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NOW THAT YOU'VE SEEN OUR
NEWEST TREASURE. ..

WHY NOT HAVE A LOOK AT THE REST?

The newest publication from
the folks who bring you
Audio Amateur and Speaker Builder

Glass Audio features the best vacuum tube
designs for audio reproduction—past and contem-
porary. The new designs take advantage of im-
proved components and control techniques that
make the end results far superior to anything possi-
ble during the early days of audio’s rebirth after
World War 11.

That’s why tubes are having such a renaissance
of interest as a perfectionist approach to good
sound. And that’s why tubes are reappearing in
original equipment, in high end consumer and pro-
fessional audio systems.

Published quarterly, Glass Audio wiil inform you
about new innovations in the fieid and about parts
sources. We'll aiso include modification projects,
reviews of technical basics and regular columns
such as Tube Troubies, Tube Tips and much more.

Subscribe today!

Audw Amateur

THE JOURNAL FOR AUDIOPHILE CRAFTS
The innovative, independent
audiophile journal for the thoughtful
and capable music lover

Audio Amateur’s articles deal with how audio
equipment works, as well as how to build or mod-
ify it. Construction and modification articies are
plentiful, supplying all needed parts, performance
and assembly details. Exceptionally high quality
designs.

Audio Amateur offers a number of features in each
issue that abound with useful ideas. The Leffers
column is an open forum for problem solving and
information interchange; Classic Circuitry reprints
schematics of state-of-the-art gear—old and new;
Audio Aids relates readers’ experience with sim-
ple modifications to equipment and construction
techniques. We also feature many useful and prac-
tical hi-fi accessories you can build to further your
audio enjoyment.

For a smali investment you can make your music
system sound better—very probably a lot better.

SpeakerBuilder

HELOUDSPEAKERJOURNAL

The magazine
that finally deals seriously with
the art and craft of speaker building

The Art of building a speaker is to optimize that
mixture of design and engineering to balance all
the parameters for the most beautiful sound pos-
sible. The Craft is knowing how and why.
Speaker Builder gives you knowledge—from
driver parameters and crossovers to woodwork-
ing—to develop and refine your techniques, and
to get the most out of your system.

Speaker Builder helps you explore new designs
with how-to construction articles, and can show
you how to modify your old speakers and make
them sound better than ever. Learn from our writ-
ers who turn abstract theory into practical ap-
proaches, and from the experience of other
readers who have been down the road before you.
Speaker Builder is the best investment you can
make in your system—six issues per year filied
with stimulating and exciting ideas.

GLASS AUDIO
(] Two years, (8 issues) $35
] One year, (4 issues) $20

Canada add $4 per year postage

AUDIO AMATEUR

[ Two years, (8 issues) $35
] One year, (4 issues) $20
Canada add $4 per year postage

SPEAKER BUILDER

[ Two years, (12 issues) $45
] one year, (6 issues) $25
Canada add $6 per year postage

NAME

STREET & NO

cry

STATE

zp

MC OR VISA NUMBER

EXPIRE

AUDIO AMATEUR PUBLICATIONS
PO Box 576, Dept. E92, Peterborough, NH 03458-0576 ¢ (603) 924-3464 ¢ FAX: (603) 924-9467

Answering machine for credit card orders only: before 9:00 a.m., after 4:.00 p.m. and weekends. Have all information plus MC/VISA available.
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Front cover

Building a record player,
cassette or tape recorder,
or compact-disk player, is
often hampered by the
mechanical construction
and the availabity of certain
parts, particularly the deck.
In the past, manufacturers
have generally tended to be
reluctant to make tape or
CD decks available to the
retail trade, but Philips has
recently decided to break
away from this policy. A kit,
containing its CDM-4 deck
and associated mother
board, can now be obtained
from certain

retailers at an affordable
price.

We regret that owing to
circumstances beyond
our control, the article
‘PWM temperature
controller’ has had to be
held over till the
February issue.

In next month's issue:

Among others:

¢ Improving portable radio
performance

* |2C interface for PCs

* Mini square-wave
generator

¢ RAM extension for mini
Z80 system

¢ Audio/video switching
unit

¢ PWM temperature
controller

¢ Why lithium cells?

* Direct digital synthesis -
DDS

ELEKTOR ELECTRONICS USA (US ISSN
1051-5690) is published monthly cxcept August at $28
per year; $50 for two years by Audio Amateur Publica
tions, Inc., 305 Union St, Pete: NH 03458 USA
Second class postage paid at Peterborough NH and an
additional mailing office.

POSTMASTER: Send address changes to
Elektor Electronics USA, Caller Box 876, Peter-
borough NH 03458-0876,
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by A. Rigby

56 PROJECT: Prototyping Board for IBM PCs
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by Samuel Dick
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by A. Rigby
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station - Part 3 - windspeed and
direction meter - p. 26
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6 Cochlear Implants
by Douglas Clarkson
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1 PROJECT: Fast, Precise Thermometer
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IBM PC SERVICE CARD

This card was developed for assi
stance in the field of service.
cdevelopment and test The card s
used as a bus-extension to reach the
measurement points very eqasy. 1t s
also possible to change cards without
having a “hanging computer”

Ready Assembled Module

$145

TELL OUR ADVERTISERS YOU SAW THEIR AD IN ELEKTOR.

PLOTTER MARK-II

EUROPE’S
HOTTEST KITS
NOW AVAILABLE
IN
NORTH AMERICA!

completely reworked version: see Elektor Electronics March 1990.

* Max. width 50 cm.

* All mechanical parts supplied ready-drilled, filed and tapped, so get

going at once.

* Complete kit, including 2 stepper motors, 3 pen lift solenoids, HPGL software
on disk (IBM), stepper motor control board

100.100 $275

IC TESTER FOR IBM-PC-
XT/AT

With the ELV IC tester logic func
fion tests can be carried out on
nearly all CMOS and TTL stan-
dard components, accommo-
dated in DIL packages up to 20
pin. The tester is designed as an
insertion card for IBM-PC-XT/AT
and compatibles. A small ZIF test
socket PCBis connected via a
flat band cable. Over 500 stan-
derd components can be tes-
ted using the accompanying
comprehensive test software
Complete Kit including Textool
sokket, connectors, sockets, Flat
oand cable, PCB, Software.

Ready Assembled Module

$200

ELEKTOR ELECTRONICS USA JANUARY 1992
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COLOUR TEST PATTERN GENERATOR

A PAL-compatible colour video source that
supplies a number of test patterns for
aligning television sets.

A test pattern generator is virtually indispens-
able for troubleshooting in television sets
because it supplies a video signal that is
known to be stable, and thus easily
displayed and synchronized on an

oscilloscope.
1001119175

Inc. case and front

ELEKTOR P.C. i/o card
220007 $175

WorldRadioHistory

MICROPROCESSOR-CONTROLLED
FREQUENCY METER

A professional grade multi-purpose fre-
quency meter, designed by Elektor Elec-
tronics, that can be build by many at
affordable cost. Described in Elektor Elec-
tronics December 1984, January & February
1985. Ub65SB-based prescaler.

m Frequency meter:
0.01 Hzto 1.2 Ghz.
m Pulse duration meter:
0.1to 100 s.
m Pulse counter:
0 to 10° pulses
m Period meter:
10ns to 100 ns
a Sensitivity:
Input A: 10 MV o (Z = 2 MQ);
m Input B: TTL or érRAOS compatible
(Z n=25kQ);
= Input C: prescaler input:
10mMV s (Z n = 50 Q).
s Auto-ranging and completely menu-
driven.
m 6 or 7 digit accuracy.

Kit includes power supply,
prescaler and enclosure.....100.112 $300




TELL OUR ADVERTISERS YOU SAW THEIR AD IN ELEKTOR.

BASIC COMPUTER
With Intel 8052AH-BASIC

100.117

$160

L
ANALOG MODULE *
eps 880162 100113 $80
DIGITAL MODULE
eps 880163 100114 $55
ADRESSDECODER
eps 880159 100115 $48

$-VHS/CVBS-TO-RGB CONVERTER

Following last month's introduction into the
main characteristics of the Super-VHS system,
we close off the article with details of a
practical converter circuit that allows an S-
VHS-VRC or camcorder to be connected to
the RGB inputs of a colour TV or monitor. The
circuit presented here forms a state-of-the-art
approach to all-analogue picture standard
conversion, and is based on the latest in IC
technology availabte for this purpose

2003 $150

MULTIFUNCTION MEASUREMENT
CARDS FOR PCs

The high-performance insertion card de-
scribed in this article allows your IBM PC-XT,
PC-AT or 100 % compatible to measure direct
voltage at 12-bit accuracy, as well as fre-
quency and a host of other parameters
related to pulse-shaped signals. The accu-
racy and versatility afforded by the card are
of a level associated with much more ex-
pensive, industrially rated products. The
menu-driven control software developed for
this exciting project allows you to keep tabs
on up to eight voltages quasi-simultaneously,
while up to eight remaining inputs can be
used for time-related measurements includ-
ing frequency, duty factor and pulse dur-
ation, not forgetting the event counter.
Connected to the sensors and timing de-
vices of your choice, this card turns a PC
into a powerful central controller in a com-
plex measurement and control system.

20040 $225

SPECIAL PARTS SERVICE

We are the no. 1 suppliers of hard-to-find
components for Elektor Electronics pro-
jects.Atways contact us first if you see an
unfamiliar component. ltems include
analogue & digital ICs (HCT, SMD), preci-
sion resistors (1%. 0.1%). capacitors
(MKT/styroflex). inductors (Neosid, Tcko).
transducers. enclosures (Telet, OKW) and
quartz crystals.

FOR FURTHER INFORMATION,
PLEASE SEND A BUSINESS-SIZE
SASE TO OLD COLONY SOUND LAB
(ADDRESS ABOVE), ATTN: MEEK IT.

MICROPROCESSOR-CONTROLLED
TELEPHONE EXCHANGE

The telephone exchange presented here
allows up to eight pulse-dialling telephone
sets to be connected. and has an option for
connecting calls to or from an external
(trunk) telephone line. The unit is controlied
by the popular 8052-based BASIC computer
we intfroduced a few years ago

20057 $190
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AVAILABLE FROM:

OLD COLONY
SOUND LAB

PO Box 243, Dept E92
Peterborough, NH 03458 USA
24-Hour Lines:

Tel. (603) 924-6371 FAX (603) 924-9467

* Check, money order, MC/VISA
accepted.

* Please allow 6-8 weeks for delivery.

* SHIPPING: Airmail shipping to USA
included in price. Others: Please
inquire.

* CUSTOMS: USA residents may be
required to pay 5-10% customs
duty. Others may vary.

MAIN FEATURES

* 8int ! 3

* | external ine

« memory for 10 numbers

* Internal through connections

« versatile computer control

« automatic hold tor external ine

* smple-to-extend

* con be ntertaced to a PC

* selective externai call
acceptance

s shortcut diol codes for externat
number

* works with pulse-digling tele
phone sets

« one ophnal relay for extrg
switching tunction

400-WATT LABORATORY POWER
SUPPLY

Here is an all-purpose d.c. power supply for
symmetrical as well as asymmetrical use.
and capable of supplying high output cur-
rents and voltages. An all-analogue design
based on discrete parts only, this 400-watt
PSU deserves a prominent place on your
work bench.

ex case 220036 $525

WorldRadioHistory

MAIN SPECIFICATIONS

* Mode: Single
one adjustable power supply
with current an voltage
controls
Output 0-40vat0-5A

* Mode: independent
two dentical, electncally
separated. power supples
Outputs
2x0-40Vvat2x0-5A

* Mode: Trocking
- two indentical, senes connec
ted. power supphes
Outputs *+ 0-+ 40V at0D-5A
0-80Vat0-5A
Voitage and current of siave
follow master

« Mode: parollel
two identical. parallel con
nected. power supplies
Outputs 06-394V ot0-10A

* Moximum output voho?e:
0 - 40 V (ot full lood)
48 V (no load)
* Moximum output current:: 5 A
» Rippie: 10 mV (no load)
50 mV (at tull load)

» Voltoge difference in

trocking mode: 50 mv

ELEKTOR ELECTRONICS USA JANUARY 1992

—




=] |

o]c )] | alc JBC 1C ] Je——ru1 1 ——=] ] =1=

Subscriber
Services

Complete the applicable
section(s) below and
mail to:

Elektor Electronics USA
PO Box 876

WOULD YOULIKETO ... » Rl b
SUBSCRIBE?

YES! Just check the appropriate boxes in the
“renew’’ section and fill in name and address.

] Je——li

OO0
U (L RENEW? SUBSCRIBER NUMBER

Fill in the appropriate sections below. For NAME

faster service use your mailing label and

0 STREET & NO
subscriber number.

[ 1 year at 828 L) Check/MO enclosed o ST

[ 2 years at $50 [ Charge MC/VISA

Canada add $8 per year postage.
Remit in US $ only

MCHNISA EXP.

[ JCHANGE YOUR ADDRESS? N MY NEW ADDRESS:

Fill in your new address to the aa

....
*°d NAME

right and old address and subscriber o
number above. ﬂ @

.....
] STREET & NO

Iy ST 2P

Sle—o9] J——1 11— Jc—

(JGIVE A GIFT?

What a thoughful idea! Fill out your name and

NAME

address above, the recipient’s name and address

to the right. We'll even send a gift card
announcing your gift.

STREET & NO

cIry ST 2P

[d TELL YOUR FRIENDS ABOUT US?

Print their names and addresses below or photocopy this form for them.
We'll take care of the rest.

le——o] |

- [=

=l ==L

JL

)] Je——1 1 —=] |&

j——] |t

ole—0] |

NAME NAME
STREET & NO STREET & NO
cIiry ST 2P ciTy ST 2IP
[_(JCOMPLAIN ABOUT YOUR SUBSCRIPTION? YOU CAN CALL US
= Yes, it sometimes happens. We try to avoid it at (603) 924-9464
all costs, but it you have a problem, we want to Subscription Department
know. Call or write with all pertinent information. 9-4 Business Days
Answering Machine
a All Other Hours
FAX: (603) 924-9467
24 Hours
lo]——l]c =1E JB( ————| [c— 1 ——] [e——]|c =
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ELECTRONIC
COMPONENTS

Whether you order 1 part or
all 36,284... MOUSER stocks
and...can ship today!!
MOUSER also makes it easy to

Cross-Assemblers fom ssooo
Simulators from s100.00
Cross-Disassemblers irom s100.00
Developer Packages

from $200.00(a $50.00 Savings

Make Programming Easy

Our Macro Cross-assemblers are easy to use. With powerful
conditional assembly and unlimited include files.

Get It Debugged--FAST

Don’t wait until the hardware is finished. Debug your software
with our Simulators.

Recover Lost Source!

Ourline of disassemblers can help you re-create the original
assembly language source.

Thousands Of Satisfied Customers
Worldwide

PseudoCorp has been p(ovidin% quality solutions for
microprocessor problems since 1985.

Processors
Intel 8048 RCA 1802,05 Intel 8051 Intel 8096,196ke
M’?wﬁqlga%%m Motorola 6801  Motorola 68HC11 Motorola 6805
itachi

Motorola 6809  MOS Tech 6502 WDC 65C02
Rockwell 65C02 Intel 8080,85 Zilog 280 NSC 800
Hitachi HD64180 Mot. 68k,810  Zilog Z8

e Al products require an I8M PC or compatible.

For Information Or To Order Call:

PseudoCorp
716 Thimble Shoals Blvd, Suite E
Newport News, VA 23606
(804) 873-1947 FAX:(804)873-2154

8
Zilog Super 8

REPLACEMENT
BATTERIES

(ALL NEW—MADE IN USA)

*ALL BATTERY PACKS—GUARANTEED TO HAVE THE ADVERTISED CAPACITY

BATTERY-TECH, INC.

28-25 215 PLACE, BAYSIDE, N.Y. 11360 FAX 718-461-1978
8004424275 — N.YV.S. 718-631-4275

SEND FOR
FREE CATALOG

DEALER INQUIRIES
WELCOME

WorldRadioHistory

7S 13.2v 1200 mah o H¥38°1Z'féo1§ OmOahmah 232;88 ALINCO
8S 9.6v 1200 mah i — HT440 12v 600 mah $39.00 10N 7.2v 700 mah $32.00
BP7 13.2v €00 makr MT500 15v 500 mah $39.00 12N 12v 700 mah $47.00
BP8 8.4v 1200 mah RESY
ravig N RADIUS FNB4 12v750 mah4*  $41.00
BP84 7.2v 1000 mah 3" ) KNB4 7.2v2200mah  $59.00 FNB3A 9.6v 1200 mah 4°  $45.00
BPESA9.6v600man3’  $68.00 | P56 72v7S0mah gg'gg SABER *BASE CHARGE ONLY
BP85B 12v 600 mah 3°  $69.00 CER e Sholes 7.2v 1100 mah $59.00

YAESU SPEC wve
ENB-2 v 500 mah CALL FOR LOWEST PRICES PANASONIC
FNB-2 v 600 mah Icom ALINCQ 10N, 12N PVBP80/88 12v 2.3 amps®  $36.00
FNB-3A 12V 1000mah  $55.0C  [yqVANNEINRIITUCRISEI T  AZOEN 3000, 4000 RCA/MITACHI
FNB-17 7.2V 600mah SISl Sice 1op i base charge iICOM BP-2,3,5,7, 8, 7S, 8S ,
FNB-10S 7.2v 1000 mah  $42.00 [NMONERIpRAS-SINNIIOIPISE  <ENWOOD PB-21, 21H, 25, 26 Full size

e S REGENCY MT1000, HX1200 VHS-C
FNB-12S 12v 60C mak  $45.00 YAESU SANTEC 142, 144 SONY
290 charger LGOI FNB-2 0.8V 600 ran JCXON STANDARD BP-1 NP22
(For FNB 17,108, 12S) SANYO TEMPO $-1,2,4,5,BP-15,8-15 | NP55/77 2400 mah $39.00
TEN TEC 2991, 2591
' ALL BRANDS AVAILABLE
AA 600 rrah SRECE  UNIDEN (BEARCAT) ALL BRANDS
original Panasonic

VISA MASTER CARD

\D“C“M‘

DISCOVER
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1992 MASTER PRODUCT LIST
ELEKTOR ELECTRONICS USA

A number of the projects (through December 1991) carried in the British
Elektor Electronics and in Elektor Electronics USA are supported by ready-
made printed circuit boards (PCBs), self-adhesive front panel foils, ROMs,
EPROMs, PALs, microcontrollers and diskettes, which may be ordered from
Old Colony Sound Lab through our Readers Services using the order form
printed every month on the Readers Services page. Items not listed here or on
this month’s Readers Services page are not available.

Old Colony is happy to accept orders by mail, or by phone or FAX 24 hours/day.
Customers may use check or money order (US funds drawn on a US bank) or
Mastercard/VISA.

Shipping: Please add $2.00 for first item, 75¢ each additional. Outside the US,
please add $4.50 for first item, 75¢ each additional.

OLD COLONY SOUND LAB
PO Box 243, Dept. EQ2
Peterborough, NH 03458-0243 USA
(603) 924-6371/924-6526 FAX (603) 924-9467

Answering machine for credit card orders only:
{603) 924-6371 before 9:00 a.m., after 4:00 p.m. and weekends
Have information plus MC/VISA available.

Digital model train (1)
Reflex MW AM receiver
Video mixer (2)
Capacitance meter
Digital model train (12)
IC monitor
Power line monitor
Video mixer (3)

BBD sound effects unit
Digital model train (13)
Q meter

RS-232 spiitter

Video fine selector
Acoustic temperature
monitor
Budget sweep function
generator

Centronics ADC/DAC
Transistor characteristic
plotting
Electronic load simulator
Mini EPROM viewer
Power zener diode
Compact 10A

power supply
Inlermediale projects
Mini FM fransmitter
Sound demodulalor
for satolite-TV receivers
Audio power indicator
Four-monitor driver

for PCs

SMT prosotyping boerd
High-current hee taster
Inrared remote controt
uP-controlled telephone
exchange
S-VHS/CVBS-10-RGB
converter

400W lab power supply
Active mini subwooler
Meodium power

sudio amplifier
Programmer for 8751
PT100 thermometer
Active mini subwooler
Milliohmmeter

Phase check for
sudio systems

Signal suppressor for
ol-s0lid-stale preamp
Audio input seleclor
Search time monitor

900004

900007

872918
UPBS-1
87304-2
900012
872919
896140
900025
87304-3
900010
87291-10
900031
900017-1
900017-2
900032
UPBS-1

900040

9000370
900058

900042

UPBS-1
900045

uPBS-1
896118
900057

904004
904067

904035
900078
904085/86
900081

900055

900082
9001221
900098

900100
900106
900122-2
910004
900114-12

904024

904039
904052

13.00

2850

9.00
390
25
1450
700
15.00
9.50
71.00
15 .50
8.00
12.00

14.50
9.00

13.00
390

14.00

30.50
950

2400
36.00

390
2300

4.00
850
750

750
10.50

700
11.00
350
36.00

2450

200
12.00
18.00

14.00
10.00
10.50
10.00
18.00

750

12.50
8.00
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PRINTED CIRCUIT ms"‘”‘{""’“ o m“mm ::f.g :
mon| L
BOARDS Resonance meter 886071 780 9
Inductance meter 800119 1450 10
Alari ST and Archimedes Logic analyzer 890126 1050 10
1904 MIDI control uni 8801781 1810 for Adedi ST
Price 8801762 1330 1  CDemor detector 890131 1200 10
Rom No. () tesue  Low-budget UPBS-1 390 1  Digital model train (8) 872915 8700 11
Echo sounder 811051 1000 6  capacitance moter Extension card for 800108 3600 11
Digital model train 872911 840 2  Archimedes
Touch key organ 886077 2010 2  Extension card for 8901089 5850 11
1986 VHE roceiver 6127 14 2  Adchimedesinc PAL and disketie
Price Power live mod 01g0 1220 3 SV2ORRLEDSMD 890117 750 1
voltmeter
Rem No. {8) lssue  Conmonics butfer 8000071 %20 3 _ T
Computerscope 99685 410 10 §900072 430 3  Digial modeltain i 50 1
Top-of-the-range 8611134 1380 11 8900073 1670 3  EPROM simulator 800166 2000 12
preamplifier 861111 2080 11 Digital model train 8729123 860 4  Hard disk monitor 800186 2200 12
Function generalor UPBS-1 390 4  LFMF signal tracer 890183 1600 12
Triplet 8900131 1330 4  Solid-siate preamplifier 890170-1* 2350 12
1987 8000132 1360 4 800170-3° 1850 12
Price Muli-point IR control 8000191 690 4  Transisborcurvetmcer 880177 1150 12
Hem No. ($) tssue 890019-2 810 4
socoma g 4w 1 e e e na T
Digtal model train (4) 872914 1050 5
1988 Analog mutémetor 890035 2500 5 Price
DTMF syslemdocoder 800060 1300 5 Mo No. (§) lasue
Price Srewsvecoweder  UPBS1 390 5  Veeomber(l) 873041 5450 1
fom No. (5) M8US g oy fraquency moter 880128 200 Mini EPROM 800164 1400 1
VO extension card 830008 5720 78 gy et programmer
for 1BM PCs e oist 1400 7p  Absoldsiie 8001792 3150 1
Peripheral module for 880163 1080 10 ruer board 801052 1050 718 proampifier
BASIC computer )
Floppy disk monitor 890078 850 7 * The four PCBs required for the preamplifier (2 x 880170-1;
Autonomous YO 880163 1080 12 driver boerd ” 1x890170-2; and 1x 890170-3) are available as & packag
controlier ref. 8001709, at a discounted price of $85, a savings of
Function generalor UPBS-1 390 78  $1150.
Digital model trsin 872914 1340 9

ELEKTOR ELECTRONICS USA JANUARY 1992 WorldRadioHistory

Price
Kem No. ($) lasue
Logic analyzer (1) 9000944 1800 1
bus board
SWR meter 900013 600 1
Logic analyzer (2)
RAM board 9000942 3150 2
probe boerd 9000943 850 2
Mulifunction 900124-1 4800 2
measurement card for PCs
High-current hve tester 900078 100 2
The complete preampifier
Input board 890169-1 4440 3
main board 890169-2 6700 3
Electronic exp: timer 900041 1850 3
PC-controlled 900124-3 750 3
weather station (1)




Mt

Price
Rem No. ($) lesue
2m band converter 900008-1 850 3
Logic analyzer (3) 900094-5 3150 4
control board
MID! program changer 900138 1150 4
8-bit YO for Atari 910005 2100 4
6m band transverter
Watimeter 910010 1950 4
meter board 91001141 1100 4
displey board 910011-2 700 4
MC presmplifier 910018 1800 4
Dimmer for halogen lights
fransmitier 910032-1 700 4
receiver 910032-2 750 4
8032/8052 computer 910042 205 5
Battery tester 906056 700 5
Moving-magnet (MM) 900111 115 5§
proampifier
Universal YO interface 910046 1850 5
for IBM PCs
Universal battery charger 900134 1600 6
Logic analyzer (4)
power supply board 900094-7 1500 6
Atarl interface 9000946 2150 8
1BM interface 900094-1 2450 8
Digital phase meter 910045-1/2/3 4450 6
(set of 3 PCBs)
Light transceiver UPBS-1 3%0 6
Variabie AC PSU 900104 1050 6
Light swichw/ TVIRtic 910048 950 8
RTC for Atarl ST 910006 1050 6
Steppor motor board (1) 910054 485 8
PC insertion card
Multfunction YO for PCs 910029 4150 78
B/ video digitizer 910053 385 78
Stepper motor board (2)  910054-2 4850 78
power driver board
LED voltmeder 914005 950 78
Wien bridge 914007 700 78
Angled bus extension 914030 205 78
card for PCs
Sync separalor 914077 750 78
Time code interface for siide controller
main board 910055 45 9
display board 8720194 700 9

Asymm-symm converter 810072
PC-controlied weather 800124-2
station (2)
Digitel function generator
main board 9100771
display board 910077-2
Audio spectrum shift 910105
encoderfdecoder
Relgy card for universal 910038
VYO inerface
Diasipation imiter 910071
Digital function generator
sine converter 9100773
R/T converter 9100774
Class-A power amplifier  880092-1
880092-2
Timer for CH systems ~ UPBS-2
Class-A power ampilfier (2)
8800923
8800924
Economy power supply 810111
1P programmable filers 910125
Amiga mouse/ 914078
joystick switch
A musical Chrisimes 910157
present
Safe solid-state relay 914008
Slave maina onjoff 914072
control Mark-2

8950 9
850 10

3700 10
21.50 10

1750 10

200 1

750 1

2550 11
2300 11

1690 1
1540 11

850 11

1280 12
1290 12

1800 12
1150 12
700 12

850 12
100 12

ROMS—EPROM—PALS—MICROCONTROLLERS

Article/Project

Universal terminal

Wind direction Indicator
Elabyrinth

EPROM copier

Analytical video display
Typewriter interface
P-controlled frequency meter
X-Y plotter

Programmabie timer

GHz prescaler

Automate your model railway
Marine computer

Jumbo clock

Graphics card

Printer buffer

EPROM programmer for MSX computers
Bus inerface for high-res LCD screens

Intelligent time standard (1.7.5,)

YO extension card for IBM PCs and compatibles
Muttifunction measurement card for PCs

Centronics interface for skde fader
ptP-controlied radio synthesizer
Portable MID! keyboard

losue No.  Description Price ($)
11/83 825  1x2732 18.00
1784 526  1x2716 14,80
84 527 1x2M6 14,80
5/84 528  1x2M6 14,80
5/84 520  1x82823 9,80
6/84 50 2x27M16 220
1284 531 1x21R 18,00
485 52 1x27%2 18,00
585 5%  1x212 18.00
7185 5%  1x27R 18.00
Book® 537 1x2718 1460
10/85 58  1x2716 14,60
12/85 5%  1x2716 2020
86 543 2x825128  19.60
5/86 545  1x2716 14,60
487 55UK 1x2M28 20,00
12/88 560  1x2764 20,00
288 553 1x2764 20.00
74188 561  1x16L8 17.50
291 561  1x16L8 17.50
10/88 52  1x18R4 17.50
988 564  1x27C64 20.00
11788 567 1x2764 20.00

Pitch control for CD players
MIDI control unit

The digital model train
Derkroom clock

Slave indication unit for 1.T.S.
EPROM emuiator
Microcontroller-driven power supply
Autonomous /O controlier
Video mixer

Four-sensor sunshine recorder
pP-controlled telephone exchange
RDS decoder

MID{ program changer

Logic analyzer (IBM interface)
MID{-to-CV interface
Muttifunction YO card for PCs
Amiga mousefjoystick switch
Stepper motor board
Connect 4

8751 programmer
“Out of print

1288
1789
Series
280
3/88
9/87
9/88
1288
3/30
6/80
10/80
291
491
891
2m1
7891
1281
691
1281
11/80

§70
572

g8

5861
5821
5041
5051
5861
5973
5881
5991
8001
8011
8081
7061

1x 2764
1x27C84
1x 2764
1x27128

1 x 8748H

1 x 8748H

1 x 8751

1x 8751
1x2764
1x27128
1x2N1128
1x 2764

1x 2764
1xPAL 1818
1 x 2764

1 x PAL 18L8
1x GAL18V8
1 x PAL 16L8
1 x27C84
1x 8751

20.00
20.00
20.00
18.50
30.00
30.00
85.00
85.00
20.00
20.00
26.00
26.00
26.00
14.00
26.00
14.00
14.00
14.00
26.00
85.00

DISKETTES

Article/Project

Digital model train

Logic analyzer for Atari ST

(for monochrome systems only)
Computer-controlied Teletext decoder
FAX interface for [BM PCs

RAM extension for BBC-B

EPROM simulator

RS-232 sphitier

Centronics ADC/DAC

Transistor characteristic plotting for Atari ST
{for monochrome systems only)
ROM-copy for BASIC computer
Multifunction measurement card for PCs
8751 programmer

PT100 thermometer

Logic analyzer: IBM software, GAL IC
Logic analyzer: Atari software, GAL IC
Plotter driver (D. Sijtsma)
PC-controlled weather station (1)
PC-controlled weather station (2)
8-bit YO imertace for Atari ST
Tektronix/intel file convertar

B/W video digitizer/Archimedes
Timecode interface for skde controller
Real-8me clock for Atari ST

24-bit color extension for video digitizer

9/80
2p1
11/80
1190
7891
7801
991
3™
10/91
491
491
7891
991
691
181

No.
109
"

13
19
123
129
1411
1421
1431

1441
1461
1471
1461
1481
1501
1541
1551
1561
1571
1581
1591
16811
1621
1631

Description Prics (3)
5" 11.50
3w 20.00
5% 20.00
@ 5w 14,00
5 10.00
5w 11.50
5u 11.50
5% 11.50
3w 13.00
5 13.00
5° 13.00
5% 13.00
5" 13.00
5% 33,00
3w 33.00
5% 19.00
5% 13.00
5% 13.00
3 13.00
5% 13.00
3w 19.00
5 13.00
3w 13.00
3w 19.00

SELF-ADHESIVE FRONT PANEL FOILS

Article/Project
Analog multimeter
Al-s0lid-state preampiifier

LF/HF signal tracer

Video mixer

Q meter

Budget sweepffunction generator
High-current hr¢ tester

400-watt laboratory PSU
Milliohmmeter

The complete preamp
Wattmeter

Universal nicad battery charg
Logic analyzer

Digital phase meter
Variable AC power supply
Timecode interface for skde controller
Economy PSU

WorldRadioHistory

Issue
5/88
180

3®1

1081
1291

Ne.
880035-F
880170-F1
880170-F2
890183-F
87304-F
900031-F
900040-F
900078-F
800082-F
910004-F
8990168-F
810011-F
900134-F
900084-F
910045-F
900104-F
910055-F
910077-F
910111.F

Price (§)

15.80
33.50
18.50
17.00
33.00
23.00
20.00
28.00
35,00
28,00
15.00
18.50
11.00
17.50
20.00
28.00
15.00
18.00
18.00
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TELL OUR ADVERTISERS YOU SAW THEIR AD IN ELEKTOR.

EASY FAX
1-800-582-1255

Full Featured
DMM's For The
Test Bench Or

On The Go

Fieldpiece.

ALCH
B

EASY ORDER
1-800-582-4044

Features

+Over 10,000 insertion cycles oo |
-Accepts all standard components SB1660
«Color coordinates for easy recognition

Insertion wire: 20-29 AWG (0.3 - 0.8 mm)

883220

SBZ390

ADK10

«SPECIAL FEATURES - Dangerous voltage warning (HS23 and HS25): At >28V. meter beeps & red
LED blinks. Logic Indicator (HS25): Up/down arrows in LCD indicate logic states "n” (>2.8+ -.8V) or “lo”
(<0.8+ -.5V). AC coupled. Frequency response 20Mhz. 25ns min. pulse width. input impedance 120K+ -
10KQ shunted by 100pF. Pulse rise time (max) 10 uSec. Pulse rep rate (max) 1Mpps. Overvoltage
protection 500Voc or ac AMS. Capacitance (HS23 and HS25): 1 range: 200uF. accuracy 3%+5. Tested at
3V/4Q0Hz. Overload protection to S00VDc or RMS. Auto-power off after 1 hour.

«GENERAL SPECIFICATIONS - Display hold: Press "HOLD" button. display "locks™ reading. Any
range, any function. Heavy duty case design ot hi-impact, fire retardant yellow Valox, fully "O" ring sealed.
Meets MIL-T-28800 class Il type A. Size (not including probes): 7.2°x1.9°x1.0". Indicators: Continuity
{<15062) indicated by a continuous "beep™ within 100 msec. Low battery indicator in the LCD with 100 hours of
battery life left. Environmental: Operating temperature -15° to 55°C, storage -40°C to 60°C with batteries
removed, RH<80% from 0°C to 50°C. Tempco <10% of applicable accuracy spec per °C (-15°C to 20°C, 30°C
to 55°C).

Order # Price Description Weight
HS21  79.95 SHCK-Style DMM .......co.coovmiiiiieinieirinsieeceeeeenieniees 1.06 Ibs.
HS23 99.95 Stick-Style, Capac. to 200uF ..........cccocoiiiiniiiiinnn, 1.06 lbs.
HS25 119.95 Stick-Style, Capac., Logic Probe ...1.07 lbs.

