold 1 v--'°' 

capacitor i 
Precision Monolithics Inc. P. 0. Box 

........ MICROPAC INDUSTRIES, INC. •••II>- INTRODUCES 
• THE ISOLATION AMPLIFIER 

To replace the industry standard IS0-100 in those 
applications requiring up to 125° performance 

• Military Operating Temperature -55° C to 125° C 
• Available screened to specific MIL-STD-883 methods 
• Miniature 18 Pin Hermetically Sealed DIP package 
• 750 Volt Isolation (optically coupled) 
• Wide Bandwidth 60KHz 
• Versatility along with outstanding DC and AC performance 
• Applications include: 

• Test Equipment • Data Aquisition 
• Industrial Process Control • Bio Medical Measurements 

The Micropac Hybrid Product Line offers a wide range of 
capabilities including: Standard Products 

Proportionally Controlled Heaters • Solid State Relays 
Dual Tri-State Line Driver Thin Film Etchants 

Replacement for Obsolete Devices & More! 

CUSTOM HYBRIDS including Analog - Digital, 
RF - M/W - 200° C operating temperature. 

For more information please contact the local Mii Represent
ative in your area or Mii directly. 

Mlcropac Industries, Inc. 
905 E. Walnut Garland, Texas 75040 

Phone: (214) 272-3571 Fax: (214) 494-2281 

Micropac is Certified to MIL-STD-1772 

CIRCLE 139 
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SAMPLE TO 16-BIT 
ACCURACY IN 250 NS 
With the SP9760 sample-and-hold am
plifier, you can grab a 10-V signal to 16-
bit accuracy in just 250 ns, typical, and a 
20-V signal to the same accuracy in typ
ically 350 ns, or 500-ns maximum. This 
hybrid, whose speed comes from a pair 
of custom dielectrically-isolated I Cs, is 
the fastest 16-bit accurate sampling 
amp available. Other critical specifica
tions for the 0-70 °C model include an 
aperture uncertainity of 75 ps rms and 
a full-power bandwidth of 2 and 4 MHz 
respectively for 20- and 10-V output 
swings. Slew rate is a minimum of 75 
VI µs . Total harmonic distortion at 100 
kHz for 5 Vp-p output is typically -90 
dB; at 10 kHz for a 20 Vp-p signal, it is -
88 dB. Applications include CAT scan
ners, magnetic resonance imaging, and 
high-performance automatic test 
equipment. In its 24-pin double width 
DIP the commercial grade SP9760 runs 
$199 each in hundreds. The mil-grade 
unit $90 more. 

Sipex Corp. 6 Fortune Dr., Billerica, 
MA 01821; Jack Worthen (508) 663-
9691. lilli&ll!/JY 

SHUNT REFERENCE IN 
T0-92 SINKS 100 MA 
An adjustable shunt-type linear refer
ence/regulator, the LT1431, comes in a 
3-pin T0-92 as well as 8-pin DIPs and 
SO I Cs. It contains a 2.5-V band-gap ref
erence, its output transistor sinks 100 
mA, and, with just a single external re
sistor, can be connected to deliver 2.5 or 
5 V out with !%accuracy. Two resistors 

'I 
set the output voltage between 2.5 and 
36 V. It can also provide the reference 
and isolated negative feedback in a 5-V 
switching regulator by connecting a re
sistor to the regulator's output and 
driving the LED in an opto-isolator 
with the IC's open-collector npn. The 
LT1431 (T0-92) goes for just $0.92 each 
in hundreds. 

Linear Technology Corp., 1630 McCar
thy Blvd., Milpitas, CA 95035-7487; 
Bob Scott, (408)432-1900. UU&llilt?I 



Want to see a precision 
narrowband sweep that usually 
takes about a minute? 

Oops, you blinked. 

By blending digital-filter and 
FFT techniques with swept 
technology, the new HP 3588A 
spectrum analyzer makes this 
measurement in less than a sec
ond ... with high resolution and 
±0.25 dB typical accuracy. 

This analyzer offers unprece
dented speed in two measurement 
modes. In the swept mode, you 
get a 10 Hz to 150 MHz range, 
RBW as narrow as 1.1 Hz and 
measurements up to 16 times 

faster than previously available. 
The narrowband-zoom mode 
gives you a span of 40 kHz or 
less anywhere in the 150 MHz 
range, RBW to 0.0045 Hz and meas
urements up to 400 times faster 
than traditional swept analyzers. 

So, call 1-800-752-0900 today. 
Ask for Ext. 1212, and we'll send 
a videotape demo so you can see 
these fast measurements for 
yourself. But don't blink. 

-~~ - ... - ~ = •••• 
- OOEJEJ ••• 
= f)f]EJ~~ = ggg~ :::: 

There is a better way. 

F//'0'9 HEWLETT 
~~ PACKARD 
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NEW PRODUCTS 

IC EVALUATION SYSTEM FEATURES 
400-MHZ VECTOR RATE, 512 PINS 

T he latest member of the HP 
82000 family of IC evaluation 
systems, the Model D400, 

boasts a 400-MHz maximum vector 
rate that lets engineers verify their de
signs and characterize prototype ICs 
and ASICs at the devices' full perfor
mance limits. In the past, designers had 
to use formulas to make assumptions 
about device behavior at full speed. 

The system accuracy is an excellent 
+200 ps. Maximum pin capacity is 512 
pins. Memory capacity of up to 1 Mvec-

Contact-free 

tor is available behind each I/O pin. A 
tester-per-pin architecture permits in
dependent per-pin timing and voltage 
levels. 

The HP 82000 series features a mod
ular design, so users can start with a 
basic configuration and increase pin 
count and vector rate as the need 
arises. HP can supply a variety of links 
to all commonly used electronic design 
automation systems. New high
throughput software is available to 
make the tester suitable for small
batch production testing. 

The HP 82000 Model D400 costs 
about $3400 per I/O channel, depend
ing on the number of channels and the 
system configuration. Delivery is esti
mated at 12 weeks. 

Hewlett-Packard Co. Inquiries, 
19310 Pruneridge Ave., Cupertino, 
CA 95014; (800) 752-0900. 
tal;!Hl#lthj 

• JOHN NOVELLINO 

soldering and de-soldering 
of SMD, DIP and pin grid components and connec
tors in a matter of seconds with the Leister-Labor " S" 
hot-air tool. Electronic control of temperature and air 
supply. Over 400 special nozzles available. 

Ask for free brochure UW 169 
Brian R. White Co. Inc., 313 Henry Station Road 
Ukiah, CA 95482 phone: (707) 462-9795 

Farmingdale, NJ 07727 phone: (201 ) 938-2700 
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E·BEAM PROBER BOASTS 
80-NM PROBE SIZE 
A newly designed lanthanum hexabor
ide high-performance electron source 
produces an 80-nm probe size for the 
IDS 5000Plus integrated diagnostic 
system. The new source offers a long, 
reliable cathode life approaching 2000 
hours on the electron-beam probing 
system to ensure full brightness dur
ing design debug and verification, fail
ure analysis, and device characteriza
tion. The unit features an electron col
umn positioning system that delivers 
0.2-µm resolution over a die area four 
times that of other systems, so engi
neers can probe chips up to 32 mm 
square. The IDS 5000Plus costs 
$625,000. Current IDS users can retro
fit the IDS 5000Plus submicron capabil
ities and other features to their older 
systems. 

Schlumberger Technologies, A TE 
Div., 1601 Technology Dr., San Jose, 
CA 95110-1397,- (408) 453-0123. 
taV&l#N.1 

PC/ AT ACQUISITION CARD 
BOASTS 16-BIT PRECISION 

A 16-bit multifunction data acquisition 
board for the PC/ AT and compatibles 
features 16 single-ended and eight dif
ferential analog inputs. The LSDAS-16 
includes an autocalibrating analog-to
digital converter, a 50-kHz sample rate, 
two deglitched digital-to-analog con
verters with optional buffer memory, a 
digital 110 port, and timers. An option
al 32-ksample buffer memory gener
ates waveforms independently of the 
host. The board comes with a full-func
tion setup program and data acquisi
tion utilities. Other software support 
available includes libraries to help in 
program development and a high-level 
language interface for C, Pascal, 
QuickBasic, and Fortran. Available 
from stock, the LSDAS-16 lists for 
$1395. Volume discounts are available. 
The optional memory costs $200. 

Analogic Corp., Da ta Conversion 
Products Group, 360 Audubon Rd., 
Wakefield, MA 01880,- (800) 446-
8936. ta/;&ll!ltll 
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i486·BASED COMPUTERS INCORPORATE 
MICRO CHANNEL ARCHITECTURE 

MACINTOSH MOUSE, 
SCANNER EMPLOY OPTICAL 
POSITIONING SYSTEM 

Afamily of workstations and 
servers, from NCR Corp., com
bine the Micro Channel bus 

with an i486 microprocessor to achieve 
27 MIPS. The first product, a 33-MHz 
system, is intended for compute-inten
sive applications including CAD, 
graphics, simulation, and networking. 
The PC486/MC33 boasts Super VGA 
graphics using a chipset integrated 
onto the main processor board. 

Mbytes of RAM and a 1.44-Mbyte, 3.5-
in. floppy disk drive is priced at $14,195. 
It will be available in July. 

Two products from Mouse Systems 
Corp., designed for use on the Macin
tosh computer, incorporate optical 
technology for improved accuracy. The 
Little Mouse offers a 50% higher reso
lution over Apple mouse alternatives. 
In addition, it's 22% smaller and 38% 
lighter than the standard Apple mouse. 
Its optical positioning system contains 
no moving parts so it requires no clean
ing or adjustment. Available now, the 
Little Mouse costs $129.95. 

NCR's Micro Channel chipset in
cludes a processor-interface controller, 
a dual-port memory controller, memo
ry-error detection and correction, and 
direct memory access. The chipset also 
lets users upgrade BIOS through soft
ware without changing any hardware. 
The computer also achieves zero-wait
state performance for memory read 
and write operations using intelligent 
bus masters. 

A second system, the S486/MC33, is a 
deskside computer that functions as a 
high-performance network or database 
server for multiple users . This system 
contains the same graphics abilities as 
the PC486/ MC33• An addition to the 
S486/ MC33 is a 53C700 SCSI controller 
that increases peripheral support by 
decreasing system access time, result
ing in faster throughput. The second product, the PageBrush 

full-page scanner, can also double as an 
optical mouse and digitizer. The scan
ner, which looks like a typical mouse, 
lets the user "paint in" full-page hard
copy text and images to a host comput
er. The size of the scanned image is lim
ited only by the host computer's memo
ry. PageBrush sells for $795.95. 

The system can hold a 1.26-Gbyte 
SCSI hard-disk drive and contains nine 
drive bays-six half height and three 
full height. It also has seven Micro 
Channel expansion slots, four memory 
slots, and a SCSI I/O slot. Available in 
July, base models start at $16,195. 

The base system, which comes with 4 

NCR Corp., Workstation Products 
Div., 1601 South Main St., Dayton, 
OH 454 79;(513)445-7443. lil/i'&l#fit'I 
• RICHARD NASS 

Mouse Systems Corp., 47505 Seabridge 
Dr., Fremont, CA 94538; (415) 656-
1117. lilO&l#l# 

Advertisement 

Small Company's New Golf Ball Flies Too 
Far; Could Obsolete Many Golf Courses 

Pro Hits 400-Yard Tee Shots During Test Round 

Want To Shoot An Eagle or Two? 

By Mike Henson 

MERIDEN, CT - A small golf company in 
Connecticut has created a new, super ball that flies like 
a U-2, putts with the steady roll of a cue ball and bites 
the green on approach shots like a dropped cat. But 
don 't look for it on weekend TV. Long-hitting pros 
could make a joke out of some of golf's finest courses 
with it. One pro who tested the ball drove it 400 yards, 
reaching the green on all but the longest par-fours. 
Scientific tests by an independent lab using a hitting 
machine prove the ball out-distances major brands 
dramatically. 

