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12C Display

Plant Warmer

MAX660 Inverter/Doubler.........,




OVER 150 NEW ITEMS!

SEND FOR FREE CATALOG!

P. 0. Box 280298 Dallas, Texas 75228
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SPECIALS SUPER BUYS TEXT TO SPEECH BOARD
LB piere daga ChEly ITw PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!
::gg . e :g $S1-202 Decoder 2.%5 :
8870 Decoder 2.25
DB25-(Solder Cup) M/F 2/1.00 | goaz carors 200 0 $6995 4 L e
DB25-Rt. Angle PC BD. F .55 | a0 Generator 210 Q~\ = ‘!.r ’?“3 -
DBY-Rt. Angle PC BD. M/F .35 Q o =
T"E 325 NETwoRK ASSEMBLED & TESTED y '1
FANs ADD $3.50 SHIPPING
& HANDLING
12VDC - Brushless Try The 1st Truly Low Cost LAN ﬁ Q BE » n‘
Manutactured by Commonwealth « Connect 2 or 3 PCs, XTs, ATs
Mode! FP 108D-7 Blades < Uses serial ports and 5 wire
8" Wire Leads - 150MA cable A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE
3'" Square - 1" Thick +Runs at 115 K baud GENERAL INSTRUMENTS SP0O256-AL2 SPEECH CHIP AND THE
This size commonly use_d in « Runs In background, totally CTS256A-AL2 TEXT TO SPEECH CONVERTER.
computer power supplies. transparent 0 THIS BOARD USES ONE SLOT ON THE MOTHERBOARD AND
$6.95 ea pSharelanyldevice anviilieany REQUIRES A COM SERIAL PORT. BOARD MAY ALSO BE USED IN A
DISPLAY DEV'CES time K of STAND ALONE ENVIRONMENT (EXTERNAL POWER SUPPLY) WITH
+Needs only 14K of ram ALMOST ANY COMPUTER THAT HAS A RS232 SERIAL PORT. TO
Skeptical: We make bellevers! USE THE BOARD IT IS ONLY NECESSARY TO SEND ENGLISH TEXT
FLAT PANEL LCD TO THE RS232 INPUT ON THE BOARD. THE BOARD INCLUDES A
GRAPHIC DISPLAY _u LITTLE BIG LAN 1500 BYTE TEXT BUFFER AND HANDSHAKE LINE TO ALLOW YOU
EPSON EG-7004S-AR TO SEND DATA TO THE BOARD; THE SAME AS YOU WOULD SEND
€40 x 200 dots - Super twiaied namatic iype EpremCessTpeg CANErotReRtet DATA TO AN RS232 SERIAL PRINTER. YOU CAN SET UP BATCH
Bullt n drivars - 4 b TTL Intrtace - Capabla of R e e ot FILES THAT WILL MAKE YOUR COMPUTER GREET YOU WITH
pleying rumarct, graphic, lphabalies poca support on firsi relense “GOOD MORNING MASTER," ETC. EVERY TIME YO TURN IT ON.
Viewing srea 10738 5 &5/8" Ovaral10-3/8 281115 e DEMONSTRATION SOFTWARE AND A LIBRARY BUILDING PRO-
14 pins ::O;"g.":"z;“: powov('i:/--‘W) Parallel S:ecd 8000(XT}-29000(AT) bytes GgAM ARE INCLUDED ON A 5% INCH PC/XT DISKETTE. FULL
mplete 27 page menu per socon DOCUMENTATION AND SCHEMATICS ARE ALSO INCLUDED.
$19.95 6/$100.00 ARCNET Speed: 40000 plus byles per
FOR INFORMATION ON A LOW COST SPEECH SYNTHESIZER
LTP 1157AE . u.e’EE‘;::c XTAT386 mix. even lapiops SYSTEM FOR THE VISUALLY IMPAIRED, PLEASE SEND FOR FREE
gl Maltrlx Dllplluy: B e o T — PACKET T.M.1.
Tm.sngéary"\:vg:h‘:z"l:cai'.‘ ge ;7:::3"0'\ methods (Serlal. Parallel. STAND ALONE POWER SUPPLY s gg
Stacked Horlzontally. Cholce of + OOS File and Rucord iocking support ADD $2.50 SF'_‘DIgPAIsgV&E HANDLING 1 9
Two Matrix Orlentation-Cathode 5 e TS B '
Column, Anode Row. Great For : u:'m o - ‘," ’ DAL
“Moving Message” Signs. te Typ?cnﬁryyoonl; ;;b:dl- needed. but wlil STATlc RAM EPROM SPEclAl
$1.19 Ea., 8/$6.95, 100/$75.00 vary with varlous setups
: + Works with mosl software. Including DBASE | 2016-2K X8 200 n.s. 1.90 | we bought a large quantity of
74LS  WORD.LOTUS 123, Windows 3, 21011 - ;553“ 500 ns. ... ;’g 2708s, 2716s, 2532s, 2732s,
AUTOCAD. Word Perfect, all compller.l. - n.s. .. d 2764s, 27128s, 27256s and
L30T 14 Lo128 22 Loaad ool . wenemSCoTi ko amaey | 2102AL-4LP.450ns. . 49 | 275125from a computer manu-
502 14 (5123 a5 L5243 '50 DOES:OS:H ) rerea 2111-1 256X4 500 n.s. ... 1.00 tacturer who redesigned their
. . . . S eace "'r:\'mp"' T . 2112A-2 2.50 boards. We removed them from
tggg :: I[§1122?38 tgggg gg opE';IM'plgl:rDlot?J:vﬂ .fn::o:uole',d ‘ 2114L-3 1KX4 300 n.s. .45 sockets, erased and verified
LS05 .14 LS126 .35 LS251 .45 e T Ao Te sl 2125 8eZRIKXIRTOIn’SY 20 ) (MU A IO Ul e
LSOB .14 LS132 .35 LS$253 .40 prowocots 2147 4KX1 1.95 | ings to you. Complete satistac-
LSOS .14 (S133 25 LS257 :35 CABLES & ARCNET CARDS $75 6116P-4 1.00 tion guaranteed. )
LS10 .14 LS136 28 LS258 .45 6117 o 1.20 Your Chojee
LS11 .14 LS138.35 LS2591.00 6264-15 : 1.40 5728 ' Se Ry
LS12 .20 LS139.35 LS260 .40 | 62256 32K X8 . 5.75 iy Y ha 1500
LS13 25 Ls1a5 Low Profile SOLDER TAIL 2532 . 2.00 10/17.50
LS145.75 LS266 .30 : DY 2732 2.00 10/17.50
LS14 .30 LS148 35 LS273 .75 8 Pin 14/1.00 NAMIC RAM 2732 . o s
LS15 .20 LS151.35 LS279 .30 in . o : :
LS20 .14 LS153 .35 LS280 .80 14 Pin 13/1.00 21084 8K 1 s\ ] 27128 e
' 2118-4 16KX1-5Volt ... .. .70 | 27256 3.50 10/30.00
LS21 .16 LS154 .85 1S283 .35 16 Pin 13/1.00
(S22 16 LS155 .50 LS290 .70 18 Pin 13/1.00 T oo '38 27512 4.75_10/40.00,
LS26 .14 LS156 .42 LS293 .50 20 Pin 13/1.00 - - S
LS27 20 LS157.30 1529 65 22 Pin 13/1.00 :Hg 1‘2:&} fgg neo ;g 8000/80000
15 LS158 .25 LS2991.00 24 Pin 8/1.00 X 8031 2.95 8251 1.10
LS30 14 LS160.25 LS322130 28 Pin 7/1.00 e loons. . A9 9’? 39 |80c322 385 8253-5 175
LS32 .16 LS161.35 LS323225 40 Pin 7/1.00 AL Y UL aoaooc 8035 1.00 8254 1.80
LS33 .25 LS162.45 LS348 .75 BUY $10 4164-100 n.s. . .. - 1.0 | 4539 1.00 8255 1.50
LS37 .24 LS163.36 LS3531.00 | GET $1.00 - FREE CHOICE TMS4416-16KX4-150 n.s. 2.75 | gogg 155 8255-5 1.75
LS38 .24 LS164 .45 LS357 .80 68 Pin PLCC 79 4464-150 n.s. .. 1.40 15086 1.55 8257 1.50
LS42 .35 LS165 .60 LS363.75 84 Pin PLCC .89 4464-120 n.s. .. 1.45 |gpg7 87.50 8259A 1.85
LS51 .15 LS166 .75 LS364 .75 4464-100 n.s. .. 1.45 |8087-1 167.50 8259C-5 2.10
LS54 20 LS169.90 LS365 .30 6500/6800 4464-80 n.s. 1.45 |8087-2 127.50 8275  10.95
LS55 .20 LS170 .45 LS366 .28 6502 T 100 | 41256150 ns. . 1.25 or '9/9.95 | 8088 220 8279 2.25
tg;g gg tg:;g .gg tgggg gg e 125 gsasp 220 | 91256 120ns. 1.300r9/10.99 |8088-2 325 8284 1.49
LS7s 25 Lsi7s 35 Lsara 5o | 6522 270 edass 220 | 1B RO0NT 130000000 (515 a5 szar 249
LS83 .30 LS1811.25 LS374 .45 | 6530 3.00 6850 175 [ 41256-60 n.s. . . . 1.85 |8202A  8.00 8288 3.50
LS85 .45 LS191.45 LS375.35 | 6532 425 6852 350 | 4 'vteq - 100 ne 440 |8212 1.25 8530 3.00
LS86 .20 LS192 .65 LS377.75 | 6545 210 6860 395 | Meg S80ns. 440 |8214 2.00 8741 7.00
LS90 .35 LS193 .65 LS378 .80 | 6551 240 68681  3.00 4142596_80 ne 256 x4 . 460 |8216 1.25 8742 7.00
LS92 .30 LS194 .40 LS390 .80 | 6800 1.40 6BAO9EP 1.29 SIPPS & SIMMS AVAILABLE | 8224 1.25 8748 7.00
LS93 .25 LS$195.52 LS393.75 | 6802 2.50 68A40  4.00 8228 1.75 8749 - 7.00
LS95 .30 LS196 .55 LS3991.00 | ggo3 3.00 68A54  3.00 8237-5 2.80 8755 7.00
LS96 .33 LS197 .75 LS5411.20 | ggos5 295 68809  4.00 8243 1.75 80286-8 PLCC 8.50
LS107 .28 LS221 .50 LS645.75 | gaooEp 275 68810  2.00 B.G. SPECIAL 8250 2.95 80287-8 125.00
LS109 .20 LS240 .50 LS646 .7 >
5 751 6go9p 250 63845 4.95 16450, 1488, 1489 — $6.95 (16450)  6.50 80287-10 ~ 135.00
LS112 .25 LS670 .80 | cq (16550) 13.00 V-20-10MHZ  6.50
$113 . 59 150 0 125 68B54  4.00 16550, 1488, 1489 — $13.50

