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Digi-Key's commitment to service is verified once again! EE Product News surveyed its readership of
103,000 engineers over a three-month period to find out what companies they ranked first in terms of
technology, cost-performance and service. Of the more than 1,500 distributors in the United States,
Digi-Key was the Readers Choice Winner in EEPN's (December 1995) “Readers Pick the Leaders” survey.

When it comes to service, there’s only one leader-Digi-Key!

Call, write, fax, or visit us on the Internet for your free catalog today!

1-800-344-4539

Digi-Key Corporation, 701 Brooks Ave. South, Thief River Falls, MN 56701, Fax: 218-681-3380, http.//www.digikey.com
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Worlds First 3V, SOT-25 Temperature Sensors
With Power Shutdown.

Finally, measuring the
temperature of

your 3 V battery
applications is no

sweat. The ulti-

mate cooling

solution comes

from Analog

Devices with the
industry’s broadest range
of precision, energy-saving
temperature sensors.

The Most Intelligent Use of Power

The TMP3x family puts competitive sensors

on ice with the world’s first 3 V sensors to have
programmable power shutdown. Thermal moni-
toring no longer drains your batteries. Now you
have the flexibility to control temperature mea-
surement for smart optimization of battery power.

PARAMETER TMP35 TMP36 TMP37
10mV/°C  10mV/°C 20 mV/°C
+10/+125  -40/+125 +5/+100
Supply Voltage Range 271055 271055 2.7te5.5
Max. Supply Current 50 pA 50 pA 50 pA
Max. Shutdown Current 0.5pA 0.5pA 0.5pA

Output Scale Factor
Temperature Range °C

That means your CPU monitoring systems, PC
notebooks, cellular and wireless telephones or
other portable, micropower equipment are run-
ning longer and cooler.

Requiring no external signal calibration, condi-
tioning or linearization, the TMP35, TMP36
and TMP37 interface easily with your ADC.

. All three are designed for 2.7 V
| to 5.5 V operation to match your
' design requirements. While
operating, supply current
is a mere 50 pA (half
that of the competi-
tion). During shut-
down you’re look-
ing at an incredibly
low maximum supply of
0.5 pA. Our sensors also provide
+10 mV/°C or +20 mV/°C linearized
voltage output over a wide -40 to +125°C
temperature range. And stability with large capaci-
tive loads is guaranteed.

Longer Battery Life,
Smaller Package
Available in the tiny
SOT-25 package as y

+3V/5V @ 50uA
v°|" = +10mV/°c

AW . i

= Shutdown

well as TO-92 and
SO-8 packages,
TMP3x family mem-
bers are space-sensitive
and priced at just
$0.87*. Low power,
longer battery life and small size make

Analog Devices’ temperature sensors the hottest
choice for your computer, communications or
instrumentation applications.

Tiny SOT-25 (2.7 x 2.5mm)
package with 5-pin efficiency.

For samples and technical information call
1-800-ANALOGD (262-5643). For data sheets

dial AnalogFax™ at 1-800-446-6212 (Faxcode
#1972), or visit us on the World Wide Web.

u ANALOG
DEVICES

Analog. Digital. Solutions.

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106.
Distribution, offices and application support available worldwide.

* USD 1,000s, recommended resale, FOB U.S.A.

t Outside U.S., please call 617-461-3392.
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What it gz"ves your customers 1§ 70r¢ MEMORY.

Our Production-Volume

64~MEG DRAM.

| What that gives you 1s CLOUT. ]

In the marketplace, you want
| to be a high-impact player. You
| want something the other guys
don’t have. Something the
customer wants. Something that
will—yes—give you clout.

Well, good news. Help is here,
we have what you need.

At Samsung, we have volume-

® SAMSUNG SEMICONDUCTOR, INC., 199§

production, 64-meg DRAMs that
will give your systems four
times the memory they have
now. With virtually no re-
design required.

And just as we were the first
to complete the 64-meg, we are
the only supplier out there that
has volume production available.
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It’s in a 400-mil package, and we
have it at a cost-per-bit premium |
that 1s probably much less than |
you'd expect.

Especially when you consider
the advantage these DRAMS give
you. Because after all, more
memory is at the very top of just
about every customer’s list of




The 64M DRAM, In Volume Production

PART

KM44VI6000A
KM44VvI6100A
KkM48v3oo00a
kM48v8100A
KM44Vi6004A
KM44VI6104A
KM48vioo4a

ORG.

16MX 4
16MXx 4
8Mx 8
8Mx8
16Mx 4
16Mx 4
8Mx 8

SPEED FEATURES

Fast Page, 8k Ref.
Fast Page, 4k Ref.
Fast Page, 8k Ref.
Fast Page, 4k Ref. l

so/%o/70
s0/60/70
50/60/70
50/60/70
50/60/70
so/o/70
s0/60/70

EDO. 8k Ref.
EDO, 4k Ref.
EDO. 8k Ref.

)

KM48v8104A 8Mx8 50/60/70  EDO, 4k Ref.
All parts 1 3.3 volt, and both TSOP and s0J

what they want.

The second-generation, 400-
mil 64-meg is available with
Fast Page or Epo. It’s offered
in both Tsop and soj, and in
three organizations.

Whether you make work-
stations, disk arrays, or servers,
you’re going to want it.

.

Because with a competitive ad-
vantage like this, you just may be
able to deliver the knockout punch.

For

world’s most advanced DRAM

information on the

and the only volume production
available, contact the world’s
leading memory supplier.
Samsung. At1-800-446-2760.

Or write to DRAM Marketing,
Samsung Semiconductor Inc.,
3655 North First Street, San
Jose, California, 935134.

SEMICONDUCTOR
Still A Generation Ahead.
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Think Analog Arrays

save time & money

. Orbit
: Arrays
Op : Tl
Amp
DAC w

Discrete Components

COMPARE & SAVE

Key Decision Orbit Full Custom Discrete
Factors Mixed-Signal Array ASIC Components

| NRE costs (typ) Low ($15K-$75K) High ($100K-$300K) NA.
Prototypes*(typ) Fast (6-18 wks) Slow (24 to >52 wks) N.A. i
_Time-To-Market Fast Slow | Moderate (8-24 wks) |

| Design Risk Minimal | High | Low

Price (10K-100K/yr) Low ‘ Medium | High

{(100K-1M/yr) Low Low High

*Design completion to silicon
g I

Rapid Analog Design-to-Silicon Gets
p 25
Your System to Production Faster e

sizes

Orbit’s analog and mixed-signal CMOS arrays speed the development

of your end product. We offer over 25 array sizes which contain 50 to 5,000
gates, 5 to 50 Op Amps. plus many other analog components and operation FREE DESIGN GUIDE
down to | volt. We also provide discrete KIT parts for breadboarding. 800-331-4617
800-647-0222 CA

Our arrays allow faster layout, shorter fab cycle times and reduced ; 2
http://www.orbitsemi.com

non-recurring engineering (NRE) costs compared to a full custom.

Working jointly with our experienced analog design engineers, you can

achieve design-to-silicon in as little as six weeks. And if any iteration is ﬂ '
required, Orbit can provide turnaround in just two weeks. For high L SEMICONDUCTOR, ING.
volumes. further cost reduction can be achieved by converting the array ISO 9001 Certiﬁed
into a low NRE ($35K-$50K) Orbit full custom mask set.

Orbit Semiconductor, Inc. 169 Java Dr. Sunnyvale, CA 94089; 408 744-1800, fax 408 747-1263
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[TRI J

Since its inception, the Ideas for Design section has always been one of the best-
read sections of Electronic Design. In recent years, it has consistently vied with
Pease Porridge for the top spot in our periodic readership surveys. Perhaps it's the
unpredictability of each section that draws readers—In the IFD section, as it’s
known here in the office, you never know when you're going to find that circuit
you've been looking for lo solve a particular design problem; And, in Pease
Porridge, the creative unpredictability of Bob Pease is becoming legendary in the
industry.

A little history: Ideas for Design as we know it today began in Electronic Design
in March 1961, although the section title itself dates back to 1954, when it was
used to designate a single. particularly useful article. In 1961, probably with more
ideas coming in from readers than could ever be published one to an issue, the edi-
tors decided to publish several ideas in each issue and allow readers to vote for the
one idea that they considered the most useful. At that time, no other electronics
trade publication had a similar section.

Since then, we’ve probably published more than 4000 ideas (it’s difficult to esti-
mate, but we could figure on about 125 ideas a year for 35 years). We have often
been asked why we haven’t collected the ideas into a book. Actually, we have done
so in the past—I have on my bookshelf right now the office copies of Volumes 3
and 4 of “400 Ideas for Design” published by Hayden Book Co. in 1976 and 1980,
respectively. Volume 1 was published in 1964, and Volume 2 in 1971 (our office
copies of those earlier volumes took a walk a long time ago.) Today, we have our
CD-ROMs covering the complete contents of Electronic Design from 1989 through
1994, and we now are working on getting complete copies up on the Internet.

In this supplement, we have collected many of the ideas that were voted “Best of
Issue” by our readers in Electronic Design from early 1995 through early 1996. We
hope you enjoy reading it and, more importantly, find it useful. We'd like to hear
from you, because we plan to publish another, similar supplement in 1997, con-
taining the Ideas for Design voted Best of Issue for a corresponding time frame.

One final note: In several places throughout this supplement, you'll notice small
boxes calling for readers to contribute articles to the Ideas for Design section. The
fact is that we rely on our readers to supply the brief articles that make up Ideas
for Design. We encourage all readers to participate in the IFD program, and share
their innovative ideas with other readers.

STEPHEN E. SCRUPSKI

Editorial Director
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DIGITAL & ANALOG AUDIO FREQUENCY TESTING

Its W
About Time

Testing aircraft to automobiles, satellites to cell phones, headsets to
hearing aids, SYSTEM ONE from Audio Precision saves you time...

e NP et L) | ,."..-‘.‘\

: : Systerm One is simply t complete and 0
plus better perform d lower cost - high performance audio test system available for both

iNing many " dio frequency test and measure- Analog & Digital Domain testing. It makes fast, highly

ment fuNctions iINto one compact instrument. Its speed- accurate measurements of all the analog and digital
optimized architecture and greater instrument intel- audio frequency parameters needed for testing any
ligence include features like selectable reading rates, audio path. Systerm One lets you separate audio test
switched detector time constants and an advanced development from GPIB pragramming. Complete instru-
measurement settling algorithm. This advanced design ment setups and entire test sequences are automati-
can give you overall testing speed 3 times faster than the cally memorized with our easy-to-use PC software, so
common alternative, and even 10 to 100 times faster you spend time testing audio, not writing program code.
using our DSP option for multi-frequency testing. Then after proving out the tests with our PC software,
switch the System One to GPIB mode for production test
development.

So if you make analog or gigital domain audio frequency measurements
its about time to consider Audio Precision and System One. we'd like to
take the time to save you time (and money!)
Please check the reader service number below. Our worldwide force of
Audio Precision representatives will be pleased to provide
further information and an onsite demonstration.

Audio Precision...The recognized standard in Audio Testing

[ ] k 1 " i3
Audio . | e
READER SERVICE % preCISIon i%%ﬁm,_ 2&{231-7350

INTERNATIONAL DISTRIBUTORS: Australia: IRT Electronics Pty. Ltd., Tel: 2 439 3744 Austria: ELSINCO GmbH, Tet (1) 815 04 00 Belglum: Trans European Music NV, Tel: 2 466 5010 Brazil: INTERWAVE
LTCA., Tel (21)325.9221 Buigarls: ELSINCO, h.e. Strelbishte, Tel: (2) 58 61 31 Canada: GERRAUD O Diswioution Tel: {418) 6¥6-2779 China, HongKong: A CE (Int'l) Co. Ltd., Tel: 424-0387 Croatia: AVC Audio
Video Comsuting. Tel: (41) 624 622 Czech Republic: ELSINCQ Praha spol. & r.0., Tel: (2) 49 66 89 Denmark: npn Elektronik aps, Tel: 86 57 15 11 Finland: Genelec OY, Tel: 77 13311 France: ETS
Mesureur, Tol: (1) 45 83 66 41 Germany: RTW GmbH, Tel: 221 7u913-0 Greece: KEM Electronics Ltd., Tel: 01-6478514/5 Hungary: ELSINCQ KFT, Tel: (1) 269 18 50 India: HINDITRON Services PVT,
Tel: 22 836-4560 Israel: Dan-E|l Technologies, Ltd., Tel: 3-6478770 Italy: Link Engmeering s.r.l., Tel: 6521/648723 Japan: TOYO Corporation, Tel: 3 {5688) 6800 Korea: B&P International Co., Ltd., Tel: 2 546-1457;
B&P_(Kurm Offca), Tel: 0546 53-7347/8 Malaysia: Test Measurement & Emginnering Sdn. Bhd., Tel: 3 734 1017 Netherlands: Heynen b.v., Tel. 08851-96300 New Zealand: Autio & Video Wholesalers,
Tel: 7 847-3444 Norway: Lydconsult, Tel: (47) 66-988333 Poland: ELSINCO Palgka “p. 2 0.0., Tel: (22) 39 69 79 Portugal: Aoutron Electroacustica LDA, Tel: 1 94141187 / 9420862 Singapore: TME Systems Pte
Ltd,, Tel: 747-7234 Slovakia: ELSINCO Bratilava spol. s r.o., Tel (7} 784 165 South Africa: SOUNDFBSION Broadcast Tet 11 477-1315 Spaim: Telco Electronics, S. A, Tel: 1 531 7101 Sweden: Tal & Ton
Elettronik AB, Tal: 31 80 36 20 Switzerland: Dr. W.A. Gunther AG, Tel: 1 918 41 41 Talwan: R.O.G/ -“Cha-Wer-Electric Trading Co., Tel: 2-5612211 Thailand: Massworld Company Ltd., Tel: 662-294-4930
United Kingdom: Tauriby Thandar instrumens, Ltd., Tal: (0480) 412451
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FOR EMBEDDED APPLICATIONS,
THIS 486

COMES FULLY LOADED.
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GO AHEAD—KICK THE TIRES.

NSA486SXF To reduce costs and

Real Time
N
-
Timer & NSa86 >
e CPU CORE =
Programmable Bl Bus Intectace

Interrupt -] } > Uniit
Controller

e PCMCIA
12 & Microwire W DMA H Coatroller
Serial Interface Controller

Reconfigurable
. ' 1 f
Lco 6550 UART ECP Paralle!
Controller with IrDA Port

integrated peripherals and on-chip service elements, the NS486SXF

time to market for your
embedded 32-bit appli-
cation, the NS486SXF
comes standard with all

the features you could

want.

With the industry’s

most complete set of

is the first true embedded 486 system on a chip. By eliminating cost-
ly desktop features, we've created the only 486 CPU core that is
optimized for embedded applications.

The familiarity of the 486 architecture means you can develop
with confidence. And the NS486SXF is supported by the best com-
pilers in the industry, and by tools and kernels from leading real-
time operating system and software vendors.

The NS486SXF Evaluation Kit includes everything you need to
generate and debug code and run benchmarks, including evaluation
copies of indusiry-leading development tools and kemels from sev-

eral world-class software vendors.

ORDER YOUR EVALUATION KIT TODAY.

Kick the tires on National’'s NS486SXF processor. Call .
your local National distributor to order your NS486SXF-KIT "\-.....
for the low price of $486. For more information, call )

mﬂmn

National at 1-800-272-9959 Ext. 608. Or visit us at
http://www.national.com/NS486.

N‘\'alionul Semiconductor

NATIONAL SEMICONDUCTOR®, & ®, are trademarks of National Semicouductor Corporation. ©1996 National Semiconductor Corporation
All rights reserved. FOB Santa Clara,Ca. USA.




2.5KHz-8GHz AMPLIFIERS

G
" g - ~
1095 (Setof 3 1-9 qty.) 2
onl +20dBm Power Qutput, 20dB Gam

Power Output,  DC Power Indiv

Freq Gan dBm@ 1dB Vot Curent Conn. Price ($)

Model (MHz) {dB) Compression Vv mA Type (1-9qty.)
ZHL-6A 0025-500 21 +23 24 350 BNC 199
ZHL-1042J  10-4200 25 +20 +°5 330 SMA 495
ZRON-8G  2000-8000 20 +20 +15 310 SMA 495

Set of 3 Amplifiers # KZHL-318: $1095 (1-9 aty.)

[ IMini-Circuits’ P

(3 Piece Set)

Expand laboratory capabilities and put a full spectrum of power
at your fingertips with Mini-Circuits 2.5KHz to 8GHz medium
power amplifier set. Each ultra-wideband set contains three
individual heat sinked RF amplifiers with at least +20dBm output
and overlapping frequency response range capabilities; 2.5KHz
to 500MHz, 10MHz to 4.2GHz and 2GHz to 8GHz. Applications
for these amplifiers include increasing the signal levels to power
meters, spectrum analyzers, frequency counters and network
analyzers as well as boosting signal generator outputs.

You can buy these amolifiers individually at Mini-Circuits already
low prices, or own the full spectrum set for the money saving
price of only $1095 (1-9 qty.) ! To order from stock with a guarantee
to ship within one week, call Mini-Circuits today ! &3

Mini-Circuits...we’re redefining what VALUE is ail about!

wre 119

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http:/www. minicircuits. com  ©/FOLE REACER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to « 740- pg. HANDBOOK « INTERNET « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDS.Let.Our Experience Work For You.

F176 RevC



|deas voted "Best Of Issue” by the readers of Electronic Design ET DERS FOR DESIGN

Charpe Pump Generates Gate Drive

CHESTER SIMPSON, 3360 Tracy Dr., Santa Clara, CA 95051; (408) 296-1925.

any products that are
M loaded with logic hard-
ware use 5 V as the main
power source. The management, dis-
tribution, and conversion of this
main 5-V rail often requires power
FET devices. These devices are used
as “switches” either in a de mode (to
connect or remove power to specific
circuits) or in an ac mode (where the
FET is driven at high frequency to
provide de-de conversion).

In most cases, an n-FET makes a
much better switch than a p-FET
because of drastically lower cost,
much lower on-resistance, and
greater selection and availability of
product. The only drawback of using
an n-FET is that it requires “high-
side drive” for the gate, which means
a voltage source must be available
that’s higher than the 5-V rail. This
“gate-drive voltage” needn’t be well
regulated, because it’s simply used
to pull the gate up high enough to
turn the FET fully on.

The amount of voltage required for
gate drive to assure the FET is fully
turned on is typically about 5 V high-
er than the drain. Consequently, in 5-

V systems, the available drive must
be at least 10 V. Of course, more volt-
age is better, since it results in
reduced on-resistance for the FET
and, correspondingly, less power dis-
sipation.

The amount of current that the
gate-drive source must provide
depends on the application: If the
gate drive is only for FETSs used as
dc switches, then a few hundred
microamperes is sufficient (the
amount of de current that flows into
the gate is negligible). However, if
the gate-drive source is used to pro-
vide bias voltage to a high-frequency
converter, it may require 30 to 40
mA of average current. That’s
because the 2000 to 3000 pF of gate
capacitance present on a typical
power FET must be charged up and
down at 100 kHz or more, and that
takes a lot of current.

This Idea for Design presents a
charge-pump circuit that’s well suit-
ed for generating a gate-drive rail
for either application, showing how
to optimize selected components to
address the “high current” or “low
current” requirements that were

stated previously.

The “high current” version will
address applications requiring up to
40 mA, while the “low current” ver-
sion is a lower-cost alternative pro-
viding up to 1 mA.

A charge pump is usually prefer-
able to a typical switching converter
for applications in which load cur-
rent is < 50 mA. That'’s because it can
be built with inexpensive, off-the-
shelf components, it requires no
transformer or inductor, and it pro-
duces zero EMI interference.
Charge-pump (voltage-doubler) ICs
are on the market, but they won’t
work in this case due to the fact that
they only generate about 8 V from a
5-V input (two doubiers could be
used, but the cost is prohibitive).