ACH  24.95 Optional Clamp Head
ALC1 24.95 Leather Pouch to Hold HS21/23/25
ADK10 26.95 Deluxe Test Lead Kit

l "THERMALLOY"
{| Model THM6010

| «Suit 14 & 16 Pin Dip ICs
«Can be added after assy | #
| -DimensionS' 0.75" x 0.604"
Diam. Order # Price Description Style
| THMBOTO 35 Hoat Sink -.—.. DIP

4.6 0z,
.11 0z,
...93 0z

"STAR"
Model SF575D
«Output: 0.2 Watt
«Impedance: 32Q2
«Diameter: 2.25" ;
«Terminals: Solder Lugs

Order # Price Description
SP232 .95 32Q Speaker ......2.25"

| "ELECTRONICS
CORPORATION"

Model AD135-700
<UL Listed: 74BI

sInput: 120 VAC @ 60 Hz
«Output: 13.5 VAC @ 700mA

«Connection: Spade Tabs
*Mounting Holes: 5/32"

Order # Price Description  Pos. | Order # Price Description Welght
TB5 .75 Terminal Block ........ 5 | AD135 2.95 wall Transformer ..11.4 0z |

SUNRISE - HITACHI

"Lo-Pro" Zero Insertion Force Socket

*CAM: Cast Metal

*Contacts: Spring
Temper Beryllium
Copper, Tin Plated

1-9_ 10+ Volt.Current Type | *Housing: Glass Filled

Order #

NRAAA 1.85 1.451.2v ..185mA...AAA | Polyester, UL94V-O

N500AA 1.85 1.45 1.2V ..500mA .....AA | Order #  Price Description Pins
N1200C 3.65 3.251.2v.1.2Amp ........ C | SZ24 5.95 ZIF Socket ........ 24
N1800C 3.95 3.55 1.2V .1.8Amp ... C | SZ28 6.25 ZIF Socket d
V5022 9.95 8.95 7.2V ..100mA.....216 | SZ40 6.95 ZIiF Socket ........ 40 |

"KULKA"
Model 599

| ZFSOCKETS

Price| Price Dimensions (in.) | Dist. Dist. 'Terminal Terminal Binding
Order# | 1-9 10+ LxWxH Strips Points Strips | Points Posts |
SB200 | 2.99 2.49| 65x0.37x04 2 100x2) 0 0 0
SB400 4.89 439/ 33x22x04 2 | 100 1 300 0
SB630 545 4.95 65x14x04 0 0 1 630 0
SB830 6.49/ 599 65x2.2x04 2 | 200 1 630 0
SB1360 12.49 11.99 85x39x1.2 1 100 2 1,260 2
SB1660 17.45 16.95 85x51x1.2 4 | 400 2 | 1260 3
SB2390 22.49 21.49 9.1x6.9x1.2 5 | 500 3 1,890 4
583220 31 49 30. 49 9.5x8.3x1.2 7 | 700 4 2,520 4

“Ventilation holes on top, bottom and both sides

E3120C

E3120E

A range of ventilated 19" rack mount cabinets, manufactured in 0.9 mm plate steel. The
| front, rear and display panels are aluminum, allowing for ease of use during final construction
of your project. Classic and contemporary styling, black matte finish, together with innovative
techniques result in a ruggedly built stylish enclosure. The cases are flat packed and very
easy to assemble.

Order # 1-9 10+ Panel (WxH) Cabinet (HxWxD) Weight
E3120A 36.95 34.95 19" x 1.6875"....... 1.5"x 16.625" x 9.625" ........ 7.0 Ibs.
‘ (483 x 42mm) (38 x 422 x 244mm)
E3120B 44.95 42.95 19" x 3.4375"....3.3125" x 16.625" x 9.625"......7.8 Ibs.
(483 x 87mm} (84 x 422 x 244mm)
E3120C 49.95 47.95 19" x 3.4375"...3.3125" x 16.625"x 13.1875" ..9.0 Ibs.
(483 x 87mm) (84 x 422 x 335mm)
E3120D 54.95 52.95 19" x 5.1875".....5.0" x 16.625" x 13.1875".....12.0 Ibs.
(483 x 132mm) (127 x 422 x 335mm)
E3120E 59.95 57.95 19" x 5.1875".....5.0" x 16.625" x 16.6875"......13.2 Ibs.

(483 x 132mm) (127 x 422 x 424mm)

LEAVIECH

2917 Bayview Drive
Fremont, CA 94538

Eosy Order: 1-800-582-4044

Easy Fax: 1-800-582-1255
International Fax: 1-510-770-2346
Customer Service: 1-510-770-2345

Monday-Friday, 7am - 5pm (PST)/10am-8pm (EST)
W COD-No personal checks, US funds ($5.00 Surcharge)

T USPS LJ UPS N—' Federal Express [\TJ Airborne

In U.S., add approx 5% of total for shipping UPS Ground ($3.00 min.).
Actual shipping charges based on weight.

I Call or write !oduy Ior your fm copy of our catalog.

30
Wummmnmmmmmm
Prices subject to chonge without natice.
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OFF OUR DUFFS

By Joseph ]. Carr

Mclvor L. Parker ("Mac" a.k.a. W4II to his ham buddies) was
a man who loved calling at square dances, operating his ham
radio set, building electronic gear (which he did for 40 years),
learning about electronics, and sharing his knowledge with
others. Many are the hams, shortwave listeners (SWLs), and
electronic hobbyists who got their start from Mac's influence.

I first met Mac, a neighbor a few blocks away, in 1958 when
I spotted him in his yard spritzing with some antenna wire.
From that first conversation ('‘whadya doin’ Mr. Parker?''—
he told me in great detail), I gained three hobbies {including elec-
tronic building) and two professions.

It wasn't long before I met others—youngsters like myself
and older guys as well —who had been infected with the solder-
ing iron-in-hand afflication because of Mac. Some of us re-
mained in the hobby, or took it up as a profession; some are
still in touch thirty-something years later—all because of Mac
and his willingness to share with others the hobby he loved.

In the past several issues of EE USA, editor Ed Dell has la-
mented the declining interest in electronic constructing in the
USA and Canada. He seemed interested in possible solutions,
so I decided to share Mac with him. . .or more specifically,
the life lesson that Mac taught a snotty-nosed teenager more
than three decades ago.

Why was Mac so effective at recruiting hams, SWLs, and
electronic hobbyists? I believe it's because he was a natural
mentor (or “Elmer"” as hams call it), as well as being very
generous toward others. He communicated enthusiasm, in-
telligence, integrity, and no small amount of wisdom and
knowledge.

He helped me in material ways too: a tube here, a capacitor
there (one time, he even lent me a communications receiver!).
As a kid growing up on aid to dependent children {""ADC"’),
with a widowed mother, I deeply appreciated those little gifts
from Mac's personal junk box; his generosity still moistens
my eyes even though he is long departed this life.

We can generate interest in electronics, especially among
youngsters, by emulating Mac Parker: be generous with your
hobby, communicate an infectious enthusiasm, and help, help,
help others. Develop an unselfish mentoring mindset, and ex-
pose others to the electronics-building hobby. Be especially
eager to help school kids. If you are reasonably well qualified,
then volunteer through the local school to judge the science
fair in the engineering, computer, or electronics categories.

Now here's a radical suggestion: get off your duff and put
your $$$ where your heart is: give a one-year or two-year gift
subscription to EE USA to at least one kid who seems inter-
ested in electronics, and another similar subscription to at least
one junior or senior high school library. [Student rates are $15
per year.]

You might also give subscriptions to Radio Electronics,
Popular Electronics,* or one of the amateur radio** or SWL
publications. Now why would EE USA print a recommenda-
tion to donate subscriptions of competing magazines? Well,
there’s two kinds of competition. The old-fashioned, unhealthy
kind basically carves up the pie; increasing your amount of
pie takes it out of the hide of the competition.

An enlightened competition strives to make the pie bigger.
One doesn't need to increase shares of the pie to get more pie.
We all need a bigger electronic-construction hobby pie.

Or to put it another way: a rising tide raises all boats—let's
float all our boats higher on a cresting tide.

Do it now!

*Radio Electronics, PO Box 51866, Dept. EE, Boulder, CO
80321-1866; $17.97 per year.

Popular Electronics, PO Box 338, Mt. Morris, IL 61054-9935;
$18.95 per year.

**CQ Amateur Radio, 76 No. Broadway, Hicksville, NY
11801-2953; $22.95 per year.
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l LOW-COST MINI STARTER SET
The PCM68 MIDI interface for PC com-
puters and compatibles from PAIA Elec-
tronics is bundled, in an introductory offer,
with Voyetra's Sequencer Plus Jr. software.
It is designed in UART style which is sup-
ported by MIDI software publishers. It also
has a second MIDI port expansion option.
The PCM68 is available as an easy-to-build
kit for ($49.95) or completely assembled for
($59.95). Add $15 to either price if requesting
the second MIDI port. The MIDI Starter Set,
which includes the PCM68 kit and Voyetra's
Sequencer Plus Jr. costs $99, plus $3 for ship-
ping. Contact PAIA Electronics Inc., 3200
Teakwood Ln., Edmond, OK 73012, {405}
340-6300.

I CONTROLLER DESIGN KIT

The CDK-52 from T.E.S. is a Controller De-
sign Kit for designing, building, and pro-
gramming computer interface circuits. At an
introductory cost of $249, hobbyists can ap-
ply computer control technology to a variety
of interests including robotics, speech syn-
thesis, and energy management.

It includes an Intel 8052, EPROM for 8-
and 16K-bit counter timers, 5V operation, 6
interrupts, 24 programmable I/O lines,
RS-232 serial port and B-BUS, with three
card slots for custom circuit development.

Contact T.E.S., PO Box 7721, Vallejo, CA
94590, (707} 554-0859.

I AUDIO POWER METER
Harbin Test System's HTS-83C Audio Power
Meter from Harbin Electronics is designed
to test and troubleshoot power amplifiers,
oscillators, transformers, and low frequen-
cy lines. You can measure audio power out-
put from 0.1MW-200W over the frequency
response range of 20Hz-40Hz. It offers 12
impedance ranges with precision measure-
ment accuracy and it provides an internal
temperature sensor that continuously mon-
itors the unit. Cost is $1,995.

Contact Harbin Electronics Co., 3826 Old
Getwell Rd., Memphis, TN 38118, {901}
794-1667, FAX {901) 794-2515.

ELEKTOR ELECTRONICS USA JANUARY 1992

'ELECTRONICS SCENE

I PROGRAMMABLE COUNTER

StarPC Instruments is offering a program-
mable oscillator/frequency counter for PCs
called the OscPC. It can automatically test
and qualify speakers and amplifiers using its
a function generator with analog (sine wave)
or pulse output, which are independent and
may be set to different frequencies.

It features programmable burst mode, var-
iable pulse with output, and programmable
base /O address.

Contact StarPC Instruments, PO Box
64418, Sunnyvale, CA 94086, (408} 739-5117.

I CATALOG FROM R&D ELECTRONICS
The Autumn 1991 catalog from R&D Elec-
tronics offers such items as magnets, trans-
formers, transmitter/receivers, sweep gen-
erators, switches, locks, keypads, transform-
ers, chokes, toroids, fuses, circuit breakers,
cables, ribbons and connectors, steppers,
motors, and more, in great variety.

Also available through this one source are
electronic enclosures, project boxes, semi-
conductors, rheostats, scanners, relays, tim-
ers, digitizers, fans, and wire.

Write for a catalog from R&D Electronics,
1224 Prospect Ave., Cleveland, OH 44115,
(216} 621-1121.

I GENOVATION KEYBOARDS
Genovation introduces a family of intelli-
gent keyboards designed using the erector-
set concept whereby you can construct so-
phisticated structures from modules, and
build upon them to meet your changing
needs. They interface to MS-DOS through
any available port, and offer an RS-232 serial
port and a parallel port. Interface to a com-
puter terminal or workstations, allowing for
programming of the LEDs, video, or sound.
Prices ranges between $200 to $500.

Contact Genovation, 17741 Mitchell North,
Irvine, CA 92714, (714} 833-3355, FAX (714}
833-0322.
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I MOBILE ANTENNAS

The Antenna Specialists offer the
PRO-5000 Series of mobile antennas, both
UHF and VHF, which are highly durable
with three O-rings, all mounting applications,
and various splits in both the 138-174MHz
and 406-512MHz bands.

These conversion, magnet-mounted, trunk
lid, and roof-mounted models come in 22
varieties offering 100% hand-tuned-and-
tested conical coil with stable soldered con-
nections for noise-free operation. The PRO-
5000 VHF antennas are rated for 3dB gain;
the UHF antennas include both 3dB and 5dB
gain models.

For information, contact The Antenna
Specialists Co., 30500 Bruce Industrial Park-
way, Cleveland, OH 44139-3996, {216} 349-
8400, FAX (216}349-8407.

I GATED SWEPT SINEWAVE
ANALYZER SYSTEM
The ATI LMS (Loudspeaker Measurement
System) is a PC-based, software-driven data-
acquisition/analysis tool that includes a pre-
cision-calibrated reference microphone
(greater than 20kHz bandwidth) and an IBM
PC/AT 8-bit /O slot card with on-board pro-
grammable oscillator, dual-tracking program-
mable filters, and line and microphone level
inputs (allowing both acoustical and elec-
trical measurements}. You also have com-
plete software control. The included 8mm-
diameter calibrated condenser microphone
is 100mm in length, maximum input level
is 125dB SPL, 10Hz to 20kHz bandwidth,
and has a calibrated accuracy of [1dB or bet-
ter. The line input allows comprehensive
electrical testing.

For further details, contact ATI Inc., 7556
SW Bridgeport Rd., Durham, OR 97224,
{503) 624-0405, FAX (503) 624-0194.



I ASTRONOMY DIRECTORY
The Astronomy, Space Sciences, and Related
Organizations of the World publishes an in-
ternational directory that lists data concern-
ing organizations involved in astronomy and
space sciences, but includes related fields
such as electronics, optics, and physics.

The 1991 version lists 6,000 entries from
95 countries. Copies of the publications are
$72 prepaid, not including 15% additional
air mail costs, made payable to M. 1'Agent
Comptable—Universite de Strasbourg—
Compte de 1'Observatoire.

Contact Dr. A. Heck, Observatoire Astron-
omique, 11, rue de 1'Universite, F-67000
Strasbourg, France.

l TROUBLESHOOT
MIXED-SIGNAL BOARDS

You can trace circuit problems to their com-
ponent level source with Maxtec Interna-
tional’s PRO-LINE Model 5030 Autotracer.
When interfaced to a PC-compatible com-
puter, you can digitize and store information
about a known-good board or component.

Test devices both in-circuit and out, exam-
ine up to eight signatures for a single node.
Use features including Autorange and Ap-
pend, or test diodes, transistors, resistors,
capacitors, inductors, regulators, and IC
nodes without power to the circuit.

The PRO-LINE by B&K Model PL 5030
AUTOTRACER PC Board Analyzer is avail-
able for $4,500 from Maxtec International
Corp., 6470 W. Cortland St., Chicago, IL
60635, (312) 889-1448.
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I IMAGING CONFERENCE

The 26th Annual SMPTE (Society of Motion
Picture and Television Engineers) Confer-
ence on Advanced Television and Electronic
Imaging will occur February 7 and 8 at San
Francisco's St. Francis Hotel, preceded by
an all-day tutorial February 6.

The Conference is scheduled to focus on
digital video and computer technologies. The
program will address discord between the
media: data compression, mass storage,
video/audio workstations, and fiber-optic and
satellite transmission of digital bit streams.

The tutorial beforehand can bring you up
to speed on current digital video and com-
puter technology. For further information,
contact Nancy T. Engel, SMPTE, 595 West
Hartsdale Ave., White Plains, NY 10607,
(914) 761-1100.

I HANDHELD TRANSCEIVERS
FROM ICOM

New transceivers from Icom include the
IC-2SRA 144MHz and the IC-4SRA 440MHz
handheld transceivers. They feature a built-
in wideband receiver, good from
25-905MHz, both in VHF and UHF plus si-
multaneous dual frequency capabilities. You
can connect an external 13.5V power supply
for SW of output. Change settings in each
band separately and monitor up to 96
memory channels or use personalized com-
munications without installing optional units.
They include a clock, tuning steps, and code
squelch unit.

The IC-2SRA and IC-4SRA are $599 each.
For the dealer nearest you, contact Icom
America, Inc., 2380 116th Ave. NE, Bellevue,
WA 98004, (206) 454-8155, FAX (206)
454-1509.

I PORTABLE DIGITAL

SOUND LEVEL METERS

Scantek Inc. offers two sound-level meters
from RION. The NL-14 is a Type 1 {preci-
sion with impulse) and weighs 600g. Type
NL-04 has the same capabilities with Type
2 accuracy. Suited for HVAC measurements,
noise control, and diagnostics, and building
acoustics, their features include removable
octave-, third-octave, octave filter sets, mem-
ory card, and printer.

The meters can store up to 9000 data
points, compute Lgg, Lmax, and Ly with sel-
ectable measurement times. Also included
are an RS-232 interface, memory back-up,
70dB dynamic range, and more.

Contact Scantek Inc., 916 Gist Ave., Silver
Spring, MD 20910, {301} 495-7738, FAX
(301} 495-7739.

I IBM SOFTWARE

FOR HOME MEDICAL USES

"The Home Medical Advisor'' from Pixel
Perfect provides interactive medical infor-
mation right from your computer for self-
care and preventative medicine. While it is
not intended to replace face-to-face treat-
ment, it is prepared by a physician's board
certified in emergency medicine.

Seven files includes Symptoms and treat-
ments for more than 450 Diseases, Injuries,
Poisons, descriptions of more than 800 pre-
scription and nonprescription Drugs, Tests,
and Referrals.

The program will be updated every year
to registered users. It is available at an in-
troductory offer of $69.95 from Pixel Perfect:
call {800) 788-2099.

WorldRadioHistory

I LOW-NOISE PS FROM H-P

Hewlett-Packard has introduced the HP
E3610A and E3611A benchtop DC power
supplies for use by design, testing, and ser-
vice engineers. They have high performance
plus ripple and noise less than 200 microV
RMS (root mean square). The PSs feature
dual-range outputs and CV/CC operation:
CV for constant voltage and CC for devices
requiring constant current. Crossover occurs
naturally. They cost $300 each.

H-P also offers the 54600 series of oscillo-
scopes with the advantages of digital and
analog scopes in one box. Prices start at
$2,395 for the two-channel 100MHz model.

Address your queries to Hewlett-Packard
Co. Inquiries, 19310 Pruneridge Ave., Cu-
pertino, CA 95014.

I TECHRON’S TEF-20HI

Techron's TEF-20HI adds a high speed in-
terface to the TEF-20, allowing uses as a
digital audio recorder, oscilloscope, real-time
analyzer, filter generating unit, and data cap-
ture and display/analysis device. The TEF-
20HI also allows third party software pro-
grams such as Hypersignal to use the DSP
chip to control the entire system via the
same HI interface.

In addition to Hypersignal's convolution
capabilities are on-screen two- and three-
dimensional spectrograph viewing of signals;
select one and listen to what's on-screen.
Cost is $5,000. Two versions of Hypersignal
range between $989 and $1489, and are avail-
able from Hyperception based in Dallas, TX.

Contact Techron, PO Box 1000, Elkhart,
IN 46515, {219) 294-8300.
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MINI Z80 SYSTEM

Call it what you like: an all-time favourite, an evergreen in computer
land, or just a die-hard electronic component: the Z80 8-bit
microprocessor enjoys tremendous popularity because it is

inexpensive, widely available and easy to program. Furthermore, a
massive amount of software and paperware is available for this
powerful CPU. Here, we present a no-frills miniature computer
system based on the Z80 CPU, with I/O and ROM. No RAM, no,
because that is not strictly necessary for small applications if your
programming is up to scratch (but we have a RAM extension up our

ROBABLY the most remarkable feature

of the present computer board is the ab-
sence of RAM (random access memory).
This is unusual, but in many cases the inter-
nal registers of the Z80 can function as RAM
equally well. Omitting a RAM IC then allows
us to cut down on components (cost), and
save board space.

The block diagram of the Z80 system is
shown in Fig. 1. Remarkably, the arrange-
ment of the functions corresponds closely to
that of the associated ICs on the circuit
board. In fact, Fig. 1 shows the classic setup
of a microprocessor system. The Z80 CPU
{central processing unit) uses [/O-mapped
input-output operations, which means that
the CPU works with different addresses for
the memory and the [/O blocks. The present
system has four [/O addresses, although
two further blocks of four addresses may be
selected via the two /O ports.

The [/O ports available in the system are
compatible with the universal 1/O interface
for IBM PCs (Ref. 1), which allows the exten-
sions originally developed for this to be con-
nected without problems (for instance, the

ELEKTOR ELECTRONICS USA JANUARY 1992

sleeve).

by A. Rigby

relay card discussed in Ref. 2).

From the block diagram it may appear
that the memory address decoder is a super-
fluous luxury: there is only one EPROM, and

that could have been connected direct to the
CPU without a decoder. The decoder, how-
ever, divides the memory range into four
blocks of 16 Kbyte each, and so allows RAM

A

Vo

address
decoder
| output .

address bus
data bus

D 170
‘ MEM -
address
decoder
r—
D 170
‘ EPROM
| N— em—

output .
280

910060 - 11

Fig. 1.
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Block diagram of the Z80 microprocessor system. Note the absence of RAM.



MINI Z80 SYSTEM E

to be added (more about this next month),or  have been added: a voltage regulator and a
more EPROMs. Moreover, the memory ad-  hex inverter. Three inverters in the latter IC MAIN SPECIFICATIONS
dress decoder is formed by the remaining (IC8), are used to implement the 2-MHz
two 1-of-4 decoders contained in the ICused  clock oscillator. The unused control inputs of CPU: Z80
for the /O address decoder. This meansthat  the Z80 (IC1) are held at +5 V via a pull-up Clock: 2 MHz
although it may not be used in many cases, resistor array. The reset input of the CPU is Memory: 8 K ROM (EPROM 2764)
the memory decoder does not require addi-  connected to an R-C network and a switch to : Jisd
tional hardware anyway. ground (S1) that allows the system to be 16 K ROM (EPROM 27128)
reset. The control, address and data lines of /o: 28 bit input/output:
Circuit description the Z80 are connected to the I/0O and mem- ? 28 bit outpui
ory sections in the usual way. Ootion: 8 K RAM :
The circuit diagram shown in Fig. 2 closely Address decoder IC7a divides the 64- asioat S extension
resembles the block diagram. Only two ICs  KByte memory range into four sections of

IC7 = 74HCT139
A8 2 Y
IC8 = 74HCT04 O L1 P b
e Vi rel33] 5V
Rl U oEsE Ki
s 5] U OES i1 I
Do 2] 0o a0 2 2
D1 3 18 3
2] a1 O
5V sv(¥) 02 L] P 1c3 az |2 4
22} 5 16 5
03 03
® a0 2 A0 LLERTY P @ s Zios HCT gs |4 z l
[ 8 574 13 8
3 A1 A9 — | 06 o8 o |
¥ 2 A2 A e o7 #1o7 ar P2 L]
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——|MREQ A3 A3 1c2 11 o]
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1
e [ o2 P22 A0 38 k2 {—] 5V
K 03 A1 13 = t
B i RS 8x 100K
oy ERET icre V0 sv(H)—
os lo_os z
15|~ iy
os j10__0¢ G Ya K3
13 D7 1 ; 2
ey Do 2,0 BO"FF 5 |6 s |8 :ogwn
S | A o of 7 AL
02 s 18 D
Az 82
03 1 iy (5 615 ol W -
sy nJC8f . IC8e . ICBd D4 flas 74 eaft 1o of?
3 12 4 10 o 8 _ 05 7] 4s HCT g5l slo ol
6 8l 285 g2 215 o
1co D7 3 o2 wlo o
Ks* 15 ulo ol
B 1 19 ENABLE 2 s
o
o ]
e T , B8 8x 100k 5V
5V(+
K4
2 s o2
Do ] 7o BowFF‘S‘ 8 |9 o ofsaz
01 3 1 | a 17 A3
* g - Bidirections! 02 <" 1ce I s 0.9 16 AD
0 = Output s A2 B2 15 =B
v 1= Input o A3 B3 £10 of 8 ¥R
. . . . oe tas 74 e 110 of?
©; ps T as HCT g2 215 ofll
&) @) (9 o8 Blas 295 g2 1o o2
07 9 11 10 19
c7 1] (1] C10 C11 A7 87 = O Of =
IC3 iIC4 IC5 ICé IC7 IC8 5V [] O ﬂ
TW" TW" Tm" TW"? ? TW" . ) o I_
* .L_ 910080 - 11

Fig. 2. Circuit diagram of the mini Z80 system.
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MINI Z80 SYSTEM

COMPONENTS LIST

Resistors:

1 7-way SIL array 100kQ R1

1 330k R2

2 2kQ2 R3;R4

2 8-way SIL array 100k2 R5;R6

Capacitors:

1 1uF 16V radial C1

2 68pF C2,C3

1 1uF solid MKT C4

1 100uF 25V radial cs5

6 100nF Cs-C11

Semiconductors:

1 Z80CPU IC1

1 2764 or27128 IC2

2 74HCT574 IC3iC4 i

2 74HCT245 IC51C6

1 74HCT139 Ic7 2

1 74HCTO4 Ic8 1

1 7805 IC9 4
‘

Miscellaneous:

2 10-way box header K1;K2

2 20-way box header K3:K4

2 6-way box header K5:K6

1 push-button St

1 quartz crystal 2.00MHz X1

1 Enclosure 150%80x55mm,

e.g. Bopla E440VL
1 printed circuit board 910060
16 kByte, so that so-called mirror areas are

avoided. Only if an 8-KByte EPROM is used,
its contents are duplicated in the upper half
of the 16-KByte area reserved for it. The
EPROM on the mini Z80 card is located in
the range that starts at address 0000, where
the CPU starts after a reset. The other signals
supplied by the MEM address decoder, and ~ Fig. 4. Undoubtedly the most flexible way of developing software for the 280 board is by
the write signal (WR), are available on the  means of an EPROM emulator and a PC running a Z80 assembler.
PCB for use by external circuits, such as a
RAM ar EPROM extension.

[/C address decoder IC7b makes use of
address lines AD and Al only. This means

I I R TR AR R R R R R R R R R R R R R R R R R S R R RS E R RSN

thatt,heI/O addreﬁﬁcs c}o have ‘mirror ioca- : SINPLE TEST PROG e ——
h()ns:thesame]cleClCCtede\ycw fourad- IEEEEEZEEEEREERRRE R R R REEREREREREERAESEEEEEEEEEEER R R REREER R R XX XN

dresses. Since the read and write lines are not
used in the I/0 address decoder, you must
take care not to write to input devices, or
read from output devices, on penalty cf de-

ICS and IC® jumpers set for input only

Be careful, a write can be destructive

s
.
s
X XSRS RS ESEEESEEZE NSRS E R R NSRS ENER SRR NEER R
s

stroyving the CPU. Note, however, that ad- g:tgzt; ig: 2 ::23;:22 22:‘ E;
dresses 0 and 1, at which the two 8-bit input1: equ 2 ;address for K3
outputs, IC3 and ICy, reside, can be read input2: equ 3 ;address for K4
without problems.

The n}th two addresses, 2 and 3, are occu- Gy Len SELETEER Slars arlioss
pied by two bidirectional ports, IC5 and I1Co, begin: 14 a.,o0 :initialize outputs
and must be used mere carefully. These out (outputl),a
ports can be set to function as an input, an out (output2),a .
output, or a bidirectional device with the aid loop: I Y JEEEE! dele e 152

g s ), o cpl sinvert each bit
of jumpers. When ICs or ICe are used as out (outputl),a joutput to Ki
input devices, a write operation to them may in  a.(input2) :read input from K4
damage the CPU or the addressed IC, since cpl ,invert each bit
in that case twoe outputs are interconnected, out (output2),a ioutput to K2
which results in a virtual short-circuit. When je loop Jlegn Lo Guael Qe
used as output devices, a read operation to 910060-13

IC5 or ICe is riot harmful. In bidirectional
mode, the CPU is protected reasonably well
against output conflicts, and it then depends  Fig. 5. A simple test program that presents input data in inverted form at the output.
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m COMPUTERS AND MICROPROCESSORS

Table 1. /O address overview
MAIM ARGISTER SET ALTERNATE REGISTER SET
Port 1/O address  Connector
Ca 0 K1 A ACCUMULATOR F FLAG REGISTER A" ACCUMULATOR F FLAG REGISTER
I
'C4 1 Ka 8 GENERAL PURPOSE C GENERAL PURPOSE ©' GENERAL PURPOSE C' GENERAL PURPOSE
IC5 2+4n K3 D GENERAL PURPOSE E OENERAL PURPSE D' GENERAL PURPOSE £ GENERAL PURPOSE
'Cs 3+4n K4 H GENERAL PURPOSE L GENERAL PURPOSE H' GENERAL PURPOSE L' GENERAL PURPOSE
-— BT —————
(n = 0 — 3) 16 81T INTERRUPT FLIPFLOPS STATUS
IX INDEX REGISTER l IFF, I ’ FFy I
on the level supplied by the circuit connected
I¥ INDEX REGISTER 0 = INTERRUPTS DISABLED STORES IFF?
to connector K3 or K4 whether or not a dan- I—(‘ T rean e ouRING R
gerous situation can arise from reading 5P STACK POINTER seRvice
from, or writing to, IC5 or ICe. In addition to e
the eight datalines, connectors K3 and K4 e rroanamcoumTEn EIT_‘_
therefore also carry the RD and WR signals, © INTERRUPT VEGTOR n MEMORY REFRESH 0 o mreanurt wooeo
which indicate read and write operations re- g DR TERRURTIMODE]Y

INTERRUPT MODE 2
> 8 BITS ———

spectively, and so enable an external circuit 910060-14
to disable its inputs or outputs accordingly.
There are more signals on K3 and K4: one en-
able signal, and two address lines, A2 and Fig. 6. 280 register overview.
A3. These allow the Z80 card to work with
extensions originally developed for the
universal I/QO interface for PCs.

The enable signal on the extension con-
nectors indicates that the I1/O lines are ad-
dressed, so that the circuit connected can

I IEZ XL RIS SRS R AR R R XS R R R XX YRR XY}

; SIMPLE TEST PROGRAM FOR MINIZ80 BOARD
3 USING MACRO'S

Start reading or Writing data‘ Address lines R LR E RS LS RS RS RS REESR R 2R RS RZEZEE N ]
A2 and A3 give us access to a total of eight i IC5 and IC6 jumpers set for input only
eXterna] addresseS' foureach Via each exten- :““I“““““““““““I““““““““““&&I&“ill“““““““““““&“““l“““““I
sion connector, as shown in Table 1 ‘ outputl: equ 0 :address for Ki

To prevent the output ports being left in output?2: equ 1 ;address for K2
an undesired state after switching on the sys- inputi: equ 2 ;address for K3
tem, the outputs of IC3 and IC4 are briefly input2: equ 3 jaddress for K4

switched to high impedance with the aid of
network R2-C4, whose R-C constant is about

:““l““l““““““'““““““““I““l“l“&““&I&“l“““'“““““““ll““““““

H MACRO DEFINITION
three timesgreaterthanthatoftheCPU reset L Y L Y Y Y T T Y Ty
network. Provided the relevant instructions
are placed right at the start of the program ini '-—-'-0—29“;;(: RO
(i.e., from 0000 onwards), network R2-C4 af- : .

.. . PP 1d a,0 ;load initial value
fords sufficient time for the CPU to initialize out (outputl),a :set output to zero
the outputs properly and prevent output-to- out (output2?),a iset output to zero
output conflicts. .MACEND

The system is completed by a voltage

regulator, IC9. This allows a mains adaptor A_to_output

{ ; .MACRO output idefine variable: output
with an output rating of 9 V to 15 V d.c. at cpl .invert each bit
300 mA to be used, which is a safe as well as out (output),a ;joutput contents of A
inexpensive way of powering the computer. -MACEND
. input_to_A:
Construction .MACRO input ;define variable: input
in a,(input) iread input into A
The design of the double-sided through- .MACEND

plated board used for building the Z80 sys-
tem is shown in Fig. 3. This board is available
ready-made through our Readers Services.
Construction is straightforward work,
and merits no further discussion. Applica- org Oh iprogram start address
tion circuits can be connected to the Z80

:““I““““““I‘I““““I“““I““IIII““I“““““II“II““I““II“Ill'“““'

: MAIN PROGRAM

:II.““I“.“.I....l.....““...“..““.““..“.“““.“.l.lll.“““““

board either via short lengths of flatcable, or begin: init_to_zero GBS R R A I T
direct via thg conneFtors. In the latter casg, loop: input_to_A inputi

the Z80 card is best fitted on top of the appli- A_to_output outputl

cation circuit. This ensures that the EPROM input_to_A input2

socket remains accessible for a new EPROM, A_to_output output2

an EPROM emulator, or a RAM extension. O e iloop to check inputs
As shown in one of the photographs, such an 910060-15

assembly is obtained by fitting sockets to the
underside of the Z80 card (see Fig. 8).

The fixing holes in the PCB are located Fig. 7. Because of the absence of RAM, subroutines are best replaced by macros during
such that the completed board is easily fitted  the assembly phase.
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MINI Z30 SYSTEM m

Table 2. Non-executable

instructions (without RAM)

CALL cc,nn  ;conditional subroutine
;eall

CALL nn ;direct subroutine cali

IM 1 ;interrupt mode

IM 2 ;interrupt mode

POP IX ;get data from stack

POP 1Y ;get data from stack

POP qq ;get data from stack

PUSH IX ;put data onto stack

PUSH IY ;put data onto stack

PUSH qq ;put data onto stack

RET ;return from subroutine

RETI ;return from interrupt

RETN ;return from non-
;maskable interrupt

qq = AF, BC, DE or HL

cc = condition to execute instruction

nn = address

into the enclosure mentioned in the parts list.
Where the board is used as a controller for
one application only (as discussed above),
the sections with the fixing holes in them
may be cut off to reduce the board size even
further.

Writing programs

As already mentioned, a massive amount of
literature exists on programming the Z80. In
addition, assemblers and cross-assemblers
for the Z80 are widely available. Lacking
these, you may still program the Z80 purely

Fig. 8.
described elsewhere in this issue.

by hand, i.e., by writing a machine code pro-
gram, looking up the opcodes, and loading
them into an EPROM. A far more flexible
way of developing software is afforded by
an EPROM emulator (Fig. 4), which goes
round the problem of having to erase and re-
program an EPROM every time a change is
required (and debugging, as you probably
know, almost invariably involves a lot of
changes).

For now, you probably want to know if
the card works. Well, that can be found out
quite easily with the aid of the test program
listed in Fig. 5. Set the two jumpers on the
board to input before running the program
(from EPROM). The program turns the Z80
card essentially into an input data operator.
As you can see, this can be achieved without
RAM, since the (many) registers of the Z80
can be used for the “scratch’ functions. Fig-
ure 6 shows a register overview of the Z80.