TERMS: (Unless specified elsewhere) Add $3.25 postage, we pay balance. Orders over $50.00 add 85¢ for insurance. No C.0.D. Texas Res. add
8Y% Tax. 90 Day Money Back Guarantee on all items. All items subject to prior sale. Prices subjectto change without notice. Foreign order - US funds
only. We cannot ship to Mexico or Puerto Rico. Countries other than Canada, add $9.00 shipping and handling.

2/14/92

WorldRadioHistory

iD0TVLIVYD 3344 Y04 AN3S

iSW3LlI MIN 0SI H3A0



EIEKTOR

EIEGTRONIGS,

USA

CONTENTS

June 1992
Volume 2
Number 8

In next month’s issue
(among others):
*  More than 50 construction
projects
plus
e RS232 tester
e 23 cm transceiver
* DC-to-AC inverter
e Audio DAC
e Fuzzy logic
*  Mark 2 QTC 80/40 loop
* Dealing with noise and
interference*
*  Opto-card for
multi-purpose bus*

* Irisregretted that, owing to
circumstances hevond our
control, this article had 10 be
postponed 1o the July issue.

Front cover

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
by the day. That is all very
well, but nobody wants to
see his fast PC held up by a
simple thing like printing. A
solution to this “bottleneck’
is offered by the fast
intermediate storage device
shown. It has a large
memory—| Mbyte or

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

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.