The design shown is a voltage
tripler, which provides the right
amount of voltage needed for gate
drive in a 5-V system (about 10 to 14
V) (Fig. 1). The circuit boosts the 5-
V input by charging capacitors C1,
C2, and C3 so that the voltage across
C1 approximately equals 3 X
(Vin-Vaiode)- Resistors R5 and R6,
as well as capacitors C4 and C5 are

+#Vin . =
CR3 Ry

CR2 (note 4) ) R

K I 1k

ote L o 5 s el

gt (note3) W6 S 59 L
a u R
¥ LM555
—Y| 2 Ry g 15k
(note 3) 5 1
CR1 200
¥ (note 4) l
v 71
: 2 T Ry 0 001 F ::m r
T (note 3) " 23904 T i
GND ® 3

Notes:
1. Resistor tolerance is 5%.
2. All capacitors are ceramic, except as specified in Note 3
3. Values of C4, C, and C depends on desired load current:
For the “"low current” version, use 0.022-.F ceramic (Panasonic ECU-S1JZ23MEA or similar).
For the ""high current" version, use 10-y.F/25-V aluminum electrolytic (Panasonic ECE-A1EGE100 or similar) observing polarity shown.
4. Diode type used at CR1, CR2, and CR3 depends on load current:
For "low current" version, use 1N4148 or similar.
For “"high current' version, use a small Schottky diode such as 1N5158 or similar.

1. A CHARGE PUMP buitt as a voltage tripler can provide just the right amount of voltage needed for gate

drive in a 5-V system.

suppLenen 1o euecraonc oesisn = octaber 24. 139 @ESIP
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used to set up the LM555 (U1) as an
astable (free-running) oscillator that
produces a 40-kHz square wave of
50% duty cycle at pin 3 (any typical
ceramic capacitors can be used for C4

and C5).

On each complete cycle, C3 is
charged up to about 4.3 V through
CR3 when pin 3 of Ul pulls down to
ground. When pin 3 is driven high (up

2
Test data for high-surrent version:
Eg €4, Cp, C3 = 10,4F and CR1, CR2, CA3 = Schottky
: 15 T
= \
N (.
\4
T
10
0 10 20 30 40
Vg load current (mA)
20

AN

Test data for low-current version:
Cy, Cg, C3 = 8.022 uF and ER1, CR2, CR3 = 1N4148

Vg voltage (V)

10

0 02 04
g Ioad currer (mA)

0.6 0.8 1.0

2. THE CURVES indicate the output voltage delivered by the high-cur-
rent and low-current versions of the voltage tripler as a function of load.

any test and design func-

| tions require a sine-wave

¥ signal source with excel

lent frequency accuracy. Although

signal generators are used for actu-

rate sine-wave signal sources in the

initial design stages, they're too cost-

ly to dedicate to manufacturing test

functions. One option is to design a

sine-wave crystal oscillator, but it

can be costly because the design task
is difficult and risky.

Another option (see the figure) ean
replace signal generators in fixed
frequency applications. The HA7210
crystal oscillator, which is typically
used as a square-wave generator,
functions as the basic oscillator cir-

@EID 50rPLH0 10 ELECTAONE DESIGN = Gctaber 24,1936

Sine Waves With Crystal Accuracy

RONALD MANCINI, Harris Semicenductor, P.0. Box 883, M/S 58-096, Melbourne, F L. 32902-0883.

cuit because it solves a myriad of
design problems, such as startup,
wide frequency range, and cost. The
circuit topology is a Pierce oscillatar
that has a erystal-w circuit in its
feedback network. The erystal-w
network also functions as an excel-
lent crystal filter, delivering a pure
sine wave of the selected frequency
at its output.

In this application, the HA7210 is
configured as a 1-MHz oscillator with
the other functions, such as enable,
not being used. The frequency can be
modified by changing the crystal and
digital code on the frequency-select
input pins. Notice that the sine-wave
oscillator input is taken from pin 2 of

to about 4 V), Q2 is turned on pulling
the negative side of C2 to ground,
and C3 charges C2 up to about 8 V
through CR2. When pin 3 of U1 again
goes low, Q1 turns on and pulls the
negative side of C2 up to 5 V, which
means its positive side swings up to
about 13 V. This charges C1 up to
about 12 V through diode CR1. As
the charge pump operates, this cycle
repeats continuously to keep deliver-
ing current to C1, which flows into
the load connected to the VG point.
The voltage seen at VG depends on
load.

Obviously, optimizing the compo-
nents used makes a better design.
Therefore, if higher current (up to 40
mA) is needed, CR1-CR3 must be
Schottky diodes similar to IN5818.
Also, C1-C3 must be 10-pF alu-
minum electrolytic capacitors. For a
low-curent version, if 1 mA of load
current is sufficient for the gate-
drive source, 1N4148-type diodes are
best for CR1-CR3, and 0.022-uF
ceramic capacitors can be used for
C1-C3 to save on cost and size.

The curves show the output voltage
delivered by both versions of the cir-
cuit (using the components called out
in the schematic diagram) as a fune-
tion of load current (Fig. 2).

Yoted “Best of Issue,”
Electronic Design, September 18, 1995

the HA7210 (a node that's recom-
mended for the crystal connection)
rather than the square-wave output.

The node, which is the output of the
crystal-w feedback network, is very
sensitive to loading and stray capaci-
tance, so the circuitry buffering the
sine-wave source must not load down
this point. If the feedback node can
be buffered without affecting the
oscillator's stability or sine-wave
purity, the problem is solved. The
CA3130 is selected as the buffer
because it has a 14-MHz bandwidth,
and its extremely high input imped-
ance minimizes loading on the oscilla-
tor: C1 and R1 couple the sine wave
from the oscillator to the CA3130




UNPRECEDENTED

IN VALUE.

}/ : All Ceramic 2 to 1900MHz

JMS mixers mean unparalleled performance and reliability. Solder plated
J leads pravide improved refiability of the solder connection while
significantly reducing thermal stress and leaching. All-welded

internal construction withstands reflow temperatures up

to 240°C tor 5 minutes, and rugged construction enables

$/125

from

{qty. 10-49)

JMS mixers to pass tough MIL-M-28837 shock and

vibration tests. Additionally, the all-ceramic surface mount
package has a cover pull strength of 20 pounds! Other quality
features include 4.5 sigma repeatability unit-to unit,
automated assembly for low-cost and fast, guaranteed 1 week
shipment, tape and reel availability plus a 5 year Ultra-Rel™

/ guarantee. If value is a must...specify JMS mixers from Mini-Circuits.

SPECIFICATIONS
LO
MODEL (dBm)
JMS-1 +7
JMS-1LH +10
JMS-tMH +13
JMS-1H +17
JMS-2L +3
JMS-2 +7
JMS-2LH +10
JMS-2MH +13
JMS-2H +17
JMS-2wW +7
JMS-11X +7

Note: “10-40 qty.

L JMini-Circuits’

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits. com

FREQUENCY (MHz)
IF

LOARF

2-500
2-300
2-500
2-500
800-1000
20-1000
20-1000
20-1000
20-1000
5-1200
5-1900

2C-500
DC-500
DC-500
DC-500
DC-200
DC-1000
DC-1000
DC-1000
DC-1000
0C-500
5-1000

Mini-Circuits...we’re redefining what VALUE is all about!

MIDBAND (dB. typ.)
Isolation

Corw.

Loss

5.76
5.75
5.75
5.90

7.0
7.0
6.5
7.0
7.0

6.8
6.7

L-R
45

g8 8

®8 88&8%

L

45
45
45
50
20
47
35
47
47

48
37

us

$ea.
(qty. 1-9)
4.95
8.45
9.45
11.45

7.45
7.45
9.45
10.45
12.45

7.95
425"

INT'L
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buffer. The buffer input impedance is
1.5 T) in parallel with 4.3 pF. If C1 is
selected as 3 pF, the overall loading
capacitance seen by the oscillator is
1.77 pF, which has no adverse effect
on the oscillator. R1 is selected as 40
[ MS(2 to provide a path for the buffer
[ input bias current (it can be as large

as 50 pA). This component selection

yields a clean sine wave with an off-
| set voltage of approximately 2 mV
and a 2.5-V p-p amplitude.

The buffer's sine wave output leads
the digital output of the oscillator by
approximately 54. Both outputs are
low impedance and available for
simultaneous use as signal sources.

Voted “Best of Issue,”
Electronic Design, September 5, 1995

arious CMOS digital func-
v tions are usable in many

analog applications. For
instance, a single CMOS package
(MC74AC00) makes possible a low-
power, low-noise, broadband amplifi-
er and balanced mixer (see the fig-
ure).

NAND gates 1 and 2 are config-
ured in a self-biased, push-pull
amplifier. The 470-k, 1/4-W resistor
allows the gate outputs (pins 3 and 6)
to establish equilibrium with the
gate inputs (pins 1 and 5) for a nomi-

+5V

|
_I_ 0.1 uF
&I

1 | 5 ¢
5 A
— HAT210 ———o0Digital output
416J3] ;2

Loty

Y 11

= =1 G4

3pF

A CRYSTAL OSCILLATOR, when used in this type of configura-

tion, produces frequency-accurate sine waves, and thus can be used as a
replacement for the costly signal generator.

Broadband Hmplifigrlﬂalanced Mixer

DON SCHENDEL, 6234 E. Aster Dr., Scottsdale, AZ 85254-4429; (602) 948-6880.

nal bias potential of +2.56 V. (Vo /2).
Pins 2 and 4, when connected togeth-
er, allow for an external “enable”
control of the amplifier. The amplifi-
er is enabled when the control line is
in the “high state” (V). Both ends
of the bias resistor are ac-bypassed
at the center points of transformers
T1 and T2 by 0.01-uF capacitors.
Transformers T1, T2, and T3 are
twisted-wire  (transmissgion-line)
types on small ferrite core toroids.
Bandwidth and performance of the
transformers are a function of the
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(the MC74AC00).
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A LOW-POWER, LOW-NOISE broadband amplifier and balanced
mixer can be built using a single quad 2/input NAND gate CMOS package

number and size of the wire turns on
the type of toroids chosen for use.
The upper frequency-response limit
for this circuit is 60 MHz.

The balanced mixer is configured
with the two remaining gates (3 and
4). Input pins 9 and 12 are connected
to the secondary windings of trans-
former T2. Pins 10 and 13 also can be
used as an “enable” control. The
local oscillator (LO) potential is
applied to point A (see the figure,
again). The IF is realized at the sec-
ondary output of transformer T3. If
point A is connected to point B (the
330-k, 1/4-W resistor and 0.01-pF
capacitor node), a bias of +2.,5 V is
applied to pins 9 and 12 of gates 3
and 4 of the mixer. In this configura-
tion, pins 10 and 13 become the drive
points for the LO potential. This
lowers the drive power required of
the LO source and reduces LO
power common-mode, inverse feed-
back through the amplifier stage.

Transformer T3 can be replaced by
a small audio transformer, such as a
1-k et : 8 ) for direct conversion of
either AM or SSB signals. The
broadband amplifier exhibits power
gains of 12 dB and greater with a
noise factor 4.5 dB or less from 3 to
30 MHz. The balanced mixer offers
10 dB or greater conversion gainata |
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97% Efficiency Delivers The Most Power To The Load

With The Industry’s First Hybrid PWM Amplifiers

Mecting the power demands of circuits requiring in excess of 200W can be
done quicker, cheaper and more efficiently with a Pulse Width Modulation
(PWM) amplifier. Also know as “switching” or “class D" amplifiers, a PWM
amplifier is typically more than 90% efficient and therefore requires substantially
less heatsinking. But until now, typical PWM amplifiers have utilized potted-
module and rack mounted technology.

Hybrid Reliability. Reduced Heatsinking.

Apex Microtechnology is designing and manufacturing the industry's first
bybrid PWM amplifiers. In addition to greater reliability and packages that are
smaller and lighter weight, the efficiency of these hybrids eliminates the need
for bulky, space consuming heatsinks. Apex’s first three PWM models all
feature full bridge output operation.
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Free Product Data. Single Unit Quantities Available.

For more information on Apex’s PWM amplifiers, call 1-800-862-1021.
All three P%YM models are sold in single unit quantities for your evaluation
by calling 1-800-862-1032 or fax 520-888-3329.

SA51 SAD1 SA50

* Up to 400W continuous output
* 97% efficient

« 16V to 80V single supply

« 5A output continuous

» Low cost complete H-bridge

» T0O-3 packaging

» Available fully screened to

MIL-H-38534
* Priced $85.00 in 100s
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« Up to 2kW continuous output

« 97% efficient at 10A, max voltage
+ 16V to 100V single supply

« 20A output continuous, 30A peak
* 42kHz switching frequency

« Max dissipation 200W

« Full bridge output operation
« Thermal protection

* 2in footprint

* Priced $250.00 in 100s
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Apex Microtechnology Corporation
5980 N. Shannon Road, Tucson, Arizona 85741-5230

* Up to 400W continuous output
* 97% efficient

* 16V to 80V single supply

 5A output continuous

« [nternal PWM generation

« Full bridge output operation

« Available fully screened to
MIL-H-38534

* Priced $95.00 in 100s
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| relatively low noise factor. The quad

2/input NOR gate, MC74AC02, also
can be used for this function with
similar performance.

However, the package pin configu-
ration of this circuit must be
changed accordingly. Other CMOS
varieties, such as the 74HCxx fami-

ly, may be used in this application.

Voted “Best of Issue,”
FElectronic Design, October 2, 1995

Acquire Watt-Hour Data With RS-232

W. STEPHEN WOODWARD., Venable Hall. CB3290, University of North Carolina, Chapel Hill, NC 27599-3290;

Internet:woodward@uncvx1.oit.unc.edu
ong-term  measurement
and recording of power

m

consumption is useful when
assessing energy efficiency of elec-
trical appliances and apparatus. For
meaningful readings of “real” (non- |
reactive) power, the wattmeter must
be insensitive to both load reactance
and nonlinearity.

This circuit utilizes a symmetrical
pair of transistor multipliers to
directly compute the four-quadrant
product of real current and line volt-
age (see the figure). The result is

averaged and converted to a vari-
able-frequency, optically isolated,

RS-232-compatible pulse output |
suitable for direct connection to the

comm port hardware interprets each
pulse as the “start bit” of a valid
(although meaningless) character.
Simple software running in the PC
then can monitor the frequency of
character reception as an accurate
measure of power consumption.
Looking at one perspective of the
circuit, consider positive half-cycles
of the ac line voltage. These cause
current proportional to the instanta-
neous line voltage to flow through
E, and forward-bias Q4 and Q5. If
the instantaneous load current

through R; is zero, then the Rv cur- |

rent will divide equally between Q4
and Q5 due to the inherent matching

| of these elements from the CA3096A

| The current entering Q4 is invert-
ed by A2 and summed with Q5's cur-
rent at integrator Al, at which point
the currents will cancel, thus reflect-
ing the zero-power condition.
However, if the current is nonzero,
the resulting voltage developed
across R; will cause a mismatch in
the Q4/Q5 currents. Because we're
dealing with positive half-cycles, if
the load current is in phase with the
line voltage, every ampere of load
current will make the Q5 end of R;
1.0 mV more positive than the Q4
end. Each millivolt of R voltage
causes 0.8% of mismatch in the
Q4/Q5 currents, with Q4 passing
more than Q5. Consequently, the

comm port of a standard PC. PC | array. | currents summed by Al will no
S
+13V
)
IN4001 & [
100 3
Black__ — | 3
120Vac 1F (1K ocom’luaw
Witz | o noniinear
N4001 & 0K
BOuF L
ep *
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THIS OPTICALLY ISOLATED AC POWER-TO-FREQUENCY converter produces an RS-232-

compatible output suitable for direct input to a PC communications port.
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SWITCHES

DC-2GHz Immediate Delivery from fog

Finally! A line of SPDT absorptive, reflective and transfer switches that
appeals to your technical side, and business side as welll It's
Mini-Circuits GaAs switches...providing outstanding performance
features such as very high isolation {(up to 60dB), superfast 3nsec
switching speed and excellent compatibility with surface mount
soldering techniques. Additionally, the entire series is built
extremely tough and is immediately available from stock with a
1 week shipment guarantee. At only $2.95 (gty.10), this
top-of-the-line value is priced with your bottom line in ming!
To order, call or Fax Mini-Circuits with your requirements today.
Mini-Circuits...we’re redefining what VALUE is all about!

Inserdion 1dB In-Out Price

Freq. Loss® Comp.® Iso.® $ea.
Model No. (GHz) dB(max.) dBm (typ.) dB(typ.) (aty.10)
MSW-2-20 DC-2.0 1.0 +24 34 295
(Reflective)
MSWA-2-20 DC-2.0 s +27 40 3.45
(Absorptive)
MSWT-4-20 DC-20 18TXQ@ +28TX®@ 30 3.95
(Transfer) 20RX®@ +27RX®

® Midband, 500-1000MHz @ Transmit @ Receive
All Units: SOIC 8pin Package
@ s

SPDT ABSORPTIVE

Antenna

va

™0 < > AXD

Antenna
TRANSFER

m Mini'CirCUits® 122 g 123

P.O Box 350166, Brooklyn, New York 11235-C003 (718) 934-4500 Fax (718)332-4661 C/FCHE AEADES © CAR

For detailed specs on all Mini-Circuits products refer to » THOMAS REGISTER » MICROWAVE PRODUCT DATA DIRECTORY » EEM » MINI-CIRCUITS' 740- pg. HANDBOOK.
CUSTOM PRODUCT NEEDS...Let Cur Experience Work For You. 74 Rav A
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longer cancel and Al will accumu-
late 3.2 nA for every watt drawn by
the load. The transistor multiplier's
negative temperature coefficient is
largely compensated by the positive
temperature coefficient of the cop-
per current-sensing resistor R1.
Al's output controls the current-
to-frequency converter, which con-
sists of A3 and Sa, Sb, and Sc. The
idle state of the converter sets A3's
output high. This connects C1 to
Al's output and charges C2 to the 8-

V reference voltage developed by
Ql. When Al's output voltage
charges C1 enough to pull A3's
inverting input higher than its non-
inverting input, A3's output goes
low. This event initiates the dis-
charge cycle of C1, the duration of
which determines the length of the
RS-232 output pulse generated by
Sb through isolator O1.

Meanwhile, Sa resets the charge-
pump capacitor C2. This action pro-
vides frequency-proportional cur-

rent feedback that, at equilibrium,
accurately balances the difference
between the Q4/Q5 currents, mak-
ing the output frequency of the con-
verter equal to 1 Hz for every watt
of average load power. Full-scale
output is 1200 Hz. For negative line
half-cycles, Q4/Q5 turn off and
Q2/Q3 take over power computation
duties.

Yoted “Best of Issue,”
Electronic Design, April 3, 1995

his design offers a way to
trace resistance in the mil-

liohm range, right to a short
between bridged traces beneath a
solder mask (see the figure). It sim-
ply translates resistance into an
audible tone, which increases in pitch
as the measured value approaches
zero.

In the classic op-amp multivibrator
(shown in the inset), oscillation fre-
quency is determined not only by the
R1C1 time constant, but also by the
hysteresis set by the R2/R3 resistor
ratio. Al in the main figure, with cur-
rent boosters Q1 and Q2, is this same
configuration.

Assuming a virtual ground at the
output of A2, free-run frequency is
about 1 kHz—quite audible through a
tiny 8-() speaker. Q1 and Q2 deliver a
+10-V squarewave to R4, dumping a
+100 mA through a short ecircuit
placed across the probe tips. R5
ensure than open circuit voltage
never exceeds 0.1 V.

A2 monitors the voltage between
the probes. The differential input
must have its own separate path to
the probe tips to eliminate test lead
resistance from the measurement.
Miniature “zip-cord” sold as loud-
speaker wire makes a tidy two-con-
ductor test lead.

When the probes are open, A2's
gain equals the R4/R5 divider loss,
and the output of both amplifiers is
identical. This has two effects: First,
hysteresis is greatly increased and
frequency falls to a low growl, and
secondly, the loudspeaker that

@D supPLcnn 10 ELECTRONIC BESGH = Dctober 24, 1956

“Beeper™ Finds Circuit Shorts

JIM wOOD., Inovonics Inc., 1305 Fair Ave., Santa Cruz, CA 95060; (408) 458-0552.
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RESISTANCE BETWEEN BRIDGED TRACES can be trans-

lated into an audible tone with this circuit. The tone increases in pitch as the
measvred value approaches zero. The inset at the lower right shows a cltassic

op-amp multivibrator.

bridges the two in-phase outputs is
effectively silenced.

A dead short across the probe tips
will return nothing to A2 and the cir-
cuit will squeal at its nominal 1-kHz
rate. Anything less than a perfect
short produces some output from A2,
increasing multivibrator hysteresis
and lowering the pitch. The circuit
has so much “leverage,” and the ear
is so sensitive to pitch changes in this
range, that it's easy to resolve
minute resistance differences.