The ball's extraordinary distance comes partly from 
a revolutionary new dimple design that keeps the ball 
aloft longer. But there's also a secret change in the core 
that makes it rise faster off the clubhead. Another 
change reduces air drag. The result is a ball that gains 
altitude quickly, then sails like a glider. None of the 
changes is noticeable in the ball itself. 

Despite this extraordinary performance the com
pany has a problem. A spokesman put it this way: "In 
golf you need endorsements and TV publicity. This is 
what gets you in the pro shops and stores where 95% 
of all golf products are sold. Unless the pros use your 
ball on TV, you 're virtually locked out of these outlets. 

TV advertising is t oo expensive to buy on your own, at 
least for us. 

" Now, you 've seen how far t his ball can fly. Can you 
imagine a pro using it on TV and eagle-ing par-fours? It 
would turn t he course into a par-three, and real men 
don't play par-three's. This new fly-power forces us to 
sell it without relying on pros or pro-shops. One way is 
to sell it direct from our plant. That way we can keep 
the name printed on the ball a secret that only a buyer 
would know. There's more to golf than tournaments, 
you know." 

The company guarantees a golfer a prompt refund if 
the new ball doesn 't cut five to ten strokes off his or her 
average score. Simply return the balls - new or used -
to the address below. ''No one else would dare do that,'' 
boasted the company's director. 

If you would like an eagle or two, here's your best 
chance yet. Write your name and address and "Code 
Name S" (the ball's R&D name) on a piece of paper and 
send it along with a check (or your credit card number and 
expiration date) to National Golf Center (Dept. H-1448 ), 
500 S. Broad St., Meriden, CT 06450. Or phone 203-238-
2712, 8-8 Eastern time. No P.O. boxes, all shipments are 
UPS. One dozen "S" balls cost $24.95 (plus $2.50 shipping 
& handling), two to five dozen are only $22.00 each, six 
dozen are only $109.00. You save $55.70 ordering six. 
Shipping is free on two or more dozen. Specify white or 
Hi-Vision yellow. 

© Bost Enterprises , Inc. 1990 



NEW PRODUCTS 

ARRAY~PROCESSOR BOARD COMBINES i860, i960 RISC CHIPS 

A board-level array processor, 
the Warrior III, from Sky 
Computers Inc., combines the 

Intel i860 and i960 RISC processors to 
achieve a processing speed of 80 
MFLOPS. A prevectorized software Ii-

brary optimizes the 64-bit i860, which 
performs all arithmetic operations. The 
i960 chip, acting as a DMA engine, han
dles system I/O, memory transfers, di
agnostics, and other housekeeping 
functions. It can fetch data from any
where in the VME host and is responsi-
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ble for prefetching and caching the 
data. Thus feature minimizes the need 
for dedicated memory for the array 
processor. 

Because of the extensive software li
brary that exists for the Warrior III, 
users can easily develop custom appli
cations in C or Fortran. There's no need 
to resort to complex assembly code or 
microcode. Users can access and ma
nipulate data in rows, columns, or any 
pattern in a multidimensional array 
stored in memory. 

Multiple Warrior III boards, operat
ing in parallel, can be tied together 
without any I/O degradation. And the 
board uses just 37 W of power with a 
full complement of memory-nearly 
50% less than typical array-processing 
boards. 

Operating systems supported in
clude Unix, SunOS, VxWorks, OS-9, 
and Concurrent RTU. It's available in 
either 6 or 9U sizes and conforms to all 
Sun and VME mechanical require
ments. External interface options in
clude SCSI, 32-bit parallel, and custom 
daughtercard. The Warrior III is priced 
at $8225 in OEM quantities and is avail
able in 60 days. 

Sky Computers Inc., 27 Industri
al Ave., Chelmsford, MA 01824; 
(508) 250-1920. UWat#l/11 
• RICHARD NASS 

4096 PROCESSORS 
FILL ONE BOARD 
Using just one 32-bit adapter slot, the 
Coherent Processor board gives an 
IBM Micro Channel workstation the 
power of 4096 parallel processors. The 
board possesses 16 processing ele
ments, each of which contains 256 par
allel processors. Content-addressable 
memory is used to search and operate 
on an entire table of data in parallel. 
The board is aided by a Development 
System that offers hardware and soft
ware support for writing, debugging, 
and running parallel application pro
grams in C language. A compiler lets 
users create custom design routines. 
Typical applications are for speeding 
up databases, neural networks, or ex
pert systems, or to work in a real-time 
environment such as local-area net
works, radar, or process control. The 
Coherent Processor is available now 
for $19,500. In addition, a Sun-compati
ble board will be released later this 
year. 

Coherent Research Inc., I Adler Dr., 
East Syracuse, NY 13057; (315) 433-
1010. lilh&l#lU 



TELECOM 
DC/DC CONVERTERS 

VICOR PROVIDES THE POWER FOR TRECOM APPLICATIONS 

Vl-200 

; 

I 
I 
! . 

... 4.6" x 2.4" x 0.5" 

... 50-200 Watts 

VI-JOO 
... 2.28" x 2.4" x 0.5" 
"' 25-100 Watts 

Family features 
"' 36 Watts/in3 

(50 Watts/in'-SlimMod'" option) 

From remote sites in Alaska and desert sites in Egypt to central offices in Oklahoma, agency approved Vicor converters have 
consistently demonstrated the ability to meet rigorous demands (Bellcore or British telecom) at competitive µrices. 

For immediate delivery of converters or for additional information call VI COR E.rPRE.r.r today at 1-800-735-6200 

Comptment Solutions For Your Power System llW 
CIRCLE 93 Common Stock traded on NASDAQ undac VICR' 



NEW PRODUCTS 

SOFfWARE ENVIRONMENT MAXIMIZES WINDOWS 3.0 

I n conjunction with the recent Mi
crosoft Windows 3.0 release, Hew
lett-Packard Co. announced ver

sion 3.0 of their New Wave software ap
plications environment. N ewWave, 
which runs on any 80286- or 80386-

based PC running MS-DOS, integrates 
applications from many different soft
ware vendors . The list of independent 
software vendors porting their soft
ware to NewWave is an ever-growing 
one and now stands at more than 100. 

New Wave offers a single, consistent 

AstroSyn Stepping Motors 
They've-proven"'themselves again and ~ain. Day 
in, day-out. Through )'aar after year of trouble-free 
operation. In all corners of the world. In the most 
demanding computer peripheral applications. You 
can see why: 

• Long_ life, quiet, reliaDle ~rfomfance . 
• Widest range of m9dels, sTzes, step-angles. 
-. Precision/autematee production. -

Multiple options av,ail~ble: - _ 
Standard and custom designs. -'-

• Quality through vertical integration. _ 
• Competitive- cost~ high volume production. 
AstroSyn Stepping MOtors. Known worldwide for 
performance and reliability. One of industry's true Marks of 
ExcelleAce. NOwJrom~NMB Technologies. -Write or call today-for 
our new cata!og. - - - -

l ~' l l 1, l " 11 NMB TECHNOLOGIES 
L... '-L...\.L...~ INCORPORATED 

NMB Technologies Incorporated • Motor Division 
=-9730-lndependence Ave . ~ Chatsworth, CA 91311 

Telephone-: -8:18.341.3355 •FAX: 818.341 .8207 • TLX: 65'1340 
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user environment with icons to simpli
fy use. Users aren't forced to learn the 
workings of DOS or how to manage dif
ferent files and programs. Version 3.0 
of NewWave also includes an object
storage feature, which lets users share 
information on a network server by 
simply moving icons on the screen. 

The user environment takes full ad
vantage of all the new features added 
to Windows 3.0. These features include 
improvements to the memory manage
ment which lets NewWave run with 2 
Mbytes of memory rather than 3 
Mbytes. Windows also maximizes of 
the protected mode of 80286 and 80386 
microprocessors to supply added mem
ory for both the environment and the 
applications running on it. The MS
DOS Executive in the existing Win
dows programs are replaced with a 
Program Manager, a File Manager, 
and a Task List to supply a visual shell 
for completing directory, application, 
and file-management tasks. Color and 
design enhancements add to the pol
ished user interface. 

HP's NewWave will be available in 
August for $195. Present users of New
Wave can upgrade for $50. Windows 
3.0 is available now for $150. 

Hewlett-Packard Co., 19310 Pruner
idge Ave., Cupertino, CA 95014; 
(800; 752-0900. IHIMt#lll 
Microsoft Corp., One Microsoft 
Way, Redmond, WA 98052; (800) 
323-3577. 111/,'&llil/fl 
• RICHARD NASS 

ANALYZE SOFTWARE 
FOR 8· TO 32·BIT CPUS 
Three software-analysis products aim 
to meet price and speed requirements 
of developers working on 8-, 16-, and 32-
bit microprocessor systems. The tools 
are based on the architecture of the 
company's Software Analysis Work
station (SAW), and consist of the 
SFAlOOO for performance analysis, the 
SAW2000 for software debug and per
formance analysis on 8- and 16-bit mi
croprocessors, and the SAW3000 for 
32-bit processors. All tools are lan
guage independent. Also new is Task
View, an Ada debug and analysis tool 
that supplies a run-time view of an en
tire multitasking embedded system. 
The SFAlOOO, SAW2000, SAW3000, 
and TaskView cost $10,500, $15,850, 
$19,500 and $4500, respectively. All the 
tools are available now. 

Cadre Technologies Inc., Portland 
Div., P.O. Box 1309, Beaverton, OR 
97075,· (800) 547-4445. liih&fl!Ji!:I 



~ National 
~ Semiconductor 

National's family of 
CMOS op amps rises to a new 
all-time low: 40 femtoamps. 

TAKING IT TO THE 
LIMITS WITH ULTRA-LOW 

INPUT BIAS CURRENT. 

National's new quad/ dual 
CMOS op amps, the LMC660/ 662 
and the LPC660/ 662, feature an 
extremely low input bias current of 
40 fA typical. You can't go much 
lower. 

FEATURING RAIL-TO-RAIL 
OUTPUT SWING. 

With a newly patented double 
feed-forward circuit architecture, 
National's op amps provide an out
put swing that extends from one 
supply rail to the other. You can't 
swing any more than that. 

Use the LMC660/ 662 and 
LPC660/ 662 to drive rail-to-rail input 
A/Ds, or take advantage of the LMC's 
fully specified 600 0 load capability 
to process audio in telecom and 
cellular radio applications. Other 
typical applications include: 

• Handheld meters 
• Medical instrumentation 
• Remote sensors 
• Electrometers 
• Spacebome/Avionic 

subsystems 

10,000 

1,000 

1 
.75 -50 -25 0 25 50 75 100 

Temperature l°CJ 

INPUT BIAS CURRENT VS. TEMPERATURE: 
401A AT 25°C 

NATIONAL 
REDEFINES SINGLE-SUPPLY 

OPERATION. , 

In the past, a single-supply op 
amp was an amplifier whose input 
common-mode range included 
ground. But in today's + 5V systems, 
you need op amps that take advan
tage of every last volt that the supply 
provides, and whose outputs swing 
fully from rail-to-rail. National was 
the first to deliver rail-to-rail per
formance with the LMC660 and now 

has a complete 
family- all in 

lpF CMOS. 
!OOMO 

>-----'- Voor 

PHOTODIODE CURRENT-TO-VOLTAGE CONVERTER 

Bi-FET, Super-Blocks, and VIP aretrademarl<s of National Semiconductor Corporation. 
© 1990 National Semiconductor Corporation 

POWER UP WITH LOW 
POWER AND MICRO POWER. 

If you're looking for low 
power, there's the LMC660/ 
662, which operate at 375 µA/ 
amplifier Or if your application 
calls for 40 µA/amplifier, we offer 

the LPC660/ 662, micropower ver
sions of the popular LMC series. In 

either case, you get lower power dis
sipation and a longer lasting battery. 