The absence of RAM means that a num-

—
'rmm | KELviN PRO 400 L OAY |
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990094  $0.95

[PROTECTIVE CARRY CASE tor PRO 400| PR\ |
Stock No. en WARRANTY

BEST BUY ...... NEW Series
FLUKE 79 ww Capecitance ....... $169
FLUKE 87 TrueRMs............ Y269

NEW! SCOPEMETER ™ 90 SERIES
HAND HELD, 50 MHz, DUAL CHANNEL

FLUKE 93 scopeMetar ............ 51095
FLUKE 95 scopeMeter ............... 31395
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oan KELVIN ceuones visA

om0
10 Hub Drive. Melville. NY 1747

mOO
(516) 756-1750 « 1 (800) 645-9212 * FAX (516) 756-1763

HEAR EVERY SOUND
OVER 1 MILE AWAY!

Hear everything on any FM radio or wideband scanner tuned to the “secret" fre-
quency you select. Unlimited uses for securig.
Not a toy. The VI-75 meets many U.S. Gov't Miitary Specs and with

280 board fitted ‘piggy back’ on to a prototype of the RC5-code infra-red receiver

ber of Z80 instructions can not be used.
These instructions, listed in Table 2, are es-
sentially those related to stack operations. As
you can see, it is not possible to call interrupt
and subroutines if you do not have RAM.
Fortunately, this need not resultin ‘spaghetti
software’, because most assemblers support
the use of macros. Macros are small pieces of
machine code that are used frequently in a
program, and which need to be written in
source code only once. In most cases, it is
possible to use variables in macros, for in-
stance, to indicate the register or address the
macro is to make use of. An example of a
piece of source code containing macros is
given in Fig. 7. |

References:

1. “Universal /O interface for IBM PCs".
Elektor Electronics May 1991.

2. “Relay card for universal 1/0 interface”.
Elektor Electronics November 1991.

Simply attach the VT-75 microtransmitter to any 3V
to 12V battery and you can hear every sound in an
entire house over 1 mile away! Super-sensitive cir-
cuit on a single chip even picks up footsteps from
across a large room. Tunable from 80 to 130 MHZ.

baby manitor, remote mic, etc.

100mW RF output, it is the smallest, most powerful miniature transmitter you
can buy. Easily assembled even by a youngster in only § minutes and performs
so well that It is the only miniature transmitter available anywhere that comes
with a full unconditionol moneyback guoronteel Complete kit includes
VT-75 microtransmitter chip, miniature microphone, 8V battery connector and
instructions - $49.95+ $1.50 S&H or save- buy 2 for $45.00 each with free
S&H! Call toll free or send money order, Visa, or MC acc't number for im-
mediate shipping by U.S. Mail. COD's add $4. Checks aliow 21 days.

& o Y A

— INDUSTRIES* 10507

AUTHORIZED
DEALER

1-800-759-5553 (u.s. ONLY) ALL OTHER 914-232-3878
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NE602 PRIMER

HE Signetics (Philips Components)

NE602/SA602 is a monolithic integrated
circuit containing a double balanced mixer
(DBM), an oscillator, and an internal voltage
regulator in a single eight-pin package
(Fig. 1). The DBM operates to 500 MHz,
while the internal oscillator works to
200 MHz. The primary uses of the
NE602/SA602 are in HF and VHF receivers,
frequency converters and frequency transla-
tors. The device can also be used as a signal
generator in many popular inductor-capaci-
tor (L-C) based variable frequency oscillator
(VFO), piezoelectric crystal (XTAL), or
swept-frequency, configurations. In this ar-
ticle we will explore the various configura-
tions for the d.c. power supply, the RF input,
the local oscillator and the output circuits.
We will also examine certain applications of
the device.

Versions

The NE602 version of the device operates
over a temperature range of 0 to +70 °C,
while the SA602 operates over the extended
temperature range of —40 to +85 °C. The
most common form of the device is probably
the NE602N, which is an eight-pin mini-DIP
package. Eight-lead SO Surface mount (D-
suffix) packages are also available. In this ar-
ticle the NE602N is featured, although the
circuits also work with the other packages
and configurations, including the improved
follow-up types NE602AN and NE602AD
which are now available.

Because the NE602 contains both a mixer
and a local oscillator, it can operate as a radio
receiver ‘front-end’ circuit. It provides very
good noise and third-order intermodulation
performance. The noise figure is typically
5 dB at a frequency of 45 MHz. The NE602
has a third-order intercept point of about —
15 dBm referenced to a matched input, al-
though it is recommended that a maximum
signal level of -25 dBm (approx. 3.16 mW)
be observed. This signal level corresponds to
about 12.6 mV into a 50-Q load, or 68 mV
into the 1,500-Q input impedance of the
NE602. The NE602 is capable of providing
0.2-uV sensitivity in receiver circuits without
external RF amplification. One criticism of
the NE602 is that it appears to sacrifice some
dynamic range for high sensitivity —a prob-
lem said to be solved in the A-series (e.g.,
NE602AN).

Frequency
conversion/translation

The process of frequency conversion is
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Fig. 1. Block diagram of the NE602 show-
ing pinouts.

called heterodyning. When two signals at
different frequencies (f; and f;) are mixed in
a non-linear circuit, a collection of different
frequencies will appear at the output of the
circuit. These are characterized as fj, > and
nfi tmfs, where n and m are integers. In most
practical situations, n and m are 1, so the total
output spectrum will consist at least of fi, f2,
fi+f2and fi-f. Of course, if the two input cir-

cuits contain harmonics, additional products
are found in the output. In superheterodyne
radio receivers, either the sum or difference
frequency is selected as the intermediate fre-
quency (IF). In order to make the frequency
conversion possible, a circuit needs a local
oscillator (LO) and a mixer circuit (both of
which are provided in the NE602).

The local oscillator consists of a VHF n-p-
n transistor with the base connected to pin 6
of the NE602, and the emitter to pin 7; the
collector of the oscillator transistor is not
available on an external pin. There is also an
internal buffer amplifier which connects the
oscillator transistor to the DBM circuit. Any
of the standard oscillator circuit configura-
tions can be used with the internal oscillator,
provided that access to the collector terminal
is not required. Thus, Colpitts, Clapp, Har-
tley, Butler and other oscillator circuits can
be used with the NE602 device, while the
Pierce and Miller oscillator circuits can not.

The double balanced mixer (DBM) circuit
is shown in Fig. 2; it consists of a pair of
cross-connected differential amplifiers (T1-
T2 with T5 as a current source; similarly
T3/Ta with Te working as a current source).

———®w
Power Line T
osc 0sc EI E
BASE e EMITTER
g
<
é —(5)ouTA
v,
§ —(@) outs
[
T1 T2 T3 T4
INA INB
T5 T6
GROUND
910155 - 12
Fig. 2. Partial internal schematic showing the Gilbert Transconductance Cell.
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+18 V supplies; d) 3-terminal IC voltage regulator for supplies from +8 to +28 V.

This configuration is called a Gilbert Trans-
conductance Cell. The cross-coupled collec-
tors form a push-pull output (pins 4 and 5) in
which each output pin is connected to the V+
power supply terminal through 1,500-Q re-
sistors. The input is also push-pull, and simi-
larly is cross-coupled between the two
halves of the cell. The local oscillator signal is
injected into each cell-half at the base of one
of the transistors.

Because the mixer is double-balanced, it
has a key attribute that makes it ideal for use
as a frequency converter or receiver front-
end: suppression of the LO and RF input sig-
nals in the outputs. In the NE602 chip, the
output signals are fi+fs, and fi—f;. Although
some harmonic products appear, many are
also suppressed because of the DBM action.

DC power supply
connections

The V+ power supply terminal of the NE602
is pin 8, and the ground connection is pin 3;
both must be used for the d.c. power connec-
tions. The d.c. power supply range is to be
+4.5Vto +8 V d.c,, with a current drain rang-
ing from 2.4 to 2.8 mA.

It is highly recommended that the V+
power supply terminal (pin 8) be bypassed
to ground with a capacitor of 10 nF to 100 nF.
The capacitor should be mounted as close to
the body of the NE602 as is practical; short
leads are required in radio frequency (RF)
circuits.

Figure 3a shows the recommended
power supply configuration for situations
where the supply voltage is +4.5 to +8 V. For
best results, the supply voltage should be
regulated. Otherwise, the local oscillator fre-
quency may not be stable, which leads to
problems. A series resistor (100 to 180 Q) is
placed between the V+ power supply rail
and the V+ terminal on the NE602. If the
power supply voltage is raised to +9 V, in-
crease the value of the series resistance an
order of magnitude to 1,000 to 1,500 Q
(Fig. 3b).

If the d.c. power supply voltage is either

unstable, or above +9 V, it is highly recom-
mended that a means of voltage regulation
be provided. In Fig. 3¢ a zener diode is used
to regulate the NE602 V+ voltage to 6.8 V,
even though the supply voltage ranges from
+9 V to +18 V (a situation found in automo-
tive applications). An alternative voltage
regulator circuit is shown in Fig. 3d. This cir-
cuit uses a three-terminal voltage regulator
to provide V+ voltage to the NE602. Because
the NE602 is a very low current drain device,
the lower power versions of the regulators
(e.g., 78Lxx) can be used. The low-power
versions also permit the NE602 to have its
own regulated power supply, even though
the rest of the radio receiver uses a common
d.c. power supply. Input voltages of +9 V to
more than +28 V, depending on the regula-
tor device selected, can be used for this pur-
pose. The version of Fig. 3d uses a 78L.09 to
provide +9 V to the NE602, although the
78L05 and 78106 can also be used to good ef-
fect.

NE602 input circuits

The RF input port of the NE602 uses pins 1
and 2 to form a balanced input. As is often
the case in differential amplifier RF mixers,
the RF input signals are applied to the base
terminals of the two current sources (T5 and
Te in Fig. 2). The input impedance of the
NE602 is 1,500 Q shunted by 3 pF at lower
frequencies, but drops to about 1,000 Q in
the VHF region.

Several different RF input configurations
are shown in Fig. 4; both single-ended (un-
balanced) and differential (balanced) input
circuits can be used with the NE602. In
Fig. 4a a capacitively coupled, untuned, un-
balanced input scheme is shown. The signal
is applied to pin 1 (although pin 2 could
have been used instead) through a capacitor,
C1, that has a low impedance at the opera-
ting frequency. The signal level should be
less than -25 dBm, or about 68 mV into
1,500Q (180 mVy,). Whichever input is
used, the alternative input is unused, and
should be bypassed to ground through a
low-value capacitor (1 nF to 100 nF depend-
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DC power supply configurations for the NE602: a) for supplies +4.5<V<+8 V; b) for +9-V supplies; c) zener diode regulator for +9 to

ing on frequency).

A wideband transformer-coupled RF
input circuit is shown in Fig. 4b. In this con-
figuration, a wideband RF transformer is
connected such that the secondary is applied
across pins 1 and 2 of the NE602, with the
primary of the transformer connected to the
signal source or aerial. The turns ratio of the
transformer can be used to raise the source
impedance to 1,500 Q (the NE602 input im-
pedance). Either conventional or toroidal
transformers can be used for Tr1. As in the
previous circuit, one input is bypassed to
ground through a low reactance capacitor.

Tuned RF input circuits are shown in
Figs. 4c, 4d, 4e and 5. Each of these circuits
performs two functions: a) it selects the
desired RF frequency while rejecting others,
and b) it matches the 1.5-kQ input imped-
ance of the NE602 to the source or aerial sys-
tem impedance (e.g., 50 Q). The circuit
shown in Fig. 4c uses an inductor (L1) and
capacitor (C1) tuned to the input frequency,
as do the other circuits, but the impedance
matching function is done by tapping the in-
ductor; a d.c. blocking capacitor is used be-
tween the aerial connection and the coil. A
third capacitor, C3, is used to bypass one of
the inputs (pin 2) to ground.

Another version of the circuit is shown in
Fig. 4d. It is similar in concept to the pre-
vious one, but uses a tapped capacitor volt-
age divider (C2-C3) for the impedance
matching function. Resonance with the in-
ductor is established by the combination of
C1, the main tuning capacitor, in parallel
with the series combination of C2 and C3:

Ctune=C1+(C2C3) /(C2+C3) (1]

The previous two circuits are designed for
use when the source or aerial system imped-
ance is smaller than 1.5 k€ (the input imped-
ance of the NE602). The circuit of Fig. 4e can
be used in all three situations: input imped-
ance lower than, higher than, or equal to, the
NE602 input impedance, depending on the
ratio of the number of turns in the primary
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Fig. 4. NEG602 input circuit configurations:

a) direct, untuned input (Vin<180 mVpp); b)
broadbanded RF transformer couples signal
and transform aerial impedance to 1500 Q; c)
tuned input uses a tap on the inductor for
impedance matching; d) tuned input uses a
tapped capacitor voltage divider for imped-
ance matching; e) tuned transformer input
that uses a grounded frame variable capaci-
tor.

winding (L2) to the number of turns in the
secondary winding (L1). The situation
shown schematically in Fig. 4e is for the case
where the source impedance is smaller than
the input impedance of the NE602.

The secondary of the RF transformer (L1)
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resonates with a capacitance made up of C1
(main tuning), C2 (trimmer tuning or band-
spread), and a fixed capacitor, C3. An ad-
vantage of this circuit is that the frame of the
main tuning capacitor is grounded. This fea-
ture is an advantage because most tuning ca-
pacitors are designed for grounded frame
operation, so construction is easier. In addi-
tion, most of the variable frequency oscilla-
tor circuits (discussed shortly) used with the
NE602 also have a grounded frame capaci-
tor. The input circuit of Fig. 4e can therefore
use a single dual-section capacitor for single
knob tuning of both RF input and local oscil-
lator.

Figure 5 shows a tuned input circuit that
relies, at least in part, on a voltage variable
capacitance (varactor or varicap) diode for
the tuning function. The total tuning capacit-
ance that resonates transformer secondary
L2 is the parallel combination of C1 (trim-
mer), C2 (a fixed capacitor), and the junction
capacitance of varactor diode D1. The value
of capacitor C3 is normally chosen large com-
pared with the diode capacitance so that it
will have little effect on the total capacitance
of the series combination C3/CD1. In other
cases, however, the capacitance of C3 is
chosen close to the capacitance of the diode
so it becomes part of the resonant circuit ca-
pacitance.

A varactor diode is tuned by varying the
reverse bias voltage applied to it. Tuning
voltage Vit is set by a voltage divider consist-
ing of R1, R2 and R3. The main tuning poten-
tiometer (R1) can be a single-turn model, but
for best resolution of the tuning control use a
multiturn potentiometer. The fine tuning
potentiometer can be a panel mounted
model for use as a bandspread control, or a
trimmer model for use as a fine adjustment
of the tuning circuit (a function also shared
by trimmer capacitor C1).

The voltage used for the tuning circuit
(Va) must be well regulated, or the tuning
will shift with variations of the voltage.
Some designers use a separate three-termi-
nal IC regulator for V », but that is not strictly
necessary. A more common solution is to use
a single low-power 9-V three-terminal IC
voltage regulator for both the NE602 and the
tuning network. However, it will only work
when the diode needs no more than +9 V for
correct tuning of the desired frequency
range. Unfortunately, many varactor diodes
require a voltage range of about +1 V to
+37 V to cover the entire range of available
capacitance.

When oscillator circuits are discussed, we
will also see a version of the Fig. 5 circuit that
is tuned by a sawtooth waveform (for swept-
frequency operation) or a digital-to-anal-
ogue converter (for computer-controlled
frequency selection).

NE602 output circuits

The NE602 output circuit consists of the
cross-coupled collectors of the two halves of
the Gilbert transconductance cell (Fig. 2),
and are available on pins 4 and 5. In general,
it makes no difference which of these pins is
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Fig. 5.

used for the output — in single-ended out-
put configurations only one terminal is used,
and the other oneisignored. Each output ter-
minal is connected internally to the NE602 to
V+ through separate 1.5-k€2 resistors.

Figure 6a shows the wideband, high im-
pedance (1.5-kQ2) output configuration.
Either pin 4 or 5 (or both) can be used. A ca-
pacitor is used to provide d.c. blocking. This
capacitor should have a low reactance at the
frequency of operation, so values between
1 nF and 100 nF are generally selected.

Transformer output coupling is shown in
Fig. 6b. In this circuit, the primary of a trans-
former is connected between pins 4 and 5 of
the NE602. For frequency converter or trans-
lator applications, the transformer could be a
broadband RF transformer wound on either
a conventional slug-tuned form or a toroid
form. For direct conversion autodyne re-
ceivers the transformer would be an audio
transformer. The standard 1:1 transformers
used for audio coupling can be used. These
transformers are sometimes marked with
impedance ratio rather than turns ratio (e.g.
600 Q:600 Q, or 1.5k€:1.5kQ).

Frequency converters and translators are
the same thing, except that the ‘converter’
terminology generally refers to a stage in a
superhet receiver, while ‘translator’ is more
generic. For these circuits, the broadband
transformer will work, but it is probably bet-
ter to use a tuned RF/IF transformer for the
output of the NE602. The resonant circuit
will reject all but the desired frequency pro-
duct; e.g., the sum or difference (IF) fre-
quency. Figure 6c shows a common form of
resonant output circuit for the NE602. The
tuned primary of the transformer is con-
nected across pins 4 and 5 of the NE602,
while a secondary winding (which could be
tuned or untuned) is used to couple the sig-
nal to the following stages.

A single-ended RF tuned transformer
output network for the NE602 is shown in
Fig. 6d. In this coupling scheme, the output
terminal of the IC is coupled to the V+ sup-
ply rail through a tuned transformer. Per-
haps a better solution to the single-ended
problem is the circuit of Fig. 6e. In this cir-
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Fig. 6.

Output circuit configurations: a) direct capacitor coupled output (untuned); b) broadband transformer coupled output; c) tuned

transformer output; d) tuned transformer to V+; e) grounded tuned transformer output; f) tapped capacitor tuned output (VHF circuits); g)

low-pass filter output; h) filter output.

cuit, the transformer primary is tapped fora
low impedance, and the tap is connected to
the NE602 output terminal through a d.c.
blocking capacitor. These transformers are
easily available as either 455 KHz or
10.7 MHz versions, and may also be made
relatively easily.

Still another single-ended tuned output
circuit is shown in Fig. 6f. In this circuit, one
of the outputs is grounded for RF frequen-
cies through a capacitor. Tuning is a function
of the inductance of L1 and the combined
series capacitance of C1, C2 and C3. By tap-
ping the capacitance of the resonant circuit,
at the junction of C2-C3, it is possible to
match a lower impedance (e.g., 50 Q) to the
1.5-kQ output impedance of the NE602.

The single-ended output network of
Fig. 6g uses a low-pass filter as the frequency
selective element. This type of circuit can be
used for applications such as a heterodyne
signal generator in which the local oscillator
frequency of the NE602 is heterodyned with
the signal from another source applied to the
RF input pins of the IC. The difference fre-
quency is selected at the output when the
low-pass filter is designed such that its cut-
off frequency is between the sum and dif-
ference frequencies.

In Fig. 6h an IF filter is used to select the

desired output frequency. These filters are
available in a variety of different frequencies
and configurations, including the Collins
mechanical filters that were once used exten-
sively in high-grade communications re-
ceivers (260 kHz, 455 kHz and 500 kHz
centre frequencies). Current high-grade
communications receivers typically use crys-
tal IF filters centred on 8.83 MHz, 9 MHz,
10.7 MHz or 455 KHz (with bandwidths of
100 Hz to 30 kHz). Even broadcast radio re-
ceivers can be found using IF filters. Such fil-
ters are made of piezoceramic material, and
are usually centred on either 260 or
262.5 kHz (AM auto radios), 455 or 460 kHz
(other AM radios) or 10.7 MHz (FM radios).
The lower frequency versions are typically
made with 4-, 6- or 12-kHz bandwidths,
while the 10.7-MHz versions have band-
widths of 150 to 300 kHz (200 kHz being
most common).

In the circuit of Fig. 6h it is assumed that
the low-cost (typically US$ 3) ceramic AM or
FM filters are used (for other types, com-
patible resistances or capacitances are
needed to make the filter work properly).
The input side of the filter (FL1) in Fig. 6h is
connected to the NE602 through a 470-Q re-
sistor and an optional d.c. blocking capacitor
(C1). The output of the filter is terminated
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into a 3.9-kQ resistor. The difference IF fre-
quency resulting from the conversion pro-
cess appears at this point.

One of the delights of the NE602 chip is
that it contains an internal oscillator circuit
that is already coupled to the internal double
balanced mixer. The base and emitter con-
nections to the oscillator transistor inside the
NE602 are available through pins 6 and 7, re-
spectively. The internal oscillator can be
operated at frequencies up to 200 MHz. The
internal mixer works to 500 MHz. If higher
oscillator frequencies are needed, use an ex-
ternal local oscillator. An external signal can
be coupled to the NE602 through pin 6, but
must be limited to no more than about -13.8
dBm, or 250 mV across 1,500 Q.

NE602 local oscillator
circuits

There are two general methods for control-
ling the frequency of alocal oscillator circuit:
inductor-capacitor (LC) resonant circuits or
piezoelectric crystal resonators. We will con-
sider both forms, but first the crystal oscilla-
tors.

Figure 7a shows the basic Colpitts crystal
oscillator. It will operate with fundamental
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mode crystals on frequencies up to about
20 MHz. The feedback network consists of a
capacitor voltage divider (C1-C2). The values
of these capacitors are critical, and may be
caluculated from:

C1=100/VF (2]
C2=1000/F (3]

Where the capacitor values are in pF and the
frequency in MHz. The values resulting
from these equations are approximate, but
work well under circumstances where exter-
nal stray capacitance does not dominate the
total. However, the practical truth is that ca-
pacitors come in standard values and these
may not be exactly the values required by
Egs. [2] and [3].

When the capacitor values are correct, the
oscillation will be consistent. If you pull the
crystal out, and then reinsert it, the oscilla-
tion will restart immediately. Also, if the
power is turned off and then back on again,
the oscillator will always restart. If the capa-
citor values are incorrect, the oscillator will
either fail to run at all, or will operate inter-
mittently. Generally, an increase in the capa-
citances will suffice to make operation
consistent.

A problem with the circuit of Fig. 7a is
that the crystal frequency is not controllable.
The actual operating frequency of any crys-
tal depends, in part, on the circuit capacit-
ance seen by the crystal. The calibrated
frequency is typically valid when the load
capacitance is 20 pF or 32 pF, but this can be
specified to the crystal manufacturer at the
time of ordering. In Fig. 7b a variable capaci-
toris placed in series with the crystal in order
to set the frequency. This trimmer can be ad-
justed to set the oscillation frequency to the
desired frequency.

The two previous crystal oscillators oper-
ate in the fundamental mode. The resonant
frequency in the fundamental mode is set by
the dimensions of the slab (wafer) of quartz
used for the crystal—the thinner the slab, the
higher the frequency. Fundamental mode
crystals work reliably up to about 20 MHz,
but above 20 MHz the slabs become too thin
for safe operation. Above about 20 MHz, the
thinness of the slabs of fundamental mode
crystal causes them to fracture easily. An al-
ternative is to use overtone crystals. The
overtone frequency of a crystal is not necess-
arily an exact harmonic of the fundamental
frequency, but is close to it. The overtones
tend to be close to odd integer multiples of

the fundamental (3rd, 5th, 7th). Overtone
crystals are marked with the appropriate
overtone frequency, rather than the fun-
damental.

Figures 7c and 7d are overtone mode
crystal oscillator circuits. The circuit in
Fig. 7c is the Butler oscillator. The overtone
crystal is connected between the oscillator
emitter of the NE602 (pin 7) and a capacitive
voltage divider that is connected between
the oscillator base (pin 6) and ground. There
is also an inductor in the circuit (L1), and this
must resonate with C1 to the overtone fre-
quency of crystal X1. Figure 7c can use either
3rd or 5th overtone crystals up to about
80 MHz. The circuit in Fig. 7d is a third-over-
tone crystal oscillator that works from
25 MHz to about 50 MHz, and is simpler
than Fig. 7c.

A pair of variable frequency oscillator
(VFO) circuits are shown in Figs. 7e and 7f.
The circuit in Fig. 7e is the Colpitts oscillator,
while Fig. 7f is the Hartley oscillator. In both
oscillators, the resonating element is an LC
tuned resonant circuit. In Fig. 7e, however,
the feedback network is a tapped capacitive
voltage divider, while in Fig. 7f it is a tap on
the resonating inductor. In both cases, a d.c.
blocking capacitor to pin 6 is needed to pre-
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Fig. 7.

Local oscillator circuits for the NE602: a) simple Colpitts crystal oscillator; b) Colpitts crystal oscillator with adjustable frequency

control; c) Butier overtone oscillator for low-band VHF; d) additional overtone oscillator; e) Colpitts VFO; f) Hartley VFO.

ELEKTOR ELECTRONICS USA JANUARY 1992

WorldRadioHistory



vent the oscillator from being d.c.-grounded
through the resistance of the inductor.

Voltage-tuned NE602
oscillator circuits

Figure 8 shows a pair of VFO circuits in
which the capacitor element of the tuned cir-
cuit is a variable capacitance diode, or varac-
tor (D1 in Figs. 8a and 8b). These diodes
exhibit a junction capacitance that is a func-
tion of the reverse bias potential applied
across the diode. Thus, the oscillating fre-
quency of these circuits is a function of tun-
ing voltage Vi. The version shown in Fig. 8a
is the parallel-resonant Colpitts oscillator,
while that in Fig. 8b is the series-tuned Clapp
oscillator.

Figure 9 shows an application of the volt-
age-tuned oscillator (in this example, the
Clapp oscillator). Two tuning modes are
provided in Fig. 9. When switch St is in posi-
tion ‘A’, the tuning voltage is manually set
with a potentiometer, R2. If a d.c. level is ap-
plied to the top end of the potentiometer, the
oscillator will operate on a discrete fre-
quency that is a function of V1a. If a sinusoi-
dal waveform is applied to the
potentiometer, however, the oscillator fre-
quency will deviate back and forth in fre-
quency modulation (FM). Or, if a sawtooth
waveform is applied, the circuit becomes a
sweep oscillator: the frequency will increase
as the applied voltage increases, and then
snap back to the lowest frequency in its
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Fig. 8. Voltage-tuned (varactor) VFO cir-
cuits: a) Colpitts; b) Clapp.
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Fig. 9.

LO frequency control by either manual or digital means, according to the setting of

switch S1. This circuit can be swept for FM or sweep generator use, or computer controlled
by applying a binary word to the DAC input corresponding to the desired drive volitage for a

specified frequency.

range when the sawtooth drops back to zero.

When switch St is in position ‘B, the fre-
quency is controlled by a digital-to-analogue
converter (DAC). In this case, a current out-
put device (DAC-08 or its relatives) is
shown. The output of the DAC is a current
between 0 and 2 mA, which is converted into
a voltage by operational amplifier A1. The
tuning voltage Vrp is the product I,R3. A d.c.
offset, for trimming the actual frequency, is
provided by potentiometer R5 and a nega-
tive reference d.c. source, Va).

There are several advantages to the DAC-
driven version of this circuit. One is to digi-
tally control the sweep in a manner similar to
the analogue sawtooth waveform. If the digi-
tal inputs of the DAC are cycled through the
binary numbers 00 to FF hex (i.e., 255 deci-
mal) in sequence, the analogue output rises
as a sawtooth.

Another application is to let the computer
set the frequency of the oscillator. When the
circuit is calibrated, you can set one of 256
discrete frequencies by sending the correct
binary number to the DAC (which, of course,
corresponds to a discrete voltage).

Finally, the digitally driven voltage-con-
trolled oscillator can be programmed for a
more linear frequency characteristic. Varac-
tor diodes have a non-linear voltage vs. fre-
quency characteristic, and therefore a
non-linear frequency characteristic in a res-
onant circuit. A linearized look-up table
stored in the computer can be used to gener-
ate the voltage that produces a series of equal
discrete frequency steps for each 1-LSB
change of the applied binary word.

NE602 as an oscillator

The NE602 is usually thought to be a receiver
or frequency converter, but it can also be
used as an oscillator or signal generator.
Normally, the LO signal and the RF signal
are suppressed in the output. Figure 10
shows a generic circuit that will allow the LO
signal to appear at the output (no RF or IF
signal appears). In this circuit, one RF input
(pin 2} is bypassed to ground for RF, while
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Fig. 10. Method for using the NE602 as a
signal generator.

the other input (pin 1) is grounded for d.c.
through a 10-kQ resistance.

Conclusion

The NE602 is a well-behaved RF chip that
will function in a variety of applications
from receivers, to converters, to oscillators,
to signal generators. Good luck. .
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COMPUTER-CONTROLLED
WEATHER STATION

PART 3: WINDSPEED AND DIRECTION

METER

Having dealt with sensor interfaces that measure
temperature and relative humidity, we now tackle two other
important meteorological parameters: the speed and
direction of that eternal friend or foe of ours, the wind.

by J. Ruffell

F all factors that determine the weather,

wind and precipitation are the ones
that matter most to us. Since the wind brings
us cold or warm air, it contributes greatly to
our feeling comfortable or not, out of doors.
Particularly on a cold winter’s day, the wind
force and wind direction have a considerable
effect on the perceived temperature: when
the air temperature is, say, a few degrees
below zero, a stiff breeze can make it feel as
cold as minus 20 degrees. This is the so-
called chill factor. Of all living creatures,
only mammals have this impression because
their blood circulation, skin and body liquid
evaporation system work in such a way that
the body temperature is held constant.

Apart from having an effect on the per-
ceived temperature, the wind can also cause
problems and become a tremendous danger
when its force increases from a breeze to a
storm (wind force 10 or greater on the Beau-
fort scale).

The wind direction is measured because
itis often an indication of the type of weather
and related temperature we can expect. In
areas close to, or surrounded by, the sea,
wind from the sea has a cooling effect, while
wind from the inland usually brings rela-
tively warm air. This situation exists in the
summer months, when the sea water is
‘colder’ than the land. In the winter months,
the sea works as a thermal buffer because it
forms a large source of residual heat, built up
during the summer. Hence, coastal regions
are often warmer in the winter. Also note
that air carried over land is much drier than
air carried over sea. In conclusion, wind
speed and wind direction are important par-
ameters to meteorologists, and play a signi-
ficant role in weather forecasting.

The sensors

Because repeatable, accurate measurements
of the wind speed and wind direction re-
quire standardized sensors, we propose the
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use of a ready-made unit for this. The com-
bined sensor is shown in Fig. 1. Its output
signals are fed to the PC measurement card
(Ref. 1) at the heart of our weather station.
The PC runs a program that converts the sen-
sor signals into information that is meaning-
ful to us.

The wind direction meter consist of a
vane secured to a spindle. The spindle is at-
tached to a transparent disk with a Gray
code on it. The advantage of the Gray code is
that one bit changes between two successive
positions of the vane, which allows us to im-
plement a basic error checking procedure.
The sensor proper consists of four slotted
opto-couplers that ‘read’ the code on the
disk. This means that the wind direction is
fed to the PC in the form of a 4-bit code.
Hence, the sensor is capable of indicating
16 wind directions. This is sufficient for most
purposes, and meteorologists never seem to
use a more accurate scale anyway.

The connection of the wind direction sen-
sor output to the PC measurement card in-
volves more precautions than one would
expect, and this matter is taken up in detail
further on.

The wind speed, which is later converted
into a corresponding value that indicates the
wind force, is measured with the aid of an
anemometer. As you can see from Fig. 1, this
consists of three small arms secured at angles
of 120° to a vertical spindle. Each full spindle
revolution results in 12 output pulses.
Hence, the computer need only measure the
frequency of the output signal of the wind
speed sensor, and convert this into a nor-
malized value (see Table 1).

Lightning protection

Since the wind speed and direction sensor
assembly is usually fitted on the roof or in
another elevated location, fairly long cables
may be required to bring the output signals
to the computer. As far as the digital signals
are concerned that travel along this cable,
there are no difficulties. A problem, though,
is formed by the voltages induced in the
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Fig. 1. This ready-made unit contains all
the mechanical parts needed to measure
wind speed and wind direction.

MAIN SPECIFICATIONS

Wind speed

Values: peak; current;
average

Range: 0-30 m/s

Resolution: 0.1 m/s

Sampling rate: 2 per minute

Recording: continuous (interval:
10 minutes)

Wind direction

Values: 16 wind directions
Wind dial: N; NNE, NE, E, ...
Angle: 0-360 degrees
Resolution: 22.5 degrees
Sampling rate: 18.2 Hz
Recording: continuous (interval:
10 minutes)
Software

Memory-resident (TSR) data logger
plus full-colour graph display pro-
gram

cable by lightning. Without suitable precau-
tions, lighting that strikes close to your home
can turn your costly PC into scrap metal and
electronics. It is for this reason that we have
to make sure that induced voltages are
shunted off in the safest possible manner.
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Circuit diagram of the sensor interface.

Beaufort m/s
0 0-0.4
1 0.4-14
2 1.4-3
3 3-5
4 5-8
5 8-11
6 11-14
7 14-17
8 17-20
9 20-24
10 24-28
11 28-32
12 32-36
13 37-41
14 42-46
15 47-50
16 51-56
17 57-60

Table 1. Wind force measures

km/h
1.6
1.6-6
6-11
12-19
20-29
30-39
40-50
51-61
62-74
75-87
88-101
102-115
116-131
133-147
148-165
165-182
183-200
201-217

mph
1
1-3
4-7
8-12
13-18
19-24
25-31
32-38
39-46
47-54
55-63
64-72
73-82
83-92
93-103
104-114
115-125
126-136

knots
1
1-3
4-6
7-10
11-16
17-21
22-27
38-33
34-40
41-47
48-55
56-63
64-71
72-80
91-89
90-99
100-108
109-118

Description

calm

light air

slight breeze
gentle breeze
moderate breeze

fresh
stron:

high wind

gale
stron,

whole gale
storm
hurricane

breeze
g breeze

g gale
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Note, however, that the measures taken here
to achieve this do not afford protection
against direct ‘hits’ on the sensor, the cable or
the PC itself, or even the mains wiring via
which the system is powered. Remember,
the proposed protection is effective and ade-
quate for induced voltages only. Electrical
systems are very difficult to protect against
direct lightning hits, and you may want to
consider having a lightning conductor fitted
to your home to deal with this problem.