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

EDITORIAL

9 Dropping Kits from Heathkit

AUDIO & HI-FI

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

COMPONENTS
56 Elements of Passive Electronic Components—
Part 2

Design by Steve Knight, B.Sc.

COMPUTERS & MICROPROCESSORS

34 PROJECT: 4 Megabyte Printer Buffer
Design by R. Degen

41 PROJECT: Multi-Purpose Z80 Card—Part 2
Design by A. Rietjens

50 COURSE: 8051/8032 Assembler—Part 4
by Dr. M. Ohsmann

N

1 Plant Warmer
by Samuel Dick

ELECTROPHONICS

18 PROJECT: Guitar Tuner
Design by W. Herrmann

GENERAL INTEREST

&

8 Analyser III: A Review
by Mike Wooding, G6IQOM

POWER SUPPLIES & BATTERY CHARGER

32 PROJECT: MAX660 Inverter/Doubler
Design by ]. Ruiters

RADIO, TELEVISION & COMMUNICATIONS

[\

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

PROJECT: FM Tuner—Part 4

Design by H. Reelsen

[\V]
~

TEST & MEASUREMENTS

14 PROJECT: I2C 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

12C LED display — p. 14

Audio-video processor — p. 24

FM tuner — p. 27
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n SAY YOU SAW IT IN ELEKTOR!

“A definitive reference
to help speaker builders. ..’ *

Vance Dickason’s

THE LOUDSPEAKER DESIGN COOKBOOK
FOURTH EDITION

ISBN 0-9624-1917-6

e COMPLETELY REVISED AND
UPDATED

e TWICE AS MANY PAGES

e NEW CHAPTERS ON HOW
LOUDSPEAKERS WORK AND
SOFTWARE

e COMPLETE SUPPLIERS LISTING

e DETAILED CONTENTS/SUBJECTS
INDEX

e MORE THAN 300 ILLUSTRATIONS

e EXTENSIVE USE OF
COMPUTER-AIDED DESIGN

 INCLUDES DISCOUNT COUPONS
FOR DESIGN SOFTWARE (IBM)
AND SPEAKER BUILDER MAGAZINE

‘““The book most reached for
when I roll up my sleeves. . .I was
fascinated by what I could see and learn...” *

$29.95 8v2x 11 192pp.

Please send me #BKAA2(s) @ $29.95= $
1 have Included shipping [see below] of $
OMC/VISAODO OCHECK/MOO TOTAL ORDERS

Shipping: USA—$2 first book, $.75 each addl. Canada—$4.50 first, $.75 each addl.
Foreign—20% surface, 40% air.
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| OLD COLONY SOUND LAB

! PO BOX 243, DEPT E92 TS
| PETERBOROUGH, NH 03458-0243
]
]
]
]
]
]
]
]
]
]
]
1
|
]
]

STREET & NO

24-HOUR LINES:
TEL. (603) 924-6371
FAX (603) 924-9467

ciry ST zIP

MCIVISA EXPIRE
*David W. Davenport, Speaker Builder DEALER DISCOUNTS AVAILABLE!
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MENTION ELEKTOR WHEN ORDERING!

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

WHY NOT HAVE A LOOK AT THE REST?

LAy

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

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

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

Published quarterly, Glass Audio 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!

5{:’: (',:CI'NQB”DIO

ey
SR | Meanp S Etecy
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Aud Amateur

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

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

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

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

SpeakerBuilder

HELOUDSPEAKERJOURNAL

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

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

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

Canada add $4 per year postage

~
GLASS AUDIO AUDIO AMATEUR SPEAKER BUILDER

] Two years, (8 issues) $35 ] Two years, (8 issues) $35 [ Two years, (12 issues) $45
[} One year, (4 issues) $20 [} One year, (4 issues) $20 (] Ome year, (6 issues) $25

Canada add $4 per year postage

Canada add $6 per year postage

NAME

STREET & NO

ciry

STATE

zIP

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 MC/VISA available.

EXPIRE
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H SAY YOU SAWIT IN ELEKTOR!

EVERYTHING YOU EVER WANTED TO ASK ABOUT YOUR CD PLAYER
BUT WERE AFRAID TO KNOW!

44

0?4‘?:
99 o k0% o
sy f;?q: ; "Oﬁ"’u
“ TR, sy, g
§§ Q‘f Srs Py s

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 a tool for
verifying the qualities and defects of a given 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 a detailed 68-page instruction booklet.

Note: Discs and recordings are not returnable for credit or exchange.

Please send me

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

E . .
NAM MAGIC NO set plus $2.25 handling. Outside USA, please add $7 for
STREET & NO air shipment.
oy STATE 7P
MCIVISA EXB
Postage §
Check/MO MC VISA TOTAL &

OLD COLONY SOUND LAB

PO Box 243, Dept. E92,
Peterborough, NH 03458-0243 usa
(603) 924-6371 / 924-6526 FAX: (603) 924-9467

Answenng machine for credit card orders only. (603) 924-6371 before 9:00 am., after 4.00 p.m . and weekends
Have information plus MC/VISA availlable

WorldRadioHistory
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MENTION ELEKTOR WIIEN ORDERING!

134th SMPTE Technical Conference and Equipment Exhibit

{Including Media Integration) Courteous Service - Discount Prices -  Fast Shipping

November 10-13, _}992 — l\él:etrodConvention Centre nLL ELECTRO"I(S (ORP
®
oronto, {anada P.O. Box 567 + Van Nuys, CA 91408

This infrared remote contral device lets you turn on/off lamps,

_‘51 appliances or other 120 Vac devices using an IR transmitter
similar to the one on your TV or VCR. Originally designed for

<
o ,T | f ﬁ use with a hydromassage unit, these transmitters and receiv-
2
|

ors will apparently operate most A.C. devices with 2 prang
ig non-polarized plugs. Not recommended for use with heaters.