LMC660/LPC660 VS. THE COMPETITION 

LMC660AI LPC660AI TLC274AI 

Oulput Swing 
0.15V to 4.82¥ 0.03V to 4.97¥ 0.05¥ to 3.2V (V+= +5V) 

V05 (max) 3mV 3mV 5mV 

lb (typ) 40fA 40fA 600fA 

Supply Current 375µA/amp 40µA/amp 675µA/amp (typ) 

GET THE LOWDOWN. 

For more information on our 
new CMOS op amps and growing 
family of high-performance ampli
fiers, including VIP,™ Bi-FE'(™ Super
Blocks;" and precision, call or write 
us today: 1-800-624-9613, Ext. 66. 
In Canada: 1-800-548-4529, 
Ext. 66. National Semiconductor 
Corporation, P.O. Box 7643, Mt. 
Prospect, IL 60056-7643. And 
find out how we can help take 
your designs to new heights. 

~National 
~ Semiconductor 
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PASS DATA AT 25 MHZ WITH BIDIRECTIONAL FIFO 

Rather than use two memory 
blocks on the same chip to form 
a 2-kword-by-9-bit bidirectional 

first-in / first-out memory, the CY7C439 
employs a lone 2-k-by-9 memory block 
and some on-chip control logic to move 

data. Furthermore, Cypress Semicon
ductor's designers add two other data 
paths into the chip-a registered by
pass mode and a transparent bypass 
mode. 

The registered mode acts like a 1-
word-deep FIFO register in the reverse 

4-MEGABIT 
SRAMs 

••• in a 32-pin DIP! 
If you thought we were crowding a lot of 
memory into a small space before, look 
again. Now we've packed 4-Megabit 
(512Kx8) of CMOS SAAM memory into a 
single 32-pin Dip. They offer read access 
and write cycle times from 45nSec to 
120nSec, and three temperature ranges. 
Screening per MIL-STD-883C is an 
available option. 

These new high-<:lensity memories will cut 
your design time, save you board space, and 
conserve power, too. They're housed in a 
rugged 1.6 " x 0.6 " ceramic package with 
JEDEC standard pinouts. A welded metal 
cover and co-fired construction assures 
maximum integrity and hermetic seal, and 
lends itself to the most demanding low 
power battery-backed commercial, indus
trial, and military applications. 

Other Key Specifications Include: 

• 37mA Typical Operating Current 
• Data Retention With Voltages As Low 

As2.0Volts 
• 10uA Typical Data Retention Current 

at25°C. 
• Temperature Ranges: 

0°Cto+70°C 
-40°C to +85°C 
-55°C to+ 125°C 

But, if 4-Megabit isn't enough, we have a 
new 8-Megabit Flash PROM in a 34-pin 
package available now, and a 2 "x2 " 64-
Megabit flat-pack in test. And there's more. 
We're designing memory systems in the 
gigabit and even terabit regions. If you' re 
looking for a complex single-package sys
tem, a supercomputer array, or a totally 
defined multi-package management infor
mation system, give us a call. Your design 
or ours, we' ll make it happen. 

W White Technology, Inc. 
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direction to the main FIFO buffer. It 
permits the sending system to transfer 
a 9-bitstatus word to the FIFO buffer's 
write port. The transparent bypass fea
ture allows a single 9-bit word to be im
mediately transferred in either direc
tion, temporarily turning the chip into a 
9-bit bidirectional buffer. With these 
modes, the chip can serve in applica
tions such as a disk-drive buffer in 
which the transparent mode allows the 
host to configure a 'dumb' peripheral 
while the registered bypass mode holds 
the status response from a data trans
fer. 

Able to access in just 30 ns and oper
ate with a 25-MHz cycle frequency , the 
bidrectional FIFO register's transfer 
direction can be selected on a cycle-by
cycle basis. Indicator flag signals are 
available for conditions such as Emp
ty / Full, and Half-Full. 

Since only one memory block is re
quired, the chip is small enough to 
squeeze into a 300-mil-wide DIP or 
small-outline J-leaded package. In 100-
unit quantities the chip sells for $33.15. 
Samples are available from stock. 

Cypress Semiconductor Corp., 3901 
N. First Street, San Jose, CA 
95134; Bill Eichen (408) 943-
2600 lll/;&fMI 
• DAVE BURSKY 

WIDE-INPUT PLDS 
DECODE ADDRESSES FAST 
Designed specifically for address de
coding, a very-wide-input decoder 
packs 36 input lines, 10 dedicated out
put lines and 12 additional programma
ble I/O lines. Fabricated in an ad
vanced bipolar process the PHD48N22-
7 can decode up to a 48-bit bus pattern 
(by using the 12 I/O lines as additional 
inputs) in just 7.5 ns from input to out
put (through the AND logic), making 
the chip the fastest wide decoder avail
able from any company. Four of the 12 
bidirectional I/O lines also serve as OR 
logic outputs, and three of those four 
provide 7 product terms; the fourth line 
has 12 product terms. These OR lines 
are especially helpful in dealing with 
microprocessor Wait and Interrupt sig
nal lines and they have a slightly longer 
propagation delay-8 ns. The wide de
coder is available in production quanti
ties, and the plastic-housed leaded-chip
carrier version sells for $22 in 1000-unit 
lots. 

Philips-Signetics Corp., 811 E. Arques 
Ave., P.O. Box 3409, Sunnyvale, CA 
94088; Paul Sasaki, (408) 991· 
2000. /i{i;MMj 



Electronic Design 

targets 
your mailings to 150,000 

design and development engineers 
Highly-educated engineers and managers in the 

electronics original equipment market. 

Select by: Job function, type of industry, project responsibility, purchasing 
influence, employment size, and geography. 

Guaranteed 99°/o deliverable 100°/o BPA audited 
circulation 

Ideal prospects for your next direct mail campaign 

111Pl0n 
CALL LITA PATTON AT 216/696-7000 

(ext. 2525) FOR YOUR FREE CATALOG. 



The Answers for the '90s 
You know that a front-panel 

display is the first thing your 
customers will notice about 
your product. You need 
something to set your product 
apart from the competition, 
but you've got tight budget 
and packaging constraints. 
Now, IEE has a new family of 
brilliant answers! 

You can have the outstanding 
appearance of a vacuum fluores
cent display at an affordable 
price, with IEE 's latest generation 
of enhanced "Ninety Series 
No-FRILLS'' FuP™ VFD modules. 

Price isn't the only thing 
that's unusually trim. Surface 
mount technology makes these 
modules exceptionally compact. 
Other features include: 

• Bright, easy to read 5 x 7 
dot matrix characters 

• Software-controlled dimming 
• Extended/Euro character set 
• User-defined characters 
• Only a single + 5 voe 

supply requried 
• On-board microprocessor 

accepts parallel ASCII data 
• RS-232 and 20mA loop 

serial data cards available 

Call or write today and tell 
us your problems. We offer a 
wide variety of display 
technologies; what you see 
here are just a few of the 
answers we can give you. 

Industrial Electronic Engineers, Inc. 
Industrial Products Division 
7740 Lemona Avenue 
Van Nuys, CA 91405 
(818) 787-0311 , ext. 418 

CIRCLE 112 FOR IMMEDIATE APPLICATION 
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9600-BIT/S MODULE 
EASES MODEM DESIGN 

Offering full-duplex operation at 9600 
bits/s, the CH1790 modem module pro
vides full V.32 compatiblity. It has fall
back and compatibility with 4800-, 2400-
, 1200-, 300- and 110-bit/s rates and 
meets CCITT V.32, V.22 bis, V.22, V.21, 
and Bell 212A and 103 standards. Able 
to respond to the full Hayes "AT" com
mand set, the modem can be controlled 
by a wide variety of available data-com
munication packages. Features include 
automatic answer, automatic speed 
and partiy adjustment, and call-pro-

NEW PRODUCTS 
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gress tone detection. Trellis forward 
error correction is used at 9600 bits/s 
along with MNP Level 4 error control. 
A built-in RS-232 (5-V) serial interface 
allows the host to communicate with 
the module. An evaluation test system 
that contains the modem, DAA and oth
er hardware to run the module through 
its paces is also available-the 
CSP9696A. In small quantities, a full
featured V.32 modem, sells for less 
than $500. 

Cermetek Microelectronics Inc., 1308 
Borregas Ave., Sunnyvale, CA 94088-
3565; Thomas Newton, (408) 752-
5000. lill;&l#M 

FAX MODEM CHIP TARGETS 
PORTABLE APPLICATIONS 
Features added to the YM7109 fax mo
dem IC qualifies the device for portable 
and remote applications. The new chip, 
the YM7109E, combines the capabili
ties of the earlier version with error 
correction for Group 3 fax, HDLC 
framing including bit stuffing, bit 
stripping, and CRC calculations, a 

UART for Bell 103 transmission, and 
an external clock synchronous mode 
for cellular phone and remote fax appli
cations using radio transmission or sat
ellite communications. Also on the chip 
are serial and parallel ports, a scram
bler and descrambler, a programmable 
touch-tone generator and detector, and 
a programmable tone-detector for non
DTMF tones. 

On-chip data converters have a 9.6-
K samples/s sampling rate with a 12-
bit resolution for voice recording and 
playback. The chip complies with 
standard half-duplex synchronous 
CCITT V.29 at 9600/7200 bps and 
V.27ter at 4800/2400 bps; synchro
nous CCITT V.21 half- and full-duplex 
at 300 bps; and full-duplex asynchro
nous Bell 103. The CMOS chip comes 
in a 40-pin DIP, a 64-pin quad flatpack, 
or a 68-pin PLCC. Pricing is $35 each 
in quantities of 10,000. Samples are 
available now, and production quanti
ties are coming in November. 

Yamaha Corp. of America, 981 Ridder 
Park Dr., San Jose, CA 95131; Robert 
Starr, ( 408) 437-3133. IH/i&ltiU 

CUT FREQUENCY HIGHS DOWN TO SIZE 
Micro/Q~ 3000 Controls High Frequency Noise From ASICs 

Design PGA packaged ASICS 
or MPUs into your board design 
and the noise level starts 
climbing. Surround these PGAs 
with standard 2 pin decoupling 
capacitors, and you'll use 
valuable board space and 
provide inferior decoupling. 

decoupling capacitors is 
through-hole mounted under 
pin grid arrays, PGA sockets, 
and PLCCs/LCCs mounted in 
sockets. They are available for 
all PGAs in a variety of sizes 
and dielectrics, including X7R 
and P3J dielectrics for greater 
temperature stability. 

Micro/Q 3000 capacitors. Excel
lent noise suppression for high 
performance. 

Micro/Q 3000 decoupling 
capacitors from Rogers provide 
excellent noise suppression over 
a wide frequency range. For 
space savings, they're specifi
cally designed to fit under PGA 
devices such as fully custom 

Micro IQ 3000 capacitors fit under PGA packaged AS/Cs and MPUs. 
Write or call for free literature 
and product samples. 

ASICs, MPUs and gate arrays - where low noise and high 
density are essential. 

Featuring the high performance reliability you've come to 
expect from Rogers, this family of very low inductance 

Also available through Mektron Europe, Ghent, Belgium 
and Rogers Inoue Corp., Nagoya, Japan. 
Micro/Q is a registered trademark of Rogers Corporation. 

CIRCLE 102 

Technology for tomorrow built on TQC today. 

0 ROGERS 
Rogers Corporation 
Circuit Components Division 
2400 South Roosevelt Street 
Tempe, AZ 85282 
Tel : (602) 967-0624 
Fax: (602) 967-9385 
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ROYAL PLAZA TRADE CENTER 
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CONTROLLERS BOOST SERIAL 
COMMUNICATIONS PERFORMANCE 

Two CMOS serial communica
tions controllers from Zilog 
Corp. simplify system design 

by integrating functions previously 
performed by discrete devices. 

