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Everything the SCC
should have been

NEC’s new Chief of
Protocol: the uPD72001

NEC’s uPD72001 Multiproto-
col (SDLC/HDLC/SYNC/ASYNC)
Controller is a high-performance,
single-chip SCC. Done right!

If you're familiar with the old
8530 architecture, you'll feel right
at home with our 72001. Using
our free design kit, you can make
a simple conversion from your
existing software and start taking
advantage of all the additional
performance features of the
72001.

© 1989 NEC Electronics, Inc.
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design. So call now or contact
For example, the 72001 has your local sales office for our

two sets of transmit length free design kit on the Chief of
counter registers that save two Protocol: NEC’s 72001.
interrupt service routines for Done right!
each SDLC/HDLC frame NEC Electronics Inc.
transmitted. 401 Ellis Street

There are many more fea- Mountain View, CA 94039-7201

tures that you’ll find extremely 1-800-632-3531/415-965-6158
helpful in improving the price/
performance of your next system
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Oops...

You Just Keyed
The Transmitter
Into Your
Spectrum Analyzer

Costly and time consuming repairs
due to accidental overload of your
spectrum analyzer are now history.
Rest easy...Marconi’s 2382 uniquely
features 50 watt front end protection.
It also features full automatic self
calibration, providing the industry
standard for total level accuracy of
+1 dB... including the integral
tracking generator. That's right —
you can count on this level of
accuracy anywhere on the screen.

To find out all the features of the
400 MHz and 4.2 GHz 2380 series
spectrum analyzers, or to arrange for
a demo, call toll-free 800 233-2955,
in NJ (201) 934-9050 or write
Marconi Instruments, 3 Pearl Ct.,
Allendale, NJ 07401.
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Pack A Punch With Vitelic’s
Infegrated Cache RAMs.

Double The Punch of Your
High-performance 32-bit PCs
and Technical Workstations.

INTEGRATED CACHE RAMs

A Lean, Mean Memory Machine.
Drop our cache RAM in with a cache controller for a
complete cache subsystem. No more glue logic. No more
matching address access times with CPU clock speeds.
And, best of all, two chips replace twenty-six chips for a
complete 32K byte cache subsystem.

Our integrated cache RAM frees up as much as 9 in2 of
valuable board space, which decreases costs associated
with reliability, manufacturing and inventory. Plain and
simple, this means lower costs and higher profits for you.

Our automatic power down circuitry reduces power
consumption by 65%—ideal for portable applications.

©1989 Vitelic Corporation. All rights reserved. CHIPS is a registered trademark of CHIPS and Technologies

Circle 2 for literature

Cache and DRAMs-
The Winning Combination.

Team up our cache RAMs with our DRAMs for a
knock-out combination. Vitelic’s smart, lightning-fast
DRAMSs have earned us the reputation as a worldwide
leader in 70-80ns DRAMs-we ship more than 1.5 million
units per month.

°

CMOS -The Technology of Champions.
Vitelic’s advanced CMOS process offers the triple threat
of high speed, low power and high density. Vitelic’'s CMOS
technology, coupled with innovative designs from our
world-class design team, make for breakthrough cache
and DRAM memory solutions.

Call us today at (800) 344-5970 or write:

Vitelic Corporation, 3910 North First Street, San Jose, CA
95134-1501 to find out how our cache RAMs and DRAMs
can give your PCs and workstations the high-performance
punch that will send the competition down for the count.

WV VITELIC

The Emerging Leader
in Specialty Memories

Circle 3 for sales contact
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MagneTek Tech Topic #51

4

If our standard transformers
don’t meet your requirements,
we’ll make one that does.

Even though we make
thousands of standard trans-
formers, we realize there are
times when none is quite
right for the job. That’s why
we also offer custom design
services.

Magnélek Triad engineers
will work closely with you
helping you find the solution
to your particular trans-
former problem. While at the
same time designing to UL,
BSA, VDE, CSA,IECand

other agencies’ specifications.

We design and manufac-
ture thousands of different

© 1989 Magneélek, Inc.

custom transformers, from
small switcher to large ferro-
resonant models. Built to
your exact specification and
application need.

Magnélek Triad produc-
tion capabilities include pow-
er transformers of 1 to 2,000
watts. From 45 to more than
20,000 Hz. And from printed
circuit board mounted to
open frame or hermetically
sealed units.

CIRCLE NO 4

And our formal quality
assurance system verifies that
your specifications will be
consistently met or exceeded.
All incoming components are
tested to MIL-STD-105D.
And continued inspection of
wire, core, insulation and
electronic components
virtually eliminates imper-
fections.

For more information on
MagneTek Triad custom
transformers, call (219)
297-3111. Or write us at
1124 E. Franklin Street,
Huntington, IN 46750.
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Magnélek transforms transformer problems
into simple solutions.

ity transformers up to 200,000
kVA) and you’ve got a single,
easy-to-tap resource for all your
transformer needs. Us.

Whether you’re replacing Utrad®, Better Coil®, Jefferson”®,
one transformer or specifying Polygon® and Ohio Transformer”
hundreds, nobody can afford to brands. From tiny microcircuit
play around. The challenge isto | coils to single- and multi-phase
transform a clutter of hardware Powerformers®, thousands of
choices into one, cost-effective Magnélek transformers are stan-
solution. Magnélek can help dard stock or catalog items at
simplify the process for you. distributors nationwide.

First of all, we offer a com- Add to that our application en-
prehensive line of transformer gineering and service capabilities
products, including our Triad- (we’ve rebuilt industrial and util-

” Magnelek

11111 Santa Monica Blvd., Los Angeles, CA 90025
800-541-9997

Transformers® is a registered trademark of Hasbro, Inc.; © 1988 Hasbro, Inc., Pawtucket, Rhode Island. All rights reserved. © 1989 Magnélek, Inc.
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/ OUR SMALL SOLUTION
" DELIVERS A MOUNTAIN OF RESULTS

&
74

CLIMB To THE PEAK OF PERFORMANCE WITH (JRAYHILL S MINI I/O MODULES

With Versatility— With Guaranteed Value—

This space-saving series of Mini I/0 Modules cuts your prob- Since Grayhill test results prove the unrivaled quality and
lems down to size! They take 4" off the length of a 16-module reliability of these mini-modules, we are confident they will
rack, yet retain plug compatibility. They plug in to any Grayhill ~ perform for the life of the product you install them in.

mounting rack without screws, saving time and labor.

Grayhill Mini I/0 Modules outperform the com-
petitive quad pack format, providing a lower
profile, superior immunity to false triggering,
complete isolation, and the economic benefit
of no “idle” modules. And they draw 30% less
power than their big brothers.

All the mini-module advantages. ..combined with
Grayhill “peak performance” quality.

With Reliability—

It’s Grayhill's SMT construction that gives you
this superior performance. Our Mini I/0 Module
Quality and Reliability Report summarizes the
results of our electrical noise testing, environ-
mental testing, accelerated life testing, and
physical stress testing. Ask for your copy.

(FEETTE T

If a Grayhill module ever fails, we'll send you a
new one at no charge!

With Multiple Choices—

Conventional-size I/0 modules and a choice of
racks are also available, all off-the-shelf from
your authorized Grayhill distributor. For custom
product, a Grayhill representative is nearby to
guide you through the design process.

That'’s a mountain of advantages in one small
package...so start your climb to the top.

Call or write us for I/0 Module literature and a
free test sample.

® 561 Hillgrove Avenue, P.O. Box 10373
fale d Y / LaGrange, lllinois 60525-0373 USA
y Phone: (312) 354-1040 FAX: (312) 354-2820

Area Code 708, Effective November 11, 1989.
At the Peak of Performance TLX or TWX: 190254 GRAYHILL LAGE
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INTRODUCTION

Over the years, our readers have continually used the Information Retrieval
Service cards to suggest that EDN should offer a compendium of Design Ideas.
In an effort to satisfy these requests, EDN published three Design Ideas Special
Issues in 1988. Reader response to these supplements was overwhelmingly
positive. It was so favorable, in fact, that EDN editors decided to publish another
Special Issue—this collection of more of the best Design Ideas published in
EDN between 1985 and 1988.

This collection of designs reflects your needs and not the preferences of our
technical editors. In fact, you and your colleagues voted for these winning ideas
by circling the “bingo card” numbers that appear at the end of each Design
Idea we publish. Of the circuit-design tips in this Design Issue, half garnered
Best-of-Issue honors based on reader preference. The remaining Design Ideas
received the second highest number of reader votes over the 1985 to 1988 time
frame.

To achieve some semblance of order, we’ve divided the ideas into some generic
categories and provided an index that lists design and circuit categories. Al-
though the index is a handy place to look for a special circuit, we’ll bet most
readers will want to read the ideas one by one, just to see what circuits are
available.

As you read these Design Ideas, remember that each one came from a reader
who thought someone else might benefit from his or her work. So, if you find
this issue helpful, thank your fellow engineers who submitted the ideas we’ve
published over the years. And the next time you have an interesting and useful
circuit, consider sharing it with other engineers by submitting it for use in
EDN'’s regular Design Ideas section.

Besides seeing your name in print and gaining an extra $100, you might find
your idea has been selected as the issue winner. Each issue winner collects an
extra $100. Keep in mind, too, that EDN’s editors also choose a grand-prize
winner each year. The grand prize includes a check for $1500. You might also
see your idea published in a future EDN Design Ideas Special Issue. You'll find
an entry form in the Design Ideas section in most issues of EDN.

If you enjoy this Design Ideas Special Issue and find it useful, we’d like to
hear from you. If you have suggestions for improvements and changes, we’d
like to hear those, too. Just send us a note or give us a call. We'd also like to
thank all the readers who have submitted Design Idea entries over the years.

Enough introduction. Here are the ideas you've been clamoring for. Good
reading. EDN

g

Tom Ormond
Senior Editor

EDN Design Ideas Special Issue, Vol IV



24-bit Floating-Point General Purpose DSP
1.2 u CMOS 135-PGA

32-bit IEEE Floating-Point General Purpose DSP !

1.2 u CMOS 450K Transistors
100PS 10K Gate ECL Gate Array
with Pin Fin Heat Sink

12K BICMOS Gate Array
with Cooling Tower

Ultra High Speed ECL
(1.5 GHz typical)

SCSI Protocol Controller
with On-Chip Drivers,
48 Pin Plastic Flat Pack

h, \ \\m
N\ 04K x 4 DRAM
Zig Zag Package

Enhanced 6845 CRT Controller \
Fujitsu Part No. MB89321
Getting ahead is always easier when you have the support of your family
Which is precisely why the Fujitsu Microelectronics family of ASIC and standard
memory products gives you all the support you need every step of the way.
Our wide selection of memory and logic products, for example, is among the
most complete in the industry Which means you can choose from every product
in the book. Including static and high-speed ECL RAMs, ROMs, PROMs and EEPROMs,
ultra high-speed ECL RAMs, SRAMs and DRAMs.
When it comes to ASICs, we've got everything you need to develop your own.
Like powerful workstation software tools.
A broad ASIC product offering in bipolar, CMOS and BiCMOS technologies.
And products that include high-speed ECL and BiCMOS arrays. CMOS sea-of-
gates devices with over 100,000 gates. As well as standard cell capability to support
up to 60,000 gates.

EDN Design Ideas Special Issue, Vol IV



MB86220 DSP Emulation Processor
for Engineering Development

C2600AV 1.8 12 2600 Gate -
CMOS Gate Array

sMICRO 32-bit Microprocessor
“Super CISC”

1.5 p 12K Gate
CMOS Gate Array
with 152 1/0

Self-Timed RAM, 1Kx 4
Latched Input, Latched Output
28 Pin Side-Brazed Package

24-bit Floating-Point General Purpose DSP
1.2 u CMOS 80 Pin Flat Package

High Density 1Mb, 200ns
128K x 8 EPROM Ceramic DIP 4 '

300 MIL Wide, SOJ Package

1.2 11 CMOS Sea-of-Gates
with RAM 75K Gate Equivalent
401 Pin PGA, Cavity Down

Me s, -
-\ 746F%7 e Ultra High Speed ECL

~ 2-Input, D-Flip-flop
(3.0 GHz typical)

On top of that, our microcomputer products let you choose from 4-bit micro-
controllers, 8-bit to 32-bit microprocessors and SCSI controllers.

And our wide range of telecommunications products includes digital signal
processors, prescalers and phase-locked loop devices.

All of which means that no matter what your needs, you've got the family
behind you.

To find out more, call 1-800/642-7616. Just tell us you'd like to meet the family,

BN FUJITSU MICROELECTRONICS, INC.