Requires a 9 volt battery (not included).
I v | \ -
TUTORIAL SEMINARS + HANDS-ON-WORKSHOPS - el Handset Coil Cord

TECHNICAL SESSIONS + EQUIPMENT EXHIBIT CAT# RC-1 i S 91005081590 )

nll-Day Tutorial Seminars On Mon. Hands-On-Workshops ‘ Ifys ; o
November 9th November 10-13th 9 12" beige coil cord with modular plugs on each end.

Small modular plugs for handset to phone connection.
“THE POST EXPERIENCE” Post-Production  “MULTIMEDIA PRODUCTION” .ach Retracted leng‘l’h ig > e

Techniques and “MULTIMEDIA WORLD" “TELETRAINING AND LEARNING” CAT# MCT-12 s 50
The integration of video and computer “MULTIMEDIA COMMUNICATIONS” 10 for $12.50 1 sach
technologies “INFORMATION ACCESS AND RETRIEVAL” 2 for $17.00 -
Four Days of Technical Sessions EQUIPMENT EXHIBIT WITH RF MODULA Ton
S b November 10-13th and lots of other parts
%’gﬁ?gﬁ\m [;\IO“I;I(E)F:‘— T;"': SECOTP Discover advanced motion imaging equipment, ( p )

L xamin € AdVANCes a . H 9 E N . ¥ _
developments in motion picture and r::el:,tl}/‘g\):"drr;,npg'gt:sﬁéfl:f:ﬁ;:z?jrln: Wg recently_reeewod ajkad o.' [heselfieiboards Nl [~ M
television methodology. and innovatore B which contain, among other things, a RF modulator. . ™

g J ELYE With a Iittle desoldering you should be able to liberate L (] ey b
a working unit from the board. Also contains a 78057 A3
' -
EXPERIENCE THE SMPTE DIFFERENCE. voltage regulator with a couple of heatsinks, 20 ICs, 1 T 0 aNE
If you want to look beyond broadcasting and see the linking of motion imaging | capacitors, resistors, diodes and connectors. =] T, e
and computer science, be sure to attend the 1992 SMI'TE Conference and No hook-up information available on the modulator. 3 s, ="
quipment Exhibit. November 9-13 is the time, Toronto, Canada is the place. ‘ CAT# VMB-1 sz"s eaeh 0 :‘ ' i i-\n‘r:: -
Registration <hibi ion:
For Advance Registration or Exhibit Information Electret MIKE Electroluminescent
CALL-FAX-OR-WRITE BACKLIGHTS
Society of Motion Picture and Television Engineers High agflcgpcy.l @
595 West Hartsdale Ave., White Plains, New York 10607-1824 P I, ‘

Call (914) 761-1100 Fax (914) 761-3115 Qiniatiisloectiel |

condenser microphone element.

Low current drain, good signal

10 noise ratio, operates on 2 to g @ G
10 Vdc. Ideal for telephones, °

tape recorders, noise-activated

alarms and other applications. At last] A low cost electroluminescent glow strip and
0.39" dia X 0.31" high.

inverter. These brand-new units were designed to
ELECTRONIC ENCLOSURES Sl | e St
company. The inverter circuit changes 3 or 6 Vdc to
200 pcs $150.00 approximately 100 Vac, the vottage required 1o light

(75¢ each) eaCh the glowstrip. Luminescent surface area is 1.7 X
2.25". The strip is a salmon color in its off state, and

Everything to complete your project -

e _oae . o I hi he ized. The circuit board is 2.2
From initial concept to finished product! RGOV 707 o e and crcuty can be removed ossiy
Ba“ery from plastic housing. Ideal for special lighting effects
and backlighting. Two models available:
Citizen® 91TA operates on 3 Vdc CAT# BLU-91
Sanyo # CR-1/3N Citizen# 92TA operates on 3-6 Vdc CAT# BLU-92
== 3 Vdc - 160 mAh LARGE
S yaisze QUANTITY $ 3 50
cateisars $4 15 AVAILABLE each
Rack Mount Ve Split Case 10 for $15.00 eomach 10 for $32.00 - 100 for $275.00
—_ 6 VOLT D.C. MOTOR |ULTRASONIC TRANSDUCER
Complete line of Enclosures in Aluminum, Steel or ABS, Johnson Motor# HCB13LG ;) | Panasonic (Matsusthita)s =
Hardware, Silkscreening, Tools, Custom Fabricating e ) &2 R E 3
34.06 oz. in. t b istil f a bi ht
Call for our FREE Full Color Catalog NSRS, | T,
. o) _ . 0.125" dia. shaft. Threaded Nom. Freq. 40 kHz. Max input volts: 20 Volts.
(800) 800 3321 s ("16) 425 8888 (216) 425 1228 Fax munlingahgleils in (r;l v 15/16" diameter sza"a:igl;nhp.uﬁa' long leads.s
on 0.982" centers. s 3 so CATN#UST-1 ¢ 00
CAT# DCM-29 Sach 1 il

{%R& = TOLL FREE ORDER LINES.
L3

Wy [ (| | 1-800-826-5432

) - 4 2 $ sterCard oV
Cage & Preamp e ) e CHAFIGE ORDERS to Visa, MasterCard or Discover
Enclosures S ,;; = /3 P TERMS: Minimum order $10.00. Shipping and handling for the 48 continental U.S.A. $3.50
N—f = |y ,f// per order. All others including AK, Hi, PR or Canada must pay full shpping. All orders
= == / Die Cast delivered in CALIFORNIA must include state sales tax (7 .25, 7.5, 7.75, 8.25 0r 8.5%)
ABS Quantities Limited. NO C.O.D. Prices subject to change without notice.

CALL OR WRITE FOR OUR FREE 64 PAGE CATALOG

Cpro l'ect Pro) ALL ELECTRONICS CORPORATION

P.O. Box 567 - Van Nuys, CA - 91408

1710 ENTERPRISE PKWY. TWINSBURG, OHIO 44087

WorldRadioHi
oridRadioriistory ELEKTOR ELECTRONICS USA JUNE 1992



MENTION YOU SAW IT IN ELEKTOR!

WONDERING WHERE TO FIND
THE LATEST ISSUE OF

DON’T SWEAT IT!