The interface

The main function of the circuit shown in
Fig. 2 is to feed the sensor output signals to
the computer whilst affording protection
against voltages induced on the (long)
downlead cable. Every sensor input is con-
nected to ground via a surge arrester (Al-
As) with a spark-over voltage of 90 V. The
surge arrester is a glass tube filled with a
noble gas, and is capable of suppressing volt-
age peaks within 1 ps at peak currents up to
10 kA, or continuous currents of 20 A. Al-
though these arresters are pretty fast-acting
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Fig. 3.

devices, they are not sufficient to protect the
sensitive electronics in the circuit. Therefore,
each input has additional protection in the
formof a very fast 12-V zener diode (D1-De).
The response time of these devices is 1 ps
(typically), which is fast enough for adequ-

ELEKTOR ELECTRONICS USA JANUARY 1992

ate protection against overvoltages. As soon
as the zener diode starts to conduct, the over-
voltage is turned into heat by the associated
series resistor (R1-Rs5).

The buffers used here are Types 4050
which are capable of handling signals levels
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Track layout (mirror image) and component mounting plan of the PCB designed for the interface.

up to 20 V at a supply voltage of 8 V. This
means that the zener voltage is low enough
for the buffers to operate safely at all times.
Resistors Re—R10 protect the buffers against
negative input voltages. The buffer outputs
are capable of sinking relatively high cur-



COMPONENTS LIST

Resistors:

5 10Q1W R1-R5

5 2200 R6-R10
5 8200 R11-R16
5 1kQ R17-R21
2 10kQ R22;R23
1 1ka2 R24

1 100kQ R25
Capacitors:

1 10uF 16V radial C1

1 470uF 25V radial c2

3 100nF C3.C5,C7
1 47uF 16V radial C4
Semiconductors:

6 BZT03C12 (12V/800W; Philips)
or 1IN5634 (8V9/1500W: General

Semiconductor Industries) D1-D6
1 LED red dia. 3mm D7
1 CD4050 IC1
1 7808 IC2
1 74HC368 IC3
3 ILD74 dual optocoupler
(Siemens) 1ISO1;1S02;
1ISO3
1 B80C1500 B1

Miscellaneous:
1 14-way male box header K1
1 3-way PCB terminal block;

pitch 7.56mm K2
2 PCB-mount straight spade
terminal K3:K4

6 AB1-C90X surge arrester

(90V; Siemens) A1-A6
1 9V/166mA (e.g. Monacor/
Monarch VTR1109) ™

1 Printed circuit board 900124-5
1 Control software on disk ESS1641
1 8-way DIN socket: 180°+2x41° (BB1S)

1 Mains appliance socket with earth
connection

1 Metal enclosure 185x119x51mm
(Hammond 1590D)

1 Miniature wind speed and wind direction
sensor assembly. Type 455, with brackst
and mounting hardware. Supplied via:
Mierij Meteq, Tuinstraat 1-3, 3732 VJ
De Bilt, Holland.

Telephone: +31 30 200064.

rents, which is useful for tne driving of opto-
couplers ISO1, ISO2 and 1SO3.

Although the above safety measures
should be adequate for most situations, a
further protection has been added: the entire
sensor interface is eiectrically insulated from
the computer with the aid of opta-couplers.
The outputs of these devices (ISO1, ISO2 and
{SO3) supply the digital signals the computer
needs to interpret the data related to the
wind speed and direction. The first par-
ameter is supplied by 1503, the second by
ISO1 and 1SO2.

Since the ILD74 used here is a dual opto-
coupler, and the wind speed sensor requires
one output only, the remaining output is
used to indicate that the circuit is powered.

WINDSPEED AND DIRECTION METER

Hence, output C2 of ISO3 is used to enable
IC3, a 74HC368. This HCMOS line driver
squares up the signal edges, and so increases
the noise margin with respect to ground.
Note that IC3 is powered by the PC—this
part of the circuit is, therefore, completely in-
sulated from the rest of the interface.

The interface is connected to the PC
measurement card via connector Ki. The
wind direction code is sent via datalines
WDO0-WD3, while frequency meter input,
F5, is used for the wind speed signal.

When the power supply of the interface is
switched off, the outputs of the line drivers
are automatically switched to a high-imped-
ance state. This condition is signalled to the
PC by the POWER GOOD line, PB1, going
high. Resistor R23 prevents the I/O port on
the PC measurement card being damaged
when it is set to output.

The remainder of the circuit is formed by
the power supply and the associated de-
coupling capacitors. LED D7 is the on/off in-
dicator. The circuit diagram shows clearly
that the protective earth at the mains socket
is connected to the ground of the electronics
ahead of the optocouplers. This connection is
absolutely necessary for the surge arresters
to get rid of the induced currents. An even
better solution is to connect K3 to an earthing
pin—this enables the energy to bypass the
rest of the electrical system.

Construction

The construction of the interface should not
pose problems because the circuit is com-
pact, and a PCB design is available. Figure 3
shows the component mounting plan and
the track layout (mirror image) of the PCB
designed for the interface. To reduce stray
inductance to a minimum, the surge arrester
must be mounted as close as possible to the
PCB. The same goes for diodes D1-De.

On completion of the solder work, the
PCB is fitted into a water-proof metal enclo-
sure, which is earthed via connector K+. The
copper track between the earth terminal on
the PCB and connectors K3 and K4, and the
earth tracks of the surge arresters, must be
strengthened by soldering pieces of 2.5-mm
(cross-sectional area) solid copper wire on
them.

The sensor is connected to the sensor in-
terface via a short flexible cable terminated
into an 8-way DIN plug. The pinout of this
plug is given in Fig, 4.

The software

Once again this part of the computer-con-
trolled weather station requires a powerful
piece of software, which you can obtain
through our Readers Services. As with the
previous two publications on the weather
station, an IBM PC or compatible is used to
collect the measured data, and convert these
into easily interpreted graphics images.
Procedures have been added to the latest
version of Xlogger (1.2) that enable the wind
speed and wind direction to be measured
and recorded. A new graphics program,
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Fig. 4. Pinout of the 8-way DIN socket,
seen from the solder side.

WIND.EXE, has been developed, and is in-
cluded on the disk. In the left-hand bottom
corner of the screen three coloured bars are
displayed that indicate the current, the aver-
age and the peak wind speed. The scale is in
m/s with a range of 0 to 30, and has a nu-
merical readout at the extreme right.

As usual in meteorology, the average
wind speed is computed progressively over
the last ten minutes. The peak indicator al-

Table 2a. Wind speed as a function
of sensor output frequency
Speed (m/s) Frequency (Hz)

30 465

27 415

24 365

21 315

18 265

15 215

12 170

9 120

6 75

3 30

Table 2b. Sensor codes as a
function of wind direction

Direction Code
N 0000
NNE 0001
NE 0011
ENE 0010
E 0110
ESE 0111
SE 0101
SSE 0100
S 1100
SSW 1101
SW 1111
WSW 1110
W 1010
WNW 1011
NW 1001
NNW 1000
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ways shows the highest current value (use-
ful to measure the top wind speed during
blasts), and is automatically reset at mid-
night.

The wind dial shown on the computer
screen has the usual N, NNE, NE, etc.,
marks. In addition, the wind direction is in-
dicated numerically as an angle between 0
and 360 degrees: nought degrees being
North, and counting positive to the South via
the East.

The wind direction is read as a single 4-
bit code, and therefore takes very little pro-
cessor time. Xlogger has no problems
reading a wind direction code each INT-$1C
interval, that is, 18.2 times per second. The
wind speed and relative humidity measure-
ment are much more complex, so that two
measurements per minute are realistic.
Every progressiveaverage wind speed value
is, therefore, based on the last 20 measure-
ments.

WIND.EXE offers a graph procedure to
visualize the recorded data. The by now fam-
iliar function-key menu allows you to select
between a 24-hour graph for the wind direc-
tion, or one for the wind speed. The graph
displayed on the screen is automatically up-
dated after Xlogger adds a new value to the
log file. A window below the graph shows
the highest and lowest values recorded dur-
ing the measurement. Other options of the
program include: producing hard copy of
the graph on a printer (Epson FX-80 com-
patible), retrieving measurement data at a
preset time, and loading previously made
log files. The diskette supplied for the pres-
ent project also contains an update for the
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Screendump of the WIND.EXE program. The calibration is very simple.

relative humidity meter and the ther-

mometer.

Adjustment

The function of the combined wind speed
and direction sensor assembly is well do-
cumented in the form of two tables (2a and
2b) supplied by the manufacturer. These two
tables are stored in the text files
WSTrans.CFG (for the wind speed) and
WDTrans (for the wind direction). The first
file consists of the origin, 0 Hz; 0 m/s, plus
ten known co-ordinates from Table 2a.
WIND.EXE uses this information to interpo-
late the wind speed that belongs with a cer-
tain measured frequency.

When WIND.EXE is started, a look-up
table is created (in RAM) on the basis of the
information contained in WDTrans.CFG.
The Gray code functions as anindex, and the
entries are the associated wind direction in
degrees. Since the hardware inverts all logic
levels, the codes stored in WDTrans.CFG are
inverted with respect to the table entries. The
references N, NNE, NE, etc., are comment
only—remember, the location (i.e., the line
number) in the text file determines the asso-
ciated wind direction. Taking this structure
into account, only the configuration (.CFG)
files need to be modified to enable other sen-
sors to be used. |

Reference:
1. ”"Multifunction measurement card for
PCs”, Elektor Electronics January and Fe-
bruary 1991.
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Previous instalments in this series:
1. Indoor/outdoor thermometer.
Electronics March 1991.

2. Electronic hygrometer. Elektor Electronics
October 1991.
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FAST, PRECISE THERMOMETER

by J. Ruffell

Thermometers that depend on the Seebeck (thermoelectric)
effect have been in use for many years. The thermocouples
(sensors) used in these instruments are formed by two wires
of dissimilar metal joined either at each end (two-terminal) or
at one end (three-terminal) to form an electrical circuit. If the
junctions are at different temperatures, a current will flow in
the circuit. The magnitude of the current is proportional to the
characteristics of the materials and the difference between the
two end temperatures.These sensors are robust, inexpensive,
available in a variety of shapes and sizes, and suitable for use
over a wide range of temperatures.

LTHOUGH the PT100 thermometer pub-

lished in our November 1990 issue was,
by allaccounts, very popular, it sutfered from
a serious drawback as far as many construc-
tors were concerned: the sensor was quite
expensive. The thermometer presented in this
article uses a thermocouple that is much
more reasonably priced. Moreover, the elec-
tronics has been kept as straightforward as
possible: apart from the sensor, the ther-

mometer requires a simple amplifier, an ana-
logue-to-digital converter, a linearization cir-
cuit and a display. If good precision is not a
serious requirement, the linearization circuit
may be omitted.

The outstanding feature of the thermometer
is, undoubtedly, the speed at which the tem-
perature is measured and displayed. Whereas,
for instance, a resistance-based (say, PT-100)
thermometer requires up to 15 seconds to
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indicate the measurand, a thermoelectric ther-
mometer does so in just one or two seconds.

The e.m.f,, Uy, developed across the junc-
tions of the thermocouple is given by

Uy=a+b0+cO2,

where a, b, and ¢ are constants and @ is the
temperature difference between the junc-
tions. If the reference (or “cold’) junction(s) is
maintained at 0 °C (the usual case),

Uy=aT?+ BT,

where azand fare constants dependenton the
metals used and T is the temperature of the
sensing (or ‘hot’) junction. At temperatures
below the neutral temperature (T =-3/20q),
and if ¢ris small (the usual case), U, is di-
rectly proportional to the temperature of the
hot junction. Therefore, in a practical ther-
mometer, the e.m.f. is

Ui = E(Ts-Ty),

where T, is the reference temperature (cold
junction), T, is the sensed temperature (hot
junction), and E is the voltage-temperature
gradient of the thermocouple (mV K-1). As al-
ready stated, the cold junction is tradition-
ally held at the ice point (the equilibrium tem-
perature between ice and air-saturated water

ﬁr

50}

Thermoelectric output (mV)

m]wn 750 1000 2%
nesae )

Temperature ("C)

Fig. 1. The voltage-temperature gradient
of Type K thermocouples (a) is fairly lin-
ear ; the deviation from linearity at a x100
larger scale is represented by (b).
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at standard atmospheric pressure); for prac-
tical purposes, this is 0 °C. That makes the
measurement independent of the ambient
temperature. In electronic thermometers,
once calibration has taken place, a compen-
sating voltage, directly proportional to the
ambient temperature, is added to the e.m.f.,
sothat, electronically speaking, the cold junc-
tion is always at 0 °C.

The temperature at the hot junction, re-
ferred to 0 °C, is multiplied by the voltage-
temperature gradient E to give the thermo-
electric e.m.f., U .. The gradient can be de-
duced from a table of thermoelectric materi-
als by adding the gradients of the two met-
als together and dividing by two. Unfortunately,
not only are the tables valid for only one
temperature, but the gradients are not lin-
ear, so that for precise temperature measure-
ments a correcting network must be inserted
between the thermocouple and the display
circuit.

However, there are thermocouples that
have a reasonably linear gradient, combined
witha wide temperaturerange, whichare not
too expensive. For the present design, a Type
Ksensorwaschosen: this consists of achromel
(NiCr) and nickel (Ni) or alumel (NiAl) com-
bination. The gradientof this thermocouple—
see Fig. 1 (a)—is fairly linear so that a lin-
earization network is not required. The de-
viation from true linearity is shown in (b) on
ascale x100 thatof (a). It is seen that the max-
imum deviation is 0.5 mV at 800 °C, which
is just 1.5%.

Type T (copper-constantan) thermocou-
ples, which are very accurate, or Type ] (iron-
constantan) sensors, which are more sensi-
tive, less expensive, and slightly more accu-
rate than Type K devices, could also have been
used, but their maximum temperature—500°C
and 760 °C respectively—would nothave been
acceptable for the present design.

From sensor to circuit

Itis clear that the output voltage of the sen-
sor must be magnified to an appreciable ex-
tent. The basic setup of a suitable amplifier
is shown in Fig. 2. The thermo-emf, U and
the compensating voltage, U. (which, re-
member, is a function of the ambient tem-
perature) are added and the resulting poten-
tial, Us, is amplified by a factor A in an op-
erational amplifier. The voltage-tempera-
ture gradient is 40.44 pV K-1 at 25 °C, so that,
if the signal at the output of the opamp is re-
quired to have a rate of change of 1 mV K-1,
E must be amplified x23.728.

The process may be considered in more de-
tail with reference to Fig. 3, which shows the
input stage of the thermometer. The com-
pensating voltage is provided by a small-
signal transistor whose base-emitter poten-
tial has been set at 0.6 V by Rs. The temper-
ature coefficient,y, of the base-emitter junc-
tion is -2 mV K-1. This means that for every
degree the temperature rises, the base-emit-
ter potential drops by 2 mV. The compensat-
ing voltage thus consists of a fixed compo-
nent, U, and a variable component, yT;. The
fixed componentis, of course, not wanted and
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is, therefore, negated by a temperature-in-
dependent offset voltage, U,,,.
The currents flowing through Ry, Ry, and
Rz into the inverting input of the opamp are:
I =-U/Ry;
I2=(UgyT) /Ry
13 = uos/R3-
Their sum is the current, [ ;, through Ry:
Iy= 11+ +15.
The output voltage, U, of the opamp is
U, =-14Ry
=-Ry[-Ute/Ri+(Ug+yT,) /Ryt Uge/ R3]

When the fixed component is negated,
that is,

Uf/Ry+Uos/R3 =0,
it follows that
Uos = U(-R3/R2),
whence
R3 = Ug(-Ralos). (1]
Since Uy is positive, U,s must be nega-
tive. When full compensation is applied, the
output voltage is
Uy = UcRy/Ri~¥YT:Ry/Ry.

When U, is replaced by E(Ts-T,), this
becomes:

U, = ET,Ry/Ri-T{(ER4/R;+YR4/Ra) [2]

When this equation is differentiated with
respect to T, Ry can be calculated:

dUo/de = ER_;/R] =1mV K-!
from which, if E is given the value 1,

R, = 24.728R,. 3]

U = E(Ts-Ty)

910081 - 12

Fig. 2. A compensating voltage that sim-
ulates the ice point is added to the thermo
e.m.f.

Ul o

where y=-2 mV °C-1

R [A]

g i
910081 - 13

Fig. 3. Input stage of the thermometer.
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Fig. 4. Block diagram of the thermometer.
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FAST, PRECISE THERMOMETER

PARTS LIST

Resistors:

R1=6.81kQ, 1%

R2, R3 = 340 kQ2, 1%

R4 = 169 kQ

R5=1.5kQ

R6=10Q

R7,R12, R17 = 10 kQ

R8 =2.7 kQ

R9, R10 =1 MQ

R11 = 330 kQ2

R13, R20, R21 = 100 kQ
R14 =475k, 1%
R15=22.1kQ, 1%

R16 = 3.3 kQ

R18 =10 MQ

R19 = 220 kQ

R22 =220 Q

P1 = 10 kQ multiturn preset
P2 = 5 kQ multiturn preset
P3 = 25 kQ preset

P4 = 20 kQ multiturn preset

Capacitors:

C1,C6,C12=100nF

C2, C3 =470 nF, 63 V, MKT*

C4,C5=10nF

C7=330nF

C8 =100 pF

C9 =330 nF, 63 V, MKT"

C10=47nF, 63V, MKT*

C11 =220 nF, 63 V, MKT*

C13,C14 = 47 uF, 16 V, radial

* MKT = metal-plated polyterephtalate
(polyester)

O[]

Semiconductors:

D1 = 1IN40O7

D2 = 1N4148

D3 = LM3362Z-2.5V (National
Semiconductor)

T1, T2 = BC547B

T3 =BC516

IC1 = TLC2652

IC2 =7106

IC3 = 4030

IC4 = LF356
xw N

Miscellaneous:
o K1 = special socket to be obtained
with the thermocouple

o K2 = 3.5 mm stereo jack socket for

o PCB mounting

S1 = spring-loaded push-button switch

$2 = change-over slide switch for PCB
mounting

9 V battery with clip

LCD1 = 3 % digit display

J1 = low-voltage socket with change-
over switch for PCB mounting

Re1 = relay with change-over contact,
5V,3200Q

Enclosure, 145x80x36.5/29.5 mm
(5% x3%x1%e/1%gin)

Thermocouple Type K

PCB Type 910081

4

@

Fig. 5. The double-sided printed-circuit board for the thermometer.
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Equation [2] can also be differentiated
with respect to T:

GENERAL INTEREST

dU,/dT, = ~(ER4/Ryj+YR4/Ry) = 0,
from which

Ry =-yRy/E. (4]

Resistor R; is given an arbitrary value of
6.81 kQ, so that, according to Eq. [3],

Ry = 24.728x6.81x103 = 168.4 kQ.

The nearest standard value in the E96 se-
ries is 169 kQ.

From Eq. [4],

Ry = —2x10-3x6.81x103/40.44x10-6

=337 kQ.

The nearest standard value in the E96 se-
ries is 340 kQ.

Since, for correct compensation, the lev-
els of Ug and U, must be equal , it follows
that

R3 = Ry = 340 kQ.

The output of the opamp is peak-limited
and the deviceis thus very stable. This means

that only a potentiometer is required to cali-
brate the input stage.

The remainder of the circuit consists of a
straightforward analogue-to-digital (A-D)
converter that drives the LC display directly.
This enables the temperature sensed by the
thermocouple to be displayed within a few
seconds. A comparator with a relay output
is connected in parallel with the display. The
relay output canbe used forindication or con-
trol purposes. Whether the relay is active or
not can be seen on the display.

The offset-voltage source provides a con-
stant current through Ry, P1, and R3. The pre-
setserves toset the current to a specific value;
more about this later. Transistor T; and the
reference ('cold’) terminal of the thermocou-
ple must be located close to the offset-volt-
age source, since they must be thermally
coupled. Resistor Ry improves the thermal
symmetry of IC;. The output of this opamp
is a signal with a voltage-temperature gra-
dient of 1 mV K-1.

The A-D converter and the display are
straightforward applications. Apart from
the 3 ! digits, only the low BAT(tery) and
the triangle at the top lefty-hand corner are
used: the decimal point, colon, and a.c. sign
are disabled. When the supply voltage drops
below 7.6 V, the BAT input is actuated.

The A-D converter may be powered by a

(9 V) battery or regulated mains adapter. If
an unregulated adapter is used, the mea-
surement error will increase. The supply
should not exceed 15 V under any circum-
stances, since that will badly affect the oper-
ation of the converter. To enable both types
of supply to be used, the adapter is con-
nected via alow-voltage socket with change-
over contact, J1. On/off switching is effected
by S,. Protection against polarity reversal is
provided by D;. The reference voltage is de-
termined by potential divider P4~R;5. When
the comparator is inoperative (P, set to max-
imum resistance), the circuit draws a cur-
rent of only a few milliamperes. Note that
circuit earth mustnotbe connected to the neg-
ative supply line, since the A-D converter
needs a small negative auxiliary voltage.

The comparator is based on a Type LE356,
which is inexpensive and gives excellent per-
formanceeven at high synchronous inputvolt-
ages. When switch 5y is pressed, the invert-
ing input of the comparator is no longer con-
nected to the thermocouple, but to the refer-
ence voltage: the display then shows the ref-
erence temperature, T,.

The output of the comparator is low when
the sensed temperature is higher than that
set by potential divider P-Ry¢: the relay is
then actuated. The hysteresis of the com-
parator is set to about 5 kQ with Ry7 and Ryg.

Iu

LTD221R-12
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L |-
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213119 [f0[11]20|30 |27126 1314|1524 )25 23|22 171819 [20 |21 a1
1
19 22 (17118 |45 [24 (16|23 [25]13|14|9 WO [1t[12 |7 |6 |8 |2 |3 |4 (S 2 [ !
3EBB3B2 SROBINY CLEEOL % c
BP — 3
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0 = MKT

LM3362-2V5

1!@
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Fig. 6. Circuit diagram of the thermometer, excluding the thermocouple.

ELEKTOR ELECTRONICS USA JANUARY 1992

WorldRadioHistory



Fig. 7. The completed thermometer, excluding thermocouple.

If the value of Ry7 is lowered to about 1 k€,
the hysteresis also becomes about 1 k€.

A darlington transistor at the output of
the comparator controls a polarized relay that

is suitable for switching currents of up to
2 A,d.c. voltages of up to 150 V and a.c. volt-

ages of up to 125 V.

When the output of the comparator is low,

FAST. PRECISE THERMOMETER m

the output of XOR gate 1C+ is high; the out-
put of gate ICyp, and thus the OF input ot
the display, then carries an inverted rectan-
gularsignal thatcauses the triangle on the dis-
play to light.

Construction and calibration

Provided the thermometer is built on the
double-sided printed-circuit board shown
inFig. 5, nodifficulties should be encountered,
in spite of the dense population of the board.
Socket Ky should be purchased together
with the thermocouple. Other tvpes, even
those for different thermocouples, must not
be used, since these will almost certainly
cause serious measurement errors.
The finished board and 9 V battery fit in
a 140x80x36.5 mm (5 Yo x 3 % x 1 %4 in) in-
strument case. This type of enclosure may
be available with readv-made cut-outs for
the display and slide switch (S).
Calibration is commenced by connecting
a good-quality mV meter across test points
Hand L. Then, insert at least % of the length
of the thermocouple into boiling water and
turn Py until the meter indicates 100 mV.
Next, turn Py until the display shows 100.
Subsequently, pressS; and turn P> till the meter
reads 100 mV and the display shows 100.
Finally, turn P3 (which compensates for the
offset voltage of 1C,) until the relay is just
actuated and the triangle on the display lights.
When that is done, the desired change-over
temperature is set with P when Sy is pressed.
[ ]

I PUBLICATIONS CATALOG

Baylin Publications offers its new catalog
of books, videos, and software for the home
satellite and private cable television indus-
tries. Each book is listed and described in full
as to contents and prices. For a free catalog,
contact Baylin Publications, 1905 Mariposa,
Boulder, CO 80302, (303) 449-4551.

I GUIDE ON AMPS

FROM ANALOG DEVICES

The Instrumentation Amplifier Application
Guide from Analog Devices explains the
benefits of using instrumentation amplifiers
in applications such as medical instrumen-
tation, audio, data acquisition, and high-
speed signal conditioning.

The guide is divided into three sections,
one covering basic in-amp theory, another
on design considerations, and a third on ap-
plications. It is complete with charts, dia-
grams, and selection guide. Two appendices
contains reviews and an information section
to help you determine which IC will fulfill
your design requirements.

Contact Analog Devices Literature Center,
70 Shawmut Rd., Canton, MA 02021, FAX
(617) 821-4273.

ELECTRONICS SCENE

I CONVERT TO WINDOWS

FROM PANEL PLUS Il

Users of PANEL Plus 11 release 2.20 from
Roundhill Computer Systems Limited
can convert their programs to Windows ap-
plications without recoding. PANEL Plus 11
applications running under Windows can
use both mouse and keyboard input, sup-
porting all features that include multiple-line
scrollable fields, menus, pop-ups, scrolling
regions, CUA compatibility, and custom
validation by character or field.

The PANEL Plus 11 package, priced at $495
per development user, includes text-mode
and Windows versions of an interactive
screen design editor and a C code generator
for screen layouts. Upgrades are available
for registered users.

Contact Roundhill Computer Systems Lim-
ited, Orchard House, Ogbourne St. George,
Marlborough, Wiltshire SN8 1SU, England;
in USA, call (708) 690-3737 or FAX (708}
665-9841.

WorldRadioHistory

I CARVER ANNOUNCEMENT
Carver Corporation has signed on as a par-
ticipant in Digital Compact Cassette tech-
nology and expects to show a prototype of
a home DCC recorder at the January Con-
sumer Electronics Show, at which time de-
livery and prices will be publicized.
Carver caters to audio specialist dealers
who will benefit from DCC ability to pro-
duce quality digital sound, compatible with
conventional audio cassettes.

I VERSATILE ENCLOSURES
AZ-USA, manufacturer of AZ Pyramids
acoustical foam, offers custom enclosures to
the company's line of noise control products.
Built to isolate in-plant noise common in
work settings, these enclosures can create a
meeting place within the very environment.
The modular designed parts are made of
steel and can be quickly constructed to in-
clude walls, doors, windows, and a complete
set of lighting and ventilation system to meet
every requirement.

Contact AZ-USA Inc., 1401 W. 76th St.,
Suite #250, Minneapolis, MN 55423, (612}
861- 2290, FAX (612) 861-2103.
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BUILD A COMPACT-DISK PLAYER

by T. Giffard

Building a record player, cassette or tape recorder, or compact-disk
player, is often hampered by the mechanical construction and the
availability of certain parts, particularly the deck. In the past,
manufacturers have generally tended to be reluctant to make tape or
CD decks available to the retail trade, but Philips has recently decided
to break away from this policy. A kit, containing its CDM-4 deck and
associated (populated) mother board, can now be obtained from
certain retailers at an affordable price.

HILIPS's CDM-4 deck, used in a great

variety of domestic compact-disk players,
has recently become availablein the retail trade
toenable audioenthusiasts tobuild theirown
CD player. The deck comes in a kit complete
with a finished mother board, which con-
tains the analogue and digital circuits, and a
display board as shown in Fig. 2.

The kit can be used in two ways. The sim-
pler is to build the various items into a suit-
ableenclosure and connectittoastereoaudio
system. The second is rather more ambitious
and entails the construction of a digital CD
driver, that is, a CD player without digital-
to-analogue (D-A) converter and other ana-
logue sections. A separate D-A converter
can then be used to process the digital out-
put. It is assumed that most audio enthusi-
asts do not need extensive programming fa-
cilities and that good sound reproduction does
not require a de-luxe display (the quality of
thedisplay isnoton a par with thatof the deck
and the mother board). Since the mother
board does not provide a digital output sig-
nal, asuitable ancillary circuit and board will
be published in a few months’ time.

Construction . O
R1

When opening the kit, treat the laser unit lﬁ2 éﬂ

with respect and care: do not remove the Ki M 16 22n |33y

paper clip at end of the packing foil until the —o of? .

laser is required. The unit is very sensitive to _: 0 O : ; LAY Fsas

static electricity. Also, do not touch its lens, 129T, 315 e

because that may damage the focusing unit. 5 g g 10 a :::: sosm I3 3.
Mount the disk compartment holder on 1l o2 &lscas 3P5(;§

the board in such a way that the end of the 215 o sons P xsvsj!

protruding light grey spring-loaded lever is : o% [—:i ATSE l, Digital

located exactly above the switch at the cen- 7y 528 P H DOEN TESTS |—

tre of the board—see Fig. 8. Use only three iy Ll NS )

self-tapping screws at this stage; the fourth, e

. . *
near the compartment switch, is a longer one | ! A
(to ensure correct operation of the compart-

» » » » * text

ment switch) and is not inserted until the as- see e 1
sembly is fitted in the enclosure.

Next, fit and solder the transformer on to LEUSRIO0LRISBCC(Bhillps) 1-—'”
the board X1 = 11.2896 MHz -23 C4

Remove the mains (power) socket, fuse T:!p 33p
holder and on-off switch from the mother

== 910146 -11

board and replace the fuse holder and on/off
switch by wire links and the mains (power)
socketby a two-way PCB type terminal block.
At a later stage, a new mains (power) entry  Fig. 1. Diagram of the auxiliary digital output circuit.
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12-pin PSU connector
on motherboard

POWER

GOOD (orange)
NC.

+'12. V {yellow)
- 12V (blue)
GND (black)

GND (black)
GND (black)
GND (black)
-5 V (white)

10 +5V (red)
1 +5V (red)
12 +5V (red)

5

§

O
S
2




1 - 1
Al full ion DTE-DCE
UK JNCe ull connection B
14 5 ——5 q A
6 +—6
' %ﬁ T e
3 o8 ‘: -9

5
%

LHHK
VY

i

- - Vel 2
l f&i ¥l - 30 Read data — 30
‘ ‘ 3 3
|§§ g; 324—Selecthead 1 ——32
xe A 33 33
X z¥ 34 - Unused ———34
. Z3
§§ ;i; all odd numbers are ground
3% >z !
Ny z¥ 1
X% i
I3 7%
25N 5%
. ~ : .

e RN T I G T T R

s T T

r—

[ i \ ESYNC 810 vsy
GND B9 HSYN.
>4 Ps B8 BLANC EISA
i == Pa 87 GND
&5 P3 B6 P6
| GND B5 EDCLK lower row
Keyboar
el Keymoars s - upper row
W “ -pin PO B2
W . GND BI
IBM bus extension slot ~ Avsecho 81 CO/SETE anp . GND I0CHCHK ¢y
io RESET DRY o7
" GND B3 GND +5v START
- A} VOCHCK  ocitator B4 a1 sv +5Y o8 EXROY
N
RESET DRV 82 A2 o7 a0 5 ) M IRQ 2 o5 R
+5v B3 A3 06 A23 BE A9 -5v 24 o
RO2 B4 <| 2a os
O o 3| o el polaristng key °_"‘°2$ o polarising key
DRQ2 B6 b& A6 03 GND A7 ] 5 EX 16
-12v 87 A7 D2 :fg ‘2 '2: s12v 1 Z;':‘:;s;,
reserved a8 D1 +5v .
88 s D AL = oy GND VO CHRDY o
c12v B9 a9 D0 MEMW AEN
GND Al LOCK GND
GND 810 A10 /0 CHRDY 7 e MEMR INt)
MEMW B11 A1 AEN At 5y served 10w A8 reserved
MEMR 612 ;| Al2 A19 A5 a2 GND IR AN reserved
PS2 keyboa[d iow 813 A13 A18 GND A reserved  paeka Ate weserved
I0R 814 Ald A17 Atd A0 BE3  “hro3 GND
s'way socket DACK3 815 A15 At A3 sy polarsing key 20l ::i polarising key
DRQ 3 B16 A6 A1S A2 ADC BE2  “omg A3 BE 1
GACK 1 B17 AY7 A4 CND BREEMET BEO pErREsH LAt
RQ9 BURST GND a1z &5
DAQ 1 B1B At8 13 o 12y cLK an
DACK 0 B19 A19 A12 "ot ARB 0 v RQ7 a10 .-
CLK B20 420 11 GND ARB 1 LAZS pgs a9 T
IRQ 7 B21 A21 A10 IRQ'S ARB 2 oHo RQS A8 w7
Q6 B22 A22 A9 RQ6 -12v hA 26 RQ 4 A7 hE
IRQS B23 A23 A8 1RQ 7 ARB 3 LAZE paa A6 gono
RO 4 B24 A24 A7 GND ARB/GNT polarisizg key DACK2 c polarising key
RQ 3 B25 25 A6 resarved s S 17c :4 o
5) reserved +Sv A4 LA 13
DACK 2 B26 26 A5 encels S0 ALE A3 AT
/¢ 827 27 Ad i 1 a3y v a2
ALE B28 AZ8 A3 cMD M/10 CEx osc Al LAt
+5v 829 A29 A2 CHRDYRTN +12v GNO GND A0 AP
0sC B30 A30 A1 CD SFDBK CD CHRDY LA 10 LA
GND B31 A1 A0 GND 0
o1 02 LAB uEMes 16 sere A7
MEMCS 16 D1 C1 SBHE 03 +5v LAS Tocs e A2 GNO
V0 CS 16 D2 €2 A23 D4 D5 LAS  poio A2 Lad
IRQ 10 D3 €3 a2 GND [ 'SV Ry A2t Las
IRQ 11 D4 Ca A1 CHRESET o7 _A2 RQ 12 A20 GND
RQ 12 D5 c5 A20 reserved GND polarising key oo A19 polarising key
6 5 c6 A19 reserved DS 16 RIN o6 ot R D17
ROt 07 c7 a8 GND 45 REFRESH OB e N 19
DACKO DB Cs A17 GND ORQ D MEMR D20
DRGO D9 G Qi 08 Ad8 +5V 021 p.c vemw 02
DACKS D10 C10 MEMW 09 X5 (X0 D23 ppas 08 poig
RO S 014 c1108 GND ASD D11 b2 <oRas o D25
DACKS D12 c12 b9 012 AS1 D13 anp  DACKS o 26
DRG6 013 €13 010 014 Asz o2y e Dﬂzg_ﬁ ::‘ oo
DACK? D14 C14 D31 :p:g :?,2 ol polarising key o * polarising key
DRQ7 D15 C:: ::§ 1ORQ 10 A55 CDDS 16 029 5V 013 GND
_ +5V 016 c 10RQ 11 A56 +5V -5V ASTER D14 039
MASTER D17 €17 014 10RQ 12 A57 IRQ 14 A5V GND D15 031
GND D18 C18 015 GND A58 IRQ 15 MACKn MREQn
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with integral fuse holder will be fitted at the
rear panel of the enclosure.

If you want to use the player as a digital
driver only, remove the output (phono) sock-
ets, the D-A converter and the diodes num-
bered 6580, 6581, 6586 and 6587 (near the
left of the heat sink), which disables the en-
tire analogue section.