The Z85130 enhanced serial commu
nications controller (ESCC) is a dual
channel, full-duplex multiprotocol con
troller with each channel containing a 
crystal oscillator, baud-rate generator, 
and digital phase-locked loop. The 
ESCC also includes an 8-byte-deep re
ceive FIFO buffer and a 4-byte-deep 
transmit FIFO buffer for reducing 
data overruns, interrupts, and host 
CPU overhead by accumulating byte 
strings. The programmable FIFO and 
DMA request levels allow the user to 
select packet-handling response. SDLC 
protocol enhancements offload the 
CPU with automatic handling of frame 
conditions. 

The Z85C80 serial communications 
and small computer interface (SCSCI) 
combines Zilog's Z85C30 10-MHz serial 

communications controller (SCC) and 
the 3-Mbyte/s Z53C80 small computer 
system interface (SCSI). Both func
tions share an 8-bit address and data 
bus for use in any system having a 
SCSI interface defined by the X3.131-
1986 standard. The SCSCI has all fea
tures required to build a network using 
a typical disk-based file server, includ
ing an interface to multiplexed or non
multiplexed CPUs, programmable 
channels for asynchronous or synchro
nous datacom protocol, and a 10-by-19-
bit FIFO buffer and 14-bit byte counter 
that support high-speed SDLC trans
fers using DMA controllers. 
Packaged in a 40-pin DIP and 44-pin 
PLCC, the Z85130 16-MHz version 
costs $13.65 in 1000-piece quantities. 
The 10-MHz part costs $8.85. Packaged 
in a 68-pin PLCC, the Z85C80 costs 
$12.43 each in 1000-piece quantities. 

Zilog Corp., 210 Hacienda Ave., 
Campbell, CA 95008; Mike Hulme, 
(408) 370-8000. Ul@l#Ml 
• MILT LEONARD 

9600-BPS V.22 BIS-COMPATIBLE 
MODEM TRIMS PRICE, NOT FEATURES 

Able to operate at 9600 bits/sin 
a full-duplex mode, the 9624 
modem series employs a cus

tom chip set developed by Sharp to 
achieve CCITT V.22 bis compatibility. 
The custom chips allow the company to 
incorporate MNP5 error correction as 
well as the company's own extended-

baud-rate technology, which, together, 
permit a 2400-bit/s chip set to provide 
9600-bit/s full-duplex asynchronous 
operation, as well as standard 2400-, 
1200-, and 300-bit/s data modes. (To 
achieve the 9600-bits/s rate, a pair of 

units, one on each end, must be used.) 
The modems achieve a throughput 

equivalent to or better than that spe
cificed by the V.42 bis standard. Two 
versions of the modem are available: 
the 9624, a 3/ 4-size card that plugs 
into the PC bus, and the 9624e, an ex
ternal unit that connects to any sys
tem's serial port. 

Both models include a speaker and 
comply with the standard Hayes (AT) 
command set. Single-unit prices for the 
modems are $299 for the card version 
and $399 for the external unit. 

Sharp Digital Information Products 
Inc., 16841 Armstrong Ave., Irvine, 
CA 92714; Greg Peel, (714) 261-
6224. llt/;&l#tfil 
• DAVEBURSKY 

BOARDS PUT MACINTOSH 
ON ARCNET LANS 
A line of board-level products enables 
Macintosh SE and Macintosh II com
puters to join an ARCNET local area 
network, the environment typically 
used for networking IBM PCs and com
patibles. The Macintosh-on-ARCNET 

E L E C T R 

family allows the use of PC-type file 
servers and printers, eliminates the 
need for a dedicated Macintosh server, 
and enables Macs to share data among 
themselves without additional net
working accommodations or cable. 
Furthermore, networks can employ co
axial cabling, twisted-pair wiring, or a 
mix of the two in star, bus, or daisy
chain topologies. Hardware consists of 
a controller board and a transceiver 
board for the MAC SE, while the MAC 
II requires only one board. To accom
modate the various topologies and ca
bling systems, four versions are avail
able. For the MAC SE, the SElOO sup
ports the coax star topology and the 
SE250 handles twisted-pair star and 
daisy-chain topologies. For the Macin
tosh II, the NB210 supports coax star 
and bus topologies, while the NB250 is 
for twisted-pair star and daisy-chain to
pologies. The SElOO and SE250 sell for 
$495 each; the NB210 and NB250 cost 
$545 each. 

Standard Microsystems Corp., 35 
Marcus Blvd., Hauppauge, NY 11788; 
(516) 273-3100. IH/;!Hl#tll 

-Designed specifically to improve the 
performance of high-speed modems, 
the CH1832 data access arrangement 
mates directly to V.32, V.33 and V.29 
type modems. The DAA passes voice 
and data at speeds starting at 300 bps 
and up to 38.4 kbps. High-voltage isola
tion and surge protection up to 1000 V 
are built into the DAA. System fea
tures include ringing detection, hook
switch control, billing delay, and provi
sions for 2-wire or 4-wire leased-line op
eration. A 2-wire-to-4-wire converter is 
included in the 2.2-by-3.25-by-0.65-in. 
module. The DAA module is also pre
registered for FCC part 68, thus reduc
ing the waiting time needed by a sys
tem that must obtain part 68 approval. 

Cermetek Microelectronics Inc., 1308 
Borregas Ave., Sunnyvale, CA 94088-
3565; Thomas Newton, (408) 752-
5000. l/{/;&l#ttl 
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IEEE-488 (HP-18, GP-18) 

NEW PRODUCTS 
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transferred through a system manager 
to the manufacturer's design and com
pilation software. Each system is tai
lored to the needs of the manufacturer 
by controlling libraries, hierarchies, 
drawing sizes, and output forms . The 
Schema-Quik package includes soft
ware, reference manual, and tutorial, 
and is upgradable to the Schema III 
package. The product is shipping now 
for $99. 

Omation Inc., 801 Presidential Dr., 
Richardson, TX 75081; (800) 553-
9119. lilt&l#Ntl 

device with our cards, cables, / 

and software tor the PC/AT/386, FRONT END AUTOMATES 
EISA, MicroChannel, and Nu8us. • 
t-----------+--- - -----1 FILTER DESIGN 

REVAMPED SUSIE 
SIMULATOR RUNS 
30 TIMES FASTER 

T he newest version of the popu
lar Susie logic simulator from 
Aldec Co. is not only up to 30 

times faster than the previous version, 
but also supports VHDL IC models and 
easy-to-use windowing . Susie 6.0 
achieves the speed gain with a new 
event-driven algorithm and by taking 
advantage of 32-bit direct addressing 
on 80386- and 80486-based computers. 
In addition, the simulator runs from 
mouse-driven pop-up menus. 

Version 6.0 gives users the same 
real-time operation they are used to, 
but adds high-speed simulation of 
VHDL IC models. Users can toggle 
switches, move jumpers, change propa
gation delays of any IC, modify Jedec 
and hex fi les, and then instantly simu
late the new design without visible 
compilation. Users can also perform in
stant simulation of selected design ar
eas, which can speed the simulation 
process by 10 to 100 times. 

Also, Aldec's VHDL IC timing model 
builder, Mobic/T, is a high-level model
ing language designed specifically for 
Susie. It generates IC timing models 
with 11 input slates and 15 output 
states, and includes predefined func
tions for modeling memories and 
PLDs. Susie 6.0 comes with TTL VHDL 
libraries. There are over 6000 parts 
available in Aldec's optional libraries. 

Susie 6.0 is available now for $5995. 
The Mobic/ T IC-model builder is $1995, 
and the optional libraries start at $795. 

A /dee Inc., 3525 Old Conejo Rd., 
Suite 111, Newbury Park, CA 91320 
(805) 499-6867. IHO!Hl#ll:I 
• LISAGUNN 
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You get fast hardware and 
software support for all the 
popular languages. A software 
library and time saving utilities 
are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 

capture and a microwave component li
brary and interfaces to most of the pop
ular microwave simulators, costs 
$15,000. The complete system, which in
cludes the front end as well as synthe
sis, layout, and design verification, 
costs $30,000. 

Cadence Design Systems Inc., 555 Riv
er Oaks Pkwy., San Jose, CA 95134; 
(408) 943-1234. U/@l#M 

SCHEMATIC-CAPTURE 
COSTS LESS THAN $100 
Engineers can have a schematic-cap
ture system for less than $100 with 
Omation Inc.'s Schema-Quik software, 
a low-cost version of the company's 
Schema III software. The package is 
aimed at PLD manufacturers as an al
ternative to data entry with logic equa
tions, truth tables, or state machines. 
Drawings created in Schema-Quik are 

DESIGN 

Filter Designer is an interactive front
end tool that lets engineers design and 
analyze active filters , using such fea
tures as a menu-driven interface, hard
copy report summaries and plots, con
catenation of multiple designs, and in
terfaces to PSpice. Available filter 
types include low-pass , high-pass, 
band-pass, and band-reject, all of which 
may be synthesized by Butterworth, 
Chebyshev, inverse Chebyshev, and el
liptic functions. With the tool's editor, 
engineers can insert, delete, and reor
der stages, and can modify coefficient 
values. Pricing for the Filter Designer, 
which is shipping now, ranges from 
$600 to $900 depending on configura
tion. A Filter Designer evaluation pack
age is available for $35. 

MicroSim Corp., 20 Fairbanks, Irvine, 
CA 92718;(800)245-3022or (714) 770-
3022. ldl;@l#tll 

Free : 
Informative 
catalog 800-234-4232 
Applications help (617) 273-1818 

c-:=iw 
Capital Equipment Corp. 
Burlington, MA. 01803 
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Is Your PC 
Really Up 
to Speed? 
y ou may think your PC is already up to speed, but what if it could run even faster? 

The fact is, with the Intel Math CoProcessor, your software can run up to 500% 
faster. 

And speaking of fast, installation is fast - and easy- because compatible PCs 
already have a socket for an Intel Math CoProcessor. And with Intel Math 
CoProcessors for PCs, ATs and 386'" microprocessor-based systems in stock, 
Hamilton/ Avnet can deliver in virtually no time. 

In fact, the only thing that isn't fast about the Intel Math CoProcessor is its five
year warranty and the continuous service and support that you can count on from 
Intel. 

So don't waste another nanosecond. Get your system up to speed by calling 
Hamilton/Avnet, toll free, 1 (800) 442-6458. 

*386 is a trademark of Intel Corp. 
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RUGGED ON-LINE UPS SYSTEM 
CAN HANDLE BROAD INPUT 

Aimed at military and hostile in
dustrial applications is an on
line ruggedized UPS from 

Transistor Devices Inc. The MIL-UPS 
combines the company's BCE battery 
charger/ power supply with its ACE 
sine-wave inverter. 

The BCE module's wide input range 
of 90 to 250 V from 40 to 440 Hz, as well 
as its high power factor, provide immu
nity to ac-input-voltage fluctuations. 
The system can handle a broad range of 
line disturbances such as extended
brownout conditions as low as 83 V, and 
frequency disturbances from 40 to 440 
Hz, without battery power. It's suited 
for remote site locations where genera
tor fluctuations and low-power-factor 
loads can be too much of a burden for 
other UPSs. Thanks to its universal-in
put feature, the system can function as 
a frequency changer and voltage condi
tioner between American, European, 
and special military power applica
tions. 

The charger/supply module also fea
tures a battery-equalizer function , 

which optimizes battery-cell potentials 
and extends battery life. To prevent too 
many repetitive equalizing cycles, the 
function is automatically locked out at 
the end of each equalizing cycle. In ad
dition, the BCE module has a reduced
voltage mode that prevents the batter
ies from heating excessively during a 
rapid recharge cycle. 

From the sine-wave-inverter module, 
a true sine wave is generated with less 
than 1% total harmonic distortion. The 
module's fixed-frequency output is 
crystal-controlled to better than 0.1% 
stability. The zero-lead-to-zero-lag load 
power factor of the system's inverter 
easily drives unfriendly, non-linear 
power demands such as motors and rec
tifier loads. 