FUJITSU Integrated Circuits Division
A TR 3545 North First Street, San Jose, CA 95134-1804. 1-800/642-7616.

Every step of the way™

© 1989, Fujitsu Microelectronics, Inc.
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Thmgs Your Mother Never Told
You About HV Power Supplies!

1- Your mother never told you of the many
advantages of Glassman high voltage
technology over other design approaches. . .

parts count and reduces complexity as
compared to other designs.

4. Your mother never told you when you
need the most compact high power high
voltage DC power supplies available,
Glassman designs. . .manufacturers. . .and
delivers them. On time, at competitive prices!

2- Your mother never told you that Glassman
high voltage power supplies use air as the
primary insulating medium in their high
voltage structures. Our field-proven air
insulation technique provides significant
weight reduction and eliminates the
unpleasant things associated with other
dielectric mediums.

5- Your mother never told you that Glassman
has the widest range of high voltage switch-
ers available from. . .1 watt to 15 kW,

0-1 kV to 0-600 kV, with unrivaled relia-
bility. All backed by responsive service
and a three year warranty!

3- Your mother never told you that Glassman
employs the most advanced pulse-width
modulated circuitry available in high
voltage power supplies. Its use minimizes

GLASSMAN HIGH VOLTAGE INC.

And just like mother. . .Glassman gives
you sound advice, loving support, and
solutions to those problems that seem
impossible. Don’t you owe it to yourself to
get all the facts on Glassman high voltage
power supplies? Give us a call. The coffee’s
hot, the apple pie is fresh, and high voltage
power supplies never were so good!

Glassman High Voltage Inc.

Route 22 (East)

Salem Industrial Park, PO Box 551
Whitehouse Station, NJ 08889
Telephone (201)534-9007

TWX 710-480-2839

FAX: (201)534-5672

CIRCLENO 7




DESIGN IDEAS

Power MOSFET: yield efficient power supply

Marek Gajewski
Litton Industries, Woodland Hills, CA

Using seven power MOSFETs in various capacities, the
switch-mode power supply in Fig 1 offers a 15V output
and a 20A, 5V regulated output featuring 90% efficien-
cy and low output noise. Further, the output impedance
is determined primarily by coil resistance and
MOSFET on-resistance; in contrast, a switcher based
on duty-cycle modulation exhibits an output impedance
that’s higher by a factor inversely proportional to the
duty cycle.

Duty-cycle modulation is used on the input side of
transformer T, however, where transistors Q, through
Q; and the duty-cycle modulator make up a buck-type
preregulator (the regulated 5V output bucks against a
5V reference). Q; completes a path to ground for
transistors Q; and Q., which then can alternately
ground the ends of T/s primary. The primary of
saturable-core transformer T} is connected to the secon-
dary of T, in a free-running loop, which provides 30-kHz
gate-switching signals to Q,, Q., and the output syn-

chronous-rectifier transistors Q; and Qs.

Transformer T; transfers the regulated 5V output
back to the input-ground-referenced preregulator cir-
cuit to provide isolation between the input and output
grounds. Ty's primary is driven by a 4041-type true/
complement buffer. Unlike optoisolators, this isolation
module provides a near-unity transfer function that’s
insensitive to temperature and production tolerances.

To prevent power dissipation due to overlapping
gate-drive signals to Q, and Q;, diodes D and D; clamp
T.’s center tap near the output ground potential (the
MOSFETS require at least 3V to turn on). Loop com-
pensation is simplified by the absence of a filter capaci-
tor following inductor L;, which would form a second-
order pole in the regulator’s transfer function. On the
other hand, transformed load capacitance forms a virtu-
al capacitor at this position, providing energy storage
during the preregulator’s off cycle. EDN

®
AC 4D R
LINE = 30k

Qq
MTH40N05

Ds

D,

75V DC

Q
MTH15N20

Q,
# MTH15N20

T,

~300V DC 244

30 kHz

SATURABLE CORE

s
MPF910

Q
Q
MPF910

| DRIVER

ERROR
Lzoo kHz

AMPLIFIER

I Ty, T2, T SUPERMALLOY
- CORES

DUTY-CYCLE MODULATOR

Fig 1—This switching regulator based on power MOSFETs includes a 200-kHz duty-cycle-modulated preregulator and a full-wave
synchronous-rectifier output.
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DESIGN IDEAS

Solid-state switch offers fast interrupt

Geoffrey N Drummond
Hughes Aircraft, Torrance, CA

Based on a diode bridge and a VMOS power transistor
(Q1), a solid-state switch (Fig 1) acts as a circuit
breaker, sensing and interrupting an overcurrent con-
dition within 2 wsec. The circuit’s isolation transformer,
Ti, allows the switch to float. The components shown
are capable of handling 1A rms or 8A pk. However, if
your application requires the handling of more current,
you can change Ri, Qi, and the bridge.

Compared with a thyristor, a VMOS transistor has
higher saturation voltage—6 to 10V—and is less rug-
ged—peak- to continuous-current ratio is about 4:1, vs

L

20:1 for a thyristor. To protect the MOSFET in the case
of fault conditions, SCR Q2 exerts a crowbar action on
the Q1 gate, minimizing power dissipation by forcing
the transistor to turn off rapidly. The 555 timer forms
an astable multivibrator that drives T} at 150 kHz. A
full-wave voltage doubler at the T; secondary then
provides 15V to the Qi gate, which turns on the
transistor and switch for normal operation.

Three overcurrent conditions will short circuit the
transistor and turn off the switch. First, if resistor R
senses excessive steady-state rms current, it will cause
the switch to open at a threshold of R1=0.6V/I rms.

Second, the circuit will accommodate time-variant
currents (such as those encountered in a lamp or motor,

SWITCH
15v CONTROL

3k

oV

D3
1N4148

Ca
0.001 puF

0.1 pF
I D‘
10 TURNS Ty 13 TURNS 1N4148

IL
=%

Cs
0.1 pF

D2
1N4148

Rs OFF ON

15V

T1 : 30- TO 36- GAUGE
MAGNET WIRE

Q
IRF730

VS847
L— + FULL- Am}—O
WAVE SWITCH

5 BRIDGE OUTPUT
ﬁ] = 1A ~p—-0

NOTES:
1. ALL RESISTORS EXCEPT Ry ARE "4W CARBON.
2. T IS A FERROXCUBE 204XT250-3E2A.

Fig 1—A floating, isolated solid-state switch interrupts fault currents in about two microseconds.
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DESIGN IDEAS

for example) in which the initial surge current is
greater than the steady-state current. In this case,
capacitor C1 limits the surge value by setting a limit on
the ampere X second product (Ixt) for currents between
steady state and peak. This threshold is approximately

C1=IxtxR1/(0.6V xXRp).

Third, you can set R3 to limit the peak current Ip,
according to the relation

R3=0.6VxXR2/(IpXR1—0.6V).

After a delay of 0.5 wsec, a peak current causes the
switch to open completely in about two microseconds.
In addition, the transient suppressor Ds limits peak
voltage to 200V. Once tripped, the switch will remain
off until the timer is gated off (Switch Control), or until
you remove the timer’s power for at least one second.

Fig 2b shows the results of a peak-current test (Fig
2a). The solid-state switch opened fully in 2.25 psec; a
1A fast-blow fuse, on the other hand, passed 300A for
10 psec before opening, which welded the mercury
relay’s contacts together. EDM

MERCURY RELAY

N )

SOLID- 5 =
STATE

SWITCH /'@ 1000 pF

= 200V

i
SCOPE

(a)

SWITCH OVERCURRENT SHUT-OFF

(b)

Fig 2—This test circuit (a) allows you to measure the delay and
response time of the circuit breaker. The results are presented in b.

Derive =15V and 5V from a 12V battery

Andy Jenkins
Maxim Integrated Products, Sunnyvale, CA

Parts for the triple-output dc¢/de converter shown in Fig
1 cost about $11 in 100-piece quantities. The circuit
converts the 12V output of a lead-acid battery to
isolated =15V supply voltages plus a nonisolated 5V
supply voltage.

IC, is a switching-regulator chip normally used in
step-up applications, but the transformer and circuit
shown allow the device to provide a step-down function
as well. The chip generates a 45-kHz signal that drives
the gate of MOSFET Q,.

EDN Design Ideas Special Issue, Vol IV

Q; turns on when the gate voltage is high, causing 2
linear increase in T)’s primary current, which stores
energy in a magnetic field. The field starts to collapse
as Q; turns off, reversing the voltage polarity on all
windings and causing the voltage on each secondary
winding to increase. These secondary voltages then
deliver energy to the outputs by forward-biasing the
Schottky diodes D,, D,, and D;. When the 5V output
rises above a desired level, feedback to the chip causes
an internal error comparator to turn off the gate signal
to Q.

The secondary-winding ratios set the output-voltage
levels, and close coupling between the trifilar windings

13



DESIGN IDEAS

assures good load regulation for the =15V supplies
(regulation is about 2% for a 10 to 100% load change).
For better regulation, you can set the output voltage
higher and add linear regulators. The inductors L, and
L, block high-frequency ringing from the transformer
that would otherwise boost the =15V outputs out of
spec when lightly loaded. For best regulation, you
should provide minimum loads of 10% for the 15V
supplies and 20% for the 5V supply.

The circuit can accommodate the 8 to 16V range
associated with the terminals of a lead-acid battery.
What'’s more, the protection network made up of resis-
tor R, and zener diode D, allows the circuit to withstand
50V for 1 msec—a classic overvoltage test that simu-
lates the load dump of an automobile’s alternator when
you turn off the ignition. For an input change of 8 to

tions to the transformer and the MOSFET. Close
decoupling using ceramic and electrolytic capacitors
also reduces output noise. With proper circuit layout,
the output noise is about 50 mV at the 5V output and 30
mV at the 15V outputs.

The transformer, constructed with a ferrite pot core
that offers low loss and minimal magnetic leakage, has a
primary inductance of about 21 wH for the power levels
shown. You must choose a core size and material that
will handle the 4A peak currents without saturation.
The 15V secondaries have 2.9:1 turns ratios, which
provide the desired 3:1 voltage ratio after covering the
rectifier losses. Actual turns are as follows: the pri-
mary, 11% turns; the 15V secondaries, 11% turns each;
the 5V secondary, four turns. High circuit efficiency
(about 75% at full load with a 12V input) eliminates any

16V, the 5V output’s line regulation is typically 0.2%. need for a heat sink on the MOSFET. EDN
Battery current is about 600 mA for nominal opera-
tion, but current peaks in the primary winding can be
4A or more. Therefore, you should provide good-quality
ground connections and short, low-impedance connec-
O ] o
oV 1N5819
BATTERY B 10 uH 15V @ 100 ms
‘)
S 100 T
> LW 1
ﬂ * s -dL+
10 uF o e 29 29 0.1 pF 3 o~ 100 uF
sov T T ; o
L]
5 ov
Vour L D2 .
2 1N5819
Sl b 10 pH ~15V @ 100 mA
ICy (MOTOROLA) ’e)
MAX641
(MAXIM) "
EXT N 0.1 uF ~= 100 pF
29 T T oasv
L ]
ov
< ;‘o'f/F Ds 2
T 250 GND Ves 1N5821
3 7 5V@ 1A
D, || i
IN5246
16V . |+
500 mW 1 0.1 uF 3= =470 pF
6.3V
O ov
—0
100k 300k

Fig 1—This triple-output dc/dc converter requires only one IC.
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Demanding Designers
Need the Best

OrCAD/SDT III

Schematic Design Tools for the PC

Ease-of-use + Power =
Productivity

In today’s tough design
environment, good engi-
neerinE tools aren’t good
enough. You need the best
to get the job done.

OrCAD/SDT III offers
the power

SDT III comes with the op-
tions you'd expect to pay
extra for

» Completeness: A library

of over 6100 parts that
ou can browse through

in a breeze. Utilities to
generate Bill-of-Materi-
als, Electrical rules
check, create custom li-
brary parts.

* Compatibility: Over
thirty netlist
formats, over 50 sup-
ported display adapters,
over 50 printer drivers, a
dozen plotter drivers.
We conform to your
system better than any-
one.

» Complexity: 4000 + sheet
desi§n capacity for

single designs. 200+ lev-
els of hierarchy. Great
support for small, sim-
ple designs to large, com-
plex hierarchical sys-
tems.

Control: SDT III gives
you the ability to cus-
tomize the work environ-
ment to make you more
productive. This in-
cludes user definable
macros, text/object sizes,
sheet sizes, graphical
object editor, even the
colors on the screen.