They can be found at:

Tri-Tek Powell’s Technical Books
9014 N 23rd Ave 11 33 NW Park

Phoenix, AZ Portland, OR

Gateway Electronics RJM Electronics

9222 Chesapeake Dr 4204 Overland Rd

San Diego, CA Boise, ID

Henry Radio
2050 S Bundy Dr
Los Angeles, CA

HSC Electronic Supply
4837 Amber Lane
Sacramento, CA

8123 Page Blvd
St Louis, MO

Tapco Engineering
1639 47th St NE
Cedar Rapids, 1A

HSC Electronic Supply  Cody Books Ltd.
3500 Ryder St 1122 Fir Ave
Santa Clara, CA Blalne, WA If you prefer

home delivery
use the handy
subscription card
enclosed.

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

Gateway Electronics
2525 N Federal Blvd
Denver, CO

The Nation’s ‘Leading Source. of Monitoring Information
DX Radio Supply our Catiog 25 cents

Monitoring NASA Communications From countdown to touchdown, you can
monitor NASA on shortwave, scanner and satellites. New book includes a huge list
of NASA frequencies. Shuttles launch almost every other month. 14.95 plus 1.50
book rate or 350 UPS.

The Compendium of American Railrond Radio Freguencics 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 Freguency Assignment 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 Mooitoring Handbook Chuck Yarbrough of SPEEDX says, °I
enthusiastically recommend this book to all utility listeners.” Acclaimed guide to
monitoring. Scanner and shortwave fregs. $12.95 plus 1.50 book rate or 3.00 UPS.
Is Easy to Order from DX Radio Supplyl Send check, money order or
Mastercard/VISA account # and expiry date to Box 360E, Wagontown, PA 19376.
Or call call our 24-hour a day *Order Recorder® at 215-273-7823. PA res. add 6%
sales tax.

HEAR EVERY SOUND
OVER 1 MILE AWAY!

Simply attach the VT-735 microtransmitier to any 3V
to 12V battery and you can hear every sound in an
. entire house over 1 mile away! Super-sensitive cir-
. cuit on a single chip even bzcks 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” fre-
quency you select. Unlimited uses for secung monitor, remote mic, etc.
Not a toy. The VI-75 meets many U.S. Gov't Military Specs and with
100mW RF output, it is the smallest, most powerful miniature transmitter you
can buy. Easily assembled even by a youngster in only 5 minutes and performs
so well that it is the only miniature transmitter available anywhere that comes
with a full unconditional moneyback guaronteel Complete kit includes
VT-75 microtransmitter chip, miniature microphone, SV battery connector and
instructions - $49.95+ $1.50 S&H or save- buy 2 for $45.00 each with free
S&H! Call toll free or send money order, Visa, or MC acc’t number for im-
mediate shipping by U.S. Mail. COD's add $4. Checks allow 21 days.

ﬂ @ mnusmg°

1-800-759-5553 (u.s. ONLY) ALL OTHER 914-232-3373

BOX 607
IEDFOlD HI;.I.S, NY

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

Borbely Audio

Emo Borbely

Melchior Fanger Strasse 34A
8031 Neu-Gilching

Germany

Tel 49-8105-5291

FAX 49-8105-24605 (24H) ELV France

BP 40

F-57480 Sierck-les-Bains
France

Tel 33-82-83-72-13

FAX 33-82-83-81-80

Bull Electrical
250 Portland Road
Hove

Sussex BN3 5QT
United Kingdom

Tel 44-0273-203500
FAX 44-0273-23077

Meek It Electronics
Rob Planken
Paveljoensgracht 35A
2515 BL Den Haag

The Netherlands

Tel 31-70-609554

FAX 31-70-397-9707

C-l Electronics
PO Box 22089
6360 AB Nuth

The Netherlands
FAX 31-45-241877

Technomatic
Technohouse

486 Church Lane
London NW9 8UF
United Kingdom

Tel 44-081-205-9558
FAX 44-081-205-0190

DIL Elektronika
Jan Ligthartstraat 59-61
3083 AL Rotterdam
The Netherlands

FAX 31-10-4841150

s oo 30 DAY

- QoD I KELVIN Pno 4 MONEY BACK
369 95 GUARANTEE!

Sy v 2 LOGIC TEST
Foare FREQUENCY COUNTER CONTINUITY TESTERGLZZER
= 5| TO20MHZ WEALFOR DIODE CHECK
& 2| TROUBLE SHOOTING TRANSISTOR hFE TEST
2\ S AC/DC VOLTAGE RANGES ST
o sl|  AGOC CURRENT RANGES  DISPLAY - 312 DIGIT LCO
= #= | SFREQUENCY RANGES Y - 0.
B®:©;%| SCAPACTANCERANGES  IMPEDANCE - 10 Mega Ovn
_

ACCURAC
YEAR
== lmgﬁn::cmm I:ASE«uPRO nool
BEST BUY ... NEW Serles
FLUKE 79 wn c.pacnaneo........ $169
FLUKE 87 TrueRMs .............. $289
NEW! SCOPEMETER ™ 90 SERIES
HAND HELD, 50 MHz, DUAL CHANNEL
FLUKE 12 ...
FLUKE 45 ...
FLUKE 97 FuLLY LOADE!
_—— -un visa (800) 645-9212
K E L V I N oo - (516) 756-1750
R Ay MELVILLE. Ny 11737 (516) 756-1763 Fax

WITH TEC-200 FILM

JUST 3 EASY STEPS:

« Copy circuit on TEC-200 film using any
plain paper copier or laser printer

SATISFACTION GUARANTEED
convenient 8Y2 x 11 size
5-Sheets for $3.95 10-Sheets only $5.95
add $1.50 postage  NY res. add sales tax

The MEADOWLAKE COre.
Dept F, P.O. Box 497, Northport, NY 11768

* Iron film on to copper clad board
* Peel off film and etch
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DROPPING KITS FROM HEATHKIT

The Heath Company announced in March an end to what many have
been observing as a trend for at least a decade: they are ceasing to
offer electronic construction projects in kit form. When Heath deliv-
ers its last kit, a golden age will have closed. Heath set a world stan-
dard for how a do-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 justi-
fied confidence from a simple 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 a cash-cow for
a series 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 multi-
page 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 a single sheet to eight pages. These con-
tained photos of the device, often with interior views, and full sche-
matics 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 an-
tique, 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

fruitful for those who foster the throw-away style of appliance
manufacturing. While this has been great from the balance sheet view-
point, 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 a kit and an assembled unit began to widen at an alarming
rate. Kits became far more expensive to manufacture than a produc-
tion line product put together entirely by machines. Also, the basic
philosophy about what an appliance is, began to change. Hand-
assembled units are repairable. Machine assembled units are so dif-
ficult 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 assump-
tion here is wrong. How Heath's people could have missed this basic
bit of consumer information I do not understand. If you ask how I
know this was their attitude the answer is simple; I asked them.