Digital output

Some Philips ICs, for instance, the SAA7220B,
have a digital output in the filter section, but
others, like the SAA7210 used on the pre-
sent mother board, have not. Therefore, an
IC has to be added for converting the digital
data into the Philips/Sony format. Suitable
for this purpose is the Type PCF3523P Audio
Digital Output Circuit. The necessary clock
and a number of signals emanating from the
SAA7210 are taken from the motherboard
via a short length of 20-core flatcable to an
auxiliary board, which houses the additional

circuitry--see Fig. 16.

Furthermore, a matching transformer is
required at the output of the PCF3523P to pro-
vide the correct level of output (1 V p-p)
and output impedance (75 Q). The trans-
former also prevents any earth loops arising
between the digital connections of the vari-
ous pieces of equipment. Capacitors Cs and
Cg ensure that the circuit is connected to
earthonlyas far as high-frequency signals are
concerned.

Although the auxiliary board has provi-
sion for a crystal oscillator, X;, Rz, C3 and
Cy4, this is not used in the present applica-
tion: the clock for IC; is derived from the
mother board via wire link JP;. This proved
to give the best results in the present set-up:
with other CD players it may be preferable
to transfer the crystal from the mother board
to the auxiliary board.

The top of theboard has an earth plane that
serves as screen for high-frequency signals
(bandwidth of a couple of megahertz). All

components aresoldered directly to the board.
The housing of the transformer, as well as
the —~terminal of C;, must be soldered to the
earth plane.

The board contains three solder pins that
are not used (as yet): these are intended for
an optical output (a so-called TOSLINK). It is
hoped to publish the details of this addition
in a few months’ time.

The link between the mother board and
the auxiliary board consists of a30 cm (12in)
length of 20-core flatcable. The cores are sol-
dered to the underside of the mother board
as shown in Fig. 14. The details of the vari-
ous connections are summarized in Table 1.

As far as power is concerned, the +5 V
rail is taken from the top of the coil to the
left of the SAA7210P. This coil looks like a
resistor and is colour-coded yellow-mauve-
gold-silver. The earth line is taken from the
fairly broad copper track at the undersidejust
beside the +5 V take-off. The two connect-
ing points are indicated by arrows in Fig. 14.

BUILD A COMPACT-DISK PLAYER

Fig. 2. The kit for the CD player.

Fig. 3. The assembled CD deck.

Fig. 4. Disk compartment removed from
deck.
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Fig. 5. Pinout and diagram of the PCF3523P. Fig. 6. Diagram of the new key board circuit.
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All odd-numbered cable cores, except 1,
are cut off at the motherboard: they serve as
screen between the various signals.

The other end of the cable is terminated
in a crimp-on socket that mates with a plug
on the auxiliary board.

Note that the DMUTE signal at pin 17 of
the Type XC99659P control processor en-
sures that the digital outputsignalisswitched
off when the player is not revolving or is in
the PAUSE position. Some D-A converters do
not work properly with this arrangement
owing to the time they require to relock on

rs

Fig. 7. Some items must be removed from
the mother board.

to the signal when this reappears. It may,
therefore, be better not to use the DMUTE sig-
nal by leaving core 20 unconnected.

Display and operating keys

The display board, part of the board shown
inFig. 16, is linked to the mother board by two
flatcables: the six-core one carries the data
from the control processor to the display and
the four indicator LEDs, and the seven-core
one connects the matrix to the keys. Since
the keys provided in the kit are not suitable

for a DIY apparatus, they have been replaced
by miniature key switches that are mounted
on to the key board.

Note that the board in Fig. 16 can be eas-
ily separated intotwoasshownin Fig. 15 after
it has been scored at the separation line with
a sharp knife. Drill an additional fixing hole
in the display board.

Desolder the seven-core cable from the
board: at a later stage it will be connected to
the new key board. Also, remove the four
LEDs and their square holders: these will be
replaced by high-efficiency LEDs.

Fig. 8. Disk compartment holder and mains
transformer on mother board.

Fig. 9. Laser unit connected to mother
board.

Additional facilities via remote
control:

« direct selection of track num-
bers by numerical keys; play-
ing is started by pressing the
rLAY key.

* selection of index numbers
of tracks by INDEX keys.

+ shuffle mode, in which the
selections are played at ran-
dom.

¢ scan mode, in which only
thefirst 10 seconds of each track
are played.

Switchdisplay between elapsed
track TIME and TRACK/index
number.

OPEN or CLOSE compartment.
When the compartment is
opened, all programming is
erased.

Programming of tracks. Select
a track number and press the
MEMO key. Afteralltrackshave
been programmed, control is
still available by pressing the
MEMOkey. Tracks may beerased
by selecting a programmed track
number and pressing MEMO.
All programmingis erased when
the compartmentis opened or
the sTOP key is pressed twice
in succession.

When the REPEAT key lights,
the programmed tracks, or the
entire disk, are played again
and again.

Thedisplayindicates trackand
index number or the elapsed
track-time (as selected with
the TIME/TRACK key). When the
disk is not revolving, the dis-
play indicates the number of
tracksorthetotal playing time.

@

Pressing the stor key twice in
succession erases the memory.

910146 -F

raUst key:thisallows the laser
beam to remain at a specific
point.

r
rLay key. The disk is played
from track 1 or from the track
selected with the TRACK key.
Tracks that have been pro-
grammed are played first.

Search keys for fast forward
and reverse.

Track keys for fast selecting a
track.

910146 - 14

Fig. 10. Front panel and concise operating instructions.
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The display board has space (to the right
of the display) for an infra-red (IR) remote
control receiver:anoption thatis strongly rec-
ommended. Sony's Type BX1407 is particu-
larly suitable; Sharp’s GP1U5 can also be
used, but this has slightly different connec-
tions. Finally, twa resistors, 22 kQ and 3.3 Q
respectively, must be added as shown in
Fig. 17. This arrangement will allow remote
control of the player by any Philips IR trans-

mitter intended for CD players (such as the
Type RD5861).

Completion of the key board, whaose ‘cir-
cuit diagram’ is given in Fig. 6, is straignt-
forward. Keys of varying width have been
used to make operation unambiguous.

Lastly, solder the seven-core cable removed
from the display board to the key board: keep
the white line on the cable at the side of pin
7 on the board.

BUILD A COMPACT DISK PLAYER

39
Assembly

First, drill, saw and file the necessary holes
in the enclosure: use the front panel foil and
the front panel of the disk compartment for
accurate location of the holes in the front
panel and Fig. 13 for those in the bottom
panel. Do not forget the holes in the back
panel: mains (power) socket with integral fuse
holder (at the left seen from the front panel);
digital output (at the right); and phono sock-

Fig. 11. The completed CD player.

Fig. 12. Completed display and key boards.
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Fig. 13. Drilling diagram for the bottom panel of the enciosure. All dimensions are in mm.
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m AUDIO & HI-FI

ets if you want to use analogue outputs.
Mount the key board and the display board

to the front panel with, respectively, five and

two 25 mm (1 in) long M3 (=6BA=3 mm dia.)

countersunk screws, nuts and washers. The

key board should be located so that the keys
protrude just far enough through the front
panel. Next, fasten the self-adhesive front
panel foil to the front panel.

Fix the mother board to the bottom panel

on 10 mm G4 in) long non-metallic spacers:
the location of the fixing holes is shown in
Fig. 13. Do not omit the central fixing screw,
because that ensures correct operation of the
disk compartment switch. Fit two M3 screws

Fig. 14.Howto connectthe flatcable to the underside ofthe mother Fig. 15. How to separate the board shown in Fig. 16 into two.

board.
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Fig. 16. The combined auxiliary (digital output) and key boards.
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with 35 mm (1 % in) non-metallic spacers to
the left and right of the disk compartment.
The transformer is fastened with two M4

PARTS LIST
Auxiliary board
Resistors:
R1=47Q
R2 =1 MQ

R3 =562 Q, 1%
R4 =619 Q, 1%

Capacitors:

C1 =33 uF, 10V, tantalum
C2 = 22 nF, ceramic

C3, C4 = not used

C5, C6 =56 nF

Semiconductors:
IC1 = PCF3523P

Miscellaneous:

K1 = 20-way header, male

K2 = right-angled phono socket

X1 = not used

Tr1 = matching transformer (Philips
Type T5BCC)

Key board

S1, S2 = keyboard switch, 17 mm
wide, with keytop

S$3-S12 = keyboard switch, 12 mm
wide, with keytop

Miscellaneous

4x LED, yellow, 3 mm (high
efficiency)
DPDT mains (power) switch
Mains (power) plug, panel mounting,
with integral fuse holder
Fuse, 50 mA, delayed action
Enclosure, 19 in (483 mm) wide, 2 units
high, 12 in (30 cm) deep
PCB 910146
Front panel foil 910146F

Remote control
1x resistor, 3.3 Q

1x resistor, 22 kQ
1x IR receiver, Sony BX1407

W )0

(=4BA=4 mm dia.) screws that pass through
the board, two non-metallic spacers, and the
bottom panel, where nuts and washers are
attached.

Mount the auxiliary board at the right-hand
side of the enclosure on non-metallic spacers
so that the output socket protrudes through
the back panel.

Wire up the mains (power) section.

Solder the flatcables from the display board
and the key board to the mother board.

Fit the new three-way connector to the two
wires from the CD motor: black to pin 1, and
brown to pin 2.

Unlatch the flexfoil connector on the mother
board by pulling it up slightly and place the
laser unit at right angles to it so that the flex-
foil is immediately above it. Carefully re-
move the paperclip from the end, place the
flexfoil into the connector, and press the latch
down to fasten the two together.

Place the springs and rubber grommets
asshownin Fig. 9, hook the twoleft-hand clips
of the laser unit into the deck and carefully
press down and inwards the clip at the right-
hand back of the unit.

Insert the motor connector to the associ-
ated connector on the mother board (imme-
diately adjacent to the light-grey lever of the
compartmentswitch. Link the three-way motor
connector to the three-way connector to the
right of the deck.

Finally, place the pressure plate and asso-
ciated spring on to the disk-compartmentand
push the whole into the deck. Clip the lid of
the compartment into place at the front.

The kit also contains a headphone socket
that may be connected, if desired, to the free
connector at the right-hand side of the mother
board. If this is used, the entire analogue sec-
tion must be left intact. The socket is linked
to the board by three wires: centre pin to cen-
tre pin, the terminal closest to the front of
the socket to the right-hand pin of the con-
nector on the board, and so on. Note that
there is no volume control for the headphone
output.

DO NOT YET connect the mains (power)

supply.

Calibrating the deck

Topreventtoohighacurrentthrough the laser,

BUILD A COMPACT DISK PLAYER m

set the 4.7 kQ preset on the mother board be-
hind the deck to a value of about 800 €2, mea-
sured with a multimeter connected between
itscentre and right-hand terminals. Set thead-
jacent 22 kS preset to the centre of its travel.

Connect the mains (power) supply to the
unit.

Warning: DO NOT LOOK into the laser,
after the mains (power) hasbeen switched on,
because thatcould cause permanenteyedam-
age.

Lift the pressure plate of the deck and
switch on the mains (power) supply. If all is
in order, the laser arm should move inwards,
and the laser lens should briefly move up
and down. Also, the CD motor should move
briefly and slightly. If these do not happen,
switch off and check that the flexfoil is fas-
tened securely in the appropriate connector.
Laser operation can also be checked visu-
ally. Standing in front of the player, look at
the laser lens at an angle of 20-30°. When
the mains (power) is switched on, a red re-
flection should be visible at the edge of the
lens for a few seconds.

Connecta multimeter (100 mV range) across
R3s01 (4.7 kQ at the left behind the deck at
the edge of the board, just in front where the
mains switch used to be). Adjust the 4.7 kQ2
preset on the mother board behind the deck
for a meter reading of 50 mV. Take care not
to turn the preset too far to prevent too high
a current through the laser.

Connectthe multimeter(1V d.c. range) be-
tween wire link 102 and the earth plane.
InsertaCD, preferably one with standardized
reflection, and switch on the player. While
selection 1 is played, adjust the 22 k<2 preset
(immediately adjacent to the 4.7 k€2 preset)
for a meter reading of 400 mV d.c.

This completes the calibration.

Finally

It is advisable to stick some self-adhesive bi-
tuminous felt to the inside of the top panel
of the player to prevent any vibrations aris-

ing in the panel.
Concise operating instructions, incl. those
witharemote control unit,aregivenin Fig. 10.
|

Table of connections

Connected to on mother board

Fig. 17. Where to fit the IR receiver and extra resistors (arrowed).

earth (beside +5 V connection
+5 V (top of inductor 5501)
pin 39 of SAA7210P (WSAB)
pin 38 of SAA7210P (cLAB)
pin 37 of SAA7210P (DAAB)
pin 36 of SAA7210P (EFAB)
pin 35 of SAA7210P (SCAB)
pin 34 of SAA7210P (SDAB)
pin 8 of SAA7210P (xour)
pin 18 of XC99659P (ATSB)
pin 17 of XC99659P (DMUTE)
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LOW-FREQUENCY COUNTER

FREQUENCY counter is indispensable

inthe design, repair and test of audioand
hi-fi equipment. The counter presented here
can either be built into a sine wave or func-
tion generator or, by the addition of a pream-
plifier, power supply and asuitableenclosure,
be made into a stand-alone unit. Its display
has only four digits, since three or four of
the usual seven or eight display digits are
not used in audio work. Three switched mea-
suring ranges are provided: 0-1000 Hz; 0-10kHz;
and 0-100 kHz.

Counter circuit

The heart of the circuit—see Fig. 4—is IC; a
TTL-compatible CMOS ICType 74C925 from
National Semiconductor. Housed in a 16-pin
DIL package, this device contains four decade
counters, a status memory, a multiplexer,
and aseven-segment decoder for a four-digit
display. The common-cathode, seven-segment
display, LD{-LDy, is driven by transistors
T1-T4. The segments of the four digits are
fed in parallel via limiting resistors R{—R;.

Transistor Ts ensures that the decimal
point is switched in tandem with the meter-
ing ranges. It is cut off by the display drivers
via Dy when Sy, is in the relevant position:
the decimal point then lights. To make cer-
tain that the transistor switches off promptly,
it must be a germanium or Schottky type:
the base-emitter potential of a standard sili-
con diode remains too high.

To prevent any problems with the cali-
bration of the time base, it was decided to clock
itby a Type SPG8650B (IC3) from Seiko-Epson.
This standard pulse generator, whose pinout
isgiveninFig.1, containsahybrid circuit con-
sisting of a quartz oscillator and two pro-
grammable dividers that, depending on the
bit sample at input pins 2-7, provides 57 dis-
crete output frequencies. The fundamental
frequency is 100 kHz, and the frequency tol-

by F. Hueber

The frequency counter described in this article may be built
into an existing apparatus or be used as a stand-alone unit.
It obviates the problem of every frequency counter — the
accurate calibration of the time base - by ingenious
circuit design.

erance is 50 p.p.m.

The necessary pull-down resistors for the
programming inputs have been integrated
in the IC, so that all open inputs pins are au-
tomatically at earth potential (logic 0). Apart
from programming switch Sy,, no other ex-
ternal parts are required.

When pins 3 and 7 are high (logic 1), out-

put pin 9 provides a signal of 5 Hz; when
pin 5 is high at the same time, the frequency
of the signal is 0.5 Hz; when pins 3, 6 and 7
arehigh, the frequency of the signal is 0.05 Hz.
The corresponding gate times of the counter
are 100 ms (0-99.99kHzrange); 15 (0-9.999kHz
range); and 10s (0-999.9 Hz range). All avail-
able combinations are given in Fig. 2.

16 15 14 13 12 11

1.NC
2.CTL3
3.CTL2
4
5

6.65MAX

.CTL1
. CTL6
. CTLS
.CTL4
Vss

x N o

MIN3.0 4.5MAX

NC:Not connected

910149-13

MW8650B 8651B
16. Vi CTL4| © 0 0 0 1 1 1 1
15. NC : SETTING terisl o [ o [ 1 1 [ o[ o | 1
14. RESET oTis —
13. NC(CSEL) CToU CToL2 mz; 103( |oIK u(o IOIO IOO : i/?B “I/l:)O
12. NC(EXC)
1. FOUT 0 0 1 10K 1K | 100 10 1 1/10 | 1/100 | 1/1000
10, TEST [ o [ v [ o [k [sksw [s0 [5 [w2 [va [vao]
9. OUT o | 1 | 1 |33 [3.3k |333.333.3 3.33| 173 |1/30 |1/300
1 | 0 | 0 | 2K |25€ |250 | 25 | 2.5 | 1/a | 1/a0 |1/400
1] o | 1 |2k | 2Kk |20 | 20 |2 |15 |1/5 |1/500 |
1 1 O |16.6K | 1.6K | 166.6| 16.6 | 1.6 | 1/6 |1/60 |1/600
1 1 1 | 8.3k [833.3] 83.3| 8.3 | 0.83[ 112 | 1/120 [1/1200
910149 -14

Fig. 1. Pinout of the SPG8650B.
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Fig. 2. Programming possibilities of the SPG8650B.
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Fig. 4. Diagram of the counter circuit.
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LOW-FREQUENCY COUNTER m

Since IC3 provides an output pulse with
aduty factor of 1:1, and IC; counts only when
that output is high, a count period is twice
aslong as the pulse duration. With 100 ms and
1 s gate times, that does not matter much,
but when the gate time is 10 s, there is a delay
of 20 s between two consecutive displays. A
little patience is, therefore, required during
measurements, but that is rewarded by ares-
olution of 0.5 Hz, which, particularly at low
frequencies, is extremely useful.

The exact state of the counter is indicated
by a gate display consisting of T; and Ds.
Owing to the tiny base current through Ry,
transistor T; must be a type with high cur-
rent amplification. The value of Ryg cannot
be reduced, since the maximum permissible
current drawn from pin 9 of ICj is 40 pA. If
the high resolution is of no interest, the gate
display can be omitted and S; can be a sim-
ple 2-pole change-over switch.

To function correctly, IC; needs a latch
pulse and a reset pulse, which are provided
by monostables IC;, and ICy, respectively.
The last transition (trailing edge) of the gate-
time pulses triggers IC,, which causes a
pulse of about 7 ps at the latch input (LE) of
IC;, whereupon the counter content is shifted
into the display memory. The last transition
of the 7 ps pulse triggers ICay,, whose output
resets the counter.

Buffer Te prevents the clock input of the
counter accepting too high values.

The input pulses and gate-time pulses are
combined by ‘OR gate’ D-D3-Ry5.

Thelevel of the input signal to the counter
should be not lower than 2 V r.m.s.: for lower
levels, a simple preamplifier—see Fig. 5—is
needed. Thelevel may beashigh as 100V, pro-
vided that the working voltage of Cj allows
this.

The +5 V power supply must be regu-
lated; the maximum current drawn from it
is only 80 mA.

Preamplifier and power
supply

The preamplifier, needed when input levels
<2V are processed, and the power supply,
whose circuits are shown in Fig. 5, are built
on to a small PCB (Fig. 8).

The preamplifier is designed around dis-
crete components. FET Ty functions asimpe-
dance converter to provide the necessary
high input impedance. Resistor Rj; and anti-
parallel connected diodes Dyy and Dy; form
a protection network that limits the gate volt-
age of Tyg to about 700 mV, although the
input level may be as high as 100 V.

The input impedance for input levels
<600 mV r.m.s. is about 1 MQ, that is, the
value of Ryp. Athigher inputs, the impedance
drops, because D}y and Dj; then conduct,
thereby shunting Ry with Rj;. At inputs of
1Vr.m.s,, theinputimpedanceis about 400 kQ
and at 2 V r.mss. it is about 150 kQ. If that is
too low, the value of Ry; can be increased up
to 1 MQ. Unfortunately, owing to the un-
avoidable capacitance of the diodes and the
FET, the input sensitivity for frequencies
>10 kHz then deteriorates by up to 14 dB.
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TEST & MEASUREMENT

PARTS LIST

Resistors:

R1-R7 =220 Q

R8 =390 Q

R9, R27 =47 kQ

R10, R11 = 10 kQ

R12 =3.3kQ

R13, R22 = 1 kQ

R14, R23 = 100 kQ

R15 =22 kQ

R16, R21 = 150 kQ

R17 =470 Q

R20 =1 MQ

R24, R30 = 5.6 kQ

R25, R26 = 1.8 kQ

R28 = 560 Q

R29 = 8.2 kQ

P1 = 100 kQ multiturn
preset, vertical

Capacitors:

Ci1,C2=1nF

C3 =10 uF, 35V, vertical

C4 =330 nF

C5 = 220 pF, 10 V, vertical

C6, C14 = 100 nF, ceramic

C10 =150 nF, 250 V

C11,C12=4.7uF, 35V,
tantalum

C13 =270 pF

C15 =10 uF, 10V, vertical

C16 = 470 uF, 25V, vertical

Semiconductors:

1

B
8

BC548B | BC548B

R28

P1
100k

9V
1VAS

5V
1C4
7805
+5V
=
c15

470y
25V

910149 - 11

D1 = BAT85
D2-D4, D10, D11 =

Fig. 5. Circuit diagram of the preamplifier and power supply.

1N4148
D5 = LED, 3 mm
D12-D15 = 1N4001
T1-T5, T11-T13 = BC548B
T6 = BC558B
T7 = BC548C
T10 = BF245C
IC1 = MM74C925
IC2 = 741.5221
IC4 = 7805

Miscellaneous:

81 = 2 pole, 3 position slide
switch

K1 = phono socket

K2 = 2-way terminal block
(mains) for PCB
mounting

LD1-LD4 = 4-digit,
7-segment display

Tr1 = mains transformer,
9V, 1.5 VA rating

Enclosure 60x150x132 mm
(2% x5 % x5 %gin)

PCB 910149-1

PCB 910149-2
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Fig. 6. The printed-circuit board for the counter and the display sections must be cut into two.
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Coupling capacitor Cyg blocks any d.c.
component in the input signal; it should,
therefore, have a working voltage of =250 V.

The signal is applied to amplifier Ty; via
Cy1. The operating point of this stage has
been chosen so that not only does Ty mag-
nify the signal to a high degree, but, because
of its low collector potential, it also acts as a

signal limiter. With the value of collector re-
sistor R,y as shown, the collector potential
with respect to carth is about 0.9 V.

The output of Ty; is fed via Cy; to transis-
tors Ty and T3 that form a Schmitt trigger.
When P; is in a position where the base po-
tential of Ty, is just insufficient to switch on
the transistor, even tiny changes in the base

Fig. 7. The display and counter boards must be fitted together at right angles.

A T

&

?ﬁ@@

Ll

Fig. 8. Printed-circuit board for the preamplifier and power supply.
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LOW-FREQUENCY COUNTER m

potential suffice to drive T}> into conduc-
tion. When P} isset correctly, asinusoidal input
signal of only 10 mV results in a clean rect-
angular output signal.

A capacitor to couple the preamplifier
output to the counter is not required. In fact,
when the counter opcrates with the pream-
plifier, C3 in its input circuit may be short-
circuited or replaced by a wire link.

The power supply for both the counter and
the preamplifier needs a transformer rated
at 1.5 VA only. Full-wave rectification is pro-
vided by diodes Dj,-D;s. Filtering and reg-
ulation by Cy¢, Cy5, and ICy, respectively, is
standard for this type of supply. Note that
the transformer specified is protected against
short circuits: the primary circuit, therefore,
does not need a fuse.

Construction

Commence the construction of the counter by
cutting off the display section from the board
in Fig. 6. After both sections have been com-
pleted, they must be soldered together at
rightangles with the aid of a number of short
lengths of bare wire that provide electrical
connections between the display board and
the counter board at the same time. This con-
struction can be seen clearly in Fig. 7.

No difficulties should be encountered in
completing the preamplifier-power supply
board.

The modular design enables the counter
to be housed in a variety of instrument cases.
Thatof the prototype measured 60x150x132 mm
(2 3% x5 % x 5 ¥4 in) (HXxWxD). The counter
and display boards are fitted to the front
panel, while the preamplifier and powersupply
boards are fixed to the bottom panel. If a
metal case is used, the carth plane of the
preamplifier-power supply board must be
connected to the earth of the inputsocketonly.

Part of the preamplifier, indicated by the
dashed line in Fig. 5 and Fig. 8 should be
screened from the power supply by a 15 mm
high strip of tinplate. It may also prove use-
ful to put a 5 mm screen around these parts
at the underside of the board.

The connection between the input socket
and C;g must be single screened cable.

Voltage regulator ICy should be fitted on
a small heat sink.

Cadlibration

Connect an oscilloscope to the output of the
Schmitt trigger and injecta 10 mV sinusoidal
signal of about 20 kHz into the input socket.
Adjust Py until the waveform on the oscillo-
scope is a true square wave. If no oscillo-
scopeisavailable, adjust Py so that the counter
reading remains the same for sinusoidal and
rectangularsignalinputs (atalevelof 10mV).

The counter has no overflow indication,
so that, if, for instance, the 10 kHz range is
sclected, and the input signal has a fre-
quency of 10.234 kHz, it is displayed as
0.234 kHz. It is, therefore, advisable when
an unknown frequency is being measured,
to select the highest range first and then go
down as required. |
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SCIENCE & TECHNOLOGY

Cochlear implants

HE array of human sensory apparatus is

without question amarvel of adaptive evo-
lution. In particular, Nature has evolved mas-
terful systems for vision and hearing. In both
these sensory systems, physical stimuli are
translated into nerve impulses, which are in
turn processed by the brain. Most of the suc-
cesses in preserving such sensory systems
relate to improving the receptive stages be-
fore the nerve stimuli are generated. Thus,
restoration of sight can, for example, be
achieved by extraction of cataracts. In the im-
provement of hearing, benefit can come from
the use of a hearing aid to amplify the stim-
ulus of the incident pressure waves.

Often, in instances of blindness or deaf-
ness, the sensing system has become inop-
erative, while the nerve pathway to the brain
has remained intact. If simulated nerve im-
pulses of appropriate type could be injected
into the nerve pathways, some element of sen-
sory perception could, in theory, be retained.
While this principle awaits to be developed
in visual systems, the use of cochlearimplants
in hearingresearch has been successful in pro-
viding a means of greatly improving the
hearing perception of many thousands of in-
dividuals around the world. (The cochlea is
the spirally coiled part of the inner ear that
translates mechanical vibrations into nerve
impulses).

About the cochlea

A cochlear implant can be described as a
specialized hearing aid device that trans-
lates patterns of sound into a series of elec-
trical signals which are channelled directly
to the auditory nerve foronward transmission
to the brain. In so-called single channel sys-
tems, the output is attached directly to the
auditory nerve. In so-called multi-channel
systems, a series of individual electrodes
are attached along the interior of the cochlea
where, in the normal ear, sound vibrations ex-
cite haircells to generate nerve impulses. This
isamore complex surgical procedure but pro-
vides better resolution of frequency content
of sounds.

The cochlea's highly specialized design
causes haircells within its structure to respond
selectively to input signals of various fre-
quencies, so that the pitch of sounds can be
finely differentiated. The mechanical prop-
erties of the cochlea change from the basal
portion (widest) to the apex (narrowest).
The stiffness is greatest at the basal end, but
its mass per cross section is least, while at
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by Douglas Clarkson

the apex the stiffness is least, but its mass
per cross section is the greatest. If a range of
sounds is coupled into the cochlea at the
wide, basal face, specific sections of haircells
within the cochlea will vibrate. Higher fre-

Fig. 1. Cochlearimplant unit of the ‘Nucleus’
system.

e s =

Fig. 2. Close-up on set of electrodes im-
planted directly in the cochlea.

Fig. 3. Speech processor, external mi-
crophone and coupler/locator.
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quency sounds will stimulate closer to the
wide basal face, while lower frequencies
will stimulate areas closer to the apex.

In total, there are about 15 000 hair cells
along the cochlea, which are connected to
about 30000 nerve fibres in the cochlear nerve.
The interconnection pattern can be imag-
ined to be very complex. A particular nerve
bundle may be connected to several hair
cells or a specific hair cell may be connected
to several nerve fibres. The ‘design’ of the
cochlea, however, does allow excellent pitch
or frequency discrimination to take place.

Early work on the structure of the cochlea
was undertaken by Marchese Alfonso Corti,
who first described it in 1851. The theory of
the selective resonance of the cochlea was de-
scribed by Hermann von Helmholtz. A more
comprehensive investigation of the cochlea
was undertaken by Georg von Békésy, which
involved determining the vibrational char-
acteristics of human post-mortem specimens.

Real time listening

The mechanism of hearing can be imagined
to be areal time superposition of electrical sig-
nals from all the various sections of the line
of hair cells in the cochlea. Any “artificial’
cochlea would have to simulate such a sens-
ing pattern. In particular in terms of fre-
quency response, higher frequency signals re-
quire to be injected at the basilar (wide) end
and low frequency signals at the apex. This
requires an appropriate means of decoding
sound into its frequency components and
generating appropriate electrical stimuli.

Design of modern cochlear
implants

One type of cochlear implant has a total of
22 electrode sections in order to provide as
much pitch discrimination as possible. The
degree of such pitch discrimination attained
is not sufficiently good, however, to allow
normal speech to be understood without the
aid of lip reading. Only in very exceptional
cases can a cochlear implant provide near-
normal hearing discrimination. It must be
made clear, however, that the cochlear im-
plant can introduce a totally deaf individual
to a world of sounds that puts him or her in
touch again with society.

In the design of cochlear implants, there
isamajordivision between analogue and dig-
ital systems. Analogue systems tend to have
direct connection by wire between the cochlear



electrode and the sound analyser/stimulus
unit. Digital systems tend to couple stimula-
tion signals using radio frequency linkage.
Inone sense, the direct coupled analogue sys-
tem provides the advantage of simplified
drive/excitation circuitry, while the digital
system minimizes the problem of infection,
since the cochlear implant is inserted during
sterile procedure and subsequently there is
minimum risk of site infection.

The ‘cochlear’ system

Figure 1 shows the implanted unit of the
‘cochlear’ implantdeveloped by the Nucieus
Group. Original work on the unit design was
undertaken by professor G.B. Clark and his
colleagues at the University of Melbourne,
Australia, during the early 1970s. The im-
planted unit consists of a magnet to localize
the external radio linkage system and mi-
croelectronics to pick up power and signals
in order to drive the array of 22 electrodes.
Figure 2 shows the array of electrodes
that is inserted into the cochlea. The 22 elec-
trodes are bands of pure platinum 0.3 mm
wide and spaced at 0.75 mm intervals along
a silicone elastomer carrier. The array ta-
pers smoothly from a diameter of 0.6 mm at
its widest part to about 0.4 mm at the tip.
In the driving of the individual electrodes,
current can be driven between specific pairs
of electrodes or between a specific electrode
and all the remainder acting as a common
ground. It can be appreciated that some de-

gree of customizing of each systemis required
to optimize performance. Thisis typically un-
dertaken by testing hearing responses with a
so-called implant centre system, where cur-
rent driving patterns can be tailored on a
master system before being incorporated in
the patient's owndevice. Specific performance
of, for example, consonant recognition can
be evaluated for a range of electrode driving
configurations.

Figure 3 shows the microphone, external
sound processor and magnetic locator/stim-
ulator unit. The external sound processor is
usually worn on a carrying pouch.

Speech processing

mechanisms

Speech elements can be identified as those in-
volving vocal chords such as ‘eeee’ or ‘ah’
and those which do not, such as ‘s’, ‘t’ and
‘k’. These are the so-called ‘voiced’ and
‘unvoiced’ sounds. If the speech processor
firstly identifies that ‘voiced’ sounds are
present, it then determines the peaks in the
frequency analysis of the sound and their
relative signal amplitude. Subsequently, it
identifies from look-up tables what is the
appropniate electrode pattern to stimulate. The
required informationis coupled viaa2.5 MHz
RF link to the implant electronics in order to
drive the electrode configuration.
Forunvoiced speech elements, the speech
processor stimulates electrodes towards the
basal, high frequency end of the cochlea.

Middle ear cavity

Ext. aud. passage

Malleus

Tympanum

Pinna

Quter ear Middle ear

Vertical semi-circular canals

Ampulla

Auditory nerve

)

N Cochlea

Eustachian tube

Inner ear

Fig. 4. The ear consists of three sections: the external, the middle and the inner ear.
The external ear extends from the external ear lobe (pinna) to the ear drum (tympa-
num). The middle ear acts as an amplifier with a gain of about 25 dB. The inner ear
consists primarily of the fluid-filled cochlea. Electron microscopy has shown that ex-
posure to high levels of noise results in irreparable damage to the hair cells mounted
on the basilar membrane, which then appear to be ‘bent over’ and no longer capable
of generating a nerve signal for the brain to interpret.
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The speech processor is, therefore, imple-
menting a first level of speech recognition
for voiced sounds.

Developments in performance of such
speech processors are primarily being derived
from increasing the processing speed of the
microprocessor circuit elements. This al-
lows for both faster decoding of speech pat-
terns and more complex algorithms to be
implemented. In the longer term, it is possi-
ble that systems will include more general
word recognition features, though this is not
a feature of current systems.

COCHLEAR IMPLANTS

Driving patterns of current

It is known that direct current flowing in
sensory nerve channels can result in dam-
age to sensitivities. The stimulus waveforms
in the Nucleus system are biphasic or charge
balanced so that the averaged current flow
across the electrodes is close to zero (< 1 HA).

The typical duration of a phase is 200 ps
with pulse amplitudes of 100-800 pA. It is
appreciated that there is a danger in over-
driving neural circuits that are connected to
the main central nervous system. Current driv-
ing amplitudes that can be readily tolerated
in most patients can result in facial pain or
facial muscle spasm in a small number of
cases.

Uptake of cochlear implant

technology

To date, there have been over 5 000 cochlear
implants undertaken world-wide using a va-
riety of designs. The group of patients who
typically receive such treatment are those with
total loss of hearing in both ears and where
conventional devices such as hearing aids and
inner ear surgery can provide no benefit. It
is vital, of course, that the appropriate audi-
tory nerve is still functional.

Owing to the nature of both the technol-
ogy of the implant system and the range of
professional skills required in the ‘implant’
team, such treatments are relatively expens-
ive. However, in assessing costs and benefits,
individuals can usually achieve a higher
level of participation in society. In recent years,
children have become a major group to re-
ceive such implants, This is natural, since
their development is critically dependent on
communicating effectively with those around
them.

In the United Kingdom, a set of seven
centres has been established where cochlear
implants can be undertaken. There has been
disappointment, however, at the limited re-
sources provided to undertake such a pro-
gramme. The demand for such services far
outstrips present levels of funding.

‘Looking’ ahead

On a more distant horizon, probably in the
mid to late 1990s, artificial retinas may well
be introduced in their prototype forms. The
groundwork with artificial cochleas will, no
doubt, serve as useful experience in this
much more challenging development. W
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A DIRECT CONVERSION RADIO

Amateur radio is expensive, or should | say it is if you buy all of your
equipment. This cost deters many from a hobby that once
investigated niches where low cost home built equipment can be
used to the full. Equally, others may have become tired of just using
a purchased rig and the chance to build and use a simple radio may
put life back into the hobby.