A 2-kVA system occupies only 12 in. 
of height in a 19-in. rack. Without bat
teries, the system weighs under 65 lbs. 
Such a system goes for about $10,000 
without batteries. 

Transistor Devices Inc., 85 Horse
hill Rd., Cedar Knolls, NJ 07927; 
r201; 261-1900. umazn.u 
• DAVID MALIN/AK 

CONVERTER AND FILTER TANDEM 
NEAR MIL-STD-883C APPROVAL 

With final process certifica
tion near, a combination of 
a de-de converter and EMI 

filter will soon pass the last hurdles to 
full compliance with MIL-STD-883C, 
method 5008. lnterpoint's MHF con
verter and matching FMC-461 EMI fil
ters give military designers the reliabil
ity of components that have passed test 
conditions applied to mission-critical 
components. 

The 883C versions of the converters 
and filters have dramatically increased 
tolerance to temperature extremes and 
acceleration. That's achieved by using 
higher switching frequencies to reduce 
the magnetics' mass and by redesign
ing the platforms the magnetics are at
tached to. 

Input range for the 883C-qualified 
converter is 16 to 40 V de. It produces 
closely regulated outputs of 5, +12, or 
+15 V de in single or dual configura
tions up to a maximum output of 12 W. 
The operating temperature is from -55 
to + 125°C. The package is a low-profile 
(0.325 in.) hermetically sealed, gold-

1281 E L E C T R 0 N I C 
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plated steel case that takes up just 1.6 
square inches of board area. Power 
density for the device, which switches 
constantly at 600 kHz, is 30 W per cubic 
inch. The matching FMC-461 EMI filter 
reduces the converter's reflected input
ripple current to meet MIL-STD-461B 
CE03 standards. 

Pricing for the MHF converter is 
$780 in quantities of 100. In similar 
quantities, the FMC-461 EMI filter 
goes for $365. Pending qualification 
testing for the company's process, the 
MIL-STD-883C-compliant devices will 
be available this fall. 

lnterpoint Corp., Box 97005, Red
mond, WA 98073-9705; (206) 882-
3100. lill;&l#tD 
• DAVIDMALINIAK 

DESIGN 

CONTROL 400 VAT 1 A 
WITH 5-V LOGIC 
The PWR-NCH201 IC can control sol • 
noids, lamps, relays, and small motors 
with 5-V logic while powered directly 
from the rectified 115-V ac lin . Pack· 
aged in a 16-pin "batwing" DIP, it con
tains a monolithic pair of MOSFETs 
rated at 400 V and 675 mA each. On
resistance of each is just 5 n. Another 
version, the PWR-NCH401, holds four 
smaller FETs with a similar voltage 
rating, but with a current rating and 
on-resistance of 335 mA and 10 n, re
spectively. It is in a 24-pin skinny DIP. 
With both FETs in parallel, the 201 han
dles up to 1 A; with all four FETs in 
parallel, the 401 handles up to 675 mA. 
Unlike other high-voltage MOSFETs, 
these turn on hard with just 5 V be
tween gate and source, permitting log
ic-level control. The devices are current 
sensing, or mirror FETs. Each has a 
separate source output-pin that pro
vides a scaled current equal to approxi
mately 1/1500 of the FET's current. 
Versions rated at 200 and 400 V are also 
available. Pricing in hundreds ranges 
from $2.60 to $5.84. 

Power Integrations Inc., 411 Clyde 
Ave., Mountain View, CA 94043; Doyle 
Slack, (415)960-3572. UO@l#tU 

REGULATOR IC SENSES 
VOLTAGE AT LOAD 
A low-dropout linear regulator, the 
LT1087, offers both adjustable output 
voltage and 4-wire Kelvin sensing of 
the voltage across the load. The chip is 
rated at 5 A and regulates down to an 
input-to-output voltage of just 1.5 V 
maximum at 5 A. The 4-wire remote 
sensing feature eliminates load-regula
tion errors caused by voltage drops in 
the hot side of the line to the load and in 
the ground return. The feature is par
ticularly important where sensitive cir
cuitry, such as wide-band op amps oper
ating at high gain, must be isolated 
from heat or noise generated by power 
supplies; in most regulators today the 
output voltage is sensed inside the 
package. The chip's reference voltage 
is trimmed to 1% and the current limit is 
trimmed as well. This precision current 
limit minimizes stress on both the r gu
lator and the power-sourc circuitry 
when the circuit is overload d. Th , 
LT1087 comes in 4-pin T0-8 m ta! cans 
and 5-pin T0-220 packag s. In quanti· 
ties of 100 pricing for th latt r runs 
$4.45. 

Linear Technology Corp .. 1690 McCur· 
thy Blvd., Milpitas, CA 95035·7"8'1; 
BobScott(408)432·1900. laUOlllJS 
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HIGH-RESOLUTION LCD MODULE 
MAKES GRADE FOR LAPTOP PCS 

A thin plastic film is used in the 
EG9007 LCD graphics-display 
panel to achieve a high-con

trast black-and-white display that's 
well suited for notebook-and laptop-PC 
applications. With its depth of just 0.33 
in., the display offers the LCD market's 
thinnest profile, according to Epson 
OEM. 

Epson' s use of its newest formulated 
twisted-nematic technology in the 
EG9007 display results in a lighter, 
thinner module as well as lower manu
facturing costs. The single-layer LCD 
also enabled the company to use edge 
lighting for the display, which further 
contributes to its thin profile. 

Also featured in the 10-by-6.25-in., 
1.5-lb. display is a chip-enable transmis
sion system that significantly reduces 
power consumption. Thanks to Epson's 
chip-on-flex technology, the display's 

TINY SURGE KILLERS 
SUIT AUTO TASKS 
A cost-effective and reliable alterna
tive to Zener diodes for transient-volt
age suppression in automotive applica
tions has arrived. The V24ML series of 
semiconducting ceramics come in lead
less chip form and are fabricated to ab
sorb internally or externally generated 
surges that might otherwise damage 
or destroy a car's electronic compo
nents. The surface-mounted devices 
have no lead inductance and therefore 
act faster. The series is rated for peak 
currents up to 2000 A and comes in 
1206, 1210, 2220, and 2820 sizes. Sam
ples of the V24ML1210 are available 
now and production lots will be avail
able in August. In lots of 1000, the de
vice costs $0.46. 

Harris Semiconductor, Box 883, Mel
bourne, FL 32901; (800) 442-7747. 
l&l;l&llftU 

HHN. COLOR LCD 
HITS PRODUCTION 
Higher resolution, contrast, and 
brightness than the company's earlier 
color-TFT LCDs is offered in Hitachi's 
TM26D01VC 10-in. display, which is 
now in production. The direct-view dis
play offers 640-by-480-pixel resolution 
and eight colors. When used with third
party gray-scale controllers, the num
ber of colors can increase to 256. Con
trast ratio is 100:1 and the display's 

--- CIRCLE 84 

drivers are mounted on a flexible print
ed-circuit board that is lighter and more 
compact than traditional rigid printed
circuit boards . The display, which 
weighs a scant 1.5 lbs, produces white 
characters on a black background with 
a resolution of 640 by 480 dots and a 11 
242 multiplex ratio. 

The EG9007 display also offers a 
faster fluid response time (120-ms turn
on at 25°C) than competitive displays. 
This translates into faster animation of 
text and graphic images. A cold-cath
ode fluorescent backlight provides illu
mination of the display. 

In quantities of 100, the EG9007 dis
play costs $285. It is available now in 
OEM quantities. 

Epson OEM Division, Epson Amer
ica Inc. , 3415 Kashiwa St. , Tor
rance, CA 90505; (213) 534-
4500. U/;&l#i:J.1 
• DAVIDMALINIAK 

brightness level is 80 NT, which meets 
or exceeds the brightness of CRTs. Re
sponse is quick enough for real-time 
monitoring applications. The display's 
wide viewing angles suit it to use in 
medical instruments. Production units 
are available now with samples priced 
at $3500 each. Initial production pricing 
is less than $2000 per unit. 

Hitachi America Ltd., Electron Tube 
Div., 300 N. Martingale Rd., Suite 600, 
Schaumburg, IL 60173; Tim Patton, 
(708) 517-1144. j/{l;/Hl#tJ:I 

T0-254 HEATER 
REGULATES TEMPERATURE 
Hermetically sealed in a T0-254 pack
age, the DN-501 is the first in a series of 
proportionally controlled heaters 
whose temperature can be pro
grammed between 50° and 100°C by one 
external resistor. What's more, it can 
deliver up to 28 W of power from an 
unregulated supply. The subminiature 
device, which operates from -55° to 
+ 100°C, can be used for regulating the 
temperature of sensitive electronic 
components, such as crystal oscillators 
and microwave filters . It features 28-V 
operation and is electrically isolated 
from the case. The part can also be cus
tomized to meet specific application re
quirements. 

Dawn Electronics Inc., 2049 Cali for
nia St., Suite 2, Carson City, NV 89701; 
(702) 882-7721. j/{l;@l#tJ:I 

E L E C T R 

SLIDE-BASED LED 
REPLACES BULBS 

Slide-based incandescent lamps can be 
directly replaced with a high-intensity 
packaged-LED device. The 5SBF multi
LED device uses six discrete chips and 
boasts a lifetime of 100,000 hours. The 
incandescent pilot light it replaces, the 
120PSB, lasts only 7500 hours. That 
suits the LED to tasks with high vibra
tion. The LED device draws 7 mA at 120 
V and comes in seven colors with peak 
wavelengths ranging from 555 to. 660 
nm. Pricing starts at $3.56 for lots of 
1000 with availability in six weeks after 
receipt of order. 

Data Display Products, 445 S. Douglas 
St., El Segundo, CA 90245-4630; (213) 
640-0442. tai;M#M 

5-IN. COOLING FAN 
BOOSTS AIR FLOW 
Air flow that's improved by up to 50% 
while reducing noise by 50% compared 
with 4.7-in. fans is featured in the Gal
axy 5-in. fan. The 1.5-in.-deep unit deliv
ers air-flow levels of 150, 125, and 110 
cfm at 12, 24, and 48 V. Comair Rotron's 

ThermaPro-V circuitry provides pro
grammability, voltage regulation, and 
thermal speed control. Other features 
include electronic locked-rotor protec
tion with automatic restart. The fan 
costs from $18 to $20 in OEM quanti
ties. Samples are available now and 
production lots will ship in late August. 

Comair Rotron, North St., Saugerties, 
NY 12477,· (914) 246-3615. j/{l;@l#f!U 
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CLASSIFIEDS 
EMPLOYMENT 
OPPORTUNITIES 

DIRECTOR OF QUALITY ASSURANCE: $80,000 range. 

~~i~~7~'A~~~¥a:i cfi~R8o ~~f P~~SNkil~~:td B2~0g: E. 
Passive Components with technical expertise in 
hybrids/thick/thin film. Automotive and Commer
cial Applications. 

Contact: J.C. Banks, Excel Associates , P.O. Box 
520, Cordova , TN 38018 or call (901) 757-9600 or 
FAX (901) 754-2986. 

CONSULTANTS 

Electronic Design Consultants 
• low noise analog and commun1catlons 
• Instrumentation. electro·optks 
• OSP from baseband lo video 
• Digital syslem design from MSI to VLSI 
• Micro/ MultiprocessorSottware/ Oesign 

Tree Technologies Corp. 
1576 Sweet Home Rd .. Buffalo, NY 14228 

V. DemJanenko Ph.D. Pres. 716&88-4640 

Looking for 
ELECTRONICS ENGINEERS & 
ENGINEERING MANAGERS? 