Any general-purpose op amp will

suffice in this circuit-a couple of 741s
or an equivalent dual. Again, two
wires must be taken to each probe
tip and soldered securely. Also,
probes must make low-resistance
contact with the circuit under test.
The H.H. Smith #317 probe is ideal
here. Its tip is a replaceable, old-
fashioned steel phonograph needle
that can pierce insulating layers and
dig into oxidized solder joints.

Voted “Best of Issue,”
Electronic Design, April 3, 1995
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3TIMES

FASTER
THINK

TWICE THE

DRIVE

with no noise penalty

From the same company that : ' =
created FACT™ and FAST® logic : 4 By
technologies, National’s Fairchild
Logic Group delivers the next
answer to HC logic. .. National's
VHC. it offers up to twice the
output drive and increased
speeds up to three times faster
than typical HC. These benefits
come with no loss in noise
performance! There are further
benefits to National's VHC over
HC like reduced static power
requirements, 3v characterized
specs and 5v input protection. National Semiconductor

Future Electronics fully supports
National’'s VHC by providing
available-to-sell inventory and
superior technical product
knowledge and experience to
assist you in your VHC needs.

VHC is clearly the logical
choice for your HC designs.
Future Electronics is also the
logical partner you want on your
team with National Semiconductor.
No distributor knows more about
components or maintains a larger
available-to-sell inventory.

No distributor better follows
worldwide trends, pricing and
component availability. And no FUTURE ELECTRONICS
distributor does a better job of hitp:/lwww.fulure.ca
staying on top through in-house
training programs and regular
seminars with suppliers.

To find out more about National’'s
VHC and other logic offerings call

Future Electronics for your free v |EUROPE

National Semiconductor VHC »,

databook and logic selection 3

guide (g

1-800-FUTURE-1 ext. 2255 “experience The Service That Wins The Awards...Worldwide”
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Device ISP Speed (tp,)
_ EPM72565 Yes 1.5
EPM71928 Yes 15
_EPM7160S | Yes Tk S
| EPM7128S Yes |
EPM7096S Yes 5
| EPM7064S Yes 5
EPM7032S Yes | 5

Introducing the Altera MAX 7000S Family with ISP.

Speed has always been part of the Altera Advantage. Now you
can have an even bigger advantage. Introducing the MAX 7000S
family with in-system programmability {ISP).

Altera’s ISP makes it easy to change your design at any stage of
production, without dismantling boards or bending leads. You can
design on-the-fly, and even make changes remotely to perform
field upgrades.

Built on a 0.5-micron and triple-layer metal EEPROM process, the
{SP-capable MAX 7000S family streamlines both pratotyping and

© Copwright 1936 Altera Corporation Altera, MAX, and MAX+PLUS are registered trademarks and MAX 700¢, MAX 7000F, MAX 7000S, MAX+?LUS Il
device

are of Altera C All nghts reserver.

manufacturing. It's compatible with MAX 7000 and MAX 7000E
devices—and MAX 7000S is available at the industry's lowest prices.

Instill confidence. Install Altera.

Altera’s MAX 7000S devices and MAX+PLUS Il development
tools together give you the confidence that your designs will get
to market quickly. Our devices provide speed, quality, and the
canvenience of ISP; our tools ensure smooth and easy integration
with your existing design methodology.

The Altera Advantage.

As always, with Altera you get high-performance technology,
robust tools, competitive pricing, and unmatched technical support.

ISP To find out more about MAX 7000S and receive a free
Information| ISP information kit, call us at 800-3-ALTERA (800-925-8372),

Kt | Dept. ATNAP1. Or, visit us
at http://www.altera.com
on the world-wide web.
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n electrically short dipole
m retains its figure-eight
polar pattern (with charac-
teristically sharp nulls) at all fre-
quencies below its half-wave reso-
nant frequency. However, the out-
put impedance of an electrically
short dipole is so high that it can't
develop sufficient power to drive the
usual receiver.
Using the impedance converter
shown (see the figure) solves this
problem by providing a huge cur-

A Miniature Broadband Antenna

M.J. SALVATI. Flushing Communications, 150-46 35th Ave., Flushing, NY 11354; (718) 358-0932.

rent gain so that the voltage appear-
ing at the dipole's output can even-
tually drive a 75-Q) load. Combining
a short (3-to-6-ft.) dipole antenna
and the converter results in a broad-
band (3 to 30 MHz) receiving anten-
na that can be rotated to null out an
interfering signal. Because the
dipole is short and the converter's
differential voltage gain is only 4 dB,
the signal level will be lower than
with the usual receiving antenna.
But, the salient feature of this

_| 200pF
20k 100k 5%

~
S
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-
|
|
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""" 210
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+24V@18mA
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@Z) sierictet T cLETRONC OESN = ctober 24,199

A SHORT DIPOLE ANTENNA and impedance converter com-

bined together can be rotated to null out an interfering signal. The converter
supplies a tremendous current gain so that the voltage appearing at the
dipole's output can eventually drive a 75-V load.

antenna system is its ability to
reject an unwanted signal, not its
gain.

The 2N5911 dual FET is config-
ured as a pair of source followers to
present a very high impedance load
to the antenna, as well as power gain
to drive the differential amplifier.
It's extremely important to mini-
mize the input capacitance of the
source follower through proper
device selection and construction
technique. A high-frequency FET
with low interelectrode capaci-
tances, such as the 2N59111 or any
of the Siliconix U440 family, is an
excellent choice. Similarly, minia-
ture (1/8 W) carbon-film resistors
and minimal board footprints should
be used for the gate connections.

The CA3028 is connected in its dif-
ferential mode to combine the sig-
nals from the dipole halves into a
single, ground-referenced signal. A
75-Q) collector load resistor also pro-
vides back-matching for the con-
necting cable. A multiplexing net-
work, comprised of the capacitor,
resistor, and RF choke connected to
the output jack, allows the connect-
ing cable to carry both the output
signal and the operating current. A
similar network at the power supply
separates the two, so that the output
signal can be applied to the receiv-
er's 75-() input. The CA3028's bias-
ing can be adjusted for equal signal-
peak clipping at maximum output
through the 20-k trimpot in the
FET's gate-biasing circuit.

The dipole was created by colin-
early joining two telescoping anten-
nas (spaced about 0.5-in. apart) with
a plastic rod jammed into their
bases. This produces a dipole
adjustable from 36 to 74 in. This
adjustability is used only to fit the
amount of space available in the
reception area. There are no fre-
quency-related adjustments
because the dipole is always non-
resonant at the antenna's operating
frequencies (3 to 30 MHz).

Voted “Best of Issue,”
Electronic Design, February 20, 1995
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CONFERENCE & EXHIBITION
presents

BOB
PEASE

in a special
appearance at
the 1997 show.

Come to Portable by Design
and meet Bob Pease, National
Semiconductor’s analog design
expert and popular columnist
for Electronic Design magazine.
You'll receive a free auto-
graphed keepsake collection of
columns from Electronic
Design’s well-read “Pease Por-
ridge.” Ask Bob questions on
technology — or even human-
ity, and you’'ll receive an
answer filled with wit, wisdom,
and waggish observations.

Save the Date!

WEDNESDAY,
MARCH 26, 1997

Exhibition Hall
11:00 a.m.

For technical conference or
exhibition attendee information,
call Betsy Tapp at 201/393-6075;
Fax 201/393-6073;
E-mail: portable@class.org
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& A Powerful Color Video Controller...and more!

Be on the cutting edge of imaging technology with Sumitomo
chips. Take our new IP90C62 Color Video Memory Controller.

»

It operates two ports at a blazing 27Mpixels/sec, provides a low-cost ¢
\. ¥ | flexible memory system without relying on VRAM and offers many - ’i
| other features, too. . _.<
Fe- -

These Sumitomo products offer brilliant hardware solutions
covering a wide range of applications.

HISTOGRAM CHIP 50MHz
SPATIAL & LOGICAL FILTER/CONVOLVER 50MHz

IMAGE ROTATION/EXPANSION/REDUCTION PROCESSOR
4ch MULTIPLIER/ACCUMULATOR

LABELING CHIP 40/20 MHz 4K/2K LABELS

AVERAGE REDUCTION CHIP — AND MANY MORE

For complete chip specifications and additional information about the
great savings and service you'll enjoy with Sumitomo chips, call us today.

/.

|
/ <E>> SUMITOMO METALS
(’; JPA Electronics Supply, Inc. -

- Park 80 Wes! Plaza 1, 5201 Great America Parkway, Suite 320
Sadadle Brook, NJ 07663 Sanla Clara. CA 95054
Phone: (201) 845-0980 Phone: (408) 982-2503
Fax: (201) 845-5139 Fax: (408) 982-2522
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BC/BC CONVERTERS

EFFICIENCY vs OUTPUT LOAD
a5 - :‘a

Etficiency (%)

What you'd expect... s

» |[ndustry standard pin-out.
= Primary remote on/off.

» Synchronization input*.

= Qutput voltage adjust. l
= Remote sense.

g 40 60 80 100
Output Load (% of Rated)

= 75uS transient response Iw i-?ggl‘\""f:nﬂues i
for 50-100% load step. NN i - |

= Thermal shutdown. SR J

= Operating base-plate temp: Q| 2

-40° to 100°C.
= 18-36 and 33-75 V input range.
= Also available in 15V, 24V and 28V. O\
pHaRg ) 1509001

..Just plain common sense.

NFPOWER CONVERTIBLES

Data sheets are available through the World Wide Web or our DATAFAX system @ 5
3450 S. Broadmont Dr. = Tucson, AZ 85713 - 520-628-8292 = FAX 520-778

Internet: www.pcci com
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DG/DG GONVERTERS

Example below: VKP6OMT512
Vouty = 5Vilc  Voutp = 12Vdc  Vours = 12 Vdc

Efficiency (%)

-J
o

00 1.2/05 2471 3.61.5 4.8/2 6/2.5
I ul1/(lnut2 + |0U'3)(A)

LOAD REGULATION

-
o

Featuring:

500 VDC channel to
channel isolation.

- 18-40 & 33-75VDC input
ranges.

No minimum load requirements.

50uSecond transient recovery time
to within 1% of nominal VOUT for a 50-100%
load step.

"Half-pack" size (2.4" x 2.3" x 0.475").
Primary & secondary remote ON/OFF.
Output adjust & external synchronization.
Fixed frequency operation.

Each channel independently current limited.

1
10.

>
%)
on
S
=
o
3
-
=
=
=
=
(=]

S#MEPOWER CONVERTIBLES

Data sheets are available through the World Wide Web or our DATAFAX system @ 5
3450 S. Broadmont Dr. - Tucson, AZ 85713 - 520-628-8292 - FAX 520-778

Internet: www.pcc1.com
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equation
Vi, — 1V
'I"“\ = I{l CZZ In s dly
i \
(1K) (330p¥) lnl - "Y l|+ 75 ns

= 48R ns
To approximate frequency:

| R5 (‘2 ( \'utp - \',‘lp) .

F(V,) n
v, — 0.5V .
(2.7TK)330p1)(3.333 - 1.667)
v, —0.5V
1
1 IRK ns
1
» [ .
1.486x10 " Vs v 1SS s

vo =00V

Upon observation, the prototype
circuit linearity was approximately
2% over the tested range. Also, up
to 6-MHz operation was possible
using the MAX942 by carefully
selecting C2 and the hysteresis
resistors.

On the low side, discrete transis-
tors can be used instead of the
Motorola MPQ2N2222 monolithic
(uad package. This may cause some
instability at low frequencies. The
transistors should be located in close
thermal proximity. On the high side,
a good matched transistor pair can
be used. Analog Devices' MAT-01 is
a good choice. Other high-speed
comparators are available. The
Spice program uses an LT1016
device from Texas Instruments (see
the listing).

Voted “Best of Issue,”
Electronic Design, November 20, 1995

SEND IN YOUR
IDEAS FOR DESIGN
All readers are invited to participate
in our Ideas for Design program.
Send your ideas to:
Ideas for Design Editor
Electronic Design
611 Route 46 West
Hasbrouck Heights, NJ 07604

Ry
9V AN
b
SV Ra
o)
] MAX942 1}———“\/V\r—————ﬂl
== 10k
GND C2
I
4l o Fout
330 pf 200 Hz 10 6 MHz
Vg 6
03105V O !
T N8 1k
Q1e § 018
MPQ2222 MP02222
5

@ uroLen To ELECTAON DESGN = October 24,1386

THIS WIDE-BAN DWIDTH voltage-to-frequency converter, which

is a variation of a relaxation oscillator, is rather inexpensive to produce.

*SPICE_NET

*INCLUDZ EJIN.LIB

.MODEL ON2222 NPN (IS=L15.2F N¥=1 BF=105 VAF=98.5 1KF=.5

+ I3E=8..P NE=2 BR=4 NR=1 VAR=20 IKR=.225 RE=.373 RBE=1.49

+ RC=.149 XTB=1.5 CJE=35.5P CJC=12.ZP TF=500P TR=E5N)

s Moto-tla 20 Volt ¢ Amp 300 MHz SiNEN Transistor 04-11-1991

*ZNCLIDE TICOMP.LIB

.SUBCKT LT101€T 1RSS4 . S5 62N

M

Fl i PR e g

IEE A - D¢ 100.0E-6

EVO- 20) 9 POLY(1).3:0 |-1.4,1

*ADDEZ JUTPUT SUPPLY

RS 2075 "33

*ADDED PULL-UP RESISTOR

R2 21 0 IMEG

{ *ADDED RREEISTOR

EDUT “31 ;& ‘POLY (1 20N SF £, 2.8

*ADDED COYPLEMENTARY OUITPUT

QL 9 2 7 QIN

Q2 :4 L 7 QIN
9
8

Q3 3 3 QMO
01 3 QMI

.MODE!, QIN NPN(IS=800.3E-18 EB~=10)

.MODEL OMI PNP(IS=800.3E-18 BF=1002})

.iMODEL QM_ PNF{IS=800.JE-18 BF=1000 CJC=12-15 TR=€.211E-9)

El OB =3 RO

Vi 10 1: DC 0

[¢}) SR EN6 “00C]

.MODEL Q0= NKPN(IS=800.CE-18 BF=53.30E3 CiIC lE-15 TF=154.3E-15 TR=4.192E-9)
D2 4 3 DX

R? I 4 2.941E3

RE1E(3 * 6436

*ADDED POVEF FRESISTOR
.MODEL DX D:IS=800.0E-18)
. ZNDS

.TRAN 25%-9 4(CE-6 20E-€
*INCLUDE DEVICE.LIB

.MODEL DN<148 D(RS=.8 CJO=4dPF IS=7E-09 M=2 VJ=.6V
+ TT=%E-0% M=.45 BV=100V)
*ALIAS ViI5}=FOUT

.PRINT TREN V(5)

R2 1 9 1CK

vy 3 0 DC 1V

c2 1 4 330PF

QlB 4 € S QN2222

R3 9 5 10K

X1 9 41935 9 xx LT101sT
QlC 6 & 5 QN2222

R5 3.5, A37K
R1 9 D 1LEX

R4 8 5 1F

D1 8 4 Dril48
V1 I FARECESE Y
.END




WHAT?

A COMPLETE

DC-DC
ONVERTER

INA SINGLE

24-PIN
DIP?

ITS 20,000,000 HOURS MTBF
IS JUST AS INCREDIBLE.

THE LM2825 DC-DC CONVERTER
DELIVERS UNSURPASSED
INTEGRATION AND RELIABILITY AT
A SUBSTANTIAL COST SAVINGS.

Inductor

Output Capacitor

) ~ Diode
Resistor

™ Switching Regulator
Input Capacitor

[2X Actual size]

As the industry’s first and only complete step-down
DC-DC converter in a 24-pin DIP, the LM2825
represents a huge breakthrough for power
conversion designs. All thanks to our continuing
innovation in advanced packaging technology.

But what makes the LM2825 even more amazing
is its reliability. In fact, recent benchmark studies
calculated it to be a whopping 20,000,000 hours
MTBE. That's 2,283.1 years, for those of you who
don't have a calculator handy.

The newest member of our SIMPLE SWITCHER
family, the LM2825 integrates a 1A switching
regulator, an inductor, a Schottky diode, and input
and output capacitors in a single 24-pin DIP.

If all this doesn’t knock your socks off, the price
will. Because the LM2825 goes for about *$8.99 in
1000 piece quantities.

FREE SAMPLES— FAST.
For datasheets, free samples, and
application support, contact us at:
CALL: 1-800-272-9959 Ext. 606.
WEB: http://www.national.com/see/LM2825

ax

in east Asia, 52-

N National Semiconductor

Moving and shaping the future
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Wideband AGC Loop

REA SCHMID, Comlinear Corp., 4800 Wheaton Drive, Fort Collins, CO 80525-9483; (970) 225-7421; fax: (970) 226-0564.

ide-bandwidth systems
W often need a de-to-high-

frequency automatic
gain control (AGC) circuit to amplify
various signal types. Even though
there are many high-speed AGC
parts available, they tend to work at
extremely high bandwidths and at
prices that aren’t cost-effective for
applications today. The idea pre-
sented here takes advantage of the
technology of de variable gain ampli-
fiers to implement an AGC circuit
with an external loop.

Automatic leveling loops or gain-
control loops are difficult to imple-
ment without affecting bandwidth
when changing gain. However, high-
speed monolithic variable-gain
amplifiers and high-speed voltage-
feedback amplifiers can be used to
implement a high-performance fast-
settling loop function for continu-
ous-waveform signals (see the fig-
ure). At the same time, the loop
maintains a gain bandwidth that’s
independent of changes in gain.

The circuit uses a variable gain
amplifier (U1) in the forward path to
amplify the continuous-time-domain
signals occurring at Vin. U1 has two
input pins with high-input imped-
ance that provide both noninverting
(pin 3) and inverting (pin 6) func-
tions. Once one has selected the
inverting or noninverting configura-
tion, the common-mode input volt-
age range is set by the designer
with resistor R,. The maximum
peak input voltage on pin 6 and the
current through R, is used to calcu-
late the resistor vzﬁue using the fol-
lowing equation:

Rg = Vin(peak)/Ig

IR is the current through the
resistor, which is 1.8 mA typically.
The maximum common-mode range
is =22 V for a +5-V supply opera-
tion. The minimum usable signal
level is determined by the input
RMS noise.

Once the maximum required gain
is determined, Rf is selected by the
formula shown below, while setting

SIPPLENENT 10 ELECTRONICDESIGH = Bctaber 24, 1936

O Vout

D1
N

02

R

H"]

HIGH-SPEED MONOLITHIC variable gain ampfifiers and high-

speed voltage-feedback amplifiers are used to implement a high-performance

fast seftling AGC loop function.

Vg to+1V:

Ay = L85RFR(Vg + 1)/2)

V is the gain-control voltage and
has a linear voltage range of -1 to +1
V with a gain linearity of 0.04% for
Vout of +2.0 V. The CLC522 attenu-
ates the signal internally from this
maximum level. Therefore, the |
input noise floor and the output volt-
age range determine the lower and |
upper signal limits for the part. The
output voltage range is +4.0 V with
an output current of +70mA.

The maximum bandwidth is a func-
tion of the internal current-feedback
amplifier and the selection of Rf. U2
has a usable selectable-gain range
from 2 (6 dB) to 100 (40 dB). At a
gain of 2 with V1 of 2 V p-p, a 330
MHz bandwidth is achieved. For
gains of 20 to 100, -3-dB bandwidths
of 166 MHz and 45 MHz can be
expected. Adding capacitance in
parallel with R, will extend the -3-
dB bandwidth for gains of 10 to 220 |
MHz. |

The low-noise dual voltage-feed- |
back amplifiers (U2) extend the |
dynamic range by placing the |
Schottky diodes or other low capaci-
tive diodes in the feedback path. R1

and Ry set the gain of the rectifier.
The adjustable resistor (Ryq;) sets
the desired output voltage level and
ensures that the initial conditions at
pin 2 of U2 are +1 V with no input
signal. When the rms current of the |
signal is greater than the negative |
current from Radj» the integrator |
decreases the “gain of Ul
Conversely, when the signal drops
below the R,4; current, the gain of
Ul is increased. The acquisition
time and hold time are set by Ry,
R,, and C.

1Y<:0r larger gains and smaller band-
widths, the CLC428 meets the per-
formance bandwidth requirements.
When smaller gain ranges and larg-
er bandwidths are required, a high-
er unity-gain-bandwidth CLC420 or
CLC440 amplifier should be substi-
tuted for U2.