Their advertising has not, for over 25 years, paid any attention to
why people build their kits. They spent no money that I know 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 a conscious effort to keep it a green and flourishing enterprise
in North America. Kits are alive and well in Europe and Asia. The
periodicals there flourish, support, and are supported by a diverse
kit industry. The US periodicals that could have continued to sup-
port kit building, or audio as handcraft, abandoned the idea in favor
of higher advertising revenues from companies which made finished,
higher ticket items.

I suppose 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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I FREE HAM CATALOG
MF] Enterprises, Inc., releases its free
1992 Ham Catalog containing new product
announcements of accessories for Ham radio
operators. The catalog includes their 20-page
amateur radio new products listings, Amer-
itron amplifier and other new product offer-
ings, with complete descriptions and prices
of all items.

For a free copy, contact MF] Enterprises,
Inc., PO Box 494, Mississippi State, MS
39762, (800) 647-1800.

I TECHNICAL NOTES
ARX Systems’ second newsletter in a series
of three application notes (EEUSA 5/92,
p. 12} concerns the Afterburner, a compres-
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
ARX Systems' products, contain technical in-
formation applicable to similar products.
Available to anyone who sends a self-ad-
dressed stamped envelope, the company
plans to release one set of notes per month.
Contact ARX Systems, PO Box 842,
Silverado, CA 92676-0842, (714) 649-2346.

I CATOPRENE CABLES
Cat Wire and Cable Corporation in-
troduces a line of flexible multiconductor
Catoprene cables for use in electronic con-
trol, audio, instrumentation, and general in-
terconnect applications. The Catoprene
jacket, available in 12 colors, offers high and
low temperature performance, is abrasion-,
flame-, and oil-resistant, and are an alterna-
tive to rubber-jacketed cables. They are avail-
able 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
St., Miami FL 33150, (305) 836-3600.
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ELECTRONICS SCENE

I DIP ADAPTERS
Logical Systems Corporation offers three
adapters for use on BP Microsystems, Di-
gelec, and Logical Devices programmers.
The PA-MACH210 for $115 supports MACH
110 and MACH 210; the PA-MACH®68 sup-
ports MACH 120 and 220 for $165; and the
PA-MACHS84 supports MACH 130 and 230
for $199. They plug into the 28-pin ZIF
socket of the logic programmer and accept
MACH devices for programming. They are
all high density, CMOS, 84-pin PLCC pack-
ages. A socket extender and pin protector are
included with each adapter.

For information, contact Logical Systems
Corp., PO Box 6184, Syracuse, NY 133217,
(315) 478-0722, FAX (315) 475-8460.

I WARNING DEVICES

Scantek, Inc., distributes two dynamic
warning devices for areas with potentially
high sound levels. The Electronic Orange
(GA904), for control of amplified entertain-
ment noise, uses the cut-off principle if the
sound exceeds a preset, adjustable level. If
the warning lights remain on for a given
time, the amplification power is cut off
automatically.

A Noise Activated Warning Sign (GA902)
alerts industrial workers when noise exceeds
a preset, adjustable level as well, an LDC ad-
vising them to don approved hearing
protection.

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

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

WorldRadioHistory

I COAXIAL ASSEMBLIES
Nemal Electronics International, Inc.,
announces a line of EMI/RFI suppressed co-
axial and multiconductor cable assemblies,
available in 50 and 75 versions with either
type N, BNC, or UHF connectors. The mul-
ticonductor assemblies are available in 2- to
40-conductor configurations with D-submin-
iature or circular connectors. They offer op-
timum performance over the desired fre-
quency range; exact position and mechanical
integrity are provided by a section of heat-
shrink tubing. They are available in assorted
colors and tested for continuity and dielec-
tric withstand voltage.

Specify length, frequency range, cable and
connector types for pricing. Contact Nemal
Electronics International, Inc., 12240 NE
14th Ave., North Miami, FL 33161, (800)
522-2253, FAX (305) 895-8178.

I INSTRUMENT CATALOG
Specialized Products Company produces
a comprehensive and informative free cata-
log, with 256 pages listing 5,000 electronic
tools, test equipment, and service accessories
for applications in computer/electronic, data
communications, and telephone service re-
quirements. Products are guaranteed and
next-day delivery is available. This 64-page
supplement updates the full catalog.
Request your full catalog and/or the 1992
Update on Test Equipment from Specialized
Products Company, 3131 Premier Dr., Irv-
ing, TX 75063, (800} 527-5018.

I WINDOWS 100 AWARD

Acoustic Research (AR) announced that
the Powered Partner 570 is the winner of the
Windows 100 Award, chosen as this year's
best hardware product for use with PCs. It
is the only loudspeaker selected to earn this
honor. The Powered Partner is a two-way,
amplified, acoustic suspension system which
provides reference quality performance from
a small enclosure. It uses a 5" polypropylene
woofer fitted with a butyl surround and de-
livers 35W RMS. The 570 costs $475 per
pair. To obtain review samples, call Glen
Ilacqua at (800) 225-9847.



I VCR-TOOLS PACK

Techni-Tool offers a set of 21 tools for
technicians to service, repair, align, and ad-
just most VCRs. Tec-Tuff® VCR Service/
Repair Kit contains the tools in a convenient
zipper pouch for easy transporting. Request
information on cleaning products or a free
240-page catalog from Techni-Tool, 5 Apollo
Rd., PO Box 368, Plymouth Meeting, PA
19462, (215) 941-2400, FAX (215) 828-5623.