HE author wanted to build a low cost

transceiver as an experiment to see just
what can be achieved. For simplicity, this
means the radio is built for a single band and
that many of the complications that make a
communications transceiver so costly can be
dispensed with. As to the frequency, it was
decided that the 14-MHz (20-m) band would
be best. I prefer that band to the more famil-
iar option of 3.5 MHz (80-m), because I could
get a reasonable dipole antenna into my back
garden because of its smaller size.

It was felt that owing to the experimental
nature of a transceiver I set out to design that
it would be a reasonable idea to construct the
receiver section as a separate project to iron
out any technical problems, and to see what
sort of signals could be heard from such a
low cost unit. The most successful of the de-
signs forms the basis of this article.

Direct conversion, how it
works

Communication receivers tend to use the
double conversion superheterodyne tech-
niques. By contrast, the much simpler direct
conversion technique is based on one stable
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oscillator which actually runs at the same
frequency as the signal being received and
all of the filtering is carried out at AF where
an inductor-capacitor bandpass filter is easy
to design and build. Direct conversion re-
ceivers are for use with single sideband and
CW transmissions, but with care the receiver
will demodulate AM signals, although the
carrier causes a problem as detuning leaves
aloud whistle in the headphones, and the re-
ceiver will need to be set accurately to null
this out.

To examine direct conversion, consider
an incoming upper sideband signal that
would have had a 14.200-MHz carrier if this
were not removed prior to transmission. In
the direct conversion receiver, the band of
signal frequencies that have been trans-
mitted is mixed with a stable signal of
14.200 MHz generated within the receiver.
In the mixer, the sum and difference fre-
quencies are generated and the difference,
which is an audio signal, is filtered out from
the remaining frequencies which are all RF.
If the internal oscillator is only slightly away
from the correct frequency, the signal will
still be resolved, but the audio tone will be
higher or lower depending on the difference.
However, if the receiver’s oscillator is set,
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say, 3 kHz above the correct missing carrier
frequency of an upper sideband signal, the
signal is treated as lower sideband and a
characteristic direct conversion tuning
sound results.

Circuit description

The mixer

The mixer is the heart of the direct conver-
sion receiver, and whilst any type can be
used for the receiver, it was felt that one of
the balanced mixers available as a complete
package would be the most suitable to use
when the transceiver option was considered.
By using one of these balanced mixers, the
oscillator can be left running all of the time
into one of the mixer’s input ports, so that
this tends to stabilize its frequency. Also,
local oscillator radiation is a serious problem
in direct conversion receivers and the bal-
anced nature of the mixer chosen assists in
preventing unwanted signal leakage. Unlike
the situation in the superhet receiver, the an-
tenna and input bandpass filter are tuned to
the local oscillator frequency and any leak-
age will be transmitted. An isolator stage can
be added to try to prevent this and good
screening needs to be placed between the
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Fig. 1.
local oscillator and RF circuits.

The oscillator

Essential for the design is the stability of the
single oscillator that in this case runs from
13.950 MHz to 14.400 MHz. This oscillator
must be stable to within a few hertz after a
short warm-up period, or the user will
forever be retuning the radio. Also, the oscil-
lator needs to be resettable so that the oscil-
lator control can be calibrated, and a
conversion chart drawn up. In fact, the tun-
ing capacitance has to change by only a very
small amount to obtain the tuning range we
need, and it was decided that the simplest
option was to use a variable capacitance
diode pair as the frequency controlling ele-
ment in the design. Here, the varicap control
is carried out by voltage derived from a 10-
turn potentiometer.

Figure 1 shows the full circuit diagram
for the radio. The oscillator is a well-proven
type using a FET as the active device. Diode
D1 and resistor R3 provide gate bias for FET
T1. The tuned circuit consists of the induct-
ance of L1 and the parallel capacitance of Cs

and the varicap diode pair, IC2. C4 was not
needed for the 20-m band but since the re-
ceiver can be made to tune to other fre-
quency bands it is included for
completeness. Feedback to maintain oscilla-
tionis taken from a tap on the primary wind-
ing of the inductor, and the output from the
oscillator is from a small secondary winding
(tank) so that the following buffer only
lightly loads the oscillator.

During development an MPF102, a BF245
and a 25K55 were tried in the position T1. In
all cases the output was identical, so any of
these and possibly many other FETs may be
used, although some care will need to be
taken to assure that the FET leads are con-
nected correctly as the pinouts do vary be-
tween types.

If a single varicap diode is used, a prob-
lem occurs because its capacitance changes
as the oscillator operates (since its bias then
varies). To overcome this, the oscillator uses
aback-to-back common cathode varicap pair
in a single TO92 package, in which as one
diode loses bias, the other receives extra bias
and the capacitance across the anodes re-
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Circuit diagram of the direct conversion receiver. This version is designed to work on the 20m amateur radio band.

mains approximately stable. This raises an-
other problem in that both diodes must be
held in reverse bias even though the anode
voltage at the upper end connected to the
winding will be varying at the 14-MHz fre-
quency. This is overcome by making the
minimum central bias voltage higher than
the peak RF voltage at the top end of the coil.
The bias voltage is derived from the portion
of the output voltage of the 8-V regulator,
IC1, that is selected by the potential divider
consisting of the 10-turn potentiometer P1
and resistor Ri. This voltage can never be
less than 5.3 V and allows a 6-V peak RF volt-
age at the top of the tuned circuit. A 10-turn
pot, although costly, was chosen because an
indicating dial can be used with this type of
pot and the dial reading can be directly re-
lated to the receiver frequency.

Capacitors C1, C2 and C3 provide sta-
bility for the tuning voltage and prevent the
oscillator signal feeding back into voltage
regulator IC1. During operation, no current
flows out of the varicap except for leakage
currents, so resistor R2 provides an RF block
whilst passing the DC voltage needed to bias
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Fig. 2a. Component mounting plan of the PCB designed for the radio.

the varicap. R4 and C7 isolate the FET’s drain o COMPONENTS LIST
from the power supply at 12 V, as feedback

O e e e e | R !t e o

. " . . (all 250mW 5% carbon or metal film) 1 100pF ceramic C33
and T3, is a buffer amplifier to raise the signal 3 10kQ R1:R3:R7 3 100F radial C35:C36:C37
avallab!e at the transformgr tap to about 2 200kQ R2:R21 1 470pF ceramic cas
1.5 Vpp into a 50-Q load to drive the balanced 1 2200 R4 1 2204F radial c40
R CRERRREg I, 2 1k R5R17 1 4704F radial c4t

L, . 1 1kQ2 R6
The RF circuit and mixer ‘ > 2kOD R8:R18 Semicondictors:
The input circuit is extremely simple. Two 1 407 R9 1 78L08 Ic1
identical tuned circuits with a top connect- 3 1000 R10:R11:R22 1 BB204 1c2
ing caPacitgr act as a bandpass filter for the > 510 R12:R13 2 LF351 or TLO71 IC3:1C4
incoming signal. They have a Q of 10 with 4 22kQ R14:R15:R19;R20 1 TBAB820M IC5
the 50-Q impedance presented by the an- 1 BKO1 R16 1 MPF102 T1
tenna and the mixer’s input. The top loading 1 5680 R23 1 BF199 T2
capacitor, C16, couples the signal between 1 10 R24 1 BFYS50/51/52; 2N3053 T3
them. The SBL-1 mixer has a single-ended 1 10Q R25 1 1N4148 D1
50-Q input at pin 1, a 50-Q local oscillator 1 4kQ7 lin. 10-tum P1
input at pin 8, and the output is available at 1 10k log. P2 Inductors:
pins 3 and 4. The output consists of the sum 1 Toko KANK3334R L1
and difference frequencies as well as any sig- Capacitors: 2 T68-2core (Micrometals).  L2:L3
nal that leaks through the mixer. Of these, | (all 16V or greater voltage rating) 1 Toko 283AS-821J L4
the difference is the audio signal we select | 12 100nF ceramic C1;C3;C7,C8;C9; 2 Toko 181LY473 L5;L6
and amplify—all the others are RF signals. C10;C14;C21;C22;
C30,C32;C42 Miscellaneous:
AF filter and amplifiers 8 10uF radial C2;,C11;C13,C19; 1 SBL-1 Mx1
Initial RF rejection is provided by Ri12-Ci8 C20;C24;C31;,C34 1 10-turn indicator.
with L4, C19 and the 50- input impedance | ©4 space made for optional frequency use; 1 Knob for AF volume control.
of the first opamp stage. This presents a con- Rofusaie I e inigeoner 1 Diecast aluminium box 190x110x60mm.
stant impedance of 50 Q to the mixer. At AF, 1 ceph SRt G 1 RF input socket BNC or SO239.
the signal passes to the 50-Q amplifier input ol i catamic a8 . 1 Walkman type headphones
impedance through L4, whilst at RF R12 and g gﬁog:t f:l:ramlc g:gg?g 1 Power input socket
C18 maintain the 50-Q2 impedance. + 5 23 cr:arar:nei; C16, Short lengths of UR43 RF coax for balun
The main audio filter consists of Ls, Le | | 320nF T o1a connection, some audio coax for the head-
and C25 to C29. This is a low-pass filter with { 8nE3 = c5a phones adapter, hookup wire, stand-offs,
a high cut-off rate above 3 kHz to attenuate 2 polyes : ERSIVGD. 45 ) Snameling coppor Wire:
. . . 120nF polyester C25;C29

signals outside the normal SSB range. This 2 10nF polyester C26.C28
does lead to the possibility of receiving more ;
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than one CW signal if they are closely
spaced, but it was felt that most users would
be listening to SSB transmissions. If required,
a narrow band select filter at AF could be
added for CW listening,

The AF amplifier has three stages: two
simple inverting opamps biased for use with
a single power supply, and a dedicated low
power amplifier. The first stage around IC3
has an input impedance of 50 €2 defined by
R13, and a voltage gain of 100 (equivalent to
40 dB) set by feedback resistor R1e. R16 is also
shunted with a capacitor, C23, to cut down
on the high frequency gain of the amplifier,
the cut-off being set at about 10 kHz.

As the receiver has a single power supply
of 12 V only, the non-inverting input to the
opamp has to be held at about 6 V to put the
opamp into its linear operating region. This
voltage is provided by Ri14 and R15 with C20
and C21 to remove any a.c. from the opamp
input. Capacitor C24 removes the d.c. off-set
at the output of IC3, passes the AF signal to
the main filter, and provides low frequency
attenuation of the AF signal. The second
opamp stage around IC4 provides another
40 dB of gain before the signal is passed to
the volume control, P2, and on to the power
amplifier, 1Cs.

The AF power amplifier has a gain of
about 35 dB, so the whole receiver has a volt-
age gain of about 75 d B, which is lower than
normal but allows for an RF buffer amplifier,
and in fact scems adequate for the job any-
way.

The output audio is to stereo headphones
with the two earpieces connected in parallel.
An adaptor was built to do this, and to allow

two sets of headphones to be used at once.
Cuo isolates the d.c. on the output of the
power amplifier IC from the headphones.

To ensure stability, the two ICs in the AF
amplifier have capacitors across their supply
pins.

Construction

The whole circuit, except for the two poten-
tiometers, is mounted on a single PCB,
shown in Fig. 2. This board has its lower sur-
face etched to form the track pattern and the
upper surface either left unetched as a solid
ground plane, or etched as shown.

In the first case, the lower surface of the
board will be exposed, developed and
etched as usual, but the upper surface will
need tobe kept covered to prevent any remo-
val of the copper layer. In the final stage of
board production, holes are drilled through
all of the pads on the lower surface. A 1-mm
drill seems to be the best size for this oper-
ation. There are eight through board connec-
tions where the upper ground plane must be
left close to the holes. Where the component
wires must pass through the PCB without
shorting to ground, a 2-mm ring of the cop-
per is removed from around the holes on the
upper surface. The author uses a /-inch (3-
mm) drill mounted in a handle for this. In
many cases, the components have one termi-
nal bent and soldered to the upper surface of
the board.

If the component side of the board is
etched as shown, it is not necessary to clear
the holes where component wires pass
through to the track side. However,
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Parts for Balun:

Potting box 23mm,; cubical type.

Potting compound: 50g will do two baluns
with a little over.

Coax connector BNC type.

Spade terminals.

Ferrite core Micrometals T72-26.

26SWG enamelled copper wire.

Parts Sources

Cirkit Distribution Ltd. at Broxbourne supply
all of the Toko coils and the Micrometals
cores as well as many of the other items. Ma-
plin Electronics supply the potting boxes and

grounded component wires must also be
bent and soldered flush on to the ground
plane.

The can tabs of inductor L1 are also con-
nected to the ground plane by bending them
out to the side and soldering to the upper
surface. The ground plane is a good conduc-
tor of heat as well as electricity, and a fairly
large soldering iron bit needs to be used if
joints to the ground plane are to be success-
ful. If a large soldering iron is used to solder
the small pads on the lower surface, great
care must be taken to avoid damaging them,
or damaging the components by overheat-
ing.
To fit into the recommended box, the cor-
ners of the PCB and a section at the centre
will need to be removed to allow the PCB to
pass the screw mountings. These should be
cut out at an early stage of PCB construction.

Construction is best carried out in the fol-




lowing order. Firstly, locate the position for
the inductor and the two ICs, as they are easy
to find due to the distinctive pin layouts.
Fold back the tabs on the inductor cans and
tin them. Insert the inductor, solder the pins,
and solder the tabs to the ground plane. Lo-
cate the position for the eight through-board
connections, push track pins or short pieces
of wire through to make the connections,
and solder to both the upper ground plane
and the lower track.

Care needs to be exercised when building
the PCB as the components are tightly
packed in some areas. Construction should
cause no problems but the usual care should
be taken especially over the connections to
the ground plane, as there is no indication of
the orientation for these components from
the holes alone. It is easier to build outward
from the centre, but make sure that the resis-
tors and capacitors associated with an active
component are in place before fitting the
semiconductor itself.

In the prototype, the three ICs were sol-
dered into the board instead of fitted into
sockets, as board mounting is advantageous
with inexpensive ICs like these.

The only components not on the board
are the two potentiometers. The 10-turn pot,
P1, carries d.c. signals only, and the RF
pickup that may occur is shorted to ground
on the board itself. The second pot, P2, car-
ries AF signals at fairly high amplitude.
Hence both pots are connected to the PCB by
single strand hookup wire.

The antenna connection is made through
two toroidal inductors that have to be
wound by hand. Take a 2-ft (approx. 60-cm)
long piece of 265WG (0.45-mm dia.) ena-
melled copper wire, scratch away the insula-
tion about 6 inches (15 cm) from one end,
bend in the middle of the bared section and
twist together for about 1 inch (2.5 cm). This
will form the tap connection. Place the wire
against one of the toroidal cores and wind
the short end of the wire through the core for
5 turns. This tail forms the ground connec-
tion. Next, wind the longer wire in the oppo-
site direction for 20 turns. This is the
connection to the two tuning capacitors and
the link capacitor. Repeat with a second core
and piece of wire. You will now have two 25-
turn coils with taps at 5 turns suitable for use
with a 50-Q antenna and the 50-Q input to
the mixer. Should you find that you would
like to use a 75-Q2 antenna impedance (see
the section on antennas later) then the an-
tenna toroidal winding needs to have the tap
at 6 turns instead of 5. Solder the input coils
onto the board. Then solder in wires for the
off board connections.

The choice of audio socket will depend on
the plug fitted to the headphones. Rather
than replace this plug, a mating socket of the
correct size can be used, or an adapter made,
but the two terminals that carry the different
signals in stereo operation need to be con-
nected together at the socket. The authors
radio has a standard jack socket in the box
and an adapter to two paralleled 3.5-mm ste-
reo headphone sockets so that two can listen
in comfort. The 12-V power input may be

either by way of wires and a grommet or by
one of the power plugs, depending on the
constructor’s preference.

Two types of dial for the 10-turn pot are
suitable: round dial types have large control
knobs which ease the tuning but are more
complicated to read.

The board is a close fit into the box to
allow the ground plane to sandwich the
tracks between it and the box. This serves to
keep down spurious radiation. Locate suit-
able positions for the pots and input sockets
for the antenna, the 12-V power supply, and
the headphone socket, preferably very close
to the connection points on the PCB. Use
PCB stand-offs to hold the board away from
the box. Drill holes for these in the board, but
try to ensure that they do not interfere with
the pots or connections. The radio is used
with the box inverted, so that there were no
ugly holes in the top of the box. The stand-
offs were stuck into the box rather than
screwed down. Drill the holes in the box for
the pots and connectors and fit any lugs that
are necessary to locate the 10 turn pot indica-
tor. Next, fit the pots and connectors and
carry out the final wiring.

The pots are connected so that a clock-
wise rotation of the knob increases fre-
quency or audio output. The clockwise end
of P1 connects to the pad going to C1and C2.
The clockwise end of P2 is connected to the
pad to C34, otherwise the controls will not
work in the expected manner, and the rig
will be difficult to use.

Aligning the rig

The ease of setting up the rig depends on the
amount of equipment available. The receiver
is designed to work from a 12-V power pack
normally intended for powering CB equip-
ment with an actual output voltage of
around 13.6 V. Although the aluminium box
used to house the receiver is a good electrical
screen, it does not give any magnetic shield-
ing. Unfortunately, the magnetic field of the
mains transformer in the power supply can
couple to the inductors L4, L5 and L, giving
a very distorted audio output. The separ-
ation only needs to be about a foot (30 cm) or
so to stop the pickup.

All three of the variable capacitors C5, C15
and C17 are initially set to a central position,
and the tuning control, P, is set so that the
voltage at the end of R2is 8 V. This should be
at the fully clockwise position if the pot has
been installed correctly, and equates to an
oscillator frequency of 14.4 MHz.

Ifan oscilloscope is available, connect this
to the emitter of T3. Next, adjust the core of
L1 until the peak to peak voltage at the emit-
ter is 3 V or greater. Ignore frequency at this
stage. Alternatively, a digital voltmeter with
an RF probe accessory can be used, and the
reading set to 3 V as before.

A digital frequency meter is helpful in
setting the frequency range of the oscillator
and thus calibrating the receiver, but this can
be carried out using another receiver or by
using a calibration signal from a crystal oscil-
lator. Check that the oscillator can be set to
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cover the range 14.0 MHz to 144 MHz
which covers the 20-m amateur band, and
calibrate the read-out with the dial on the ten
turn pot.

If no scope or DVM is available, the core
of L1 can be set to the correct frequency with
Cs left in the central position. The oscillator
output will be sufficiently close for most
users.

Once the oscillator is set, the rest of tun-
ing amounts to adjusting the other variable
capacitors for the maximum audio output
from a weak input to the antenna socket.
This may be an off air signal or from a signal
generator or grid dip oscillator.

True alignment and calibration needs a
digital frequency meter, a crystal calibrator
or the loan of a communications receiver. If
you are a member of a radio club, this equip-
ment will probably be available, and mem-
bers may be willing to help for the few
minutes that calibration takes.

Setting up the antenna

Anyone new to radio listening will need to
set up an outdoor antenna of some type if
any reasonable reception is to be achieved.
Fortunately, this does not need to be elabor-
ate, although a dipole antenna works much
better than a long wire. The author’s fa-
vourite is made from 300-Q ribbon cable.
Take a piece of ribbon cable 28 ft long (ap-
prox. 8.4 m) and join the two conductors at
both ends. Fold the antenna to find the
centre, and cut one of the conductors at the
centre. Take another length of 300-Q ribbon
cable to form the feeder, this can be of any
length; because it is thin and flexible it can be
brought into the house through a window.
Suspend the antenna in the open air and lead
the feeder into the house. Cut this ribbon
cable off a short distance inside the house.
The radio is designed for a 50-Q or 75-Q
single-ended (unbalanced) input, but up to
now our antenna is of a balanced type. To
convert the 300-Q balanced to 75-Q single
ended we need to make a balun. In practice,
the balun is wound on a ferrite core. Take
two pieces of 26SWG (0.45-mm dia.) ena-
melled copper wire about 2 ft (60 cm) long,
twist them lightly together, and wind as a
pair for 15 times through the core. Cut the
ends off to about 3 to 4 inches (7.5 to 10 cm)
and scrape away the insulation on all of the
wires. Use an ohmmeter to find the start of
one wire and the end of the other, and twist
them together to give the central tap. Wire
the ribbon cable antenna feeder across the
full winding, and a 75-Q coax with the core
to one of the ribbon wires and the screen to
the central tap. The other end of the coax con-
nects to the radio through a plug and socket
on the aluminium case. In this form, the
balun is rather rough and ready although
fully operational. If you want the thing to
look nicer, the balun can be potted in a small
box made for that purpose and having a coax
connector at one end and two spade termi-
nals for the ribbon cable connections. |
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DESIGN IDEAS

The contents of this column are bmdsolelyonlnformalion supplied by
the author and do not imply practical experience by Elektor Electronics

Exploring negative resistance: the lambda diode

ESISTANCE is omnipresent in electron-

ics. A few materials (super conductors)
lose theirresistanceat fairly low temperatures,
and all materials lose it completely at abso-
lute zero. However, at normal temperatures,
most (conducting) materials obey Ohm'slaw,
but some show characteristics of negative
resistance. Are these breaking Ohm's law?
And what good is negative resistance?

Dynamics

Ohm's law must be one of the simplest (and
most remembered?) equations of elemen-
tary electricity. To determine the resistance
of acomponent, apply a voltage across it and
measure how much current flows through
it. The resistance equals the voltage divided
by the current:

R=U/1,

where R is in ohms, U in volts and I in am-
peres.

For many objects, their resistance may be
thought of as constant. If a resistance is plot-
ted over a wide range of voltages as in Fig. 1,
itwillbe seen tobe pretty linear: the resistance
is the reciprocal of the gradient. But this sit-
uation is true only under certain conditions.
If the temperature at which the measure-
ments are made is varied, (slightly) different
values of resistance will be obtained. For in-
stance, the value of most carbon film resistors
changes by 0.03% °C-1. However, for most
purposes, the humble carbon resistor is re-
garded as being ‘linear”: the current through
it is directly proportional to the voltage ap-
plied across it.

Notalldevices areso well behaved and we
need not look at exotic devices to find an ex-
ample. The wire-filament light bulb is non-
linear! As the voltage applied across it is in-
creased, the filament heats up and its resis-
tanceincreases. Thebulb will passalower cur-
rent at higher voltagessee Fig. 2. A similar
effect is seen with a diode: it passes little cur-
rent as long as the applied voltage is below
700 mV (at least, in case of a silicon diode).

A device may, therefore, havedifferent val-
ues of resistance, depending on the level of
voltage applied across it. The application of
Ohm'’s law is always correct, because its an-
swer is the resistance at the instant the mea-
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surement was made, thatis, with constant cir-
cuit parameters. When the resistance of the
light bulb or diode was measured, the volt-
age was kept constant when the current was
measured. Because the resistance was mea-
sured in this way, it is referred to as static re-
sistance.

T

v—p

910154 - 11

Fig.1. V=I curve of simple resistor.

v—p
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Fig. 2. V-1 curve of electric light bulb.

A more interesting notion is that of dy-
namic resistance. If Figures 1and 2 were plot-
ted with the current rather than the voltage
along the x-axis, the resistance at any point
would be merely the gradient of the curve.
This is referred to as the dynamic resistance
becauseitis measured asaresultantof chang-
ing circuit parameters.

While thestatic resistance is the voltage di-
vided by the current, the dynamic resistance
is defined as a change in voltage divided by
the (resultant) change in current. In this def-
inition, it should also be noted at what volt-
age the dynamic resistance was measured.
Inthe case of aresistor, the dynamic resistance
is constant and equal to the static resistance.
But for the light bulb or the diode, the gradi-
ent, that is, the dynamic resistance, of their
curves is a function of the applied voltage.

If the gradient of most devices is plotted,
it will be found to be invariably positive. But
for a few devices, part of the curve has a neg-
ative gradient, and thus a negative dynamic
resistance. For instance, Fig. 3 shows the be-
haviour of a tunnel diode: at a voltage of
150 mV, the current stops increasing and de-
creases instead. The tunnel diode, in this re-
gion, hasnegativeresistance. Of course, if you
applied a voltage of, say, 200 mV (in the neg-
ative slope region) and measured the cur-
rent, it would have a sensible, positive value.
It is not the static resistance that is negative,
but the change in current is in the opposite
sense (it decreases) compared with normal
positive resistance devices when the voltage
is increased.

Buthow isnegative resistance used? Tunnel
diodes are used in oscillators, monostable and

150 mV

v—>p
910154 - 13

*+Vsupply

Vout

normal diode

910154 - 14

Fig. 3. V-I curve of tunnel diode.
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Fig. 4. Series resistor-diode network.



n-channel FET

p - channel FET
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Fig. 5. The lambda diode.

peak at | = few mA,
V=2Volts

(approx)

v—Pp

910154 - 16

Fig. 6. V-I curve of the lambda diode.
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Fig. 7. Three possible load lines for the
lambda diode: (1) monostable; (2) bistable;
(3) oscillator.

EXPLORING NEGATIVE RESISTANCE: THE LAMBDA DIODE ﬁ

bistable circuits. Which type of behaviour is
exhibited depends on how the device is bi-
ased. Biasing is merely the term for setting
up the circuit around a component so that it
operates correctly, but note that negative dy-
namic resistance devices have several cor-
rect operating modes.

Load lines

To determine how to bias a device, a simple
graphical approach may be used. Take the
example of a resistor and diode in Fig. 4.
How can we calculate at what voltage the
anode of thediode willrun? If we plot the cur-
rent-voltage behaviour of the diode, a curve
like that in Fig. 6 would be obtained. If the
diode were not in the circuit, the maximum
voltage that could be present at the diode
end of the resistor would be the supply volt-
age, V. If the diode were short-circuited, the
maximum current that would flow would
be Vs/R. These two values may be taken as
the two ends of a line on the same graph.
That line represents all the possible solu-
tions to our problem. Since the diode must
operate on its characteristic curve, too, the
point at which the two curves intersect tells
us (a) at what voltage and (b) at what cur-
rent the anode of the diode will be. These lines
are known as load lines.

So, by drawing the load lines, we may
determine what are the operating points of
any circuit. This is very simple in the case of
the diode. Regardless of where we draw the
load line of the resistor, it will intersect the
characteristic curve of the diode in only one
place. Note, however, that in the case of a
tunnel diode or other device demonstrating
negativeresistance, there are several possible
characteristics.

The lambda diode

While tunnel diodes are relatively rare, n—chan-
nel and p—channel FETs are common. By com-
bining an n—channel and a p—channel FET as
shown in Fig. 5, a negative resistance device
is formed. It is called the lambda diode, be-

cause its characteristic

Vv,

supply

Vout

Vin M nl

Voutr————_ —

curve—see Fig. 6—looks
like the Greek uppercase
lambda, A.

Figure 7 shows three
possiblebiasing schemes
for the lambda diode. In
the first, the device has
only one intersection or
operating point. Despite
any perturbations, thesim-
ple resistor and lambda
diode combination will
settle down to operate
around this point:its point
of stability.

Inthe second case, there
are two points of stabil-
ity: that is, the combina-
tion willwork as abistable.
If it is at the lower-volt-

910154 - 18

Fig. 8. Bistable circuit.

age point, momentarily
increasing the voltage (for
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instance, by a pulse fed via a capacitor—see
Fig. 8) will cause the circuit to stabilize at a
higher voltage point. By applying a pulse in
the opposite sense, the circuit will switch
back to the first operating point: itisa bistable.

In the third case, there is only one operat-
ing point again but it is situated on the neg-
ative slope region of the characteristic curve.
Here, given the right circumstances, the cir-
cuit may be made to oscillate. If a pulse is
applied to the resonant LC circuit, the circuit
will ring at a frequency given by

f=1/2nVLC,

where fisinHz, LinHand CinE

In an ordinary circuit, the resistance in
the circuitcauses the energy of the oscillations
to be lost and the circuit ceases to oscillate.
But if the resistance is countered by a nega-
tive resistance, the circuit will resonate in-
definitely.

Vv,

supply

L
T

910154 - 19

Fig. 9. Simple LC oscillator.

Figure 9 shows a suitable circuit for ex-
perimentation: Vgpply) is in all cases 12 V.
The circuit tends to be very stable: typically,
the drift is <100 p.p.m. per hour. The ampli-
tude of the oscillationsis about+2 V.Theout-
put of the oscillator in any practical applica-
tions must be buffered, otherwise the load
caused by the following circuitry represents
additional resistance. As the power of the
circuit is limited by the peak current that the
lambda can draw (typically a few mA), a
buffer stage is invariably required.

When the tuning capacitor is shunted by
avaractor diode, the circuit may be tuned elec-
tronically. Note that the circuit is simplified
by having only one tuning capacitor and asin-
gle, tap-less inductor, unlike the classical
Hartley and Colpitts oscillators. n
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PROTOTYPING BOARD FOR IBM

PCs

The insertion card described here enables you to build, quickly and
easily, extension circuits intended to stay inside an IBM PC or

prototyping card is an essential item if

you want to equip your PC with a new
feature, say, a sound generator, a voice syn-
thesizer, or a relay driver card, which is as
yet in the development phase. Although
prototyping cards for the PC are available
ready-made from PC hardware suppliers,
they are pretty expensive. As regards the
choice of the interface to which the prototyp-
ing board is connected, the extension bus of
the PC is the only viable alternative. Adequ-
ate as they are for their specific applications,
the other interfaces, the parallel printer ports
and the serial ports, are not really suitable for
prototyping purposes, if at all they are ‘free’.
The prototyping card described here is,
therefore, designed as an insertion card for
the internal bus of the PC.

The circuit

The circuit diagram of the prototyping
board, Fig. 1, is really not more than a couple
of buffer devices that serve to protect both
the PC hardware and the circuit under de-
velopment. Address decoding is not im-
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compatible.

by A. Rigby

plemented here—this function has be pro-
vided by the circuit you wish to develop. In
most cases, the address area reserved for
prototyping boards will be used. According
to the address assignment drawn up by IBM
(see Table 2), prototyping cards must be lo-
cated between 300y and 31Fy in PC XTs and
ATs.

Returning to the circuit diagram, the con-
tact fingers on the board that connect to the
PC bus extension slot are shown at the left as
rows A and B. The card is equally suitable for
8-bit and 16-bit slots.

At the top of the diagram we find the da-
tabus buffer, IC4, whose direction (DIR)
input is controlled by the buffered IORD sig-
nal supplied via buffer IC3. The logic level of
the IORD line indicates whether the PC per-
forms a read or a write operation. The enable
(G) input of the databus buffer is pulled to
+5 V by resistor R1,and may be driven by the
prototype circuit.

The address bus of the PC is buffered by
IC1 and IC2, and four buffers contained in
IC3. These three ICs are Type 74HCT541
octal non-inverting buffers with three-state
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outputs. Their outputs may be used to drive
an address decoder in the prototype circuit.
All three ICs have their enable inputs, G1
and G2, tied to ground, so that they are per-
manently enabled.

Bus signals

The pin functions of the 8-bit extension slot
connector in IBM PCs and compatibles are
given in Table 1. A number of the signals
available on this connector are of special in-
terest, and described below.

OSC (pin B30) carries the clock signal of the
I/O bus. The standard frequencies are
4.77 MHz in XTs, and 14.318 MHz in ATs.
The mark/space ratio of this clock signal is
1:1.

CLK (pin B20) carries the system clock sig-
nal, which in the standard IBM PC is one
third of the oscillator frequency, i.e.,
1.59 MHz (4.77 MHz/3). The mark/space
ratio of this signal is 1:2. It should be noted
that the OSC and CLK frequencies used in
today’s PCs are much higher than those in
the original IBM PC XT.

RESET (pin B02) serves to initialize the sys-
tem when the power is switched on, or after
a 'hang up’ or hardware reset.

IOWR (pin B13) is supplied by the bus con-
troller, usually a Type 8288, and serves to in-
dicate memory write operations.

IORD (pin B14) is also supplied by the bus
controller, and serves to indicate memory
read operations.

MEMRD (pin B12) indicates read oper-
ations by the processor or the DMA control-
ler.

MEMWR (pin B11) indicates that the data
on the databus can be written to the location
addressed by address lines A0 to A19.

The first thing to design into any circuit to be
built on the prototyping card is a decoder
that ensures proper addressing in the range
reserved for the application. Figure 2 shows
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Fig. 2. A ‘classic’ address decoder based on an 8-bit magnitude comparator IC. The base
Table 1. Pinning of 8-bit bus extensionslot. address assigned to the prototyping card is set as an 8-bit word on the switch block.
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required, the buffers associated with them
are thus made available for other uses.

The prototyping area contains no fewer
than 1316 solder pads arranged in 28 ‘col-
umns’ of 47 pads each. The pads in the left-
hand column are interconnected and form a
ground line. They are connected to pin B01,
the system ground, on the extension slot. The
right-hand column similarly forms the +5 V
rail for prototype circuits, and is connected

to extension slot pin B03.

The prototyping card provides two out-
put plugs: a 25-pin and a 9-pin sub-D type,
K2 and Ki respectively. These PCB-style
plugs allow the circuit built in the prototyp-
ing area to be connected to the outside
world. Each plug has a staggered row of
solder pads to facilitate the soldering of

Construction

The prototyping board is simple to build,
and the PCB (Fig. 3) is available ready-made
through the Readers Services. As regards
construction, all you have to do is consult the
parts list and fit the components by reference
number on to the card. Whether or not the
sub-D plugs are mounted will depend on
your application.