Voted “Best of Issue,”
Electronic Design, February 5, 1996

Send your Ideas to:
Ideas for Design Editor
Electronic Design

611 Route 46 West
Hasbrouck Heights, NJ 07604
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(THINK OF IT AS THE
LM741 OF THE "90s.)

1
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NATIONAL SEMICONDUC

INTRODUCING THE LM7301.
THE MOST ROBUST, BULLETPROOF
GENERAL PURPOSE OP AMP

AVAILABLE TODAY.
GAIN & PHASE (2.7V Supply, 1000pF Load)

120 120

100 100
§ so 8o %
: z
s 60 60 g
] <
é 4o 40 E
- w
= [}
g 20 20 %
© a

o o

-20 -20

1 10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

Remember the “60s? Those were the days. When no
application was so specialized that it couldn't make
use of a simple, reliable, and versatile amplifier like
the LM741.

Well, toclay, the applications may be much more
complex. But with the new IM7301—a wide voltage
range op amp with all the features you need for
today’s demanding applications—you get the same
dependable versatility. In a Tinypak™ package. no less.

With the LM7301. you won't have to worry about
oscillations when your device is driving heavy loads
of up to 1,000 pE Or—thanks 1o a low 600pA sup
ply current—worry about your battery running low.
Add rail-to-rail I, O for high signal-to-noise ratio and
dynamic signal range and there's only one thing left

to say. Cool. The LM7301, from National.
FREE SAMPLES—FAST

For datasheers, free samples, and
application support, contact us at
CALL: 1-800-272-9959 Ext. 606.
WEB: http:/'www.national.com/LM7301

i Europe, fax us at =49 (0) 180-5-12-12-15, in Japan, call 81-43
in Southeast Asia, fax us at 852 2376-3901

N National Semiconductor

Moving and shaping the future
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mong the wide variety of

temperature-sensing com-

ponents available, the
least expensive and most available is
the diode-connected transistor.
Circuits exploiting the approximate
—2.2-mV/degree temperature depen-
dence of the base-emitter junction
forward voltage are common and
work well. They all suffer, however,
from unpredictability of the charac-
teristics of the individual transistors.
Consequently, they must be recali-
brated whenever the sensing tran-
sistor is replaced.

A method does exist, though, that
uses the humble transistor as a pre-
calibrated temperature sensor (see
Jim Williams' article "AN45," in the
Linear Applications Handbook, Vol.
11, published by Linear Technology
Inc.). This “delta-Vy,” technique
exploits
dynamic impedance of transistors to
absolute temperature. At 298K, for

the proportionality of |

Low-Cost Precision Thermomecry

W. STEPHEN WOODWARD. U. of North Carolina, Chapel Hill, NC 27599-3290; Internet: woodward@uncvx1.oit.unc.edu.

example, delta Vi, is about 60
mV/decade. This number is indepen-
dent of transistor device-to-device
and even type-to-type variation. It
can, therefore, be used to fashion
precision thermometers that need no
transistor-dependent calibration.
However, the reference cited recom-
mends a number of premium compo-
nents that increase the cost and thus
loses the advantage of using inex-
pensive transistors in the first place.

The circuit described here, by con-
trast, combines the delta-V},, effect
with inexpensive generic parts to
achieve two channels of truly low-
cost “no calibrate” transistor ther-
mometry (see the figure). CMOS
switch S1 modulates the bias current
applied to temperature sensors Q1
and Q2 over a 10:1 ratio. Only this
ratio, rather than the exact current,
matters in this case. The resulting
square waves at the input of Al and
A2 have amplitudes directly propor-

tional to the absolute temperature of
Q1 and Q2. A1/A2 scale their respec-
tive ac inputs to 10 mV/degree,
yielding 2.98-V p-p square waves at
298K. Despite the fact that fairly
high gain is required (34 dB), the ac-
coupled signal path ignores offsets
and permits use of inexpensive
(LM324) op amps. The dc component
of these signals is blocked by C3/C4
and the ac is synchronously rectified
by S2/S3. This produces stable, low-
impedance (about 500 (2) dec outputs.
Multivibrator A3 produces a 400-Hz
square wave for modulation and syn-
chronous-rectification timing.

The two thermometer channels
have unadjusted accuracies of better
than 1 degree. Trimmer P1 allows
matching of the tracking of the two
to <0.1 degree. This is ideal for appli-
cations like wet-bulb/dry-bulb
hygrometry and thermal-manage-
ment analysis. The circuit's power
consumption is less than 2 mA at 8 to

15 V, which is ideal for

o AVIT5Y

2mA
2 j0uF @16V o

T
:T[: 52

battery operation.
Power-supply
feedthrough is about
0.1 degree/V = 60 dB.

1 100 uF
‘\Nv—-o—{

Ry +03 1
2 8 o

: V1 10muK
2 l
+
10 5

100 uF@6V

Voted “Best of Issue,”
Electronic Design,
August 21, 1995
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TWO CHANNELS of low-cost “no calibrate” transistor thermometry can be achieved
with this circuit, which combines the delta-Vpe effect with inexpensive generic parts.

Fax: (201) 393-0204%
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THE NEW LM78 MONITORS
TEMPERATURE, FAN SPEED,
VOLTAGES AND MORE.
ALL ON A SINGLE CHIP

LM78 Microprocessor System Hardware Monitor

EWORLD'S FRYT

1ANALOG ] 3 son | SYSTEM INTERRUPT MASKS
WS oo SYSTEM INTERRUPT ENABLES >
SYSTEM
INTERRUPT:
VALUES A A NTERRUPTS
TEMP &
‘ &
‘ INTERRUPT RAM
‘ 3FAN FAN STATUS
SPEED sl SPEED (- REGISTERS
INPUTS COUNTER A
W Y
DIGITAL I INTERFACE I
INPUTS DHa P
12C a0d/or ISA

The LM78. Think of it as an early warning system for
your system.

The LM78 monitors a wide variety of analog and
digital functions. Including temperature, up to 7 ana

log voltage inputs (2 of which can be negative), fan

1996 National Semiconductor Corporation All nghts reserved  *Price shown is for 1000 units in USD. FOB Santa Clara.Ca. UAA

IEN
ALY

speed and chassis security. It's user programmabile.
And it offers a choice of interfaces 1o your system,
ISA bus and I’C.

The LM78 even helps you cut costs. First, you'd
need several of anybody else’s chips to monitor
even half what it monitors. Second, it can cut your
warranty costs (and/or your customer's cost of
ownership) by catching small problems before they
become big ones.

The LM78. For the health of your system (and

your wallet).

FREE INFO PACK—FAST.

For free datasheets, a selection guide,

and application support; contact us at: i

CALL: 1-800-272-9959 Ext. 606.

WEB: htip://www.national.com/sec¢/LM78

In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-23X
in Southeast Asia, fax us at 852-2376-3901

Ino&-

®, and MOVING AND SHAPING THE FUTURE are trademarks of National Semiconductor Corporation

JMONITOR

National Semiconductor

NATIONAL SEMICONDUCTOR®.

Moving and shaping the future
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benerate FIR Filter Coeffici

FRANK N. VITALJIC, 514 13th St., Bellingham, WA 95225,

BnLs

he cale_coeffs() function can
calculate FIR filter coeffi- Gain H() Unity gain /_ “‘2’{'}525"‘
cients h(i) for low-pass, high- 0
pass, bandpass, and band-reject filter -10 - NS )
types (see the listing). For an odd-val- 20 H / "- Filte length (N) = 47
ued filter length N, coefficient values : / \ —— Windowed
having even-symmetry about the h[(N -3 ' / \ _____ Dual windowed
— 1)/2] coefficient (i.e., h(i) = h(N -1 - = 40 - 4
i) will exhibit linear phase. This makes % 50 / \
the filter's time delay (Td) indepen- i E : / X
dent of frequency. Td = (N - 1)/2fs, . I g YR 1@l
where fs is the sampling frequency in -0 46 =
hertz. The first half of the coefficients, . S oh
0 through (N - 1)/2, are stored in the 80 ‘:"-‘. : o
filter_coeffs (MAX) array. o L .
To reduce stopband ripple, a 0 0.1 0.2 03 04 0.5 ffis
Hamming window (window_type = anu'e‘ncy iz (ronalznd)
SNGL) is applied as weighted factors

to the filter coefficients. By applying

THE CURVES show the FIR filter bandpass characteristic when apply-

the window a second time | ing a single Hamming window and a dual window. When the window was
(window_type = DUAL), the stop- applied a second time. stopband attenuation improved substantially.
band attenuation substantially
improved at the price of broadening Filter fength f2/fs
the transition region (see the figure). (N) f2 + 0.05 Hz 2 + Q.1 Hz
All filter types and filter lengths 31 -11 dB (-6) -59 dB (-23)

above 15 exhibit excellent passband a1 -19dB (-10) 57 dB (-52)
ripple of less than 0.1 dB with respect 61 56 dB (-23) 57 dB (-96)
to unity gain. The low-pass character- 81 ~59 dB (-54) —59 dB (-88)
istics 1l]ustra1:,e. both tl}e broadening 101 58 dB (-82) 61 dB (-88)
of the transition region and deep 127 Z62dB (81) 269 dB (-90)
stopband attenuation (see the table). (1= coal Windowed

The FIR filter gain H(f) can be cal-

culated as follows:

H(f) = h[(N-1)/2}+ ized) are:

N-3
2, N-1 frequency
2 Zh(l) cos l21r,( —i)fl
i=o cy; 2=05
for f=0to 0.5 Hz Bandpass/band-

The f1 and {2 definitions (normal- HOWECS fhiqh

Low-pass filter: f1 = 0; f2 = cut-off

High-pass filter: f1 = pass frequen-

At the pass frequencies, the gain is
down 6 dB. A frequency offset (plus
or minus) should be applied for other
values of gain.
reject filter: f1 =  Voted “Best of Issue,”

FElectronic Design, June 26, 1995

#include <math.h> // FIR FILTER COEFFICIENTS PROGRAM

#define MAXLEN 127 //Maximum filter length

#define MAX ((MAXLEN+ 1)/2)

#define PI (4.0*atan(1.0)) //Define pi constant
#define LPF 1 //Enumerate filter types
#define HPF 2

#define BPF 3

#define BRF 4

#define SNGL 1 //Hamming window

#define DUAL 2 //Hamming window squared

void calc_coeffs( int filter_type,int filter_len,int wirdew_type
doublefl,doublef2,double *filter roeffs)
//Calculates FIR filter coefficients for the four filter types:
//Low Pass LPF, High Pass HPF, Band Pass BPF, and Band Reject BRF.
// The coefficients are stored in the filter_coeffs array.
{
int i, flag = 0
double ham_coeffs[MAX]), A,B,C,Fl1,F2;
//Clear filter_coeffs array
for (4 0; 1 < MAX;i++ ) filter coeffs(i)=0.0;

// Calculate Hamming Window Coefficients

for (i 0 1< (Eilter len-1)/2;i++ ) {
double arg;

arg = 2.0 * PI/(f Jden - 1);
ham_coeffs{i] = 0.54 - 0.46 * cos(arg * i);

i (window_type == DUAL ) hi

}

am_coeffs(i] *= ham coeffs(i);

/ Calculate filter coefffieients and pass through window

if(filter_type BRF ) ( F1 = 0.0; F2 = £1;)
else(Fl=f1;F2=£2;)
for (;:) (
for(i = 0; i < (filrter_len-1)/2; i++ )(
A = 8in(2.0 * PI * ((filter_len-1)/2 - 3) * F1);
B = sin(2.0 * PI * ((filter_len-1)/2 - 3) * F2);
C =PI * ((filter_len-1)/2 - i);
filter coeffs(i] += ((B - A)/C) * ham cxeffsfi];
}
if((filter_type == BRF) && (!flag)) { flag= 1; F1 = £2; F2 0.5;
else break;
)
// Calculate DC component value of coefficients
if( filter_ type == LPF) filter_coeffs(i] = 2.0 * £2;
if( filter_type == HPF) filter_coceffs{i] = 2.0 * (0.5 - f1);
if( filter_type == BPF) filter_coeffs[i] = 2.0 * (f2 - f1);
if( filter_type == BRF) filter_coeffs{i] = 1.0 - 2.C * (f2 - £1);

@D sorrucnon 1o ELECTHOC DESKA - dctaber 24,199
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your boards,
callus. .~

e

LAMBDA/\

Electronicsine.

515 Broad Hollow Road, Melville, NY 11747-3700
Tel: 516-694-4200 Fax: 516-293-0519

Lambda makes a superior DC-DC converter with the same
pin-outs. If youre using modules like the ones above, check out cur
1ew PM Series. They're available from 10W - 30W with 12, 24 & 48V
waorsxenoncc e puts, have full agency approvals and a low 0.33" profile,
ISO 9001 w :
aamreocows -~ and are shipping now from stock. Call 1-800-LAMBDA-4.
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eakage inductance, always
a nuisance in switch-mode

power supplies, is the main
instigator of voltage overshoots.
These voltage spikes may damage
the power-switching devices unless
they are tamed by a snubber net-
work.

Though snubber networks perform
the required task of protecting cost-
ly devices, it comes at the expense of
efficiency. The efficiency penalty is
usually regarded as nominal, but in
the face of ever increasing require-
ments, additional techniques must
be found.

One idea along that route would be
to return the wasted snubber energy
to an auxiliary output, such as, for
instance, on flyback regulators. A
flyback regulator offers the advan-
tage of providing multiple output
voltages with a single magnetic
structure, and is therefore very com-
pact and cost-effective (F'ig. 1).

This particular circuit has a main
+b-V output, as well as a +12.5-V

Save Energy In Snubber NeCwork

FERNANDO GARCIA, General Instrument Co., 1330 Capital Pkwy., Carrollton, TX 75006.

2. THE MODIFIED

snubber network's operation at pin 4
of Ul is shown in this waveform {ver-
tical scale: 10 V/div; horizontal: 2
ms/div).

auxiliary output. The device being
driven also required a “bias” voltage
of +27 V with a few milliamperes of
current.

Originally, the voltage was geing to
be provided with a charge-pump
technique, but closer inspection
showed that the voltage could be
obtained without any additional
setup.

D1 1N5819 o o Vogt o)
J_ 7] 125V @300 mA
680 F,
Vin o—¢ I 16V
+1010+20V de —
Vout (main)
+5V@325mA
D4
1N4743
U1
+21V@2mA
R3
+ 680
Cy 0.47 uF
T'%
6.19k, 1%
o T1: N =49:30:12; Core Magnetics 77050-A7

@EXDD st 0 ELECTRONIC DESIGH = Octobes 24,1935

1. A FLYBACK regulator is a good application for implementing an ener-
gy-efficient snubber network. The network saves what would otherwise be
wasted snubber energy by returning it to an auxiliary output.

The heart of the regulator is
formed by a National Semiconductor
LM2577-ADJ “simple switcher” con-
troller IC. The main and auxiliary
voltage configurations came straight
from the company's application liter-
ature, with resistors R1 and R2 pro-
viding the feedback for the main +5-
V output. The auxiliary +12.5-V out-
put is regulated by the intrinsic tight
coupling of a discontinuous-mode fly-
back topology. R3 and C1 are com-
pensation devices.

Whereas another winding could
have been used in the transformer to
provide the +27-V bias output, a
“free” output may be realized from
the voltage spikes in the primary
winding being transferred via diode
D3 to a reservoir capacitor (C4). The
charge in the capacitor is drawn by
the current of both the bias load and
the shunt Zener regulator DA4.
Enough charge is depleted from the
capacitor to allow the next voltage
spike to almost fully dump its energy
in the next cycle.

In a sense, this is a modified snub-
ber network where the energy is
being put to good use instead of
wasting it as heat on a resistor.
Figure 2 shows the network's opera-
tion.

Further efficiency points may be
gained by returning the shunt Zener
current to the +5-V supply. The
Zener current contribution is small
enough to only negligibly effect the
voltage regulation.

Because the capacitor doesn't dis-
charge completely to 0 V due to the
Zener's voltage, this modified snub-
ber isn't as effective as the tradition-
al “lossy” snubber.

However, for applications that do
not require extreme operating con-
ditions, the circuit offers a useful
cost reduction and efficiency
improvement.

Voted “Best of Issue,”
Electronic Design, May 1, 1995




load insensitive (+9d8m output)

From Mini-Circuits...here’s the ZOS solution! A winning fineup of
low cost, connectarized voltage controlled oscillators that typically
provide wide octave band linear tuning, low phase nose, and
excellent 25dB harmonic suppression. The dual output provides
well isolated ports(47dB typ), and frequency settings are virtually
independent of the load. Applications include frequency
monitoring, PLL circuitry, laboratory use, and as a frequency
source for burn-in, power test, and other production testing. So,
turn to the ZOS solution for reliable, high performance VCO’s
with the “ 3 Mini-Circuits” stamp of value.

Mini-Circuits...we’re redefining what VALUE is all about!

25101025 MHz ch

”

W

S19%

Model Freq. Range  Phase Noise . Pulling, Typ. Harmonics

No. (MHz} (dBe/Hz) (MHz)pk-pk  (dBc)
Min.-Max. SSB@1(kHz Typ. @0 dBr Typ.
Z08-50 25-50 -107 0.012 22
20§75 37.5-75 -119 0.016 -26
Z0S-100 50-100 -1 0.026 -29
20S-150 75-150 -107 0.017 -26
Z0S-200 100-200 -106 0.015 -25
Z0S-300 150-280 -103 0.017 27
Z0S-400  200-380 -108 0.021 -24
Z0§-538 300-625 -96 0.018 27
Z0S-765 485-765 -96 0.033 27
2051025 685-1025 -92 0.051 -25

Notes: Tuning voltage 1 to 16V required ta cover freg. range. Power output
+9dBm Typ. (Main). Power 12V DC, +130mA (MAX.). Operating
temperaturs ranye: -55°C 1o +85°C.

[JMini-Circuits ® .8

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http:/www. minicircuits. com ~ C/CLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK + INTERNET » THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDSLIEeSOur Experience Work For You. F 218 Rev Orig



MR GELT TO THAT POINT IN BEIE
PROJECT AND IT HITS YOU.

YOU HAVE THE POWER TO C«:Aa]z e

SOMEONE’S LIFE.¢ 2
ROGER BRINGMANN. Ph i), vy v Durecror of Researdh, QMS

“Sounds pretty noble,
doesn' it” Roger Brmgimann
said. “But that's the
motivation.”

s
G/IOO.\'P yO(/I‘ 917?6(’(/(7’90/ processor wlse/y, Q’i\("

“In typical QMS™
tashion, we set the goals high
for our new printers: make our
customer’s job easier. help them
do 1t faster, or in the case of
a network admimstrator,
painlessly. To get there, we
needed twice the performance
of the fastest controller card.
But it absolutely had to be
cost effective.

It all came down to
one processor: NEC's 64-bit
VR4300™ Don't think we
handed it to them on a silver
platter. We went through an
extensive evaluation process.
And after rigorous testing of three processors——on real world applications—-it
became clear that NEC would blow the market apart. None of the other
processors came close to NECS price delta and performance. Not Intel™ or
PowerPC™ In fact, the V43005 64-bit architecture with the 32-bit interface
not only reduced our system costs, it also allowed us to use existing 32-bit code.

The other thing that impressed us was the great things we saw coming
down the road for the Vi4300. For the entire Vi Seriesi* in fact. But let me
tell you, there are innovative ideas running throughout that entire organization.

Which is why we're putting our brains together--QMS and NEC.
Creating new ways to make someone’s job a little better”

Call for more mformation about the Vig Series at /—-800-366-9752.
Ask tor Info Pack 195.

The QMS 2425 pnnier with
NECS F 4300 processor reccived
the PC Magazine Editors’ Choice ameand.
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Ideas voted "Best Of Issue” by the readers of Electmnic‘ﬂe@n[ BEST I0EAS FOR DESIGN

!HGRB SEIDENBERG. Toshiba America Information Systems, 2 Musick St., Irvine, CA 92718; (714) 587-6930.

l he project at hand was to
‘ build a small, efficient, inex-
i pensive, full-function bat-
[ tery charger that could charge 2 to
| 10 NiCd or NiMH cells. Choosing
| the charging controller, the Maxim

MAXT712/713, was simple because it

was the only one that was pin pro-

grammable and didn't require soft-

ware development. For reasons of

efficiency, a switching regulator
instead of the standard pass regula-
tor had to be added. But, the
MAX713's application notes sug-
gested non-standard, non-state-of-
the-art switching regulators as well
as complex feedback loops.