OrCAD/SDT III makes it
easy

The lightning fast opera-
tion saves time. The intui-
tive, pop-up menu dis-
plays your most likely
next action. This means a
short learning curve and
immediate productivity.

Get our No-risk, Demo
Disk

Try before you buy. Get
our free demonstration
disk and see for yourself
the solid performance SDT
IIT has to offer.

Once you've given our
demo disk a spin, you'll
know one of the reasons
why OrCAD is the world’s
leading supplier of PC
based CAE tools.

All OrCAD products come
complete with one full year
of technical telephone sup-
port, free product updates

and access to our 24 hour
BBS.

OrCADN

Systems Corporation [ 17

1049 S.W. Baseline Street Suite 500
Hillsboro, Oregon 97123
(503) 640-9488

Call today for your FREE Demo Disk!
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If you would like ore informa-
tion about this or any other Or-

CAD product, contact your local
OrCAD representative.
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Low-current voltage tripler is inexpensive

Henry Yiu
Endevco San Juan CA 1N916B 1N916B 1N916B Vour
! d Viv = 5V DC O Pt ik »h l 0
. & ol g %
You can expand the low-cost ($2.25) voltage tripler of T 10uF 3 10uF 104
Fig 1 by adding more stages, and you can lower the I lLoso
circuit’s output impedance by adding more buffer in- —D°—4>—{>°—< G .
. . . L
verters in parallel. To obtain a negative-voltage con- 5
. . . . 1
verter, simply reverse the diode and capacitor polari- 74HC14 »—Do-—o—Do—o
ties and connect the Vy terminal to ground. The circuit =
oscillates at approximately 350 kHz when Rogc=1 k() >—D°—<>—D°—0
and at approximately 4 kHz when Rosc=100 k(. For e
the circuit as shown, Fig 2 charts the efficiency and the jiad
C
load voltage vs load current. EDN 1000 pF
i¢
Fig I—This circuit generates a 15V output by tripling V.
100 T T T T T T 1 i i T T T T T T 115 i 1 | | I I I
90 fosc=10 kHz =1 = fosc =10 kHz ]
= [t Ta=25°C
£ 80 -1 = =
>
Q
& 15 J
3
t S 4
w w
é g 13 e
2 g
> a 12k _
z <
8. 9 1M -1
&
g 10 -
a
10 = 9 iy
Jiso 1 L l | | 1 | | 1 8 | 1} 1 1 1 | | 1 1 | 1
0 2 4 6 8 10 12 14 18 1R 20 w22 2% 0 2 - 6 8 W12 - 14 16 18 200 227 2%
(a) LOAD CURRENT (mA) (b) LOAD CURRENT (mA)

Fig 2—These curves show Fig 1’s power-conversion efficiency (a) and load voltage (b) vs load current.

Sampling phase detector simplifies a PLL

Russell Kautz
Texas Instruments, Plano, TX

Phase-locked loops can include an analog frequency-
mixing circuit (Fig 1a) or a digital divider (Fig 1b) to

16

accomplish synchronous down-conversion of the refer-
ence and input frequencies. An alternative, the sam-
pling system in Fig 1¢, reduces parts count and cost by
a factor of eight. Moreover, the sampling approach
removes frequency-conversion circuitry from the signal

KDN Design Ideas Special Issue, Vol IV
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In a Navy test, a Tomahawk cruise
missile exploded into a concrete building.
When the dust settled, little remained but
gravel and fragments of casing.

And the Abbott model C28D0.8 you
see here.

Its aluminum baseplate and an adjust—
ment cap were ripped off in the blast.
But reconnected on a workbench, the

CIRCLE NO 9

unit still provided a steady .8 amp of
DC current — just as it was designed to.

Abbott Transistor Laboratories, Inc.
2721 South La Cienega Bivd,,
Los Angeles, CA 90034. (213) 936-8185

When reliability is imperative®

abbott

MILITARY POWER SUPPLIES
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path, which provides improved short-term stability for Fig 2 demonstrates a sampling phase-detector loop
the local oscillator, excellent temperature stability, and  that locks the output of a erystal oscillator to that of a
a thirtyfold decrease in lock-in time. rubidium standard. First, the zero-crossing detectors
REF
O +X > +Y — 7 4 —L
? St
FILTER | FILTER

(a) 4‘ -
~N

REF
O—» +Y L
PHASE > »
| COMPARATOR HIKLES w
B> +Z _’__>
(b)
REF
oOr— > +Y ]

iz PHASE B
COMPARATOR » FATER

(c)

Fig 1—Some phase-locked loops use analog frequency-mixing techniques (a), and some divide both inputs tc the phase comparator using
digital dividers (b). The sampling phase comparator (¢) achieves advantages by eliminating down-conversion circuitry from the signal
paths.

74HC11
ICan }—\
5V O— ICac
ICas
IC4 ?
REFERENCE LM160 3
FREQUENCY, O— x Q RESET 800-Hz
2.5 MHz o CLK ICs PULSE RATE
| 74HC4040
IC2 3 2
LOCAL-OSCILLATOR LM160 B D
FREQUENCY, 2.5576 MHz O———*+ 24, IC3 sk 5 ICs 3
£ 74HC239 Q  y7anc7a CLKT—
| Yo Y1 Yz V. PR
— 4] 5| 6] 7 4
NOT USED O Dc Cr
74HC04
3M 3M
=l' . VAAA - ~AAA-
l Cy
I 0.01 pF
< { OO VOLTAGE CONTROL
ON LOCAL OSCILLATOR
C2 LM124
Io 01 uF

Fig 2—This sampling phase-locked loop generates a voltage output whose polarity and magnitude represent the local oscillator’s phase
error.
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IC, and IC; convert the reference and local-oscillator
(LO) frequencies to digital signals. The 2-to-4-line
demultiplexer IC; then samples these frequencies at 800
Hz (every 1.25 msec). The reference and LO frequen-
cies may differ, but each must be an integral multiple of
the sampling rate if the system is to achieve lock.

To set the sampling period, ICss and IC,z wait for the
output 110000110101 (count of 3125) from the 12-bit
counter IC;. When that output occurs, IC, issues a
brief positive pulse that resets the counter and toggles
the flip-flop ICs.

Fig 3 illustrates the digital phase detection that the
IC; demultiplexer performs. The presence of Y, indi-
cates a phase lead between the LO and reference
frequencies, and the duration of Y, indicates the

amount of phase lead. Similarly, Y, indicates phase lag.
Y goes high when both inputs are high, which ends the
sample period by setting the flip-flop.

Note that in Fig 2 C, and C, convert the Y, and Y,
pulses to voltage inputs for the differential amplifier
ICs. The amplifier in turn produces a dc voltage repre-
senting polarity and magnitude of the local oscillator’s
phase error. When locked, the loop produces narrow Y,
and Y, pulses (less than 1 nsec) of equal magnitude and
duration. The amplifier rejects common-mode signals
such as digital noise from the demultiplexer. EDN

LO PHASE LEADS REFERENCE PHASE

BEGINNING OF
SAMPLE PERIOD

-

r<— END OF SAMPLE

REFERENCE
INPUT
25 MHz

——

LOCAL-OSCILLATOR INPUT
2.5568 MHz

DEMULTIPLEXER |
OUTPUTS

(a)

1.O PHASE LAGS REFERENCE PHASE

BEGINNING OF
SAMPLE PERIOD

REFERENCE
INPUT
25 MHz

b

IQ—END OF SAMPLE

T NOTES:
1. OUTPUT Y, IS NOT USED.
2. OUTPUT Y4 INDICATES LO LEADS
REFERENCE. THE DURATION OF THE
PULSE IS A MEASURE OF THE

——-———————T————————-— AMOUNT OF LEAD.

3. OUTPUT Y2 INDICATES LO LAGS

LOCAL-OSCILLATOR INPUT
25568 MHz

DEMULTIPLEXER
OUTPUTS

(b)

1 REFERENCE. THE DURATION OF THE
PULSE IS A MEASURE OF THE
AMOUNT OF LAG.

4. OUTPUT Y3 INDICATES BOTH
INPUTS ARE HIGH; SAMPLE

PERIOD WILL BE TERMINATED

Fig 3—These waveforms depict Fig 2’s operation for the cases of leading phase (a) and lagging phase (b).

Zero-current sensor protects relay contacts

B Erik Valeur
Electronic Instrument & Specialty Corp,
Stoneham, MA

The Fig 1 circuit extends the life of a reed relay by
allowing the relay’s contacts to open only at moments of

EDN Design Ideas Special Issue, Vol IV

zero current. (Destructive arcing can cause rapid con-
tact wear if the contacts open repeatedly while conduct-
ing current.) Unlike zero-crossing circuits that predict
the zero-current moment, this circuit senses that condi-
tion and responds immediately, using a fast relay (K,,
100 psec).

19



THE POWER SUPPLY

THE WESTCOR STAKPAK™. NEW
GENERATION 250 TO 1200 WATT
SINGLE OR MULTIPLE OUTPUT OFF-
LINE SWITCHER. 3.2 X 5.5 X 11.4 INCH
CASE. FAN-COOLED.

Stack the odds in your favor by design-
ing-in Westcor’s 6 watt/cubic inch high
power megahertz switcher. Capitalizing on
patented and proven megahertz module
technology and innovative thermal man-
agement techniques, the StakPak provides
up to 1200 watts of power at 50°C with 1 to
8 isolated and fully regulated outputs.

For existing designs the StakPak’s small
size and low profile allow system enhance-
ment without mechanical redesign. Simply
replace your open frame switcher with up
to 1200 watts of StakPak power or replace
your “box switcher” with 2 StakPaks and
realize up to twice the power without
losing additional space. StakPak power
factor correction provides 850 watts of
output power from a standard 115 VAC
wall outlet. In new designs, more space can
be devoted to functionality or the system
can be downsized.

REDEFINED

The StakPak’s 8 module output section
can be factory configured in virtually an
infinite number of voltage, current and
power combinations. Special models
providing between 250 to 1200 watts and
outputs from 2 to 95 VDC are available.

Other features include outstanding elec-
trical performance; UL, CSA, VDE safety
agency approval (in process); variable
speed fan option for low ambient noise
enviroments and 3 phase or DC input op-
tions. Indeed, with unprecedented power
density, versatility and new features, the
StakPak redefines power packaging. Please
contact Westcor for a data sheet, pricing
and additional information.

STANDARD 1200 WATT STAKPAK MODELS
(110/220 VAC input)

Model Output Voltage (VDC) and Maximum Current
(amperes) per Channel
#] #2 #3 #4 #
Single Output
SP1-1801 2@ 240
SP1-1802 5@ 240
SPI-1803  12@ 100 T;)Iul output power may not exceed
SPI-1804  15@80 1200 watts for any model, single
SPII805  24@50 or muliple output. Lower power
ps £ StakPak models are available.
SPL-1806 28 @ 42 Please contact the factory.
SP1-1807 8@ 25 .
Dual Output
SP2-1801 2@120 5@120
SP2-1802 5@120 s5@120
SP2-1803 5@120 12@66
SP2-1804 12@66 12@66
SP2-1805 15@53 15@53
Triple Output
SP3-1801 S5@180 12@16 12@16
SP3-1802 S5@150 12@33 12@16
SP3-1803 S5@180 15@13 15@13
SP3-1804 5@150 15@26 15@13
Quad Output
SP4-1801 S5@150 12@16 12@16 5@30
SP4-1802 sS5@150 15@13 15@13 5@30
SP4-1803 5@150 12@16 12@16 24@8
SP4-184 5@150 15@13 15@13 24@8
Five Output
SP5-1801  5@120 12@16 12@16 5@30 24@8
SP5-1802 5@120 15@13 15@13 S5@30 24@8

WESTCOR CORPORATION e 485-100 Alberto Way  Los Gatos, CA 95032 # (408) 395-7050 ® FAX (408) 395-1518
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Westcor is a subsidiary of
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AMP shielded miniature circular
DIN receptacles are available in
production quantities. Right now.

With all the features and options
you need. And a mini-leadtime of
four weeks ARO.

The one-piece shield (in tin-plated
copper alloy) uses cantilever beam
contacts to provide an uncomplicated
low-impedance path from plug shield
to pcb ground. An optional hold-
down feature secures connector to
board during processing.

Available in 3 through 8 positions,
these right-angle pcb-mount recep-
tacles feature precision-formed,

AMP is a trademark of AMP Incorporated.

any minis.
wait.

Automateable: surface for vacuum
pickup, gripper locating datum.

Shielded I
mating face. )

Polarization .

& keying.