150,033 
Read 

I B.Etllflll1: CEa I 
Twice Monthly 

To reach them with a 
recruitment ad in the 

Professional Opportunities 
section 

Contact: 
Penton Classifieds 
at 216-696-7000, 

ext. 2520 
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NEW PRODUCTS 
PACKAGING & PRODUCTION 

PHYSICAL·V APOR-DEPOSITION SYSTEM 
BOASTS HIGH VACUUM FOR PURER FILMS 

A n ultra-high vacuum level (10-9 

torr base pressure) in the pro
cess chamber of Applied Mate

rials' Endura 5500 physical-vapor-depo
sition (PVD) system is the key to purer 
aluminum-alloy and barrier-metal 
films for advanced IC metallizations. 
Besides higher purity, films produced 
with the system also exhibit a nine-fold 
improvement in resistance to alumi
num electromigration. 

By building on the company's experi
ence in chemical-vapor deposition, the 
PVD system is designed to give excep
tional step coverage and step-coverage 
symmetry-even in high-aspect-ratio, 
sub-micron features over wafers up to 
200 mm. A down-sputtering source de
sign uses rotating permanent magnets 
to give complete surface target ero
sion, with no adjustment needed in pro
cess parameters over the life of the tar
get. The result is better uniformity and 
step-coverage symmetry. 

A low-voltage precleaning chamber, 
which is part of the mainframe unit, 
conditions each wafer before metal de
position. This yields maximum wafer
surface cleanliness with no damage. 

FIBERGLASS WEBS 
PROVIDE INSULATION 
Craneglas fiberglass webs offer ther
mal and electrical insulation for a wide 
range of industrial, commercial, and 
consumer applications. When laminat
ed with dielectric films and papers, as 
well as woven fabrics, they offer 
unique advantages as electrical tapes, 
wire and cable coatings, gaskets, flame 
retardants, and thermal-insulation ma
terials. Combining Craneglas with foil 
results in an excellent heat-shield mate
rial. Non-wicking and abrasion-resis
tant treatments are also available. As a 
carrier for thermosetting electrical in
sulating resin systems, Craneglas 
webs are a low-cost means of insulating 
motors, generators, transformers, and 
reactors. They are also a cost-effective 
alternative as a core material for com
posite laminates in printed circuit 
boards. Craneglas is offered in a range 
of thicknesses from 5 to 120 mils (0.005 
to 0.120 in.). Call for pricing and avail
ability. 

Electrolock Inc., P. 0. Box 368, 
16838 Park Circle Dr., Chagrin Falls, 
OH 44022; (216) 543-6626. 
181;&11#1 

D ESIGN 

Then, within the process chambers, 
careful attention is paid to achieving a 
very low particulate level. Special anti
flake shields greatly reduce particle 
generation, while a redesigned robotic 
handling system with external magnet
ic couplings keeps particulates out of 
the vacuum chamber. 

Base pncmg for the Endura 5500 
PVD system starts at under $2 million. 
The first system was shipped in April. 

Applied Materials, 3050 Bowers 
Ave., P. 0 . Box 58039, Santa Clara, 
CA 95052; (408) 727-5555. 

1av1a11et1 
• DAVID MALIN/AK 

POWER CONNECTOR HAS 
SECONDARY LOCKS 
The Mini-Fit TPA power connector in
corporates secondary locks in the form 
of red-colored keys that are inserted 
into the housings, ensuring that the 
terminals within are correctly and per
manently sealed. The connector is par
ticularly useful in wire-harness appli
cations, where wires and connectors 
are often abused during manufacture. 
The red secondary Jocking keys cannot 
be inserted unless the terminals are 
properly inserted, fully seated, and 
locked in the housings. An optional lock 
- a redundant, independent secondary 
housing lock - is applied after the con
nectors are mated. The Mini-Fit TPA 
can handle up to 9 A per circuit, at 250 V 
depending on circuit size. The center
line between contacts is 0.165 in. and 
from row to row is 0.217 in. The enve
lope size of a mated pair of wire-to-wire 
connectors is 1.36 in. Typical pricing for 
a 10-circuit housing is $0.06 per mated 
line (production quantities). Lead time 
is four to six weeks. 

Molex Inc., 2222 Wellington Ct, 
Lisle, IL 60532,· (312) 969-4550. 

IHV&l#@I 



DIRECT CONNECTION 

DIRECT CONNECTION ADS 
New Products/Services Presented By The Manufacturer. 
To Advertise, Call JEANIE GRIFFIN At 201 /393-6080 

''Thank you, 
the TDS9092 has 
everything I was looking for 
in a board computer." Small 
size, low power, and high 
level language. The LCD 

and keyboard interfaces help the choice. So do on 
board multitasking, interrupts, dual RS232 ports, 
EEPROM and 35 1/0 lines. An add-on gives precison 
A-D and battery backed RAM. A data logger can run 
12 months on a small 9V battery. 

Fast time to market is essential. Forth is the 
language of choice for embedded systems and here 
you can mix it with assembler. Achieve quick 
development and get the execution speed you need. 

The series has been used 9 years for machine 
control, data-logging , instrumentation and 
automation. At $219 for 25, and with price dropping 
steeply with quantity, why not be in good company 
with thousands of satisfied users? .1111!!1!11 
Coll for details of :JO-day free trial ~ 

The Saelig Company 
193 Moseley Road, Victor, NY 14564 

tel: 716-425-3753 fax: -3835 
-- '£uroptatt 'Ticlano"'1Jy 

SAEUG CIRCLE 275 

RELIABILITY 
PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 

The RelCalc 2 Soltware Package predicts the reliability of your 
system using the part stress procedure of MIL-HDBK-21 ?E, and 
runs on the IBM PC and full compatibles. Say goodbye to 
tedious, time consuming, and error prone manual methods! 
RelCalc 2 is very easy to use, and features menu windows, 
library functions, global editing for what-if? trials, and clear 
report formats. Try our Demo Package for $25. 

T·CUBED SYSTEMS, 31220 La Baya Drive# 110, Westlake 
Village, CA 91362. (818) 991 -0057 • FAX: (818) 991-1281 

AUTOMATE MIL·HDBK·217E CIRCLE 251 

V4.1: now all features 
in all models' 

Advanced features, i.e. ltreal~e [)alp Rule Cb«k. real 
t ime reconnect, force vectors and histograms, Reroute 
while move and trace shoving. Forward- &. backannoution 
to Schematic Packages (incl. new UU1cap system). All angle 
traces, an:s &. circles, full polygon suppon. with crace ploughing, 
power· & groundplants with aucormcic thennal reliefs. 
. Prices vary with design capacity, from a low-cosc Entry Level 
DOS Syscem up to a 32-bit high-end Syscem. 

yy_~w: =t"fi:s~ =m:rn~44424 
ULTIMATE TECHNOLOGY CIRCLE 2n 

SC/FOX~ Real-Time Computer Boards 
SC/FOX PCS (Parlllel Coproceuor System) 15 MIPS, 50 MIPS burst, 
general purpose PC/AT(JPiO ~n board, 32K-1M byte ll-watt static mem
rxy, multiple board operation, uses Harris RTX 2000. 
SC/FOX sac (Single Board Computer) t8 MIPS, 60 MIPS burst, IOI stand
alone 01 embedded operation, 100x160mm, 1 serial, 1 printer port, 32K-512K 
bytes ll-watt static memory, uses 1&-bit Harris RTX 2000. 
SC/FOX PCS32 (Pllllel Coproceuor Syllem32) 15 MIPS, 70 MIPS burst, 
general purpose PC/AT(JPiO 32-bit plug-in board, 64K-1M byte ll-watt static 
memory, uses 32-bit SC32 RISC microprocessor. 
SC/FOX SCSI 1/0 plug-in daugiter board IOI the PCS 01 SBC with SCSI, 
lloppy, serial, and parallel ports, and driver software. 
Ideal IOI embedded rea~time oontrol, data acquisition, and signal processing. 
Forth software included. C available soon. OEM pricing. 

SILICON COMPOSERS INC. (415) 322·8763 
208 California Avenue, Palo Alto, CA 94306 

SILICON COMPOSERS CIRCLE 291 

ADS 

LOW COST 
INTERFACE 

CARDS FOR 
PC/XT/AT 

• ~~~ ~iff!de~~rf~~~~~d ~~k~~~·:M~ 1~2~~~~'. ~~solution~~~';r. 
• 0 /A: fn channels, 12-14 bit 'Resolution: 010: 160ut/161n, ~mpauble. 
• Programmal;le Interval Countermmer; Uses Intel 825318254. 

MC I VISA I A.MEX Call today fCN dtuashuts! 

B&C MICROSYSTEMS INC. 
3.5.5 Wesl Olive Avt, Sunnyvale, CA 94086 
TI;L; (408)730-.5.50 FAX: (408)730-.5.521 

B&C MICROSYSTEMS CIRCLE 270 

INTELLIGENT ROM EMULATOR 395 

: ~;~~: ~~::e1~:~~J~~1!!;.~1~r~'rin::~~~~'• ~~~!~'ri~~~ ~~~~ 
• User friendly software. Command set includes: Loaid~da1a), ~lt(data/i, 

~!~!:(~~:,m:S7]~,r!.~~deb~·:~~fe~~~~~~~n<1':1~':~~;d1fe~1~1:). 
: :?!~dftanf~di~1~ai;~1~~?~1~~~';:s ~~m(:~1'!:1!'i,::~::!fo ~Fr. 
• Cascadablt up 10 8 11nils.lndudcs interface cable with Trigger and Reset clips. 
• CMOS (stand-alone) model wi1h rechargeable NiCad battery backup: $49.5 

MC / VISA / AMEX CaJJtodayfordaJashttts! 

B&C MICROSYSTEMS INC. 
3~~c4bs~~J0-~5f I Suf~'/40~7ro~~ISA 

B&C MICROSYSTEMS CIRCLE 271 

Analog Circuit Simulation I 
Complfli.ty Integrated CAE trvm • 

~ii~~~t;;;:~ From Schemllll II EnlrJ through 
8Pa 

8lmulllllon ID 
PoetPrac1111nt 
• .._ ..... tile 
complete 8Ploa ..,_ ________ , proormn, rune on II 

- PC'e. 
...._,.. .... The __ PC baldSPIClllJlllCllWft 
llVlllllble. Hel Wlually no clnlul llze llmbllone. 

~ 121111, • IChemellc editor for any Sia 
llmulalor. Generatee. comsii- s- netlet. 

...,._. .... gniphicl poll ~ tlllt 
pel1onnl al IN! lunc:tlona of a dlgllat OIClllOIC!!p9. 

........... txtenllve modal lblarlla. MorU o.tD 
analylla. and .,.,.,.., IWMPlng. 

INTUSOFT CIRCLE 283 
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DI R ECT CO NNEC TI ON 

FREEi 
120 

Page 
Catalog 

"Optics 
for 

Industry" 
ROLYN OPTICS supplies all types of "Off-the
Shelf" optical components. Lenses, prisms, mir
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro
totype or production quantities. Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO., 
706 Arrowgrand Circle, Covina, CA 91722, 
(818) 915-5707 & (818) 915-5717 . TELEX: 67-
0380. FAX: (818) 915-1379. 

FREE CATALOG CIRCLE 252 

MULTIBUS™ AT-COMPATIBLE SBC 
Multibus I is now IBM PC/AP" compatible with MAT286™, our newest 
single board solution. MAT286 includes all of the functions of a t O MHz AT 
motherboard, plus 2 serial ports, a parallel port, two SBX expansion
module intertaces, up to St 2K EPROMIEEPROMISRAM, and up to 4M of 
parity-checked, dual-ported DRAM. A piggy-back card, MATxSYSIO'". 
adds EGA, floppy, and SCSI intertaces. Embed all the guts of an AT, two 
SBX modules, and more, into Multibus skits! 
Phone (408) 253:0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd, Cupertino, CA 95014 

Multibus 1s a registered trademarlil of lnle~Corp. 

