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B. G. MICRO
SPECIAL S

12VDC -Brushless
Manufactured by Commonwealth
Model FP 108D-7 Blades
8" Wire Leads -150MA
35' . Square -1- Thick
This size commonly used in
computer power supplies.
56.95 ea

THE $25 NETWORK

DISPLAY DEVICES

•Connect 2or 3PCs, XTs, ATs
•Uses serial ports and 5wire
cable
•Runs at 115 K baud
•Runs In background, totally
transparent
•Share any device, any file, any
time
•Needs only 14K of ram
Skeptical: We make believers!

LITTLE BIG LAN
Low co.I -675 per LAN. not per node!

640 a 200 dot. •Super twisted nornellc lope

Hardware Independent network

Built in drivers •4 611 TTL Interface •Capebl• of

ARCNET. Parallel. and Serlel poll

displaying nurnerIca graphics. a phabelica speclal

support on MY release

nd pettern.

.4-5/8" Overa1111118

Seder Speed 6500(XT)•8500(AT) bytes

.8-1 ,16

per second
Parallel Speed

14 pin. for signals •nd power (05V, •12V)
Complete 27 pag• manual

919.95

8000(XT) -29000(AT)

Infes

per second

6/9100.00

ARCNET Speed

40000 plus bytes per

second
Use any PC KT AT '386 mil. even laptops
and PS 2 mechines

LIP 1157AE
1.2" 507 Matrix Dlsplays

Connect up lo 254 computers. can mt.
connection method. (Ser1.1, Parallel.

5x7 Array with ry select.
This Red Orange Matrix

Slacked

Can Be

Horizontally. Choice at

Two Matrix Orientation-Cathode

Great For
"Moving Message" Signs.
$1.19 Ea., 8/$6.95, 100/$75.00
Column, Anode Row.

FOR FREE CATALOG!

74LS
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LSOO
LSO1
LSO2
LSO3
LSO4
LSO5
LSO8
LSO9
LS10
LS11
LS12
LS13
LS14
LS15
LS20
LS21
LS22
LS26
LS27
LS28
LS30
LS32
LS33
LS37
LS38
LS42
LS51
LS54
LS55
LS73
LS74
LS75
LS83
LS85
LS86
LS90
LS92
LS93
LS95
LS96
LS107
LS109
LS112
LS113

.14 LS114 .25
LS241 .60
.14 LS122 .35
LS242 .65
.14 LS123 .45
LS243 .50
.14 LS1241.35
LS244 .55
.14 LS125 .30
LS245 .55
.14 LS126 .35
LS251 .45
.14 LS132 .35
LS253 .40
.14 LS133 .25
LS257 .35
.14 LS136 .28
LS258 .45
.14 LS138 .35
LS2591.00
.20 LS139 .35
LS260 .40
.25 LS145 .75
LS266 .30
.30 LS148 .35
LS273 .75
.20 LS151 .35
LS279 .30
.14 L5153 .35
LS280 .80
.16 LS154 .85
LS283 .35
.16 LS155 .50 LS290 .70
.14 LS156 .42
LS293 .50
.20 LS157 .30
LS298 .65
.15 LS158 .25
LS2991.00
.14 LS160.25
LS322 1.30
.16 LS161 .35
LS3232.25
.25 LS162 .45
LS348 .75
.24 LS163 .36 LS3531.00
.24 LS164.45
LS357.80
.35 LS165.60 LS363.75
.15 LS166 .75 LS364 .75
.20 LS169 .90 LS365 .30
.20 LS170 .45 LS366 .28
.33 LS173 .60 LS367 .35
.22 LS174 .35 LS368 .30
.25 LS175 .35 LS373 .50
.30 LS1811.25 LS374 .45
.45 LS191 .45 LS375 .35
.20 LS192 .65 LS377 .75
.35 LS193 .65 LS378 .80
.30 LS194 .40 LS390 .80
.25 LS195 .52 LS393 .75
.30 LS196 .55 LS3991.00
.33 LS197 .75 LS5411.20
.28 LS221 .50 LS645 .75
.20 LS240 .50 LS646 .75
.25
LS670 .80
.25
25LS25. • 1.50
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Runa in the background, totally transparent

•

Low memory overhead

•

Works with mo.I software
Ili, Mlcrosolt

including DBASE

WORD. LOTUS 121 Windows 3,
AUTOCAD. Word Perfect. all compliers.
GWBASIC. and, :n fact. mottl anything.
• Works with DOS 2 0 to DOS 5 0 and OR.
DOS
DOS 31 or greater is prelerred
Open network. programmer API provided
Example for lowrIevel link modules you can support .peclel hardware
Full specs provided on packet level
protocol.

$75.

SOCKETS
Low Profile SOLDER TAIL
6 Pin
14/1.00
8 Pin
13/1.00
14 Pin
13/1.00
16 Pin
13/1.00
18 Pin
13/1.00
20 Pin
13/1.00
22 Pin
13/1.00
24 Pin
8/1.00
28 Pin
7/1.00
40 Pin
7/1.00
BUY $10
GET $1.00 -FREE CHOICE
68 Pin PLCC
.79
84 Pin PLCC
.89

6500/6800
2.00
1.25
2.70
3.00
4.25
2.10
2.40
1.40
2.50
3.00
2.95
2.75
2.50
1.25

6821
6845P
6845S
6850
6852
6860
68681
68A09EP
68A40
68A54
68809
68810
69845
68B54
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ASSEMBLED .4 TESTED

STAND ALONE POWER SUPPLY
ADD S2 50 SHIPPING 8, HANDLING

1.00
2.20
2.20
1.75
3.50
3.95
3.00
1.29
4.00
3.00
4.00
2.00
4.95
4.00

$19 99

STATIC RAM

EPROM SPECIAL

2016-2KX8 200 n.s.
1.00
2101-1 -256X4 500 n.s.
.75
21L02-1 350 n.s.
.65
2102AL-4 L.P. 450 n.s..49
2111-1 256X4 500 n.s.
1.00
2112A-2
2.50
2114L-3 1KX4 300 n.s.
.45
2125A-2 1KX1 70 n.s.
1.70
2147 4KX1
1.95
6116P-4
1.00
6117
1.20
6264-15
1.40
62256 32K X8
5.75

We bought a large quantity of
2708s, 2716s, 2532s, 2732s,
2764s, 27128s, 27256s and
27512sfrom acomputer manufacturer who redesigned their
boards. We removed them from
sockets, erased and verified
them, and now we offer the savings to you. Complete satisfaction guaranteed
Your Choice
2708
1.20
10/8.00
2716
1.75 10/15.00
2532
2.00 10/17.50
2732
2.00 10/17.50
2764
2.00 10/17.50
27128
3.00 10/25.00
27256
3.50 10/30.00
27512
4.75 10/40.00

Typically only 28K Is needed, but will
vary with various setups

6502
6520
6522
6530
6532
6545
6551
6800
6802
6803
6805
6809EP
6809P
6810
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FOR ABOVE

•

AVAILABLE - PLEASE CALL

9

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE
GENERAL INSTRUMENTS 5P0256-AL2 SPEECH CHIP AND THE
CTS256A-AL2 TEXT TO SPEECH CONVERTER.
THIS BOARD USES ONE SLOT ON THE MOTHERBOARD AND
REQUIRES A COM SERIAL PORT. BOARD MAY ALSO BE USED IN A
STAND ALONE ENVIRONMENT (EXTERNAL POWER SUPPLY) WITH
ALMOST ANY COMPUTER THAT HAS A RS232 SERIAL PORT. TO
USE THE BOARD IT IS ONLY NECESSARY TO SEND ENGLISH TEXT
TO THE RS232 INPUT ON THE BOARD. THE BOARD INCLUDES A
1500 BYTE TEXT BUFFER AND HANDSHAKE LINE TO ALLOW YOU
TO SEND DATA TO THE BOARD; THE SAME AS YOU WOULD SEND
DATA TO AN RS232 SERIAL PRINTER. YOU CAN SET UP BATCH
FILES THAT WILL MAKE YOUR COMPUTER GREET YOU WITH
"GOOD MORNING MASTER." ETC. EVERY TIME YOU TURN IT ON.
DEMONSTRATION SOFTWARE AND A LIBRARY BUILDING PROGRAM ARE INCLUDED ON A 5V. INCH PC/XT DISKETTE. FULL
DOCUMENTATION AND SCHEMATICS ARE ALSO INCLUDED.
FOR INFORMATION ON A LOW COST SPEECH SYNTHESIZER
SYSTEM FOR THE VISUALLY IMPAIRED, PLEASE SEND FOR FREE
PACKET T.M.1.

Share any device, any Ilie, any program

CABLES & ARCNET CARDS

6

.1 HANDLING

• DOS File and Fl,cord locking frupport

•

$

ADD 53.50 SHIPPING

Arcnell
•

MI%

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!

Try The 1st Truly Low Cost LAN

FLAT PANEL LCD
GRAPHIC DISPLAY
EPSON EG-7004S-AR

VISA

MasterCard

FAX (214) 271-2462

TEXT TO SPEECH BOARD

2.25
2.25
2.00
2.10

SSI-202 Decoder
8870 Decoder
5087 Generator
5089 Generator

FANS

cheryhera graph., chyle.

(214) 271-5546

SUPER BUYS

MAX232
2.30
1488
45
1489 .
45
DB25-(Solder Cup) M/F
2,1.00
DB25-Rt. Angle PC BD. F
.55
DB9-Rt. Angle PC BD. M/F
.35

Viewing area 10-7/18

P. 0. Box 280298 Dallas, Texas 75228

DYNAMIC RAM
2108-4 8KX1
1.50
2118-4 16KX1-5Volt
.70
4027-4KX1-250 n.s.
.80
4116-16KX1-250 n.s.
.40
4116-16KX1-200 n.s.
.75
4116 16KX1-150 n.s.
.90
4164 150 n.s.
.49 or 9/3.50
4164 120 n.s.
1.10
4164-100 n.s
140
TMS4416-16KX4-150 n.s. 2.75
4464-150 n.s
1.40
4464-120 n.s
145
4464-100 n.s
145
4464-80 n.s.
1.45
41256 150 n.s.
1.25 or 9/9.95
41256 120 n.s. 1.30 or 9/10.99
41256 100 n.s. 1.30 or 9/10.99
41256-80 n.s.
1.30 or 9/10.99
41256-60 n.s
1
1Meg -100 n.s.
4.40
1 Meg -80 n.s.
4.40
414256-80 n.s. 256 lc 4
4.60
SIPPS & SIMMS AVAILABLE

THREE CHIP SET
B.G. SPECIAL
16450, 1488, 1489 - $6.95
16550, 1488, 1489 - $13.50
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8000/80000
8031
2.95
80C32 12 3.95
8035
1.00
8039
1.00
8085
1.55
8086
1.55
8087
87.50
8087-1 167.50
8087-2 127.50
8088
2.20
8088-2
3.25
8155
2.25
8156
2.25
8202A
8.00
8212
1.25
8214
2.00
8216
1.25
8224
1.25
8228
1.75
2.80
8237-5
8243
1.75
8250
2.95
(16450)
6.50
(16550) 13.00

8251
1.10
8253-5
1.75
8254
1.80
8255
1.50
8255-5
1.75
8257
1.50
8259A
1.85
8259C-5 2.10
8275
10.95
8279
2.25
8284
1.49
8286
3.50
8287
2.49
8288
3.50
8530
3.00
8741
7.00
8742
7.00
8748
7.00
8749
7.00
8755
7.00
80286-8 PLCC 8.50
80287-8
125.00
80287-10
135.00
V-20-10MHZ
6.50

u
CONTENTS

June 1992
Volume 2
Number 8

In next month's issue
(among others):

EDITORIAL

• More than 50 construction

9

projects
plus

AUDIO & HI-FI

• RS232 tester
• 23 cm transceiver

Dropping Kits from Heathkit

24

• DC-to-AC inverter

PROJECT: Audio-Video Processor—Part 2
An ELV Design

• Audio DAC

COMPONENTS

• Fuzzy logic
• Mark 2QTC 80/40 loop
• Dealing with noise and

56

interference*
• Opto-card for
multi-purpose bus*
• his regretted that, owing to
circumstances beyond our
control, this article had to be
postponed to the July issue.

Elements of Passive Electronic Components—
Part 2
Design by Steve Knight, B.Sc.

I
2C LED display -p. 14

COMPUTERS & MICROPROCESSORS
34
41
50

PROJECT: 4 Megabyte Printer Buffer
Design by R. Degen
PROJECT: Multi-Purpose Z80 Card—Part 2
Design by A. Rietjens
COURSE: 8051/8032 Assembler—Part 4
by Dr. M. Ohsmann

oile

DESIGN IDEAS
Front cover
Print files, whether they

21

contain text, graphics, or
both, seem to become larger
and larger as the programs
that output them, and the

ELECTROPHONICS
18

printers that produce the
'hard copy', become smarter

48

see his fast PC held up by a
simple thing like printing. A

intermediate storage device

PROJECT: Guitar Tuner
Design by W. Herrmann

Analyser III: A Review
by Mike Wooding, G6IQM
POWER SUPPLIES & BATTERY CHARGER

solution to this 'bottleneck'
is offered by the fast

Guitar tuner -p. 18

GENERAL INTEREST

by the day. That is all very
well, but nobody wants to

Plant Warmer
by Samuel Dick

32

PROJECT: MAX660 Inverter/Doubler
Design by J. Ruiters

shown. It has alarge

RADIO, TELEVISION & COMMUNICATIONS

memory-1 Mbyte or
4Mbyte— to capture the
printer data supplied by the
computer and is Centronics
compatible.

24
27

14
ELEKTOR ELECTRONICS USA
(US ISSN 1051-5690) is published monthly
except August at $28 per year; $50 for two
years by Audio Amateur Publications, Inc.,
305 Union St., Peterborough NH 03458 USA.
Second class postage paid at Peterborough
NH and an additional mailing office.

PROJECT: Audio-Video Processor—Part 2
An ELV Design
PROJECT: FM Tuner—Part 4
Design by H. Reelsen

Audio-video processor -p. 24

PROJECT: PC LED Display
Design by J. Ruffell
MISCELLANEOUS INFORMATION

Electronics Scene 10-12; New Books 13; Letters 58;
Readers Services 61; Terms of Business 62;
Advertisers' Index 60; Classifieds 60

POSTMASTER: Send address changes
to Elektor Electronics USA, Caller
Box 876, Peterborough NH 03458-0876.

FM tuner -p. 27
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SAY YOU SAW IT IN ELEKTOR!
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"A definitive reference
to help speaker builders. .." *
Vance Dickason's

THE LOUDSPEAKER DESIGN COOKBOOK
FOURTH EDITION

ISBN 0-9624-1917-6
#BKAA2

• COMPLETELY REVISED AND
UPDATED
• TWICE AS MANY PAGES
• NEW CHAPTERS ON HOW
LOUDSPEAKERS WORK AND
SOFTWARE
• COMPLETE SUPPLIERS LISTING
• DETAILED CONTENTS/SUBJECTS
INDEX
• MORE THAN 300 ILLUSTRATIONS
• EXTENSIVE USE OF
COMPUTER-AIDED DESIGN
• INCLUDES DISCOUNT COUPONS
FOR DESIGN SOFTWARE (IBM)
AND SPEAKER BUILDER MAGAZINE

"The book most reached for
when Iroll up my sleeves. . Iwas
fascinated by what Icould see and learn.
S29.95

81/2 x 11
Please send me

192pp.
ffBKAA2(s)

e

$29.95 = $

Ihave included shipping [see below] of $
LII MC/VISAH

IIICHECK/M00

TOTAL ORDER $

Shipping: USA—$2 first book, $.75 each addl. Canada—$4.50 first, $.75 each addl.
Foreign-20% surface, 40% air.

OLD COLONY SOUND LAB
PO BOX 243, DEPT E92

NAME

PETERBOROUGH, NH 03458-0243
24-HOUR LINES:
TEL. (603) 924-6371
FAX (603) 924-9467

STREET

CITY

ST

MCMSA

•David W. Davenport, Speaker Builder

ELEKTOR ELECTRONICS USA JUNE 1992

ZIP

EXPIRE

DEALER

WorldRadioHistory

DISCOUNTS

AVAILABLE!

MENTION ELEKTOR WIIEN ORDERING!

NOW THAT YOU'VE SEEN OUR
NEWEST TREASURE „ .
WHY NOT HAVE A LOOK AT THE REST?

SpeakerBuilder
THE LOUDSPEAKER JOURNAL

The magazine
that finally deals seriously with

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

the art and craft of speaker building

Glass Audio features the best vacuum tube
designs for audio reproduction—past and contemporary. The new designs take advantage of improved components and control techniques that
make the end results far superior to anything possible during the early days of audio's rebirth after
World War II.
That's why tubes are having such arenaissance
of interest as aperfectionist approach to good
sound. And that's why tubes are reappearing in
original equipment, in high end consumer and professional audio systems.
Published quarterly, Glass Audio will inform you
about new innovations in the field and about parts
sources. We'll also include modification projects,
reviews of technical basics and regular columns
such as Tube Troubles, Tube Tips and much more.
Subscribe today!

AudioAmateur
THE

JOURNAL

FOR

AUDIOPHILE

CRAFT

Two years, (8 issues)
One year, (4 issues)
Canada add $4 per year postage

$35
$20

eotfrenu,

1,„,ar

,

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 modify it. Construction and modification articles are
plentiful, supplying all needed parts, performance
and assembly details. Exceptionally high quality
designs.
Audio Amateur offers anumber of features in each
issue that abound with useful ideas. The Letters
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 simple modifications to equipment and construction
techniques. We also feature many useful and practical hi-fi accessories you can build to further your
audio enjoyment.

GLASS AUDIO

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

pes7

4R.3 RE
Do

ii

Vol_times

Et E

For asmall investment you can make your music
system sound better—very probably alot better.

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 writers who turn abstract theory into practical approaches, 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 filled
with stimulating and exciting ideas.

AUDIO AMATEUR

SPEAKER BUILDER

111 Two years, (8 issues)
D One year, (4 issues)
Canada add $4 per year postage

$35
$20

I Two years, (12 issues)
One year, (6 issues)
Canada add $6 per year postage

$45
$25

NAME

STREET & NO

STATE

CITY

ZIP

EXPIRE

MC OR VISA NUMBER

AUDIO AMATEUR PUBLICATIONS
PO Box 576, Dept. E92, Peterborough, NH 03458-0576 • (603) 924-9464 • 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 MCNISA available.
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EVERYTHING YOU EVER WANTED TO ASK ABOUT YOUR CD PLAYER
BUT WERE AFRAID TO KNOW!

After 18 months of painstaking research and several trial pressings, here is the most complete and functional test
package ever available on the market. Created in the studios of Pierre Verany, with the collaboration of the French
audiophile magazine Compact, the final product was submitted to the creators of the CD concept and its
standard—the Philips laboratories in Eindhoven, Holland. Their verdict: "a beautiful piece of work!"
The compact discs in this copiously documented set are unique. For the first time, they offer the consumer atool for
verifying the qualities and defects of agiven CD player, with no required measuring equipment or in-depth technical
knowledge. However, they have been shown to yield startling performance demonstrations even under the strictest of
laboratory conditions.
CHANNEL SEPARATION * FREQUENCY RESPONSE * HARMONIC DISTORTION * SIGNAL-TO-NOISE
RATIO * TRANSIENT SIGNAL RESPONSE * INTERMODULATION DISTORTION * CONVERTER
OVERLOAD EFFECT * CD CUTTING VELOCITY * TRACK PITCH * DROPOUTS

PIERRE VERANY
DIGITAL TEST PV 788031/32 (2 Compact Discs)
106 Demonstration tracks and equipment tests, accompanied by adetailed 68-page instruction booklet.
COMPACT DISC ORDER FORM
Note: Discs and recordings are not returnable for credit or exchange.

NAME

MAGIC NO

STREET & NO

PV 788031/32 (2 CDs) at $34 per

air shipment.
STATE

MCNISA

Please send me

set plus $2.25 handling. Outside USA, please add $7 for

ZIP
EXP

[1 Check/MO

[[MC

-VISA

Postage

$

TOTAL

$

OLD COLONY SOUND LAB
PO Box 243, Dept. E92,
Peterborough, NH 03458-0243
(603) 924-6371 /924-6526

USA

FAX: (603) 924-9467

Answering machine for credit card orders only: (603) 924-6371 before 9:00 a.m.. after 400 p.m .and weekends
Have information plus MCNISA available.

ELEKTOR ELECTRONICS USA JUNE 1992
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MENTION ELEKTOR WHEN ORDERING!

134th SMPTE Technical Conference and Equipment Exhibit
Courteous Service

(Including Media Integration)

• Discount Prices

•

Fast Shipping

1

111111 ELEC1rR011111CS CORR.

November 10-13, 1992 — Metro Convention Centre
Toronto, Canada

P.O. Box 567 •Van Nu s, CA 91408

INFRARED Remote A.C. SWITCH
This infrared remote control device lets you turn on/off lamps.
appliances or other 120 Vac devices using an IR transmitter
similar to the one on your TV or VCR. Originally designed for
use with a hydrornassage unit, these transmitters and receivers will apparently operate most A.C. devices with 2prong
non-polarized plugs. Not recommended for use with heaters.
Requires a9volt battery (not included).

ky.

TUTORIAL SEMINARS •HANDS-ON-WORKSHOPS
TECHNICAL SESSIONS •EQUIPMENT EXHIBIT

r

CAT#

Hands-On-Workshops
November 10-13th

All-Day Tutorial Seminars On Mon.
November 9th

"THE POST EXPERIENCE" Post-Production
Techniques and "MULTIMEDIA WORLD"
The integration of video and computer
technologies.

"MULTIMEDIA PRODUCTION"
"TELETRAINING AND LEARNING"
"MULTIMEDIA COMMUNICATIONS"
"INFORMATION ACCESS AND RETRIEVAL"

Four Days of Technical Sessions
November 10-13th
"IMAGES IN MOTION—THE SECOND
CENTURY" Examine the advances and
developments in motion picture and
television methodology.

EQUIPMENT EXHIBIT
November 10-13th
Discover advanced motion imaging equipment,
prototypes, new product introductions and
meet the industry's leading manufacturers
and innovators.

EXPERIENCE THE SMPTE DIFFERENCE!

If you want to look beyond broadcasting and see the linking of motion imaging
and computer science, be sure to attend the 1992 SMPTE Conference and
quipment Exhibit, November 9-13 is the time, Toronto, Canada is the place

L

Handset Coil Cord

RC-1

4995
each

12' beige coil cord with modular plugs on each end.
Small modular plugs for handset to phone connection.
Retracted length is 2'.
sash

PC BOARD WITH RF MODULATOR
(and lots of other parts)
We recently received a load of these PC boards
which contain, among other things, a RF modulator.
With a little desoklering you should be able to Iterate
aworking unit from the board. Also contains a7805T
voltage regulator with acouple of heatsinks, 20 ICs,
capacitors, resistors, diodes and connectors.
No hook-up information available on the modulator.

CATI VMS-1

$2m each

High efficiency,
fl!
omni-directional,
1,
miniature electret
condenser microphone element.
Low current drain, good signal
to noise ratio, operates on 2to
Vdc. Ideal for telephones,
tape recorders, noise-activated
alarms and other applications.
0.39" dia X 0.31" high.
CATI MIKE-10
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ELECTRONIC ENCLOSURES
Everything to complete your project From initial concept to finished product!

85t

200 pcs 8150.00
(75c each)

each
•

3 Volt Lithium
Battery
Sanyo 7/ CR-1/3N
3Vdc -160 mAh
1/3 AA size.
P.C. leads.

Rack Mount

Universal

Split Case

CATO LBAT-6
10 for $15.00

4

/
9
1

Hardware, Silkscreening, Tools, Custom Fabricating

Call for our FREE Full Color Catalog
(800) 800-3321 or (216) 425-8888 (216) 425-1228 Fax

^

ou
L
A
ANRTG
IT
EY

l

AVAILABLE

1 75

... h

$

350

each

10 for $32.00 •100 for $275.00

ULTRASONIC TRANSDUCER

Johnson Motors HC613LG
Panasonic (Matsushita)/
Ratings at 6 Vdc (no load):EFR RC8K40K54
An ultrasonic microphone
8,617 RPM, 0.84 amps,
consisting of abimorph type
34.06 oz. in. torque.
1.46" dia. X 2.24" long.
0.125- dia. shah. Threaded
mounting holes in front
on 0.982- centers.

$3 50

CATI DCM-29
.

l

o

At lastl A low cost electroluminescent glow strip and
invener. These brand new units were designed to
backlight small LCD TVs made by the Citizen Watch
company. The inverter circuit changes 3or 6 Vdc to
approximeely 100 Vac, the voltage required to light
the glowstrip. Luminescent surface area is 1.T X
2.25'. The strip a asalmon color in its off state, and
glows white when energized. The circuit board is 2.2X 1". Glow strip and circuitry can be removed easily
from plastic housing. Ideal for special fighting effects
and backlighting. Two models available:
Citizens 91TA operates on 3Vdc CATI BLU-91
Citizen/8 92TA operates on 3-6 Vdc CATI BLU-92

6 VOLT D.C. MOTOR
Complete line of Enclosures in Aluminum, Steel or ABS,

t:If ,lewisks
r=

Electroluminescent
BACKLIGHTS

Electret MIKE
Society of Motion Picture and Television Engineers
595 West Hartsdale Ase., White
New York 10607-1824
Call (914) 761-1100
Fa', 19141 761-3115

4150

CATI MCT-12
10 for $12.50

2 for $17.00

ir acilis

7

piezo electric ceramic viarator.
Nom. Freq. 40 kHz. Max input volts: 20 Volts.
15/16" diameter X 3/8" high. 5/8' long leads.
CATI UST-1
.

41 00
sash

TOLL FREE ORDER LINES

Knobs & Parts

1_800-826-5432

Linear

Cage & Preamp
Enclosures

CHARGE ORDERS to Visa, MasterCard or Discover
TERMS: Minimum order siaoaShapire and handling tor the 48 continental U.S.A. $3.50
per order AO others including AK, HI, PR or canada must pay full sheiping. All ordets

ABS

delivered in CAL FORNIA must include state sales tax (7.25, 7.5, 775, 8.25 or 8.5%) .

Die Cast

Quantities Limited. NO Cary Prices subject to change without notice.

CALL OR WRITE FOR OUR FREE 64 PAGE CATALOG

(Project Pro)

ALL ELECTRONICS CORPORATION
P.O. Box 567 •Van Nuys, CA •91408

1710 ENTERPRISE PKWY. TWINSBURG, OHIO 44087
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MENTION YOU SAW IT IN ELEKTOR!

WONDERING WHERE TO FIND
THE LATEST ISSUE OF

E
LECTRONICS
USA

DON'T SWEAT IT!
They can be found at:
Powell's Technical Books
33 NW Park
Portland, OR

Gateway Electronics
9222 Chesapeake Dr
San Diego, CA

RJM Electronics
4204 Overland Rd
Boise, ID

Henry Radio
2050 SBundy Dr
Los Angeles, CA

Gateway Electronics
11123 Page Blvd
St louis. MO

HSC Electronic Supply
4)137 Amber Lane
Sacramento, CA

Tapco Engineering
1639 47th St NE
Cedar Rapids, IA

HSC Electronic Supply
3500 Ryder St
Santa Clara, CA

Cody Books Ltd.
1122 Fir Ave
Blaine, WA

Gateway Electronics
2525 N Federal Blvd
Denver, CO

RP Electronic Co
2113 W 4th Ave
Vancouver, BC
CANADA

DX Radio Supply

HEAR EVERY SOUND
OVER 1 MILE AWAY!

If you prefer
home delivery
use the handy
subscription card
enclosed.

Simply attach the VT-75 microtransmitter to any 3V
to 12V battery and you can hear every sound in an
entire house over 1mile away! Super-sensitive circuit on a single chip even picks up footsteps from
across a large room. Tunable from 80 to 130 MHZ.
Hear everything on any FM radio or wideband scanner tuned to the "secret" frequency you select. Unlimited uses for security, baby monitor, remote mic, etc.
Not a toy. The VT-75 meets many U.S. Govt Military Specs and with
100mW RF output, it is the smallest, most powerful miniature transmitter you
can buy. Easily assembled even by ayoungster in only 5minutes and performs
so well that It is the only miniature transmitter available anywhere that comes
with afull unconditional moneyback guarantee! Compete kit includes
VT-75 microtransmitter chip, miniature microphone, 9V 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 immediate shipping by U.S. Mail. COD's add $4. Checks allow 21 days.
BOX 607
BEDFORD HILLS, NY
INDUSTRIES •
10507
1-800-759-5553 (u.s. ONLY) ALL OTHER 914232 3878

DECO

KELVIN

RECOMMENDED SOURCES FOR

69

EUROPEAN PARTS

Melchior Fanger Strasse 34A
8031 Neu-Gilching
Germany
Tel 49-8105-5291
FAX 49-8105-24605 (24H)

EasyTech, Inc.
2917 Bayview Dr.
Fremont, CA 94538
Tel (800) 582-4044
FAX (800) 582-1255

250 Portland Road
Hove
Sussex BN3 5QT
United Kingdom
Tel 44-0273-203500
FAX 44-0273-23077

ELV France

C-I Electronics
PO Box 22089
6360 AB Nuth
The Netherlands
FAX 31-45-241877

F-57480 Sierck-les-Bains
France
Tel 33-82-83-72-13
FAX 33-82-83-81-80

Meek It Electronics
Rob Planken

K

Jan Ligthartstraat 59-61
3083 AL Rotterdam
The Netherlands
FAX 31-10-4841150

FLUKES?