High-temp

housing for w3
reflow processes. "

gold-plated contacts for long life and
max reliability, and tin-plated tails for
easy soldering. They mate with stan-
dard or latching cable connectors,
and have built-in polarization and
keying.

Design highlights: no stubbing,
positive contact retention prevents
backout, and the envelope is a cube
only 2" to a side. Plus: 94V-) rated
housing material (tolerates high-
temp solder reflow procedures),
positioning datum and surface area
for vacuum pickup, and packaging
for robotic applications.

Call 1-800-522-6752 for
product information and the name
of your nearby AMP Authorized
Distributor. AMP Incorporated,
Harrisburg, PA 17105-3608.

V. NiT = Interconnecting ideas

CIRCLE NO 10
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The on/off switch S; controls the application of
Vsupry to the load by controlling K,. Load current
biases one of the diode pairs on, which in turn activates
one of two LEDs in the optocoupler. This action turns
on the phototransistor, ensuring that the relay remains
closed while load current is flowing regardless of the
state of S,.

Conventional 60-Hz ac current, however, goes
through zero twice per cycle, about every 8 msec. At
that time the phototransistor turns off, and (if you have
opened S;) K, opens, at or near the moment of zero
current. Resistor R; limits the LED current if neces-
sary. (No limit is required in this circuit, which can
handle one or two amperes.) Similarly, the zener diode
D, protects the opto device by clamping the relay’s
flyback voltage (the zener’s breakdown should be about
4x the coil voltage). D, isn’t required with the compo-
nents shown.

This type of circuit can extend a relay’s life by several
orders of magnitude while handling contact currents at
least 2X that rated for the relay. The circuit shown, for
example, ran for 40 or 50 million operations with little
evidence of wear and no signs of contact breakdown.

EDN

RELAY-COIL
SUPPLY VsuppLy

K1
A _ __| Ms1a05 1€ 1€
s (EI&S) Lix) Lo
] 1N4001s [
] bl Bl
i Ll
< ———
<n; IS i)
< |
I Z Loap
| |
| e |
B
=y
H11AA1
ON?(‘)FF OPTOASOLATORE-——— — -
(MoT) ?

Fig 1—You control this power circuit by operating the S, switch; the
diodes and the optoisolator prevent a response in the relay except
when the relay contacts’ current is near zero.

Program calculates best-fit 1% resistors

Mick Murray
Lab-Line Instruments, Franklin Park, IL

When designing a voltage divider to establish a critical
reference voltage in circuits such as comparators and
offset-voltage sources, engineers commonly use a non-
optimum trial-and-error approach for choosing an ac-
ceptable combination of resistors. The Basic program
shown in Fig 1la calculates the best possible combina-
tion of 1% resistors for the voltage-divider circuit in Fig
1b. It takes about 11 minutes to run on the Intel
MDS-230 computer.

The program prompts you for the most positive

22

string voltage (V,), the most negative string voltage
(Vy), and the voltage that you want the divider to
generate (V;). Once you've entered these values, the
program calculates R, and R, using a table of standard,
precision, 1% resistance values (96 values per decade).
The program can handle resistor ratios as large as
1000:1. V,, V,, and V; may be any combination of
positive and negative voltages.

To determine the best possible resistor values, the
program calculates the voltage divider’s output for
every combination of the 96 resistor values stored in its
table. As the program tests each resistor combination,
it stores the best combination that it has found to that

EDN Design Ideas Special Issue, Vol IV
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point. Each time the program finds a better combina- can scale these values to meet your impedance needs.
tion, it stores that combination and prints it out on the Line 1180 sounds a bell to let you know that the

screen. The program also displays its progress on the program is finished.
screen.
When the program is finished, it displays values for
R, and R; and the actual voltage that R, and R,
generate when used in the circuit’s configuration. You

10 REM *rdhkdkhk kA Ak kAR AR A AR AR AR AR AR AR AR AR AR AR AR AR AR A ARk K

20 REM
(a) 30 REM 1% PRECISION RESISTOR FINDING PROGRAM
40 REM COPYRIGHT 1984 MICK MURRAY
50 REM LAB-LINE INSTRUMENTS INC.
60 REM
70 REM **rhhhhhhhhhkkk kAR A AR AR AR AR R AR A AR R RRRRARRAARARR
80 REM

90 FOR T=1 TO 24:PRINT:NEXT

100 PRINT"hhkhhhhkrhkh kA kAR A AR A AR A ARk kA kA Ak Ak &

110 PRINT:PRINT" 1% PRECISION RESISTOR FINDING PROGRAM"
120 PRINT:PR1NT"**i**it***ti*******i*i*tit*ﬁt***iﬁ**i*************fiii*
130 PRINT:PRINT

140 PRINT"THIS PROGRAM WILL FIND THE TWO CLOSEST VALUES OF"
150 PRINT"THE 96 STANDARD 1% RESISTOR DECADE, TO GENERATE"
160 PRINT"A SPECIFIED VOLTAGE ('V3') DETERMINED BY THE *
170 PRINT*GIVEN STRING VOLTAGES ('V1'&'V2'). IT WILL ASK
180 PRINT"YOU FOR THE STRING VOLTAGES, AND WHAT THE"

190 PRINT"GENERATED (V3) VOLTAGE THAT YOU WISH TO OBTAIN"
200 PRINTIS. IN ALL CASES, V1 SHOULD BE GIVEN AS THE MOST"
210 PRINT"POSITIVE, V2 THE MOST NEGATIVE, AND V3 ANYWHERE"
220 PRINT"BETWEEN THE TwWO."

230 PRINT" R1 & R2 WILL CONTINUALLY BE DISPLAYED ™

240 PRINT"DURING THE COURSE OF COMPUTATION, AS THE"

250 PRINT"TWO CLOSEST VALUES FOUND UP TO THAT TIME.*

260 PRINT" Rl IS THE RESISTOR TIED TO THE MOST POSITIVE VOLTAGE,"
270 PRINT"AND R2 IS THE RESISTOR TIED TO THE MOST NEGATIVE VOLTAGE."
280 PRINT:PRINT:PRINT

290 INPUT"TYPE <RETURN> TO CONTINUE...";BG$

300 FOR J=1 TO 5:PRINT:NEXT J

310 DIM D(96)

320 DIM F(96)

330 INPUTINPUT V1 (MOST POSITIVE STRING VOLTAGE): ";V1

340 INPUT"INPUT V2 (MOST NEGATIVE STRING VOLTAGE): ";V2

350 IF V2>=V1 THEN 1290

360 INPUT*INPUT V3 (DESIRED GENERATED VOLTAGE): ";V3

370 tF V3=<V2 OR V3>=V1 THEN 1310

380 X=((V1-V2)-V3+V2)/(V3-V2)

390 PRINT "RATIO FOR COMPUTATION =";X

400 REM 'T'IS 1 IF RI>R2;T=2 IF RI<R2

410 IF X<l THEN 440

420 T=1

430 GOTO 450

440 T=2

450 REM T=1 IF RI»R2 : T=2 IF R2>RI

460 FOR I=1 TO 96

470 READ D(I)

480 NEXT I

490 RESTORE

500 FOR I=1 TO 96

510 READ F(I)

520 NEXT I

530 RI=1

540 R2=1

550 IF X>1 THEN 580

560 Al=1

570 GOTO 590

580 Al=X

590 FOR I=1 TO 96

600 IF Y=0 THEN 690

610 FOR W=1 TO 5:PRINT:NEXT W

620 PRINT Y "OUT OF 96 COMPUTATIONS DONE: BEST SO FAR ARE:"
630 Ms="*ﬁ****ﬁ**ttt**t**i***t*i*************t******t***"
640 PRINT M$

650 PRINT "R1=" R1", & R2=" R2

Fig 1—Choosing the best possible resistor combination for a voltage divider (b) is a tedious trial-and-error process. A Basic program (a)

helps alleviate this tedium by automatically choosing these values for you.

EDN Design Ideas Special Issue, Vol IV

23



DESIGN IDEAS

(b)

660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870

890

900

910

920

930

940

950

960

970

980

990

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1171
1179
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330

PRINT "RATIO OF R1/R2=" R1/R2 ":: DESIRED RATIO IS “x»."

PRINT M$

PRINT TAB(30);"PLEASE HOLD..."

Y=Y+1

FOR M=1 TO 96

IF T=1 THEN 740

Z=F (M)

GOTO 750

2=D(T1)

IF X>9.760002 THEN 780

IF X<.102459 THEN 780

GOTO 870

IF X>97.6 THEN 820

IF X<.0102459 THEN 820

1=10*Z

GOTO 870

IF X>976 THEN 860

IF X<1.02459E-03 THEN 860

7=100*Z

GOTO 870

1=1000*7

IF T=1 THEN 900

A2=D(II/Z

GOTO 910

A2=7/F(M)

A3=ABS (A2-X)

IF A3 Al THEN 1000

Al=A3

IF T=1 THEN 980

R1=D(I)

R2=1

G0TO 1000

R1=17

R2=F (M)

NEXT M
NEXT 1

PRINT "DESIRED R1/R2 RATIO WAS ";X

PRINT"THE BEST THAT I CAN DO FOR YOU WITH"
PRINT"THE STANDARD 96 1% RESISTER VALUES"
PRINT"ARE:"
PRINT "Rl= ";R1" OHMS*
PRINT "R2= ";R2" OHMS"
PRINT "RATIO OF R1/R2 = ";R1/R2
PRINT "FOR V1="V1l "VOLTS; V2="V2 "VOLTS; &V3="V3" VOLTS."
L AR R T T e e e e e e e e e 2 T P ]
PRINT"* L
PRINT#***%x*xx% USE Rl="R1" OHMS, & R2="R2" OHMS! ***&kuxwn
PRINT"* L
L R R 2 T Ty L e e T T e 2]
PRINT"RESULTS IF R1=" R1 ", AND IF R2=" R2 "IS:"
PRINT"V3 WILL BE: "(((V1-V2)*R2)/(R1+R2))+V2 “VOLTS!!"
PRINT"
REM SOUND ROUTINE: FINISHED CALCULATIONS
PRINT"CALCULATIONS COMPLETED. *

PRINT CHR$(7);:FOR T=1TO1000:NEXT:G0T01180

END

DATA 1.00,1.02,1.05,1.07,1.10,1.13,1.15,1.18,1.21,1.24

DATA 1.27,1.30,1.33,1.37,1.40,1.43,1.47,1.50,1.54,1.58

DATA 1.62,1.65,1.69,1.74,1.78,1.82,1.87,1.91,1.96,2.00

DATA 2.05,2.10,2.15,2.21,2.26,2.32,2.37,2.43,2.49,2.55

DATA 2.61,2.67,2.74,2.80,2.87,2.94,3.01,3.09,3.16,3.24,3.32

DATA 3.40,3.48,3.57,3.65,3.74,3.83,3.92,4.02,4.12,4.22,4.32,4.42

DATA 4.53,4.64,4.75,4.87,4.99,5.11,5.23,5.36.5.49,5.62,5.76,5.9

DATA 6.04,6.19,6.34,6.49,6.65,6.81,6.98,7.15,7.32,7.5,7.68,7.87

DATA 8.06,8.25,8.45,8.66,8.87,9.09,9.31,9.53,9.76

PRINT:PRINT*V1 MUST BE THE MOST POSITIVE VOLTAGE AND*

PRINT*V2 MUST BE THE MOST NEGATIVE VOLTAGE! PLEASE RE- INPUT:":PRINT:G0TO 33(
PRINT:PRINT"V3 IS THE DESIRED GENERATED VOLTAGE DETERMINED BY R1 AND R2,"
PRINT"AND MUST LIE BETWEEN V1 AND V2!*"

PRINT" PLEASE RE-ENTER DESIRED V3 VOLTARE:":PRINT:GOTO 360
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EDN Design Ideas Special Issue, Vol IV



To Brighten-up Your

Display Innovations

...turn onto itron VD
super-smart modules.

HIGH VISIBILITY LOW POWER
SURFACE-MOUNT TECHNOLOGY
LONG-TERM RELIABILITY

5Vdc POWER SUPPLY OPERATION

PR EE R

Model CU205SCPB

DOT CHARACTER DISPLAY MODULES

AAANAANAAAS

44444

WORDWIDE FOR

VACUUM FLUORESCENT
DISPLAYS [1 MODULES
Patented and manufactured by
ISE ELECTRONICS CORP.