I CARVER’S DCC PLAYER

Carver Corporation announces the Carver
DTD-1880, a digital compact cassette (DCC)
for home use which lets you record and play
CD-quality digital audio in a tape format,
while also allowing you to play back conven-
tional analog audio-cassette tapes.

The DTD-1880 offers flat-frequency re-
sponse, low distortion, and wide dynamic
range. It has Dolby B and C noise reduction
for playback of analog tapes. Music can be
accessed from both sides of the tape, a ninth
track is free for tape management, and a pair
of stereo analog playback heads improve
conventional tape performance.

Efficient data usage is due to precision
adaptive sub-coding {PASC), a process which
reduces data needed for sound recreation.
The DTD-1880's fluorescent display shows
album and song titles, vocalist's name,
elapsed time, and other information. It of-
fers connections to three types of inputs and
outputs: analog, digital, and digital fiber op-
tic. Price ranges between $800-$900.

For further information, contact Carver
Corporation, PO Box 1237, Lynnwood, WA
98046, (206) 775-1202, FAX (206) 776-9453.

ELECTRONICS SCENE

I GLOBAL STANDARDIZATION

The American National Standards In-
stitute (ANSI) second effort to effect inter-
national standardizations comes in video
form titled ’Global Connections,’’ which is
available to senior management at major US
corporations. In it, three leading US execu-
tives offer their views on the significance of
standardization in the global marketplace.
Copies of the video are available on a loan-
basis, with a handling fee, for a period of
three weeks; FAX those requests to the at-
tention of Russell Bodoff at (212} 398-0023.
Those interested in purchasing the video,
contact ANSI's Customer Service Depart-
ment at (212} 642-4900. It costs $25 for ANSI
members; $50 for nonmembers.

The first part of this educational-aware-
ness campaign was FORTUNE magazine's
publication of a supplement titled ''Global
Connections: The Quest for Worldwide Stan-
dardization.’' Copies of the insert are avail-
able by FAXing ANSI's External Relations
Department at {212} 398-0023.

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

I TRAVEL INK JET
Eastman Kodak Company offers its
Diconix 701 printer that provides laser-qual-
ity from its first mobile ink-jet type. Featur-
ing 300 x 300 dots-per-inch resolution in an
86.6 sq. in. footprint, the 701's feeder holds
up to 30 pages of paper, its print speeds are
competitively fast, and internal font rotation
allows storage. It includes an MS Windows
driver, two built-in printer emulations, and
compatibility with a variety of software.
DOS-compatible, the Diconix 701 {$549 in
the US; $675 in Canada) weighs under six
pounds without batteries and has an optional
Ni-Cad rechargeable battery.

For more information about printer prod-
ucts, call (800} 344-0006.
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I HAND-HELD TERMINAL

Two Technologies, Inc., releases the PDS,
a programmable, full-function ASCII, hand-
heid terminal designed for a variety of ap-
plications. The software developed on one
computer can be downloaded to the PDS or
the PDS can be reprogrammed in the field
by downloading via modem.

Other features include an 8051 micropro-
cessor, serial UART to 19,200 baud, 32k-
bytes, battery-backed RAM, 128 bytes non-
volatile EEPROM, 4-line by 20-character
liquid-crystal display {LCD), programmable
LCD contrast control, and a full-function
speaker. Housing is ergonomically designed
to be both rugged and comfortabie to use.

Contact Two Technologies, Inc., 419
Sargon Way, Horsham, PA 19044, (215)
441-5305, FAX (215) 441-0423.

I THERMOCOUPLE CARD
Global Specialties offers an eight-channel
Thermocouple card, the Model TIP-8, which
plugs directly into an 1/O slot of an IBM PC-
compatible, allowing eight thermocouple in-
puts for measuring temperature. The card
combines the functions of a standard analog
input card with the functions of thermocou-
ple amplifiers, avoiding the cost and incon-
venience of external equipment. The TIP-8
{8375} uses a 12-bit converter to produce an
8-bit temperature measurement. Measure-
ment ranges are programmable, the on-board
linearizer accepts one thermocouple type,
and a 16-point connector is provided.
Contact Global Specialties, 70 Fulton Ter-
race, New Haven, CT 06512, {800) 572-1028,
FAX (203) 468-0060.
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I RUGGED MAINFRAME
IBI Systems, Inc., announces the Model
ST-4100E personal rack-mount computer
box meeting NEMA-12 standards. Its
switched 300W power supply operates at
100kHz. The unit is 20G operating shock
tolerant. Designed for rugged industrial uses,
its 12-slot passive backplane accepts any pro-
cessor board, PC enhancement boards for
video imaging, process control, data acquisi-
tion, or telephone networking. Priced from
$2,700 to $5,900, the ST-4100E weighs 25
lbs., sports a keylock switch, and offers a
year's warranty.

Contact IBI Systems, Inc., 6842 NW 20th
Ave., Fort Lauderdale, FL 33306, (305}
978-9225, FAX (305) 978-9226.

I DSP BOARD

Dalanco Spry announces the Model 500, a
digital signal processing (DSP) board with
analog and digital I/O. Designed for PC AT
and ISA-bus compatible microcomputers, ap-
plications include instrumentation, telecom-
munications, biomedical, audio, and DSP
software development. It provides data ac-
quisition for eight channels at 12-bit resolu-
tion and a maximum of 225kHz sampling
rate.

The Model 500 includes two 12-bit analog
output channels, a buffered digital I/O con-
nector for user expansion, and two serial in-
terfaces of the TI DSP. A variety of software
accompanies the Model 500: TMS320C51
Assembler and Debugger, FFT, real-time sig-
nal and spectrum display, concurrent record
and playback to or from disk, digital filter
examples, FIR filter code generator, and a
waveform editor.

The Model 500 with TMS320C51 costs
$1,600. For further details, contact Dalanco
Spry, 89 Westland Ave., Rochester, NY
14618, voice and FAX ({716} 473-3610.
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I INSTANT PC BOARDS

Dyna Art Designs announces a toner trans-
fer system that allows you to create cus-
tomized PC board patterns, faceplates, com-
ponent overlays, and decals without needing
a CAD program.