Now it is your turn to develop circuits
that can be built in the prototyping area of
the card. Suggestions abound: a speech syn-
thesizer, a sound generator, a signal proces-

Finally, when in doubt about the pinning
of whatever connector, slot, cable or plug in
your PC, consult the 'PC Connectors’ wall

I/0 Address Function
000+-00F+  DMA-Controller
(8237A-5)
0204-0211  Interrupt-Controller
(8259-5)
040+-043+  Timer/Counter
(8253-5)
060+-0631  System Register
(8255A-5)
080+-0831  DMA-Side Register
(74!.8670)
0A0+-0BF+  NMI-Interrupt Register
0CO#-OFF+  Reserved
1004-1FF4  Front Panel Controller
200#—20FH  For Computer Games
(Game PO") S wires.
210n—2174  Additional Unit
2201—-24F+  Reserved
2784-27F1  Second Printer small, and located between 300n and 31Fy,
2F84—2FFH  Second Serial Interface| which provides only 16 addresses.
300#-31F4  Prototype Card
3201-32F1  Hard Disk-Controller The printed circuit board
3781-37FH Ppn‘,ter Interface This consists of three sections:
(parallel) _ - asection containing the address and
380+-38F+H  SDLC-Interface data bus buffers;
3A0H-3AFH  Reserved - asection for prototyping;
3B0#-3BFH  Monochrome Adaptor - asection containing the output connec-
and printer tors.
3C0H-3CFH  Reserved
3D0x-3DFH  Colour Graphics Card The buffers are located close to the contact
3E0H—3E74  Reserved fingers on the board that plug into the PCex-  sor, etc.
v tension slot. Provision is made for a number
g::g::g';:: gleo: :'YI nCt:l:ft;gger of tracks that carry the address lines AQ to
A16 to be ‘broken’. This option is provided
Table 2. 1/O address assignment in IBM because it will seldom be necessary to use all

PCs (source: IBM).

address lines. Where some of these are not
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chart supplied with the September 1991
issue of Elektor Electronics. [ |
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UNIVERSAL RC5-CODE INFRA-RED

RECEIVER

This compact receiver is compatible with all infra-red remote
controls that transmit RC5 codes. The RC5 set comprises 2,048
possible codes, all of which can be decoded and output by the

present receiver. At the transmitter side, it is best to use a
ready-made RC5 compatible infra-red remote control, an item that is
available in many different versions as a spare part.

EMOTE control these days seems com-
monplace for domestic audio/video
equipment, and not a few electronics en-
thusiasts rightly wonder why it seems so dif-
ficult to implement on home-made projects.
The RC5 code is one of many systems de-
veloped by manufacturers of consumer elec-
tronics to standardize the control of their
audio/video equipment. Most equipment
produced with infra-red remote control uses
a subset of RC5 codes. The universal charac-

by A. Rigby

ter of the RC5 code set makes it particularly
suited to home-made equipment.

Since the transmitter must be small, easy
to operate, and its constituent parts cost
about as much as the manufactured unit, it is
best to buy one ready made.

The circuit

The RC5 recciver is a relatively simple cir-
cuit—see Fig. 1. The functions of receiving
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and decoding the infra-red signal are
handled separately by two integrated cir-
cuits. IC1 receives the infra-red signal via
diode D1, and converts it into a TTL-com-
patible pulse train. The response of IC2 to
this pulse train depends on the setting of the
jumpers on the board. Assuming that jum-
pers S and A are fitted, the reception of an
RC5 code will cause a command code to ap-
pear on lines D0-D5, and a system address
on lines AO-A4. Also, the TO (toggle) line,
pin 18, changes state. Testing this bit allows
the receiver to detect the reception of a new
code. Decoded data remains ‘frozen’ on the
output lines until TO toggles.

If jumper A is removed, IC2 sees lines
A0-A4 as inputs, on which the system ad-
dress may be set. In this mode, the decoder
will only accept command codes and feed
these to outputs DO-D5 if the received code
contains the set system address. This address
is set with the aid of wire links on the
printed-circuit board. A closed wire link rep-
resents a logic 0; an open wire link a logic 1.
When all wire links are fitted, the system ad-
dressis set to ‘TV-set’, or address 0. When no
wire link is fitted, the address is within the
range reserved for future extensions.

In both of the modes described above, the
toggle bit changes once only, when the code
is received correctly for the first time. This
means that we do not know how long a key
has been pressed on the transmitter. How-
ever, when jumper R (repeat) is fitted instead
of jumper S (single), and jumper A is not
fitted, bistable IC3b will change the toggle bit
at a rate of 0.5 s while a transmitter key is
pressed.

IC3b is wired as a monostable multivibra-
tor (MMYV), and clocked repeatedly by the
RECVD output of IC2. Unlike the TO output,
the RECVD output supplies a pulse train
while a transmitter key is pressed. When the
clock pulse is received at pin 3, the Q output
of IC3b goes high. This in turn clocks IC3a
which divides by two and serves as the
toggle bistable. If more pulses follow after
the first clock pulse, nothing changes during
the first 0.5 s. After that, IC3b is reset because
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Fig. 1.

C1s is discharged via Reé. Consequently, the
Qoutput goes high again, and C15is charged
rapidly via D4 and R5, which ends the reset
state. At the next RECVD pulse, the Q output
of IC3b changes to high again and clocks
IC3a, which toggles. In this way, the toggle
bit changes state every 0.5 s, as long as the re-
ceiver receives the code.

The above is possible only when the sub
address is set via solder links AO—A4, which
will be the most frequently used option.
When it is desired to read the address also
(jumper A fitted), the ‘repeat’ option may
still be implemented if a small modification
is made to the board: connect pin 3 of IC3 di-
rect to the cathode of D3 (do not insert pin 3
of IC3 into the PCB hole while fitting the IC,
and connect it to D3 via a short piece of wire).

The system address and the command
code are fed to external equipment via con-
nector K1. When the fixed system address
option is used, a 14-way connector may be
used for Ki. If the system address is not

fixed, the address lines must be brought out
also, so that a 20-way connector is required.
The receiver is powered via connector Ki.
The circuit draws about 5 mA in the stand-
by state. This current increases a little when
an RC5 code is received, since LED D3 then
lights. Inductors L2 and L3 are wound on a
single core, and serve to suppress inter-
ference on the power supply rails. A clean
supply voltage is necessary because the re-
ceiver operates with very low signal levels at
its input. Hence, the cleaner the supply, the
greater the maximum distance that can be
covered by the remote control system.

Construction

Figure 2 shows the printed-circuit designed
for the RC5 receiver. The board holds a com-
bination of SMA (surface-mount assembly)
and traditional components. SMA compo-
nents are used here for two reasons: first, to
keep the size of the receiver as small as
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A sensitive RC5 code infra-red receiver built from a minimum number of components.

possible; and second, to ensure the shortest
possible signal routes in the circuit, which
helps to give the remote control the largest
possible range. The PCB design shows
clearly that IC1 is tailored to work with SMA
components—nearly all components associ-
ated with this IC are conveniently fitted be-
tween its two pin rows.

Start the construction by placing, alig-
ning and soldering all SMA parts. Always
pre-tin one pad, solder the SMA part to it,
and then solder the other side. It is best to use
solder tin of a diameter of 0.8 mm (0.3 in)
and a solder iron with a fine tip. The remain-
der of the components are fitted in the usual
manner, starting with the low-profile parts.

Inductors L2 and L3 are home made as il-
lustrated in Fig. 3: put two windings of
10 turns of 0.5-mm diameter (SWGI1S;
AWGI19) enamelled copper wire on to the
ring core. Both inductors are wound in the
same direction.

To isolate it completely from external

ELEKTOR ELECTRONICS USA JANUARY 1992
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Resistors:
(all SMA except R3 and R7)
2 56kQ R1;R2
1 4-way 10kQ SIL
(normal size) R3
2 68kQ R4;R9
1 1kQ R5
1 330k R6
1 8-way 10k SIL
(normal size) R7
1 100Q R8
1 1MQ R10
1 220Q R11
1 5kQ6 R12
1 33kQ R13
Capacitors:
(all SMA, except electrolyfic caps)
3 10nF C1;C2,.C7
1 47nF Cc3
1 22nF c4
1 6nF8 C5
3 100nF C8;,C13,C14
1 2nF2 c8
1 100uF 6V tantalum (0f]
1 1uF 6V tantalum C10
2 27pF C11;,C12
1 1uF 16V axial C15
Inductors:
1 choke 8mH2 L1

1-cm dia. ferrite ring core

Fig. 2.

This single-sided printed circuit board has components at both sides—the SMA
parts go to track side of the board.

A open:
A closed:
S closed; R open:

S open; R closed:

Table 1. Jumper settings

single-system mode; a single address is hardwired to
terminals A0-A4.

combined-system mode; received system address is
supplied via terminals A0-A4.

single mode; toggle output changes state on receipt
of a new code only;

repeat mode; toggle output changes state every 0.5 s
as long as a code is received.

e.g., T37-6 (see text) L2:L3
0.5-mm dia (18SWG; 19AWG)
enamelled copper wire
Semiconductors:

1 BPW41 D1

2 BAS32(SMA) D204

1 LED 03

2 BC547B T1;T2

1 TDA3048 11

1 SAA3049 1c2

1 74HCT74 IC3
Miscellaneous

3 2-way pin header and jumper A;S;R
1 14-way or 20-way box header K1

1 4-MHz quartz crystal X1

1 Printed circuit board 910137

(stray) radiation, the receiver may be en-
closed in a box made of thin sheet metal. The
metal is fixed to solder pins at the corners of
the board. This construction provides a
ground connection where the IR diode is
fitted,

The transmitter

Although this article is not concerned with
the building of an IR transmitter, it is, none
the less, useful to understand its operation.
In most cases, the system address sent by the
transmitter will have to be changed. A logi-
cal choice for the system address is one of the
addresses reserved for experimental pur-
poses: 7 or 19.

Most infra-red remote control transmit-

ELEKTOR ELECTRONICS USA JANUARY 1992

ters are downright simple circuits, as illus-
trated in Fig. 4. One IC does all the work, and
this is usually one of three SAA or SAF types
that are pin-compatible with very small dif-
ferences.

Here, only pin 2 (SSM) and the two key-
board matrices are of interest. The X/DR-
matrix contains the push-buttons that serve
to transmit certain command codes. The
number with a push-button indicates the
corresponding code.

The Z/DR matrix serves to indicate the
system address to be transmitted along with
the command code. The numbers adjacent to
the keys are the corresponding system ad-
dresses. The logic level applied to pin 2 of the
IR transmitter IC determines whether the
Z/DR-matrix actually consists of keys, or is

WorldRadioHistory
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Fig. 3. Construction details of inductors
L2 and L3.
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The RC5 code set developed by Philips
allows 2,048 commands to be trans-
mitted, divided into 32 addressable
groups of 64 commands each. In this
system, each piece of equipment is as-
signed its own address, so that, for
example, a volume setting command is
not processed by a TV set and a pream-
plifier at the same time. The RC5 code
set is extended and updated as new
equipment is introduced, for instance,
the new DCC (digital compact cassette)
recorder.

The transmitted code consists of a 14-bit

dataword of the following structure:

- 2 run-in bits to adjust the AGC (auto-
matic gain control) level ir: the receiver
IC;

-1 check bit that indicates a new data
transfer (order: MSB first);

- 6 bits that indicate the command (MSB
first).

This structure is illustrated in Fig. A. To
prevent interference from other infra-red
sources (e.g., incandescent lamps), the
code is transmitted in biphase format. In
this system, a logic 1 is transmitted as a

14 bit times

24889 ms ’| \\\\\

¢ 54 bit times = 113778 ms Te~a

1 ¢1 6161 g1 0

L e

1 1 ¢ 1

R2x4a ‘p = 888.88 ps (i.e. 36 kHz)

o1 o1
possible supply
voltage drop

910137 .15

half bit time without signal, followed by
a half bit time with signal. A logic 0 has
exactly the opposite structure: a half bit
time with signal followed by a half bit
time without signal. Figure B shows the
structure. Each half bit consists of
32 shorter pulses.

Each transmitted bit has a length of
1.778 ms—this time is derived from a
36-kHz oscillator. The frequency is
chosen to prevent interference with,
among other sources, wireless head-
phones and horizontal deflection cir-
cuits in TVs.

A complete dataword has a length of
24.889 ms, and is always transmitted
complete, even if the relevant key is
released within this period. If the key is
held pressed, the associated dataword
is repeated in intervals of 64 bit times
(i.e., 113.778 ms).

The tables provide the most essential
information to enable hame-made equip-
ment to be controlled via an existing
RC5-compatible remote control. The twa
addresses reserved for experimental ap-
plications are of particular interest. In alli
cases, the IR transmitter must be set to
the address assigned to the equipment
to be controlled.

RC5 code address/command overview
System

address Equipment

0 TV set

2 Teletext

5 video recorder
7 experimental
16 preamplifier
17 receiver/tuner
18 tape/cassette recorder
19 experimentat
Command

code Function

0-9 0-9

12 stand-by

13 mute

14 presets

16 volume +

17 volume -

18 brightness +
19 brightness

20 ¢. saturation +
21 c. saturation
22 bass +

23 bass

24 treble +

25 treble

26 balance right
27 balance left
48 pause

50 fast reverse
52 fast forward
53 play

54 stop

55 record

WorldRadioHistory
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Fig. 4.
transmitter.

Typical keyboard/IC configuration in an RC5-compatible infra-red remote control

RTP 31 RTP 38

RTP 39

RTP 58
910137 - 13

Fig. 5.

Fig. 6.
the board.

Close-up of the connector side of
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A selection of particularly suitable Policom infra-red remote control boxes.

formed by a single wire link. This option in-
dicates whether the remote control is used in
single system mode or in combined system
mode.

When pin 2 is low, the transmitter oper-
ates in combined system mode, which
means that the keys in the Z-matrix may be
used to indicate the system address to be
sent before the commands. This address is
latched internally, so that the system key
need not be kept pressed all the time. If a
new system address is selected with the aid
of a key in the Z-matrix, the transmitter will
send this address together with command 63
(1111113; system select). On receipt of this
command, the selected (addressed) system
‘wakes up’.

The operation of the transmitter IC in

WorldRadioHistory

Fig. 7. Setting a new system address in a
remote control transmitter.

single-system mode (SSM) is practically the
same as described above. In this mode, the Z-
matrix consists of one fixed connection be-
tween a DR line and a Z line. Hence, the
system address transmitted by the remote
control box can be changed by removing this
connection, and fitting another. This connec-
tion effectively forms a pressed key in the Z-
matrix. Incidentally, there are also remote
control boxes in which the IC is permanently
wired to SSM mode, and still capable of ad-
dressing two different systems (e.g., a TV set
and a video recorder) with the aid of a switch
(or a set of electronic switches).

Infra-red remote control transmitters
using the RC5 code are available in various
versions from a number of manufacturers
and distributors of radio/TV spare parts.
Figure 5 shows a number of types from the
range produced by Poiicom. The choice be-
tween these types depends on the applica-
tion you have in mind. In most cases, it is
desirable that the functions available on the
box correspond, or correspond largely, to
those required for your particular applica-
tion. All Policom transmitters have the ad-
vantage of being modified easily. For
instance, you may want to design your own
front panel lettering and key symbols, and
stick this over the existing template on the
flat controls panel.

In all cases, the box must be opened to
change the system address. This is done by
removing the screw in the battery compart-
ment. The two halves of the case can them be
separated by shifting them lengthwise.
While doing this, keep the push-buttons
down to prevent them dropping from the
front panel. To change the system address,
remove the connection between one of the Z
lines and one of the DR lines. Note that this
connection may not always be visible be-
cause of a double-sided printed circuit
board. The connection may be broken by
desoldering the pin of the relevant Z connec-
tion from the board. Next, the new addressis
set by fitting a wire. Figure 7 shows how the
modification was carried out on the trans-
mitter used for developing the receiver. ®



MAGNETIC FIELD

I need to be able to sense if there is a
magnetic field around a conducting ele-
ment, most particularly, an insulated
water pipe. I wish to use a Hall-effect
sensor, but do not know who manufac-
tures such devices, where to buy them,
and, above all, what the component
designations are. Could you help me with
the appropriate data?

Perhaps in some future issue, you
might care to give us a circuit for a
Gaussmeter. I would enjoy building such
an instrument and adding it to my elec-
tronic equipment.

Harold Willis Milnes
Lubbock, TX 79410

A WATCHDOG ERROR

In my article ''A Simple Watchdog Cir-
cuit"’ (November 1991, p. 45), a mistake
crept into the circuit diagram. Pin 1 of
gate IC;, is shown connected to the sup-
ply voltage. This is not correct, because
the output of the circuit would remain
high forever. The simple remedy is, of
course, to disconnect pin 1 from the +5V
supply line.

Akbar Afsoos
Isfahan, Iran

WISH LIST

I have to compliment you for the fine job
you people have done. I like the sequen-
tial arrangement of the articles with no
advertisements between the pages to
disrupt my reading. The front cover is
nice and eye catching.

I would like to see more articles about
test instruments on PC cards. The major
advantage is one can store information
on the hard disk for later reference. I
would like to see projects like the
O'scope card, component tester card, etc.
They should be able to operate simulta-
neously. Last but not least, they must be
economic to build. A cost summary
should be provided along with the article.

I would also like to see an article about
building a simple scope using a Sony
Watchman.

Thank you for your time and
consideration.

Pichit Sakul Tanapanich
San Francisco, CA 94116

SOPHISTICATION PREFERRED

We almost didn’t renew our subscription
until we saw the article on the logic
analyzer. Please have more articles on
sophisticated test equipment. Stay away
from rudimentary stuff.

R. Beveridge
Costa Mesa, CA 92627

OUR APOLOGIES

In the November 1991 issue, the word
"'biro’’ was used a general term for a ball-
pen. We have been advised that this is an
infringement of a registered trademark:
the name ''Biro'’ should be used only for
pens made under that mark by Biro Bic
Limited. We apologize for this oversight.

ELECTRONICS MAIL ORDER

I am a subscriber to EE USA, and would
like to offer the following service to
readers in the US. I operate a mail order
electronics business, and carry the elec-
tronic components listed below. They are
hard-to-find components for the audio
amplifier construction project {""Medium
Power AF Amplifier'' by T. Giffard: Part
1, p. 54; Part 2, p. 44} that appeared in
October and November 1990.

SSM2210—dual matched NPN transistor

SSM2220—dual matched PNP transistor
Write to Douglas Wirth, Innovative
Power Products Inc., PO Box 302, Mid-
dlesex, NJ 08846.

FUTURE ARTICLES

I would like to see the following articles
in Elektor Electronics USA:

1. Plans on assembly of a small home/
office personal phone system (using pres-
ent phones; 8-20 lines; and conference,
transfer, ringing, and other features). Also
I wish to know how to connect a cordless
phone to the system above to call. Each
phone should have a separate number.

2. FM stereo radio transmitters with
inputs for R/L at both transmitter and
receiver (plans).

3. Antenna wireless remote switch to
allow several antennas to be used.

N. Edin
APO, AP 96546
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8032/8052 SB FIX

Regarding the ''8032/8052 Single-Board
Computer'’ (May 1991, p. 17), here is a
tip that may interest many readers.

The EPROM, a 27(C)256, which is a
32K by 8-bit device, is mapped in this
particular circuit, dependent on the set-
ting of jumper "'A," both at 0000H for
16K and 8000H for the other 16K of the
memory. If the ROM is programmed or
burned with a program or even the
BASIC interpreter, the 8052 will only ad-
dress and program the EPROM from ad-
dress 8000H. This puts the program in
EPROM right in the middle of the
EPROM's address space, or at EPROM
address 4000H.

If it is required to dump the interpreter
and program the EPROM, that should be
done at its address 0000H so that the
MPU can find the interpreter. In other
words, if the lower address space in the
EPROM is to be used, the EPROM's
ability to be programmed on the system
board at 8000H must be enabled, so that
the programming will be written to the
memory’s address location 0000H, not
4000H.

Also, I note that the basic program
listing in its byline states: '’. . .type in
this listing if you want to unload the
BASIC interpreter from the 8052AH-
BASIC CPU..."". The program disallows
any address below 512 decimal. The in-
terpreter and start-up code is located at
address 0000H. The 8052 will not allow
an EPROM address below 8000H, at least
for EPROM programming (burning)
purposes.

Name and address withheld at the writer’s
request.

NEW MEASUREMENT FORMULA

In 'Measurement Techniques—Part 7:
High Frequency Measurements (October
1991, p. 32), the formula for calculating
C (on p. 33, first column) is given as:

C = 25,400/Ff [pF]
This should, of course, have read:

C = 25,400/Lf [pF]

CLOCK ERROR

In ''Build the Opticalock—Part I"'
(September 1991, p. 42), Diode Dy is
drawn with the wrong polarity in the cir-
cuit diagram (Fig. 3, p. 44) and on the
PCB component side (Fig. 4, p. 45).
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THE ILLUSTRATED DICTIONARY
OF ELECTRONICS, 5th ed.

By Rufus P, Turner and Stan Gibilisco
ISBN 0-8306-334-56

Price*

The Illustrated Dictionary of Electronics is an
alphanumeric list of words and terms used
in electronics, including audio and hi-fi en-
gineering, computing, communications, elec-
trical engineering, radio and television, and
allied disciplines. It is lavishly illustrated: this
edition contains some 500 detailed drawings
and diagrams. Total entries exceed 27,000.

This fifth edition has been brought up to
date by the addition of hundreds of new def-
initions and updates of existing entries. Also,
illustrations and tables have been updated,
and new ones added.

Three very useful appendices offer detailed
information on schematic symbols, data used
in chemistry, mathematics, and physics, and
abbreviations used in electronic engineering.

Students, teachers, technicians, engineers,
and hobbyists will find this new edition of
an indispensable reference work invaluable
as a source of authoritative descriptions.
*Available as BKT9 ($26.95 plus $2 S/H] from
Old Colony Sound Lab (see their advertisements
on pp. 4, 5 in this issue for address).

== e
ELECTRONIC PACKAGING AND
INTERCONNECTION HANDBOOK
Edited by Charles A, Harper

ISBN 0-07-0266-840

Price $79.50

With today's high-density, high-performance
systems, packaging is now the crucial lim-
iting factor to product success.

Because of the interdisciplinary nature of
packaging, engineers specializing in mate-
rials science, electronics, or mechanical de-
sign are now asked to have a basic under-
standing of all three of these areas. Meeting
this growing need, this comprehensive hand-
book provides a solid understanding of every
aspect of today's packaging technologies.

Written by a score of experts in the field,
it provides vital information on: materials—
how to select the right plastics, ceramics and
metals; thermal management—how to mini-
mize heat in increasingly dense electronic
assemblies; rigid and flexible printed wiring
boards—design, manufacture and application
of all types of PWB; packaging and intercon-
necting ICs and semiconductors—complete
guidelines, including electrical, mechanical,
thermal and material parameters.

TAB Books
Blue Ridge Summit, PA 17294-0850
(800) 822-8138
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NEW BOOKS

SOLID STATE PHYSICS

by Harald Ibach and Hans Luth

ISBN 3-540-52193-3

Price $34.70

This work, subtitled An Introduction to Theo-
ry and Experiment, is intended as an intro-
ductory textbook, for undergraduate phys-
ics courses.

At the same time, the authors wanted it
to convey an understanding of the exciting
topics in modern research. Consequently,
experimental and theoretical aspects of solid-
state physics are treated with equal emphasis
and, in addition to the traditional fundamen-
tals, particular attention is devoted to the
subjects of superconductivity, magnetism,
and semiconductor physics.

A novel feature of the book is the concise
treatment of modern experimental tech-
niques in a series of self-contained panels.
The carefully selected exercises relating to
each chapter enhance the value of the book
for both student and teacher.
Springer-Verlag New York Inc.

175 Fifth Ave.
New York, NY 10010
(800) 777-4643

e ———————————————=
ELECTRONIC PROJECTS

FOR HOME SECURITY

By Owen Bishop

ISBN 1-870775-12-0

Price L 6.95

Suitable for beginners, the book deals with
many aspects of home security (intruder, fire
and flood protection) with an emphasis on
how to make the best use of electronic de-
vices that you can build yourself.

There are 25 construction projects, rang-
ing in complexity from a single-door protec-
tion circuit than can be built in an hour or
two, to a sophisticated multi-channel secur-
ity system that most intruders will find dif-
ficult to beat.

Much use is made of the latest in technol-
ogy to combine simplicity of construction
with reliability of operation. Each project is
described in detail, with circuit diagrams,
full explanations as to how it works, com-

WorldRadioHistory

plete instructions for building and testing,
and often includes suggestions for adapting
it to special requirements.

The projects can readily be undertaken by
a beginner. Even the multi-channel system
starts at a simple level and is expandable
later as the constructor’s experience grows.
Since all the projects are powered by battery
or from an inexpensive ready-made TL adap-
tor, they are entirely safe.
PC Publishing
4 Brook St.
Tonbridge TN9 2P] UK

== ——— ——— |
ELECTRONIC SIGNALS

AND SYSTEMS

By Stan Prentiss

ISBN 0-8306-8557X

Price $29.95

Interpreting modern electronic signals is con-
siderably more thorough and expansive than
simply illustrating waveforms from selective
sources and describing them. This book takes
you back to their origins, the equipment, de-
tailed theories of operation, as well as the in-
formation they produce. Consequently, the
results are understandable, but you will also
gain considerable insight into commercial
and consumer electronics not normally con-
tained in a single volume.

The book also covers test equipment, in-
cluding spectrum analyzers, digital storage
oscilloscopes and high-end multimeters;
transmission media, including fiber optics,
and a study of today's major television anten-
nas; satellite earth terminals, monophonic
and stereophonic audio; and multiple and sat-
ellite master antenna systems.

TAB Books
Blue Ridge Summit, PA 17294-0850
(800) 822-8138

Mail Call

When writing to AAP, please indicate on the
outside of your envelope the appropriate de-
partment to which the letter should be di-
rected—circulation, advertising, editorial,
graphics, Old Colony. Or if it should go to a
specific person—the publisher or one of the con-
tributing editors. Or indicate if it is an article
submission, a letter, an order . . . something to
help us determine who should receive the let-
ter. Also, please indicate the appropriate mag-
azine on the envelope—Speaker Builder, Audio
Amateur, Glass Audio, or Elektor Electronics USA.

Please also include an SASE if you expect a
reply or two international postal reply coupons
(available at your post office) if your correspon-
dence must be sent overseas. Your cooperation
will help ensure that your order is processed
quickly, your manuscript is reviewed in a
timely fashion, your letter is forwarded to the
appropriate person, and so forth. We thank you.




TELL OUR ADVERTISERS YOU SAW THEIR AD IN ELEKTOR.

REMOTE-CONSOLE

Remote control software with fast file transfer. Both features in one
easy to use package. Lets you run programs on a second PC from
wherever - home, another office, even Acapulco. Fast, compact,
simple to install, easy to operate, with all the right features:

« Complete remote control.
« High-speed file transfer.

- Password protection.

= Only 22K bytes overhead.

New version needs less memory to run more applications.
Complete system only $99. VISA/MC Accepted. Shipping $7 USA

P. O. Box 888. Oceano, CA 93445
(805) 481-5687

MAKE CIRCUIT BOARDS THE NEW, EASY WAY

WITH TEC-200 FILM

JUST 3 EASY STEPS:
e Copy circuit on TEC-200 film using any ¢ Iron film on to copper clad board
plain paper copier or laser printer * Peel off film and etch

SATISFACTION GUARANTEED
convenient 8% x 11 size
5-Sheets for $3.95 10-Sheets only $5.95
add $1.50 postage NY res. add sales tax

The MEADOWLAKE Core.
Dept K, P.O. Box 497, Northport, NY 11768

Project Pro

Call For FREE Catalog
Call (800) 800-3321 or (216) 425-8888

Project Pro brings a complete line of electronic
enclosures, hardware, and tools to both the
professional project engineer and the hobbiest.
Everything you need to bring ANY project
Jrom development to finished product.

—
Z

N

Electronic Enclosures Custom Services Fasteners

* Aluminum * Fabricating *Nickel Plated
* Steel * Screening *Black Zinc
* Plastic (ABS) & 72 hour-
turnaround
1710 Enterprise Pky. Twinsburg, Ohio 44087
—

THE LATEST ISSUE OF

IS NOT
FAR OFF!

IT CAN BE FOUND
AT THESE LOCATIONS:

Tapco Engineering
1639 47th St NE

ELECTRONICS;

Tri-Tek  HSC Electronic Supply
9014 N 23rd Ave 11 4837 Amber Lane

Phoenix, AZ Sacramento, CA Cedar Rapids, 1A
Gateway Electronics  HSC Electronic Supply RJM Electronics
9222 Chesapeake Dr 3500 Ryder St 4204 Overland Rd
San Diego, CA Santa Clara, CA Boise, ID

Gateway Electronics

Henry Radio
8123 Page Blvd

2050 S Bundy Dr

Gateway Electronics
2525 N Federal Blvd

Los Angeles, CA Denver, CO St Louis, MO
Powell’'s Technical Books

33 NW Park

. Portland, OR

RIR W15 Cody Books Ltd.

,5.&\ 1122 Fir Ave

AC e Blaine, WA

RP Electronic Co
2113 W 4th Ave
\ Vancouver, BC

.)& - use the handy
I subscription card
enclosed.

' ( ‘,/; ‘. CANADA
{7

2" -//f‘y\ 2 1fyou prefer

o ! {\ ) L\ home delivery
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ELEKTOR
BINDERS

Keep your valuable copies in perfect
condition in these Elektor Binders.
Each binder holds 11 issues with wires
so you don’t have to punch holes
in your magazines.

High quality, book binder cloth
construction. The logo is stamped in gold
on a dark green background.

each $12
three or more, $10 each

Shipping: Postpaid in US.

Canada and Caribbean, please add $4 for one, $2
for each additional binder.

Overseas, please add $4 per binder.
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TRADE

GET YOUR “FCC COMMERCIAL GENERAL RADIO-
TELEPHONE LICENSE.” Electronics home study. Fast,
inexpensive! Free Detailst COMMAND PRODUCTIONS,
D-266, Box 2824, San Francisco, CA 94126-2824. T1/92

RADIO—TV RECEIVING, TRANSMITTING, C.R.T.
TUBES, SAM'S FOTOFACTS AND MORE. P.E.M.
TUBES, 8005 Florin Road, #10, Sacramento, CA 95828,
(916) 383-9107. T3/92

THE ATLANTA AUDIO SOCIETY is dedicated to fur-
nish pleasure and education for people with a common
interest in fine music and audio equipment. Monthly
meetings often feature guest speakers from the audio
manufacturing and recording industry. Members receive
a monthly newsletter. Call: Chuck Bruce, (404) 876-5659,
or Denny Meeker, (404) 872-0428, or write: PO Box 361,
Marietta, GA 30061.

AUDIOPHILES IN THE DAYTON/SPRINGFIELD,
OHIO AREA: We are forming an audio club. Please con-
tact me if you're interested in construction, modifications,
testing, recording or just plain listening to music. Ken
Beers, 1756 Hilt Rd., Yellow Springs, OH 45387, (513)
767-1457.

AUDIO SOCIETY OF MINNESOTA. Audiophiles, music
lovers, scratch builders, record collectors, tube freaks,
digital freaks—we've got ‘em all! Monthly meeting, tours,
audiophile concerts, special guests, etc. Now in our 13th
consecutive year! Write ASM, PO Box 32293, Fridley, MN
55432.

PIEDMONT AUDIO SOCIETY Audio club in the Raleigh-
Durham-Chapel Hill area is meeting monthly to listen to
music, demonstrate owner-built and modified equipment,
and exchange views and ideas on electronics and
speaker construction. Tube and solid state electronics
are of interest and all levels of experience are welcome.
Kevin Carter, 1004 Olive Chapel Rd., Apex, NC 27502,
(919) 387-0911.

SOUTHEASTERN MICHIGAN WOOFER AND
TWEETER MARCHING SOCIETY (SMWTMS). Detroit
area audio construction club. Meetings every two months
featuring serious lectures, design analyses, digital audio,
A B listening tests, equipment clinics, recording stu-
dio visits, and audio fun. The club journal is LC, The
SMWTMS Network. Corresponding member's subscrip-
tion available. Call (313) 477- 6502 (days) or write David
Carlstrom, SMWTMS, PO Box 721464, Berkley, MI
48072-0464.

enthusiasts dedicated to the pursuit of music and audio-
phile arts in the Rocky Mountain region. We offer a com-
prehensive annual journal, five bi-monthly newsletters,
plus participation in meetings and lectures. For more in-
formation, send SASE to: CAS, 4506 Osceola St.,
Denver, CO 80212, or call Art Tedeschi, (303) 477-5223.

ELECTROSTATIC LOUDSPEAKER USERS GROUP is
now a world-wide network for those interested in shar-
ing valuable theory, design, construction, and parts
source information. If you are interested in building, or
have built, your own SOTA ESL we invite you to join our
loose-knit organization. For information, send an SASE
to: Barry Waldron, 1847 Country Ciub Dr., Placerville, CA
95667.

THE HI-FI CLUB of Cape Town in South Africa sends
a monthly-newsletter to its members and world-wide
subscribers. To receive an evaluation copy of our cur-
rent newsletter, write to: PO Box 18262, Wynberg 7824,
South Africa. We'll be very pleased to hear from you.

LONDON LIVE D.1.Y. HI-FI CIRCLE meets quarterly in
London, England. Our overall agenda is a broad one,
having anything to do with any aspect of audio design
and construction. We welcome everyone, from novice to
expert. For information contact Dick Bowman, 081 520
6334.

MEMPHIS AREA AUDIO SOCIETY being formed. Ser-
ious audiophiles contact J.J. McBride, 8182 Wind Valley
Cove, Memphis, TN 38125, (901) 756-6831.

NEW JERSEY AUDIO SOCIETY meets monthly. Em-
phasis is on construction and modification of electronics
and speakers. Dues includes monthly newsletter with
high-end news, construction articles, analysis of commer-
cial circuits, etc. Meetings are devoted to listening to
records and CDs, comparing and A-B-ing equipment.
New members welcome. Contact Bill Donnally, (201)
334-9412, RD2, Box 69D, Miller Dr., Boonton, NJ 07005;
or contact Bob Young, (201) 381-6269.

PACIFICNORTHWEST AUDIO SOCIETY (PAS) con-
sists of 60 audio enthusiasts meeting monthly, second
Wednesdays, 7:30 to 9:30 p.m. at 4545 Island Crest Way,
Mercer Island, Washington. Be our guest, write Box 435,
Mercer Island, WA 98040 or call Bob McDonald, (206)
232-8130.
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Tone and Code Finder

R Pricing
Tone Only $189.95
Tone & Digital. = $299.95
Tone w/Memory . $239.95
Tone & Digital
{ g w/Memory  $339.95
. -oes

The Tone/Code Finder is composed of a high speed display
umit mounted to a scanning receiver. lis purpose is 10 in-
stantly find and display ail CTCSS and DIGITAL codes, in-
cluding split channel and inverted codes

On board memory retains all hit and time information which
1S then transferred to a printer via a RS 232 port upon com-
mand. Time is stored in seconds and hits in units. In the
event of power loss, the FINDER will maintain memory for
up to three weeks.

Signal processing is accomplished by an eight pole filter
configured as a low pass with a cutoft of 234 Hz. The
supenor filter characteristics eliminates chopping and false
reading

Measurements pivision
AUTOMATED INDUSTRIAL ELECTRONICS CORP.

@ 141 GRANITE ST. P O BOX 70 @

(803)532.9256  FAX(803)532-9258

We Enjoy Hearing From You.