DOT MATRIX DISPLAY MODULES

of the broad selecti i for i

The models shown are typical
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One supply powers precision bridge circuit

Jerry Graeme
Burr-Brown Corp, Tucson, AZ

Precise amplification and a high common-mode rejec-
tion ratio make an instrumentation amplifier well suited
to the task of monitoring the output of a resistive
transducer bridge. For systems with only one power
supply, Fig 1 shows how you can connect the bridge,
the instrumentation amp, and an op amp to provide a
buffered reference for the instrumentation amp’s
output.

For linear operation, the amplifier inputs (and out-
puts) must come within no more than several volts of
either ground or V*. Accordingly, the bridge properly
biases both amplifier inputs, and the instrumentation
amp’s high CMRR ensures little error from this large
offset.

The OPA111AM buffers the reference node of the
bridge and applies that voltage to the instrumentation
amp’s REF terminal. (Most instrumentation amplifiers
include a REF terminal, which may be biased to offset
the output.) You measure between the amplifier out-
puts to exclude the fixed output offset.

The op amp output can serve as a reference common
for all connections following the instrumentation amp—
this output provides low impedance over a frequency
range well beyond that of the bridge signal. To handle
higher-frequency currents, connect capacitance be-
tween the op amp output and ground; if necessary,

0%

1NA101CM

OPA111AM

Fig 1—Use one power supply to excite the bridge and to develop a
buffered output signal in this precision circuit.

decouple this capacitance with a small resistor within
the op amp’s feedback loop.

The error introduced by the additional op amp is
small. The input bias current Iy of the op amp creates a
bridge error of Iz X R/2, where R is the resistance of one
leg of the bridge. Input offset voltage has no effect on
the output voltage; it adds to the output offset with
respect to ground, which is excluded from the measure-
ment. EDN

Switching improves regulator efficiency

Fran Hoffart
National Semiconductor Corp, Santa Clara, CA

By using Fig 1’s circuit to lower the input voltage to a
series-pass regulator when its output voltage is ad-
justed to a low value, you can minimize the voltage drop
across the regulator. This decreases the regulator’s
dissipation and improves its efficiency.

The problem of large voltage drops across regulators
occurs in linear power supplies whose output voltages
are adjustable over a wide range. Low-voltage settings
can impose high power-dissipation requirements on
series-pass regulators; you'd have to attach large heat
sinks to keep the regulator from overloading. Also,

26

many regulators have foldback-current-limiting cir-
cuits, which decrease the amount of current the regula-
tor can deliver as the difference between the input and
output voltages increases.

As one solution, when the regulator’s output voltage
is adjusted to a low value, you lower its input voltage by
manually switching between secondary taps on a power
transformer. Alternatively, you can switch from a
full-wave center-tap rectifier circuit to a full-wave
bridge rectifier circuit when you need higher output
voltages. This method also uses the transformer more
efficiently than the tap-switching method, allowing
higher load currents in the full-wave center-tap circuit.
Fig 2 shows how to use an spdt switch or relay to select

EDN Design Ideas Special Issue, Vol IV
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R, 2k
W R, 10k
Q -
1 2N3906
2N3906 4 ¥ LM350K v
28VCT 2 N IC, ouT Voo
(WITH HEAT SINK) v
5A RMS 1.2 7O
D,. D,. ADJ 32v
11 < Ry R, + Ry AT 3A
q $ 1.5k 10k =~ 6000 4F e
I 14V 1% == 20 uF
I D, ¢
115V AC 3] | Gl ¢ b
b 2% J Ry +

Il 10 uF

Il 14V OUTPUT-VOLTAGE

I ADJUSTMENTS

11 -

0. D,.
xo, % N l
*PART OF 6A “8A
BRIDGE RECTIFIER

Fig 1—Electronically switching from a full-wave bridge to a full-wave center-tap circuit in this series-pass regulator lowers the voltage
across a rectifier, reduces its dissipation, and eliminates the need for a large heat sink.

one of the rectifier circuits; the output voltage of the
full-wave bridge circuit is twice that of the full-wave
center-tap circuit.

Fig 1’s circuit switches between rectifier circuits
automatically and in proportion to the output-voltage
setting and the load. Fig 3 shows the circuit’s perfor-
mance for three output-voltage settings and each set-
ting’s respective input voltage. As the output voltage
increases, so does the input voltage. This effect greatly
decreases power dissipation in the regulator and lets
the regulator supply more current to the load.

In detail, the operation proceeds as follows. SCR Ds
switches between the two rectifier configurations.
When Ds is off, the circuit functions as a full-wave
center-tap rectifier using diodes D,, D,, and D;. It
applies 17V plus any ripple to the regulator’s input. The

—0 Vour
TO REGULATOR

POWER
TRANSFORMER
[
+] FLTER
== CAPACITOR
PRIMARY (o

FULL-WAVE
CENTER TAP
(LOW VOLTAGE)

S

FULL-WAVE BRIDGE
(HIGH VOLTAGE)

Fig 2—This manual-switching circuit shows how lifting one point
above ground changes a full-wave bridge to a full-wave center-tap
rectifier circuit.

SCALE:
VERTICAL—5V/DIV

32V ——p

22\ ==

12V —>

QV i

HORIZONTAL—5 mSEC/DIV

& <+ Vin Vour
<~—Vour | SETTING NO 3
Vin Vour
~—Vgyy | SETTING NO 2
-V
Vour
SETTING NO 1
~—Vour

Fig 3—Three different regulator settings generate these waveforms, which characterize the performance of Fig I's regulator circuit.
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voltage across the regulator’s input and output supplies
base drive to Q.. As long as this voltage is high enough
(approximately 3V) to keep Q. on, Q, and SCR D;
remain off. (When Q. is on, it removes the drive from
Qy, thereby turning it off and preventing the SCR from
being switched on.)

When you increase the regulator’s output voltage,
the voltage across the regulator drops below 3V and Q.
turns off. This action turns Q; on, supplying gate drive
to the SCR and changing the rectifier circuit from a
full-wave center tap to a full-wave bridge using diodes
D, D,, D, and D,. The voltage at the regulator’s input
increases on a cycle-by-cycle basis, depending on the
load current needed.

If you're using a light load, the circuit may switch
rectifiers every 10 or 20 cycles, depending on demand

(Fig 3). With heavier loads, the circuit will switch more
often. For high output voltages, the SCR is on every
cycle and the input voltage is at its 35V maximum.
When you build this circuit, keep a few points in
mind: In the intermediate voltage settings, the SCR
doesn’t conduct every cycle, and the peak diode cur-
rents are higher than they would be if the diodes
conducted every cycle. Thus you’ll have to choose
diodes with a current rating that’s two or more times
higher than would normally be required. Also, when
choosing a transformer, remember that you get less
output current from the transformer when using a
full-wave bridge, so specify the current rating accord-

XOR gate doubles counting frequency

Andrew Gorajek
Adelaide Microelectronics Centre, Technology
Park, The Levels, South Australia

Suitable for noisy industrial environments and requir-
ing no passive components, the frequency doubler in
Fig 1 inserts an XOR gate into the first stage of a
digital counter. The circuit works with virtually any
counter and XOR gate. An XOR gate, in series with the
counter’s clock input, works as a digitally controlled
inverter. The gate gets its control signal from the
counter’s first-stage output, Q.

After resetting, output Q is low and the MC14070B
XOR gate, IC,, acts as a noninverting buffer. Because
the MC14518 counter, IC,, counts on the rising edges of
the clock signals, the first positive-going transition of
the input signal makes IC,’s Q, output go high (Fig 1b),
which makes IC, an inverter. The next negative-going
transition of the input signal appears to the counter’s
clock input as a positive-going transition and change’s
Qo to low. Further transitions of the input signal will
cause this sequence to repeat. The resulting clock
signal has twice the frequency of the input and consists
of short pulses whose width is the sum of the propaga-
tion delays introduced by the counter and the XOR gate
(tpl and tpg). EDN
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ingly. EDN
Vee
RESET
EN IC2
P 145188
gL) - COUNTER
{Gy CLK
140708
Qo O
% O sutputs
Q2 0]
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(@)
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— l—1tp2
CLOCK | | .
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Fig 1—An XOR gate in series with a counter’s clock input effective-
ly doubles the input-clock rate. The XOR gate transforms the input
signal into a series of short pulses whose width is the sum of the gate’s
and the counter’s propagation delays. Feeding back the counter’s @,
output to the XOR gate makes the gate a controlled inverter.
Inverting the negative-going input transitions allows the counter to
count both positive- and negative-going edges.

29



wooL LY
MAMMoT \-\M'.

B N -8acKed gl
DiMeTKeDoN

When youre too slow, you :

don' last long.

Dinosaurs didn't make it, BT

' the woolly mammoth didn't -
| make it, and the dodo bird

didn't make it.
Up until now, for high-per-

| formance applications FIFOs

haven't made it either. Because

. PartType Org Spccd,\

THE FASTEST FIFOs MADE.

Packages

512x9  20,25,35,50, 28-pin DIP
80ns 32-pin PLCC

KM75C02A 1Kx9  20,25,35,50, 28-pin DIP
80 ns 32-pin PLCC

they haven't been fast enough

to do the job.

: Samsung’s Fantastic FIFOs™

——

- change that. In speeds now
. up to 20 ns, they're the fastest :
© ever made. :
: Which means that in areas -
like parallel processing, where
. designers have had to use fast :
- static RAMs because FIFOs -
. were too slow, you can nowget -

the speed you need in a FIFO.




DobDeo
e B\RD

b

R T

Our Fantastic FIFOs are -
. in the x9 organization, theyre :
- in CMOS, and we now have :
- them in both DIP and PLCC -

. surface-mount packaging

; Equally good news: in areas
- where you need a /ot of FIFOs,

: lll(e large networks and even -

| mini-supercomputers, you can

now get the pricing you need.

Allin all, Samsung’s Fantas- -
tic FIFOs, once and for all,
- Semiconductor, 3725 No. First
. Street, San Jose, CA 95134.

Because a slow FIFO is no

FIFO, and these parts make

fulfill the promise of FIFOs.

that problem go away.

: For pricing and data sheets
 on the fastest FIFOs in the :

- world, call 1-800-669-5400 or |

408-434-5400 now. Or write
to FIFO Marketing, Samsung |

u
iss SAMSUNG |

W¥ Semiconductor

© Samoung Semuce

ctor, Inc., 1989. Samsung NOW and
Fantastie FIFOs are )

emarks of Samaung Semiconductor, Inc.

|

CIRCLE NO 13




DESIGN IDEAS

Two-way amplifier uses few parts

Rudy Stefenel
Luma Telecom, Santa Clara, CA

Fig 1 depicts a conventional 2-way amplifier used with
2-wire telephone lines. This approach requires separate
amplifiers for each direction, hybrid 2- to 4-line trans-
formers, and carefully designed complex-impedance
terminations to match the capacitive reactance normal-
ly associated with telephone lines.

For 2-wire signal lines whose impedance is mostly
resistive (telecommunications test equipment, for ex-
ample), you can use the simpler, resistively terminated
circuit of Fig 2. The boxes labeled “termination” are
two telecomm devices (such as modems, modem test
equipment, short-haul 2-wire communication lines, or
minimum-loss impedance-matching pads) that are com-
municating with each other.

Like all 2-way amplifiers, both of these circuits may
oscillate unless terminated with the proper impedance.

Moreover, higher audio gain imposes greater accuracy
constraints on the terminating impedance values. Be-
cause resistors Ra, R, R¢, and Rp have a fixed relation-
ship with one another, you can set the circuit’s “resist-
ance level” by choosing a value for one of them—Ry,, for
example. Given the desired termination resistance R,
and amplifier gain A, you can then calculate values for
the remaining resistors Ra, Rg, and Rc.

First, note that Ry contributes the only significant
resistance between each amplifier and its load. Source
impedance should equal the load impedance, so

Ra=RL 1)

is the first of three design equations. Because IC,
mustn’t contribute a signal while IC, is operating (and
vice versa), IC,’s output must remain at virtual ground
during that time. Therefore, R, is also the input
impedance for each amplifier.

—VW———4 -
VWA
_| VWA _|
- =
e e
TERMINATION / NETWORK NETWORK i TERMINATION
—VWW— =
—VWW—

Fig 1—This schematic shows a typical 2-way amplifier used with telephone lines.

32

EDN Design Ideas Special Issue, Vol IV




Small Space
us Interface.

64
MILLIAMP
DRIVER 2

PLX 464

Clip this coupon and you could save 4 square inches of
board space, or more, on your VME, VSB or Micro Channel

bus interface.

PLX: T accept your offer, please send me a free sample of

1 the two units checked below. (Offer expires 12/31/89)
Save precious board space. AN cked below. (Offer exp

two free ICs and discover how compact
and efficient a bus interface can be.