Instead, a switching regulator that
could be set up as a constant current
source was needed. This would
bypass the current sensing of the
MAX713 and eliminate its relatively
larger  current-sense resistor.
Connecting the negative end of the
battery directly to ground provides
more voltage and reduces IR losses.
l Linear Technology's LTC1148HV

synchronous step-down switching
regulator seemed to fill this role
because it's more than 90% efficient,
it features two current sense inputs
(Sense+ and Sense-), and a current
control pin (Ip,) that has a de input
linearly related to the maximum coil
current (Fig. 1).

Vin
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'.;} $i99530Y
Hb—
78 Pu
S
47k 15012W
ET) E t
04 MBRS12073 2
03 Red ] e el B B
Green LED ¢ _O—B—D'ck
LE: NN -
S SV DR 2
3] vumT - BATT . 0
<Dnne= ® FASTCHG. 1~ 100 uF
C710uF =< | 16 MAXT13 il b il
o1 b T =
o THi GO |-
m '; L0 s
BAT_SW T ;E"P FENZ.
N 12 PGM3
BATT-  GND
it

2. BECAUSE IT'S pin programmable and doesn‘t require software
development, the MAX713 charging controller was used in the devetopment of
small. efficient battery chargers that could charge 2 to 10 NiCd or NiMH cells.

For example, with a low, common-
ly available 0.1 Q sense resistor and
Iip, connected to the 2-V reference

output of the MAX713, the peak coil
current is set to 1.55 A. The average
current will still vary with output

i

External power jack

2V

_I'_h

47 uF

LTC1148HVCS | 3 vz 3
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=3 1VC 7 ponive
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l 1. THE LTC1148HY SYNCHRONOUS STEP-DOWN switching regulator was found to be the best fit

as a constant current source for the MAX713 charging controller.
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voltage, but this can be compensated
for by feeding back some of the out-
put voltage to Ii,. A spreadsheet
can help calculate the values of resis-
tors R5, R6, and RS for the desired
current level and linearity.

The constant-voltage regulation
loop of the LTC1148 is disabled once
the voltage divider (R2 and R7) for
VFB is set above the highest voltage
that the battery is going to reach
during charge.

With the battery above the con-
stant voltage regulation point, the
switching regulator will supply no
current.

If a trickle-charge current is
desired, a switch (U5A) and a resis-
tor (R14) can be added that supply
the desired current directly from the
primary dc source (Vj,)—a simple
wall cube—when the MAX713 con-
troller terminates fast charge or

during battery undervoltage condi-
tion at startup.

Some other important aspects of
the MAX713 that should be kept in
mind (Flig. 2):

*The NC switch in J2 detects if no
battery is plugged in and disables the
switching regulator through the
shutdown input.

*Diode D2 indicates if power is
applied, while D3 signals if the charg-
er is in the fast mode.

*Connecting PGMO and PGM1 to
the proper voltage selects the num-
| ber of cells to be charged; PGM2 and
| PGM3 select the maximum charge
| time.
|  «Upon timeout or dV/dT detection,

FASTCHG goes inactive, which dis-
| ables the switching regulator
{ through the Shutdown pin, turns the

green LED off, and turns the trickle-
| charge switch on.

*Thermistor voltage dividers can
be added to the TEMP, THI, and
TLO pins of the MAX713 to provide
temperature trip points.

*The maximum number of cells (10)
is limited by the maximum Vj, of the
MAXT713 and the LTC1148, which is
20 V. With a larger number of cells,
ripple voltage on Vj,, becomes a lim-
iting factor.

*To make L1 as small as possible,
the switching frequency of the
LTC1148 can be set as high as 250
kHz.

The circuit is optimized for charg-
ing six cells at 400 mA. It has a time-
out of 4.4 hours, a trickle charge of 24
mA, an open-circuit voltage of 11.5 V,
a supply voltage of 12 V, and a
switching frequency of 125 kHz.

Voted “Best of Issue,”
Electronic Design, May 15, 1995

any times, the need arises
m to measure current below

1 pA. The circuit shown
helps along those lines, as it turns
any voltmeter into a picoammeter
with scales of 1 nA/V and 1 pA/V
! (see the figure).

By using a 3-1/2 digit voltmeter
with a resolution of 1 mV, the read-
out will be in picoamperes or
nanoamperes. In addition, it can be
attached to an oscilloscope.

easure Picoamperes ith DV

MARSHALL J. BELL, B.I. Instruments, 221 Kingslynn Rd., Stoughton, WI 53589; (608) 873-6449.

The frequency response is about 1
kHz for the 1 pA/V setting and 150
Hz for 1 nA/V.

Looking at the circuit, U1B forms
a transimpedance amplifier. With S1
in the position shown, the transim-
pedance is 1 M(). In the other posi-
tion, a gain of 1000 is added to make
the total transimpedance 1 G{).

R1, C1, D1, and D2 protect the
input from high voltages, and R5 iso-
lates the op amp's output from any

@)D seorucc 0 CLECTMNICOESH = Bctober 24, 19%

THIS PICOAMPERE PRECONDITIONER atows a digitat voit-

meter to evaluate photdiodes and the shutdown current of ICs.

load capacitance.

The op amp's input current and
voltage offset must be low for this
circuit to work. In this case, a Linear
Technology LT1047 was used. It has
a nominal input bias current of *5
pA and a VOS of *3 uV at room
temperature.

Five units were tried and they pro-
duced an output of less than 1 mV in
the 1 GQ range, so the manufactur-
er's ratings are conservative.

U1A is used to split the 9-V battery
into positive and negative supplies.
The LT1047 is overkill for this pur-
pose, but it made the task easier. The
total current is essentially the sup-
ply current of the op amps.

For the prototype, the total cur-
rent measured for the LT1047s was
< 100 pA, so a standard 9-V battery
should last six months if you forget
to turn it off.

The entire circuit fits into a box
small enough to hang off the input of
a voltmeter or oscilloscope.

Voted “Best of Issue,”
Electronic Design, December 16, 1995
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wems All our new CAM product family MUIC2480A-70DC

fit all type networks. 16 bit and 32 bit I/0
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effectiveness. Supporting 1/4 K to 2 K, at
5V to 3.3V, 120 to 70ns cycle time, for as
little as $9 and change, MUSIC CAM is
dynamic plus affordable.
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®

L } Application Economics cawms simplify complex

functions in embedded systems. Real time list and table management

is minimized, reallocating processing power. More muscle is available

to embedded systems at a lower cost. Using MUSIC CAMs reduces

design risk, development cycles and time to market. CAM based

.&é} applications are a refreshing, economical design alternative.
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Feedback Improves Notch Filter {

ERIC KUSHNICK, LTX Corp., LTX Park at University Ave., Westwood MA 02090-2306; (617) 461-1000.

n Electronic Design's Feb-
" ruary 20, 1995 Ideas for De-
sign section, a high Q band-
pass/band-reject filter is described
(see “Tunable Filters Cover Wide
Range,” p. 110). The filter does in-
deed have a very high Q as a bandpass
filter, but as a notch filter, the Q is
about 1/5 (Q = Fpoteh/(BW at -3 dB)).
However, the notch filter Q can be
increased to almost any desired value
by adding a little positive feedback.
The schematic illustrates a 60-Hz
notch filter with positive feedback

(Fig. 1). If the optional buffer is con- |

nected between points A and B
instead of the short circuit, then the
resistors determining the positive
feedback (R4 and R5) are completely
independent of the resistors deter-
mining the notch frequency and notch
depth (R1, R2, and R3). In this case
(with the buffer), the exact equations
apply, and F notch =
1/2wCx (38X R1XR2)12), where R1 =
R1A +R1Band C1=C2=C3 =C.
R3 determines the depth of the
notch, and for the buffered case, the
maximum notch depth occurs when
R3 = 6(R1 + R2). The Q may be inde-
pendently adjusted by varying the

0.00 - =
| ™ L
s \ A
b \ k=09 \ /
m\\ ‘/
N
= N\
2000
|
= -am
-40.00
~50.00 | l
1 1 100 1
Frequency (Hz)

2. THE NOTCH FILTER'S RESPONSE, with k=0.96.

shows a Q of about 5.

factor K, the ratio of R5 to (R4 + R5).
The Q is approximately equal to (1/5)
X (1K1 - K)). In actual practice, how-
ever, the value of R4 often is much
less than the values of R1, R2, and R3.
In this case, the optional buffer can be

VWV

0.047uF  0.047uF  0.047 uF

o—

p—0 Voyt

<

5% With optional butfer:
Fnoteh = 1/(2=C v/ (3x R1x R2))
where R1=R1A + R1B
and C1=02=C3=C
R3 = 6(R1 + R2)
Q= (15)(1/1-K))

1. BY ADDING POSITIVE FEEDBACK, a notch fitters @

can be increased to almost any desired value.

@D P TN UKL - Gctober 4, 19%

replaced with the short -circuit
between points A and B. The equa-
tions for Fpoteh, Q, and R3 now are
no longer exact, but a little tweaking
of the values on a simulator can bring
back the desired response. The values
shown were optimized for the "no
buffer" case in a short period of time.

The response of the bufferless cir-
cuit in Figure 1 is shown with K equal
to approximately 0.96, and with K = 0
(to get K = 0, disconnect the top of R4
from the op amp and ground it) (Fig.
2). With K = 0.96, the Q of the notch

. filter is about 5.

By making R1 less than R2, small
changes in R1 can affect the notch fre-
quency much more than the notch
depth, because the notch frequency
depends on the product of R1 and R2,
while the notch depth depends on the
sum of R1 and R2. This allows the fil-
ter frequency to be easily adjusted for
production variations in the values of

| the three capacitors, C1, C2, and C3,

which helps reduce the effect of pro-
duction variations and makes the fil-
ter easy to produce.

Voted “Best of Issue,”
Electronic Design, Februay 19, 1996
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his configuration should
T prove handy in situations
in which dual- polarity sup-
plies are needed for a few devices
on a board that has only one +5-V
supply. The circuit doesn't use any
de-de converter ICs, nor does it
require any transformers or induc-
tors. Three Schmitt-trigger invert-
ers, such as the 7414, form the heart
of the circuit (see the figure). One
inverter is configured as a high-fre-
quency astable multivibrator
emplo-ying a single resistor and a
capacitor. For the RC values
shown, the frequency of the astable
output is around 100 kHz. The oscil-
lation frequency is given by f = 1/T,
where:
T = R1C1 In[(1 - Vcc/VLT)/(l =
Vee/Vyrl
where R1 and C1 are the timing
components of the astable, Vo is
the supply voltage, and VT and
| VuT are the lower trip point and
| upper trip point of the Schmitt trig-
ger (in this circuit, Vi = 09 V,
vVur L7 V, and Voo =56V,
because standard TTL is used).
The astable's output drives a pair
of inverters that, in turn, drive a
pair of diode-capacitor voltage-dou-
bler circuits. The outputs of the

Transformer-Less DC-OC Converter

V. LAKSHMINARAYANAN, Centre for Development of Telematics, Sneha Complex, 71/1 Miller Rd.,Bangalore-560 052, India.

Ry
AN

IC18

+HV 1

IC1A
<
1/6 7414

0 = ol

Ic1c

I |

Ry=27k Cy=A470F
D1-D4= 1N 914

Cp, C3=10 4F, 16V
04, 5= 47 F, 16V

WHEN SEVERAL DEVICES ona pc board require duval-polarity

supplies and there's only a single +5-V supply. this circuit may be useful. It
has no dc-dc converter chips. no transformers, nor any inductors.

diode-capacitor circuits are around
8.5 V with the polarities shown.
Diodes D1-D4 should be fast-
switching types like the 1IN914 or
1N4148. As a result, the circuit can
generate +8.5V from a single +5-V
supply, making it useful in many

woodward@uncvxl.oit.unc.edu.
omputer-compatible air-
< flow instruments are wide-
[ ly available but are usually
I expensive, bulky, and mechanically
fragile. This anemometer continu-
l ously converts airspeed in the range
| of zero to tens of meters per second
into an RS-232-compatible data
stream while overcoming those
drawbacks. It's battery-powered
and, when combined with a laptop or
notebook PC, consists of a fully
portable airspeed measurement sys-
tem.
The anemometer's principle of

| to the temperature differential

Portable Rirspeed Measurement

W. STEPHEN WOODWARD, Venable Hall, CB3290, University of North Caroling,

operation is that of the familiar con-
stant temperature hot-wire
anemometer. In this case, the rela-
tionship between electrical resis-
tance and the temperature of tung-
sten wire is used to monitor and reg-
ulate the temperature of a heated fil- |
ament exposed to the airflow. The
power needed to maintain a constant |
difference between ambient and fila-
ment temperatures then can be used
to directly calculate airspeed via
“King's Law.” The law states that
the rate of heat loss is proportional

Chapel Hill, NC 27599-3290: Internet:

applications. Because the device
doesn't have any coils or transform-
ers, it saves pe-board space and
reduces cost.

Voted “Best of Issue,”
Electronic Design, October 13, 1995

between air and filament, multiplied
by the square root of airspeed.

In this version (see the figure), com-
parator Ul monitors the ratio of the
resistance of filament F'1 (a denuded
Radio Shack #272-1141 incandescent
lamp) to reference R3. Whenever
Rw < R3/R10, U1 triggers timer U2
to apply heating pulses from battery
V1 to F1 via Q1. The result is to
maintain a constant filament. temper-
ature of approximately 250°C.

The aver: age power dissipated in
the ﬁlament is given by: F pX Th X
/Rw where Fp pulse frequen-

bctaber 24,1986
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THIS ANEMOMETER continuously converts airspeed. ranging from zero to tens of meteis per second. into an

RS-232-compatible data stream.

cy, T = heat pulse duration, V, =
pulse amplitude at the filament, and
Rw = filament resistance. Th is gen-
erated by a linear timing ramp pro-
duced by Q2's collector current as it
charges C2 to U2's threshold volt-
age. Because Q2's collector current
is made proportional to Vw2 and to
ambient temperature, T}, is inverse-
ly proportional to these factors. This
feature compensates the quantum of
heat delivered by each pulse against
variations in battery voltage and air
temperature, and keeps F, propor-
tional to the square root ofxz)a.irspeed.
Maximum Fp (corresponding to 20

Optically Isolated Precision Rectifier

meters/s) is 1370 Hz.

Each filament heating pulse caus-
es Q3 to transmit an RS-232 start bit
to the COM port (formatted for 9600
baud, 1 start, 1 stop, 5 data, and no
parity bits) of the connected com-
puter. A simple software routine tal-
lies these pulses and averages their
frequency. Subtraction of an empiri-
cally derived zero offset from the
average, squaring, and normalizing
it with a suitable scaling constant
produces the final airflow measure-
ment.

Battery life is extended by apply-
ing filament power only when the

COM port is “Open” and by the wide
range of battery voltage (4.6 to 6 V)
compatible with the accurate
anemometer operation. As the bat-
tery finally does reach end of life
and V,, drops below 4.5 V, Ty
becomes longer than 677 mus (the
longest start bit compatible with
COM-port framing requirements).
The resuiting “framing error" pro-
vides a reliable “low battery" warn-
ing.

Voted *Best of Issue,”
Electronic Design, January 22, 1996

W. STEPHEN WOODWARD, Venable Hall, CB3290, University of North Carolina, Chapel Hill, NC 27599-3290; Internet:

woodward@uncvxl.oit.une.edu
solation amplifiers and preci-
sion rectifiers are widely

“ available functions. With this

circuit, both functions can be com-
bined in one topology (see the figure).
It achieves excellent rectification
symmetry and zero stability, and

SUPPLENEXT TD ELECTAGNIC DESB = fctober 24,1366

good linearity (better than 1%) and
frequency response (>10 kHz), with a
minimum of precision components.
A1l acts as a voltage-to-current con-
verter by servoing the current
through the D1-D4 bridge and L1.
Therefore, the voltage developed

across R1 equals the instantaneous
input voltage. The diode bridge's full-
wave rectitication causes L1 to be
forward-biased regardless of the
polarity of the input voltage. The
magnitude of the bias controls the
intensity of optical coupling between
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L1 and Q1, and, thereby, the magni-
tude of Q1's collector current.

A2 servos the current through L2
and R2 so that the current passed by
Q2 balances that passed by Ql.
Because of the good tracking of ele-
ments of the PS2501-2 dual optoiso-
lator, a constant ratio exists between
L1 and L2 currents. Consequently,
R2 can be adjusted so that the out-

rectifier's isolated input voltage.

R3 and C1 provide frequency com-
pensation for the L2-Q2 feedback
loop. D5 prevents potentially
destructive reverse bias of L2.

If the input voltage range is very
large compared with the forward
drops of D1-D5 and L1, such as when
the 120 V ac mains must be moni-
tored, Al can be eliminated and the
input voltage simply applied directly
to the bridge, optoisolator, and suit-
able R1. All the while, good accuracy
is maintained. Moreover, in this
instance, the need for isolated dc
power supplies for the isolated op
amp would also disappear.

Yoted “Best of Issue,”
Electronic Design, June 12, 1995

hen controlling a nonlin-

W ear device such as an
incandescent lamp, it is

desirable to have fine resolution at
the high end, where a small change
in current may cause a large change
in brightness. At the low end,
where the filament is not even
glowing, coarser resolution is quite

put voltage across R2 is equal to the I

D —

Ry

Notes:

A1-2 = LF355 or similar
D1-5 = 1N4148

L4-2. 04-2 = PS2501-2

| AN ISOLATION AMPLIFIER and precision rectifier can be com-
bined in one topology. as demonstrated here. Only a handful of precision
components are required to attain its zero stability. better than 1% linearity,

| and excellent rectification symmetry.

Linear DAC Has Nonlinear Output

CHARLES G. BAGG, 17 Drake Rd., Fitchburg, MA 01420; (508) 342-7603.

| adequate. Log DACs are available,

| but they have their fine resolution

| at the wrong end.

| Using the simple circuit shown

{ (Fig. 1), any desired compression

[ can be produced using just about
any multiplying DAC. A negative
10-V reference is fed through R1 to
inverting amplifier Al, which has

10V~

Multiptying n-bit
voltage output DAC

= DAC data

Variable-reference output
W 250V
DAC out
ov - .
DAC data 0 FS2 F§

tal-to-analog converter.

@ suouevert T8 ELECTRONC DESKA = Rctober 24,199

1. WHEN CONTROLLING A NONLINEAR device. this circuit

can produce any desired compression using just about any multiptying digi-

an initial gain set to unity by R2.
Al's output supplies a positive
variable reference to the DAC.

The DAC output provides addi-
tional feedback through R3, reduc-
ing the amplifier's gain as the DAC
data increases. (You can also think
of Al as a fixed-gain summing
amplifier in which the DAC output
is subtracted from the 10-V refer-
ence input). Either way, the vari-
able reference is gradually reduced
so that each step is progressively
smaller than the one before.

With the values shown, as the
DAC data approaches full scale, the
reference approaches 1/4 of its
original value. This gives the out-
put four times as much resolution
at the high end as at the low end.
By decreasing the value of R3,
greater compression and higher
resolution can be achieved. The
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variable-reference output also may
be useful in some applications.

The math is surprisingly simple.
Since the DAC feeds back a frac-
tion of the variable reference volt-
age to R3, it multiplies the effective
value of R3 proportionally.
Therefore, the equivalent resis-
tance, R, equals R3 times (DAC
resolution/DAC data). The parallel
resistance of R2 combined with R
equals (R2Rg) / (R2 + RE), which
we'll call Rp. The gain of Al now is
simply Rp/R1.

For a quick approximation,
remember that when the data is
zero, resistor R3 is out of the cir-
cuit. When the data is all ones, the
DAC is practically a straight piece
of wire, so that R, is approximate-
ly equal to R3. The step size is
always the variable reference
divided by the DAC resolution.

It's easy to set up a spreadsheet

imply by adding two steer-
ing diodes, a window

detector can be built using
only a single comparator. The detec-
tor performs well for windows of
about 1 V or greater, but it isn't suit-
able where extreme precision is
required because the forward drops
of the diodes vary.

In the basic circuit (Fig. 1), two
resistive dividers set threshold volt-
age levels at both the inverting and
noninverting inputs of the compara-
tor by dividing the reference voltage.
The input voltage is steered to the
appropriate comparator input by
diodes CR1 and CR2.