(
,
:
i
sÊ (800)
ELVIN

ICI HUB DRIVE

imumemmintimmeiej MELVILLE. NY 11147

645-9212

(5161 756-1750

(516) 756-1763 FAX

MAKE CIRCUIT BOARDS THE NEW, EASY WAY

Pavelioensgracht 35A
2515 BL Den Haag
The Netherlands
Tel 31-70-609554
FAX 31-70-397-9707

Technomatic
OIL Elektronika

30 DAY
MONEY BACK
GUARANTEE.

BEST BUY
NEW Steles II
FLUKE 79 we Capacitance
$ 169
FLUKE 87 True R143
$289
NEW! SCOPEMETER ". DO SERIES
HAND HELD, 50 MHz, DUAL CHANNEL
FLUKE 12
$ 83
FLUKE 45
s599
FLUKE 97 FULLY LOADED
st695

BP 40

Bull Electrical

PRO 400

$
95
LOGIC TEST
FPEOUENCY COUNTER
CONTINUITY 11Ru:taming
TO 20MHZ IDF_AL FOR
DIODE ChECK
TROUBLE SHOOTING
TRANSISTOR AYE TEST
ACOC VOLTAGE RANGES
LED TEST FIFY waffler,
AGOG CURRENT RANGES
COSPLAY -3 10 DIGIT LCD
5FREQUENCY PANSES
ACCURACY -0.5%
5CAPACITANCE RANGES
IMPEDANCE -streat",
r
—
PROTECTIVE CARRY CASE h4 PRO 400
2YEAR
Stock No. 990094
19.95 ea
WARRANTY

ELEKTOR ELECTRONICS USA

Borbely Audio
Emo Borbely

Our Catalog 25 cents

Monitorinz NASA Communlcationâ From countdown to touchdown, you can
monitor NASA on shortwave, scanner and satellites. New book includes ahuge list
of NASA frequencies. Shuttles launch almost every other month. 14.95 plus 150
book rate or 3.50 UPS.
The Compendium of American Railroad Radio Freouenciel The most accurate
and complete railroad frequency guide ever! Over 5,500 scannerband listings.
Frequencies are arranged by railroad and include the state(s) in which it operates.
$14.95 plus 1.50 book rate or 3.00 UPS.
Federal Freouency Asalament Master File 350+ controversial pages of federal
frequency info. Over 100 federal agencies. Not just for scanner listeners- there's
shortwave frequencies, too. $24.95 plus 2.00 book rate or 3.50 UPS.
The SAC Monitoring Handbook Chuck Yarbrough of SPEEDX says, •I
enthusiastically recommend this book to all utility listeners. Acclaimed guide to
monitoring. Scanner and shortwave freqs. $12.95 plus 1.50 book rate or 3.00 UPS.
It's Easy to Order from DX Radio Sump
Send check, money order or
Mastercard/VISA account # and expiry date to Box 360F, Wagontown, PA 19376.
Or call call our 24-hour aday Order Recorder" at 215-273-7823. PA res. add 6%
sales tax.

E
LEKTOR

Tri-Tek
9014 N 23rd Ave II
Phoenix, AZ

The Nation's Leading Sow-ce of Monitoring Information

WITH TEC-200 FILM

Technohouse
486 Church Lane
London NW9 8UF
United Kingdom
Tel 44-081-205-9558
FAX 44-081-205-0190

JUST 3 EASY STEPS:

• Copy clrcult on TEC-200 lilm usIng any
plain paper copper or laser ponler

• Iron film on lo copper clad board
• Peel off film and etch

SATISFACTION GUARANTEED
convenient 81 2 X 11 size
5-Sheets for $3 95 10-Sheets only $5.95
add $1 50 postage
NY res, add sales tax

The MEADOWLAKE Corp.

Dept F, P.O. Box 497, Northport, NY 11768
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DROPPING KITS FROM HEATHKIT
The Heath Company announced in March an end to what many have
been observing as atrend for at least adecade: they are ceasing to
offer electronic construction projects in kit form. When Heath delivers its last kit, agolden age will have closed. Heath set aworld standard for how ado-it-yourself electronic kit should be packaged and
documented.
It would be difficult to overestimate the influence of Heath's test
equipment and other kit offerings on the development of an informed,
enthusiastic population of technicians. Many of us moved with justified confidence from asimple amplifier kit that worked the first time
it was plugged in, onward to the test and measurement instruments
the company produced. A fully equipped technician's test bench was
not only available in kit form, it was remarkably inexpensive. And
with rare exceptions, the equipment performed better than advertised.
During that period Heath was still in the hands of its earliest staff
and the enthusiasm for hand-built equipment was still understood
in Benton Harbor. Inevitably, the company became acash-cow for
aseries of larger conglomerates who, like most large corporations,
put business types in charge of management and finally, policy. These
people are almost always total ignoramuses about anything except
money. Witness the fact that sometime during the 60s, Heath began
to rely exclusively on advertising their catalog as their only appeal.
This contrasts strongly with their earliest advertising which was multipage and featured mouth-watering photos of the latest in electronic
marvels. The company responded to such ads with information about
their kits that ranged from asingle sheet to eight pages. These contained photos of the device, often with interior views, and full schematics with parts values and performance specifications. But over
the years, Heath's catalog became less and less technical.
What the ad people at Heath stopped understanding was that the
purchaser's prime motive in buying their kits was not economy, or
saving money. The appeal was the basic human instinct for making
things. This instinct lives on in American society, but only in the antique, nonthreatening technologies which have not been the victim
of overselling the complexities of high tech. Other cultures in Europe
and the Asian rim are not cowered by the technological paranoia
Americans seem to enjoy. Such an attitude has been wonderfully

Published by Audio Amateur Publications
Editor/Publisher: Edward T. Dell, Jr.
Editorial Offices:
305 Union St., P.O. Box 876
Peterborough, NH 03458-0876 USA
Telephone: 603-924-9464 (National)
or +1 (603) 924-9464 (International)
FAX: (603) 924-9467 (National)
or +1 (603) 924-9467 (International)
Advertising: Maureen E. McHugh
Telephone: (603) 358-3756
FAX: (603) 358-0157
Subscriptions: Katharine Gadwah
Elektor Electronics USA
Post Office Box 876,
Peterborough, New Hampshire 03458
Subscriptions to Elektor Electronics USA are
available ONLY in the fifty United States,
Canada, Puerto Rico, the Virgin Islands and
those Pacific territories administered by the
United States of America.
International Advertising:

fruitful for those who foster the throw-away style of appliance
manufacturing. While this has been great from the balance sheet viewpoint, it has been nearly totally successful in destroying the average
American's technological self respect.
Thus if Heath management assumed that price was the real reason
customers were buying kits, then when automated manufacturing
methods for consumer gear began to develop, the cost differential
between akit and an assembled unit began to widen at an alarming
rate. Kits became far more expensive to manufacture than aproduction line product put together entirely by machines. Also, the basic
philosophy about what an appliance is, began to change. Handassembled units are repairable. Machine assembled units are so difficult to assemble or so costly to try to disassemble and repair, that
kits began to look more and more like dinosaurs.
This disaster is of course defined by assumptions. And the assumption here is wrong. How Heath's people could have missed this basic
bit of consumer information Ido not understand. If you ask how I
know this was their attitude the answer is simple; Iasked them.
Their advertising has not, for over 25 years, paid any attention to
why people build their kits. They spent no money that Iknow of
extolling the fun of building equipment. While they listened to the
designated builders among their employees, they seemed not to pay
much attention to what their customers were thinking or saying.
Given the rapid rate of technological change over the last three
decades, kit building's future needed some kind of re-evaluation
and aconscious effort to keep it agreen and flourishing enterprise
in North America. Kits are alive and well in Europe and Asia. The
periodicals there flourish, support, and are supported by adiverse
kit industry. The US periodicals that could have continued to support kit building, or audio as handcraft, abandoned the idea in favor
of higher advertising revenues from companies which made finished,
higher ticket items.
Isuppose we must all accept the seemingly inevitable phenomenon
which we might call "the Camelot effect," which is only another way
of saying that nothing which is really excellent lasts forever. But the
survival time for the good ones seems to get shorter and shorter in
our accelerating world.—E.T.D.
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Logical Systems Corporation offers three

adapters for use on BP Microsystems, Digelec, and Logical Devices programmers.
The PA-MACH210 for $115 supports MACH
110 and MACH 210; the PA-MACH68 supports MACH 120 and 220 for $165; and the
PA-MACH84 supports MACH 130 and 230

I

FREE HAM CATALOG

I

COAXIAL ASSEMBLIES

Nemal Electronics International, Inc.,

for $199. They plug into the 28-pin ZIF

announces aline of EMI/RFI suppressed co-

socket of the logic programmer and accept

axial and multiconductor cable assemblies,

MACH devices for programming. They are

available in 50 and 750 versions with either

MFJ Enterprises, Inc., releases its free

all high density, CMOS, 84-pin PLCC pack-

type N, BNC, or UHF connectors. The mul-

1992 Ham Catalog containing new product

ages. A socket extender and pin protector are

ticonductor assemblies are available in 2- to

announcements of accessories for Ham radio

included with each adapter.

40-conductor configurations with D-submin-

operators. The catalog includes their 20-page

For information, contact Logical Systems

iature or circular connectors. They offer op-

amateur radio new products listings, Amer-

Corp., PO Box 6184, Syracuse, NY 133217,

timum performance over the desired fre-

itron amplifier and other new product offer-

(315) 478-0722, FAX (315) 475-8460.

quency range; exact position and mechanical

ings, with complete descriptions and prices

............

of all items.

integrity are provided by asection of heat-

.... ..

shrink tubing. They are available in assorted
colors and tested for continuity and dielec-

For afree copy, contact MFJ Enterprises,

tric withstand voltage.

Inc., PO Box 494, Mississippi State, MS

Specify length, frequency range, cable and

39762, (800) 647-1800.

connector types for pricing. Contact Nemal

I

Electronics International, Inc., 12240 NE
14th Ave., North Miami, FL 33161, (800)

TECHNICAL NOTES

522-2253, FAX (305) 895-8178.

ARX Systems' second newsletter in aseries

of three application notes (EEUSA 5/92,

I

p. 12) concerns the Afterburner, acompres-

INSTRUMENT CATALOG

sor limiter. Suggestions from audio engineers
and the ARX design team form the basis for
these practical uses for the Afterburner. The
notes, while primarily intended for users of

Specialized Products Company produces

I

acomprehensive and informative free cata-

WARNING DEVICES

log, with 256 pages listing 5,000 electronic

Scantek, Inc., distributes two dynamic

tools, test equipment, and service accessories

formation applicable to similar products.

warning devices for areas with potentially

for applications in computer/electronic, data

Available to anyone who sends a self-ad-

high sound levels. The Electronic Orange

communications, and telephone service re-

dressed stamped envelope, the company

(GA904), for control of amplified entertain-

quirements. Products are guaranteed and

plans to release one set of notes per month.

ment noise, uses the cut-off principle if the

next-day delivery is available. This 64-page

sound exceeds apreset, adjustable level. If

supplement updates the full catalog.

ARX Systems' products, contain technical in-

Contact ARX Systems,

PO Box 842,

Silverado, CA 92676-0842, (714) 649-2346.

the warning lights remain on for a given

Request your full catalog and/or the 1992

time, the amplification power is cut off

Update on Test Equipment from Specialized

automatically.

Products Company, 3131 Premier Dr., Irv-

A Noise Activated Warning Sign (GA902)
CATOPRENE CABLES

alerts industrial workers when noise exceeds

Cat Wire and Cable Corporation in-

apreset, adjustable level as well, an LDC ad-

troduces a line of flexible multiconductor

vising

Catoprene cables for use in electronic con-

protection.

them to

don approved

hearing

ing, TX 75063, (800) 527-5018.

I

WINDOWS 100 AWARD

Acoustic Research (AR) announced that

the Powered Partner 570 is the winner of the

trol, audio, instrumentation, and general in-

Contact Scantek, Inc., 916 Gist Ave., Silver

terconnect applications. The Catoprene

Spring, MD 20910, (301) 495-7738, FAX

Windows 100 Award, chosen as this year's

jacket, available in 12 colors, offers high and

(301) 495-7739.

best hardware product for use with PCs. It

low temperature performance, is abrasion-,

is the only loudspeaker selected to earn this

flame-, and oil-resistant, and are an alterna-

honor. The Powered Partner is atwo-way,
amplified, acoustic suspension system which

tive to rubber-jacketed cables. They are available in both shielded and unshielded versions
from 2-30 conductor in AWG sizes 10-26.
Catoprene cables are also available in zero
halogen constructions. For details, contact
Cat Wire and Cable Corp., 1139 NW 72nd

In "Electronics Scene" (EEUSA April
1992, p. 13), the incorrect area code
accompanied the item, "Fiber Optics
Primer." Industrial Fiber Optics' corrected phone number is (612)
731-8459.

asmall enclosure. It uses a5" polypropylene
woofer fitted with abutyl surround and delivers 35W RMS. The 570 costs $475 per
pair. To obtain review samples, call Glen
Ilacqua at (800) 225-9847.

St., Miami FL 33150, (305) 836-3600.
ELEKTOR ELECTRONICS USA JUNE 1992

provides reference quality performance from
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I

VCR-TOOLS PACK

Techni-Tool offers a set of 21 tools for

ELECTRONICS SCENE

technicians to service, repair, align, and adjust most VCRs. Tec-Tuff® VCR Service/
Repair Kit contains the tools in aconvenient
zipper pouch for easy transporting. Request
information on cleaning products or afree
240-page catalog from Techni-Tool, 5Apollo

I

GLOBAL STANDARDIZATION

The American National Standards In-

stitute (ANSI) second effort to effect inter-

Rd., PO Box 368, Plymouth Meeting, PA

national standardizations comes in video

19462, (215) 941-2400, FAX (215) 828-5623.

form titled "Global Connections," which is
available to senior management at major US
corporations. In it, three leading US executives offer their views on the significance of
standardization in the global marketplace.
Copies of the video are available on aloanbasis, with a handling fee, for a period of
three weeks; FAX those requests to the attention of Russell Bodoff at (212) 398-0023.
Those interested in purchasing the video,
contact ANSI's Customer Service Department at (212) 642-4900. It costs $25 for ANSI
members; $50 for nonmembers.

I

CARVER'S DCC PLAYER

Carver Corporation announces the Carver

The first part of this educational-awareness campaign was FORTUNE magazine's
publication of asupplement titled "Global
Connections: The Quest for Worldwide Stan-

I

HAND-HELD TERMINAL

Two Technologies, Inc., releases the PDS,

DTD-1880, adigital compact cassette (DCC)

dardization." Copies of the insert are avail-

for home use which lets you record and play

able by FAXing ANSI's External Relations

held terminal designed for avariety of ap-

CD-quality digital audio in a tape format,

Department at (212) 398-0023.

plications. The software developed on one

while also allowing you to play back conventional analog audio-cassette tapes.

Other queries, write ANSI, 11 West 42nd
St., NY, NY 10036.

aprogrammable, full-function ASCII, hand-

computer can be downloaded to the PDS or
the PDS can be reprogrammed in the field

The DTD-1880 offers flat-frequency re-

by downloading via modem.

sponse, low distortion, and wide dynamic

Other features include an 8051 micropro-

range. It has Dolby Band C noise reduction

II TRAVEL INK JET

cessor, serial UART to 19,200 baud, 32k-

for playback of analog tapes. Music can be

Eastman

Company offers its

bytes, battery-backed RAM, 128 bytes non-

accessed from both sides of the tape, aninth

Diconix 701 printer that provides laser-qual-

volatile EEPROM, 4-line by 20-character

Kodak

track is free for tape management, and apair

ity from its first mobile ink-jet type. Featur-

liquid-crystal display (LCD), programmable

of stereo analog playback heads improve

ing 300 x 300 dots-per-inch resolution in an

LCD contrast control, and a full-function

conventional tape performance.

86.6 sq. in. footprint, the 701's feeder holds

speaker. Housing is ergonomically designed

up to 30 pages of paper, its print speeds are

to be both rugged and comfortable to use.

Efficient data usage is due to precision
adaptive sub-coding (PASC), aprocess which

competitively fast, and internal font rotation

reduces data needed for sound recreation.

allows storage. It includes an MS Windows

Sargon Way, Horsham, PA 19044, (215)

The DTD-1880's fluorescent display shows

driver, two built-in printer emulations, and

441-5305, FAX (215) 441-0423.

album and song titles, vocalist's name,

compatibility with a variety of software.

elapsed time, and other information. It of-

DOS-compatible, the Diconix 701 ($549 in

fers connections to three types of inputs and

the US; $675 in Canada) weighs under six

outputs: analog, digital, and digital fiber op-

pounds without batteries and has an optional

tic. Price ranges between $800-$900.

Ni-Cad rechargeable battery.

For further information, contact Carver
Corporation, PO Box 1237, Lynnwood, WA

For more information about printer products, call (800) 344-0006.

98046, (206) 775-1202, FAX (206) 776-9453.

Contact Two Technologies,

Inc.,

419

I

THERMOCOUPLE CARD

Global Specialties offers an eight-channel

Thermocouple card, the Model TIP-8, which
plugs directly into an I/O slot of an IBM PCcompatible, allowing eight thermocouple inputs for measuring temperature. The card
combines the functions of astandard analog
input card with the functions of thermocouple amplifiers, avoiding the cost and inconvenience of external equipment. The TIP-8
($375) uses a12-bit converter to produce an
8-bit temperature measurement. Measurement ranges are programmable, the on-board
linearizer accepts one thermocouple type,
and a 16-point connector is provided.
Contact Global Specialties, 70 Fulton Terrace, New Haven, CT 06512, (800)572-1028,
FAX (203) 468-0060.
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Contact

ELECTRONICS SCENE
II INSTANT PC BOARDS
II RUGGED MAINFRAME

Dyna Art Designs announces atoner trans-

IBI Systems, Inc., announces the Model

fer system that allows you to create cus-

ST-4100E personal rack-mount computer

tomized PC board patterns, faceplates, com-

box

meeting

NEMA-12

standards.

Its

switched 300W power supply operates at

ponent overlays, and decals without needing
a CAD program.

100kHz. The unit is 20G operating shock

In athree-minute process, first print to the

tolerant. Designed for rugged industrial uses,

toner transfer paper using alaser printer or

its 12-slot passive backplane accepts any pro-

photocopier. Then iron the image directly to

cessor board, PC enhancement boards for

blank copper-clad board for two minutes.

video imaging, process control, data acquisi-

Soak it in water one minute and the paper

I

1992 SUPPLEMENT

Contact East releases its 1992 Spring Sup-

tion, or telephone networking. Priced from

falls off, leaving behind the completed etch-

plement catalog featuring test equipment,

$2,700 to $5,900, the ST-4100E weighs 25

resistant toner pattern. You are then ready

tools, and supplies for engineers, managers,

lbs., sports a keylock switch, and offers a

to etch conventionally.

year's warranty.

technicians, and hobbyists. Products offered

Five sheets of 81
2 " x 11" transfer paper
/

include DMMs, EPROMs, adhesives, and

Contact IBI Systems, Inc., 6842 NW 20th

and a special iron-protector sheet are in-

portable digital scopes. All products are fully

Ave., Fort Lauderdale, FL 33306, (305)

cluded for $9.95 plus $2.50 shipping (Cali-

guaranteed, same-day shipment provided.

978-9225, FAX (305) 978-9226.

I

DSP BOARD

fornia residents add 8.25% sales tax). Con-

To receive a free copy, contact Contact

tact Dyna Art Designs, 3535 Stillmeadow

East, 335 Willow St., No. Andover, MA

Lane,

01845, (508) 682-2000, FAX (508) 688-7829.

Lancaster,

CA 93536-6624,

(805)

943-4746.

Dalanco Spry announces the Model 500, a

digital signal processing (DSP) board with

so

analog and digital I/O. Designed for PC AT

70

and ISA-bus compatible microcomputers, applications include instrumentation, telecom-

11075
MU,

munications, biomedical, audio, and DSP

ON
ANIL

et

software development. It provides data ac-

TUNE

quisition for eight channels at 12-bit resolution and a maximum of 225kHz sampling
rate.
The Model 500 includes two 12-bit analog
output channels, abuffered digital I/O con-

MT

MFJ 20 METER CW TRANSCEIVER

OMIT

MODEL MFJ 9020

I

PORTABLE TRANSCEIVER

MFJ Enterprises,

Inc., announces the

nector for user expansion, and two serial in-

Model MFJ-9020, a5W 20M CW transceiver

I

DOS LOGIC SIMULATOR

Capilano Computing Systems Ltd. has

terfaces of the TI DSP. A variety of software

that covers 14.000-14.075MHz, has asuper-

now released an MS-DOS version of Logic-

accompanies the Model 500: TMS320C51

hetrodyne receiver, RIT, audio-derived AGC,

Works, an educational electronic schematic

Assembler and Debugger, FFT, real-time sig-

and a built-in earphone jack. This trans-

and simulation software package, formerly

nal and spectrum display, concurrent record

ceiver, which fits easily in abriefcase, has

available only to Mac users. Its fully interac-

and playback to or from disk, digital filter

an 8-pole crystal filter with 500Hz band-

tive digital simulation lets probes, displays,

examples, FIR filter code generator, and a

width, Vernier tuning, and operates from

and switches be placed directly on the cir-

waveform editor.

12-15V DC.

cuit diagram so that it operates like areal cir-

The Model 500 with TMS320C51 costs

The Model MFJ-9020 costs $39.95. For

uit breadboard. Clicks of the mouse can

$1,600. For further details, contact Dalanco

details, contact MFJ Enterprises, Inc., PO

change device delays, clock rates, and signal

Spry, 89 Westland Ave., Rochester, NY

Box 494, Mississippi State, MS 39762, (800)

connections letting you test circuit ideas on

14618, voice and FAX (716) 473-3610.

647-1800.

the spot. The simulator uses 13 different logic
states to correctly predict resistive drives,
pullups, open-collector devices, and unknown states, handles an area up to 5ft 2and
simulates thousands of elements from gates
to TTL parts to microprocessors, and allows
you to create your own symbols and more.
Logic Works costs $300; discounts are available to students and educational institutions.
For information, contact Capilano Computing Systems Ltd., 960 Quayside Dr., Suite
406, New Westminster, BC, Canada, V3M
6G2, (800) 444-9064, (604) 522-6200, FAX
(604) 522-3972.
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NEW BOOKS

ELECTRONIC CIRCUITS,
SYSTEMS AND STANDARDS
Edited by Ian Hickman

to the use of integrated circuits. The goal of

In each case, new material or ways of in-

circuit design is no longer the minimization

vestigating traditional problems helps to ex-

of the number of logic gates or operational

pose fresh approaches to problems in elec-

ISBN 0-7506-0068-3

amplifiers, but rather the combining in an

tromagnetic theory and anew style of inter-

220 pages, illustrated

ideal manner of the most suitable ICs. For

preting fundamental electromagnetic inter-

Price $32.95 (hard cover)

this purpose, application-specific IC tables

actions.

This book could be subtitled "The Best of

are given with examples of available chips

Springer-Verlag (New York), Inc.

EDN." Since its first appearance in 1956,

and the relevant manufacturer.

175 Fifth Ave.

EDN magazine has established for itself the

Springer-Verlag (New York), Inc.

New York, NY 10010
(800) 777-4643

unassailable position as the most useful and

175 Fifth Avenue

widely read of the controlled-circulation

New York, NY 10010

electronics magazines with acombined, fort-

(800) 777-4643

nightly circulation in the USA, UK, and
PRINTED CIRCUITS DESIGN
by Gerald Ginsberg

Europe of over 160,000.
The selection of articles from EDN reflects
the editor's interests as alongstanding analog-circuit design engineer, but digital subjects are far from ignored.
The articles are carefully cross-referenced

ISBN 0-07-023309-8

MICROCOMPUTER
FAULT-FINDING AND DESIGN
by Robin Holland

Price $39.95 (hard cover)

ISBN 0-333-542681

This is a comprehensive, state-of-the-art

202 pages, well-illustrated

guide to printed-circuit design and applica-

302 pages, illustrated

and subject-indexed for ease of use. Many
of the circuits are from the popular "Design

Price $72.50 (hard cover)

tions, including the advances made in CAD

Ideas" section, where readers submit their

Microcomputers vary from single-chip sys-

and CAE in recent years. In addition, it covers the important areas of how to design

own designs. Many of the informative longer

tems, such as pocket calculators, to indus-

articles are included, both contributed and

trial controllers and multi-user office com-

PCBs for efficient manufacturing, and how

staff-written.

puters. This expanding range of applications

to design PCBs that incorporate surface-

Butterworth-Heinemann

has brought with it aneed for agreater un-

mounted components. It is an essential

80 Montvale Ave.

derstanding of this technology and for the ac-

working tool for all electrical engineers.

Stoneham, MA 02180

quisition of new skills by servicing personnel.

McGraw-Hill, Inc.

(617) 438-8464

This book, intended for students studying

11 West 19th St.

servicing/test subjects in Further and Higher

New York, NY 10011

Education Colleges, is an attempt to describe

(800) 2MC-GRAW; orders only

the procedures and test equipment that can
be applied when fault-finding on microprocessor-based equipment. There are few texts

ELECTRONIC CIRCUITS
by U. Tietze and C. Schenk

that attempt such acomprehensive coverage

ISBN 3-540-0608-X

of this topic, and this book introduces some

945 pages, 1166 illustrations

novel and innovative approaches to micro-

Price $49.00 (hard cover)

computer fault-detection.

This book is the second English edition of

Scholium International Inc.

an international best seller on electronic cir-

99 Sea View Blvd.

cuit design and application. It has been

PO Box 1519

thoroughly updated and expanded. Aimed at

Port Washington, NY 11050

the student, practicing engineer, and scien-

(516) 484-3290

NEW BABANI BOOKS
A Concise Introduction to the
Macintosh System and Finder
by Jerry Glenwright
High-Power Audio Amplifier
Construction
by R.A. Penfold

tist, it covers all important aspects and applications of modern analog and digital circuit
design. Part I, Basics, contains the material
of aone-year's undergraduate course on ele-

RECENT ADVANCES IN
ELECTROMAGNETIC THEORY

mentary electronics and describes the circuit

by D. L. Jaggard and H.N. Kritikos

components by their electrical behavior

ISBN 0-387-97143-2
Price $99

rather than by their semiconductor physics.
Part II, Applications, is structured in line

Loudspeakers for Musicians
by Vivian Capel
A Concise User's Guide to
Lotus 1-2-3, Release 3.1
by N. Kantaris and P.R.M Oliver

Derived from the work of Professor Papas

with the particular fields of circuit applica-

and dedicated to his scientific and pedagog-

All four books are priced at $7.00. Full de-

tion. Chapters have been written to stand on

ical achievements, this volume investigates

tails from:

their own, with aminimum of cross-refer-

aseries of problems in the forefront of elec-

Bernard Babani (publishing) Ltd.

encing. Each chapter offers acritical and de-

tromagnetics. Topics range from group the-

The Grampians

tailed overview of various solutions to a

ory and fractals to chiral media and inte-

Shepherds Bush Road

given problem. Particular attention is paid

grated optics.

London W6 7NF, UK
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Our earlier publications on I
2C-compatible circuits having
met with a great deal of interest, we now move on to a
four-digit seven-segment LED display unit that can be
used in many applications as a bright and easy to drive
readout.

Design by J. Ruffell

S

0 far it has appeared amatter ofcourse

that the readout function in a computerized measurement system is invariably
provided by the screen of the PC. The present 4-digit LED display unit may, however,
prove an attractive alternative in many
cases. It allows aPC fitted with an I
2
C controller card (Ref. 1), or any other I
2
C controller, to indicate, for instance, measured data
in bright green, red or yellow numbers on an
LED display. In other words, it is no longer
necessary to reserve apart of the PC's screen
for displaying measured values. This means
that the PC can continue to run its main program, while a background program takes
care of outputting measurement data to the
LED display at regular intervals.
Another possibility is to use the display
as atime and/or date indication. In aPC, the
parameters needed for this application are
easily copied from the system software or
the PC's internal real-time clock. Another
possible application that comes to mind is to
use the display to bring to your attention the
status of a certain measurement program
that runs in the background.
ELEKTOR ELECTRONICS USA JUNE 1992

The present display is, of course, software-compatible with the fc device driver
published earlier (Ref. 2), and its control is,
therefore, 'food for programmers'. Those of
you who work with microcontrollers will
also find that the I
2
C display unit is readily
used and fairly simple to control. Today, an
increasing number of microcontrollers is
available with an on-chip I
2
C interface,
which makes connecting the present display
unit apiece of cake.