ADDRESS

Attach coupon to business card or letterhead and mail to:
PLX Technology, 625 Clyde Ave., Mountain View, CA

m 94043. Phone 1-800-759-3735.
_-—_—_——_—_-—_—_—_J

—
TECHNOLOGY PLX is a trademark of PLX Technologies, Inc. Other brands or product names are trademarks of their respective holders.

I Start USing PLX high_drive bus [] VME1220 Master Controller [] VME4000 Interrupt Handler

> t f IC : [J] VME2000 Slave Controller [] VSB1200 Master Controller
I Interface S. : L [1 VME3000 Interrupter [1 VSB2000 Slave Controller
| Just one 24-pin PLLX IC does the job [ MCA1200 MC Bus Master

. 1 1 ( )

of 6 ICs: a PAL, plus high current drivers, T
| Schmitt trigger buffers, delay lines, and
; registers. Ml

Take advantage of our sample offer for COMPANT

r
¢

EDN Design Ideas Special Issue, Vol IV CIRCLE NO 14 33



DESIGN IDEAS

Next, the gain from IC,’s noninverting input to its the given gain A:

output is
RcRe R+ RcRs
Rot R +Rs 1| 2 RctRs 5
—_RCRB X A_é RcRg . (2)
RC+RB RC+RB
and the gain from IC,’s output to R, is % because To ensure that no signal is emitted from IC, when

Ra=R; (Eq 1). The product of these gains must equal only the lefthand signal source is active, IC,’s differen-

Ra

Rp
L 4 ol ay 15
<
Re < 4 R
Re éRE iRB s) ;
TERMINATION + TERMINATION
AND SIGNAL SOURCE - Ra c - AND SIGNAL SOURCE
5 NOTES:
R 1. Ra=RL
2 Ra:h (A IS THE GAIN FROM ONE PAIR OF
R A TERMINALS TO THE OTHER.)
& _ RsRo
Rop 3. RC~RD‘RB
VVN—

- 4. Rp=DESIGNER'S CHOICE

Fig 2—This simpler 2-way amplifier is suitable for lines whose impedance is primarily resistive.

12v

3
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1Cya e
1%MC3403
2
550
—— A
AUDIO ( ! ~ e
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509 OUTPUT 100k, 1% e
Rc S B 349 9k, 1%
100k, Bk i
| . 5,49.9k, 1% 6%5
— 5
L— A —e IC1a
i 74MC3403 =
A
600 6
Re.
Ro 100k, 1%
100k, 1% L
VA E

Fig 3—Based on the circuit of Fig 2, this 2-way amplifier provides a gain of 2 between 600€) terminations.
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tial input must be zero. This is so if IC,’s inputs are
equal, which implies equal voltage dividers:

RcRo
~Beths, B 1

RcBp “R,+R, 2
Bt ohs

Simplifying this equation yields

RcRp
RigRc+RegRp+RcRp

=1
= 3)

You can solve Eqs 2 and 3 simultaneously for the
remaining unknowns R and Rc. First, simplify Eq 2:

o RDRC+RDRB+RCRB>
A—2< RcRp @
Next, rearrange Eq 3 as

ReRc+RgRp=RcRp, (5)

and substitute into Eq 4:

A_l( RpRc+ RCRD> _Rp
—2 R(RB RB.
Therefore,
_Rp
Rp= A

is the second design equation.
For the last design equation, solve Eq 5 for Rc:

28 RsRp
R Rp-Rs

Fig 3 shows an example of a circuit using 600£
resistive loads and a gain of 2. The signal at ICs's
output measures only 2 to 3% of the signal-generator
output. EDN

Control motor speed without tachometer

David Wolze
KLA Instruments, Santa Clara, CA

The circuit shown in Fig 1 provides bidirectional speed
regulation for small motors and requires no tachome-
ter. The voltage that summing amplifier IC,, applies to
the motor’s windings equals

R, R
(Ve + Rz (%)

where V¢ is the command voltage and Iy is the motor
current.

If you set the motor’s winding resistance and brush
resistance (Ry) equal to

R;
Rl(RzA ¥ st)’

the command voltage will be proportional to the motor
winding’s counter EMF. C, provides compensation. You
should set R/’s value so that it equals 5 to 10% of Ry’s

36

Fig 1—This dc servo-motor circuit provides bidirectional motor-
speed control without requiring a tachometer.

value. You can generally find Ry’s value in a motor’s
spec sheet. EDN
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So, use your imagination. Call or write for a comprehensive data package and
evaluation kit information and ask about our PIXIEtalk software.

INDUSTRIAL ELECTRONIC ENGINEERS, INC.
Component Products Division
———— 7740 Lemona Ave., Van Nuys, CA 97409-9234
FAX: (818) 376-1075 (G2/G3) ® Telex. 6831955 IEEINTL
Tel.: (818) 787-0311, Ext. 377

Circle 17 Immediate Application

Circle 18 Reference Material



VISHAY Elecironic Components
Group Will Satisfy All
Your Resistor Needs

MIL-R-22 Approved

Resistance Range from 0.5Q to 10kQ
Resistance Tolerance +10%, others available
Power Rating 12.5, 25, 50, 100, 150 & 300 watts
(300°C rise in free air)

Types MP06, MP10, MP15, MP25, MP30, MP40.

MIL-R-10509 & MIL-R-55182 Approved

Over 1.234 billion unit failure rate hours to
MIL-R-55182 without a single failure,

Hermetically Sealed Styles RNR/RNN/RNC,
Characteristics C & E, Established Reliability.
Resistors, Networks, Specials.

CIRCLE 85

CLle

MIL-R-22097, MIL-R-27208,
MIL-R-39015 & MIL-R-39035 Approved

Surface Mounted Components, Wirewound, Metal Oxide

& Carbon Film Resistors, Thick & Thin Film Chip Resistors,
Resistor & Resistor/Capacitor Networks, Commercial Trimmers,
Thermistors, Inductive Components, Transformers,

Clock Oscillators, Connectors, Plasma Display, Touch Panels.

CIRCLE 86

Temperature Sensing and Compensating,
Hermetically-Sealed, Special TCR,

Four Terminal, Low Reactance.

Resistors, Printed Circuit, Axial & Radial
Leaded, 4 Terminal Molded, Silicone
Molded/Coated, Ultra-Miniature,

Surface Mount.

CIRCLE 87

MIL-R-55342 Approved, Char. E, K Chips
TCR to 5ppm/°C

Tracking to Tppm/°C

Ratio Tolerances to 0.005%

Resistance Range 50Q to 10MQ

Precision Custom & Standard Networks
SIPs, DIPs, LCCs, Flatpacks, Small Outline
Custom Arrays, Silicon & Alumina Chips for
Hybrids, Microwave Substrates.

CIRCLE 88

MIL-R-26, MIL-R-93, MIL-R-18546,
MIL-R-39005 (RBR), MIL-R-39007, MIL-R-39009,
MIL-R-55182 & MIL-R-83401 Approved

Established Reliability, Temperature Sensing,
Ultra-high Stability, Hermetically Sealed.

Resistors, Printed Circuit, Axial &

Radial Leaded, 4 Terminal Molded,
Silicone Molded/Coated, Ultra-Miniature,
Surface Mount.

CIRCLE 89

MIL-R-122, MIL-R-22097,
MIL-R-65182/9 & MIL-R-83401 Approved

TCR to 0.1ppm/°C

TCR Tracking to 0.2ppm/°C
Absolute Initial Resistance to 0.001%
Resistance Ratio Stability to 0.001%
Load Life Stability to 0.0025%

Shelf Life Stability to 0.0005%
Thermal EMF to 0.03V/°C

Resistors, Trimmers, Networks, Chips,
Surface Mount, Specials.

CIRCLE 90

VISHAY Electronic Components Group

...a VISHAY Company

63 Lincoln Hwy. ¢ Malvern, PA 19355 & (215) 644-1300 ¢ FAX (215) 296-0657 & Sales FAX (215) 640-9081
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PRODUCT MART

This advertising is for new and current products.

Please circle Reader Service number
for additional information from manufacturers.

Don’t Get Zapped!

High inrush current can destroy your sensitive VAX
CPUs and peripherals in less time than it takes to
flip a switch.

THE SOLUTION?

Power up with Z-LINE TPC 115-10 MTD ™

the smallest power distribution ? .
Z-UINE
/

and control system available.
POWER UP WITH — — —

Our proprietary Multiple Time Delay ™ circuitry
sequences your power-up to protect your systems
from the spikes and surges, EMI & RFI, that destroy
your hardware and erase your data. And our
remote on/off and emergency shutdown gives the
power control back to you.

All Pulizzi Engineering MTD ™ controllers are
compatible with DEC and UPS systems.
PRICES FROM $436 TO $305

DON'T WAIT UNTIL IT HAPPENS, CALL TODAY!
PULIZZI ENGINEERING INC.

3260 S. Susan Street, Santa Ana, CA 92704-6865
(714) 540-4229 FAX (714) 641-9062

CIRCLE NO 325

68H(CII

PC-based emulator for 68HC11

* PC plug-in or RS-232 box. * 48 bit wide 16K deep

« Pull-down menus with trace. All functions usable
full window support, without disturbing emu-
combined with command-  lation. Time stamping
driven User Interface Two level trigger.

* Up to 33mHz real time ¢ Symbolic and C Source
emulation Level Debugging, includ-

* No intrusions to the ing in-line assembler
68HC11's resources and disassembler.

PRICES: 64K Emulator and pod $2590;

4K Trace $1995*

CALL OR WRITE FOR FREE DEMO DISK!
51 E. Campbell Avenue
NOHAU oo
4 5
CORPORATION | (406, 8661820

*US only

CIRCLE NO 326

LEADLESS CHIP
TO WIRE WRAP ADAPTERS

Save prototyping time, LCC, PCC, PGA, and
PQFP socket adapters provide the designer
with a labeled test point for each pin and are
available for 20 thru 100 pin chips. WW pin
rows are on .3" centers. Unit pricing for the
52 pinversionis $41.00 delivered from stock.

ANTONA CORPORATION
1643 1/2 Westwood Blvd., L.A., CA 90024
(213) 473-8995 FAX #(213) 473-7112

CIRCLE NO 327

3"X 5" Single Board Computer
Basedon80C535

8051 type architecture

CMOS (95 ma @ 8 V typical)
32K RAM/32K or 64K EPROM
40 Digital /O Lines

Two RS232 Serial Ports

One RS485 Port

8-bit A/D w/8 multiplexed inputs
5X4 Keypad Encoder

Power Supervisory Circuits
Four 16-bit timer/counters
Expansion Bus

On board +5 V regulation

C Source Utilities on 5.25" Disk
Optional Real Time Clock
GPC11 Price: $275 qty 1 - OEM pricing available.

TRI-L DATA SYSTEMS, INC.
524 Cooke Street, 2nd Floor
Honolulu, Hawaii, USA 96813-5236
Tel. No. (808) 545-3415/FAX (808) 545-3607

CIRCLE NO 328

PAL"/PLD SOFTWARE
Sets The Standard

PRSI
e o /

CUPL™ PLD compiler, the most powerful language
for state machine logic design, now allows front
end design entry with popular schematic capture
packages such as OrCAD, P-CAD, Schema or
Hi-Wire. CUPL supports all PLDs and carries the
most extensive update program. Available on
MS-DOS™, Apollo™, Sun™ VAX™and most UNIX™
based platforms. s

ft. Lauderdale, FL 33309
LOGICAL

DEVICES, INC. 1-800-331-7766

CIRCLE NO 329

Analog Circuit Simulation

IsSpice/286 Breaks the DOS Barrier

Run Unlimited
Size Simulations
on Your PC

IsSrice/286 $210, a
complete Spice pro-
gram that runs on
80286 based PC's
in extended mem-
ory. Circuit size is
only limited by the amount of extended memory. Simu-
lates over 700 components per megabyte of RAM.

IsSprice/386 $386, The fastest PC based Srice program
1000 components per megabyte of extended RAM.

IsSpice $95, Runs on any PC . AC, DC, and Transient.