~~T!: ~~A~Aa~~~~~~n:1~~,~~~e~~a~~n~11~s=~d ~~~::b~. 
SINGLE BOARD SOLUTIONS CIRCLE 255 

PRINTERS WITH IMPACT 
Citizen dot matrix impact printer mechanisms provide 
for the perfect low-rost solution for point-of-sale, data 
logging, etc. Avail. in 23, 28 or 40 columns, serial or 
parallel, w/sprocket feed, auto-cutter & journal winder 
options. Fast (120 cps) & reliable (over 50 million char. 
head life). Also avail. in stand-alone versions. 
MELFESS FIVE, INC. 
12304 Santa Monica Blvd., #121, Los Angeles, 
CA 90025. 800/533-2297. 

MELFESS FIVE CIRCLE 278 
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Easy Emulator Pods &Adapters 
• Plug your PLCC and LCC packages into your PC board in 
minutes, with these easy-to-use adapters. 
• Emulator/logic analyzer users: Adapt-a-Pod •• converts 
one package type to another (LCC, PLCC, PGA, and DIPs) . 
• Emulator pods and adapters are available in all standard 
pin counts, with ribbon or ribbon cable headers. 
• Custom engineering services and do-It-yourself emulator 
pod converters. Free catalog. FJ~ 

Emulation Technology, Inc. 
2368-B walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
EMULATION TECHNOLOGY CIRCLE 253 

Design: 
Industry-standard 

1 

language for PLDs 

. " With new ABEL-PLD 
at just $895 *. 

• 150 PLO archilec
lures supported 
(over 4000 de\'ices). 

• Uses ABEL '" Hard 
ware Description 
Language (AJ-!DL). 

• lnlelligenl si11lhesis 
and optimization. 

• Upgradable lo full 
fealured ABEL. 

DATA 1/0 

Call for your FREE 
ABEL-PLO demon
stration diskelle. 

1-800-247-5700 

*L'.S. list price only. 

DATAI/O 
Corporation 

CIRCLE 265 

QUALITY & DEPENDABLE 
EPROM/MICRO PROGRAMMER 
• Fast PC Interface via Standard Parallel Port 
• Field Upgradable From One Model To Another 

24, 28-pin 
EPROMs 

PILOT-145 S995 YES 

PILOH14 $795 YES 

PILOT-t 43 $595 YES 

PILOT·142 5495 YES 

PILOT-SS! $495 • 

"GET IT FROM 

32-pin 
EPROMs 

YES 

YES 

YES 

• 

A REPUTABLE 
COMPANY" 

408-243-7000 
800-627 -2456 

FAX 408-736·2503 

40-pin 874X 875X EPROMs 
YES YES YES 

YES • 
• 

• • • 
YES 

PfLOT-548 $495 • • YES • 

A. ADVIN SYSTEMS INC. 
... 1050-L East Duane Avenue • Sunnyvale , CA 94086 

ADVIN SYSTEMS CIRCLE 258 

DESIGN 

ADS 

VELOTEC CIRCLE 289 

Program: 
16L8. 20V8. 22VIO.~.... I ,/ 
27C020. and 450 •• -.._. 
other Cl\IOS de\ ices 

PLDs and memories 
with the low-cost 212. 

• .\ lemory cards for 
easy updates. 

• Extensive editing 
capabilities. 

• Compatible \\i lh 
JEDEC standard 
programming files. 

Call for your FREE 
15-day trial AND 
ABEL-PLO demon
stration diskette. 

1-800-247-5700 

DATAl/O 
Corporation 

DATA 1/0 CIRCLE 267 

How To Get More 
Emulation for Less 

ORION 8620 ANALYZER- EMULATOR 

• High-Level language/Symbolic debug support • Over 
170 processors supported with the same base hardware 
and software environment • Easy-to-use, powerful 
triggering • Extensive MACRO capabilities • Program 
Performance Analyzer • Built-In EPROM programmer 

Go ahead and compare. The 8620 Analyzer-Emulator 
gets your product to market faster and costs less. Base 
prices start at $5080. Send for more information and 
free demo disk. 

Toll Free 800/729/7700 =-= -- ; =-!! 5 
or 415/327/8800 1"N s ~~~ME' N=r~ 

180 Independence Dr ., Menlo Park, CA 94025 
ORION INSTRUMENTS CIRCLE 281 
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Metallnk™ ... Originators of the 
PC Based 8051 Emulator 

W1 have more 8051 emulotort than 1nyon1 
In tho world: 8031, 8051, 803Z 8052, 8344, 8044, 
80C152JA/J B/JC/JO, 83C152J,\/JC, 80C452, 
80C51FA. 80515, 80535, 80512, 8053Z 80513, 
80C517, 81JC521, 80C541, 80C321, 8053, 8XC154, 
8XC451, 8XC552, 8XC562, 8XC652, 8XC751, 
8XC752, 80C537, CMOS, EPROMs, OTPs 
Call or wrtte for Free demo diskette 

1-800-METAICE® 

~ ~ L1t~,gunt< 
Mnili'*Corpofllicn P.0. Box 1 329,~, "2.85244·1 329 
(61)2)926-0797 FAX: (602)926-1198 TEL£X:49!8l50Mll.NK 
"Pr'als U.S. lill 

PC BASED 
EMULATORS 

e SouroeltYelOebuglrt 
PllMlnd 'C' 

• Soureel.Joveltraoe 
• O""'lwllh•ymboll,"" 

HEXda1a 
• Source Level diau&embly 

1114th n.h usembler 

· ~probe'""" 
• Up1D128Kemuldon 

"'''""' • 20MHzraal·llme 
emulation 

e Up1D4Ktracebuftar 
e Perbrmance analyzer 
• muE aos1 Emulation 

includlngdl/Oportl, kle, 
power clown, OMA, and 
Watcti>ogtlmt11ttNO --• -aetaymbollcaly 

e FlAy docl.lnented 
e Serlllly linkedtoPC 
e OEMauppltr l0 8051 IC 

ironufl ....... 
e Unlmited FREE ttdnlcal 

atpport 

• Froms1495• 

METALINK CIRCLE 280 

IEEE 488 
Easiest to use, 
GUARANTEED! 
• IB M PC, PS/2, Macintosh, HP, Sun, DEC 
• IEEE device drivers for DOS, UNIX, 

Lotus 1-2-3 , VMS, XE IX & Macintosh 
• Menu or icon-driven acquisi tion soft ware 
• IEEE analyzers, expanders, extenders, buffers 
• Analog 1/0 , digital 1/0 , RS-232, RS-422, SCSI , 

modem & Centronics conveners to IEEE 488 

Free Catalog & Demo Disks 
(216) 439-4091 

• 

lDtech 
IOtech • 25971 Cannon Rd. • Cleveland, OH 44146 

IOTECH CIRCLE 254 

( NEW D 8051/52 family 
In-Circuit Emulators 

The most advanced 8051 ICE on the market 

80c31/52/C154 ,-~ 
80515/c535 : 
80c552/652/ 451 
80c751/752 , . . · 
80c152/51FA \.. ../ 

• Source level debugger for PLJM-51 and C-51 
• IBM-PC/XT/ATwindowing interface w/mouse 
• Complex Hardware real-time breakpoints 
• Breaks on SFRs and Internal Data RD/WR 
• 32k*80 hardware Trace Buffer with filtering 
• Performance analysis with histograms 
• Hardware Pass counters, 8 level sequencer 
• Interchangeable Pods for other uControllers 

SIGNUM SYSTEMS 
171 E .Th . Oaks Bl ., Thousand Oaks CA 91360 
(805)371 -4608 telex: 362439 

SIGNUM SYSTEMS CIRCLE 290 
~ 

ELECTRONIC ASSEMBLY CATALOG 
A 25th anniversary edition of the Bivar catalog of hard
ware for electronics features several new product lines, 
including clips and rings for mounting LEDs, connector 
cutout covers, and a greatly expanded line of mounts 
and spacers to military specifications. The 38-pa~ , 
applications-based catalog offers over 5000 cost-saving 
products for printed circuit board packaging and compo
nent installation. The products are carefully designed 
and manufactured to assist engineers in the reduction of 
wo.11 and reject and inspection problems. 
BIVAR, INC. 
4 Thomas, livine, CA 92718 
Phone: (714) 951 -8808 Fax: (714) 951 -3974 
BIVAR CIRCLE 268 

There is a Difference. 
li/etinw Free U~ 

EP-1140 
$895 

----· A progranuner is not just another programmer. That is 
why BP Microsystems is commited to bringing our 
customers the highest quality programmers at an 
affordable price. This commitment is evident in our 
EP-1140 E/EPROM programmer supporting thousands 
of 24-, 28-, 32-and 40 pin devices. A 32-pin model, 
EP-1132, is available also for$695. And, all of our 
progranuners include future chip support at no charge 
and an unconditional money back guarantee. 

BP~ 
1-800-225-2102 

{713) 411-9430 

BP MICROSYSTEMS 

Dl!'.l PHOTOPLOT 

~~UTOROUTE 
SCHEMA PCB 

PCB, P 
Reg 
Sp 
all three 1,495. 

You sa e $5301 

CIRCLE 261 

Mainframe PCB layout features for 
your PC ... + FREE, ongoing, 1-800 
support ... + our 30 Day Money Back 
Guarantee! ~ 

== 
FREE DEMO KIT 
1-800-553-9119 OMATiON 
OMATION CIRCLE 272 

Don't Get Zapped! 
High inrush current can deatray ·your sensitive VAX 
CPUs and peripherals tn leaa time then It tekea to 
nip a awltch. 

THE SOWTION? 
Power up with Z-L/NE TPC 115-10 MTD T& 
the .,,,.lleat power distribution 
and control system available. Z·IJ NE ' 
POWER UP WITH - - - ,?' 

·= ·= ·i ·:· : -'"· ·
Our proprietary Multiple Time Delay TM circuitry 
uquencea your power-up to protect your systems 
from the spikes and surges, EMI & RFI , that deatray 
your hardware and enoae your data. And our 
remote on I off and emergency shutdown glvea the 
power control back to you . 

All Pulizzi Engineering MTD TM cantrolleno are 
compatible with DEC and UPS ayatema. 
PRICES FROM $453 TO $317 

DON' T WAIT UNTIL IT HAPPENS, CALL TODAY! 
Pl'LIZZI ENGINEERING INC. 

3260 S. Susan Street, Santa Ana, CA 92704-6865 
(714) 540-4229 FAX (714) 641-9062 

PULIZZI ENGINEERING CIRCLE 257 

Cross 
Assemblers 

Universal Linker, Librarian 

PC/MS DOS, micro VAX, VAX VMS UNIX 
targeting 30 microprocessors 

* High speed * Compatible with chip 
manufacturer's assemblers 

* Powerful macros * Absolute or relocate code 
* Conditional assembly 
* $295 up for MS DOS Packages 

.A'!!.c irtc. / 111 W. Fifth St. 

....... Unt dllt. PA 19446 U.S.A 

lt ltphone: 215·3tl2-0966 

Il l•• · 4948709 ENElfTEC 

CROSS ASSEMBLERS CIRCLE 258 

-···'' • . ~ · . 
- . .• , . 'I 
. ' ' -

- ' 'I . , --
~ .... ~ 

CUT PGA NOISE, 
INCREASE BOARD DENSITY 
Miao/Q® 3000 capacitors reduce noise 
associated with the use of PGA and PLCC devices. 
Designed to be mounted under the device, they 
take no extra board space. They can be used 
under MPUs, Gate Arrays, and ASICs. Choose 
from Z5V, X7R, and P3J dielectrics. They are 
available in both thru-hole and surface mount 
versions. Several sizes available to fit all devices. 

Rogers Corp. 
2400 S. Roosevelt St., Tempe, AZ 85282 
Telephone 602-967-0624 

ROGERS CORP. CIRCLE 273 
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DIRECT CONNECTION 

Cross-Assemblers .. 1aw •• $50.oo 

Simulators •• 1awaos100.oo 
Cross-Disassemblers .. ,ow••s100.oo 

De~~!~~!(.~a;~~~es 
A New Project 

Our line of macro Crou-assemblers are easy to use and full featured, 
including conditional auembly and unlimlted include files. 