SAA1064 from Philips Components. This IC
is manufactured in I
2Ltechnology, and is capable of driving four 7-segment LED displays including decimal points as two
multiplexed blocks. The block diagram of
the SAA1064, Fig. 2, shows that the IC contains an I
2
C transceiver that can be located at
four I
2
C bus addresses, apower-reset flag,
16 outputs that operate under software control (each capable of sinking up to 21 mA),
two multiplexed outputs, and oscillator, abit
that selects between static and dynamic
mode, and, finally, abit for test purposes.
As could be expected of an I
2
C application circuit, the control of the display driver
is amatter of sending the right command to
apreviously determined address, which is
the 'location' of the IC in the I
2C network.
Here, the address of the SAA1064 can be set
with the aid of jumpers. Remarkably, only
one IC pin is used to select one of four
possible addresses in the system. Resistors
R3, R4 and Rs form avoltage divider which
supplies the address selection voltage to the
ADR pin of the SAA1064. The voltage level,
i.e., the IC address, is determined by three
jumpers. The four voltage levels that can be
set are 0V, 3/
8Vcc, 5
,43Vcc and Vcc. Each of
these levels corresponds to one of the four
combinations of the two address bits, AO and
Al.
The base address of the SAA1064 is
01 1 1 0 Al AO x
To select an address, fit the jumpers as
shown in Table 1. All other bits in the I
2
C ad-

The circuit
The circuit shown in Fig. 1is best described
with three words: compact, simple and inexpensive. Apart from one IC, two transistors
and, of course, four 7-segment LED displays,
only ahandful of passive parts is required to
complete the circuit. As with the other circuits in our I
2
C series, the communication
with the outside world is via two miniature
6-way DIN sockets. A length of 6-way cable
is all that is required to convey the two serial
signals, ground, the supply voltage and an
interrupt signal (the +5 V supply voltage is
carried via two wires).
The heart of the circuit is formed by a
four-digit I
2
C-compatible LED driver Type
WorldRadioHistory

Table 1.

AO

Al

JP1

JP2

JP3

0

0

0

1

0

1

0

0

0

0

0

1

0

0

1

1

1

1

0

0

O= open
1=jumper fitted

I
2C LED DISPLAY
dress are 'burnt' in the IC hardware, and can
not be changed. As usual with I
2
C compatible ICs, the 'x' at the end of the address
is abit that selects between aread (x=1) or a
write (x=0) operation. The 'read' addresses
are 70H, 72H, 74H and 76H. The 'write' addresses are 71H, 73H, 75H and 77H.
Transistors Ti and T2 are required to
multiplex the four common-anode displays
pair-wise. They function as switches, with
the hardware in the SAA1064 determining
the current flow through the display segments. Software control allows the segment
current to be set between 3mA and 21 mA in
steps of 3 mA. In dynamic mode, the segments light about half the time (48.2% typ.
min.). The circuit configuration used here results in a multiplex frequency of about
150 Hz, which can be increased to about
800 Hz or 1,500 Hz by reducing Cs to 820 pF
or 390 pF respectively.
The multiplex duty factor results in an
average segment current that is about half
the programmed current. Since the brightness of the Type HD11050 LED displays
(manufacturer: Siemens) is sufficient at a
segment current of 4.5 mA, asegment current of 9mA is programmed.
Jumper JP4 allows the display to be
powered by aseparate supply, which may
be required when more than one display is
used. The external voltage is applied via PCB
terminal 'U+', and may be up to 15 V, pro-

JP4
5V

U4 0----0A O

05V

.

.5V

..?

0

I0On
T1
rna2
(E?
BC547C

BC547C

SCL
P-

0
LD1

SDA

-0

•

LD2

a
CA

CA

al

•

10

CA

103

I.

104
CA

CA

NT

e

11 1=p
10'1

dl

'

5

R77

el

5V

9,
_

477

f-A

7.
I

LIL= 1.1 °

a

7

•

CA

42 10

/7 1

a

1
1

7

CA
o

=,nu

d-1

OH

42

OHO

02

g

CA

110/i

4

2

LUO
e

KI

// /
2

2

2

22 21
23

REM

5V

02

24

2

/
2

2

20 19

/
2

LI31...LD4 = MD1105 0

/
2

2

17 16 15

.0

SDA
ICI
SCL

4.01.1

SAAI064

2

K2

12

CO

dl

C5
10

7

6

5

4

1t

100

2n7
------

E
920004 -11

Fig. 1. The circuit for driving four 7-segment displays is very compact thanks to the power
of the I
2C protocol.

1,P16

1,P15

1P14,

1,P13

1,P12

22

21

20

19

18

1P10
17

16

SAA1064
sDA

23

14

MX2

13

vcc

CLOCK
DIVIDER

12

V EE

EMITTER
FOLLOWER

11

MX1

EMITTER
FOLLOWE
MULTIPLEXER

I/O

MUX
SCL

4

0.

PR
-›

DIGIT 3 LATCH

DIGIT 4 LATCH

PR
CURRENT
DAC
LEN

4

LCO

I
2C BUS

RESET e

AON

AD.

AIN

INSTRUCTION
DECODER

CO
MODE
CONTROL

2

PR

LEVEL
DETECTOR
0.

DIGIT 1 LATCH

DIGIT 2 LATCH

CURRENT
REFERENCE
MUX
4MULTIPLEXER

EN 4.
C

EX

CLOCK
OSCILLATOR

1,1±11 _1_ 1

Î-p-r%
Fig. 2.

TEST

r%

110
PI

920004 -12

Internal diagram of the SAA1064 LED display controller (courtesy Philips Components).
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COMPUTERS AND MICROPROCESSORS

COMPONENTS LIST
Resistors:
2

3301.
2

R1,R2

1

10kS2

R3

1 221(Q

R4

1

R5

18k12

Capacitors:
2

100nF

C1;C3

2

471.IF 16V radial

C2;C4

1 2nF7

C5

Semiconductors:
2

BC547C

1 SAA1064

TI;T2
ICl

Miscellaneous:
2

6-way PCB-mount
mini-DIN socket

K1 ,K2

4

HD11050/GN/R (see text)

LD1-LD4

1

Printed circuit board

920004

1 Control software on disk

ESS 1671

vided the total dissipation in the SAA1064
does not exceed 1W.
Resistors Ri and R2, finally, ensure that
the I
2
C bus is correctly terminated.

Construction

Fig. 3.

Track layout (mirror image) and component mounting plan of the printed circuit

board designed for the I
2C display module.

The printed circuit board for the I
2
C compatible display unit is compact — see Fig. 3
and the photographs. One of the mini-DIN
sockets may be omitted if the unit is the last
(or the only) device on the I
2
C bus. Since the
two sockets are connected in parallel, it
makes no difference which of them is
omitted. If you can not get hold of the special
DEN sockets, or wish to reduce the cost of
building the unit, use separate wires and the
PCB terminals marked +5 V, 0V, SDA, SCL
and INT instead.
Start the construction by fitting the wire
links. Next, mount the passive components,
followed by the IC and the two transistors. If
you solder the displays directly on to the
board, make sure that they are not overheated — in general, it is better to fit the displays in IC sockets.
Set the jumpers as follows:
JP1 and JP3 open;
JP2 closed;
JP4 position 'B',
and connect the display unit to the I
2
C bus.
We built afew prototypes of the unit with
different display colours. The suffix of the
display type number indicates the colour:
HD11050:
orange;
HD1105G:
green,
HD1105R: red; HD1105Y: yellow.

Software control
As already mentioned, the display is controlled by an I
2
C controller board described in
Ref. 1. The control software has been described in Ref. 1, and is available on disk
under order number ESS 1671.
ELEKTOR ELECTRONICS USA JUNE 1992
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I
2C LED DISPLAY

Figure 4shows how the controller communicates with the SAA1064. Reading results in astatus byte, which, among others,
shows the state of the power-reset flag. This
flag is set by the SAA1064 when power is applied, after which all registers contain zeroes, and the display is blank.
There are anumber of ways in which we
can write to the SAA1064. Writing to the device requires the relevant control register to
be set to the right mode, and data to be sent
to the display digits. After addressing the
SAA1064, an instruction byte is sent that selects one of the eight internal registers.
Which register is selected first is determined
by the level of bits SA, SB and SC. The autoincrement function of the IC ensures that the
next register is automatically selected for
writing to. The pointer of the auto-increment
function is cyclic, and changes to '0' again
after '7'. The three least-significant bits of the
instruction byte select the registers as follows:
b2

bl

1,0

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

control register
LD1 register
LD2 register
LD3 register
LD4 register
free
free
free

Sb

1APRO000000
status byte

I
2C bus format; READ mode.

0 1 1 1 0 Al

AO 0 A 00000SC SB SA A X C6 C5 C4 C3 C2 Cl CO A

slave address
D17

instruction byte

D10 A D27
data digit 1

control byte

D20 A 037
data digit 2

D30 IA 047
data digit 3

040 AP
data digit 4

I
2 C bus format; WRITE mode.
S = start condition

Al, AO

= programmable address bits

P = stop condition

SC SB SA

= subaddress bits

A = acknowledge

C6 to CO

= control bits

X = don't care

PR

= POWER RESET flag
920004-13

Fig. 4.

Sending commands to the controller is pretty simple if you make use of the I
2C

driver contained on the floppy disk supplied for this project.

begin (« LedDisplayTest
Start (Bus);

*)
(-Start communication on

I2C-bus.)

InitLedDisplayTest;

The structure of the control byte is as follows:
dynamic mode (multiplex digits)
enable digits 1and 3
enable digits 2and 4
segment test, all outputs active
increase segment current by 3mA
increase segment current by 6mA
increase segment current by 12 mA
reserved

Address(DisplayAddr);

(-After being addressed, the LED-driver
expects an instruction byte.)

Inst:=GetInstructionByte(1);

I- The byte following the instruction
byte will be stored in the control
register....)

write(Bus,Inst);
Ctrl:=GetControlByte(1);
Counter: =0;
Repeat
write(Bus,Ctr1);

(-Prepare

loop.)

(- go!)

with Digit do
I-Copy counter to LED-display.)
begin
Split(Counter,D1,D2,D3,D4);
write(Bus,DCode(D1),DCode(D2),DCode[D3),DCode(D4));
end;
Screen(1);

A segment is actuated (switched on) by making the associated bit '1'; a'0' switches it off
again. This means that we are not limited to
just displaying numbers 0through 9: characters A through Fare also possible, which is
useful for making ahexadecimal readout.
Diskette ESS 1671 contains ademonstration file, LDIS.PAS, which contains the I
2C
driver as well as the routines for controlling
the A-DID-A converter and the I/O port.
LDIS.PAS is written in Turbo Pascal. Figure 5 shows the main procedure, which
starts with moving the decimal point of the
most significant digit to the least significant
digit. Next, the program counts up from 0to
9999, and starts again. The counter values
appear on the display as well as on the PC
screen.
References:
1. "PC Interface for PCs," Elektor Electronics USA, February 1992.
2. "ADC/DAC and I/O for PC Bus," Elektor
Electronics USA, March 1992.

AO

slave address

where b7 to b3 =0

b0 = 1:
bl = 1:
b2 = 1:
b3 = 1:
b4 = 1:
b5 = 1:
b6 = 1:
b7:

1 1 1 0 Al

M

write(Bus,Du,Du,Du);

(-After these three dummy bytes have
been sent, the LED-driver expects
a control byte again....)

delay (t);
if Counter=0
(-Shift decimal points.)
then
for Counter:=5 downto 0 do
begin
write(Bus,Ctrl,DP,B1,B1,131,Du,Du,Du); Screen (2);
write(Bus,Ctr1,131,DP,B1,131,Du,Du,Du); Screen(3);
write(Bus,Ctrl,B1,B1,DP,B1,Du,Du,Du); Screen (4)
write(Bus,Ctrl,B1,B1,B1,DR,Du,Du,Du); Screen(5);
end;

delay
delay
delay
delay

(t);
(t)
(t);
(t);

inc (Counter);
if Counter>MaxCount
then
Counter: =0;
Until keypressed;
UnInitLedDisplayTest;
Close (Bus)
end. (* LedDisplayTest

I-Stop communication on

I2C-bus.}

*)
920004 -14

Fig.

5.

Main procedure in the display test program LDIS.PAS.
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GUITAR TUNER
Design by W. Herrmann

This tuner was designed because many commercial
(analogue) models were found not robust enough for the
practical, hard use required of them. After all, aguitar is an
instrument that needs to be tuned daily.

I

N THE design of the tuner, hands-off operation was aprime requirement. Consequently, all functions are either automatic or
foot-operated. The input is connected to the
output as long as the tuner is not in use. That
means that it can remain in the signal path
between the guitar and the amplifier system.
When the 'on' button is pressed (by foot),
the unit is switched on, provided aplug is
inserted into the input socket. At the same
time, the output of the unit is removed from
the amplifier, so that no tuning signals are output over the speakers.
When the unit is on, the LED associated
with the high E(fE =329.63 Hz -equal temperament tuning) lights. When the high-E
string is plucked, several LEDs light. If the
band of light appears to move to the left,
the played tone is too low; if it moves to the
right, the played tone is too high. There is a
period of 20 seconds to tune the string: correct tuning is indicated by the band of light
standing still.
Each subsequent pressing of the 'on' button switches the tone to the next lower note,
B1,G1,... ED indicated by the lighting of the
associated LED. In each case, there is aperiod of 20 seconds to tune the relevant string.
At the seventh pressing of the button, the LED
associated with the high Elights again.
Tuning may be ended with the second
footswitch, which switches the tuner to standby, whereupon the guitar signal is reconnected automatically to the amplifier.
If the 20-second period is not long enough
to tune astring, the unit must be returned to
operation at the relevant frequency by repeatedly (six times) pressing the 'on' button.
Neither on-switching nor off-switching causes
any audible noise or contact bounce.

Crystal control
The circuit in Fig. 1depends for its correct
operation on acrystal-controlled oscillator,
IC 5a 4C 5b4C5d, and adivider, IC 6-1C 8-1C 9a ,
that is programmed by adiode matrix. To
keep the current drain down to aminimum,
all ICs used are CMOS types.
The oscillator output is used to clock IC 6.
The QcrQii outputs of this circuit are fed to
adiode matrix with which anumber of scale
factors can be preset. Only six of the eight
columns of the matrix are used here: one for
each string of the guitar.
The scaled-down oscillator frequency is
used as areference and as clock for binary
counter IC 2,which controls multiplexer ICI

via its outputs 0-3.
An LED is connected to each of the 16 outputs of the multiplexer. The LEDs form a
'running light' that, depending on the frequency of the plucked string, moves from
D1 to D16 or vice versa. The 'running light'
effect arises because the Einput of ICi is controlled by the signal from the guitar. Only
when the reference frequency is an exact
quadruple or octuple of the measured guitar
signal, will the running light stand still. If
the frequency of the guitar signal is not correct, the running light moves in adirection
that depends on whether the frequency is
too high or too low. The larger the difference
between the reference and guitar signal frequencies, the faster the running light moves.
Opamps IC 3a (threshold switch) and IC 3b
(amplifier) convert the sinusoidal output
voltage from the guitar pickup into arectangular signal to drive the multiplexer.
Immediately after switch-on, all outputs
of IC 6are logic low, the oscillator begins to operate, and IC 6 starts to count. The reverse-biased diodes of the first matrix column and
pull-up resistor R20 at the input of D bistable
IC 8 provide an AND function: the level at
pin 3of IC 8can go high only when those outputs of IC 6 that are connected to diodes in
the first matrix column are high. That condition is met only at certain states of IC 6.The
consequent logic 1becomes available at the
output of IC 9(pin 1), whereupon IC 6is reset.
Without IC 9,
the reset pulse would be too short
to clock IC 2.
Counter IC H drives the three address lines
of IC 8 in binary form; it proceeds one step
every time a clock pulse, debounced by
R13-C 8-ICioa,
arrives from 'on' switch S1at its
input. At the same time, demultiplexer IC 7,
which operates in step with IC 8,causes one
of LEDs Dr—D22 to light to indicate which
of the guitar strings can be tuned.
After S1 has been pressed six times, output 6of IC 7 goes high, which causes areset

II
II
II
3
II
II
III
II
la
II

Tuning indication by LED running light
Suitable for bass and guitar
Foot operated
Six reference frequencies with atolerance of <0.05 Hz
Loop-through connection
Amplifier muted during tuning
Low current drain: 20 mA during operation; 1.5 µA during standby
Battery life about 2years
Low battery indication
Automatic or foot-operated switch-off
WorldRadioHistory
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of ICii.
After switch-on, the tuner is always preset to the high Estring frequency because of
the reset provided by R19--C 13 .
In the standby mode, battery power is
available but the tuning mode is disabled. In
this state, only three ICs are powered: quadruple analogue switch IC 4;bistable IC 9;and
inverter ICio a...f. In this mode, the current
drain is amere 1.5 µA.
When, in the standby mode, S1is pressed,
bistable IC 9a is reset, whereupon T1is switched
on to provide power to the remaining ICs.
At the same time, analogue switch IC 4bconnects the guitar output to the amplifier, IC 4,
becomes high-impedance, and IC4d short-circuits the output of the tuner.
Capacitor C12 is charged slowly via R16.
After about 20 seconds, the voltage across it
has reached the threshold level of IC lob, and
this inverter then switches off the tuner via
gate ICio c.If, before the 20-second period
has elapsed, the 'on' button is pressed, for
instance, to allow the next string to be tuned,
C12 discharges via ICio a,D26 and R25 ,
whereupon there is afurther delay of 20 seconds
before the tuner is switched off.
Stop button S2 can, of course, reset bistable
IC 9a at any moment if required.
In practice, aperiod of 20 seconds has
been found just right for tuning astring. The
period may, however, be made longer by increasing the value of C12.
The battery voltage is monitored by ICioe,

19
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which has athreshold voltage of about U/2.
Diodes D28 and D29 provide areference voltage of 2.8 V. Therefore, if the battery voltage
drops below 2x2.8 =5.2V, the logic level at pin
10 of ICio e changes from 1to 0, whereupon
oscillator ICi od is enabled, which causes the

relevant string LED to blink.

scale factor =.fc/fr — 1,
where fc is the crystal frequency and
reference frequency, which is

Setting up
The scale factors for the six reference frequencies are calculated from:
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IC3 = TLC272

ene

IC11

1N414?F

4024

R19

1N4148

IC4 = 4066
IC5 = 4049
IC9 = 4013
IC10 = 40106

920033 -11

Fig. 1. Circuit diagram of the guitar tuner
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vherefsis the fundamental frequency of the
devant string—see Table 1. Once the scale
actor has been determined, it has to be inorporated into the diode matrix.
For instance, the scale factor for the E
;tring (equal temperament tuning) is calcuated as follows.
f= 2.4576 MHz;
f5=329.63 Hz;
fr=8x329.63 =2637.04 Hz.

TABLE 2

TABLE 1
string
frequency

Scale factor =2.4576x10 6/2657.04-1=
=931—see Table 2.
The outputs of IC 6 have been given biiary values as shown in Fig. 1. The diodes
nthe matrix must be connected in such amanier that the sum of six of the outputs is equal
othe scale factor. How this is done for the E
;tring is shown in Table 2. The string, its funlamentai frequency (equal temperament tunng), the reference frequency and the resultng scale factor are tabulated in Table 3. The
naximum tolerance on the tuned frequency
s<0.05 Hz.

Zonstruction

harmonic
tuning

equal temp.
tuning

fE2

82.50 Hz

82.41 Hz

fA2

110.00 Hz

110.00 Hz

fp i

146.83 Hz

146.83 Hz

fc 1

195.56 Hz

196.00 Hz

fBi

247.50 Hz

246.94 Hz

fE

330.00 Hz

329.63 Hz

Q0
QI
Q3
Q4
Q5
Q6
Q7
Q8
Q9

=1
=2
=4
=8
= 32
= 64
= 128
= 256
= 512

Total

—>
-4

1
2

—> 31
—>128
—>256
—>512
931

TABLE 3
string

fs

fr

scale factor

E2

82.407 Hz

659.25 Hz

3727

A2

110.000 Hz

880.00 Hz

2792

DI

146.832 Hz

1174.65 Hz

2091

G1

195.998 Hz

1567.98 Hz

1566

BI
E

246.942 Hz

1975.83 Hz

1243

329.628 Hz

2637.02 Hz

931

3uilding the tuner on the ready-made printed-

cl 75
3

a

9 ,:b.Cl

e
lo «Mo of
CO

R25

10

C180.0.1110

,Q.

Fig. 2. Printed-circuit board for the guitar tuner.
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GUITAR TUNER
circuit board—see Fig. 2— should not present
any problems. Mount the LEDs on the board
without soldering, insert the board into the
prepared enclosure and turn the enclosure
over. The LEDs can then be correctly accommodated into previously drilled and squared
(filed) holes in the front panel, after which
they can be soldered on to the board.
A ready-made front panel foil is available—see Fig. 3.

Switches S1 and S2 can be linked to the
board with normal circuit wire: because of the
short length of these connections, screened
cable was not found necessary.
The negative terminal of the battery must
be connected to the contact on the stereo
input socket to ensure that the tuner is switched
on only when the cable from the guitar is inserted into the tuner.

PARTS LIST
Resistors:
R1 =47 kS2
R2, R3, R17, R18, R21, R22, R24 = 10162
R4, R8, R9, R19 = 1MS2
R5 =4.7 kS2
R6 =820 kl2
R7 =680 kS2
R10, R11 =2.7kS2
R12, R25 = 1.2 kS2
R13-R15 = 100 kS2
R16 =3.3 M12
R20 =2.2 ki2
R23 =5.6 MS2
Capacitors:
Cl = 1nF
C2 = 1p.F, 16 V
03, C8, C9, C13-022 = 100 nF
04, 05, 012 = 10 I.LF, 16 V
06 =40 pF trimmer
07 =33 pF
C10, C11 =4.7 µF, 16 V
Miscellaneous:
D1-D16 = rectangular LED, green
D17-D22, D28, D29 = rectangular LED,
red

It should be noted that this article assumes equal
temperament tuning throughout. In this, each
semitone is made an equal interval, which has
the advantage that the instrument may be played
in virtually any key. The disadvantage, however,
is that the tones do not sound natural', which is
why many guitarists prefer to tune their instruments to harmonics. (Ed).

IF

D23-D27 = 1N4148
D30-Dxx = 1N4148 (for matrix—see text)
T1 =BC327
IC1 =4067
IC2, IC11 =4024
IC3 =TLC272
IC4 =4066
IC5 =4049
IC6 =4040
IC7, 108 =4051
IC9 =4013
IC10 =40106
Miscellaneous:
,S2 =single-pole on-off switch, press
to close
K1 =6.35 mm stereo audio socket with
switch for PCB mounting
K2 =6.35 mm mono audio socket for PCB
mounting
Btl = PP3/6F22 (9 V)
X1 =quartz crystal 2.4576 MHz
Enclosure (for instance, Pactec Hp-9Vb)
with battery compartment
PCB 920033
Front panel foil 920033F
Fig. 3. Front panel foil.

DESIGN IDEAS
The contents of this column are based solely on information supplied by
the author and do not imply practical experience by Elektor Electronics

PLANT WARMER
by Samuel Dick

Frost is agardener's nightmare. It is especially damaging in the
late autumn when plants may not (yet) have been moved to their
winter site or during the spring when growing conditions are
normally favourable but asudden, unexpected frost
can kill many young plants.

T

HE classic solution to the problem of frost
for small gardens is acoldframe. It occupies less space than agreenhouse, while still
providing storage for many plants or seed
trays. But during cold weather, the tempera-

ture in acoldframe may still drop below
freezing and, during the spring, the temperature may not rise high enough to significantly
boost the growth of seeds and young plants.
The 'plant warmer' offers asolution to these
WorldRadioHistory

problems. By placing asensor and two heating elements in the coldframe, asimple heating system may be constructed. In this design,
the two heating elements are controlled independently; one heater is set for ahigher ternELEKTOR ELECTRONICS USA JUNE 1992
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perature than the other, so that maximum heat
is supplied only during the coldest weather.
By altering both trigger points, the temperature in the coldframe may be raised by
10-15 °C to allow the coldframe to be used
as a propagator during the spring.

Circuit description
The temperature in the coldframe is sensed
by an LM335Z chip, D1.This is used as a
temperature-dependent zener diode; R1 is
chosen to pass acurrent of roughly 1mA
through the device. The voltage drop across
the chip is 10 mV K- 1.At freezing point
(0 °C=273 K), this would be 2.73 V, rising to
2.98 V at 25 °C.
The voltage from the sensor is compared with two other potentials
by ICi. The two potentials are set with preset potentiometers P1and P2;
both of these are
multiturn types to make the process of setting
accurate values as easy as possible. They,
and the rest of the circuit, are supplied with
aregulated voltage derived from zener diode
D2 and filtered by C2 and C3. A current of
around 20 mA is required by the control circuit. Capacitors C1, C4 and C5 filter noise on
the inputs to ICI.
When the voltage from the sensor drops
below one of the comparison potentials,
detects this and switches on the appropriate
output. The output signal is fed to the gate
of asilicon controlled rectifier—SCR—that
acts as aswitch for the heating element. Note
that the SCRs are fed from an unsmoothed
d.c. supply. As the supply voltage drops to
zero every 10 ms, the SCRs are deprived of
holding current and so turn off. They remain
off unless they are retriggered on the next
a.c. cycle by IC I.This ensures that the heat-

ing element is on only when the temperature is below the comparison potential set
by the user.
Voltage comparators have avery high
gain so that the transition voltage range (between on and off) is very small. This would
mean that the circuit would for ever be switching on and off, since even asmall temperature change (perhaps only 0.01 °C) would
result in the controller changing state. As
this could happen twice every a.c. cycle, that
is, 100 Hz since rectified a.c. is used, alot of
switching noise might possibly be created.
To prevent this happening, some hysteresis
has been designed into the circuit. When the
temperature has dropped below one of the
trigger points, it must rise above the original
trigger temperature by about 2°C before the
controller will switch the heater off. This prevents rapid switching and consequent noise.
The hysteresis is built in as follows. The actual circuit may be converted into asimpler
form to ease understanding of its operation
—see Fig. 2. In this simplified circuit, Va represents the supply voltage, Vb the output
voltage of ICi a or ICib, and Ra-Rb one of the
preset potentiometers (its wiper represented
by the junction Ra-Rb). When the heater is
off, the output voltage of ICi aor ICib is around
0.2 V. The voltage at junction Ra-Rb is lowered because Rcdrains current from Rb; thus,
since the voltage across aresistor is proportional to the current flowing in it, the voltage across Rb is smaller than it would if Rc
were not connected. When the temperature
falls, the voltage on the inverting (-) input of
ICi a or ICib drops below that on the non-inverting (+) input and the output of the comparator goes high. In practice, this is limited
by the gate of the SCR to around 0.7 V.

Fig. 1. Circuit diagram of the plant warmer.
1
,
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Since R, now has 0.7 V rather than 0.2 V
at its right end, the current flowing through
it is reduced, so more current flows through
Rb, and the voltage at junction Ra-Rb rises.
By representing the voltages by voltages sources,
the rule may be applied that the sum of voltages around aloop in acircuit must equal zero.
In Fig. 2, there are two loops: loop 1contains
Va,R a and Rb, while loop 2contains Vb, Rb
and R. The current flowing through Rb may
be defined as ii and that through R, as i
2;
then:
Va-Ra(ii+i 2)-Rbii=0
and
Vc-Rbii+Rci2=0.
Since the value of R, should cause achange
of at least 20 mV (equal to 2°C) in the voltage across Rb when Vb changes from 0.2 V to
0.7 V, these equations may be rewritten in a
form to enable j
1 to be calculated as afunction of Vb and R. Since Rb is about 1.2 kû
for atrigger voltage of 2.8 V (equal to 7°C),
Ra is 3.8 1(12 (as the potentiometer is 5k2).
Therefore,

if=(Va+RaVb /Rc)/ (Rb+Ra+RaRb/Rc).
For Va=12 V and the values of Ra,Rb and
as given, with 1Zc=33
the required
20 mV change will take place when the output of ICi a (ICib) goes from low to high, so
providing the desired hysteresis.
To provide the higher temperature option for when the coldframe is used as apropagator, R12 is shorted by closing S2. The value
of R12 for different higher temperatures may
Vb

PLANT WARMER

be calculated as follows—see Fig. 3. The voltage with Rnin circuit is Voi=VsRc/ (Ra+Rb+Rc),
where V, is the supply voltage (12 V). With
R12 (R a in these equations) is shorted, the
new output voltage, Vo2=V sRci(Rb+Rc). Note
that Rb+Rc=Pi in the circuit. Consequently,
Ri2=Pi 2AV/(V,Rc—AVPi),
where AV is the voltage increase required (say,
0.15 V corresponding to 15 °C higher than
the frost protection set point). When the propagator mode is required,Rcis given by VsetPi /V,.