Special Graphics Turn Your PC into a Workstation

SpiceNer $295, Schematic editor for any Seice
simulator. Generates a complete Srice netlist.
INTuScore  $250, Graphics post processor that
performs all the functions of a digital oscilloscope.
PreSpice $200, Extensive model libraries, Monte Carlo
analysis and parameters sweeping.

r——24 P.O. Box 6607 (213) 833-0710
— San Pedro, CA 30 Day Money
90734-6607 Back Guarantee

CIRCLE NO 330
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REAL WORLD 1/0 ¥
For PCXT/ATs

DG24 * 24 line digital VO; 10 MHz 8255. $95
AD500 « 8 channel 12-bit (plus sign) integrating A/D; prog.
gains of 1, 10 & 100; 7 digital VO lines $239

AD100 * Single channel version of AD500; 10 digital /O
lines. Same programmable gains. 700 meg input Z.  $149
AD1000 « 8 channel 12-bit A/D; 25 uS; sample & hold; 3 5

MHz timer/counters; 24 digital VO lines. $295
ADA300 * 8 channel 8-bit 25 uS A/D; single D/A sample &
hold; 24 digital /O lines. $239
AD200 * 4 channel 12-bit 125 uS A/D; 3 5 MHz timer/
counters; 24 digital VO lines. $239
DAG00  Fast settling dual bipolar D/A. $179

PD200 * Prototype board w/ address decoder; manual $99
All boards include BASIC, Pascal, C, and Forth drivers.
30 day return; 1 year warranty. Call for ‘Real World
Interfacing” application notes.
Real Time Devices, Inc.

P.0O. Box 906 State College, PA 16804

(814) 234-8087
CIRCLE NO 331

J JE680 Universal
IC Programmer

Programs PROMs, EPROMs, EEPROMs,
— PALs, GALs, RALs, EPLDs and PEELs —
JE680 Features:

« Stand-alone or computer controlled modes w/

MS-DOS menu-driven software (included)

« Parallel and RS232C interface ports

+ Auto-Sense'" of IC insertion

« Supports/translates between 18 data formats

« Full functional test on logic devices

+ Over 400 IC definitions in ROM - no personality
modules needed

+ JEDEC standard supported, accepting input
from virtually all major software packages

+» One-Year Warranty

Listing of over 400 programmable devices

and 74-page catalog available upon request!

JEB80 Universal IC Programmer ........ $1799.95
Jameco Electronics + 1355 Shoreway Road, Belmont CA 34002

+ Phone (415) 592-8097 + FAX (415) 592-2503
CIRCLE NO 332

New AFDPLUS
Advanced Active Filter Design Software

> left= 100.888 rightc 10.088 k  differences 9988 M
5 = 5.008 lowr=-118.008  difference: 115.088 @

~118. 808 . ——.—j
109,000 Froquency (He) 10.000 &
Comnawd: Draw, futoucale, Sut-up, Original, Reca ic, Grid, ark, New, Priwt, Exit ¥

e Menu Driven
* Automated Installation
* Schematic Display & Print

* Fully Interactive

* On Screen Design
& Evaluation

 On Screen Editing

Introductory price $850.00 (price effective through 08/15/89)
Call for your FREE DEMO DISK (303)-499-7566 or to order

AFDPLUS send check or purchase order to

RLM Research
P.0. Box 3630

@ VISA'
Boulder CO 80307-3630 ® ®

CIRCLE NO 333

8051 SBC $99"

Single Board Computer
FEATURES: 8031, RAM and ROM Sockets,
8 bit I/0, RS 232 port, optional UART, and
Expansion Bus. Size: 3.5" x 6.0%, +5Vdc only.
OPTIONS: 8032, CMOS, 18 MHz, NV Memory,
Monitor Firmware and High Level Languages.
Development Board............. $1 99

8031 ICE $199

Our emulator provides most of the features of
an 8031 In-Circuit-Emulator at a significantly
lower price. It assists in integration, debug and
test phases of development. Commands
include: disassembly, trace, breakpoints,

alter register/memory, and load Intel Hex file.

8051 Simulator Program........... $99
IBM PC/XT/AT Software simulation of 8051 uC.
HiTech Equipment Corporation
9400 Activity Road

San Diego, CA 92126

(619) 566-1892

CIRCLE NO 334

USEFUL

IEEE- 48 oS

Bulkhead Fee&thru

1755 Osgood St., N. Andover, MA 01845
Inquiries 508 682-6936 FAX 508 689-9484
Toll Free Ordering 800 343-1455

CIRCLE NO 335

Combine Your
Product Mart Ads

In EDN's Magazine
and
News Editions for
higher impact and a
lower rate.

8051, 8096, 68HC11, 68008
SINGLE BOARD COMPUTERS

We feature a series of single board
computers for process control
applications. Available as bare
boards or assembled and tested.
Optional EPROM resident System
Monitors and BASIC interpreters are
also available.

ALLEN SYSTEMS
2346 Brandon Road
Columbus, Ohio 43221
614-488-7122

CIRCLE NO 337

FIX/PGA/LCC/TEST ADAPTOR

MANY NEW PARTS
VLSI prototype adaptors allow prototyping of devices from
24 pin (VRAM ZIP), Shrink DIP, to 256 pin SPARC, PLCC,
LCC, SLAMPAK, and FLATPAK. Annotated test adaptors for
680X0, 80X86. Stacking memory modules for up to 16
MBYTE DRAM SIMMS. FIX-80386 to fix errata 21 problem in
386 PC's (causes lockup). All gold Machined pins/most
wirewrap panel patterns. Customs - quick turnaround.
IRONWOOD ELECTRONICS, INC.
PO. BOX 21-151
ST. PAUL, MN 55121
(612) 431-7025

CIRCLE NO 338

These top-quality 19" rack-mount chassis
are made of heavy gauge aluminum and/or
steel. The front brushed aluminum panel
is anodized in black or clear. Dimensions
are 1 to 6 rack unit height by 8", 10",
12", 14" and 20" depth. Most orders will
be shipped within 24 hours. Custom made
enclosures are available upon request.

ANG 16 NORTH THIRD STREET
t A AT Y HARRISON, NJ 07029

TEL: (201) 484-1115 FAX: (201) 484-0530
CIRCLE NO 339
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IEEE-488

488 (GP-1B, HP-IB) control for your PC/)

Control instruments, plotters, and printers.
Supports BASIC, C, FORTRAN, and Pascal.
Fast and easy to use. High-speed DMA.
Software library included so you spend

less time programming. B
Hardware and software - $395. e

Product literature 1-800-234-4CEC
Technical assistance 617-273-1818

CIRCLE NO 340

IBM COMPATIBLE RS232/488
3% x5%" FLOPPY DATA STORAGE
& TRANSFER SYSTEM

Information Transfer to/from 'Non IBM Compatible Systems to/from
IBM & Compatibles: (Over RS-232 or 488 Interface).

e Reads & Writes MS DOS Disks

* RS-232/488 1/0

* Rugged Portable Package/battery option

* MS DOS Driver for ‘‘Plug & Run’’ RS-232
External Operation

 Baud Rate 110 to 38.4K Baud

* 360K/720K RAM Cartridge Option

e Price $895 in Singles-OEM Qtys. $495.

28 other systems with storage from 100K to 42 megabytes.

ANALOG & DIGITAL PERIPHERALS, INC.
JIKDED)|

251 South Mulberry St., Troy, Ohio 45373
P.0. Box 499 TWX 810/450-2685
513/339-2241 FAX 513/339-0070

CIRCLE NO 341

i - - SR

0 .

A ’

Communications Block Diagram Simulator for PCs

*TESS™ simulates modems, radios, & other systems
*Built-in FFT spectrumanalyzer, plus over 50 models:

filters, mixer, VCO, logic & PAL's, BERT and test eqmt
*Capture schematics graphically with OrCAD® & PCAD®
*Add your own models toTESS easily using MODGEN
*Callfor 3-disk demokit ® TESS is not copy protected

TESS Simulator $495 | TESOFT POBOX 305
MODGEN™Model Generator $245 | Roswell GA 30077-0305
OrCAD/SDT !Il® Part Library $145 | B404-751-9785 FAX404-664-5817
P-CAD® Part Library $225 | VISA, MasterCard, PO's accepted

CIRCLE NO 342

BIO SOURCE

CODE

The The AT BiesKit is a book with diskettes
containing source code in C, plus utility pro-
grams to help you create a Bios. Now you can
have a Bios with documentation for your own
applications: modify boot-up, eliminate the
keyboard, install security features, etc. Only
$199 complete. The XT BiesKit is only $99, or
get both BiosKits for $279. The Intel Wildeard
Supplement for the XT BiosKit is $49.

— XT-AT HANDBOOK —

The XT-AT Handbook is full of hardware and
software information in a shirt pocket size book.
Over 70 pages covering 38 subjects, including
connectors, I/0 maps, controller programming,
DOS and DEBUG commands, board dimensions,
character codes, hard disk drive types, and
much more. Only $9.95 each qty 1-4, five or

more, $5 each. =
Annabooks = S
12145 Alta Carmel Ct Suite 250-262
San Diego, California 92128
(619) 271-9526

CIRCLE NO 343

- IBM

PC/XT/AT

L

MIL-STD-1553 Interface Board
For IBM-PC/XT/AT or Compatibles
Dual redundant bus controller, remote

terminal and monitor with powerful
easy-to-use software. From only $2095

Call now for data on MIL-STD-1553 and
ARINC 429 for PC/XT/AT, VME and VXI

Ballard////llll 126Nw.75thst.

Seattle, WA 98117
Technology o 752870

CIRCLE NO 344

INCANDESCENT(ITIS)?

OUR BASED LED’S /
R SceNn - Cenl,
Directly Replaces lamp #327/387,714, 6839,7387,755,
47,85,1835, 24E, 120MB, 120 PSB & Hundreds More. 10
to 20 yrs. Life at Fraction of Power. No Shock/Vibration

Failures. Multichips, Clusters, BiPolars, BiColors. Choice of 7
Colors.

E ) Pu' More
; ] :
A LIFE in

l) || ﬂ) L | Your LIGHT

LEDTRONICS, INC. TEL: 213-676-7996

FAX: 213-676-0108 TLX: 494-5454
4009 Pacific Coast Hwy., Torrance, CA 90505
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Cfor the 8051
Compare:

Benchmark Results —Sample program:
Eratosthenese sieve Program from BYTE (1/83),
expanded with /O and interrupt handling.

Archimedes
ICC51 MCC51 FRANKLIN
v2.20A vi2 C51 v2.1

Compilation time| 72 sec ¢ | 18 sec 17 sec

Linkage time 29 sec 9sec | 6sec
Execution time 11.45 sec 9.00 sec| 088 secy”
Total code size | 5318 bytes | 3798 1726
Sieve module 736 1021 541 v

size

Call now for your free DEMO disk.

€9 FRANKLIN

SOFTWARE, INC.
888 Saratoga Ave. #2 ¢ San Jose, CA 95129
(408) 296-8051 * FAX (408) 296-8061

CIRCLE NO 346

Schematic Capture, to PCB Layout
Vertical Design Workstation - $695.00

Other Companies talk about Sophistication, but we deliver it. Our full

featured CAD software sets industry standard in performance and flexi-

bility with features such as:

* User definable Menus, macros and user interface

 User definable grid, pad and trace sizes (1 mil increments)

* DRC with Back annotation, Optimized Rat's Nest

* Comprehensive SMT Support

 Superior Analog design (Irregular filled polygons etc)

o VVery large boards > 500 equivalent IC's

Compare our CAD software specification with those so-called sophis-

ticated systems, and if you are that interested, we are that good. Prices

start as little as $695.00, Optimal Autorouter, GERBER interface

30 day money back guarantee

o Full function Evaluation kit with full user manual $75.00 (Creditable
towards purchase of regular system)

Interactive CAD Systems
2352 Rambo Court, Santa Clara, CA 95054
(408) 970-0852

CIRCLE NO 347

= S\ L, COMPUTER AIDED
ULI i@@/ﬂ‘ﬂw PCB DESIGN

= Full SMT support

= 32 layer support with blind and buried vias

» Curved traces

= Real-Time Design Rule Check

= Powerful placement aids

= Trace Shove and Reroute-While-Move

= Autoroute by window, component, or net

= Backannotation to OrCAD, DASH, Schema, ViewLogic
USA o el (404) 24201 25/fax 6382

ULTINATE  pvcmercon st sutop s

ASK FOR YOUR FREE DEMO DISK

CIRCLE NO 348
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E/EPROM & MICRO
PROGRAMMER

5004

B EP-1140 includes: software, cable, user’s
manual, 2 free software update coupons, foll-
free technical support, one-year warranty & a
unconditional 30-day money back guarantee