Elektor Electronics USA is a place for
readers to meet and discuss ideas,
projects, and challenges. When you
write, please include a self-addressed
envelope with stamp attached with a
clip if you expect a reply. If the author
lives outside of the US, please include
two International Postal Reply cou-
pons (available at your post office)
instead of stamps on your envelope.
Because of space limitations, we do re-
serve the right to edit all letters. Al-
though we read and note all letters,
only those of general interest are se-
lected for publication. When respond-
ing to an article, please cite the name
of the magazine, article, letter, depart-
ment, and the page number. Address
all correspondence to the Letters
Department, Elektor Electronics, Box
576, Peterborough, NH 03458.

Learn about

Parallel Processing

The Transputer Education Kit
$396

Ready-to-use PC add-in board
20-MHz 32-bit T400 transputer
1 Mbyte of no-wait-state memory
C and Occam2 complilers
1500 pages of documentation
Board schematics
Example and demonstration programs
External interfacing experiments

Computer System Architects
950 North Univeristy Avenue « Provo, Utah 84604
(801)374-2300 + 1-800-753-4CSA

BATESBURG. S.C. 29006
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READERS SERVICES

All orders, except for subscriptions, should be
sent to Old Colony Sound Lab: by mail to PO
Box 243, Peterborough NH 03458-0243; Visa/
MasterCard charge orders by FAX to (603)
924-9467 (24 hours) or by voice 8-4 weekdays
to (603) 924-6526 or 6371. Please use the form
opposite for all orders. All prices are postpaid
1o customers in the fifty states except for books.
Please add $2.00 for the first book and 75¢
for each additional book ordered. Cana-
dians, please add $4.50 US for the first
book, and 75¢ for each additional one. Out-
side North America, please add 20%. Cana-
dians may expect Canadian duty charges on
shipments of any items except books and
subscriptions.

SUBSCRIPTIONS

Subscriptions can be provided anywhere in the
United States and its territories as well as
Canada by sending mail subscriptions to Elektor
Electronics USA, PO Box 876, Peterborough NH
03458-0876. Visa/MasterCard orders may be
telephoned directly to (603) 924-9464 between
8 and 4 on business days and to our machine
recorders at other hours and on weekends.
Orders may be FAXed at any time to (603)
924-9467. US subscription rates: $28 for one
year (11 issues); $50 for 2 years. Canadian rate:
$38.80 for one year. Student rate to full-time,
registered students, $15 per year (photocopy of
student ID required).

PAST ISSUES

Back issues of the British Efektor from July/
August 1987 onward are available from World-
wide Subscription Service Ltd., Unit 4, Gibbs
Reed Farm, Pashley Road, Ticehurst TNS 7HE,
England, United Kingdom. Single copies are
$4.50 surface mail, $7.50 airmail. Back issues
of Elektor Electronics USA from October 1990 on-
ward (except 2/91) are available from Old Col-
ony for $4 postpaid, $6 for July/August or De-
cember double issues.

PAST ARTICLES

Photocopies of articles from the British Efektor
from January 1979 onward are available from Old
Colony Sound Lab for $5 each (multi-part articles:
$5 per part); $6 in Canada. Indexes are available.
Send a stamped (50¢), self-addressed business-
size envelope to Old Colony, at the address
above, for EACH YEAR desired. A complete set
of indexes for 1979-90 is available for $7.50
postpaid. Also available postpaid:

Digital model train (13 parts)........ $15.00

Although we are always prepared to assist
readers in solving difficulties they may ex-
perience with projects that have appeared in
Elektor Electronics USA, we regret that these
cannot, under any circumstances, be dealt with
by telephone or FAX.

COMPONENTS

Components for projects appearing in Efektor
Electronics USA are usually available from ap-
propriate advertisers in this magazine. If you
have difficulty finding parts, please send a self-
addressed postcard listing the parts you desire
and we will attempt to locate a source. If dif-
ficulties in the supply of components are en-
visaged, a source will normally be advised in the
article.

BOOKS

The following Efektor books are currently avail-
able from Old Colony Sound:

301 Circuits .. ................ .$12.50

302 Circuits .. ......... ...$12.50

303 Circuits . ................. ...$15.95

304 Circuits .. ... ............... $19.95

Data Sheet Book 2 . ............. .$16.50

Databook 3 ...................... $17.95

Databook 4 .. .............. ..$17.95

Microprocessor Data Book .. ........ $17.90

Blue heavy-duty Elektor vinyl shelf box

(holds 6 issues) .................... $6.00

PROJECT No. Price Issue

$

Video mixer 87304-F 33.00 1-4/90

The complete 890169-F 15.00 391
preamplifier

All solid-state 890170-F1  33.50 12/89
preamplifier 890170-F2 18.50 1/80

LF/HF signal 890183-F 1850 12/89
tracer

Q meter 900031-F  23.00 4/90

Budget sweep/  900040-F 20.00 5/90
function generator

High current 900078-F 28.00 2/91
heg tester

400W lab 900082-F 35.00 10-11/90

power supply

OLD COLONY SOUND LAB

PO BOX 243
PETERBOROUGH, NN 03458

ORDER FORM

TELEPHONE CHARGE ORDERS
(603) 924-6371, 924-6526
Answering machine before 9 a.m.,
FAX: (803) 924-9487, 24 hours

CUSTOMER ADDRESS

SHIPPING ADDRESS IF DIFFERENT

NAME NAME
STREET & NO. COMPANY
CITY STATE ZIP STREET & NO.
MAGIG NUMBER (FROM SUBSCRIPTION LABEL) cITy STATE 2IP
PAYMENT METHOD FOR CHARGE CARD ORDERS UNDER $10, PLEASE ADD $2.
O CHECK 0 MONEY ORDER O MASTERCARD J VISA
CARD NUMBER EXPIRES, /
AUTHORIZED SIGNATURE, DAYTIME PHONE
Qty. Part Number and Description Price Total
CALL OR WRITE FOR YOUR FREE OLD COLONY CATALOG!
Please supply the following: For PCBs, front panel foils, EPROMSs, and cas- SUBTOTAL
settes, state the part number and description; for books, state the full title; for SHIPPING
photocopies of articles, state full name of the article and month and year of TOTAL
publication. Please use block capitals.
Universel batery SO0134F 1100 191 | Sieppor mororbora 6011 1400 691 NESTEDCIRCUS SOARCS
niversal battery - d epper motor boars d
charger (1) (1 x 16L8) PROJECT No. Pv;co
Milliohmmeter ~ 910004-F 28.00 12/90 | Connect 4 6081 26.00 12/91
Wattmeter 910011-F 16.50 4191 (1 x 27C64) ?:;Im";t“;:c"
Digital phase 910045-F 20.00 6/91 8751 programmer 7061 70.50 11/90 c ertace
meter 1 x 8751) for slide control
Timecode 010055F 1500 981 | me praijooars S1095508..50
intrtace ' display board 8729134 7.00
Digital funct. gen. 910077-F 18.00  10/91 | PROJECT No. Price  lssue | /ASymm-symm converter S1COTZIRS SO
Economy PSU  910111-F 18.00 12/91 . . $ OCTOBER 1991
CD player 910146-F 20.50 1/92 | Digital model train 109 11.50 2'57{336 PC-controlled weather 9001242 6.50
. station (2)
Logic analyzer for 111 2000 10083 | Dreas tenion generator
PROJECT No. Price Issue Atari ST (b/w only) main board 910077-1 37.00
Computer-controlled 113 20.00 10/89 display board 910077-2 21.50
Multifunction 561 17.50 2/91 Teletext decoder Audio spectrum shift 910105 17.50
measurement card Plotter driver (Lewetz) 117 11.50 5-6/88 encoder/decoder
for PCs FAX interface, IBM PCs 119 14.00 6/90
MIDI control unit 570 20.00  6-7/90 RAM extension for 123 10.00 7189 NOVEMBER 19891
(1 x 27C64) BBC-B Relay card for universal 910038 22.00
Digital model train 572 33.50 2-5,7/89- i 110 interface
(1 x 2764) 4190 Egzgr ssp':i':t‘:;fm' g 1120 129 | Dissipation limiter 910071 7.50
Darkroom clock 583 18.50 2/90 c : ’ Digital function generator
entronics ADC/DAC 1421 11.50 5/90 :
(1 x 27128) Transistor 1431 13.00 5/90 sine converter 910077-3 25.50
Slave indication 700 30.00 3/88 characteristic plot- ’ RIT converter 910077-4 23.00
unit for I.T.S. -haractenstic plo Class-A power amplifier (1) 880092-1 16.90
(I ZE0) ROM-sopy for BASC 1441 13.00 990 SR
EPROM emulator 701 30.00  12/89 ooy g Timer for CH systems UPBS-2 6.50
(1 x 8748H) Multifunction 1461 13.00 2/91
. measurement card OECEMBER 1991
Md“:i':’c:n"auer';u | 702 95.00 5,6,9/88 for PCs Class-A power amplifier (2) 880092-3 12.80
a : 8521)9 L4 8751 programmer 1471 13.00  11/90 880092-4 12.90
PT100 thermometer 1481 13.00 11/90 Economy power supply 910111 16.00
Au;?‘?::’rlrl\orus: I/C;751 U p2ee Logic analyzer uP programmable filters 910125 11.50
A X 01) software, incl. GAL Amiga mouse/joystick switch 914078 7.0
Video mixer (1x2764) 5861 20.00  1-4/90 1BM 1491 33.00 6/91 A musical Christmas present 910157 5.50
F°“"5:_:5°' " 5921 20.00 6/90 Atari 1501 33.00 6/91 Safe solid-state relay 914008 6.50
?;m: é7e12rg;:°r S Plotter driver 1541 19.00 9/91 Slave mains on/off 914072 11.00
(Sijtsma) control Mark-2
uP-controlled 5941 26.00 10/90
telephone exchange PC-c_ontroIIed weather 1551 13.00 3/191 JANUARY 1992
(1 x 27128) station (1) CD player 910146 14.00
MIDI program 5961 26.00 4/91 PC-c_ontroIIed weather 1561 13.00 10/91 Fast, precise thermometer 910081 14.50
changer (1 x 2764) station (2) . Low-frequency counter
Logic analyzer 5971 14.00 1-2,4/91 | VO interface for Atari 1571 13.00 4191 input board 910149-1  8.50
(IBM interface) Tek/Intel file converter 1581 13.00 4191 display board 910149-2 11.00
(1 x PAL 16L8) B/W video digitizer 1591 19.00  7-8/91 Mini Z80 system 910060 18.00
MIDI-to-CV interface 5981 26.00 2/91 Timecode interface 1611 13.00 9/91 Prototyping board for 910049 36.00
Multifunction /O 5991 14.00  7-8/91 RTC for Atari ST 1621 13.00 6/91 IBM PCs
for PCs 24-bit color extension 1631 19.00 11/91 Universal RC5 code 910137 8.00
{1 x PAL 16L8) for video digitizer infrared receiver
Amiga mouse/ 6001 14.00 12/91 PC-controlled weather 1641 13.00 1/92 PC-controlted weather 900124-5 17.00
joystick switch station (3) station (3)

WorldRadioHistory
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TERMS OF BUSINESS

PRICING

Prices, except as noted, include shipping in the con-
tinental USA. The minimum order is $10. A $2 ser-
vice charge will be added to orders of less than $10.
Prices are subject to change as our costs change. WE
RESERVE THE RIGHT TO MAKE PRICE CHANGES
WITHOUT NOTICE.

TELEPHONE ORDERS

Telephone orders are welcome between the hours of
9:00 a.m. and 4:00 p.m. EDT, Monday-Friday. Orders
for parts are to be made on the ORDER FORM pro-
vided. Payment for telephone orders is by MC/VISA
only. Our TELEPHONE ORDER NUMBER IS {603}
924-6371 or 924-6526. Our answering machine for
MC/VISA orders during non-business hours is (603}
924-6371. FAX: {603} 924-9467 {24 hours).

PAYMENT

All remittances MUST BE IN US FUNDS DRAWN
ON A US BANK. Payment for telephone orders must
be made by MasterCard or VISA. Mail order payment
may be made by MC/VISA, money order, cashier's
check or personal check. If payment is made by per-
sonal check, allow up to 2 weeks for clearance before
order is shipped. Should check be returned for any
reason, there will be a $10 charge.

SHIPPING
Unless noted, freight is prepaid by Old Colony.
All orders shipped USPS first class mail or by UPS.

Allow two to three weeks for delivery. Please inquire
about appropriate funds for special handling (UPS
next day or second day). UPS requires a street ad-
dress. If you cannot receive UPS delivery, please in-
clude an extra $2 for insured service via Parcel Post.
We cannot accept responsibility for safety or delivery
of uninsured Parcel Post shipments. Absolutely no
COD shipments.

BOOKS, RECORDINGS, CDs, and SOFTWARE
The shipping/handling charge for the US is $2.00, plus
75¢ each additional item. In Canada, please add $4.50
for the first item, 75¢ each additional. No returns.
According to the Connecticut Dept. of Revenue Ser-
vices, Regulation #27, Section 12-426-27, in order to
sell software to residents of Connecticut, we must
register with the department as well as collect taxes
for the state from the purchaser. We regret to inform
our customers that we will not sell software to anyone
from Connecticut, as it will prove to be too costly and
burdensome.

OVERSEAS ORDERS

For orders to be shipped outside North America, add
20% to the total order to cover shipping.
RETURNS

If you wish to return all or part of an order for any
reason, please call or write first. If we are in error,
correction will be made promptly, without charge.

WARRANTY
We warrant that all items sold conform to the qual-

ity and specifications set forth. We make no represen-
tations. We accept no responsibility whatever for fur-
ther use by the customer. We accept no monetary
liability in excess of the original cost or replacement
of the material if originally defective or damaged in
transit.

COPYRIGHT
All drawings, photographs, articles, printed circuit
boards, EPROMs, software, and cassettes published
in our books or magazines (other than in third-party
advertisements) are copyright and may not be repro-
duced or transmitted in any form or by any means,
including photocopying and recordmg, in whole or
in part, without the prior permission of Elektor Elec-
tronics USA in writing. Such written permission must
also be obtained before any part of these publications
is stored in a retrieval system of any nature.
Notwithstanding the above, printed circuit boards
may be produced for private and personal use without
prior permission.

LIMITATION OF LIABILITY

Elektor Electronics USA shall not be liable in contract,
tort, or otherwise, for any loss or damage suffered
by the purchaser whatsoever or howsoever arising
out of, or in connection with, the supply of goods or
services by Elektor Electronics USA other than to sup-
ply goods as described, or at the option of Elektor Elec-
tronics USA, to refund the purchaser any money paid
in respect of the goods. ]

BOOKS FROM ELEKTOR ELECTRONICS USA

301 CIRCUITS

This book follows the theme of the first in this series, 300 Circuits (now out of print). It con-
tains over 300 assorted circuits first published in the 1979, 1980, 1981 summer issues of
Elektor Electronics.

The circuits range from the simpie to the more complex and are described and explained
in straightforward language. The book is a comprehensive source of ideas and construction
projects for anyone interested in electronics.

ISBN 0-905705-12-2
BKAA11 Price $12.50

302 CIRCUITS
The popularity of this book is shown by its having been reprinted no fewer than three times.
It offers a selection of the most interesting articles from the 1982, 1983, 1984 summer issues
of Elektor Electronics.

In it you will find circuits for audio and video; car, cycle, and motorcycle; home and garden;
receivers and aerials; hobbies and games; measuring and testing; oscillators and generators;
curment sources and power supplles; microcomputers and music electronics; and a miscellany
of other interesting subjects.

ISBN 254
BKAA12  Price $12.50
303 CIRCUITS

Like its predecessors, 303 CIRCUITS offers a comprehensive collection of practical ideas,

concepts, and developments in the gamut of electronics. Unlike its predecessors, the book

is arranged in 11 subject sections to make it easier for the reader to find that long-sought circuit.
In well over 300 pages, the book offers 32 Audio and Hi-Fi projects; 14 circuits for Car

and Bicycies; 43 Computer & Microprocessor circuits; 11 Electrophonic projects; 24 HF and

VHF circuits; 16 circuits for a number of hobbies and pastimes; 54 projects for Home and

Garden; 29 Power Supply circuits; 29 circuits for Test and Measurement equipment; nine

TV and Video projects; as well as 42 Design Ideas.

ISBN 0-905705-62-2

BKAA13 Price $15.90

DATA SHEET BOOK 2
Like its predecessor (now out of print), this book offers concise, relevant, and rapidly ac-
cessible information, which is both practical (e.g., the pin-out of a device) and informative.
The book contains data on integrated circuits as well as on discrete transistors and diodes.
Moreover, it gives an introduction to fast (HCMOS) devices and a review of the new sym-
bolic logic as laid down in British Standard BS3939:Section 21 (IEC Standard 617-12).
The final part of the book deals with a number of computer chips, such as memory devices
(including programming information for these) and VO circuits. This section also includes data
on a number of non-digital discrete and integrated devices, such as op amps, as well as
on Some microprocessor peripherals (6.g., the 6522 VIA, the 6580 ACIA, and the 8355A PPI).

ISBN 270
BKAA14 Price $16.50

DATABOOK 3: PERIPHERAL CHIPS

This book lists the most important design data of peripheral chips whose type numbers and
functions relate them unambiguously 10 a microprocessor in the same family. All listed devices
form part of families based on widely used microprocessors or microcontroliers. Their most
evident appiication will therefore be in conjunction with the associated microprocessor. This
should, however, not be taken to mean that a peripheral cannot be used in another ap-

plication. Far from it, as witness the familiar type MC146818A real-time clock and the type
MC6845 cathode-ray tube controlier. It deserves a place on the bookshelf of anyone con-
cernad with the design, maintenance and servicing of microprocessor-controlied electronic
equipment.

ISBN 0-905705-30-0

BKAA1S Price $17.95

MICROPROCESSOR DATA BOOK

This book has come about because of a need by Elektor Electronics engineers, technicians,
and editorial staff of a ready reference work on the most important microprocessors. This
implies that it does not only contain information on the latest devices, such as the transputer,
but also on older, well-established types, such as the Z80 and the 6800.

A general description, hardware block schematic, software structure, DC characteristics,
and instruction sets are given for over 70 mi . To prevent the book from becom-
ing unwieldy (and to keep costs down), timing diagrams and AC characteristics have, however,
been omitted. The detailed information on all manufacturers mentioned will, however, enable
any additional information to be obtained quite readily.

Included in the book are, among others, the 68000 series; the 6502 family; the Z80, 8080,
and 8085; Intel’s 8086, 80186, 80188, 80286, and 80386; the NS32XXX series, and the IN-
MOS transputers.

ISBN 0-905705-28-9
BKAA18 Price $17.90

DATABOOK 4: PERIPHERAL CHIPS i

This final volume in Elektor Electronics’ Microprocessor Data Book series deals with general
peripheral chips that, at least as far as their type-coding is concerned, do not belong to a
specific family of microprocessors. There are so many of these, however, that only a portion
of them can be dealt with in one book. Those contained in this collection have been chosen
carefully on the basis of their practical application and frequency of use. Complete data are
given for coprocessors from the 80 series (AMD, Cyrix, ITT, Intel, Weitek); reak-time clocks
from MEM, OKI, Statek, National Semiconductor, and Dallas Semiconductor; transmitters
and receivers of serial interfaces RS232, 422, 423, 485 from Motorola, Components,
Maxim, Texas Instruments, National Semiconductor, Dallas Semiconductor, and Linear
Technology; UARTS, DUARTS, and QUARTS (i.e., programmable ICs intended for data
transfer); and the CS8221 set of ICs from Chips & Technology that are used in a great number
of PC mother boards (also included is the data sheet of associated software LIM 4.0 for the
management of the Extended Memory System).

Apart from the actual data, the book contains much other useful information, such as com-
parisons between and second sources for all important IC families; addresses of manufac-
turers and their tives; and overviews of all peripheral chips (including many that
could not be included in this book) that are available from various manufacturers.

ISBN 0-905705-32-7
BKAA17 Price $17.95

SPECIALS!

BKAAZ/1 BKAA11, 12, 13: all 3 for $35 (Save $5.95!)

BKAAZ/2 BKAA14, 15, 16, or 17: ANY THREE for $45 (Save $7.35!)
(RE SURE TO SPECIFYT)

BKAAZ/S Complete Elektor library: all 7 for $85 (Save $26.20!)

These books are all available direct from Elektor Electronics USA through the Readers Services, from a number of bookshops and electronics retailers in the US and
Canada, and from selected bookshops throughout the world. Special prices are those of EEUSA only.

ELEKTOR ELECTRONICS USA JANUARY 1992
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P-C-B ARTWORK MADE EASY |
Create and Revise PCB Art in a Flash

* For IBM's & COMPATIBLES

*HERC, CGA, EGA, VGA, SUPER-VGA

* AUTO GROUND PLANES

* DOT- MATRIX, LASER and PLOTTER ART
* GERBER and EXCELLON OUTPUT

* CREATE YOUR OWN FILMS with 1XART
* LIBRARIES * HELP SCREENS * MENUS

* DOWNLOAD DEMOS from 24 hr. BBS!

PCBoards - layout program 99.00
PCBoards HP or HI PEN PLOTTER DRIVER 49.00
PCBoards GERBER & EXCELLON Disk 49.00
PCRoute - autorouter 99.00

SuperCAD - schematic ...starts at 99.00
Demo Pkg. - (demos of all 3 programs) 10.00

Call or write for more information

PCBoards
2110 14th Ave. South, Birmingham, AL 35205

1(800)473-PCBS/ (205)933-1122
BBS/ FAX (205)933-2954

QA

Muscle Wires are highly processed strands of |
i 2 nickelitanium alloy called nmitinol. At room
temperature they are easily stretched by up to
5% of their length. When conducting an electric
current they heat and return to thar onginal
“unstretched” shape with a force thousands of
times their own weight

How strong are Muscle Wires?

The force a wire pulls with varies with size
from 35 to 330 grams. For more strength, use
§ several wires in parallel
How fost con Musdle Wires activate?

They contract as fast as they are heated ~ as
quickly as 171000 of 1 second To relax, the
fl wire must cool again. Rates up to several cycles
il per second are possible with active cooling

Flexinol Muscle Wire Specifications

Wire Diometer 50 um 100 um 150 um
R . . . Resistance 510 @/m 150 @/m 50 Q/m |
(reate direct linear oction without § | contract Force “35 grams 150 grams 330 gom

heuvr ears, coils, or motors, Use f | 7w/ Gorent 50mA 160 mk
o

Muscle Wires in robots, models, planes, | s much P"W‘-'{'dﬂ ,M"j,f’e i "e:fd? |
. wer varies with wire diameter, length, an
railroads — anywhere you need small, § .. ouecine condiions At room o

|
A | surrounding conditions. At room temperature
S'fong all-electric mofion. | typical cumrents range from 50 10 400 mA

| Power levels can be higher. but once the wire
|

Get our new 96 poge BOO'( und il has fully shortened. power should be reduced

ing Musd Wire S I Kit. It il to prevent overheating
.m olwng usde Wire sample Kil. | What ore the odvontages of Muscle Wires?
Inc #de? 2]0 m 05 50 m, (mg 40 cm Muscle Wires have many advantages over
§ motors or solenotds including small size. light

) U 00 L ]5 A0 mmetef weight, low power, very high strength-to-weight
Musde Wire (1 I

l:iS( e |"e ( me"ef tota ): ("IT:]PS ratio, precise control, AC or DC activation, long
and complete instructions — everything

life and direct linear action
you nee d 10 gi et movi ng 10 d (lyl These topics and dozens more are covered in
Order Toll Free, 24 hours:

| detail in our new 96 page book, Working With
Mondoetronics

| Sepe tamog: Whes, ) Book ang

Connect Muscle Wires™ to a battery |

or other power source and watch them
contract in length up to five percent!
Remove power, and they relox ond are
ready for millions more cycles.

Sample Kiy
2476 Verna Court Phone: 510-351-5930

Pl
San Leandro, CA 94577 Fax: 510-351-6955 i 00 Pay

RECOMMENDED SOURCES FOR
ELEKTOR ELECTRONICS USA
EUROPEAN PARTS

Borbely Audio ELV France
Erno Borbely BP 40
I Melchior Fanger Strasse 34A F-57480 Sierck-les-Bains
8031 Neu-Gilching France
Germany Tel 33-88-83-78-13

Tel 49-8108-8891
Fax 49-8108-34608 (R4H)

Fax 33-88-83-81-80

Technomatic
Technohouse

486 Church Lane

London NW9 8UF

United Kingdom

Teol 44-081-808-9888
Fax 44-081-808-0190

Meek It Electronics

Rob Planken

Paveljoensgracht 35A

2515 BL Den Haag

The Netherlands

Tel 31-70-609884

Fax 31-70-39% 9707
Bull Electrical

C-I Electronics 250 Portland Road

PO Box 22089 Hove

6360 AB Nuth Sussex BN3 5QT

The Netherlands United Kingdom

Fax 31-48-841877 Tol 44-0873-803800
Fax 44-0873-83077

Note: Although some numbers above may seem
to be too long/short, they are correct as shown.
USA residents need to preface calls with ‘011"

A orders add tqx

FIND THE LATEST
ISSUE OF

AT THESE LOCATIONS

Tri-Tek RJM Electronics
9014 N 23rd Ave 11 4204 Overland Rd
Phoenix, AZ Boise, ID

Gateway Electronics Gateway Electronics
9222 Chesapeake Dr 8123 Page Blvd

San Diego, CA St Louis, MO
Henry Radio Cody Books Ltd.
2050 S Bundy Dr 1122 Fir Ave

Los Angeles, CA Blaine, WA

HSC Electronic Supply  RP Electronic Co
4837 Amber Lane 2113 W 4th Ave
Sacramento, CA Yancouver, BC
HSC Electronic Supply CANADA

3500 Ryder St Powell’s Technical Books
Santa Clara, CA 33 NW Park
Gateway Electronics Portland, OR
2525 N Federal Blvd
Denver, CO

Tapco Engineering
1639 47th St NE

Cedar Rapids, 1A If you prefer bome delivery use

the bandy subscription card enclosed.
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FAST SHIPPING

COURTEOUS SERVICE - QUALITY PARTS - DISCOUNT PRICES

"MAX" allows you to watch and control
asingle VCR from other locations in

ATTENTION ‘ﬁ

the house. Transmits audio, video . | |
| — ? =\ and IR signals up to 100 feet through NINTENDO™ \ N\ o [
\\see\ Y_—_\\ mini-cable. Works on up 10 4 televisions USERS!!! I {

at a time, but a separate "MAX" receiver
R =X is required for each TV. Can also be
[\ —— \ \‘(—\Cm used with other infrared controlier devices
\r\ N EETETEE) such as CD players or stereos. Because
\ s it is hardwired, signal transmission is
clearef than more expensive non-hardwired
units. Includes transmitter, receiver, 100 cable, hook-up cables and wall transformer.
These new units originally sold for over $100.00.
CAT# MAX $40.00 each 4 or more $35.00 each

TOUCH DIMMER

[ E %)\ H |
CAMERICA "Freedom Connection” ™ & ~L—

Turns your wired Nintendo™ control paddle into a remote control unit. Infrared remote like
those used on TV's and VCR's eliminates messy wires. Allows players more mability. Two
players can use one femote unit except on games where they play simultaneously. In those
games two "Fresdom Connections” units are required. A well-known naticnal discount toy
chain sells these for more than twice our price. Operates on 4 AAA batteries (not included).
CAT#IR-1 $9.95 each
Sel of 4 AAA batteries CAT# BAT4AAA $2.40 per set

14/3 LINE CORD DIP RELAYS || RFVEMI LINE FILTER ||

iniature Relays With Pi
The “orain <\ | StandardJumpo |8 BLACK SJT 143 Configuration To Fit 14 DIp, || SO/C0O™ 2086
. K . amp
?Lalr}g the PSR Diffused T 1-3/4 size (5 mm) €¢'\ " general purpose
TOUCH® ? (- -t— IS }iﬁéﬁ X S common-mode
touch dimmer, = RED CAT#LED-1 5Vdc-S.PS.T filter. Controls

line-to-ground noise.

when connected 10 for $1.50 - 100 for $13.00

to any lamp,

will turn it on and off and change the
brightness level when any metal part is
touched. We don't have the wiring har-
ness that originally connected this to the
lamp, but we can provide a simple hook-
up diagram and instruction sheet. The
solid-state circuitry is contained in a ther-
mo-plastic box 1.91" X 3.11" X 0.835".

GREEN CAT#LED-2
10 for $2.00 - 100 for $17.00
YELLOW CAT# LED-3
10 for $2.00 - 100 for $17.00

FLASHING LED
W/ built in flashing circuit
5 volt operation. T 1-3/4

Heavy duty A.C. power cord. Standard 3
prong grounded plug one end, bare wite the
opposite end. Blue, brown, green wistripe
wire color code. 0.37" nom. 0.d.

CAT# RDAC-HD8 $4.50 each

WALL TRANSFORMERS

S

12 Vdc 500 ma. N

Gl Clare # PRMA-1A05B.
Normally open reed relay.
500 ohm coil. U.L. listed.
Diode protected.
CAT# DRLY-57 $1.50 each
12 Vdc - S.PS.T.
Gordos# 846A-412
575 ohm coil. Sealed.
Internal clamping diode.

Small size. low leakage.
3.46" X 1.16" X 2.81"
UL and CSA listed.
CAT# RF1-201 $8.50 each

HALL EFFECT SENSORS

Microswitch #5541

CALLDMB-1_$3.50 each Gmm e 2.1mm D.C. power , CATH DRLY-12 $1.25 sach | V- 5010 Stte swich == )
OPTO-SENSORS RED $1.00 each :;ug[\;nh C\;}:r'c o 24 Vdc - S.P.D.T. proximity of magnetic field.
GE H1381 CAT#LED4 10for$9.50 | a90RI 1o ooW $4.50 cncn Wy~ | ©!Clare # PRMA 1024 | Operates at extromely high speeds.
GREEN $1.00 each R 2,150 ohm coil. up to 100 khz. Case size:0.12" X

12 Vdc 200 ma.

2.1 mm D.C. power plug with center nega-

U-shaped opto with

10 vA switching power.
0.125" gap between 9P

CAT# DRLY-1C24 $1.00ea.

0.17° X 0.06" thick. 4.5 Vdcto 24 Vdc
supply voltage. 10 ma. sink type

CAT#LED-4G 10 for $9.50

Il

emmiter and sensor. YELLOW  $1.00 each tive. CAT# DCTX-122 $3.00 sach i .
0.75" mounting centers CAT# LED-4Y 10 for $9.50 Ar‘iivl‘i%-STSE,:DDCZ;V ?E;‘:L%U";,Ug Cllzzvsanng gauss
R omal A . P.C. .
ALK BIEIAEY o LED HOLDER HEAT SINK COMPOUND 5,750 ohm coil CAT# HESW-2 75¢ each
- 10 for $6.50 « 100 tor $60.00
TRW/Qplron # OPBf}{A? 2 Q ;i2A | Two piece holder. CAT# 2Ra|ian7:;%nl;¢1:lgb each
IR emitter/sensor pair in CAT# HLED 10 for 65¢ N : SURFACE MOUNT STYLE

rectangular package with
28" color coded leads.

€ )-‘-.:, /j

Sprague # UGN3075LT
Operates on 4.5 - 24 Voits

N
N\ =

CAT# OSR-4 2for $1.00 . . . . )
G C Electronics # 10-8109 - For effective Pushbutton Switch | €ansink 10 ma. Wit sutiable output
4 AMP Full Wave BRIDGE transfer of heat between components and pull up. can be used directly with
heat sinks. 29 silicone heat sink compound.| SMK Manufacturing bi-polar or CMOS logic circuits.
#RS405L o Nickel-Cad CAT# HSC-1 $2.00 per 1 0z tube 0.47" square (f < » Esyie:;lally sgnedhl!osrselg%romc'oom-
4 5 iv Pt black pushbutton. < mutation in brushle .C. motors us-
E:Or;x; ;:Skzge. | | | - PHOTORES’STOR SPSTpnormaIIy VY ing muhipie ring magnets. Vefy tiny
In-Line leads U , ef@ " | 1,000 ohms bright light - open. 4 p.c. pins for mount. | Surface mount package 0.175" X
CAT¥ FWB-405 y 16K ohms dark : ’ ing. Ideal for low current 0.09"X 0.06" thick.
85¢ each | 0.182" dia. X .08"high. 0.18" long leads. switching applications. LI S0 R
AAA SIZE  $1.50 each CAT# PRE-7 2 for$1.00 AlEHE 2D s AT
1.2 volts 180 mAh 100 for $45.00 - 1000 for $400.00 §for $1.00 - 100for $15.00|  LARGE QUANTITIES AVAILABLE
Rechargable Batteries CAT# NCB-AAA e ; .
SUB-C 2PACK AASIZE $2.00 each Highest Quality METAL CASSETTES

2 Sub-C 1%1"&"%2%93" Premium quality metal tape in C-60 style cassettes {30 or more pef side). - —

nickel-cadmium "“{1 One of the finest "brand-name" tapes on the market. in durable, clear plastic e e .

batteries with F 4’ 1 AA SIZE  $2.20 each transport mechanisms. Recorded and bulk erased, the record-protect tabs oo

solder tabs. i : WITH SOLDER TABS have been removed and therefore, need to be taped over to re-record. } = .

Connected in series. M —J CAT# NCB-SAA Audiophiles will appreciate the wide dynamic range of this tape. If your Lo for B e |

This size baltery is N CSIZE $4.25each cassette deck has a "metal" setting you will hear the difference. A real bargaint Pl By

typically found in 1.2 volts 1200 mAh 60 min. tape - CAT# C-600M $1.25 each - 10 for $10.00

power 10ols, remote control models, CAT# NCB-C

:leqnc shavers and other home DSIZE $4.50 each CASSETTE STORAGE CASE

appliances. Each battery measures N N

0.87" diameter X 1.66" long. 1.2 volts 1200 mAh Black, unbreakable plastic audio cassette storage case.

CAT# NCB-2C $3.50 per pack CAT# NCB-D CAT# CBOX S5for$1.00 - 100 for $15.00

FAX (818) 781-2653 - INFORMATION (818) 904-0524

H Minimum Order $10.00 « All Orders Can Be Charged To Visa, Mastercard
Call Or Write For Our Or Discovercard + Checks and Money Orders Accepted By Mail « California, Add VISA
Free 64 Pa ge Catalo d Sales Tax « Shipping And Handling $3.50 for the 48 Continental United States
Outside the U.S.A. send $2.00 All Others Including Alaska, Hawaii, P.R. And Canada Must Pay Full Shipping -
postage for a catalog.

]
Quantities Limited « No C.0.D. « Prices Subject to change without notice. [_‘Q}

MAIL ORDERS TO: ALL ELECTRONICS CORP - P.O. BOX 567 - VAN NUYS, CA 91408
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