Construction
The plant warmer was constructed on the
printed-circuit board shown in Fig. 4and
fitted into asuitable box.
The two heating elements, R5 and R7, may
be made as follows. The lower-powered heater,
R7, is made from thirty 1.0 12 resistors, soldered together in series and then inserted into
heatshrink sleeving for protection. The higherpowered heater, R5, is made from two resistor chains, identical to R7, connected in parallel. The values of the resistors and the number used have been calculated so that each
resistor runs within its rated power dissipation. There is no need to shrink the sleeving
after construction—indeed, this is undesir-

able since it makes the element less easy to
bend, which could make fitting it to the coldframe difficult.
As the heating elements and sensor have
to operate in damp conditions, care should
be taken to cover the connections with an
epoxy potting compound to prevent ingress
of dampness.

In use
The heating elements should be placed around
the bottom of the coldframe and the sensor
mounted near the bottom, too, but clear of
either element. Some attention should be
paid to the thermal insulation of the coldframe. If at all possible, an insulating layer
should be placed between the ground and the
elements and plant pots. This prevents the
heat from being absorbed by the ground.
Similarly, insulation over the top of the coldframe will help contain heat—the most suitable form of insulation is transparent plastic
sheets of air-filled bubbles, like those used for
packing delicate items.
The values of P1 and P2 should be set,
with the heating off, with the aid of adigital multimeter to give voltages of 2.80 V
and 2.76 V respectively.

PARTS LIST
Resistors:
(all resistors 250 mW)
R1 =8.2 ki-2
R2, R3 =33 kS2
R4 =390
R5 =see text
R6, R8 =2.2 kl-1
R7 =see text
R9 =2.7 Id2
R10, All =6.8 ki2
R12 =150 £
2
Pl, P2 =5kS2 preset, multiturn
Capacitors:
Cl =6.8µF, 63 V
C2, C4, C5 = 100 µF, 16 V
C3 =47 !.t.F, 25 V
Semiconductors:
D1 =LM335Z (temperature sensor)
D2 =BZY88C, 12 V, 500 mW zener
D3 = 1N4002
D4, D5, D6 = LED, green
Cl =LM319 (voltage comparator)
N1 = mains voltage neon, green,
with integral resistor
Miscellaneous:
BR1 = 100 V, 6A bridge rectifier
Tl =0-15 V, 2A secondary mains
transformer
Si = DPDT, 250 VAC, 2A
S2 = SPST, low voltage
Case, with feet
Grommets (2)
4-core cable for heater wires
Audio-quality coax cable for
temperature sensor
Heatshrink sleeving to cover R5
Fig. 4. Printed-circuit board for the plant warmer.
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AUDIO-VIDEO PROCESSOR
TYPE AVP300

PART 2

An ELY design

Input circuits and
chroma-VBS separation filter

T

HE circuit in Fig. 3serves to select one of
the inputs and to separate the chroma and
VBS signals. Note that, in spite of the Englishlanguage front panel, some rear panels have
the annotation 'FBAS' instead of CVBS. FBAS
is the acronym of the German Farbbild Austast
Synchronsignal =chroma, video, blanldng,

synchronization signal.
The input signals may be divided into
two groups: CVBS and S-VHS signals. In case
of the former, the chroma and the VBS signals must be separated; with S-VHS signals
that has already been done.
The CVBS signals are applied from the input
selector circuit to two filters via S201 .
Both these
filters, L203-C 227 and L202-C 212 ,are tuned to
the colour subcarrier. Filter L203-C227 is a
band-stop filter that passes only the VBS sig-

Fig. 3. Circuit diagram of the input stages and the chroma-VBS separation filter.
ELEKTOR ELECTRONICS USA JUNE 1992
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nal to the output. The other filter passes only
the subcarrier, and thus the colour signal, to
the chroma output.
Filter L203 -C 227 operates in conjunction
with four transistors, T209-T 212 ,that share a
common emitter resistance, R260 .The d.c.
operating points of the transistors ensure
that at any one time only one of them is
switched on: the others are off. Which one is
switched on depends on the selected input
and the colour standard identified by the

AUDIO-VIDEO PROCESSOR TYPE AVP300 -PART 2

multi-standard decoder elsewhere in the processor.
Assuming that an input with aCVBS signal has been selected, apotential of about
2.5 V will be put on to the switching lines
of the multi-standard decoder. Only T211 is
then switched on, resulting in the complete
CVBS signal being applied to terminal K. This
has the additional advantage that in case of
ablack-and-white signal (when the decoder
cannot identify acolour standard) no filters are switched into circuit, which is beneficial to the picture quality.
If acolour standard has been identified,
the potential on one of the switching lines,
B-E, becomes 5.5-6 V. That voltage is used,
via D214-D 217 ,to set the d.c. operating point
of T212 .The drop across R260 then rises to a
value that causes T211 to switch off. The CVBS
signal is then forced to pass through bandstop filter L203-C 227 before it becomes available, via K, at T212 .
If the multi-standard decoder has also
recognized that the signal is an NTSC signal
with a3.58 MHz subcarrier, diode D211 is
switched on. This causes C228 to be connected
in parallel with the band-stop filter so that
the resonance frequency is shifted appropriately. Although the band-stop frequency for
all other signals is 4.434 MHz, it should be
noted that the SECAM subcarrier of 4.286 MHz
is also suppressed adequately.
If no CVBS signal has been selected, the
control logic ensures that T209 and T210 are
switched on. The VBS signal of one of the
S-VHS inputs is then passed directly to terminal K. At the same time, the drop across
R260 ensures thatbothT2nand T212 are switched
off.
The circuit associated with the chroma
filter operates in amanner similar to that of
the VBS band-stop filter. Here, the common
emitter resistance of transistors T203-T206 iS
R216 .The resonant frequency and Q of the

o_ 15V

d

12V

Vpp.

filter are chosen for the SECAM signal
(4.286 MHz). To enable the filter to handle
the greater bandwidth of PAL and NTSC
4.434 MHz signals, it is shunted by R222 via
T20 6 and decoupling capacitor C234. The Q
of the network will then drop, while the bandwidth increases. The small difference with the
required bandwidth is negligible, so that the
filter does not need retuning. To enable the filter to handle NTSC 3.58 MHz signals, it is
shunted by capacitor C213 via T205 ,while at

0102

P

e
'
rn

ige

C101

1311 ,

e

eeWee1001
Gar

22025..

s e s.L.i
-3U.rl
-;ibrier rr

;ire"

BIM

17

RO

IC104

o—n4rni—•

13

lo

9

01'3'

a

7

6

5

la

il

IC103
2

R105

eo

AL

10 4660

IC1 01

28

I
e

E _T

Seca.
1B

op

NTSC
3. 5/1»12 2

,

E

NTSC
4.43412

C121

II 12 14 I

1

1

9,01

C143 CIAO C145 C146

=

-I
-

I

2
181Tr2/

'':''

GROGKIGN3

C410

WC

GRD

G.

CAD

6103

'

61.0

.

1

,

el

12

CI

TOS3505

17

13

L.

n1

VI 330

10

I
.9.5v

GNI3

330n

GRID
1

=,.

..,

ço

7.15903
MO

,,6
Xne

I
lab

1=1

B.115724
I1Ht

•I• .1011101
7.
7133C:12211
1,
12211

Cl.

18

2

T044650

27

c0

2

Gan

100n 1801 1033

19

ls

10,13

III

20

Ul
C119

•

01

C116

.4

15

I

the same time the bandwidth is increased
because the Q factor is lowered by R221 .
The chroma filter selects between CVBS
and S-VHS signals with the aid of T203 .In
contrast to the VBS band-stop filter, the chroma
filter is always in circuit. This does not affect
the quality of the output signal.
When T203 is switched on (by its base voltage), one of the two S-VHS signals is passed
to the chroma output, depending on the base
potential of T202 .When that transistor is on,
T201 is off and the VBS signal at input Video
5is passed. When T201 is on and T202 is off,
the signal at Video 1/6 is selected.
The switching of input signals is effected
by IC 2oi -IC 203 .
Video signals (audio signals
will be reverted to later) are present at one
of the four input connectors. The standard
value of their signal strength is 1
All
inputs are terminated into a75 (
2resistor,
R203 -R 206 .The signals are passed to analogue multiplexer IC 201 (2x4 positions) via
coupling capacitors C203 -C 206 .The multiplexer selects one of the signals, which is
indicated by the associated LEDs.
The control signals for the multiplexer
are provided by counter IC 202 ,which is operated by switch TA 3(n.
The selected signal is applied to buffer/inverter T207-T208. The processor may be set
for positively or negatively modulated signals by switch Sm. From that switch, the signal is split into two: one part to the chroma
filter and the other to the VBS band-stop
filter.
Since SCART connector BU 201 also serves
as an S-VHS input, the signal at pin 20 is
passed not only to the multiplexer, but also
directly to the VBS band-stop filter.
S-VHS signals are not switched by the
multiplexer, but by transistor stages in the
filter sections: T201 -T 202 and T209 -T 210 .The
necessary switching signals are derived from
the state of counter IC 202 by IC 203 .
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Fig. 4. Circuit diagram of the multi-standard decoder and the video colour controller.
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Multi-standard decoder and
video colour controller

there is no reference for the chroma signals.
Riii is provided to make sure that the reference of the decoder is, nevertheless, the same
as that of the transmitter. Maladjustment of
The circuit of the multi-standard decoder
this potentiometer results in unnatural colourand video colour controller, shown in Fig. 4,
ing of the picture.
carries out the decoding and processing of
The output of IC 101 consists of two colour
all video signals.
difference-signals that are applied to delay
The actual decoding is effected by IC 101 . line IC 103 .The output of this line is also two
The standard of the incoming signal is decolour-difference signals but with corrected
termined by IC 101 on the basis of the chroma
transit times. These signals are then ready
signal at pin 15. The chroma filter is set up
for the final stage in the decoding and for
(wide band) to enable any chroma signal to
being processed into apicture signal. Those
be passed correctly. The standard is translated
tasks are performed by IC 104,
the video colour
into appropriate voltage levels at input/outcontroller.
put pins 25-28. Four levels are recognized:
In addition to the colour-difference signals,
0.5 V—standard out; 2.5 V—search mode;
the inputs to IC104 consist of the VBS signal
6V—standard on; 9V—forced acceptance
that is provided via delay line VZ 10 i, or the
of astandard.
RGB signals that are input via Video 2and terAlthough the multi-standard decoder is
minals H-J.
afairly complex circuit, it has only three calCircuit IC 104 synthesizes the colour-difibration points, which, by the way, have nothference and VBS signals to an RGB signal. This
ing to do with the internal of the IC, but are
synthesis may be affected by the setting of
merely intended for adjusting some external
RI11 (colour saturation control). Apart from
components. These are (1) the SECAM referits white-point adjustment, the RGB signal
can be modified in respect of brightness and
ence circuit, L101 -C 1 ,(
2)
Qioi and (
3)
Qice•
Because NTSC signals lack acolour burst,
contrast. The final RGB signal is applied to the

PAL /NTSC encoder via pins 1, 3and 5.

PAL/NTSC encoder
The diagram of the circuit that reconverts
the RGB signal into aCVBS signal, PAL or
NTSC standard, is shown in Fig. 5. Apart
from the RGB signal, the Type TPE1378A encoder, IC301, requires anumber of other signals. The first of these is the synchronization
signal at pin 15, which is provided by the
synchronization circuit to be discussed in Part 3
of this article.
Generation of the colour subcarrier requires agenerator: since NTSC 4.43 MHz as
well as NTSC 3.56 MHz signals can be
handled, two generators are needed. When
either of these is energized, the relevant bandpass filter, BPF301 or BPF 302 ,is also actuated.
To compensate for the delay of the chroma signal in the filter, the VBS signal is also delayed: in VZ301 .
The RGB input signal is also available as
abuffered output of IC301. The RGB lines are
connected to the relevant pins of connector
BU 302 (Video 4output) via coupling capacitors and terminating resistors. A voltage can
be applied to this connector by S301 to force
the equipment connected to the processor to
use the RGB signals instead of the CVBS signal on pin 19 as input.
The CVBS signal is available at pin 5of
IC 301 .It is applied to S304 via acoupling capacitor and aterminating resistor, and to
electronic switch IC 302 .That switch ensures
that, if Video 4is used as input and as output, for instance, during format conversion,
the CVBS signal is replaced by acomposite
sync (BS or Blanking/Synchronization) signal. This arrangement prevents the arising
of noise and interference between the colour
subcarriers of the input and output signals
in the connecting cable. This means, of course,
that in the final analysis only the RGB signal
can be used as an output signal.
The remaining signals provided by IC 301
are the VBS and chroma signals for the S-VHS
outputs. These signals are applied to the relevant connectors, BU 301 and BU 303 ,via a
buffer stage. To ensure that the terminating
impedance of the VBS or chroma signal is
correct, connectors BU 301 and BU 303 must
not be used simultaneously, unless S304 is in
position CVBS and no S-VHS equipment is
connected to BU 301 .

The instalment in the July issue will describe the
audio, power supply and synchronization circuits,
while that in the September issue will deal with
the construction and setting up.

Fig. 5. Circuit diagram of the PAL/NTSC encoder
ELEKTOR ELECTRONICS USA JUNE 1992
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FM TUNER
PART 4: KEYBOARD, DISPLAY AND MODE CONTROL

In this instalment we deal with the construction of the
synthesizer board, and the operation of the combined
keyboard/display/controls unit.

is also useful if the synthesizer is omitted,
and 'replaced' by manual tuning (by aprecision multitum potentiometer). The printed
circuit board for the mode control unit
(Fig. 13) is designed such that it can be fitted
at the inside of the receiver's front panel. The
PCB accommodates five push-buttons, of
which four have abuilt-in LED. Starting at
the left, the first three keys are used to select
different modes of the TDA3810 audio IC,
while the remaining two serve to control the
mono/stereo switching of the TDA1578 stereo decoder IC. Both the TDA3810 and the
TDA1578 are located on the main tuner
board.
The function of the push-buttons is as follows (left to right):
S203: NORMAL audio mode (audio processor TDA3810).
S204: WIDE audio mode (audio processor TDA3810). The stereo image is widened, and LED D2o3 lights.

Design by H. Reelsen

The introductory photograph shows the
completed FM tuner in a19-inch rack style
enclosure, which follows the line of other
high-end audio equipment published over
the past year or so in this magazine. Inside
the enclosure are six printed circuit boards:
1. Main tuner board (PCB no. 920005)
which combines all RF and audio electronics; described in Elektor Electronics USA,
March 1992, Part 1.
2. Power supply (PCB no. 920005-2) described in Elektor Electronics USA, April and
May 1992, Parts 2 and 3.
3. Mode control board (PCB no. 920005-3)
described in this installment, Part 4.
4. Keyboard and display board (PCB no.
920005-4) also described in this installment,
Part 4.
5. Synthesizer (920005-5; circuit diagram
described in Elektor Electronics USA, May
1992, Part 3.
6. Field strength indicator (PCB no.
920005-6), to be described in July/August
1992, Part 5, together with the construction
of the keyboard/display unit, and, possibly,
details on wiring.

Audio mode and
mono/stereo control unit
While the large keyboard and display keyboard control and indicate all synthesizer
functions, a smaller board, described here,
arranges the audio mode switching of the
main tuner board. The circuit shown in
Fig. 12 operates independently of the microprocessor on the synthesizer board, so that it

Fig.

12.

Circuit diagram of the audio mode and mono/stereo control unit.
WorldRadioHistory
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COMPONENTS LIST

%••

AUDIO MODE CONTROL BOARD
Resi:stors:
2

150kS2

R201 R209

7

22kS2,

R202-R208

Capacitors:
2

1pF scud MKT

0201 C202

2

100nF

0203;C204

Semiconductors:
1

1N4004

0201

4

green LED,
rectangular

0202-0205

1 74HCO2

10201

1 741-10175

IC202

Miscellanecus:
5

Digitast push-button with
12.3-mm wide cap

S201-S205

1

Printed circuit board

920005-3

- S205: PSEUDO STEREO mode (audio
processor TDA3810). This effect can be
switched on with the stereo decoder in
mono as well as stereo mode. When selected, LED D202 lights.
- S201: STEREO mode (stereo decoder
TDA1578).
S202: MONO mode (stereo decoder
'TDA1578). Mono/stereo mode is indicated by LED D205.
Since push-buttons are used to select the different modes, bistables are required to set the
logic levels of the control lines to the main
tuner board. The mono/stereo selection requires only one bistable, which consists of
NOR gates IC2oia and ICzoib. When the 'stereo' key, S201, is pressed, the bistable output
(terminal 'G' of the board) goes to 0V. Terminal 'G' is connected to terminal 'MONO'
on the main tuner board. When a stereo
broadcast is received, the 'stereo' indicator,
LED Dzos, lights. Terminal 'D' is connected
to the terminal marked 'STEREO LED' on
the main tuner board. When the 'mono' key
is pressed, the bistable is reset, and terminal
'G' goes to +5 V. This causes the stereo
decoder to switch to mono, and the 'stereo'
LED to go out. Components C201-Rzoi form a
power-up network that sets the bistable at
power-on. This means that 'stereo' reception
is selected automatically when the receiver is
switched on.
The switching between the three audio
modes offered by the TDA3810 works in a
manner similar to that of the TDA1578 described above. Three of the four D-type bistables contained in the 74HC175 package
are used. The three bistable inputs are connected to ground via 22-kû resistors. Push
buttons S203. S204 and S205 at these inputs
have toggle (change-over) contacts. They are
normally closed (as indicated by the circuit
symbol), so that the bistable inputs are held
at +5 V. When one of these push-buttons is
pressed, its contact switches to the other position, so that the corresponding bistable

ler
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Circuit diagram of the keyboard/display unit.

- When the 'NORMAL' key (S2o3) is
pressed, the output of the first bistable
(terminal 'E') goes low, and that of the
third bistable (terminal 'F'), high.
When the 'WIDE' key (S2o4) is pressed,
both 'E' and 'F' go logic high.
When the 'PSEUDO' key (S205) is
pressed, 'E' goes high, and 'F' low.

-

•

5113

131 °

0156
390

1N4148

input goes low. At the same time, the level at
the clock input (pin 9) changes from low to
high. When this positive transition occurs,
the logic level at the D (data) input of the bistable is transferred to the Q output, where it
remains stable until the next positive edge at
the clock input. This basic operation results
in the following switching behaviour:

-

C103

5112

141°

The two outputs 'E' and 'F' are connected to
the MODE SELECT A and MODE SELECT Bterminals on the main board, where
the logic levels result in the following modes:
Mode
Stereo
Wide image
Pseudo stereo

A
H
H

H

The associated indicators, LEDs D202 and
D203, are driven by the main board. The connections are as follows: terminal 'A' goes to
'BASIS B LED' on the tuner board, and terminal 'B' to 'P-STEREO' on the tuner board.
The UNLOCKED (out of lock) signal supplied by the synthesizer requires to be inverted before it can be used. This is achieved
with gate IC2om, whose output is fed to the
'MUTE' input of the tuner board via terminal
'H'. The mute indication is also driven by circuitry on the main board: the 'MUTE LED'
output (at R46) is connected to terminal 'C'
(at D2o4) on the small controls board.

Keyboard and display
The circuit diagram of the keyboard/display
unit is given in Fig. 14. This unit is constructed on aseparate printed circuit board
which is also fitted at the inside of the receiver's front panel. Cut clearances in the
front panel to enable the keys and the LED
displays to protrude. The keyboard consists
of 15 push-buttons of the 'Digitast' (ITTSchadow) type with 12.3-mm wide caps, like
the ones used on the smaller controls board.
WorldRadioHistory

The readout consists of seven 7-segment
LED displays.
Only asingle 8-bit bidirectional port is required to drive the displays and read the
keys. However, this port must be capable of
sinking as well as sourcing acurrent of 5mA
per line. This requirement is met by 'Cass on
the synthesizer board. The outputs of IC4os
are connected to inputs DO to D6 on the display board.
Datalines DO to D3 are connected to all inputs of display drivers ICI. to IC7, which are
Type 4511 7-segment LED display latches/decoders/drivers. A 'low' level at the
LE (latch enable) input of a4511 clocks the
data into the display decoder. Address
decoder ICs determines which display
driver accepts the data. The selection is made
with the aid of the logic levels on the D4, D5
and D6 lines that exist when IORW is actuated. This forms the strobe signal that indicates that the data on DO-D6 are stable and
valid.
The keyboard is encoded with the aid of
diodes, which also serve as straight connections. This method is traditional as well as
economic, since it enables the use of asingleELEKTOR ELECTRONICS USA JUNE 1992
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Track layout (mirror image) and component mounting plan of the synthesizer board.

COMPONENTS
SYNTHESIZER BOARD
Resistors:

1ST

2

33pF

C402,C403

74HCO2

10407

3

1µF solid MKT

C404;C409 C411

74HCO4

IC408

1

1nF

0405

NJ8821 (GEC-Plessey)

10409
10410

3

11(52

R401;R403;R405

3 4nF7

C406;C412 C415

SP8795 (GEC-Plessey)

3

21(122

R402;R413;R414

2

C407;C408

74HCOO

10411

R404

1 33nF

0410

TL081

10412

1 33k12
2

5612

56pF

R406;R415

1 330nF

0413

1 6812

R407

1

100µF 25V radial

C414

Miscellaneous:

2

R408;R416

6

100nF

C416-C421

1

10k12

1 27012

R409

1 21(527

R410

Semiconductors:

1 2371d2 1%

R411

2

1

1N4148

X402

D401 D402

1 Quartz crystal 16MHz

X401

1 Printed circuit board

920005-5

18k52

R412

1 BC547B

1401

R417

1 6264LP-15 RAM

10401

1

R418

1 8-way 101(12 SIL array

R419

1 27C256 (ESS6101)
EPROM

10402

1 4-way 21(127 SIL array

R420

1 74HC573

10403

1 80C32

10404

1 74HC245

10405

1 74HC138

10406

Capacitors:
1 220nF

C401
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Bt1

1 Quartz crystal 2MHz

1 41(127
1M12

Lithium battery CR2032
with PCB-mount holder

FM TUNER -4

ENTER — DOWN
The frequency changes as long as you hold
the UP or DOWN key pressed. When the key
is released, the frequency remains static for
about 3seconds, after which the microcontroller switches itself off. In the other entry
modes, the microcontroller is switched off
when the 'EXECUTE' or 'STORE' key is
pressed, and 'woken up' again when the
'ENTER' key is pressed.
The lithium battery on the synthesizer
board ensures that stored frequencies and
station preset numbers remain intact for at
least ten years. All entry errors, for instance,
an out-of-band frequency (lower than 87.50
or higher than 108.00), are signalled by the
display clearing to all zeroes, and flashing
five times. After this error indication, you
can attempt anew entry.
The frequency raster is 50 kHz in direct
frequency entry mode. This means that the
last digit can only be '0' or '5'. When another
value is entered, the tuning program automatically rounds it to the nearest raster
value.

sided PCB.
Pressing a key on the tuning keyboard
causes ahigh level on one or more datalines,
but only when the driver on the synthesizer
board is switched to 'receive'. When this is
so, the key code is applied to IC4o5 via R51R54 and datalines DO-D3. When it happens
that akey is pressed while the driver 'transmits', no bus conflict occurs because the
driver 'overcomes' the keyboard lines with
their 1-ka resistors. Resistors R51-R54 then
function as pull-ups only.
Push-button S115, which is connected to
the 'F' and 'E' terminals via 1-ka resistors,
has aspecial function. We are talking about
the reset key. When Si 15 is pressed, the reset
input line of the synthesizer tuning system is
pulled to ground. As described last month,
the synthesizer is switched off during normal operation of the receiver. The push-button that causes the reset action is labelled
'ENTER' because it restarts the microcontroller, and needs to be pressed before every
new entry.
A further novelty of the circuit is the 'EXECUTE' key, Sim which is used to terminate entries. The parallel R-C network
R156 C103 ensures that an execute' key action
is simulated at power on.

EXECUTE to close off any entry (except
when STORE is used);
UP to increase the tuning frequency;
DOWN to decrease the tuning frequency
in steps of 50 kHz.
The operation of the keyboard is simplicity
itself. When power is applied, the receiver is
automatically tuned to the station it was last
tuned to, and the display shows the station
frequency. The following keys have to be
pressed to select another station from the
memory:
ENTER — Station number (1-99) —
EXECUTE
Alternatively, you may want to enter the station frequency, e.g. 98.50 MHz:
ENTER — 9850 — EXECUTE
When it is desired to store the displayed frequency as preset (station number) 15, press
ENTER — 15 — STORE
To tune the receiver up or down press
ENTER—UP
or

Synthesizer board
Although the synthesizer is afairly complex
circuit, its construction is entirely straightforward. Start your work by fitting the
27 wire links on the board (see the component overlay in Fig. 15). The rest of the work
is mostly positioning components, and bending, soldering and cutting component
wires. It is recommended to use sockets for
all ICs.
Finally, note asmall error in the circuit diagram of the synthesizer (Fig. 11): the 4.7-nF
capacitor at the OSC input should be labelled
C415, not C407.

A further error has been made with electrolytic capacitor C70 on the main tuner
board: C7o is shown with the wrong polarity
both in the circuit diagram, Fig. 4, and on the
component overlay of the tuner board (also
Fig. 5b).
Li
The construction of the readout/keyboard unit
will be discussed in next month's instalment.

The tuning functions
The upper part of the keyboard has the number keys 0to 9to enter frequencies and station presets. The receive frequency is shown
on the five LED displays to the right of the
readout, while the first two digits show the
preset number. This means that a total of
99 presets is available.
In addition to the 9numerical keys there
are 5function keys:
- ENTER to start every entry;
- STORE to store afrequency entered or
displayed;
WorldRadioHistory
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MAX660 INVERTER/DOUBLER
Design by J. Ruiters

A small circuit is described that inverts a positive voltage into a
negative one or doubles its level. It does not use inductors and is
based on asingle Type MAX660 chip.

T

HE power supply for abattery-operated
design can often cause afew headaches
as regards the level of the voltage or whether
asymmetrical supply should be used. The latter, for instance, normally means adoubling
of the number of batteries, which take twice
the space originally allowed for and increase
the weight: two undesirable factors. The obvious solution is aswitch-mode supply, but
the construction and/or dimensions of the in-

ductor required for that is another unwelcome
element.
There is, however, another solution, provided the output current is not required to
be larger than 100 mA: the Type MAX660 integrated circuit. This IC needs only afew capacitors and adiode to provide, from apositive supply, anegative voltage at the same
level or double the voltage. It is, of course, possible to use anumber of these ICs to increase

the output current or voltage, but the proposed design is based on just one.

The circuit
The internal of the MAX660 circuit is shown
in Fig. 1; Fig. la is adesign for avoltage inverter and Fig. lb, for avoltage doubler.
Within the IC, one of two pairs of CMOS
switches is opened or closed by the internal

Fig. 1. Basic circuit of avoltage inverter (a) and avoltage doubler (b) based on aType MAX660 integrated circuit.
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Fig. 2. The two circuits of Fig. 1can be combined into one that can serve either as an inverter or as adoubler.
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TABLE 1
Connections

JP1

inverter

doubler

A

B

X

ground

in (2.5-5.5 V)

Y

in (1.5-5.5 V)

out

Z

out

ground

oscillator that operates at 10 kHz.
If, in Fig. la, S1 and S3 are closed (S 2 and
S4 are then open), C1 will be charged. When
these switches change over, C1and C3 are in
parallel, whereupon charge is transferred
from C1 to C3. Also, the polarity of C1 with
respect to earth is reversed (pin 2was connected to ED Ub and is now connected to earth,
while pin 4was connected to earth and is
now connected to pin 5). The voltage across
C3 will thus be negative with respect to earth.
In the absence of aload, anegative voltage

TABLE 2
Function of various components
component

inverter

doubler

C1

pump

pump

C/

input buffer

output reservoir

.

C3

output reservoir

input buffer

DI

polarity protection

start up

TABLE 3
Measurement results

Uout

Uri
pp i
e

Efficiency

(f)

/in
(mA)

(V)

(mV)

(%)

2.5

c...

0.1

-2.5

5

2.5

11

80

-1.8

100

5.0

0.

0.2

-5.0

5.0

47

97

-4.5

Ijin
(V)

RL

Inverter

-

74

5
100

89

Doubler
...

0.1

5.0

5

178

4.1

100

5.0

47
c,c,

0.3

10.0

5

5.0

100

190

9.5

100

2.5
,.5

Maximum output current = 100 mA.