Get It To Merkel-FAST 

~,;:~,.~~:i ~~1te~t·~~~"(~~.::. ~~~fo~e ~~:~ir~~~. ~~ft~~ · Our 
No Sourcel 

A minor glitch has shown up In the firmware, and ~'Ou can't find the orlglnal 
sourot program. Our line of disassemblers can help you re-create the 
orlglnal asaembly language source. 

Set To Go 
~i·~'g. d~"a·J~~~ ~~~Pn~~nd the next time your bo11 says "Get to work.·, 

QualHy Solutlon1 
~~l~~C:!fnC:·~~n providing quality solutlona for microprocessor 

BROAD RANGE OF SUPPORT 
e Currently wt support the following microprocessor famlllet (with 

more In development): 
Intel 8048 RCA 180205 Intel 8051 Intel 8096 

~~h~IL<i6tfXl ~fg~gl: = tm~,~~68~~ 1 ~r:co~ 
-II 65C02 lntal 8080 85 Zilog Z80 NSC 800 
Hitachi H064180 Motorola '3Blm.s Mot0<ola 68010 Intel 80C196 
• All products require an IBM-PC or compatible. 

So What Are You Wetting For? Call us: 
PseudoCorp 

Professlfi':~f;b';:'~f=~~ec~ Group 
Newport News, VA 23606 

(804) 873-1947 FAX: (804)873-2154 

PSEUDOCORP CIRCLE 259 

UNI PRO, 
the PC/XT/AT/386 based universal prog
rammer/tester programs PROMs, EPROMs, 
EEPROMs, up to 4MB and 32-bit wide, PALs, 

PLDs, GALS, EPLDs, PEELs, and Micro 

( 

XELTEK 

Controllers. JEDEC file compati· 
bility and Test Vector veri· 
fication allow the use of most 
popular PLO compilers. The 
unit also tests TTL/CMOS 
Logic ICs and Dynamic/ 
Static RAMs. 40-pin Gold 
ZIP socket, built-in pro

'--'L-"'>--...,tection for short circuit 
x""'"' and over current, high 

l 
speed parallel inter

face to the PC, and 
menu-driven soft

, ware are included 
--~--' at $585. 

XELTEK 
473 Sapena Ct., Unit 26 

Santa Clara. CA 95054 
Phone: (408) 727-6995 
Fax: (408) 727-6996 

CIRCLE 262 

X.25 SDLC 
QLLC HDLC 

ADCCP PAD 

• C source code 
•ROM-able 
• Full porting provided 
• No OS required 

GCOM, Inc. 
41 E. University 
Champaign IL 61820 
(217) 352-4266 

Specialists in Computer Communications 
FAX 217-352-2215 

GCOM CIRCLE 269 
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Analog Circuit Simulation 
ECA-2 Electronic Circuit Ana1ysis offers the best MonteCarlo 
and Worst-Case analyses with the capability to concurrently plot 
random samples or Min/ Max /Nominal values . 

•AC, DC, Transient, Fourier, and Temperature Analysis• Inter
active or batch modes • Full nonlinear simulator • Sine, Pulse , 
PWL, SFFM, and Exponential generators• IBM PC/ Mac/ SUN 
• Multiple plots • On-line real time graphics - l to SO times 
faster than SPICE • Over SOO nodes • Advanced component 
parameters • Component Sweeping • Full editing, built-in or 
external • Detailed S2S page manual 

Call for FREE DEMO! 

!lib 
Tatum Labs, Inc. 

3917 R1se1rch P1rt Dr. 8·1 , Ann Arbor, Ml 48108 
313-663-8810 

TATUM LABS CIRCLE 260 

Tango-PLD. The New 
Price/Performance Leader. 
Tango·PLD, a universal PLD design tool with sophisli· 
cated features a1 an affordable price, creates 
complex designs wi1h multiple PALs 
and GALs. Our 1op·down approach, 
emphasizing logic description firsl 
and part selection second , along 
with a "C· like" design language, 
makes Tango·PLD easy to use. 

Describe designs with Boolean equa· 
tions, truth tables, state machines, 
high-level C expressions, or existing JED EC 
files . Simulation wilh test-vector coverage checki ng 
guaran1ees no su rprises. Rich functionalit y, one year 's 
updates, free tech support and BBS, plus our 30·day guaran· 
tee. All this for just $495 . Call today. 

... FREE EVAWATION PACKAGE 

... 800 433-7801 619 554-1000 6t9 5;4-1019 Fax 

ACCEL ,,. Technologies • 6825 Flanders Drh·e • San Diego, CA 92 121 USA 
lnlernational prices may vary. Contact us for the di stributor nearest rou . 

ACCEL TECHNOLOGIES CIRCLE 264 

NEW NEW NEW NEW NEW 

r--relecom Design! 
MF (R1) or MFC (R2) 

TRANSCEIVER 

M•986 transmits and receives CCITI R1 or 
R2 forward and backward multifrequency signals. 
For trunk adapters, test equipment, and other appli
cations. 
• Single or dual channel versions available 
• Versions for North American (R1) or 

lntermational (R2) toll signals 
• Binary or 2 of 6 input/output format 
• Complete microprocessor interface 
• 40 pin IC, 5 volt power, crystal time base 

For more info call : 1-800-426-3926 

'.f.~~,~~r:: .. ,,I\ 
Phone: 206·827·9626 Fax: 206-827-6050 

TELTONE CIRCLE 292 

s G N 

ADS 

SEALEVEL SYSTEMS INC . 

f.. 1'5flllfVfl EA~E~~c1 ~~~41 w (803) 81511·1!181 

SEALEVEL SYSTEMS CIRCLE 279 

8051 Emulator - $1250 
d2ICE is a low cost, Full Speed, real time 8051 
Emulator .. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COMl/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 

Cybernetic Micro Systems 
PO Box 3000 • San Gregorio CA 94074 
Ph: (415) 726-3000 e Fax: (415) 726-3003 

CYBERNETIC MICRO SYSTEMS CIRCLE 276 

"'"""'[.:[ 
• :.-.-------------.:: .... &·£:·~·£.W!ii 

ELECTRONIC DESIGN AUTHOR'S GUIDE 
Thinking of writina a technical article for publication in 
Electronic Design1 This 12-page brochure contains just 
about everything you need to know about the process: 
submitting the ouUine, tips on writing the manuscript, 
preparing the artwork, and more. 

ELECTRONIC DESIGN 
611 Route #46 West 
Hasbrouck Heights, NJ 07604 

ELECTRONIC DESIGN CIRCLE 293 
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Chairman and CEO: Sal F. Marino 
President and COO: Daniel J. Ramella 
Senior Vice President: James D. Atherton 
Group Vice President: James W. Zaremba 

Advertising Sales Staff 

Publisher: Paul C. Mazzacano 
Hasbrouck Heights, NJ: (201) 393-6060 
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National Sales Manager: 
Andrew M. Dellins 
San Jose, CA; (408) 441-0550 
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Rene Oliver says he's got the best of both worlds. recommends U.S. Savings Bonds, the Great 
He's a tax accountant who works out of his home American Investment. "If you buy Bonds when 
so he can be there for his two-year-old daughter your children are young, you'll be readY, ' he says. 
Windy. "As a father, I'm concerned U.S.SAVINGSBONDS Today's Bonds pay competitive rates, 
about being able to afford Windy's ---- -.. and now can be completely tax free 
college;' he says. "But as an accountant, when used for education. To find out 
I know the best way to save'.' Rene more, call 1-800-US-BONDS. 

TH E GREAT AMER ICAN INVESTMENT 
A public service or this publication. 



SPECIFICATION S 
TOSW-230 
ZFSW-230DR 

Freq. Range(MHz) 10-3000 

Insert. Loss (dB) typ max 
10- lOOMHz 1.3 1.9 
100- 1500MHz 1.1 1.9 
1500-3000M Hz 1.8 2.7 

Isolation( dB) typ. mm. 
10- lOOMHz 60 40 
100- 1500MHz 40 28 
1500-3000MHz 35 22 

1 dB Compression( dBm) typ. min. 
10- lOOMHz 17 6 
1 00-1500MHz 27 19 
1500-3000MHz 30 28 

VSWR(ON) lyp max 
1.3 16 

Sw1tch1ng Time (µsec) lyp max 
(from 50% TTL to 90% RF) 2 0 40 

Oper Temp.(° C) -55 to+100 

Stor Temp( °C) -55 to +I 00 

Price ( I 0-24) $39.95 
( 1-9) $89.95 

TOSW-425 
ZFSW-425DR 

10-2500 

lyp max 
1.3 1 7 
1.1 1.7 
1.8 2.5 

typ. min. 
60 40 
40 30 
35 22 

typ. min 
17 6 
27 19 
30 28 

typ max 
13 16 

typ mdx 
2.0 40 

-55 to , 100 

-55 to t I 00 

$59.95 
$109.95 

Now, high-speed, high-isolation switches with 
with built-in drivers, tough enough to pass stringent 

MIL-STD-202 tests. There 's no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem ... it's 

already included in a rugged, low-cost, compact assembly. 
Available in the popular hermetically-sealed 

T0-8 package or a small EM I-shielded metal connectorized 
case, these tiny PIN-diode reflective switches, complete 

with driver, can operate over a 10 to 3000MHz span with a fast 
2µsec switching speed. 

Despite their small size, these units offer 
isolation as high as 40dB(typ) , insertion loss of only 1.1dB(typ), 

and a 1 dB compression point of +27dBm over most of the 
frequency range All models are TIL-compatible and operate from 
a de supply voltage of 4.5 to 5.5 V with 1 .8mA quiescent current. 

CIRCLE 106 

Switch to Mini-Circuits for highest quality 
innovative products ... and leave the driving to us. 

f1nd1ng new ways 
setting h1qher standards 

O Mini-Circuits 
A 01 ... 1s1on o f Sc1en t1f1c Components Corpora11on 

PO Box 350166 . Brooklyn . New York 11 235-0003 (7 18) 934-4500 
Fax (7 18) 332-4661 Domestic and International Telexes 6852844 or 620156 

WE ACCEPT AMERICAN EXPRESS 
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For applications such as 
embedded control, where 
space is at a premium, these 
new high density, high 

performance 
PROMs let you 
build a smaller 
system, or pack 

more functions into your 
existing space. 

You save on more than 
space and SRAM part costs. 

You save on power, be
cause all these PRO Ms are in 
our proven, high performance, 
low power CMOS. 
* 1-800-387-7599 in Canada. (32) 2-672-2220 in Europe. 
© 1990 Cypress Semiconductor, 390 I North First Street, 
San Jose, CA 95134. Phone: (408) 943-2600, Telex: 821032 
CYPRESS SNJ UD, 1WX: 910-997-0753. 

They are available in a wide 
variety of packaging, including 
plastic DIP, CERDIP, and PLCC. 

They are erasable. That lets 
us test every part 100% before 
shipping, and lets you specify 
windowed, reprogrammable 
versions. 

So if you need more memory 
in less space with less power, 
go direct with our ultra-fast 
256KPROMs. 

New Ultra-Fastl : =: 256K PROMs: , :::::: 
' -At 35 ns, these 300- : =E 

mil parts are so fast : =E 
you can run code : :::::: 
right from PROM, 
eliminating SRAM 
and logic expense. 
You cut space and · 
cost requirements 

significantly. 

~/ ('(7(277 ~/ ('(7(279 

256K Registered 256K Registered 
CMOS PROM. 30ns. CMOS PROM. 35 ns. 

Call the Hotline for your 
free Data Book and get the 
lull info on all our PROMs. 
1-800-952-6300 .. 
Ask for Dept. C3H 

~" ('(7(274 

32 K x 8 Power Switched 
CMOS EPROM. 35 ns. 

" ' ('(7(271 