When the input voltage is within
the window, neither diode conducts,
and the comparator is biased for a
High output. When the input goes
above the window, CR2 conducts and
pulls the inverting input high, caus-
ing the comparator output to go Low.
When the input voltage goes below
the window, CR1 conducts, pulling
the noninverting input low, again
causing the comparator output to go
Low. The source resistance of Vi,
must be low compared to the equiva-

@D sorpucnen 1o ELECTRONC BESN < Gctaber 24, 19%
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2. BY MIXING AND MATCHING the resistor values for the DAC

and the reference voltage in a spreadsheet and plotting the results, the
proper amount of compression can be obtained. Here, an 8-bit DAC was

used.

with a series of values for the DAC
data and plot the results (Fig. 2).
Then the resistor values and refer-
ence voltage can be adjusted to get

Single ComparaLor Window Decector

JOSEPH V. D'AIRO, 424 Higbie Lin., West Islip, NY 11795; (516) 661-1694.

lent parallel resistance of each
divider. That's because the conduct-
ing diode must “pull” its divider until
its voltage level crosses the thresh-
old set by the opposite divider.

the desired compression.

Voted “Best of Issue,”
Electronic Design, April 17, 1995

One typical application for the
detector involves monitoring a lead-
acid battery (Fig. 2a). It indicates a
fault when the battery voltage is out-

The diode forward
drops must be con-
sidered when setting
the threshold volt-
ages. The lower-
limit threshold volt-
age, Vy, is set one
diode drop above the
required lower limit,
while the upper-limit
threshold, Vg, is set
one diode drop
below the upper
limit. In this exam-
ple, the reference
voltage is 6.0 V and
the window is select-
ed to extend from 1
to 4 V. At low cur-
rent levels, the diode
forward drops are
about 0.5 V, so the
thresholds are set to
1.5 and 3.5 V, respec-
tively.

VRer
5.0V
Ry R3
15Kk < 35Kk
CRY Vs
Vi O-—E:._0 + |WII'OK
n <
tR2 ""
Notes:
V=1V s 3k
Vo=V +VeR
Vp=Vi-VeR
VA=1V4+05V=15V
Vp=4V-05V=35V —

1. A WINDOW DETECTOR that uses only

a single comparator can be constructed if two steering
diodes are added. Due to varying forward drops of the
diodes, it's best to use the circuit in aplications with
windows of about 1 V or greater.
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side an 11-to-14-V window. Becanse
the circuit is powered by the battey,
the input and reference were
switched to keep the comparator
inputs within its common-maode
range.

The circuit's reference is 5.0 V. The
resistor values in divider R1/R2
were selected to produce 5.5 V at the
inverting input when the battery
voltage is 14.0 V. Divider R3/R4 is
set to produce 4.5 V at the nonin-
verting input when the battery volt-
age is equal to 11.0 'V,

2. ONE APPLICATION for the window detector is as a lead-acid battery monitor (q). It indicates when the bat- |
tery voltage is outside an 11-to-14-V window. LEDs can be used if an op amp such as the LM324 is the comparator (b).he

When the battery voltage is within
the window, the noninverting input
is more positive than the inverting
input and the output LED is off.
When the battery voltage falls below
11 V, the inverting input is clamped
at 4.5 V by CRZ, the noninverting
input continues below that, the com-
parator output goes Low, and the
LED turns on. When the battery
valtage rises above 14 V, the nonin-
verting input is clamped at 5.5 V by
CR1, the inverting input continues
above that, the comparator output

again goes Low, and the LED turns
on. Resistors R5 and R6 show that
hysteresis may be added to this cir-
cuit in a conventional manner.

If an op amp like an L.M324 is used
as the comparator, two LEDs can be
implemented (Fig. 2b). The green
LED will turn on when the battery
voltage is within the window. and
the red LED turns on when the bat-
tery voltage is outside the window.

Voted “Best of Issue,”
Electronic Design, January 23, 1995

his circuit produces an out-
T put that is the absolute

value of the sum of two
analog input signals, V1 and V2. The
circuit (see the figure, a) consists of
two amplifer stages, shown within
the dashed boxes, which are included
in the rail-to-rail dual op amp
TLC2272, used in a single-supply
mode. (Other rail-to-rail op amps
also can be used.)

The output of summing amplifier
UlA, at terminal 3, is a high-imped-
ance output, while the optional out-
| put amplifier, U1B, offers a low-
‘ impedance output at terminal 4.
|  The equivalent circuit is shown in
part b of the figure. With the
assumption R1 = R2 = r, the two
basic equations are:

@) oo 10 CLECTRONCBESEN = Bctaber 24,19

|

single-Supply Summing Amplifier

ALEX BELOUSOV, Standard Moter Products Inc., 37-18 Northern Blvd., Long Island City, NY 11101; (718) 392-0200.

(1) For (V§ + V9)=0, the output ’
valtage, Vg, 1, 1s:

Vout = (V1 + Vo)R4/(r + 2R3 +
2R4)

(2) For (V1 + V9) <0, then:
Vout =—(Vy + Vo)R3/r
=-(V1+Va) K
where K = R3/r (the expression for
standard inverting amplifier gain.)
To provide the symmetry of trans- I
fer function for both input polarities,
the right-hand parts of both equa- |
tions must be equal: |
K =R3/r =R4/(r + 2R3 + 2R4). |
After simple mathematical manipu-
lation, the equations become:
R4 = R3(1 + 2K)/(1 - 2K).
The last expression, taken with the
previous assumption that

(R1=R2=r=R3/K), defires the main
relationship between resistors R1 to
R4, needed to assure proper opera- |
tion of the summing amplifier. |

Nate that if K = 14, the resistor
ratio will be as shown in the figure,
part a. If we define a basic resistance
as R, then the relationships between
the resistors are:

R3=R; R1=R2 =4R; R4 =3R.

It is important 10 note that the
absolute values of the resistors do
not matter; the values need only be
“ratio-matched.” Thus, any standard
low-cost resistive network will be
applicable.

The output terminal 3 may be con-
nected directly to a digital multime-
ter or analog-to-digital converter
with high input impedance. For bet-
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to analyze the overall circvit.

ter impedance matching, the addi-
tional noninverting output amplifier
is recommended.

The optional amplifier provides
impedance matching and produces
an additional gain of (1+R5/R6). If
R5 is set equal to 3R6, unity gain of
the whole amplifier is obtained.
Consequently, the circuit returns
the absolute value of the sum
V1+V2 of the input voltages.

However, all practical op amps
introduce errors. In this application,
the most critical dc error source is
the parasitic positive voltage on pin
1 of op amp UlA when V+Vg is
greater than 0. In an ac mode, the
input capacitance of Ul defines the
frequency bandwidth.

When the values of resistors are as
is shown (see the figure, a, again),
the frequency range measured at

THE ABSOLUTE VALUE of the sum of the two input voltages is developed by the first stage of this circuit
(a). The second-stage amplifier provides impedance matching and additional gain. The equivalent circuits (b) are used

the -3-dB points spans from de to 20
kHz. To obtain a wider frequency
range, lower resistances for R1 to
R4 must be used. Also be aware of
the possible nonlinear distortion,
which could result from variations in
the input capacitanee of op amp Ul
with changes in input voltage.

Voted “Best of Issue,”
Electronic Design, January 23, 1995

he intrusion of periodic
T noise (for example, 60-Hz

“hum") into electronic cir-
cuits seems inevitable, particularly
when high-impedance, low-level sig-
nals are involved. The dominant
mode of noise induction in such situa-
tions is capacitive. Because capaci-
tive induction emphasizes high fre-
quency noise components, 60-Hz-
related noise is likely 10 be heavy in
harmonic content and extremely non-
sinusoidal. For this reason, purely
analog “notch” filters are limited

€I suPpLEHEN 10 ELECTAONC DESIEN = October 24, 198

Eliminate Periodic Noise

W. STEPHEN WOODWARD, Venable Hall, CB3290, Univ. of North Carelina, Chapel Hill, NC 27599-3200;
Internet: woodward@uncvxl.oit.unec.edu

when cleaning up corrupted signals.
This analog/digital synchronous-
averager circuit (see the figure)
implements a robust “comb” filter
that (theoretically) infinitely attenu-
ates all 60-Hz harmonics. It does this
independently of precision compo-
nent tolerances and with a transient
response ideal for use with
analog/digital converters. Signal
companents with frequencies below
20 Hz are passed virtually undis-
turbed.
In the circuit, A1 continuously inte-

grates and inverts the sum of the
input signal and the output of buffer
amplifier A2. Depending on the state
of FF2, either switches S1A and S1B
(FF2 = 0) or S1C and S1D (FF2 = 1)
will conduct. In the former case, the
A2 buffer's input comes from the
voltage stored on capacitor C3, while
C2 traeks Al. In the latter case, the
roles of C2/C3 are reversed.

Because flip-tlop FF2 toggles once
each 60-Hz cycle, Al always inte-
grates the difference between the
instantaneous input voltage and the




[/~ NOISE FREE”
“PEACE OF MIND”

Conec planar filter connectors can any gap in between. A solid connection,
eliminate or greatly reduce EMI/RFI noise filter performance is therefore improved
in your system. with excellent results.

Conec (patented metal oxide thick film With the new stringent FCC and
planar technology) built right into the EC regulations Conec filter
connector {(our connectors are of the connectors, with optimum
highest quality) puts filtering where it performance, will give you

is most effective. peace of mind.

Conec Technology does not rely on ) For detailed information

chip caps mounted on PCB'sor contact Conec today.
held in place by clips, but mounts th:a\
planar directly to the contacts, eliminating

CONEC
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| integral of the input taken over
the preceding cycle.

The transfer function of such a
piecewise integration is well
known. It's characterized by a
series of impulses that occur at f
(the fundamental frequency of
the integration cycle) and at all
integer multiples of the frequen-
cy f.

This extreme attenuation
(greater than 10,000:1 in the pro-
totype) of harmonic noise is nof
limited by component tolerances.

The filter's settling time for an
input step, however, does
depend upon the trimming of
potentiometer P1. If P1 is prop-
erly adjusted, the filter's tran-
sient response to an input step
will settle to better than 1%
within one or two line cycles fol-
lowing  the input step.
Otherwise, a minor overshoot or
undershoot may be observed.
However, even then, the filter's
transient response will be supe-
rior, for most purposes, to that of
a linear analog filter of compara-
ble complexity.

O
60-Hz reference ~ 10t0 20 V rms

20k 1% (gain)
fiutput £ 12V mex AARAAAN—AAS st
o 20k
+1.5V
o
{Zero)
100k
R Ry
1101‘(. 110k* =3 -15V
Input 12 V max 5 T
) cospres_ 100 U
: 1.5V 2
C
B S NLE A
2| M 1) 8
+ 14 0 6[g
= 00 ”v$1 g 0
" 1065, Wﬁ_unm ;
FF2 5 = 0.001 4l
100k tF -
R
14 -15V
O 415V
€D40138

All op amps = 1/4 LT1058

n inexpensive and

efficient discrete

step-down volt-
age regulator can be built
using a complementary
transistor  arrangement
that uses both positive and
negative feedback and is
referenced to a Zener
diode. A flyback conduction
diode and a few passive
components complete the
circuit.

A general-purpose pnp
audio output-stage transis-
tor is chosen for Q1 (see the
figure). In a common-emit-
ter configuration, Q1 acts a
“switch transistor” under
the control of Q2, the “com-

Optional unity-gain inverter A3
undoes the signal inversion per-
formed by A1l and incorporates trim-
mer pots P2 and P3 for precise

adjustment of overall filter gain and
zero offset. The signal-processing
function that results is de accurate,
noninverting, and virtually blind to

Low-Cost Step-Down Regulator

EUGENE £. MAYLE. R.L. Drake Co., 230 Industrial Dr,, Franklin, OH 45005; (513) 746-4556.

Input = 18.0 V, output taken at C3

Ripple
Output (V) | Load (ohms) (mv p-p)pp (kHz) |Efficiency (%)
12.54 1k 50 4 67
12.52 90.9 25 112 86.5
12.43 47.6 40 58 88.9
12.45 24.4 70 Sl 91.8
Input = 18.0 V, output taken at C4
Ripple
Output (V)| Load (ohms) (mV p-p) | (kHz) |Efficiency (%)
12.53 1k 58 0.8 67
12.46 90.9 k5 86.5
12.37 47.6 186 88.4
1220 | 244 alk/5) 90.4
Output taken at C3, load = 24.4 ohms
Ripple
Input (V) Output (V) [ (mV p-p) | (kHz) |Efficiency (%)
15.0 2585 73 17.8 93.4
18.0 12.45 70 31.0 91.8
210 12.53 7, 43.3 90.8

QT s7eLceT T0 ELECTAONC DESIGH = Dctaber 24,1996

THE "COMB” FILTER IMPLEMENTED IN THIS synchronous

averager infinitely attenuates all 60-Hz harmonics.
60-Hz related noise.

Voted “Best of Issue,”
Electronic Design, July 10, 1995

parator transistor." The
value of R2 is chosen ow
enough to quickly discharge
the parasitics of Q1 during
turn-off, ensuring fast
switching. R5 is a precau-
tionary element included as
a base current-limiting
mechanism for Ql. Q2, a
general-purpose npn tran-
sistor, operates as a com-
mon-emitter in its positive-
feedback mode and as a com-
mon-base amp in its nega-
tive-feedback mode. After
initialization of power, bias
resistor R1 provides base
current to turn on Q2, which
turns on Q1. This results in
additional bias current flow
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the negative-feedback loop.

The back EMF generated
by L1 forces Ql's collector
negative, at which point it's
clamped by Schottky diode
CR1. The polarity of net-
work R3, R4, and C2
becomes reversed and | =
| shunts current away from

01 = 28A1359Y
02 = 2N3904

through network R3, R4, Vio O
and C2. Thus, a positive- e} 5
feedback loop is formed. Q1 'j_ Noles:
and Q2 output currents Ry é =
ramp the voltage across C3. O1= 470 uF, 25V
Zener diode CR2 eventual- § Ry gz-cz‘Zf 1“:” uF, 16V
1(3'2 clzkl)mps t}?? vtoltagettat Ay o CRY c%}’,m, 3
| Q2's base while its emitter CR2=13.6V (2 x 1N4099
| voltage at C3 continues to —\V\V\/ \-N:L l,=muu.o>mezso)uu.na.s
rise. Once Q2's Ve drop ) Ry — Lp=220H, 0> 40 @ 250 kHz, R< 0.8
becomes sufficiently small, | $— | Ry, Ry, =22k, 14W
Q2 turns off Q1, completing :2"“?::].‘{: 'l'/“l

decay is directly depen-
dent. Overshoot can occur
due to fixed -circuit-
response delays and ripple
frequency will be low.

At higher loads, the
charge-to-decay-time ratio
approaches 1:1, the ripple
voltage approaches a mini-
mum, and the oscillation
frequency peaks. Still heav-
ier loads require that Ll
supply load current while
charging C3, which increas-
es the entire cycle--ripple
frequency goes down and
ripple voltage goes up.

Inductor L1 is selected to
maintain the switching fre-
quency above the audible
range for the intended

Q2's base, enhancing the
turn-off. A regulated bias

Q2's emitter and across C3.
Regulation involves charg-
ing C3 through L1, and the
decay of C3 through the load. If
there's insufficient current draw
| from the load, R3 will cause the out-

put to stabilize at about 0.7 V high.
At light loads, charging time is
almost load independent while

THIS inexpensive and efficient discrete step-down
regulator is based on a complementary transistor

point now is established at arrangement that employs both positive and negative
feedback and is referenced to a Zener diode.

operating load. The output
filter L2 and C4 reduces rip-
ple to less than 10 mV p-p
over a large range of loads,
with only a slight decrease in
efficiency.

Voted “Best of Issue,”
Electronic Design, February 6, 1995

ositive feedback along with

a series output resistor can

provide a controlled output
impedance from an op-amp circuit,
with lower losses than would result
from using an actual resistor. The
circuit is useful occur when driving
coaxial cables that must be terminat-
ed at each end in their characteristic
impedance, which is often 50 ().
| Adding a 50-() series resistor on the
op amp's output obviously reduces
the available signal swing.

As can be seen in Figure 1, the cir-
cuit is an adaptation of the Improved
Howland Current Pump, which is
usually designed to maximize output
impedance. It uses the positive feed-
back to provide a multiplication of
the current sense resistor's value.
For example, withR1=R2=R3=1
1, and R4 = 1.2 Qs, the circuit sup-
plies a 50-Q) output impedance with

@ sioenen 10 CLECTRONC DESIR = October 24, 9%

only 5 ) of real resistance to lose
voltage swing through.

Ry

Ry

1. COUPLING positive feedback

with a series output resistor provides
a controlled output impedance from
an op-amp circuit, reducing losses
that would otherwise occur with an
actual resistor. The circuit is an adap-
tation of the Improved Howtand
Current Pump.

PosiCive Feedback Terminates Cables

JERRY STEELE. National Semiconductor Corp., Tucson Design Center, 940 Finance Center Dr.,
Suite 120, Tucson, AZ 85710; (602) 751-2330.

|

Adding positive feedback has the
effect of multiplying circuit gain by
the same ratio as it multiplies the
sensing resistor (the example values
given had a gain of about 10). Keep in
mind that loading will cause the out-
put voltage to drop to half (that's
proof of the concept), so the loaded
gain is half the unloaded gain.
Available voltage swing remains
essentially unimpaired. This can be a
valuable feature, especially in low-
voltage circuits like those used with
National Semiconductor's LM7131.
This part can provide 4-V pulses into
a 150-() cable on 5-V supplies, but
back termination would typically
halve that. This technique maintains
the full 4-V capability.

The circuit tolerates capacitive
loads well, better than just the op
amp alone. The inductive portion of
any load is what could cause stability




Hamamatsu's PC and Mac-
compatible digital cameras are here!

Now you can capture high-quality, high-
resolution digital images for detailed
applications with a simple cable connection.

Thanks to a SCSI interface,
Hamamatsu'’s cooled black & white
and color cameras plug directly into
your PC or Mac. And they work with
most image processing software
(Adobe Photoshop™ Image Pro Plus™,
Optimas™, etc).

Best of all, you eliminate costly frame
grabbers with the added benefit of
exceptionally clean images, even with
low light applications.

When it comes to digital CCD Cameras
and Image Processors, there’s only one
connection: HAMAMATSU.

Call (908)231-1116 today to hook up with
Hamamatsu for detailed information on
these, or for any other imaging needs.

Introducing the
first digital CCD
Cameras with all
the right personal
connections.

HAMAMATSU
PHOTONIC SYSTEMS

360 Foothill Road, P.O. Box 6910, Bridgewater, NJ 08807, Phone (908) 231-1116. FAX (908) 231-0852.
Japan: (81) 53 431 0124, Germany: (49) 8152 375 0, UK: (44) 181 367 3560, France: (33) 16953 71 00
ltaly: (39) 2 935 81733, Spain: (34) 3 582 4430, Sweden- (46) 8 703 29 50
All trademarks are the property of their respective holders.
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| problems. Note that coax cable is a
transmission line and isn't consid-
ered purely inductive or capacitive.
Load inductance will manifest itself
as overshoot in pulse response, if the
overshoot is less than 40% of the
total peak-to-peak amplitude of the
pulse then the circuit has adequate
phase margin.

Setting the desired gain involves
pegging the values of the negative
feedback resistors. Remember that
the gain will ultimately be multi-
plied by an amount equal to what
the series output resistor R5 is
being multiplied. For convenience,
the input leg of the positive feed-
back (R3) can be set equal to RI.
The following equations solves for
R4:

A, R
\1+A,|R1/(R1+R2)] [ !

Ry
1-
7z

where Z is the desired output

Ry=1.2k
Ip=51

Ry, Rp, R3=1k

Ng=5V

AD(C12662
High speed
12-bit
ADC

2. THE VALUE OF THE TECHNIQUE demonstrated in Figure 1

is shown in this application, which uses National Semiconductor's LM7131 in a
battery-operated piece of portable equipment operating at 3 V.

impedance. A is the open-loop gain
of the op amp.

An example demonstrates the
value of this technique (Flig. 2). Al is
National's LM7131 in a battery-
operated portable device operating
at 3 V. At the 3-V supply, the
LM7131 is specified for a maximum
swing of 2 V. Using positive feed-

On Target!