B Programs 24-, 28-, 32- & 40-pin E/EPROMs

W Supports 874X & 875X series microcontrollers

B Connects to a standard parallel port

Programming Instruments

M Hardware to support future parts to 8 Megabit + Stand-Alone or PC-Based
u SOH"YG'e updates on f|oppy disk MINIATURE 70 WATT DC‘DC CONVERTER * Engineering / Development
B 32-pin model, EP-132, available for $695 ICl announces the addition of the MFW series of 50-70 watt « Production / Field Service
The Engineer’s Programmer™ DC-DC converters to its line of HI-REL devices. Up to 88% * E/EE PROM / PAL / EPLD / Bipolar
efficient, these converters are availin 5, 12, 15V single, dual * Single-Chip Microcomputers
CALL TODAY 800-225-2102 & triple output configurations. For MIL & other HI-REL appli- * Simulator / Erasers / Surface-Mount
FLIrLTLIL] cations, 125°C T is possible with derated power output. s adams-macdonald
MICROSYSTEMS Additional environment screening is avail. ENTERPRISES INC
10681 Haddi , #190, Houston, TX 77043 E ’ ) S0AmporRoad  Telex 882141
713/0461? Aogno FAX 7103U/54°<)n1 7413 Interpoint, 10301 Willows RD., Redmond, WA, 98052, ween, Mo ,[j,‘,;“; s e
800/822-8782 el (408) 373-3607 00-777-1202
CIRCLE NO 349 CIRCLE NO 350 CIRCLE NO 751

$249.TERMINAL

svec\% [PHOTOPLOT |
0"‘&’ rAUTOROUTEl [ Development TOO]S

PseudoSam Cross-assemblers $50.00
SCHEMA PCB]

PseudoMax Cross-simulators $100.00
PseudoSid Cross-disassemblers $100.00
PseudoPack Developer’s Package $200.00($50.00 Savings)

A POWERFUL

e  PscudoCode supports an extensive line of professional cross-development
tools. Tools that speed development of microprocessor based products.
Fast, sophisticated macro assemblers to generate your program code
Versatile simulators that allow testing and debugging of the program even
before the hardware exists. Easy to use disassemblers to help recover lost
source programs.

el AFFORDABLE

e Until now, powerful tools like these have been priced from S to 10 times
our price. Putting these time saving tools out of reach of all but large
p——— corporate engineering departments.

BROAD RANGE OF SUPPORT

A e PseudoCode currently has products for the following microprocessor

i families (wi 3 3
Malnframe PCB |ay0ut featureS for amilies (with more in development):
i - Intel 8048 RCA 1802,05 Intel 8051 Intel 8096
Featuring « your PC + FREE! OnQOIngv 1 800 Motorola 6800  Motorola 6801 Motorola 68HC11 Motorola 6805
Hitachi 6301 Motorola 6809 MOS Tech 6502 WDC 65C02
: support... + our 30 Day Money Back Focwell 6502 Inel 806085 Ziog 50 NSG 800
« Ten key numeric array plus 8 programmable function key itachi HD64180 Motorola 680008 Motorola 68010
ool RS 425 o e o Guarantee!

« Keyboard selectable SET-UP features — baud rates, parity, etc
*Size (5.625"W x 6.9”D x 1.75”H), Weight 1.25 Ibs.

»5 x 7 Dot Matrix font with underline cursor e
« Displays 96 Character ASCI Set (upper and lower case) ’,' :w]i“c;)j;
« Optional Bar Code Wand (shown) s

OAPUTERTISE, FREE DEMO KIT ol N s
302 N. Winchester « Olathe, KS 66062 » B00-255-3739  FAX S\a. 8290810 1 _800_553_91 19 OMA 1 |ON — —

CIRCLE NO 752 CIRCLE NO 753 CIRCLE NO 754

e For more information call, write or use the reader service number below.
e Toplace an order, call or write:

e

Fill out this form to advertise in Product Mart. oo

ADVERTISE Btttk

RATE: 1x 4x 7x 13x 19x 26x 39x 52x
IN (Please circle) $855 825 805 725 705 695 685 665

PRODUCT [

MART s

- i
LOW COST

AD ENCLOSED [J AD TO FOLLOW O
Mail to: EDN / 275 Washington Street / Newton, MA 02158-1630

EDN PRODUCT MART appears in every issue — 26x a year!
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Potter & Brumfield offers the solid state
I/O module and relay options you need.

Expanded Offering

New product additions to
Potter & Brumfield’s already-
broad line provide you an
even greater variety of solid
state products, unmatchedin
the industry. Now you can
select solid state input/output
modules and relays with the
package style, performance
and features just right for
your application.

Input/Output Modules
Why force your design to fit
around one or two standard
configurations? P&B offers
six different package styles
for design flexibility. From
plug-in quad modules to sur-
face-mountable DIP units, our
optically-isolated I/O modules
provide the options and the
traditional quality you expect
from Potter & Brumfield.

Solid State Relays

Our new family of chassis
mount relays can switch from
milliamps up to 110 amps.
These relays in our familiar
“hockey-puck” case offer
many options you might never
have imagined in an SSR.
Zero-voltage or random turn-
on. AC or DC input. Triac or
paired-SCR switches and one,
two or even four outputs help
open the door to your creative
design. At the other end of the
spectrum, DIP solid state re-
lays put reliable P&B solid state
switching of loads up to 1 amp
right on your printed circuit
board. And you have a choice
of conventional or surface
mount terminals.

POtter & Bru mfI6|d A Siemens Company

EDN Design Ideas Special Issue, Vol IV
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Stock Availability

Most models are available
from stock through our na-
tionwide network of author-
ized stocking distributors,
backed by our extensive fac-
tory inventory.

Find Out More

Free literature is yours for the
asking. Contact us today for
details on our growing line of
solid state input/output mod-
ules and relays. Potter &
Brumfield, A Siemens Com-
pany, 200 South Richland
Creek Drive, Princeton,
Indiana 47671-0001.

Call toll-free 1-800-255-2550
for the P&B authorized dis-
tributor, sales representa-
tive or regional sales office
serving your area.

8806



“EDN’S MAGAZINE AND NEWS EDITIONS
ADDRESS THE WORLDWIDE
LINEAR IC MARKET WE'RE AFTER.”

Bill Enrsam
Vice President of Marketing
Linear Technology Corporation

“When I buy EDN’s Magazine and News Editions,
I'm buying a powerful worldwide circulation and the
most prestigious editorial environments available.
That's a combination that gets results,” says Bill
Ehrsam, Vice President of Marketing for Linear
Technology Corporation.

Ehrsam knows industry sales for high-performance
linear ICs are split between the United States, Western
Europe, and the Pacific Rim. Says Ehrsam, “It's my job
to choose media that mirrors the world markets.”

For complete global coverage, Ehrsam places his
advertising in EDN Magazine Edition and EDN News
Edition. “Linear Technology Corporation is a strong
supporter of EDN Magazine Edition. We rely on EDN'’s
targeted coverage of the U.S. and Western Europe. When
EDN News Edition added Pacific Rim circulation in
December 1987, we added it to our media schedule.”

For Bill Ehrsam, “EDN's Magazine and News Editions
form the cornerstone for Linear Technology
Corporation’s media plan now and in the future.”

4 ",l(JN
L‘!\MM gx‘(”)’l ES

Advertising in EDN Magazine and News Editions works for
Linear Technology Corporation. It can work for you.

Where Advertising Works
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EDN is written for profes-
sionals in the worldwide elec-
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tailed, and useful information
about new technologies,
products, design techniques,
and careers.

EDN covers new and devel-
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EDN’s News Edition also
provides comprehensive
analysis and news of tech-
nology, products, careers,
and distribution.

275 Washington St
Newton, MA 02158
(617) 964-3030

47



Logic. Pure and Simple.

The MODEL 860 programmer. The logical
choice for logic device programming.

A complete range of logic device support at
an affordable price. Stand-alone operation.
Setting user-friendly trends. Portable and
lightweight. On-line customer support.

e Programs:
- PAL, GAL, IFL, E/EEPLD, PEEL and ZPAL devices
- 20, 24, 28 and 40 pin DIP devices without adapter
64K byte standard RAM (256K optional )
Blows device security fuse
JEDEC and HEX formats
Test vector and preload capabilities
RS-232C serial port
Options:
- PLCC adapter
- LOGILINK™ software for remote operation

Call DIGELEC for our full range of programmers.
Logic. The DIGELEC Way.

— I ) PROM & LOGIC *U.S. domestic price
dlgelec PROGRAMMERS

USA HQ: 22736 Vanowen St., West Hills, CA 91307. Tel: (818) 887-3755.
CIRCLE NO 22 Outside California Tel: (800) 367-8750
Europe HQ: Gaissacherstrasse 18, D-8000 Munich 70. Tel: (089) 776 098.
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X-ray: ANSLEY* 50-pin “D" Connector with patented spread pitch design.

A revealing look at the broadest line
of IDC connectors available.

We show an X-ray of one of our IDC connectors to emphasize
that it’s what’s beneath the surface that makes the difference in
IDC connector performance. To make your best choice among
IDC connector systems, take a close look at our line.

The broadest line in the industry.
e “D” connectors, headers, female sockets, ribbon, card edge,

male, DIP plug, plus a full line of flat and round-to-flat cables.

A real system with real system benefits.

e Cable, connectors and tooling (hand or automatic) are
designed and built to work as a system — this is your
assurance of reliability.

Designed for performance, built for productivity.
e We extrude our cable to maintain precise conductor to
conductor spacing.

e Our beryllium copper contacts assure long-term stress
retention in the critical crimp zone — preventing relaxation
and the potential for intermittance.

o ANSLEY?® pioneered the one-piece connector design. It’s still
the standard of the industry.

o Self-aligning cable guides in the connector assure positive
termination every time — the key to high-yield, low-scrap
production.

The company behind the product.

A close look at our company will reveal our strong financial
position, our commitment to the future, and our ability to
support you worldwide. Write for our Annual Report — it’s like
an X-ray of our company.

To take a close look at our complete ANSLEY® IDC Connector
line, and for the location of our nearest stocking distributor, call

1-800-344-4744.

Thomas & Betts Corporation, Electronics Division,
1001 Frontier Road, Bridgewater, NJ 08807 201-685-1600

Thomas&Beltts

Thomas & Betts facilities in Australia: Wyong North N.S.W,, 43 53 2300; Canada: Ontario, 416-858-1010; France Rungis Cedex, 1-46 87 23 85; Hong Kong:
Kowloon, (852) 3-7391286; Italy: Milan, 02-61 20 451, Japan Tokyo, 3 791 6411; Mexico: Naucalpan, 905 393 85 10; Singapore: 747 0244; Spain: Barcelona,
03-3 00 22 52; Sweden: Upplands Vasby, 07 60-8 81 10; Taiwan: Taipei, 2 713 0509; United Kingdom: Dunstable 0582-608101 West Germany: Egelsbach 0 61 03-40-40.
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The Power Transformer

on which

Engineering and Purchasing

Purchasing
Controlling Costs...

We know part of your job is to control
costs. Prem is the only transformer pro-
ducer that invites you to compare. Com-
pare Prem to Signal, Microtran, Stancor
or Triad. You’ll find that PREM COSTS
LESS. And with Prem, our entire line
has UL Recognition and CSA Certifica-
tion at no extra cost to you. Our catalog
includes cross-referenced part numbers
to the above manufacturers to make
comparison simple.

Deliveries Your Way...

PREMIER Service is what we call our
commitment to meeting your deadlines
and scheduling needs. We deliver im-
mediately on small, in-stock quantities.
And, depending on order size, we’ll
work with you to schedule out deliveries
up to 12 months from the date of your
order. Our transformers are specially
packed to prevent transit damage...a
worry you won’t have with Prem.

Can Agree...

Engineering
Quality...

Everybody talks about quality. We do
something about it. Prem transformers
are epoxy impregnated with 100% solids
to withstand most aqueous and solvent
printed circuit board cleaning systems.
This eliminates post-wash soldering. Our
units are 100% induced voltage tested
for shorted turns. Pins are pre-tinned to
ensure good solder contact to the pc
board. Prem has received awards from
leading manufacturers for our outstanding
quality.

The entire Prem line of PC power
transformers is CSA Certified and UL
Recognized at no extra cost to you.
There are no hidden charges.

Technical Assistance...

You can talk to our Technical Services
Manager or any one of our experienced
design engineers. They are only a phone
call away if you have a question or need
technical assistance. We're also willing
to modify our standard PC power
transformers or provide a custom design
to meet your needs.

CIRCLE NO 24

For immediate technical data, see our
catalog in EEM. Or call us.

PRIM

MAGNETICS,
INCORPORATED
3521 North Chapel Hill Road
McHenry, Illinois 60050

Tel. 815-385-2700
FAX: 815-385-8578

Where quality really counts