80
95

El

will arise across C3, whose level is equal to
that of G Ub. When the circuit is loaded, that
negative voltage will not only decrease, but
will also have aripple. This is, of course, because C1 can transfer only alimited charge,
smaller than the one required, per unit time.
On average, there will remain asmaller charge
in C3, so that the voltage across this capacitor will drop.
When the switches are connected as in
Fig. lb, and adiode, D1,is added, the IC will
double the input voltage. When the supply
is switched on, C2 is charged immediately to
the supply voltage (less the forward voltage
of the diode) via 1D 1.This is necessary to ensure asupply to the oscillator. Furthermore,
the charge need not be transferred via the
IC. Here again, Ci is the reservoir. It is charged
when the switches are in the position shown.
When the position of the switches is reversed,
Ci is in series with the supply voltage, Ub,
so that the potential across it is 2Ub. At the
same time, C2 is connected, so that charge is
transferred from C1 to C2. In that way, and
provided the the circuit is not loaded, avoltage arises across C2 that is twice Ub. As in
Fig. la, when aload is connected to the circuit, the output voltage, 2/1 1„will decrease
in proportion to the load (see Table 3). Bear
in mind that the input current will be twice
as large as the output: the energy has to come
from somewhere.
The circuits in Fig. la and Fig. lb can be
combined as shown in Fig. 2. The position of
jumper JP1 and the connections to X, Y and
Zare given in Table 1. Table 2shows the function of each of the external components. When
the circuit serves as voltage inverter, D1 is
not really required, but, together with a160 mA
fuse, it serves as protection against polarity
reversal. Should the supply voltage be connected with incorrect polarity, it will be shortcircuited by D1,whereupon the fuse blows.
The minimum input voltage to the doubler circuit cannot be as low as to the inverter
circuit, because, in that configuration, the
oscillator has difficulty in starting at too low
avoltage. This happens particularly at input
voltages below 3.5 V; above that level, the
oscillator starts readily at all times.
Although the circuit is perfect for building into an existing design, there may be applications where it is used by itself and for
those aprinted circuit board—see Fig. 3—is
provided.
PARTS LIST
Capacitors:
CI-C3 = 220 g, 16 V, radial
Semiconductors:
D1 = BAT85
IC 1= MAX660

Fig. 3. Printed-circuit board for the inverter/doubler
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4-MEGABYTE PRINTER BUFFER
1

MAIN SPECIFICATIONS
• Simple to use
• Compact design
• Uses industry-standard DRAMs
or single SIP/SIM DRAM module
• One or four megabyte DRAM
• Power supply: internal or via
printer
• Microprocessor-controlled
(80C31)

printer and the display. Address decoding
and register selection is arranged by 102, a
74HCT138.

Print files, whether they contain text, graphics or both,
seem to become larger and larger as the programs that
output them, and the printers that produce the 'hard
copy', become smarter every day. That is all very well, but
we do not want to see our ever so fast PC being held up
by a simple task such as printing. The solution to this
well-known bottleneck is to use afast intermediate
storage device with alarge memory to capture the printer
data supplied by the computer. Such a buffer is described
here: it is Centron cs-compatible, and offers a memory
size of 1MByte or 4 Mbyte.

Design by R. Degen

T

HE function of the printer buffer is easily
described. It is adevice connected between the computer's parallel printer (Centronics) port, and the input of the printer.
The printer buffer accepts data very fast, and
feeds it out again, patiently, to the printer. k-t
other words, it is the printer buffer, not the
computer, that has to wait for the printer.
Precisely this feature saves you time, since
the PC returns very quickly from its 'print'
job, leaving the printer data in the buffer. The
buffer, in turn, communicates with the
printer at maximum speed. Since today's
computers are nearly always faster than any
type of printer, the buffer must be large
enough to temporarily hold the largest
possible 'chunk' of the data that forms the
print file.
The above already defines the required
interfaces: one at the computer side of the
printer buffer, and one at the printer side.
Here, the familiar Centronics interface is
used at both sides. Apart from these (paral-

lel) interfaces, we require acouple of controls and areadout to keep an eye on what
the printer buffer is doing. To keep the circuit as user-friendly as possible, it has been
given some intelligence in the form of a
microcontroller.

A brief overview
Figure 1shows asimplified block diagram of
the printer buffer, and Fig. 2aflow chart of
the control program executed by the internal
microcontroller. Figures 1and 2lead up to
the actual circuit diagram of the printer buffer, which is given in Fig. 3. Those of you
familiar with microcontrollers will recognize
the so-called embedded controller application, which is basically asmall computer system tailored to aspecific application.
The heart of the circuit is formed by three
blocks: the microcontroller, IC9; the DRAM
(dynamic random-access memory) section
(I0-IC8); and an EPROM, ICit. Further, the
circuit contains three registers, 103, 104 and
1C2o, which provide abuffer function for the
data that travels between the computer, the
WorldRadioHistory
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The circuit in detail
The control of the DRAM is fairly complex,
and will therefore be looked at in some detail. Since an 8-bit microcontroller can address a RAM of 64 Kbyte only, some
additional logic is needed if we want it to
deal with aRAM of 4MByte. Here, this additional logic consists of 2 bistables, four
NAND gates and alittle software.
DRAM refresh circuitry has to be added
also, because is it not provided by the 8031
microcontroller. Although this would appear to call for a refresh counter implemented in software, a counting routine
for 512 or 1,024 refresh cycles would, unfortunately, take too much valuable processor
time. A different approach is, therefore,
used.
To keep the refresh time as short as
possible, the microcontroller's 'external
memory access' signal is used. Since the
PSEN output of the 8031 is actuated twice
during every processor cycle (16 MHz/12 =
750 ns), it can be used to derive the RAS (row
address strobe) signal needed for the
DRAMs. Address information being available during the PSEN pulse, all that is
needed further is ensuring that the correct
addresses are applied to the RAMs. To arrange this, the processor jumps to asubroutine that starts at address 1000H, where a
sequence of 512 2-byte instructions is started.
The only function of this part of the program
is to enable the controller to increase the
value on address lines AO-A9 sequentially.
This type of refresh control is usually
referred to as RAS-only-refresh.
The control of the read and write functions of the DRAMs is arranged via the WR
line of the microcontroller. To address a
DRAM IC, the column address must be supplied before the row .address. This is
achieved by actuating the output of the controller's RAS-enable function (pin 15). Next,

4-MEGABYTE PRINTER BUFFER

the row address is put on to the databus with
the aid of aMOVX instruction. At the same
time, the controller's WR line is pulled low,
which causes the output of the bistable (pin 6
of ICisa) to go low also. The signal arrives at
the RAS connections of the DRAMs via
NAND gates ICi5b and ICisc. In this way, the
row addresses are conveyed to the DRAMs.
Next, the column addresses have to be
supplied. To begin with, the controller's CAS
(column address strobe) enable function
(pin 14) is actuated. Next, the column address is placed on to the databus with the aid
of aMOVX instruction, while the microcontroller's WR line is pulled low. This signal arrives at the CAS inputs of the RAMs via
NAND gate ICisd, and at the clock input of
bistable IC186. In this way, the column addresses are conveyed to the DRAMs.
When the output of ICisb is actuated on
the positive edge of the WR signal, this bistable resets the RAS line to its normal level.
An R-C network ensures that ICisb is reset
immediately after the RAS line. From then
on, the microcontroller can write data into
the DRAMs.
A further interesting section of the circuit
is the Centronics input. To enable this to respond sufficiently fast to the computer's
strobe signal, abistable circuit was designed
that pulls the BUSY line high the instant the
strobe pulse appears. At the same time, data

is stored in a register. The microcontroller
resets the bistable after reading the register.
The fast operation of this circuit prevents
data loss.
The printer buffer may be powered in
two ways: by its own, internal, supply, or by
the printer it is connected to. The selection
between these two possibilities is made with
switch S3 on the board. If CMOS components
are used, the current consumption of the
buffer lies between 150 mA and 200 rnA.

Control software
After powering up, the internal memory of
the buffer is tested. When the test is finished,
the memory size is briefly shown on the 3digit LED readout. The indication '1.02'
stands for 1MByte, and '4.09' for 4MByte.
By the way, these figures do not indicate that
all bits in the memory function correctly; the
basic memory test is too simple for that, and,
based on afew random tests, serves only to
determine the memory size.
As soon as the memory size has been
determined, the size indication is replaced
by '000'. At the same time, the INT line on the
Centronics bus is pulled low to reset the
printer to its default mode. Next, the controller waits for the strobe line of the computer
to go high. When this happens, the buffer is
switched to receive mode. The advantage of

Fig. 1.
Simplified
printer buffer.

block

diagram

of

the

this sequence is that the buffer can not be
loaded with incorrect data when the computer is not yet switched on, while the buffer
is on.

RAM test
It is possible to test every bit in the buffer

- register init
set VO ports
- clear flags
- INT1 on negative edge
for strobe signal
- set display multiplex

4

timer to 100 Hz

do • refresh to

Ye

Initialise RAM

- do refresh
- scan keys
- set key flags

ye

- clear buffer
- initialise phnler
- display "CUT'

Y

do COPY
routine

yes

write data into RAM
display file size

- set display to 000

Y.

- clear input pointer
- clear output pointer

yes
send character

watt until printer is ready,
then move data from
buffer to printer

decrease readout

Y.

910110 -140

clear strobe flag (JF1)

()

Fig. 2.

Flow diagram of the control program developed for the printer buffer.
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IC20

Circuit diagram of the printer buffer. Remarkably, the microcontroller needs very little external hardware to perform a not so simple
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Fig. 4.
On previous page: track layouts (mirror images) of the component side and the solder side of the double-sided through-plated PCB.
Above: component overlay.

COMPONENTS LIST
Resistors:

or MT4C1004 (4M8yte)

IC1-1C8

1 471<12

R1

OR

4

R2;R5;R6;R7

1 SIPP or SIMM 1MBytex8,
1MBytex9. 4Mbytex8
or 4Mbytex9

10kQ

2

Digitast push-button

S1;S2

1 Change-over slide switch
for PCB mounting, with
angled pins

S3

1 8-way 10kS2 SIL array

R3

1

100Q

R4

2

220Q

R8;R9

1 80C31BH-1

1C9

1

Printed circuit board

910110

8

15012

R10-R17

4

1

Front panel foil

910110-F

3

21(Q2

R18;R19;R20

1C10;1C13;IC14;
IC20

1

Enclosure 75-1410J (Vero)

Capacitors:
21

100nF

C1-C8;C14;
C16-C27

2

22pF

C9;C10

1 47µF 16V
1

C11

220pF

C12

1 330nF

C13

1

C15

100µF 16V radial

74HCT573

IC21

1 2764 (15Ons)
(ESS6041)

IC11

1 74HCT138

IC12

2

IC15;1C17

74HCTOO

1 74HCTO4

IC16

1 74HCT74

IC18

1 7805

IC19

3

HD1105G
or TDS3150

1 Quartz crystal 16MHz

X1

1 SIMM adapter (if required)

LD1;LD2;LD3

Miscellaneous:

Semiconductors:
2

LED, red, 3mm

D1;D2

1

1N4001

D3

3

BC557B

T1;T2;T3

8

HYB511000 (1MByte)

2 36-way female Centronics
connector for PCB mounting

K1;1(2

1 2-way PCB terminal block
(pitch: 5mm)

K3

2

K4;K5

20-way box header
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DATA 8

10

ACKNLG

11

BUSY

12

PE

13

SLTC

14

AUTO FEED

15
16

OV

17

OV

18

+ 5V

19 ... 29

GND

50mA

30

INPUT PRIME RET

31

INPUT PRIME

32

FAULT

33

OV

34
35

+ 5V (via 4k7)

36

SLCT IN

Fig. 5.
Centronics
connector
pinning.
Check this against the data given in the manual that came with your printer.

memory. This may be done by keeping the
CLR key pressed while the buffer is switched
on. As long as no error is found, acounter
counts from 000 to 1.04 (for 1,048,576 bytes)
or 4.19 (for 4,194,304 bytes). When afaulty
RAM location is found, the counter stops,
and the display indicates 'err'. The RAM test,
which takes afew minutes to complete, may
be terminated any time by pressing the CLR
key.

Construction
The PCB section that forms the keyboard/display (controls) unit is cut off from
the board supplied through the Readers Services. The artwork for the double-sided,

through-plated board is given in Fig. 4. The
completed controls board is fitted behind the
front panel of the Vero enclosure. When the
LED displays are fitted in IC sockets, they
are at about the same height as the key caps
of the push-buttons.
There are several options in regard of the
buffer RAM. One is to use so-called SIM modules (SIMMs), which are commonly used in
PCs. These are available as 1-MByte or 4MByte modules with a'width' of 8or 9bits.
SIMMs have PCB edge connectors like PC
extension cards, and require aspecial adaptor with snap-in side latches (Fig. 6) to enable
them to be mounted on to the main printer
buffer board.
SIP modules are equally suitable, and
also come in 1-MByte or 4-MByte, and 8- or
9-bit, versions. Having pin connections, they
do not require adaptors to be fitted on to the
board.
The last memory option is to use eight 1Mbit or 4-Mbit RAM ICs in DIL packages.
Unfortunately 4-Mbit ICs like the MT4C1004
are still pretty expensive and difficult to obtain. If you can get them, make sure that they

Fig. 6. A bracket-style adaptor as shown here is required if you want to use a SIM module
ELEKT0R ELECTRONICS USA JUNE 1992
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are 18-pin DIL types — it appears that the
enclosure is not the same with all manufacturers. Finally, it is not possible to fit both a
module and discrete RAMs at the same time,
for instance, to create aRAM of 2Mbyte.

Practical use
Connect the input of the printer buffer (Kt)
to the Centronics output of the computer,
and the output of the printer buffer (K2) to
the input of the printer. These connections
are made with standard Centronics printer
cables.
The amount of data sent to the printer
buffer is shown on the display, rounded to
whole kilobytes. The printer buffer starts to
feed out data immediately if it finds that the
printer is 'on line'. This may be stopped by
pressing the CLR key, whereupon the display reads 'Clr'. Next, the data in the buffer
is cleared, and the display indicates '000'
again.
The copy function of the printer buffer
may be used to produce copies of the print
file. This function is available only when the
computer is not sending data any more, and
the printer has read all data from the buffer.
The copy function is automatically disabled
when a memory overflow occurs, so that
only files that fit in the buffer memory can be
printed more than once (i.e., copied). The
copy function is started by pressing the
'COPY' key, whereupon the associated LED
will start to flash. Copying can be terminated
at any time by pressing the 'CLR' key, and
started again by pressing 'COPY'. If, however, the 'CLR' key is pressed asecond time,
the buffer memory is cleared, and the printer
is initialised. Since it is required for the copy
function that the last received file is duplicated (rather than the complete contents of
the buffer memory), the control software
contains astrobe-timeout routine that marks
the start and end addresses of afile, about
40 safter the last strobe signal received from
the computer.
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MULTI-PURPOSE Z80 CARD
PART 2: CONSTRUCTION AND TEST

SOFTWARE SUPPORT
The multi-purpose Z80 is supported
by the following software:
• ESS 6111: aset of two GALs
for address decoding and
memory decoding;
• ESS 6121: one programmed
27128 EPROM containing the
BIOS;
• ESS 1711: one 51/
4-inch
360-KByte MSDOS diskette
containing the following files:
description of BIOS calls with
examples (if necessary
depending on the routine's level
of complexity);
- example of how the BIOS file
can be incorporated in your own
source code file;
- description of the system
variables;
- EPROM listing of the BIOS in
hexadecimal and binary format
- assembly programming
examples of (1) a'hook' and (2)
an EPROM definition for your
own application;
- description of how to put the
contents of two EPROMs into a
single 27256, so that 64 Kbyte
RAM may be used;
- Pascal source code listing of
serial port control routines;
- description of the serial
command set.

Following last month's
description of the system
structure and the circuit
diagram, this second and
last instalment looks at
building and testing the
card.

Design by A Rietjens

Test routines in BIOS
The card can be tested with the aid of anumber of routines contained in the BIOS. These
test routines are called automatically when
only the BIOS is present. However, they may
also be run when an application program is
executed that starts up the card. All that is required to call the tests is to keep a key
pressed while the system starts. The way in
which the application is called offers the
possibility to change the I/O routines (to a
certain extent) for your own use. This is so
because two routines contained in the application EPROM are called when the system
starts: the first before, and the second, after,
the test routines. For example, the first routine may set up akey code translation table
for the IR receiver, which may be verified via
the keyboard test routine. The second routine then contains the application proper.

Software support
The diskette available for this project
(MSDOS 360 KByte 51
4 -inch; order code
/

Fig. 7.

There is nothing mysterious about

fitting an IDC connector on to a flatcable. As
shown here, a small vise does the trick. For
IDC plugs, make sure that the pins are temporarily inserted into a few pieces of stripboard.

1711) contains examples that demonstrate
the practical use of some of the software features discussed earlier. Among the examples
are the things you have to put in an EPROM
to enable it to be identified by the BIOS, and
asoftware 'hook' that adds aroutine to the
10-ms interrupt of Timer 3.
Also contained on the disk are the Turbo
Pascal procedures used to produce the basic
functions of the RS232 interface. After
switching on the card, the baud rate and
transmission format are automatically set to
2400 bit/s, 8data bits, no parity, 1stop bit.
The disk contains a file that enables
owners of an EPROM programmer to burn
their own BIOS EPROM. Those of you who
do not have an EPROM programmer may
WorldRadioHistory

Prices and ordering details relevant
to these software items may be
found on the Readers Services page
elsewhere in this issue.

obtain the BIOS EPROM through our
Readers Services as item 6121. The BIOS file
is also required when you wish to use
64 KBytes of RAM, since in that case the
BIOS and the application are both contained
in asingle 27256 EPROM. How the two are
combined is explained on the diskette.
The source code (assembler file) of the
BIOS is not contained on the diskette; only a
list with call addresses is provided, and instructions for use.

Connections to the outside
world
Your own hardware experiments may be
connected to the Z80 card via ilatcables. Care
should be taken to observe the polarity of the
IDC headers on the cables, and the box
ELEKTOR ELECTRONICS USA JUNE 1992
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RS232 CONNECTIONS
K11

D9 -Connector
(female)
1

Fig. 8.

The Hitachi LM092LN LCD is simple to connect via a 16-way flatcable with an IDC

plug at one side, and an IDC socket at the other.

headers on the board. On both devices, pin 1
is usually marked by asmall arrow. When
making the flatcables, make sure that pins 1
of the IDC sockets you press on either end go
to the same wire in the cable. To reduce cost,
one side of the flatcable can be fitted with a
connector for PCB mounting. In this way,
you save on the cost of a boxheader. The
PCB-mount IDC connector should, however,
be fitted at one side of the cable only (preferably not at the side of the Z80 card). In this
way, the Z80 card ja always available as a
kind of motherboard to which application
circuits can be connected as required. Use a
small vise to clamp the IDC sockets on to the
flatcable. To protect the pins of the PCB connectors, these are best inserted into two or
three stacked pieces of veroboard (see
Fig. 7).
The components list contains all connec-

LCD CONNECTIONS
K10

Display

1

GND

VSS

2

+5V

VDD

3

CONTRAST

Vo

4

Al

RS

5

AO

R/W

6

DISP

E

7

DO

DBO

8

DI

DB1

9

D2

DB2

10

D3

DB3

11

D4

DB4

12

D5

DB5

13

D6

DB6

14

D7

DB7

15

BL

A(node)

16

GND

C(athode)

Fig. 9.

6

3

2

4

7

5

3

6

8

7

4

8

9

9

5

10

tors and flatcables necessary for the applications implemented on the Z80 card. The
cables required are described below.
Liquid crystal display
The PCB connector for the LCD also provides the supply voltage for back-lighted
displays. The LCD type given in the parts list
is the easiest to use since it may be connected
via a 'straight-through' 16-way cable. One
end of apiece of 16-way flatcable is fitted
with anormal IDC socket, and the other end
with an IDC plug for PCB mounting (see
Fig. 8). As already mentioned in last month's
instalment, almost any LCD with one or two
lines of up to 40 characters, with or without
back-lighting, may be used. Although the
pin functions of the LCDs seem to be standardised, the actual positions of the pins may
differ. The back light must be an LED (there
are also LCDs around that use ahigher voltage for the back light). Depending on
whether current drive or voltage drive is required, resistor Rn is calculated to pass the
required current, or it is short-circuited. If
the back light is powered via two separate
connections instead of two wires in the flatcable, it is best to split wires 15 and 16 from
the flatcable, and solder these directly
(wire 15 = BL =anode; wire 16 =ground =
cathode). The LCD connections are given in

Fig. 10.

Refer to this pinning overview in

case you are forced to use a solder type
9-way sub-D connector for the RS232 link.

Fig. 9 for your reference. Whatever LCD
type you use, make sure you have at least the
connection diagram!
RS232 cable
Pay attention when making the RS232 flatcable. The pinning of the PCB connector does
not correspond to that of astandard soldertype 9-way female sub-D connector. Here,
we suggest the use of an IDC-style sub-D
connector, i.e., one for flatcable mounting.
The other end of the 9-way flatcable is fitted
with a10-way IDC socket of which pin 10 is
not used. Those of you who wish to use a
solder-type sub-D connector may find the
connections listed in Fig. 10.
When the Z80 card is fitted in an enclosure, the 9-way sub-D connector will normally be fitted on the rear panel, so that a
very short cable is required. A standard 9-to9male-to-female RS232 cable is then used to
connect the Z80 system to aPC. If you can
not obtain such a cable, you may have to
make one yourself from alength of flatcable
and two IDC connectors (see Fig. 11). Make
sure that pin 1of the female connector goes

Pinning of K10 (Z80 card) and the

LCD. If necessary, the LCD back light may be
powered separately via flatcable wires 15
and 16

2

(see text).
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Fig.

11.

A standard 9-to-9 male-to-female RS232 cable is not difficult to make from a length

of flatcable and two IDC connectors.
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to pin 1of the male connector.
Infra-red remote control
The RC-5 infra-red remote control receiver is
connected to the Z80 card via alength of 14way flatcable. One end of the cable is fitted
with an IDC socket, the other with an IDC
PCB connector (see Figs. 12 and 13). The IR
receiver module may be fitted on a front
panel, together with the LCD. It is then best
mounted on asmall aluminium plate, which
is secured to the rear side of the LCD. This
requires the connections to the LED and the
photodiode to be extended with wires to enable these components to be fitted on the
front panel (see Fig. 13).

Fig. 12.

The IR receiver is hooked to the Z80 card via a length of 14-way flatcable fitted

with an IDC socket at one end, and an IDC plug (for PCB mounting) at the other.

Printer connection
There are two printer connections: astandard one, PRN, and another, PRN', for specific applications. Figures 14 and 15 illustrate
how the PRN connector is wired to a25-way
female D connector, to which a standard
Centronics printer cable may be connected.
Battery backup
The memory backup battery may be either a
dry cell, arechargeable battery, or alithium
battery. Depending on the battery type used,
one or two jumpers have to be fitted (Fig. 16).
Make sure that the jumpers are correctly
fitted, because dry cells and lithium batteries
must never be charged. When alithium cell
is used, this must be shunted by a3.3-Mû resistor to compensate the leakage currents
that would otherwise cause the battery to be
charged. Although we could not measure
the charge current even at a resolution of
0.1 µA, it could be shown that the lithium
battery on our prototype board was being
charged, hence the use of the shunt resistor
to prevent problems. The 3.3-Mil resistor is
best fitted at the solder side of the PCB.
The minimum and maximum battery
voltages are 2V and 4V respectively. When
the system is switched off, the current consumption of the RAM ICs is between 2µA
and 4µA.

Construction and test
The PCB designed for this project is remarkably compact, and fits in aRetex Type RE.4
enclosure. Although the track layouts of
both sides of the PCB are given in Fig. 17,
along with the component mounting plan, it
is not recommended to make this PCB yourself, mainly because of the high track density
and the large number of through contacts.
Before you start populating the board,
file away asmall piece of PCB material near
connector K2. This allows the supply wires to
be bent away more easily later.
The ICs are best fitted last. It is recommended to use boxheaders in the connector
positions on the board. A boxheader is apin
header with aplastic enclosure around it. It
has apolarizing hole that prevents an IDC
socket being inserted the wrong way
around. If you have never seen abox header
before, look at the photographs in this and
last month's instalment. If the LCD men-

Fig. 13.
Suggested mounting of the infra-red receiver on a small piece of aluminium
secured to the rear of the LCD unit. The LED and photodiode connections need to be extended
in this case to enable the opto components to be fitted on the front panel.

tioned in the parts list is used, fit awire jumper in position R21.
First, connect the Z80 card to a suitable
power supply, and check that the current
consumption is normal, i.e., afew milli-amps
(the ICs are not fitted as yet). Next, perform
the step-by-step test procedure given below.
Each time you switch on the card, keep an
eye on the current consumption, which is a
good indicator when something is amiss.
The typical current consumption of the Z80
card with all IC fitted will be around
100 mA; about 150 mA with the PC-XT keyboard connected, and about 300 mA with the
keyboard and the back-lighted LCD connected.
Do not forget to switch off the power supply in between the steps. If the circuit does
not behave as described, check for errors
around the component(s) last fitted.
1. Fit ICis, and use an oscilloscope to check
that the oscillator works (pin 6).
2. Fit the following ICs and jumpers: IC4
(Z80B-CPU); ICs and IC9 (Z80 decoder 1and
Z80 decoder 2; GALs; order code 6111), IC19
(bankswitching); JP1 to JPs at the ROM-select
side. Set the memory configuration to '0' by
fitting the 'con-0' jumper in position '0', and
the 'con-1' jumper in position '0' also.
3. Fit ICi (EPROM ESS 6121, atype 27128),
and the LCD. Before re-applying power,
temporarily connect the cathode of Ds to
ground, and set Pi to mid-travel.
WorldRadioHistory

PRINTER CONNECTIONS
K9

D25-Connector
(female)

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

11

11

12

12

13

13

14

18 -25

Fig. 14.

Printer cable connections.

When power is applied, the Z80 runs a
RAM test. Since there is no RAM as yet, he
result is negative, and the processor is
switched to the 'halt' status, which is retained because no interrupts have been initialized as yet. Thus, if the card works
correctly so far, the 'halt' LED must light.
The LCD is not yet initializd, but will indicate an empty line and ablack line when
ELEKTOR ELECTRONICS USA JUNE 1992
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Fig. 15.

Centronics printer cable details.

correctly connected. If nothing shows on the
LCD, try to adjust the contrast by turning
preset Pi. If this does not work, review the
LCD connections. If you are using abacklighted LCD, concentrate on the LED current. Measure the current consumption via
the jumper marked 'LCD' — typical values
are of the order of 120 inA to 150 mA. When
current drive is used, the value of R21 must
be determined by experiment. Fit jumper
'LCD' if you wish to have the back light on
permanently.
IC3 (a 43256 32-KByte RAM), IC7
(Z80B-PIO), ICs (Z80B-CTC), jumper BZ,
IC:o (MAX690), ajumper on pins 4and 5of
K14; IR receiver and/or keyboard. After applying power, the 'halt' LED will not light
permanently any more, which indicates that
the upper addresses (08000H to OFFFFH) in
the RAM are 'good' (by the way, the RAM
test is non-destructive, i.e., any data that was
present before running the test remains intact and at the original location).
When this part of the RAM test is successfully completed, acopyright message is output to LCD, informing you that 32 KBytes of
memory have been found. Also, a beep
sounds to indicate that the I/O has been initialised. Next, asecond RAM test is run to
check for the presence of RAM in parallel
with the EPROM (10000H to 17FFFH). After
this test, amemory overview is shown. If no
additional memory is found, the 'halt' LED
lights briefly. If additional memory is found,
a second beep sounds. The parallel RAM

4. Fit

BATTERY JUMPER CONNECTIONS
Pin number (K14)

1

2

3

31

normal battery

NiCd battery

Fig.

16.

5

4- 5

no battery

Lithium battery

4

2- 3
1- 2

3- 4

Battery options and jumper set-

tings.
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17a.

Component side track layout (mirror image).
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configuration is allowed in memory configurations 1,2 and 3only. Since we have set configuration '0' for the moment, no parallel
RAM will be found, so that the RAM test will
indicate 32 KByte, and only one beep
sounds.
At this point, the Z80 card is in a wait
cycle, which is left when akey is pressed on
the keyboard. Next, the screen is cleared, and
the system is in the display and keyboard
test procedure.
The system tests the LC display as follows. Characters typed on the keyboard are
displayed in the top line of the LCD. Next,
the character is read back from the LCD, and
copied to the same position in line 2. When a
line is full, it is cleared for ashort period,
which results in the display flashing on and
off while all positions show the last typed
character. In this way, the system tests the
read and write functions of the display.
When the ESC key is pressed, or the channel '1' key on the IR transmitter, the system
switches to the next test routine. The system
now responds to keyboard entries by beeping when akey is pressed, and displaying
the character on the LCD. This test allows
you to check that the keys work and produce
the right codes.
5. Fit IC12 (COM81C17), and IC13 (MAX232).
Before applying power, remove the wire between the cathode of D5 and ground, and set
Pi to mid-travel. The RS232 interface is
tested by connecting it to itself: connect RxD
to TxD, and CTS to RTS. This is readily done
by fitting two jumpers on the 10-way box
header: link pin 3to 5, and pin 4to pin 6.
After powering up, readjust Pi. Skip the
first two tests by pressing the ESC key three
times. In this way, you enter the RS232 test
routine, which is basically the same as the
LCD test. Typed characters are sent and received ('echoed') via the RS232 interface. If
the jumpers are not fitted, you will only hear
beeps, and no characters will appear on the
LCD.
6. Fit IC11 (AD7569), and connect a100-kil
potentiometer and a multimeter to Ki, as
shown in Fig. 18.
After powering up, step through the test
routines by pressing the ESC key until the AD/D-A test routine is reached. The voltage
reading on the multimeter must change proportionally as you turn the potentiometer.
The voltage range is 0V to 2.5 V when no
jumper is fitted on pins 1and 3. If the jumper
is fitted, the range is 0V to 1.25 V (in which
case half of the travel of the potentiometer
'does nothing').

Fig.

17b.