Maxwell® SI Eminence;

Software solutions for high-frequency

and high;:%ed design
N\

Ansoft Corporation = Four Station Square = Suite 660 = Pittsburgh, PA 15219-1119 USA

TEL (412) 261-3200 = FAX (412) 471-9427 = Internet Slinfo@ansoft.com

WWW http://www.ansoft.com

back for back termination makes

|

t

this entire voltage swing available. |

At the receiving end, another
LMT7131 provides gain to present a
0-to-4-V input to a high-speed 12-bit
ADC.

Voted “Best of Issue,”
Electronic Design, March 6, 1995

Design RF components
the interaction between

of telecommunication
systems.

Model critical path PCB
emissions. Evaluate
component level EMI
and study shielding
effectiveness to
proactively design for
EMC compliance.

communication

cables and loops,
cabinets, and apertures.

Don‘'t miss the mark,
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the digital and RF portions

Analyze electromagnetic
radiation from wireless

systems, MMICs,

antenna/radar
systems, RF ICs,

contact Ansoft. l

ANSOFT

and sub-systems. Evaluate
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Charger Bullc With

JOSEPH J. DENGEL. U.S. Merchant Mar

battery charger for small

NiCd batteries, which can

be constructed using just
four components, comes in handy as
a lightweight and compact travel
charger or in "floating" simple bat-
tery-backed projects. The circuit
sacrifices isolation from the power
line for a compact design. This lack
of isolation requires the user to
exercise prudence in the circuit's
use. heed the notes mentioned below
and ensure that circuit operation
and the potential shock hazards are
understood. As a travel charger for
AA, C, or 9-V batteries, the circuit
will usually fit inside a 35-mm film
canister. A short ac plug comes out
of one end and two small clip-leads
from the other.

In the cireuit (see the figure), the
capacitor is ac rated at 120 V ac with
a value determined from the equa-
tion below. The fuse is selected to
match the designed charging cur-
rent/line voltage, and should not be
above 0.25 A. The diode D1 rectifies
the line voltage and diode D2 pro-
vides a discharge path for the capac-
itor, which bypasses the battery. D2
is a Zener diode that limits the open-
circuit voltage between the two
charging leads when there's no load
present.

Battery charging is based on aver-
age current flow. After selecting a
desired charging current in

amperes, the value of the capacitor

gl Parts

-ine Academy, Engineering Dept., Kings Point, NY 11204.

144
I
Hat Fuse  Current Rectifier Diode é
Limiting 1 Amp
Capacitor 100 PIV l y :
AC Volt = sm-cu gl.oad :
oltage — Battery
Supply 6) '"1552,,‘5 Limiting Set ‘
Diode
Neutral -I[;
Charger section Battery load

BUILT WITH JUST FOUR COM‘PONENTS. this charger for

small NiCd batteries is useful as a compact travel charger or in “floating” sim-
ple battery-backed projects. it's small enough to fit in a 35-mm film canister.

(in farads) is computed from the
equation:
C =, yg X 0.0167)/340 (1)

For example, AA NiCd batteries
usually have a 0.5 amp-hr rating and
an overnight charge rate of 10% as a
rule of thumb., Charging current of
0.05 A resuits in a 2.5-uF capaeitor.

Some other notes about the circuit:
1.The negative charging lead should
be connected to the neutral conduc-
tor (wide blade on a polarized plug).
Hotel wiring often is incorrect, so
keep both charging leads, the bat-
teries, the appliance, and yourself
clear from external ground paths.

2.The charging leads may be short-
circuited without damage and any
reasonable number of batteries can

.OPTIONS EXPAND LIBRARY LIST NODE

.TRAN ,001 0.03 0 50U

VAC 1,0 AC 169 0 SIN(O, 169, 60, 0, 0, 0); 120VAC RMS

R1 172 5.2 ; EQUIVALENT FUSE RESISTANCE, 1/4-AMP, 250V S.B.
C1 2,3 1.5U; CURRENT LIMITING SERIES CAPACITOR

RC1 2,3 1.7MEG; EFFECTIVE LOSS COMPONENT FOR CAPACITOR

D1 0,3 DIN5245; VOLTAGE-LIMITING DIODE, 15V, 0.5 WATTS

D2 3,4 DIN4007; BLOCKING DIODE

R2 4,5 .25; INTERNAL RESISTANCE OF BATTERY, "AA" CELL

Vi 5,0 DC 1.2 AC 0.0 ; SINGLE CELL BATTERY

*R3 4,0 500; LOAD RESISTANCE

.model DIN5245 D(Is=3.142f Rs=3.536 Ikf=0 N=1 Xti=3 Eg=1.11
Cjo=80.5p M=.4186

B Vj=.75 Fec=.5 Isr=1.527n Nr=2 Bv=15 Ibv=24.573m
Nbv=1.0932

+ Ibvl=7.1249u Nbvl=.65646 Tbv1=833.33u)

.model DIN4007 D(Is=14.11n N=1.984 Rs=33.89m Ikf=94.81 Xti=3 Eg=1.11
+ Cjo=25.89p M=.44 Vj=.3245 Fc=.5 Bv=1500 Ibv=10u
Tt=5.7u)

. PROBE

.END

be charged in series without affect-
ing the average charging current.
When not in use, the circuit should
be unplugged.

3.The Zener-diode voltage rating
should be set slightly above the
highest voltage for the battery |
array. Its wattage rating can be
approximated by:

Pq=Lyyg X vV, @)

4.The Zener diode is the only com-
ponent that may dissipate any
power; it should be liberally sized,
especially if the final circuit will be
completely enclosed. \

5.Batteries may be charged while
still installed in the tape player or
radio (convenient because a sepa- |
rate battery holder isn't required).
Use caution to prevent an open cir-
cuit in the battery path, or else the
charging voltage will pulse at a
value determined by the Zener. This
may not be beneficial for the appli-
ance if it's turned on or is in an "idle
mode."

6.A four-diode, full-bridge rectifier ’
may be used in place of diode DI.
This reduces capacitor size by one-
half for any given charging current.
The zener diode will dissipate twice
the calculated power and should be
placed at the output of the bridge.

Voted “Best of Issue,”
Electronic Design, December 4, 1995
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YONGPING XIA, 23008 Arlington Ave., Torrance, CA 90501; (310) 784-1442.
single-chip digital ther- |
mometer IC developed by 1
Dallas Semiconductor, . Ri
Dallas, Texas—the DS1620—can AN =g,
measure temperature from -55 to 1 10 _L 1
+125°C in 0.5° C increments. 1 S T 100
The circuit shown uses a PC's |5 100k 16V
printer port to communicate with a |6
DS1620 (see the figure). R 10
The C program (see the listing) 8 R3 10k
will set the printer port to power T e
s ol commands e ]
the IC, send control commands to m
and read measured data from the " L T
IC, convert the data to temperature, e 1N4148 /oo voo I8
and display it on screen. A 2 7
an play it on scree m CLK ™ 5
—+— 3
Voted “Best of Issue,” LW \ RST |C 5
Electronic Design, March 18, 1996 » G0 TC ——
16
e D$1620
18
19
20
2
22
TEMPERATURE CAN BE -
measured and displayed on a PC %
screen using this circuit. It utilizes a
PC’s printer port to communicate with &
a single-chip dlgital thermometer IC
(DS1620).
#include <stdlib.h» if {(control/2*2==control) in=0;
#include <stdio.h> out&=0UT_LOW; for (i=0; i<9; i++)
#include <conio.h> else {
#include <«dos.h» out | =OUT_HIGH out&=CLK_OFF;
control/=2; outportb(out_port, out);
#define POWER_ON Ctx01 outportb (out_port, out); delay(5});
#define POWER _OFF Cxfe delay (5} ; temp=inportb{in_port);
#define CLK_ON 0x20 out | =CLK_ON; in=in+ (({temp/64)&0x01)<<i) ;
tdefine CLK_OFF Ixdf outportb(out_port, out); out | =CLK_ON;
#define RESET_ON Oxbf delay(5); outportb{out_port, out};
#define RESET_OFF 0x40 } delay(5);
#define OUT_HIGH 0x80 ) }
#define OUT_LOW 0x7£ return(in);
/* reset DS1620 *
typedef unsigned int WORD; void rst(void)
{ main{)
int i, data, out_port, in_port, out=0; out&=RESEZT_ON;
char msg[80]; outportb{out_port, out); int templ;
delay(5); float tempC;
/* find printer port address */ out | =RESET_OFF; clrscr();
void find_port (void) outportb(out_port, out); gotoxy (50,24} ;
{ delay (5} ; printf("Hit any key to quit®);
out_port=*{(WORD far *!IMK_FP(0x0040,8); } find_port{);
in_port=out_port+l; do {
out | =POWER_ON; /* read data from DS1620 * templ=read_chip();
outportb (out_port, out); /* power on * int read_chip(void) if (templ..256)
delay (1000) ; { templ-=512;
) int in, temp; tempC=( (float)templ/2);
rst(); gotoxy(1l,1);
/* send control command to DS1620 */ send_control {0x0c) ; printf ("Temperature: %.1f deg C *,tempC);
void ssend _control (int control_data) send_control (0x03) ; gotoxy(1,1);
{ rst) ; delay(1000);
int control; send_control (Oxee) ; } while (!kbhit()}; /* quit if any key */
control=control_data; send_control (0x00) ; ¥
for (i=0; 1<8; i++) rst();
{ send_control (Oxaa) ;
out&=CLK_OFF; out | =QUT_HIGH;
ontportb(out_port, out); outportb(out_port, out};

@D sopeecewT 10 ELECTADNC DESIGN » - Octaber 24, 1995
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Cmture ‘and OrCAD Simulate,” you’ll

all major vendors. And every task, from

i's-

' ?(hilon tﬁat’ handles your entire design. That includes ‘f

1'&B-demgn, Programmable logic design, for "‘j& ,],:
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1. Design Your System T £ =t {%_ e a8 = A o i
0 9 e g g 2R : sy e WEE
Capture your design quickly with OrCAD Capture’s intuitive =5 WP = =t O — 4
drawing interface, using vendor-optimized schematic e

o
"
I

macros. Automate procedures with Capture’s new macro | 71 |
recorder or use step-and-repeat and cut-and-paste “ o - e | |
. 0 paat/G =13

commands to replicate blocks — you'll create complex F" o B o
logic structures in seconds. s . ]

2. Model The Design

Au“__.

J
|'

L

Create stimulus in OrCAD Simulate’s easy-to-use
interactive dialog boxes. You can generate
complex signal patterns with a few button clicks.
Debug an entire design without using VHOL — or
with VHDL, by using the built-in editor/debugger
to compose a VHDL test bench.

3. Debug

Your Devices

ways. Open several waveform windows at o

having to re-load.

4. Commit To Silicon

Altera MAX+PLUS II, Actel

Verify the logic of your design and view the simulation results in multiple

nce to see how signals

interact. Or, see the signal states annotated in the schematic. Unlike
most simulators, you can start, stop and reset the simulation without

Press a button to open interfaces to Xilinx XACTstep,

Designer Series, AMD

MACH-XL, Lattice pDS+, and MINC PLDesigner-XL.

0rCAD’s FPGA Designer
Pack also produces
netlists in all common
PCB formats, as well as
every other file type you
might need.

T ST P AL Wy W s et

(P aah Y W hatn e Skt ot e @ e B ————
b

Buy The OrCAD FPGA
Designer Pack Now.

5. Verify Performance

Analyze timing performance, using the routing delay information
that OrCAD Simulate extracts from your post-layout netlist. Quickly
measure the skew between edges with movable delta markers on
the waveform windows. You'll also be alerted automatically when
the simulator detects common timing violations, such as pulse
width, or set-up-and-hold.

-?-t"n_.'»\o-..’ -

1‘ Design
| Deskiay for
Windows

LA .

FORWMOWS

a4

Full 32-bit application delivers Express Entry lets you use schematics,

VHDL, or a combination — even within the

aximum performance whether

indows 95° Windows same device — and to import

pws 3.1° with the

EDIF-format schematics

created with

oduct licensing

the software at

home, and on a
anywhere that's
ient for you to work

our designs

Express |
“wizards
setup, including

selectio

debuggi

6. Document Your Design When you purchase the FPGA Designer Pack, you'll also receive OrCAD's next-generation solution — OrCAD Express
Document your design with ease using OrCAD's true-Windows interface. Cut and for Windows — when it ships.™ All the designs and libraries you create with the FPGA Designer Pack will be fully
paste schematics and waveforms directly into your favorite word processor, export compatible with Express. And because the user interface shares the look and feel of OrCAD Capture and Simulate,
tab-delimited text files to spreadsheets, and generate custom bills of materials and you'll be productive with OrCAD Express right away.

ater Gustom reports. OrCAD Express will do away with the inefficient point-tool approach that's burdened designers for years. Because

Express will treat your PCB system and the devices on it the way you do — as a single project — you’ll be able to
focus on what's most important. Your design.

Upgrade To OrCAD
ress for Free.

Show Me Your
Complete Solution.

__Please send data sheets and more information about the
FPGA Designer Pack and new OrCAD Express for
Windows.

__Have an OrCAD sales representative contact me
right away.

__Send me the newest version of OrCAD’s Deskrop
Solutions demo CD.

Name / Title

. X Company
Express Compiler synthesizes

VHDL and combines it with

Address / Mailstop

schematic descriptions, creating City Stae/Province

a device-optimized netlist for the

s Zip/Postal Code
vendor’s place and route tool

Telephone Fax

E-mail

*OrCAD Express is scheduled to ship in the fourth quarter of 1996.
€1996 OrCAD., Inc. OrCAD Capture, OrCAD Simulate and OrCAD Express
are trademarks of OrCAD, Inc. All other product names mentioned are
property of their respective owners.

To order, contact OrCAD Direct by p
through our web site, by E-mail, or simply fax y
urchase order. Act fast; this offer is valid only through
November 30, 1996.

OrCAD DirecT Sales
1-800-671-9505

: 1-503-671-9501 E-mail: info@orcad.com
eb site: http://www.orcad.com

You'll find all the tools you need integrated into a single, easy-to-use
32-bit Windows application: Sophisticated project management. Mixed schematic

and VHDL design entry. Vendor-optimized VHDL synthesis and simulation. And complete libraries, interfaces
and documentation outputs for both system-level PCB and programmable device design.

Express will also include a custom version of Esperan’s multi-media VHDL tutorial, as well as OrCAD's interactive
training tutorials and online help. So you'll come up to speed fast. And have everything you need to design
complete systems with higher-density devices.
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imple RS-232 Tester

_RIAN-NICOLAE ION, Noesis-Domaine Technologique de Saclay,Bat. Ariane 4, rue Rene Razel, 91892 Orsay Cedex, France.

|
| [ﬂ ne problem in transfer-
ring data using the RS-
| 232 standard is whether
the TxD and RxD cables should be
cross-coupled. It's easy to determine
this when a DMM is available, but it
might be difficult to do in the field
when there's no meter at hand.

A simple solution handles this task
easily, in a small package that could
| be carried in a pocket (Fig. 1). The

‘agter is basically a window com-

rator, in which the Low and High
rels are set at +3.0 V and -3.0 V,
spectively, by resistors R2, R3,
d R4. Resistor R1, when not dri-
n by an RS-232 output, will have a

Ry
= a7k
15V

»

R4
4Tk 1

low voltage across it (approximately
0 V), and the LED D1 at the output
of the comparators is turned off.

If the unknown wire of the cable
that's tested is an RS-232 output.
then it will drive the In point to
either a voltage between +3 and +12
V or between -3 and -12 V. In both
cases, one of the two comparators'
outputs will be driven low. This
turns the LED on, indicating the
presence of a wire connected to an
RS-232 output. The comparator
should be an LM339 type or equiva-
lent (with an open-collector output).

The disadvantage of this scheme is
that the thresholds are very sensi-

tive to the supply variations. To
eliminate that, the thresholds at the
inputs of the comparators can be |
created using the normal forward
drop on a simple diode (a Zener with |
such a low voltage would be more
expensive and difficult to find). and
then be brought to the necessary
levels by IC1 (+3 V at its output) and
IC2 (a simple inverter) (Fig. 2).

To minimize parts count, a quad op
amp could be used for IC1-4, one
that can assure a Voy level high
enough to turn off LED D2.

Voted “Best of Issue,”
Electronic Design, Februay 19, 1996

the RS-232 standard. .

Norwood. MA 02602; (617) 329-1241.
ogarithmic amplifiers are
used in application in

|! which the input possesses

vide dynamic range, and there's a

ed to resolve signal throughout its
ge.

conventional logarithmic amplifi-

w (Fig. 1a) consists of an amplifer

and nonlinear element in its feed-

back, a reference circuit, and one

| specialized component to remove

1. THIS PEN-SIZED aevice can easily handle

the task of determining whether TxD and RxD cables
should be cross-coupled when transferring data using

puild An Recurate Log Amp

MOSHE GERSTENHABER and Frank J. CIARLONE, Analog Devices Inc. Two Technology Way.,

!

|

24 TH‘REGHOLDS often are sensitive to supply

variations. In this setup, thresholds are created using a
diode’'s forward drop and then brought to the necessary

levels by IC1 and IC2.

AND ERROR (

i ] »

VIN Vourt (Calculated) V out (Measured) Error/FS
+10V 1.985 1.990 V 0.05% |
+1V oV .0030 V 0.03%
+100 mV BRI C o -1.99V 0.05%
+10 mV -3.97 —3.97 V 0% y |

| +1mV | —5.954 —5.93 .V 024% |
+100 muV 7.94 -7.96 0.20%

Ocaber 24, 19%
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temperature effects. Although such
circuits are rather common, they
have some limitations. For example,
the input must be referenced to
ground because common-mode sig-
nals will generate errors in the "log-
ging" device, and the input signal's
source impedance must be small so
that there's no interaction with the
input resistance of the logarithmic
amp. Moreover, the system band-
width changes as the signal changes
because the nonlinear device alters
the loop bandwidth as the current
through it is varied.

By modifving the logarithmic-
amplifier circuit, it can reject com-
mon-mode voltages and only mea-
sure differential signals. Its band-
width is independent of the input
voltage andits input impedance is
very high. The log circuit consists of

[ (@

5V 100k
Q

an instrumenta-
tion amp, and an
op amp together
with a diode-con-
nected transistor
that produces a
voltage propor-
tional to the loga-
rithm of the cur-
rent.

A circuit con-
sisting of a volt-
age reference, an
instrumentation
amp, and an op
amp  together
with a diode-con-
nected transistor
act as a reference
circuit. A ther-
mometer [C, a
fixed-gain instru-

oy 10V
Vig -

s . ¢+¢—o—-—:s me e s oo v--nu»**—{
| |

“

2. THIS CROSS PLOT of Yout versus Vin

demonstrates the circuit transfer function. The horizonta

scale = Vin 2V/div: Vertical = Vo 1V/div.

b Vout

SSM-2210

1k
Vre' adiust

‘1. UNL.TKVEV TH‘E EbNVENT|OﬁL—LOGA‘R|THM|C amplifier (6). a more accurate amp can be built to |

reject common-mode voltages (b). The modified amp consists of an instrumentation amp and an op amp configured as

a voltage-to-frequiency converter.

QI ieeLconT 10 LECTADNC DESIGH = October 24, 1356
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transfer function:
Vout = 1.985log10(V;y,/1 V)
VREF must be set to 1.000 V and,

classic problem in elec-
m tronics is the generation

. of a good, stable sine
wave. There are a thousand ways to
do it; none of which are perfect. So
here's number 1001, which offers
some advantages...

Semi-digital cireuits (e.g., crystal
oscillators and dividers) can create
square waves of very stable ampli-
tude and frequency. Although a
square wave often is considered as a
sine wave having 100% distortion,
this is far from true. The

mentation amp, and a divider circuit | with Vin = VR E, the grain adjust
provide the necessary temperature | has to be set so that Vo
compensation and scaling for a | Calibration at low input voltage is

0oV

| done by changing buffer A4's offset

|

voltage. The table illustrates the cal- ’
culated, actual, and error of the loga-

rithmic amp in Fig. 1b. Figure 2
shows a cross plot demonstrating the
circuit transfer function.

Voted “Best of Issue,”
Electronic Design, November 6, 1995

Creating @ Good, Stable Sine Wave

ARTHUR D. DELAGRANGE, 437 W. Watersville Rd., Mt. Airy, MD 21771; (301) 829-2430.

up. The rejection would be inade-
quate at the third and fifth harmon- |
ics, but notches at these frequencies
can be created with just two more !
resistors, R1 and R2. This turns the
device into an elliptic-like filter (this
isn't a true elliptic, because when ‘
the zeros are assigned arbitrarily,
the humps in the reject band won't |
be equal).

At first glance, the filter appears |
complicated, but a closer inspection
shows that it can be built with as

few as six components. How so? The
op amps can be a quad DIP. RA can
be two RB resistors in parallel. RC
can be equal to RB. R3 can be left-
over RB resistors in series.
Consequently, all of the resistors
other than R1 and R2 can be in two
DIPs.

Performance results are shown in
Figs. 2 and 3. Fig. 2 shows the filter
frequency response, and Fig. 3 illus-

| trates the output spectrum when

using a 1-kHz square-wave input.

“error” consists entirely of |
odd-frequency harmonies if |
the duty cycle is exactly | "
50% (this can be guaranteed
by generating twice the
desired frequency and
dividing by two).

Removing the odd har-
monics is a reasonable task
for a filter. The obvious
solution, a narrowband fil-
ter, isn't acceptable because
analog types are notorious
for poor stability. Digital
and semi-digital (e.g.,
switched capacitor) are bet-
ter in this respect, but they
add their own noise and
harmonics.

Such a task can be accom-
plished using the filter
shown in Fig. 1. Without R1

pass L-C ladder. This type
has excellent amplitude sta-
bility in the passband, 30-
dB/octave slope outside the
passband, low component

c

Rp

Notes: Values for 1-kHz signal

F : C=0.01 4F, 1%*
' and RZ, it's an active ver- Ra=10k, 1%
sion of a 5-pole passive low- Rg=20k 1%

Rg = 20 k nominal; matched required

Rq =1.407 k calculated; 1.40 k, 1% used

Ry =506.6 () calculated; 511 (1, 1% used

Rg =100 k nominal; for dc bias

*Looser tolerance with matching is okay if Ry and Ry are adjusted.

Note that all harmonics are
in excess of 80 dB down
(this performance was
achieved using 1% film
capacitors; a DIP of
matched ceramies, which
are more lossy, yields 70
dB rejection of harmonics).

Some notes on the filter:
No 1% tolerances are nec-
essary if matched compo-
nents are used and R1 and
R2 are tweaked to adjust
the notch frequencies (this
is easily done by adjusting
R1 for minimum signal out
at the third and R2 for the
fifth). Because the filter is
passive-derived, it must be
lightly loaded. However, if
the load provides de conti-
nuity to ground, R3 may be
eliminated.

Similarly, if the driving
impedance isn't small com-
pared to the resistors in
the filter, its impedance
may be subtracted from
the filter input resistor to
compensate. The op amps

sensitivity, and a capacitor

high-frequency roll-off and
minimizes stray noise pick-

Q@D sornecnn 10 LECTRONC DESIGH = bckober 24, 19%

to ground at the output, 1. USING AN ELLIPTIC-LIKE FILTER,
which ensures continuous this circuit can remove odd harmonics from a square
wave, creating a stable sine wave. The seemingly com-
plex filter actually can be built with as few as six parts.

are part of tuned circuits
and should have a gain-
bandwidth product of at
least 100 times the notch
frequency (when the filter
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was changed for a 10-kHz input by

RANGE: -5 dBY

reducing the the capacitor values to o2

1000 pF, harmonic rejection dBY '

dropped to 66 dB). At much higher ' Py 1

frequencies, the passive version ! | f’\ : i

might be better. [ \

Voted “Best of Issue,” 9 A\
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Electronic Design’s ldeas : . : : \ : :

for Design is one of our best- | | | [5TART: 8 Kz EW: 25 Hz STOP: 16 600 Hz

read sections. The ideal sub-

mission contains 1 to 1-1/2
pages of single-spaced type-
written text and one or two cir-

2. FREQUENCY-RESPONSE

RESULTS FOR THE fitter in

off at about 30 dB/octave. Note the notches at the third and fifth harmonics.

|
|
| Fig. 1 are illustrated. The filter is essentially flat within the passband and rolls
[
[
|
|

cuit diagrams, tables, plots, or RANGE: -9 oBY
listings. ! b

Design ideas should be || || ¢ | ﬂ e o
intended to be freely used by | | :
our readers and should not : AL i et s < 1 0 i 1
contain proprietary or patent- ; =
ed material, or material| | 3
intended-for-patent. e : 1
Send your ideas to: ‘ : ‘
Ideas for Design Editor L =~ Lo e : f
Electronic Design AAAAA LT TR e el A ey PRSP S we bed s g
611 Route 46 West —123 \"n — k‘“"""r\'“”\m. P um}w.mf an. i mj‘*ﬁ“wm
Hasbrouck Heights, NJ 07604 | START: B Hz EW: 95.435 Hz STOP: 1@ 908 Mz
FATIEOURT et 3. THE FILTER'S OUTPUT SPECTRUM.using a 1z square-

wave input, shows that all harmonics are in excess of 80 dB down.

Convert Pulse Width To Analop

W. STEPHEN WOODWARD. Venable Hall, CB3290, University of North Carolina,

nstruments possessing an | product that needed a greater than ‘ duced. Such aiterations would gen-

Chapel Hill, NC 27599-3290; Internet: woodward@uncvxl.oit.unc.edu.
internal digital architecture

“ are sometimes required to

produce an analog output. Often,
these requirements are introduced
very late in the product-develop-
ment cycle (thanks a lot, market-
ing!), when it may be difficult to pro-
vide board space and addressing
logic for a conventional DAC.

The circuit shown arose from just
such a scenario, which involved a
small microprocessor-based (Z-80)

15-bit resolution 0-to-5-V analog
output grafted on.

The product had few assets free
for the control of even a serial-input
DAC. What was available, however,
was much idle processor time
unneeded for the 500-ms measure-
ment cycle, exactly one uncommit-
ted output bit, and some unoccupied
capacity in the system ROM.

It was, therefore, apparent that
design modifications could be intro-

erate, twice per second as part of
the measurement cycle, a software-
loop-timed pulse with duration
ranging from 3 to 363 ms that would
be proportional to the measured
quantity. Pulse duration would be
7.26 ws or one part in 50,000.

This cireuit (see the figure) con-
verts these pulses to a monotonic
analog 0-to-5-V output with 100-p.V
resolution that settles to better than

| 1% only 1 cycle after a change in

Gctober 24,1986
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to create
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drawings.

Try it risk free

and get a

$100 rebate.* \

Just because your

work 1s complex

doesn’'t mean

1t has to be difficult

In an independent
usability study
experienced
AutoCAD LT
users were
able to create
and modify
space plans
and electrical
schematics up to
125% faster when
using Visio Technical

for the very first time

“$100 rebate good for AutoCAD LT users only, for details call us or vist wwew visio com/rebate Visio Techmcal 41 com

To get your work done, you've always needed CAD. But then
along comes Visio® Technical, a Windows-based drawing program
that's actually easy to learn and use. Our SmartShapes® technology
lets you create 2-D technical drawings and schematics that are
both intuitive and intelligent. You can finish drawings faster,
make changes easily, work with AutoCAD files and even
create custom solutions through OLE Automation. Make things
easy on yourself for a change. Call 800-24-VISIO, ext. H24 or visit
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Visualize your business™
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GOFTWARE'LOO‘P'TlMED U LGEG ARE converted to a 0-to-

5-V analog output that settles to better than 1% only one cycle after a change
in pulse duration. The pulses have a duration ranging from 3 to 363 ms.

pulse duration.

During the interval between out-
put pulses, the CD4053B CMOS
Lswitches are in the state illustrat-
ed. S1 is closed, S2 is holding C1
reset, and S3 connects C2 to A2's
summing point. At the start of an
output pulse, switch S1 releases one
end of R2. This causes the nonin-
verting input of Al to drop about 4
mV negative. The exact amplitude
of this step is adjusted by poten-
tiometer P1 so that a pulse width of
the minimum 3 ms produces a zero
aoutput.

While this is happening, switch S2
begins the charge of capacitor C1
through R1. The rate of this charg-
ing is adjusted so that a pulse with
the maximum duration of 363 ms
produces a 5-V output.

Simultaneously, S3 connects the
right-hand end of C2 to A2's output.
As a result, at the end of the inte-
gration cycle, the left-hand terminal
of C2 will be at A2's output voltage.
The minimum input pulse duration
is set to 3 ms, rather than zero, so
that C2 always has sufficient time to
equilibrate to this differential.

Therefore, at the end of the inte-
gration cycle, when switch S3
returns to the idle state and con-
nects C2 to A2's summing paint, a

charge equal to C2 times the voltage
difference between Al and A2's out-
puts will be delivered to C3. This
charge transfer occurs as S2 returns
to the idle state and resets Cl,
pulling the left-hand terminal of C2
back to the idling voltage.

The result is that if C2 = C3, A2's
output will slew exactly by the dif-
ference between the output value
from the previous measurement
cycle to the one appropriate for the
new cycle. If this equality isn't
exact, one or two cycles may be

| required for precise settling.

Voted “Best of Issue,”
Electronic Design, November 6, 1995
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FRANK N. VITALJIC, 514-13th St., Bellingham, WA 98225,

he noise voltage (en) gen-

erator shown is able to

generate  uniform  or
Gaussian noise (see the figure). The
noise is multiplied by (K) resulting
in a noise power of l\~0 Zvoltsz at
the filter's input. Thls power is
available at the filter's output by
setting the bandwidth fully open
(i.e.,, FL =0, FH = 0.5 Hz).

The 127-tap linear phase filter
passes frequencies between F1 and
F2, thus bandlimiting the filter out-
put noise (e;)- The output is sam-
pled at a rate of F's Hz, and stored as
500 samples in the noise_data array
(see listing for noise_generator()
program). The output noise power is
approximately:

oout 2~ 21(F2 - F1)/Fs K20, 2volts2

The statistics of the output data
(mean, variance, min, max) are
stored in the stats array. The output
noise power can be set as desired by
adjusting (K) accordingly.

Noise filter
Noise -
voltage \ eoutli
& aqutt = see fext
| FL = F4/Fg Hz
= 1.000v2 FH= F12/pss <05
Gaussian or
0.083 v
uniform

THIS PROGRAMMABLE
noise voltage generator is capable of
producing uniform, or Gaussian,
noise. The output noise power can be
set as desired by adjusting (K).

Voted “Best of Issue,”
Electronic Design, January 8, 1996
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#include<stdlib.h> //PROGEAMMABLE BAND-LIMITED DIGITAL
#include<math.h> // NOISE GENERATOR PROGRAM
1=Gauscian

void noise_generator(int ncise_type, //0=uniform,

int seed, //Seed for srand()function
doukle FL, //Low band-edge | normalized
doukle FH, //High band-edge | F/Fs $§ 0.5

doukle noise_mul,
doukle*noise_data,
double*stats)

//Noise multiplier
//500 data points
//Array of mean, variance,
//min, max noise data,
resp.
//Generates 500 data points of user programmable band-limited noise
//Requires the function calc_coeffs()published in ELECTRONIC DESIGN,
June 26, 1995, p. 104.
{

double filter_coeffs|MAXLEN], *data_ptr, *coef_ptr, *p, *q;

double data_in[626], *out_ptr, gaus{2], acum;

i R R

//Calculate noise filter coefficients
calc_coeffs(BPF, MAXLEN, DUAL, FL, FH, filter_cceffs);
//Duplicate symmetrical coefficients in upper-half of array
p = filter_coeffs; q = &«filter_coeffs{126];

for(i = 0; i < 63; i++)*g— = *p++;

//Generate broad-band noise data for filter input
srand({seed); //Initialize rand()function sequence
p = data_in;

if (noise_type 0)
for{i = 0; i < 626; i++) *p++ = noise_mul * uniform();
else for{i = 0; 1 < 313; i++) {
gaussian{gaus';
*p++ = noise_mul * gaus[0]; *p++ = noise_mul * gaus(l];

}

/Input broad-band nois2 to filter and store band-limited noise
‘/in array noise_data, 500 points.
out_ptr = noise_data;
for(i = MAXLEN-1; i < 626; i++) {
data_ptr = &dara_ir([i];
coef_ptr = filter coeffs;

acum = (*coef_ptr++) * (*data_ptr-);
for(j = 1; j < MAXLEN; j++) acum += (*coef_ptr++) *
*data_ptr-);
*out_ptr++ = acum;
}
/Calculate min/max noise data
stats[2] = stats[3] = noise_datal[0];
for(i = 1; i < 500; i++) {
if(noise_datal(i] < stats([2])) stats[2] = noise_data[il); //min
if(noise_data[i] > stats([3]) stats{3) = noise_datal[i]; /max

}

/Calculate mean/variance naoise data

stats[0] = stats[l] = 0.0;
for(i = 0; i < 500; i++) {
stats[0] += ncise_datal(i];
stats[1l] += noise_data[i] * noise_datali];
}
stats[0]) = stats[0] / 500.0; //mean
stats[1l] = stats[l] / 500.C - stats[0] * stats(0]; //variance

} //end noise_generator{)

double uniform({void)
//Generate zero mean uniform random number,
{ return ((double) (rand()

SOBSECIOR0 55
& RAND_MAX)/RAND_MAX - 0.5); }

void gaussian(double *gp)
//Generate zero mean unit variance Gaussian random number pair
{ double x, y, r, a;

//Generate pair of random numbers, Box-Muller Transform

do
x = 2.0 ¢ uniforam(); y = 2.0 * uniform();
T X& Xy

} while({(r > 1.0) Il {(r == 0.0));

//Map x and y to gaussian random number pair
a = sqrt(-2.0 * log(r) / r);
g PEEFISSSRNER T VGRS SO S
}
|
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fActive Filcer Uses Equal Value Parts

MICHAEL A. WYATT, Honeywell Inc., 18350 U.S. Hwy. 19, Clearwater, FL 34624; (813) 539-5653; fax (813) 539-2558.

h qual-value components

E | can be quite an advantage

in filter designs when
considering the total costs associat-
ed with the procurement, stocking,
and assembly of the filter.

For instance, the Butterworth
active third-order low-pass filter
(Fig. 1a, middle) uses equal value
resistors and capacitors. This fea-
ture normalizes the filter's 3-dB
corner frequency to 1/RC (in radi-
ans) for both low-pass and high-
pass designs (F'ig. 2a).

The two additional op amps for
the normalized filter may cost less
than the unequal value components
in the traditional Sallen-Key filter
(quad op amps don't cost much
more than single op amps), especial-
ly if the application calls for preci-
sion components (see Fig. Ia,
again)

PSpice's (MicroSim Corp., Irvine,

Calif.) behavioral modeling capabil- |
ity allows for the comparison of the |

normalized and Sallen-Key third-
order filters to an ideal filter.

The Laplace behavioral voltage-
controlled voltage source ~Eldeal"
(Fig. 1a, top) is configured as an
ideal Butterworth low-pass filter
with a 1-kHz bandwidth (w, =
6283.19 radians/s).

The Laplace transfer function
(entered as symbol attribute of
Eldeal) for the third-order
Butterworth low-pass filter is as
follows:

1

T8) = T
(“ W/mﬁ)+2(s‘/m§)+2(s/mc)m

The graphs in Fig. 1b are plots of
the ideal, normalized, and Sallen-
Key low-pass filter frequency-
domain magnitude and error
responses.

Note how both the normalized and
Sallen-Key filters follow the ideal
response well into the stopband.
The error plots were created by
plotting the difference between the
responses of the real filter and the
ideal filter.

The plots indicate that the nor-

| ideal Butterworth high-pass filter
transfer function (Eldeal):

(5) = s /(n

) [ 101+ 2 (£ 10+ 2510 +1]

malized filter achieves performance
results that are equal to those of the |
Sallen-Key low-pass filter.
Interchanging the resistors and
capacitors transforms the normal-
ized low-pass filter into a high-pass | Notice that the Sallen-Key filter
filter with the same corner frequen- ‘ must be modified according to
cy (Fig. 2a). l impedance levels at each node. This
This concept is illustrated with an | yields a filter with equal-value

(Ideal Buterworth)
Eideal

04 507 L
! .
1
W v 5 om o B
i ;
= | z 30-5 s
E g =1 ;
§ 100 E 2 -E '
: "
109 - 0 e e e
=150 E . _ Sallen-Key filter error
e . g = .
0- Normatized filier erfor 3
E ' ' E
W0 A0 oo s O |
100 Hz 1 ﬂkllz 10 kHz 100 kHI 1.0 MHz
Frequency

(b)

1. US'NG EQUAL'VAL-UE components in a third-order Butterworth low-
pass filter design (a), will lead to lower total costs when procuring, stocking,
and assembling the filters. Plots of the ideal. normalized. and Sallen-Key low-
pass filter amplitude and error responses show that the normalized and
Sallen-Key filters follow the ideal response well into the stopband (b).
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capacitors and unequal-value resis- | pares favorably with the Sallen-Key

| tors, an improvement over the tra- | filter in high-pass applications,
ditional low-pass design of equal- | much like the previously mentioned

| value resistors and unequal-value | low-pass case.

| capacitors. ‘

The graphs in Fig. 2b indicate that | Voted “Best of Issue,”

| the normalized high-pass filter com- | Electronic Design, August 8, 1995
|
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(b)

2. A HIGH-PASS THIRD-ORDER sutterworth filter with equal-vaive

components can also be built (a). The normalized filter once again compares
favorably with the Sallen-Key in high-pass applications (b).
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Linear
Regulators

Extend the run-time of your portable computers with
Micrel's extensive line of high-performance analog power
ICs. Whatever your power management néeds, we have a
solution. From subminiature LDO regulators to switch-
mode battery chargers 1o TinyFET™ power switches.

Our LCD contrast and backlight power supplies solve
vour monitor design problems. If you're featuring a card
slot. our TinyFET power switches. voltage regulators and
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‘- PCMCIA TEE
Power S (e

Contfdlgrs

power controllers are PCMCIA-compliant and meet all
specs. Micrel also delivers active terminators that SCSI
designs require. Our luyBitty™ and Micrel Minig'™
subminiature packages are the tiniest in the industry, saving
board space for increasing functionality. When you need
design solutions for portable computers. call the company
who plays a powerful role in portable computers.

Call Micrel at 1-800-401-9572 fax 408-944-0970.

MIEREL

SEMICONDUCTOR
High Peyformanee Analog Power ICs

1849 Fortune Drive, San Jose, CA 95131

http://www.micrel.com
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Charge It!

LT1510

FTENTEER S
2 B B 'y B

LT1510: Absolutely the best solution for constant-current
and constant -voltage charging of all battery types.

You don't have to replace your charging
circuitry when changing battery type
anymore! The LT*1510 current mode PWM
battery charger is the simplest, most efficient
IC solution for fast-charging rechargeable
batteries. The LT1510 implements the
constant-voltage/constant-current profile
required by lithium-ion (Li-lon) as well as the
constant-current charging needed by NiCd
and NiMH batteries. The L¥1510 is a single
charging source for these different battery
types. 1.5A of fast-charging current is now
possible in a surface mount package.

The wide 8V to 28V input voltage range
handles all wall adapter and automotive
battery inputs. Only a single resistor is needed
to program charging current from milliamps
to 1.5A. The on-chip 2A saturating power
switch permits up to 90% efficiency.
Battery current sensing can be at either
battery terminal, permitting the negative
terminal to be system ground. A 0.5%
accurate internal voltage reference meets
the critical constant-voltage requirements

LT1510 Chargmg a 2-Cell thmum lon Battery Pack
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CHARGING VOLTAGE

REGION OPERATION

FROM YOUR MIND TO YOUR MARKET
AND EVERYTHING IN BETWEEN
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of lithium-ion cells, making the LT1510 a
complete lithium-ion charger.

The 200kHz switching frequency and SO
package keeps the total solution size small.
The normal charger-battery blocking diode is
eliminated since the LT1510 goes into a 3pA
sleep mode when the charging supply is
removed. Soft start capability avoids over-
loading wall adapter supplies at start-up.

The LT1510 is ideal as an embedded battery
charger, but if higher currents are needed
the LT1511 provides 3A.

The LT1510CS and LT1510CN are constant-
current/constant-voltage chargers in 16-lead
SO and PDIP packages. The LT1510CS8 is a
dedicated constant-current charger in an SO-8
package. Pricing for the LT1510CS8 starts at
$4.00 in quantities of 1000. For more details,
contact Linear Technology Corporation.

1630 McCarthy Blvd., Milpitas, CA 95035.
408-432-1900. Fax: 408-434-0507.
For literature only, call 1-800-4-LINEAR.

AT LTC and LT are registered trademarks of
Linear Technology Corporation