7. Fit IC16 (74HCT574) and IC17 (74HCT541).
Press the ESC key as many times as necessary to arrive at the printer test routine. The
message 'Test printer YIN' appears. If you
type 'Y', the Z80 card transmits three lines of
text to the printer. An error message is produced when the printer is not connected. If
everything is all right so far, the system
prints the text shown in Fig. 19. When the
system has finished printing the text, you are

Solder side track layout (mirror image).
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Fig. 18.

ADC/DAC test circuit.

returned to the start of the test routine. This
allows you to run the test repeatedly, which
is useful when errors are to be eliminated.
8. Fit IC14 and 105. Since the use of the external buses EXT1 and EXT is application-dependent, no provision is made to test them.
That concludes the test procedure. Depending on the application of the Z80 card, you
may wish to fit it in an enclosure (as we did
— see photographs), or build it into the enclosure of an existing application. In either
case, flatcables are agood way to ensure a
well-finished product (Fig. 20), that is, aneat
looking unit without awire mess inside. The
flatcables may be left relatively long to enable them to be folded and tucked under the
PCB. Note, however, that IC socket pins can
cause problems by piercing the insulation of
the flatcable wires when the PCB is pressed
too hard on the flatcable. These problems
may be avoided by cutting the protruding
parts of the IC socket pins with pliers. Even
better, do this before soldering the pins: fit
the IC socket, and secure it by soldering two
diagonally located corner pins only. Next,
cut the other pins to the minimum length.
Soldering will then not present problems in
any case because the PCB is through-plated.

Practical use

Fig. 17c.

Having constructed the Z80 card, you are
ready to concentrate on applications. Unless
you have a fully working application program in EPROM, you will need an EPROM
simulator and aZ80 assembler to be able to
develop software. Suitable assemblers are,
for instance, the X80 and X280 from
2500 A.D. Software Inc., 109 Brookdale Ave,
Box 480, Buena Vista, CO 81211, U.S.A.
If you expect to exchange EPROMs frequently, it is worthwhile to invest in aZIF
socket. Do not solder this straight on to the
board, but use two or three stacked, normal,
sockets in between. This has the advantage
of being able to unplug the ZIF socket later,
and use it in another circuit (removing an IC
socket from a double-sided board is fairly
difficult).
The description of the BIOS on the disk
supplied for this project is sufficiently detailed to use the file, or parts of it, in your
own source code. In many cases, the infor-

Component mounting plan.
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COMPONENTS LIST
1 Z80B-CTC

IC5

2

1 5-way 101d.? SIL array

R1

2 Z80B-PIO

106;1C7

12 10k12

R2;P3;R4;R1 0;
R11;R12;R14;
R18-R20;R23;R24

1 16V8 GAL
Z80 decoder-1)**

IC8

R5;R6;R9

1 16V8 GAL
(Z80 decoaer-2)

IC9

1 3-V lithium battery with
connectiing wires, e.g.,
Varta CR 1/2 AA 950 mAh
(no. 6127), or Varta CR 1/4 AA
360 mAh (no. 6147)
Bathl

R7

I MAX690

IC10

1 471dI

R8

1 AD7569

IC 11

1 1001(11

R13

1 COM81C17

IC12

1 50-pin strip for jumpers

1 330S≥

R15

1 MAX232

IC13

15 Jumper

2 21(.(12

R16;R17

2 74HCT245

IC14;1C15

1 4127 0.5W

R21

1 74HCT574

IC16

1 470i2

R22

1 74HCT541

IC17

P1

1 74HCTO4

IC18

1 74HCT74

IC19

2 7805

1020;IC21

Resistors:

3

11d1

1 12k12

1 10k0. preset V
Capacitors:
5

10µF 16V radial

C3-C7

17 100nF

Cl 0-C13;015-C27

1 220µP 16V radial

C14

LED red 3mm

1 BAT85

D2

1 1N4001

D3

6-way PCB-mount
DIN socket (240°)

1 5V6 0.4W zener diode D5
3

BS170

Tl;T2;T5

1 BC557B

T3

1 BC547B

T4

1 27128 EPROM (BIOS')
or 27256

1 43256 RAM

IC2

IC3

1 Z806-CP

4

>>>>>>>>>>>»»

2

10-way boxheader

ELEKTOR

2

20-way boxheader

X1

1 Active buzzer 5V

Bzl

1 Heat-sink for IC20 and IC21,
e.g. SK59/37.5 SA

1 10-way IDC socket (RS232)
2 9-way female sub-D flatcable
connector (RS232)
1 9-way male sub-D flatcable
connector (RS232)
I 16-way IDC plug (LCD)
1 16-way IDC socket (LCD)
1 25-way sub-D socket for panel
mounting (PAN)

K1

1 2-way PCB terminal block;
pitch 5mm
5 14-way boxheader

ICI

1 27128 EPROM
or 43256 RAM
(depends on application)

*this EPROM is available ready-programmed: order code ESS6121.

Miscellaneous:

Dl ;D4

1 Quartz crystal 5.0688 MHz

1 Enclosure, e.g., Retex RE.4

— these GALs are available as a ready-programmed set. order code ESS6111.

Semiconductors:
2

Sl;S2

1 LCD 2x40 characters with
back light (e.g. Hitachi LM092LN)

Cl;C2

2 68pF

PCB-mount push-button

2

14-way IDC socket (PRN and Remote)

1 14-way IDC plug (Remote)
1 Printed circuit board

K3:K11
K4.K5;K6.
K9.1(9'
K7:K8

920002

ESS 1711
1 Diskette
Approx. 2.5m (8 ft.) flatcable with 3C wires
min.
Options:

1 16-way boxheader

K10

1 5-way PCB mount D;N
socket (180')

K12

1 Infra-red transmitter Policom IRC301

50-way boxheader

K13

1 PC-XT keyboard

5-way SI pin header

K14

1 RC-5 infra-red receiver (Ref. 2; 910137)

1 mains adapter 9-15V ©IA

PRINT TEST ««««««««<

ABCDEFGHIJKLMNOPQRSTUVWXYlabcdefghijklmnopqrstuvwxyz

Fig. 19.
19_

Printer test text.

Fig. 21.
Holes in the side panel give ready
access to sockets K1 and K12, and preset P1

Fig. 20.

Folded flatcables give a neat impression and add considerably to a 'professional

look'.
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mation contained on the disk, together with
the variables and the associated addresses
set up by the BIOS, will prove extremely useful to write a program quickly and efficiently.
Talking of future applications, the present Z80 card will form the 'brains' of an advanced photographic slide control system to
be described in aforthcoming issue of Elektor
Electronics. The system, called DiAV (for
Digital Audio/Visual), is capable of controlling up to 16 slide projectors. Note that the
GALS and the EPROM required for the
DiAV controller are not the same as the ones
used here, and order codes will be published
in due course. The DiAV requires a32-KByte
RAM (43256) to be fitted on the Z80 card. 21
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ANALYSER III

A REVIEW

by Mike Wooding G6IQM

A

NALOGUE circuit design
is traditionally difficult because all designs have to be
tested to confirm that they work
as desired. Even more difficult
is the ability to conduct the
sheer infinite number of tests
over the full frequency spectrum that the design is intended
to work over. Furthermore, the
time spent on building breadboarded prototypes to conduct
the tests on is pretty expensive
in most cases. One way to cut on
development costs is to use a
computer simulation of the design, and analyse its performance in theory before anything
is built. Fortunately, computer
programs to do this have descended from 'higher spheres'
to alevel where one encounters
the intrepid hobbyist.
Analyser III is a fast, advanced and easy to use Linear
Analogue Circuit Analysis program. The package allows electronic designs to be tested
without soldering asingle component and,
often more important, without the need for
expensive test equipment. The circuit design can be tested on aPC and modifications made until the circuit functions as
required all without using asoldering iron
in anger, or blowing up any expensive devices.
The system is ideal for the analysis of
filters, amplifiers, cross-over networks,
wideband amplifiers, aerial matching networks, radio and TV IF amplifiers, chrominance filters, linear integrated circuits,
etc. Analyser III also has advantages over
physical test equipment in that it allows
analysis over a frequency range from
0.001 Hz to 999 GHz, showing gain,
phase, group delay, and input and output
impedances.

ANALYSER III
Analyser III is a linear analogue circuit
analyser
program
that
runs
on
PC/XT/AT/286/386/ or 486 computers
running under MS-DOS 3.0 or later (also
DR-DOS 5and 6) and with either EGA or
VGA graphics, preferably colour. The
minimum
RAM
requirement
is
512 Kbytes, and the software is supplied
on both 5.25" and 3.5" format floppy disks.
Like almost any circuit analysis program, Analyser II keeps ahigh proportion
of its temporary data on disk during operation. Consequently, when using afloppy
ELEKTOR ELECTRONICS USA JUNE 1992

only based machine, Analyser III will be
very sluggish.
The program also supports the use of a
mouse, although the software is easy to use
via the keyboard, and achoice of either 9
or 24-pin dot-matrix printers or HP Laserjet II printers.

The user manual
The comprehensive user manual is packaged in an AS ring binder, which allows the
easy insertion of upgrade instructions, personal notes, etc., and follows the well established pattern of Number One Systems'
program documentation (see photograph).
The first few pages of the manual deal with
an overview of Analyser III, the installation and running of the program.
The next section in the manual is called
'First Impressions' and gives an outline of
the screen presentations and some of the
basic commands used to manipulate these
screens and move around in them. Once the
user is familiar with these basic commands, it's on to the next section, 'The
Grand Tour'.
'The Grand Tour' comprises the greater
part of the user manual and takes the user
through a step-by-step simulation; from
entering the initial design netlist to the
final proven circuit. To assist with the instruction, a predesigned simple passive
twin 'T' notch filter circuit is used as a
practical example, from which anetlist is
WorldRadioHistory

composed.
A netlist is a file of connections between the various components within the circuit, their
values and any other associated
parameters, such as small-signal
gain (hfe) or transition frequency
(ft), for example, for a bipolar
transistor. The libraries supplied
within Analyser III contain
ready-made netlist outlines for
many basic circuit structures and
various popular bipolar and FET
transistors, opamps, etc.
After
the
comprehensive
chapter dealing with netlist editing and production, the next section in the manual tackles the
actual operation of the analyser.
To begin with, you need to select
the input and output connections.
Next, Analyser III calculates and
displays the frequency and phase
response curves of the circuit. Initially, the display defaults to a
frequency range of 1 kHz to
1MHz, but this range, and any
other of the display parameters,
can be changed simply by afew clicks of
the mouse button or keyboard presses,
which are explained in detail in the next
section of the manual.
The 'Grand Tour' then continues with
the various different displayed parameters
available, such as group delay, vector selection, scaling the various plots, including
offsets in the analysis, using the display
grids and tabulating the results.
The remaining sections of the user manual deal with printing out the plots, converting circuits to single components for
inclusion in more complex circuits (e.g.,
using the notch filter in the feedback loop
of an amplifier) and adding them as library
entries, using the libraries, customising
Analyser III to your exact requirements,
using the DOS browser and, finally, alist
of the built-in library component entries is
given.

The analyser
Once acircuit netlist has been created and
the input, output and ground connections
established, Analyser III simulates the circuit operation and displays on the screen a
plot of the frequency and phase versus gain
such as one would see displayed on acircuit analyser or spectrum analyser, but
only after the circuit had been built.
The 'tilde' key (—) Will trigger aprintout of the current screen (including any
menus, etc.) in 'extra' dot-matrix, Laserjet
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Also shown in the menu area are the file
name of the circuit currently being analysed, the frequency limits of the analysis,
the number of steps in the analysis and
whether the scales are logarithmic or linear.
Configuration:
This command selects a set of menus
which allow the default parameters for
Analyser III to be set according to the
user's choice. The default search paths for
files, the time and date format, etc., can all
be preset by the user, and the configuration
saved.
Libraries:
The library command allows the various libraries to be scanned and manipulated.
!DOS:
Selecting this command displays amenu of
basic DOS commands which are available
for use without leaving Analyser III. Also
selectable is a DOS Shell, which allows
you to exit Analyser III to the DOS
prompt, but without losing any data currently held in Analyser III. Quitting the
DOS Shell returns you to Analyser III,
exactly where you left it.
Fl (HELP) and QUIT are self-explanatory.

The main area of the screen is devoted to
the analyser display with the moveable
cursor.
At the bottom of the screen is a submenu of control commands for the different plots, adisplay of the relative level of
the plot and the scaling factor for the Y
axis.
With Analyser III the only limitation to
the frequency range of the analysis is that
it lies within the limits 0.001 Hz to
999 GHz! In other words, just about any
circuit that you care to analyse can be accommodated within Analyser III's capabilities. Having spent most of my working
life in electronic test laboratories, Ithink I
can safely say that Ido not know of any circuit or spectrum analysis equipment that
will directly look at frequencies much
above 100 GHz, let alone 999 GHz! The
usual way to perform such tests is to downconvert the final signal before conventional display analysis, and that system has
all sorts of inherent inaccuracies present.
Also, it would have to be 'normalised' to
eliminate the effects that the down-conversion has on the display. Finally, the circuit
has to be prototyped and built before such
analysis can take place.

The libraries
As Imentioned earlier, there are inbuilt libraries in Analyser III, which make the
creating of netlists much quicker. The libraries are:
1. PRIM.ALB: alibrary of all the basic device models.
2. DEVICE.ALB: this library contains a
selection of 'real' device models. All the
components in this library are made up
from the primitive elements in the
PRIM.ALB library with the appropriate
parameters set. As there are many thousands of different devices, and every engineer has his/her particular favourites, this
library is really intended as a set of
examples to help the user create his/her
own personal set of libraries.
After building up netlists for acircuit,
and subsequently naming the component
WorldRadioHistory
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or GEM format, as defined in the Configuration menu.
The display screen is divided into three
main areas. The top of the screen contains
the main menu, showing Analyser III's
top-level commands, with the currently active mode highlighted. The program defaults to the analyser mode on start-up. The
other modes are:

1M
dB

nS

-30.000

-90•000

000

1M

Ptot:Ciain

nS

type being used, Analyser III responds by
reading the pin and parameter information
from the library for the device. All you
have to do is enter the various connection
details.
Circuit blocks previously designed and
tested can be added to the libraries, which
is very useful if you require aparticular circuit, or part of acircuit, more than once.

Conclusions
After having familiarised myself a little
with the concept of anetlist, Isuccessfully
created the one for the example circuit.
Following the instructions I then connected my inputs and outputs, and Analyser III analysed the circuit and presented
the plots on the screen.
It soon become evident to me that the
facilities available are quite extensive.
Using conventional circuit and spectrum
analysers often as Ido, Ican imagine that
in adevelopment environment Analyser III
would be far more ideal. The fact that adesign circuit does not actually have to be
built would be one great advantage. That,
coupled with the ability of Analyser III to
analyse the circuit over as wide a frequency spectrum as you like, plus the
ability to change devices in the circuit for
re-analysis, could prove agreat boon to circuit designers.
Ican heartily recommend Analyser II to
anyone engaged in linear circuit design and
testing work. This software enables adesigner to test acircuit ideally up to the production stage, without even raising a
soldering iron in anger and committing any
devices to the breadboard, or dustbin!
•
Iwish to thank Mr. Espin and the staff of
Number One Systems Limited for their
help and advice, and for the review software.
ANALYSER III costs us $375 (delivered), with
manual, 51
4 and 3
/
2 "disks. Send checks to
/
1
Number One Systems, 1795 Granger Ave.,
Los Altos CA 94024 (CA add tax). Send credit
card orders by mail or FAX to Number One
Systems, Harding Way, Somersham Rd., St.
Ives Cambs England PE17 4WR, UK. Tel:
011-44-480-61778; FAX: 011-44-480-494042.
Orders ship within 24hrs of receipt.
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8051/8032 ASSEMBLER COURSE
PART 4: FLAGS, BIT ADDRESSING, PSW, CONDITIONAL
JUMPS, LOGIC OPERATORS
By Dr. M. Ohsmann

In this instalment of the course we will
deepen our knowledge of the 8051 instruction set, and also get to grips with the concept
of bit addressing.
The new
instructions allow programs to be written
with 'real world' applications such as the
control of asmall servo motor in amodel
boat, and outputting an analogue voltage.
Both applications make use of the hardware extensions described in last month's
instalment.

Bits
CY
AC
FO
RS1
RSO
OV
P

(flags)
PSW.7
PSW.6
PSW.5
PSW.4
PSW.3
PSW.2
PSW.1
PSW.0

in program status word

Carry Flag
Auxiliary Carry
FLAGO
Reg, bank select
Reg, bank select
Overflow
Parity

1
0

Register bank selection
RS1

RSO

Register bank
o
1
2
3

Addresses
00H 08H 10H 18H -

ELEKTOR ELECTRONICS USA JUNE 1992

in internal
07H
OFH
17H
1FH

RAM

910109-4-11

Flags and bit addressing
It is often required for aprogram to wait for
acertain signal to change state, which is
called acondition. Such aconditional signal may be supplied by an external source,
for instance, the output of a comparator,
which is connected to an input port line. It
may, however, also be internal, i.e., abit or
aflag, for instance, bit 3in the accumulator
(written as ACC.3). The 8051 family of
microcontrollers offer anumber of instructions for bit addressing and logic bit manipulation (for instance, an OR function)
that allow bit states (0 or 1) to be evaluated
in asimple way.
The microcontrollers in the 8051 series
can address 256 bits in the range 000H to
OFFH. As with direct addressing, the function of the addresses smaller than or equal
to 127 is different from those greater than
127. The addresses from 0 up to and including 127 are used to address bits in the
internal RAM. Bit address 0 corresponds
to bit 0of the byte at address 20H in the internal RAM. Likewise, bit address 127
corresponds to bit 7of the byte at address
2FH in the internal RAM. Hence, the
16 bytes 20H to 2FH of the internal RAM
store bits 0 to 127 (see Fig. 5 in part 1of
the course).
Bit addresses 128 to 255 enable bits in
the special function registers (SFRs) to be
addressed. The effective bit address is the
sum of the SFR address and the bit number
to be addressed. Thus, bit address 0E3H is
used to address bit 3 in the accumulator
(SFR OEOH). The assembler used during
this course does all the adding automatically if you use the so-called point nota-

(PSW)

carry (overflow) flag, bit accumulator
aux, flag for BCD applications
available for general applications
selects register bank; bit RS1
selects register bank; bit RSO
overflow flag
available for general applications
parity in accumulator

Fig.

13.

Function of the flags contained in the PSW (program status word).

tion, which means that apoint is inserted
between the SFR and the bit number. For
example:
JB

ACC.3,THERE ;jump to THERE
when Accu bit 3
is set

Instructions

that

MNENOMIC
ADD
ADDC
SUBS
MUL
DIV
DA
RRC
RLC
SETE
CLR
CPL
ANL
ANL
ORL
ORL
MOV
CNJE

change

C

flags

OV AC

C,bit
C, /bit
C,bit
C, /bit
C,bit

x — flag changed
1 — flag set
O = flag reset
/bit = inverted bit
Note:

Note, however, that this requires an EQU
statement for the accumulator SFR address
to be assigned to constant 'ACC'.
Only those SFRs whose address ends
with three '0' bits are bit addressable; these
are the SFRs marked with an asterisk (*) in
Fig. 8(see part 2).

flags

also

combined

changed by

writing

to

SFR

address

ODOH.

9101094-12
Fig.

14.

Overview of MCS51 instructions that change the flags in the PSW.
WorldRadioHistory
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Program status word (PSW)
The programs status word, PSW, is stored
at SFR address ODOH in the 8051. The
PSW contains bits (flags) that indicate, for
instance, whether or not acarry has ocurred
as aresult of asubtraction. This information is stored in bit 7, and can be accessed
via bit address PSW.7. This bit, which is
also called the C-Flag, can be addressed via
many bit manipulation instructions. Since
it contains the result of logic bit combina-

•

tion operations (OR, AND and NOT), the
C-flag thus forms akind of one-bit accumulator for bit manipulation.
The parity bit, PSW.0, is set when the
accumulator contains an odd number of
ones. The flags OV (PSW.2) and AC
(PSW.6) have checking functions when
signed numbers (e.g., BCD numbers) are
used. Bits 3 and 4 in the PSW allow the
programmer to determine which register
bank is addressed. Since only bank 0 is
used during this course, these bits should
not be changed. Bits 1and 5 are free for
general use and may be set and interrogated as required.
Figure 13 shows an overview of the bit
functions and identifications, and Fig. 14 a
list of instructions that change the flags in
the PSW.

register contains apredetermined value.
JOIN THE COURSE!
What you -eed to foliow this course
• a 6032/8052AH-BASIC single
board computer as described ir
Elektor Electronics May 1991.
The preferred CPU is a 80511 or
80C32. Alternatively, any other
MCS52-based rnicrocontroller
system (but read part 1 of tine
course):
• a course diskette (IBM: order
part number 1E61; Atari: order
part number 1681) containing
pragramming examples, hex file
corversion utilities, and an
assembler;
• a rronitar EPROM (order part
mmber 6091);
• art IBM PC or compatible
operating under MS-DOS, or an
Atari ST with a monochrome
display.
Appeared so far;
Part 1: Introduction (February 1992)
Par: 2: First 8051 insUuctions (March
1992)
Part 3: Hardware extensions for
80C32 SBC (April 1992)

Conditional jumps

by the instruction is fulfilled. If the condition is not fulfilled, the program simply
continues with the next instruction. Practical examples of the use of conditional

addr

JC

addr

JB

bit,addr

JBC

bit,addr

;jump to addr if
accu=0
;jump to addr if
carry flag (PSW.7)
is set
;jump to addr if bit
at bit address is 1
;as JB, but clear bit

The first three of these instructions are also
available in the form of anegative condition, marked by apreceding 'N'.
Conditional jumps are 'short' jumps,
i.e., they can be used for an address difference within the range +127 to —128

Wherever program loops are used, and the
number of iterations is between 1and 255,
the command
DJNZRn,rel
may be used. The DJNZ instruction first
decreases the contents of the indicated register by one. Next, acheck is made to see if
the register content is nought. If not, the
program continues with the instruction at
the indicated jump address, 'rel'; else, the
next instruction is fetched. As shown in the
instruction set overview, it is possible to
use adirectly addressable byte instead of a
register.
For apractical example of the use of the
DJNZ instruction, refer to XAMPLE06 on
your course disk. This illustrates how a
time delay is created. First, a register is
loaded with a value that indicates the
length of the delay. Next, afew 'idle' commands are executed before the loop is
started again with the DJNZ instruction.
The value loaded into register RI determines how many times the loop from
line 29 to line 33 is repeated. Since each of
the instructions inside the loop takes 10 ¡Is
to complete (see the 'T' column in the .LST

Logic combinations
The MCS-51 microcontrollers offer the

jumps may be found in XAMPLE06.A51
and XAMPLE07.A51 on your course disk.
The respective list files are given in

JZ

Count instruction DJNZ

file), the loop 'WAIT' creates a delay of
about 10 times RI microseconds. Not
exactly 10R1 its, because time taken by the
ACALL, RET, CLR and SETB instructions should be added. These increase the
actual pulse length by about 5;Is.

Conditional jump instructions are used to
perform certain functions in aprogram, depending on the state of certain external signals or occurrences. The conditional jump
is made when the relevant condition set up

Figs. 20 and 21. The microcontrollers in
the MCS-51 series offer the following conditional jump instructions:

31

following instructions to perform logic
combinations: OR, AND and XR (exclusive OR). The logic combination comprises all bits of both operands. They are:
(refer back to 'SJMP' in part 2)-. Because
of this, it may be necessary to conditionally
jump to a'long jump' instruction.

ANL target,source

ORL target,source

Compare instruction
The compare' instruction of the 8051
takes the form of aconditional jump:
CNJEopl,op2,address ;jump to address if
opl is not equal
to op2
The operands that may be used are given in
the instruction set overview. This instruction is particularly useful to direct the program flow depending on whether acertain
WorldRadioHistory

XRL target,source

;target replaced by
(target AND
source)
;target replaced by
(target OR source)
;target replaced by
(target XOR
source)

Again, the possible operands (source and
target) are taken from the instruction set
overview. Assuming, for instance, that the
accumulator contains the value
10010111B .97H = 151,
and register RO the value
ELEKTOR ELECTRONICS USA JUNE 1992
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the logic operators give the following results:

led model boat. Fig. 15 shows the timing of
the pulses involved. As you can see, it is required that the program generates 'short'

Instruction

ANL A,R0

ORL A,R0

XRL A,R0

A before:

10010111

10010111

10010111

RO before:

11110010

11110010

11110010

A afterwards:

10010010

11110111

01100101

The ANL instruction may be used, for instance, to reset (clear) certain bits in abyte,
without changing the others. Likewise, the
ORL instruction is used to set certain bits.
The setting or resetting of certain bits in a
byte is called masking. This technique is
used, for example, to check if one of the
bits 0, 12, or 7in the accumulator is set, as
shown in the programming example
ANL A,#10000111
JNZ

set

pulses of 800 .Ls when push-button 'A' is
pressed, and 'long' pulses of 160011s when
push-button 'B' is pressed. These pulse
lengths result in the rudder being turned to
the left and the right respectively. To keep
the rudder fixed in the centre position (i.e.,
to make the boat sail straight on), the program generates pulses with a length of
1200 sis. The pulses are separated by 10ms long pauses.
For this example application we make
use of the hardware extensions described
in last month's instalment. Push-buttons
'A' and 'B' are realized with the aid of

ate pulses to control a servo motor that
operates the rudder in aremotely control-

11110010B = F2H = 242,

Key B pressed
1200ps
—11>
4-

600 US
--I>

800ps

4-

-

4>

Right
long pulse

mid -way
Pause
approx. 10ms

;mask bits 7, 2, 1
and 0
;A not 0when one
of these bits is set

Key A pressed

4-

Lett
short pulse

1
910109-4-13

Fig. 15.

Pulses used to control a small servo motor.

The operation of the related instructions
CLR A
CPL A

;clear accumulator
;invert bits in accumulator

PORT PI
P1.0

JP3

1

speaks for itself.
P1.6

Bit manipulation instructions

P1.7

- 7

a

8051

The bit manipulation instructions

P1.0 = 0

PO

CLR bit-operand
SETS bit-operand

;clear bit
;set bit

CPL bit-operand
ANL C,bit-operand

;invert bit
;C replaced by
(C AND bit)
;C replaced by
(C OR bit)
;bit replaced by C
;C replaced by bit

ORL C,bit-operand
MOV bit,operand,C
MOV C,bit-operand

I---- P1.0 = 1

databus
5V

-

5V

BIT 6
BIT 7

allow single-bit manipulations to be carried out on bytes. Their usage is similar to
that of the logic manipulations. The C-bit

READ

(bit 7in the PSW) is used as aresult register. The bit manipulations are often used to
set or reset single bits, for instance, of an
output port, without affecting the state of
the others.

OCOOOH

short

80C32 SBC

Testing a servo motor
The function of the program given in the
assembly file XAMPL06.A51 is to generELEKTOR ELECTRONICS USA JUNE 1992

Fig.

16.

Signal flow in the pulse generator.
WorldRadioHistory

long

extension board
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of the push-buttons. If push-button 'A' is
pressed, bit 7in the accumulator has a'0',
which sets up a condition evaluated by
line 16.
Depending on which push-button is
pressed, the value written into register RI
indicates the length of the individual pulse.
In line 23, the output bit, P1.0, is set to '0'.
This causes the MIDI output to go high
(positive), and the pulse starts.
The subroutine 'WAIT' called in
line 24 provides the delay that determines
the pulse length. When the required time

The two timing loops in the program
(one for the 'mark' time and one for the
'space' time) are implemented with the aid
of the DJNZ instruction.
If you do not have a servo, it is, of
course, possible to test the program by connecting pin 4 of K5 to an oscilloscope. A
small modification will enable the program
to be used as asimple sound generator. All
that is required is to change line 36 into

has elapsed, the pulse is ended with the aid
of the instruction in line 25. The previously
discussed bit manipulation instructions are

and change bit P1.0 into bit P1.1 in lines 23
and 25. This causes the loudspeaker (connected to P1.1) to produce a sound of
which the frequency depends on the pushbutton pressed.
It goes without saying that the above
changes to the program can be taken further by those of you who want to generate

used to set and reset the output bits.
Next, apause of about 10 ms is created
by calling subroutine 'PAUSE'. When the
pause has elapsed, the program jumps to
'NEW', and starts again.

MOV R2,#1

R-2R network
forms D-A converter

Bit

Latch

Fig. 17.
Flow diagram of the pulse gener
ator program.

8-bit
databus

switches S2 and S3 respectively. The status
of these keys can be interrogated via address OCOOOH (access to memory mapped
I/O in external RAM). The pulses are to be

output
Buffer
WRITE
OCOOOH

output via pin 4 of the MIDI socket, K5.
This requires jumper JP3 to be set to position '13'. Because of inverter IC4c on the
extension board, a'0' sent to port P1.0 results in a 'high' level at socket K5. The
simplified system diagram is shown in
Fig. 16, and the flow diagram of the control
program in Fig. 17. The listing of the actual
assembly-language control program is
given in Fig. 20.
After the initialisation of port Pl, the

(.
1 Analogue
input
Comparator

program enters a endless loop at label
'NEW'. First, the status of the keys is read
and indicated on the LEDs connected to
port Pl. The ORL instruction in line 14 ensures that the pulse output bit, P1.0, remains 'one'. Lines 16 and 17 illustrate the
use of the conditional jump instructions
discussed above. Here, the JNB instruction
is used in combination with bit-addressing
of the accumulator to determine the status

Analogue

Bit 7

READ
OCOOOH

0

Fig. 18.

910109- 4 - 16

Basic connection of the D-A converter to the 80C32 single-board computer.
WorldRadioHistory
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signals with aspecific pulse length or pulse
order. The first step towards a programmable pulse generator has been taken.

Counting
The following instructions are available to
count within the range of one byte, i.e.,
from 0to 255:
INC

Byte-operand

DEC Byte-operand
INC

DPTR

;increment byte
by 1
;decrease byte
by 1
;increase 16-bit
DPTR by 1

As usual, the byte-operands that may be
used are given in the instruction set overview in part 2. The INC and DEC instructions do not change any of the flags,
including the carry flag. Increasing the
value 255 results in 0, and decreasing 0results in 255. A simple application of the
DEC and INC instructions may be found in
XAMPL07.
The INC DPTR instruction is often used
to implement successive addressing of
tables in the program or data memory.

Testing the D-A converter
Fig. 18 shows the functional diagram of
the digital-to-analogue (D-A) converter on
the extension board. The output voltage of
the R-2R ladder network is buffered at the
analogue output, and also fed to the —input
of three comparators (the diagram shows
only one of these). This set-up allows the
Below: One of our readers, Mr. W. Otten of
Germany, sent us this photograph of his
remote-controlled model truck loaded with
an 80C32 SBC, batteries and a number of
Fig. 19.

Flow diagram of the D-A converter output routine.

ELEKTOR ELECTRONICS USA JUNE 1992

home-made extension cards.
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LISTING of EASM51 (XAMPLE06)
LOC
OBJ
SOURCE
0000
FILE
0000
ACC
EQU
0000
0000
P1
EQU
0000
KEYS
EQU
0000
short
EQU
0000
normal
EQU
0000
long
EQU
0000
0000
ORG
4100 75 90 FF [2] START
NOV
4103 90 CO 00 (2) NEW
MOV
4106 E0
(2)
MOVX
4107 44 OF
[1]
ORL
MOV
4109 F5 90
[1]
410B 30 E7 07 [2]
JNB
410E 30 £6 08 [2]
JNB
4111 79 78
(1)
NOV
4113 80 06
[2)
SJMP
4115 79 50
[1] KEYa
MOV
4117 80 02
(2)
SJMP
4119 79 AO
(1) KEYb
MOV
4110 C2 90
(1) PULSE
CLR
411D 31 25
(2)
ACALL
411F D2 90
(1)
SETB
4121 31 30
(2)
ACALL
4123 80 DE
[2]
SJMP
4125
4125 AF EO
(2) WAIT
NOV
4127 AF ED
[2]
MOV
4129 AF ED
[2]
MOV
412B AF EC'
[2]
MOV
412D D9 F6
DJNZ
(2)
412F 22
(2)
RET
4130
4130 7A OA
(1) PAUSE
MOV
4132 79 64
(1) PAUSE1
MOV
4134 31 25
(2)
ACALL
4136 DA FA
(2)
DJNZ
4138 22
(2)
RET
4139
4139
END
SYMBOLTABLE (14 symbols)
ACC :00E0
P1 :0090
normal :0078
long :00A0
KEYa :4115
KEYb :4119
PAUSE :4130
PAUSE1 :4132

LINE
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

XAMPLE06.A51
OEOH
090H
OCOOOH
80
120
160

;
;
;
;
;
;

SFR address of accumulator
SFR PORT1 address = 090H
keys address in external data MEN
short pulse 810 microsec.
normal pulse 1000 microsec.
long pulse 1600 microsec.

4100H
P1,0111111110
OPTR,0KEYS
AdDPTR
A,00000111113
P1 ,A
ACC.7,KEYa
ACC.6,KEYb
R1,0normal
PULSE
R1,0short
PULSE
R1,01ong
P1.0
WAIT
P1.0
PAUSE
NEW

;
;
;
;
;
;
;
;
;
;
;

program to run from 4100H
all port bits - 1
keys address
read keys (bits 4,5,6,7)
set bits 0,1,2,3 to 1
LEDs correspond to keys, P1.0=1
key A = short pulse
key B = long pulse
no key, normal pulse
do pulse
different length
different length
P1.0 goes low, MIDI goes high
wait for pulse length (R1)
end pulse
10 milliseconds pause
and another round

R7,ACC
R7,ACC
R7,ACC
R7,ACC
R1 ,WAIT

R2,010
R1,0100
WAIT
R2, PAUSE1

KEYS
START
PULSE

:C000
:4100
:411B

subroutine R1.10 microsec
2 microsec. each
get timing right
RI times 10 cycles
end of subroutine
;
:
;
;
;

of

1 microsec.

10 milliseconds
equals 10.100.10 microseconds
wait 1000 microsec. here
conitinue outer loop
End of subroutine

short
NEW
WAIT

:0050
:4103
:4125

910109-4-18

Fig. 20.
This program, contained on your diskette as XAMPLE06.A51, generates pulses for
the control of a small servo motor.

LISTING of EASM51 (XAMPLE07)
LOC
OBJ
SOURCE
FILE XAMPLE07.A51
0000
0000
0000
ACC
EQU
OEOH
SFR address of accumulator
0000
P1
EQU
090H
SFR PORT1 Address = 090H
0000
KEYS
EQU
OCOOOH
keys address in external data MEM.
0000
DA_ADDR EQU
OCOOOH
DA -converter address
0000
0000
; RAM
RAM definitions
0000
DA_VALU EQU 050H
reserve 1 byte at address 50H
0000
i.e. above loc. occupied by EMON51
0000
ORG
4100H
program to run from 4100H
4100 75 50 80
START
MOV
DA VALU,0128
4103
NEW
EQU
5 4103 90 CO 00
MOV
DPTR,41DA ADDR
; address of DA -converter
4106 E5 50
MOV
A,DA VALU
; get current value into accu
4108 FO
MOVX
eDPTI,A
; send to DA -converter
4109 90 00 05
MOV
OPTR,05
; wait 5 millisecs
410C 31 32
ACALL TIME
410E 90 CO 00
MOV
DPTROIKEYS
4111 EC)
MOVX
AADPTR
; get comparators into bits 0,1,2
4112 C4
SWAP
A
; swap bits 0-3 with bits 4-7
4113 F5 90
MOV
P1,A
; send to LEDs
4115 ED
MOVX
,QDPTR
; get key status
4116 30 E7 05
JNB
ACC.7,KEYa
; key A pressed ?
4119 30 E6 OB
JNB
ACC.6,KEYb
;
8
?
411C 80 E5
SJMP
NEW
; no key pressed, run again
411E E5 El
50
KEYa
MOV
=A_VALU
; value must be lowered
4120 60
JZ
; may be nought, then do nothing
4122 14
DEC
A
; lower
4123 F5 50
MOV
r
Ut ii VALU,A
; and store new value into internal RAI
4125 80 DC
SJMP
2,DA_VALU
; start again
4127 E5 50
NOV
KEYb
; fetch value from internal RAM
4129 04
INC
; increase
412A 70 02
JNZ
IS OK
; okay when not 0
412C 74 FF
MOV
A, #255
; otherwise it was and is 255
412E F5 50
MOV
IS_OK
DA VALU,A
; store new value
4130 80 D1
SJMP
NEW
; and again
4132
; MONITOR INTERFACE
; the usual...
4132
coLTIME EQU
021H
; MONITOR command, DPTR millisecs delay
4132
COMMAND EQU
030H
; MONITOR command memory location
4132
MON
EQU
0200H
; MONITOR jump address
4132
4132 75 30 21 (2) TIME
MOV
COMMAND,fccLTIME
4135 02 02 00 [2]
LJMP MON
4138
END
SYMBOLTABLE (14 symbols)
ACC :00E0
P1 :0090
KEYS :C000
DA ADDR :C000
DA VALU :0050
START :4100
NEW :4103
- KEYa
:411E
- KEYb
:4127
IS OK :412E
coLTIME :0021
COMMAND :0030
MON :0200
TIME :4132

LINE
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

910109-4-19

Fig. 21.
List file of XAMPLE07, a program that turns the 80C32 SBC into a programmable
voltage source.
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EC

output voltage of the DAC to be compared
to the voltage applied to inputs 1, 2 or 3.
The function of program XAMPLE07 is as
follows: generate an output voltage that
can be increased or decreased by pressing
push-button 'A' or '13' respectively. In addition, show the status of the comparator
outputs on the three LEDs.
Summarizing, the proposed system
allows us to program an output voltage,
and find out if this is greater or smaller than
the voltages at the three comparator inputs.
The flow diagram of the program we
have in mind is given in Fig. 19. The assembly language program (Fig. 21) has a
couple of instructions that may be new to
you. Also, internal RAM addressing is
used for the first time. Let us have alook at
the listing in Fig. 21. The current value of
the voltage is stored at address 050H in the
internal RAM. This address is assigned the
label `DA_VALU' in line 9. When the program starts, the voltage is set to 128 in
line 12. In the loop that starts with the label
'NEW', DA_VALU, i.e, the value at 050H,
is sent to the DAC (lines 14, 15 and 16).
Next, the program waits 5ms before sending the comparator output signals to the
LEDs (lines 19 to 22). Lines 23, 24 and 25
serve to check if akey is pressed. If so, the
program jumps to the corresponding subroutine, which causes DA_VALU to be increased (lines 32 to 36) or decreased (lines
27 to 31). In each subroutine provision is
made to prevent the minimum value being
decreased, and the maximum value being
increased.

Assignment
On the basis of what you have learned so
far,
combine
XAMPLE06
and
XAMPLE07 is such away that the position
of the rudder (i.e., the length of the pulses
generated by XAMPLE06) can be controlled with the push-buttons, just like the output voltage in XAMPLE07.
You may also have ago at outputting a
sawtooth via the DAC, or any other waveform you find interesting. This will quickly
take you to a level where you will start
writing your own assembly language routines, however simple to start with.
Next time: the fifth instalment of the course
will address the remaining arithmetical instructions. Based on that information, we
will tackle methods of implementing
simple calculations with the aid of the 8051
(calculations are often required to process
measured values). Part 5 will also introduce some programming techniques, including those required for receiving and
transmitting (MIDI) data via the serial interface.
LI
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ELEMENTS OF PASSIVE ELECTRONIC COMPONENTS
PART 2: THE IRON-CORED TRANSFORMER
by Steve Knight, B.Sc.

HE iron-cored power transformer is usually looked on as simply adevice for
T
raising or lowering the voltage of an alternating supply, with acorresponding decrease
or increase in the current, but there is more
to its functions in life than this simplistic view
suggests. The transformer is an electromagnetic energy converter, whose operation is explainable in terms of the behaviour of amagnetic circuit excited by an alternating or
changing current. As such, abrief review of
its operational behaviour as apassive electronic component, is justified.
Faraday, in his experiments into mutual induction, which were described in the first part
of this short series, used an iron-cored transformer that differed in construction from the
toroidal forms we have today in nothing but
possibly the technology of the core material. Essentially, in the construction of any
transformer, there are two insulated windings
wound upon aclosed magnetic circuit of
low reluctance: one winding is referred to
as the primary (or input) coil, and the other
as the secondary (or output) coil. In practice, there may be anumber of output coils,
but this does not affect the basic operational
principles of the transformer. For clarity,
Fig. 1illustrates the input and output windings as being on separate limbs of the magnetic circuit, but however they are disposed,
both windings are assumed to be linked by
the same magnetic flux.
There is no direct connection between input
and output; the transformer isolates one circuit from the other while allowing an exchange
of energy between them. In addition, the
transformer may be used to transform not only
voltage and current, but also impedance,
which enables the transfer of maximum power
through impedance matching. Further, since

only alternating or changing current are transformed, the output circuit can be isolated from
direct-current components in the input signal. All of these functions can be performed
with high efficiency and precision.
For power applications, the frequency
range of operation is in general 50-800 Hz,
but special design refinements make the
iron-cored transformer of value over the
audio range of 20 Hz to 25 kHz.

step-down. These terms are applied to the voltage transformation ratio.
In practical transformers, the terminal
voltages, designated V, differ slightly from
the induced e.m.f.s owing to the presence of
effectual internal resistance in both the primary and the secondary coil; the terminal voltage ratio is, therefore, not the same as the turns
ratio, but the difference can be considered
as negligible for most applications.

Voltage transformation

The unloaded transformer

Because of the relatively large number of
primary turns and the presence of the closed
magnetic circuit, the self-inductance of the
primary coil of acommonplace power transformer is large; and because of the tightness
of the coupling between primary and secondary, the coils have ahigh mutual inductance. When the primary coil is connected
to an alternating supply, the transformer will
simply exhibit the characteristics of an ironcored inductors. A current will flow and an
alternating flux will be established in the core,
ahigh proportion of which will link with the
turns of the secondary. An e.m.f. of mutual
induction will be set up in the secondary
and, if the secondary circuit is completed
through an external load, acurrent will flow
in the load. Energy is, therefore, transferred
from the input to the output circuit entirely
by way of the magnetic coupling.
Assuming for the moment that we have a
near-ideal component, the levels of the primary and secondary induced voltages, el
and e2 respectively, will be proportional to
the number of turns in the respective windings, since all the flux set up by the primary
can be assumed to link with the secondary and
is changing at the same rate, d0/dt, for both
windings.
For asinusoidal variation in the core flux
of the form 0= 10 Isinwt, the induced e.m.f.s
are, from Faraday's law:

We have noted that when the secondary terminals of atransformer are open-circuit, the
primary winding behaves as alarge inductive impedance, through which asmall noload current, 1
0,
will flow that lags the applied voltage, 1/ 1,by an angle 61,, which will
be close to 90°. A component of this current
will set up an alternating in-phase flux 0in
the core that in turn produces primary and secondary e.m.f.s,Ei and E2. There will be ahysteresis loss in the core when the flux is established and this loss will appear as heat,
unaffected by the lamination of the core
which is designed to reduce the other loss
component, eddy currents. The no-load current, 4, must, therefore, contain an iron-loss
component in addition to the true magnetizing component, /
m.
The phasor diagram for the unloaded transformer is shown in Fig. 2, where 0is taken
as the reference phasor since it is common
to the primary and secondary circuits. Ignoring
the small difference between the applied
voltage, VI,and the primary induced e.m.f.,
E1,
the latter will be in anti-phase with the for-

ei=Ti(d0/dt) =T1co 10 Icosox =Eicoscot
and
e2 =T2(d 0/dt) =T2 co 10 kos cot =E2cos cot,

T

1

where T1and T2 are the turns in the primary
and secondary winding respectively, and Ei
and E2 are the r.m.s. values of the sinusoidal
e.m.f.s. Hence,
e2:e l=E2:Ei =T2:T I=n

V=E2=- E N
920058-2-12

920058-24 1

Fig. 1. Schematic representation of transformer
operation.
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demonstrates that the ratio of the induced
e.m.f.s is equal to the turns ratio, n. For n>l,
the transformer is astep-up, for n<1, it is a
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Fig. 2. Phasor diagram of the unloaded transformer.
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mer. Further, the alternating flux that links
with the primary turns and induces abacke.m.f. of -E 1 volts also links with the secondary; consequently, there is induced in
the secondary an e.m.f. E2 that is in phase
with the primary back-e.m.f. For atransformation ration of n, therefore, E2=-E ln.
The two components of 1
0 are ',Ail*, in
phase with the flux, which is the magnetizing current I., apurely reactive component
that is just sufficient to establish the flux;
and the loss component, /,./ocos O. in phase
with the applied voltage. This component supplies the iron losses.
Under no-load conditions, the l
oR copper loss is very small and the overall losses
are found in the iron circuit, so that 1
0 is almost equal to I
n,. Strictly, the magnetizing
current is not sinusoidal for asinusoidal
input, since the B-H magnetizing curve for
the core material is non-linear, but for small
I
n,the phasor representation is perfectly
valid.
What is important to appreciate at this stage
is that, since the induced primary e.m.f. must
depend on the magnitude of the alternating
flux, it follows that this magnitude is determined solely by the magnitude of the applied primary voltage. Therefore, if V1is constant, 4) is constant. This has two important
consequences: 4) must remain constant irrespective of any other currents that may be
caused to flow in either the primary or the
secondary winding when the transformer is
loaded; and, on full load, the core flux is the
same as on no load, so that the full-load iron
losses are identical to the no-load iron losses.
What does increase with loading are the PR
copper losses in both windings. It can be
demonstrated that the efficiency of the transformer is amaximum when the copper losses
are equal to the iron losses.

The loaded conditions

*.

In Fig. 3, the secondary terminals of the
transformer are connected to aload that, as
an example, is assumed to be a positive
impedance (the most common circumstance).
Ignoring the copper losses, the secondary terminal voltage, V2, will be identical to the
secondary induced e.m.f., E2, and the primary
applied voltage, 1
71,
will be equal to, and in
anti-phase with, the induced (back-)e.m.f.
in the primary winding.
The induced secondary e.m.f., E2, will
cause acurrent, /2, to flow through impedance
Z2. This current will lag E2 by an angle 02
l
i= 1
0+ 1
1

1
2 lags by 0
1on

E2

=- E1

920058-2-13
Fig. 3. Transformer operation with acomplex secondary load.

Ea

by which the secondary current lags the secondary e.m.f. is then practically equal to
02.This means that the power factor is roughly
the same for both the primary and the secondary winding and that the transformer
does not to any great extent alter the phase
relationship between current and voltage.
Because, in practice, 02 is always slightly
greater than 01,the use of atransformer
tends to decrease the overall power factor
of asystem.

Impedance transformation

E2
=—
2 Z2

V

V2= —E 1
= E2

92 0058-2-14

Fig. 4. Phasor diagram of the loaded transformer.
and will attempt to create aflux of its own
in the transformer core. It is here that the
constancy of the flux, 4), must be taken into
account, since there has been no voltage
change in VI.Some action must, therefore,
take place to neutralize the effect of the secondary load current on the core flux; what
happens is that aprimary current flows of
such amagnitude and phase the the effect of
the secondary current is nullified. The demagnetizing magnetomotive force, m.m.f.,
/
2T
2 ampere-turns, is neutralized, in effect,
by an additional primary current that increases the primary m.m.f. to 11'T 1= /
2T
2
ampere-turns. Current /I'is known as the
balancing current and must, therefore, be 180°
out of phase with /2 and of such amagnitude that the total effective resultant flux introduced by the two currents is zero. This
implies that the new effectual m.m.f. must
equal the m.m.f. caused by
alone, or,
4, 7)--/2T2-14 1'1.1=47.1,
so that,
11'T 1=12T2,
or,
I'//2=
Notice that the current ratio /A '=1/n. This
accords with the well-known fact that atransformer converts ahigh-voltage, small-current power into alow-voltage, high-current
one, and vice versa.
The phasor diagram for the loaded transformer under discussion is given in Fig. 4.
For convenience and clarity, nis taken as 1.
The total primary current, /1,is the phasor
sum of the no-load current, 1
0,
and the balancing current, /I', lagging the primary voltage by an angle 02.In practice, /I'is much
larger than 1„, and /I'and II can be looked
on as being equal in magnitude. Angle 01
WorldRadioHistory

When the primary current increases owing
to the application of asecondary load, the
primary impedance effectually falls. There
is clearly arelationship between the load
impedance and that seen at the primary terminals when such aload is connected.
In Fig. 5, suppose the secondary load
impedance to be Z2; the secondary e.m.f.
will then be Em n volts and the secondary
current will be EinIZ2.The primary balancing current will consequently be n(Ei n/Z2)==Ein 2/Z2 and this will equal the primary
current if the magnetizing current is small.
Therefore, /1=Ein 2/Z2and Eill i.Z2/n 2.
Thus,
since Eill 1=Zi, the impedance seen at the primary terminals is ZI=Z2/n 2.
Fora step-up turns ratio, Z1will be smaller
than Z2; for astep-down ration, Z1 will be
larger than Z2. Impedance is, therefore, transferred across the transformer from secondary
to primary and is increased or decreased
(from the primary viewpoint) according as
the turns ratio, n, is (looking from the secondary side) up or down respectively.
The impedance matching abilities of a
transformer have little relevance in power
transformers, but are of importance in audiofrequency transformers.

Audio-frequency transformers
When atransformer is designed for arange
of frequencies, unlike power transformers
that are made for asingle frequency, the
equivalent circuit that the transformer presents to the input system is often quite different at one end of the range from what it is
at the other. If areasonably uniform response
over, say, the audio-frequency range is desired, the transformer, including interstage
types, output types, input matching devices,
and so on, requires careful design considerations. In apractical transformer, there are a
number of losses that may be represented as
N
1

Et

Z1

2- Z2

2

920058-2-15
Fig. 5. The transformer used an impedan ce
transfer device.
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TEST & MEASUREMENT

V
2

920058-2-16

Fig. 6. Deriving the equivalent of atransformer model with losses isolated from an ideal device.
extra components added to the external cir-

cuits of an otherwise `ideal' transformer, as
illustrated in Fig. 6. The copper losses are
shown as external resistances, R1and R2, in
the primary and secondary circuits respectively; hysteresis and eddy current losses are
represented by aparallel primary resistance,
Ri; flux leakages by series inductors Li and
L2; and the self-capacitances of the windings as parallel capacitors CI and C2. At
power frequencies, the self-capacitances
and the leakage inductances are not particularly important.
By transferring the secondary loss components to the primary circuit, the equiva-

lent model becomes as shown in Fig. 6(b),
where Rc,the total copper loss, =Ri+R2/n 2;
the total leakage inductance, Li=Li-i-L2/n 2;
and the total effective winding capacitance
Cw =Ci+C2n 2.There is also L, the effective
primary inductance with the secondary on
open-circuit, such that VI/œL gives the magnetizing current. The remaining ideal transformer is then acomponent without the imperfections of the real device.
What happens to this model when it is used
over the audio-frequency range? At very
low frequencies, the input impedance will approximate that shown in Fig. 7, where the
series inductance Li is neglected along with

920058-2-17
Fig. 7. The simplified audio-frequency model.

LETTERS

LOW FREQUENCY COUNTER
Iobtained the PCBs for the low-

the shunt resistance and the winding capacitance, C. Hence, the ratio of the terminal
voltage, VI,and the effective primary voltage V will be small, so the output voltage,
V2, will be small. At some mid-frequency in
the range, the transferred load resistance,
Z2/n 2,will be very much larger than the resistance of Li and there will be atendency
for C and Lto resonate, so making the ratio
V2/V 1 approach n. At high frequencies, the
shunt capacitance, C„ has alow reactance
relative to that of Li and becomes dominant.
This means that the response falls relatively
rapidly.
The high-frequency response can be extended by sectionalized windings to reduce
the self-capacitances and by getting the resonant condition to fall in the upper third of
the range. In the same way, the low-frequency fall-off can be curbed by maintaining ahigh primary inductance (often achieved
by barring direct currents from the winding)
and by keeping the winding resistances small,
though there is aconflict of requirements here.
The choice of core material and thin laminations or ferrite is also important.

Next month's final instalment of this short
series will deal with the capacitor

the operation as aself-contained company
with the name Allegro Microsystems, Inc.
The address you gave was closed down
in June 1992 and anew building was

frequency counter (January 1992, p. 42),

you write to for order from) Seiko Epson

but have difficulty in finding asupplier

Europe By, Prof. J. H. Bavincklaan 5,

moved into, also in Concord, NH. For

of the crystal-controlled programmable

NL-1183, Amstelveen, The Netherlands;

European users, our own address is

frequency pulse generator made by

Tel +3120 547 5222, FAX +3120 452 295,

suitable for contacting since the offices

Seiko. Ihave tried RS Components,

or Seiko Instruments GmbH, Lyoner Strasse

house sales and applications departments
that can provide any assistance required.

Cricklewood, STC, ElectroValue, and

36, W-6000 Frankfurt am Main 71, Ger-

Seiko (UK) without success. In fact, Seiko

many; Tel +49 69 663 0000, FAX +49 69

(UK) says they do not stock it in the UK,

666 7003.

Ed Baker
Allegro Microsystem Europe Ltd.

but their German company might.
UGQ5140K HALL POWER SENSOR
H.L. Gee
Sorking, UK
Editor replies:

Balfour House, Churchfield Rd.
Walton-on-Thames KT12 2TD

In the April 1992 issue you published an

England, UK

article on the "Lamp/Solenoid Driver

Tel (0932) 253 355

UGQ5140K" Power Hall Sensor (pp.

FAX (0932) 926 618

56-57). Although the article was accurate,
We are surprised to learn that Seiko (UK)
does not stock the SPG8650B, since at the

the source information was not.

Editor replies:

On December 20, 1990, Sprague sold

time of accepting the article we were as-

its complete semiconductor operation to

We apologize for this oversight and trust

sured they would. We can only suggest that

Sanken of Japan. The new owners set up

that this has not inconvenienced anyone.
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section(s) below and
mail to:
Elektor Electronics USA
PO Box 876
Peterborough, NH
03458-0876

WOULD YOU LIKE TO...
SUBSCRIBE?
YES! Just check the appropriate boxes in the
"renew" section and fill in name and address.

DECIDE

Li RENEW?

SUBSCRIBER NUMBER

Fill in the appropriate sections below. For
faster service use your mailing label and
subscriber number.
1 year at $28

STREET A. NO

ij Check/MO enclosed

2 years at $50
Canada add $8 per year postage
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[3

CITY

Charge MC/VISA

ST

ZIP

EXP

MCNISA

D CHANGE YOUR ADDRESS?J
Remit in US $ only

MY NEW ADDRESS:
Fill in your new address to the
right and old address and subscriber
number above.

NAME
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CITY

ST

ZIP
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DGIVE A GIFT?
What a thoughtful idea! Fill out your name and
address above, the recipient's name and address
to the right. We'll even send a gift card
announcing your gift.
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Print their names and addresses below or photocopy this form for them.
We'll take care of the rest.
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CITY

ET r.NO
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ZIP

ST
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D COMPLAIN ABOUT YOUR SUBSCRIPTION?
Yes, it sometimes happens. We try to avoid it at
all costs, but it you have a problem, we want to
know. Call or write with all pertinent information.
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'II

liJ
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TRADE
KENWOOD & ICOM Service Bulletins. 175 + pages
covering all models. $33.95 Catalog—$3. CODs (602)
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Components, Parts & Supplies

Miscellaneous

3

Video

Clubs

CI

Wanted To Buy

Ads in these two categories are

Radio Communications

•

CI

free to subscribers. Attach your
mailing label to form for verification. Limit 50 words.
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Please run this ad

times.

Advertisement will be inserted in first
available Issue.
•

Check/Money order enclosed

•

Please charge to my Master Card/Visa

EXP. DATE

MC/V1SA
COMPANY

NAME
STREET

ST

CITY
PHONE NUMBER
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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/

CUSTOMER ADDRESS

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
to customers in the fifty states except for books.
Please add $2.00 for the first book and 75C
for each additional book ordered. Canadians, please add $4.50 US for the first
book, and 75e for each additional one. Outside North America, please add 20%. Canadians 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.

ORDER FORM

OLD COLONY SOUND LAB

PO BOX 243
PETERBOROUGH, NH 03458

NAME

NAME
COMPANY

CITY

STATE

ZIP

STREET 6 NO

MAGIC NUMBER (FROM SUBSCRIPTION LABEL)

H

Answering machine before 9 a.m.,
FAX: (603) 924-9467, 24 hours

SHIPPING ADDRESS IF DIFFERENT

STREET 8. NO

PAYMENT METHOD

TELEPHONE CHARGE ORDERS
(603) 924-6371 ,924-6526

CITY

STATE

ZIP

FOR CHARGE CARD ORDERS UNDER $10, PLEASE ADD $2

CHECK

H MONEY ORDER

EJ MASTERCARD

H VISA

CARD NUMBER

EXPIRES

AUTHORIZED SIGNATURE

DAYTIME PHONE

Qty.

/

Part Number and Description

Price

Total

Orders may be FAXed at any time to (603)
924-9467. US subscription rates: $28 for one
year (11 issues); $50 for 2years. 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 Elektor from July/
August 1987 onward are available from Worldwide Subscription Service Ltd., Unit 4, Gibbs
Reed Farm, Pashley Road, Ticehurst TN5 7HE,
England, United Kingdom. Single copies are
$4.50 surface mail, $7.50 airmail. Back issues
of Elektor Electronics USA from October 1990 onward (except 2/91) are available from Old Colony for $4 postpaid, $6 for July/August or December double issues.

CALL OR WRITE FOR YOUR FREE OLD COLONY CATALOG!

PAST ARTICLES
Photocopies of articles from the British Elektor
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.

BECAUSE OF THEIR SPECIAL NATURE, ORDERS FROM THIS PAGE ARE
NONCANCELABLE AND NONRETURNABLE, EXCEPT IN CASE OF DEFECT.

Send astamped (50e), self-addressed businesssize envelope to Old Colony, at the address
above, for EACH YEAR desired. A complete set
of indexes for 1979-91 is available for $7.50
postpaid. Also available postpaid:
Digital model train (13 parts)
$15.00
BOOKS

Measurement
amplifier

910144-F

LC meter
NICAM decoder

920012-F
920035-F

15.00

2/92

19.50
14 00

3/92
5/92

301 Circuits
302 Circuits

$12.50
$12.50

PROJECT

No. Price

303 Circuits
304 Circuits
Data Sheet Book 2
Databook 3

$15.95
$19.95
$16.50
$17.95

Multifunction
measurement card
for PCs

561

Databook 4
Databook 5: Application Notes
Microprocessor Data Book

$17.95
$17.95
$17.90

MIDI control unit
(1 x 27C64)

570 20.00

6-7/90

Digital model train
(1 x 2764)

572 33.50

2-5,7/894/90

Darkroom clock
(1 x 27128)

583

Blue heavy-duty Elektor vinyl shelf box
(holds 6 issues)

$6.00

WALL CHART
PC Connectors (1/92)
$3 postpaid, 2/55, 5/$10
FRONT PANEL FOILS
PROJECT
Video mixer
The complete
preamplifier
All solid-state
preamplifier

No.
87304-F
890169-F

Price
33 00
15.00

Issue
1-4/90
3/91

890170-F1
890170-F2

33.50
18.50

12/89

890183-F

18.50

12/89

O meter
900031-F
Budget sweep/
900040-F
function generator
High current
900078-F
hFE tester

23.00
20.00

4/90
5/90

28.00

2/91

400W lab
power supply
Variable AC PSU
Universal battery
charger

900082-F

35.00 10-11/90

900104-F
900134-F

28.00
11.00

Milliohmmeter
Wattmeter

910004-F
910011-F

28.00
16.50

12/90

Digital phase

910045-F

20.00

LF/HF signal
tracer

1/90

17.50

Issue
2/91

26.00

6/92

70.50

11/90

Issue

8751 programmer
(1 x 8751)

7061

DISKETTES

11.50

2-5,7/89-

12/89

Logic analyzer for
Atari ST (b/w only)

111

20.00

10/89

Microcontroller-driven
power supply
(1 x 8751)

702 95.00

5,6,9/88

Computer-controlled
Teletext decoder

113 20.00

10/89

Autonomous I/O

704 95.00

Plotter driver (Lewetz)
12/88

controller (1 x8751)
Video mixer (1 x2764) 5861

20.00

1-4/90

Four-sensor

20.00

6/90

5921

sunshine recorder
(1 x 27128)
e-controlled
telephone exchange
(1 x 27128)
MIDI program

5941

26.00

10/90

6001

14.00

12/91

6/91

Stepper motor board
(1) (1 x 16L8)

6011

14.00

6/91

4/91

x 2764)

7-8/91

Timecode
interface

910055-F

15.00

9/91

26.00

6/92

910077-F
910110-F

18.00
19.50

10/91

4-megabyte printer
buffer (1 x 2764)

6041

Digital funct. gen
4-megabyte

6/92

8751 emulator incl.

6051

50.00

3/92

system EPROM
1/92

BIOS
6121
(1 x EPROM 27128)

Multipurpose Z80 card:

30.00

Amiga mouse/
joystick switch
(1 x GAL 16V8)

12/91

6/92

701

2/91

18.00

19.00

EPROM emulator
(1 x 8748H)

26.00
14.00

20.50

6111

4/90

5981
5991

910146-F

GAL set
(2 x GAL 16V8)

109

MIDI-to-CV interface
Multifunction I/O
for PCs
(1 x PAL 16L8)

910111-F

2/92

Multipurpose Z80 card:

Digital model train

1-2,4/91

Economy PSU

34.00

3/88

14.00

CD player

6091

Slave indication unit
700 30.00
for I.T.S. (1 x 8748H)

5971

printer buffer

12/91

assembler course)
(1 x 27256)

No. Price

changer (1

meter

EMON51 (8051

PROJECT

Logic analyzer
(IBM interface)
(1 x PAL 16L8)

4/91

26.00

2/90

26.00

6/91

6081

18.50

5961

6/91

Connect 4
(1 x 27C64)

EPROMS/PALS/MICROCONTROLLERS

SHELF BOXES

TOTAL

PLEASE ALLOW 4-6 WEEKS FOR DELIVERY.

The following Elektor books are currently available from Old Colony Sound:

SUBTOTAL
SHIPPING

FM tuner
(1 x 27C256)

6061

34.00

6/92

117

11.50

5-6/88

FAX interface, IBM PCs 119

14.00

6/90

RAM extension for

123

10.00

7/89

BBC-B
EPROM simulator

129

11.50

12/89

RS-232 splitter

1411

11.50

4/90

Centronics ADC/DAC

1421

11.50

5/90

Transistor
characteristic plot-

1431

13.00

5/90

ting (Atari ST b/w)
ROM-copy for BASIC

1441

13.00

9/90

Multifunction
measurement card
for PCs
8751 programmer

1461

13.00

2/91

1471

13.00

11/90

PT100 thermometer

1481

13.00

11/90

Logic analyzer
software, incl. GAL
IBM

1491

33.00

6/91

1501

33.00

6)91

Plotter driver (Sijtsma) 1541

19.00

9/91

PC-controlled weather 1551
station (1)

13.00

3/91

PC-controlled weather 1561
station (2)

13.00

10/91

I/O interface for Atari

Atari

1571

13.00

4/91

Tek/Intel file converter 1581

13.00

4)91

B/W video digitizer

1591

19.00

7-8/91

Timecode interface

1611

13.00

9/91

WorldRadioHistory

RTC for Atari ST

1621

13.00

6/91

24-bit color extension
for video digitizer

1631

19.00

11/91

PC-controlled weather 1641
station (3)

13.00

1/92

8051/8032
assembler
course (IBM)

1661

13.00

2/92

A-D/D-A and I/O for
CC bus

1671

13.00

3/92

8051/8032 assembler
course (Atari)

1681

13.00

2/92

AD232 converter

1691

iloci

4)92

GAL programmer
(3 disks)

1701

19.00

5/92

Multipurpose Z80 card 1711

13.00

6/92

PRINTED CIRCUIT BOARDS
PROJECT
MARCH 1992
8751 emulator
A-D/D-A and I/O for lC bus
AF drive indicator
Centronics line booster
FM tuner
LC meter
MIDI optical link
APRIL 1992
80C32 SBC extension
2-meter FM receiver
Comb generator
AD232 converter
Automatic NiCd charger
LCD for L-C meter
Milliohm meter adaptor

No. Price

920019
910131-2
920016
910133

20.50
10.50
20.50
10.00

920005 36.00
920012
920014

'5.00
10.50

910109 23.00
910134 17.50
920003

14.50
920010 21.00
UPBS-1
3.90
920018
8.00
920020
7.50

MAY 1992
1.3-GHz prescaler
Compact mains supply
FM tuner PSU (3)
GAL programmer
NICAM decoder

914059
920021

8.50
12.50

920005-2
920030

15.00
19.00

920035

25.50

JUNE 1992
4-megabyte printer buffer
PC display

9101:0 32.00
920004
8.00

FM tuner (4)
mode control board
synthesizer board
Guitar tuner
Multipurpose Z80 card

920005-3

9.50

920005-5
920033

18.50
17.00

920002

34.50
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TERMS
PRICING
Prices, except

as noted, include shipping in the continental USA. The minimum order is $10. A $2 service 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 provided. Payment for telephone orders is by MC/VISA
only. Our TELEPHONE ORDER NUMBER IS (603)
924-6371 or 924-6526. Our answering machine for
MCNISA orders during non-business hours is (603)
924-6371. FAX: (603) 924-9467 (24 hours).

OF

BUSINESS

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 personal check, allow up to 2weeks 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 astreet address. If you cannot receive UPS delivery, please in-

dude 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
75e each additional item. In Canada, please add $4.50
for the first item, 75e each additional. For orders to
be shipped outside North America, add 20% to the
total order to cover shipping. No returns. According
to the Connecticut Dept. of Revenue Services, 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 customers that we
will not sell software to anyone from Connecticut. III

BOOKS FROM ELEKTOR ELECTRONICS USA
301 CIRCUITS

MICROPROCESSOR DATA BOOK

This book follows the theme of the first in this series, 300 Circuits (now out of print). It contains over 300 assorted circuits first published in the 1979, 1980, 1981 summer issues of
Elektor Electronics.

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 microprocessors. To prevent the book from becoming 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 INMOS transputers.
ISBN 0-905705-28-9
BICAA16
Price $17.90

The circuits range from the simple to the more complex and are described and explained
in straightforward language. The book is acomprehensive 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 aselection 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;
current sources and power supplies; microcomputers and music electronics; and amiscellany
of other interesting subjects.
ISBN 0-905705-25-4
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 Bicycles; 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 615.90

304 CIRCUITS
The latest in Elektor's famous "300" series, BKAA18 contains 304 innovative circuits and
descriptions broken down as follows: 36 audio/video, 19 high frequency, 36 hobby, 36 home
and garden, 9 music/electrophonics, 32 computer/microprocessor, 19 generator/oscillator,
33 test and measurement, 30 power supply, 13 car electronics, and 41 miscellaneous. Arranged by subject for ease of use.
ISBN 0-905705-34-3
BKAA18
Price $19.95

DATA SHEET BOOK 2
Like its predecessor (now out of print), this book offers concise, relevant, and rapidly accessible 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 symbolic logic as laid down in British Standard BS3939: Section 21 (IEC Standard 617-12).
The final part of the book deals with anumber 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 (e.g., the 6522 VIA, the 6580 ACA, and the 8355A PPI).
ISBN 0-905705-27-0
BICAA14
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 to a microprocessor in the same family. All listed devices
form part of families based on widely used microprocessors or microcontrollers. Their most
evident application will therefore be in conjunction with the assnriated microprocessor. This
should, however, not be taken to mean that aperipheral cannot be used in another application.
Far from it, as witness the familiar type MC146818A real-time clock and the type MC6845
cathode-ray tube controller. It deserves aplace on the bookshelf of anyone concerned with
the design, maintenance and servicing of microprocessor-controlled electronic equipment.

DATABOOK 4: PERIPHERAL CHIPS II
This further 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 aportion
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); real-time clocks
from MEM, OKI, Statek, National Semiconductor, and Dallas Semiconductor; transmitters
and receivers of serial interfaces RS232, 422, 423, 485 from Motorola, Newport 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 CR11921 set of Cs from Chips & Technology that are used in agreat number
of PC mother boards (also included is the data sheet of acperiated 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 comparisons between and second sources for all important IC families; addresses of manufacturers and their representatives; 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

DATABOOK 5: APPLICATION NOTES
This book presents a series of application notes and design briefs that cover awide variety
of subjects. Apart from a number of applications related to specific components, the book
also includes articles on basic design theory and the practical use of certain components.
For example, there is an article reprint from Advanced Micro Devices that provides information on programming the motion of a stepper motor with the aid of a PAL (programmable
array logic). Similarly, an article reprint from Motorola presents an overview of protocols and
conventions used for serial communication between computers.
The application notes complement the theoretical sections by discussing the use of components related to current electronics technology. In a number of cases, this technology is
ahead of the practical application, and the product is so new that an application note has
not yet been published by the manufacturer—for examples, Analog Devices' description of
a Continuous Edge Graphics (CEG) digital-to-analog converter (DAC), and that of a NICAM
(near instantaneous companding audio multiplex) decoder chip developed by Micronas of
Finland. Given the complexity of the practical circuits that could be developed on the basis
of these ICs, all the relevant data sheets are included for easy reference. The book also
includes a short list of manufacturers' logos that should be helpful in identifying unknown
components, as well as a worldwide address list of manufacturers and distributors/representatives for the products which are discussed.
ISBN 0-905705-33-5
BKAA24
Price $17.95

ISBN 0-905705-30-0
BICAA15
Price $17.95

SPECIALS!
BICAA/J1

BKAA11, 12, 13, 18: all 4 for $49.00 (Save $11.85l(

BKAAZ/2

BKAA14, 15, 16, 17, 24: all 5 for

BKAA7JS

Complete

$74.95 (Save $13.30!)

Elektor library: all 9 for $114.95 (Save $34.15!)

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.
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THE WILLIAMSON AMPUFIER

THE AUDIO GLOSSARY
J. Gordon Holt

D.T.N. Williamson
In April 1947, Williamson's power amplifier, using
excellent-quality push/pull output tubes, a special

Authored by the founder of Stereophile magazine,
this new best seller is acomprehensive overview of
over 1,900 technical and subjective audio terms
explained in precise yet at times humorous fashion.

output transformer, and a highly filtered power
supply, became an overnight success. The author
takes the reader deep into his design considerations,

by VANCE DICICASON

Three editions: Softcover (S); Hardcover with Dust

offering practical advice on how to build the units
plus concise instructions on setting up the new amp.
A cult classic.
Year 1947, 1990

Jacket (H); and Limited, Autographed Hardcover
with Gold-Embossed Binding and Dust Jacket (L).

-41

Pages 40

0-9624-1918-4 Softcover 81
2 x 11
/

$4.95

THE LOUDSPEAKER DESIGN
COOKBOOK

Year 1990
Pages 152
0-9624-1914-1(S) Softcover 51
4 x 71
/
2
/
$9.95
0-9624-1914-1(H) Hardcover 53
4
/
x8
$17.95
0-9624-1914-1(L) Limited 53
4
/
x8

$30.00

AUDIO AMATEUR LOUDSPEAKER
PROJECTS

This new fourth edition of speaker designing's "bi-

BULLOCK ON BOXES

Audio Amateur Magazine

ble" is twice as big as its predecessors and features

Robert M. Bullock III, with Robert White

A collection of the 25 best speaker articles from
Audio Amateur during the decade of the 1970s,

brand new chapters on how loudspeakers work and
loudspeaker design software. Other chapters cover
closed and vented boxes, passive radiators, transmis-

An easy-to-read guide to designing and building
vented-box systems based on Thiele/Small models,
this book is a collection of Dr. Bullock's Speaker

sion-line systems, cabinet construction, drivers,
crossovers, and loudspeaker testing, plus acomplete
resources listing. By far, the best-selling book in the

descriptions, plus related information from numerous sources, especially computer modeling from the

proof that great designs are never out-of-date, arich
source of both theory and practice as well as design.
The electrostatic and transmission-line pieces are
particularly interesting and useful.
Year 1985

Pages 135

0-8338-0193-7 Softcover 81
2 x 11
/

$20.00

Vance Dickason

field.
Year 1991
0-9624-1917-6 Softcover 81
2 x 11
/

Pages 152
$29.95

Builder magazine articles. Includes theory, model

authors' BOXRESPONSE and BOXMODEL programs.
Year 1991

Pages 72

0-9624-1915-X Softcover 81
2 x 11
/

$10.95

HARD-TO-FIND
AUDIO BOOKSAND MORE!

LOUDSPEAKERS: THE WHY AND
HOW OF GOOD REPRODUCTION

AUDIO ANTHOLOGIES, VOLS. 1-4:
WHEN AUDIO WAS YOUNG

G.A. Briggs

C.G. McProud, editor

This easy-to-read classic, last revised in 1949, intro-

-at

These are the outstanding articles from Audio Engi-

duces the reader to concepts such as impedance,
phons and decibels, frequency response, response
curves, volume and watts, resonance and vibration,

neering magazine during 1947-1957. Amps, preamps, tuners, speakers, and more. Vol. I covers
1947-50 and 38 articles. 2: 1950-1952, 45. 3: 1952-

cabinets and baffles, horns, room acoustics, tran-

1955, 43. 4. 1955-1957, 34.

sients, crossovers, negative feedback, Doppler and
phase effects, and much more. A provocative survey

Year 1950, 1987

Year 1949, 1990
0-9624-1913-3 Softcover 51
2 x 81
/
2
/

Daniel L. Ferguson
Providing quick and tested methods for upgrading
your car's sound, this manual provides an excellent,
easy-to-understand, hands-on treatment of the costeffective design and installation of high-quality vehicle sound systems. Included are Getting Started;
Sedan, Hatchback, and Pickup Truck Systems;
Speaker Cabinet Design; Filter Crossovers; and Installation.
Year1989
0-9624-1910-9 Spiralbound 51
2 x 81
/
2
/

Year 1952, 1989

Pages 88
$6.95

KILLER CAR STEREO ON A
BUDGET: AN EASY CURE FOR
HO-HUM AUTO SOUND

Pages 118
$9.95

Pages 124

0-8338-0195-3 Vol. 1Softcover 81
2 x 11
/

of the right questions about sound reproduction.

$16.95

Pages 124

0-8338-0197-X Vol. 2 Softcover 81
2 x 11
/

$16.95

Year 1955, 1990
Pages 124
0-9624-1911-7 Vol. 3Softcover 81
2 x 11
/
$16.95

+ASK TODAY FOR YOUR FREE
CATALOG OF KITS, COMPONENTS,
CABLE, SOFTWARE AND TEST CDs!
+MC/VISA WELCOME!

OLD COLONY SOUND LAB
PO BOX 243, DEPT. E92
PETERBOROUGH, NH 03458
24-HOUR LINES:
TEL (603) 924-6371
FAX (603 924-9467
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Year 1957, 1991
Pages 144
0-9624-1919-2 Vol. 4 Softcover 81
2 x 11
/
$16.95

OCEAN STATE ELECTRONICS
PROFESSIONAL, AMATEUR, OR COMMERCIAL - WE'RE YOUR ONE STOP ELECTRONIC SOURCE
CALL OR WRITE FOR OUR FREE 112 PAGE CATALOG 1-401-596-3080

PlaIn enamel Sole bare copper
For wInnIng cols, transformers and
torolds Prces for 1/4 lb spools

.

MW14
MW16
MW18
MW20
MW22

3.25
3.30
3.35
3.55
3.65

MW24
MW26
MW28
MW30
MW32

3.70
3.75
3.85
4.00
4.40

MW34
MW36
MW38
MW40

13.8 VDC OUTPUT
Perfect for Barn equement, CB's, car steoreo's and
other 13.8 VDG Items. LED on Indocator, short orcult
protecton BedIng post output. Amp ratings are
continuous 110V Input.

4.80
4.90
4.95
5.10

38-383 3AMP
313484 4AMP
38-386 6AMP
38-381 10 AMP
38-382 20 AMP
XP-72525 AMP

TOROIDS
IRON

FERRITE

T-25-2

40

FT37-43

60

T-25-6

40

FT37-61

60

T-37-6

45

FT37-77

60

T-37-12

45

FT50-43

75

T-50-2

55

FT50-61

75

T-50-3

55

FT50-77

75

750-6

55

FT82-43

1.00

768-2
768-0
75
75

FT114-61 ....2.15

780-2

85

F1140-43 . .4.10

4.00

FT240-61 ....8.00

1200-2

DELUX CODE KEY
Adjustable, heavy duty brass base wth
ball beareg pivots. Designed for hard
usage. 3/16' plated contacts.
70-378

Produces steady Pugh frequency sIgnal.
Excellent for odie pracuce.
Screw control for adjusung pnch.
feeli
Uses standard 1112V battery.
70-375
94.99

WE STOCK A COMPLETE LINE OF

19 RANGES
31/2 DIGIT LCD DISPLAY
DVC -1000
ACV -750
DCA -10A
DM301
RES -2MEG
$27.95
DIODE CHECK

RECTIFIER DIODES
1AMP
1AMP
1AMP
1AMP
1AMP
1AMP
1AMP
3AMP
3AMP
3AMP
3AMP
3AMP
3AMP
3AMP

50 PRV
100 PRV
200 PRV
400 PRV
600 PRV
803 PRV
1030 PRV
50 PRV
100 PRV
200 PRV
400 PRV
600 PRV
800 PRV
1000 PRV

.09
.09
.10
.10
.12
.15
.17
.20
.20
.20
.25
.25
.25
.25

ALUMINUM
$8.25
VD112-10 1-1/2"Demeter 0-10 Manung
VD112-100 1-1/2" Demeter 0-100 Marlung $9.25
2" Demeter 0-100 Marktng
$10.25
VD2

Plugs Into your Ighter and runs.
•Ham Equement
•Lights
•Sokienng Iron
•Computer
•Power Tools
•Shaver
•13" TV wth VCR
•MUCH MORE
Model:
POW 200
Input,
10 to 15 volts DC
Output: 115 volts AC true RMS
Power:
400 Watts peak
POW-200
200 Watts for 5minutes
$119.95
140 Watts contnously

SWITCHING/GP DIODES

GERMANIUM DIODES
1N34A
1N3600

44

OFA24

201Q-1

OFA52

500G

OFA54

501(i)

OFA13

1K.n

OFA15

100KD

OFA23

2K.0

OFA25

2001q1

OFA53

5KG

OFA55

500KG

OFA14

10K.G

OFA16

1Ntil

$1.10 EACH

PANAVISE

.05
.35
.69
2.75
.35
1.95
1.00
.10
.10
.15
.15
29

VOLTAGE REGULATORS
7805
7812
7815
7824
7905
7912
78L05
78L 12
LAt3177
i1A338K
LM723

.39
.39
.39
.39
.49
.49
.99
.39
.69
4.49
.65

MAX232CPE
LM311N
LM339N
LM386N
NE555
NE 564
NE567
NE602N
LM741N
CD22402E
CA3126E
MC1350P

COPPER CLAD
PC BOARDS

EPROMS
2708
2716
2732
2764
27C64150ns)
27C21E(15Ons)
27C256
27C256(15Ons)
27C512(15Ons)
27C010(15Ons)
27C1024(15Ons)

4.25
3.30
3.85
3.55
3.85
3.85
4.55
5.55
6.85
9.85
14.85

DOUBLE SIDED

PC3X6DS...3 1/4 x63/4

DOUBLE SIDED

$.99
89

PC6X6SS...6 1/2 x6

SINGLE SIDED

1.25

.7 x5

SINGLE SIDED

1.50

SINGLE SIDED

2.00

CERAMIC DISC CAPACITORS 50V ±20%

PART NO.

METER READING
0-1MA
0-15VDC
0-30VDC
0-150VDC
50-0.50µA
0-50µA
0-100µA
VU METER
ILLUMINATION KIT

PRICE
16.00
16.00
16.00
16.00
16.00
16.00
16.00
16.00
2.85

ORDERS ONLY

8a.m. -6p.m. EST
Monday through Friday
10 a.m. -2p.m. Saturday
OR WRITE TO:
Ocean State Electronics,
P.O. Box 1458, Westerly, R.I. 02891
OR FAX TO:
(401) 596-3590

PC4X6DS ...4' x

.8 x7.

(Catalog requests can not be taken

4.05
.45
.35
.99
.25
1.75
.99
2.25
_25
9.95
1.60
1.49

PIN ...23
PIN .25
PIN...30
PIN...43

PC8X7SS

on toll tree number.)

LINEAR IC'S

TRANSISTORS

22
24
28
40

PC5X7SS

M60.118
M60-121
M60-122
M60-125
M60-127
M60.129
M60-130
M60-133
M60-149

Call 1-800-866-6626

LP-22
LP-24
LP-28
LP-40

$1.50

TO ORDER
STANDARD BASE

LOW PROFILE

$1.25

PAN 300
PAN 315
$17.99
CIRCUIT BOARD HOLDER
$23.99

-

8 PIN .10
14 PIN ..11
16 PIN .12
18 PIN ..17
20 PIN .21

4.46
4.78
4.90
5.66
5.04
5.47
5.82
7.53
8.02
6.30
9.86
9.27
12.28
15.63
8.68
15.31
11.15
1862
2010

SPOT

Designed for modernisuc equement Beautful appearance, easy to read.
D'Arsonval type movement. accuracy wahn 2%. WM mount vi panels up
to 3/8" thck, has zero adjustment screw. Sce 23/8" s113/16"x 11/4"
deep. mduchng termlnals and w,11 mount Into 11/2 hole

INTERCHANGEABLE VERSATILITY'

PN2222A
2N2222A
2N3055
2N3553
2N3563
2N3771
2N3866
2N3904
2N3906
2N4401
2N4403
MPF102

IC SOCKETS
LP-8
LP-14
LP-16
LP-18
LP-20

PRICE

1.6
1.1
1.6
2.7
1.6
2.2
2.2
3.0
3.0
2.1
4.0
3.0
3.5
3.0
1.6
3.5
2.2
4.0
4.0

2.2
2.2
2.2
2.2
2.2
2.2
2.2
4.0
3.0
3.0
5.0
5.0
6.0
4.0
2.2
6.0
3.0
7.0
5.0

2.7
3.2
3.2
4.0
4.0
4.0
5.0
5.0
6.0
5.0
6.0
7.0
8.0
8.0
10.0
10.0
12.0
12.0
17.0

11-202 ..... DPDT

11-201

23/8" FULL VIEW PANEL METER

loon

SINGLE TURN .5 WATT
LINEAR TAPER

$20.99

.20
.25

100V PRV 200MA
50V PRV 200MA

3A 125V Solder Terminals

Q-DOPE
SolutIon of pure polystyrene In solvents. Ones
last and leaves adear, protective coatmg on
tonods, cods and transformers, wth no or
mime' effect on Inductwe values. May also
be used as acernent for molded or fabucateci
Items made of polystyrene.
10-3702 (Bottle volth Brush 2(1. on. 59 ml)
$3.75

OFA12

STANDARD HEAD

.07
.07

75V PRV 10MA
75V PRV 10MA

H

1411B
1411C
1411D
1411F
1411G
141114
1411K
1411L
1411M
1411N
1411P
14110
1411R
1411S
14111
1411U
1411W
1411X
1411Z

200 WATT INVERTER

1N914
1N4148

SIZE (IN.)

PART
NO.

MINIATURE
TOGGLE SWITCHES

3/8" SQUARE TOP ADJUST TRIM POTS

PAN 303

Uses 4machne screws.
suppled Gray baked enamel.

SIze:
5" x2.6“ 1:7"
Weight: 15 ounces
Warranty:3 year

DIGITAL MULTIMETER

TOROIDS AND BEADS.

1N4001
IN4002
IN4003
1N4004
1N4005
1N4006
1N4007
1N5403
1N5401
1N5402
1N5404
1N5406
1N5407
1N5408

$11.75

BUZZER

FT82-68
FT82-67
1.00
1.00

768-6

$31.50
$39.50
$46.50
$79.50
$119.50
$129.50

TWO PIECE
CHASSIS

VERNIER
DIALS

REGULATED POWER SUPPLIES

MAGNET WIRE
(
W

CATALOG REQUEST
(401)596-3080

It paying by CREDIT CARD include Card No. and
Expiration Date
Mail in orders please include $4.00 S/H
Minimum order $10.00
R. I. Residents add 7% Sales Tax
ORDERS RECEIVED BY 1:00 PM EST
- SHIP SAME DAY!
FREE SHIPPING ON ALL MAIL IN ORDERS
OVER $25.00.

PART NO. CAPaF
CD10-5
CD12-5
CD15-5
CD18-5
CO22-5
CD27-5
CD33.5
CD39-5
CD47-5
C056-5
CD68.5
CD75-5
CD100-5
CD120-5
CD150.5

10PF
12PF
I5PF
18PF
22PF
27PF
33PF
39PF
47PF
56PF
68PF
75PF
100PF
120PF
150PF

PRICE
.12
.12
.12
.12
.12
.12
.12
.12
.12
.12
.12
12
12
14
14

PART NO. CAPIIF
CD180-5
CD220.5
CO270.5
CD300.5
CD330-5
CD390-5
C0470-5
CD560-5
CD680-5
CD001-5
CD0047-5
CD01-5
CD022-5
CD05-5
CD104-5

ELECTROLYTIC CAPACITORS
PART NO.

CAPµF

PRICE

CER 47-50
CER1-50
CER2.2.50
CER3 3-50
CER4 7-50
CER10-50
CER22-50
CER33-50

.47
1
2.2
3.3
47
10
22
33

17
.17
.17
.17
.17
.17
18
.22

PRICE
14
14
14
15
15
15
15
15
15
15
15
15
15
20
20

180PF
220PF
270PF
300PF
330PF
390PF
470PF
560PF
680PF
.001µF
.0047µF
01µF
.022µF
.05µF
1µF

-RADIAL

PART NO. CAPµP
CER47-50
CER100-50
CER220-50
CER330-50
CER470.50
CER1000-50
CER2200.50

47
100
220
330
470
1000
2200

50V
PRICE
25
36
54
70
93
145
280

KITS
Complete with PC Board and Instructions.
Educational, Fun to Build, and Practical.
SIGNAL INJECTOR/
TRACER
The handy tester Is both asignal
generator and recever. As a
generator use tto check out an
amplifier. stage by stage Also
tests AM radio IF and RF stages.
As arecover you can pin point
where adefective part ex,sts. Will
transmn and receive wmultaneously.

LOGIC PROBE
Hand held Dignal Lditc Probe
provides convenient and pr ease
USO In Pie measurement of lowc
circuits. It daplays logic levels
(high or low). pulses and voltage
bansients down to 300
nanoseconds. High intensity
LED readouts provide instant
response 10 the logic state.

Applies to UPS Ground in Continental U.S. Only.
PRICES SUBJECT TO CHANGE.

WorldRadioHistory

K-27A ....$18.95