In a three-minute process, first print to the
toner transfer paper using a laser printer or
photocopier. Then iron the image directly to
blank copper-clad board for two minutes.
Soak it in water one minute and the paper
falls off, leaving behind the completed etch-
resistant toner pattern. You are then ready
to etch conventionally.

Five sheets of 82" x 11" transfer paper
and a special iron-protector sheet are in-
cluded for $9.95 plus $2.50 shipping (Cali-
fornia residents add 8.25% sales tax}. Con-
tact Dyna Art Designs, 3535 Stillmeadow
Lane, Lancaster, CA 93536-6624, (805)
943-4746.

I 1992 SUPPLEMENT
Contact East releases its 1992 Spring Sup-
plement catalog featuring test equipment,
tools, and supplies for engineers, managers,
technicians, and hobbyists. Products offered
include DMMs, EPROMs, adhesives, and
portable digital scopes. All products are fully
guaranteed, same-day shipment provided.
To receive a free copy, contact Contact
East, 335 Willow St., No. Andover, MA
01845, (508} 682-2000, FAX (508) 688-7829.

B MFJ 20 METER CW TRANSCEIVER Ldd
F ).

l PORTABLE TRANSCEIVER

MEF]J Enterprises, Inc., announces the
Model MFJ-9020, a 5W 20M CW transceiver
that covers 14.000-14.075MHz, has a super-
hetrodyne receiver, RIT, audio-derived AGC,
and a built-in earphone jack. This trans-
ceiver, which fits easily in a briefcase, has
an 8-pole crystal filter with 500Hz band-
width, Vernier tuning, and operates from
12-15V DC.

The Model MF]-9020 costs $39.95. For
details, contact MF] Enterprises, Inc., PO
Box 494, Mississippi State, MS 39762, (800)
647-1800.
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I DOS LOGIC SIMULATOR
Capilano Computing Systems Ltd. has
now released an MS-DOS version of Logic-
Works, an educational electronic schematic
and simulation software package, formerly
available only to Mac users. Its fully interac-
tive digital simulation lets probes, displays,
and switches be placed directly on the cir-
cuit diagram so that it operates like a real cir-
uit breadboard. Clicks of the mouse can
change device delays, clock rates, and signal
connections letting you test circuit ideas on
the spot. The simulator uses 13 different logic
states to correctly predict resistive drives,
pullups, open-collector devices, and un-
known states, handles an area up to 5ft2and
simulates thousands of elements from gates
to TTL parts to microprocessors, and allows
you to create your own symbols and more.
LogicWorks costs $300; discounts are avail-
able to students and educational institutions.
For information, contact Capilano Com-
puting Systems Ltd., 960 Quayside Dr., Suite
406, New Westminster, BC, Canada, V3IM
6G2, (800) 444-9064, (604) 522-6200, FAX
(604) 522-3972.
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ELECTRONIC CIRCUITS,
SYSTEMS AND STANDARDS
Edited by Ian Hickman

ISBN 0-7506-0068-3

220 pages, illustrated

Price $32.95 (hard cover)

This book could be subtitled "'The Best of
EDN." Since its first appearance in 1956,
EDN magazine has established for itself the
unassailable position as the most useful and
widely read of the controlled-circulation
electronics magazines with a combined, fort-
nightly circulation in the USA, UK, and
Europe of over 160,000.

The selection of articles from EDN reflects
the editor's interests as a longstanding ana-
log-circuit design engineer, but digital sub-
jects are far from ignored.

The articles are carefully cross-referenced
and subject-indexed for ease of use. Many
of the circuits are from the popular '‘Design
Ideas'’ section, where readers submit their
own designs. Many of the informative longer
articles are included, both contributed and
staff-written.

Butterworth-Heinemann
80 Montvale Ave.
Stoneham, MA 02180
(617] 438-8464
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ELECTRONIC CIRCUITS
by U. Tietze and C. Schenk
ISBN 3-540-0608-X
945 pages, 1166 illustrations
Price $49.00 (hard cover)
This book is the second English edition of
an international best seller on electronic cir-
cuit design and application. It has been
thoroughly updated and expanded. Aimed at
the student, practicing engineer, and scien-
tist, it covers all important aspects and appli-
cations of modern analog and digital circuit
design. Part I, Basics, contains the material
of a one-year's undergraduate course on ele-
mentary electronics and describes the circuit
components by their electrical behavior
rather than by their semiconductor physics.
Part II, Applications, is structured in line
with the particular fields of circuit applica-
tion. Chapters have been written to stand on
their own, with a minimum of cross-refer-
encing. Each chapter offers a critical and de-
tailed overview of various solutions to a
given problem. Particular attention is paid

to the use of integrated circuits. The goal of
circuit design is no longer the minimization
of the number of logic gates or operational
amplifiers, but rather the combining in an
ideal manner of the most suitable ICs. For
this purpose, application-specific IC tables
are given with examples of available chips
and the relevant manufacturer.
Springer-Verlag (New York), Inc.

175 Fifth Avenue

New York, NY 10010

(800) 777-4643
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MICROCOMPUTER

FAULT-FINDING AND DESIGN

by Robin Holland

ISBN 0-333-542681

202 pages, well-illustrated

Price $72.50 (hard cover)

Microcomputers vary from single-chip sys-

tems, such as pocket calculators, to indus-

trial controllers and multi-user office com-

puters. This expanding range of applications

has brought with it a need for a greater un-

derstanding of this technology and for the ac-

quisition of new skills by servicing personnel.
This book, intended for students studying

servicing/test subjects in Further and Higher

Education Colleges, is an attempt to describe

the procedures and test equipment that can

be applied when fault-finding on micropro-

cessor-based equipment. There are few texts

that attempt such a comprehensive coverage

of this topic, and this book introduces some

novel and innovative approaches to micro-

computer fault-detection.

Scholium International Inc.

99 Sea View Blvd.

PO Box 1519

Port Washington, NY 11050

(516) 484-3290

_—————————————————=
RECENT ADVANCES IN
ELECTROMAGNETIC THEORY
by D. L. Jaggard and H.N. Kritikos

ISBN 0-387-97143-2

Price $99

Derived from the work of Professor Papas
and dedicated to his scientific and pedagog-
ical achievements, this volume investigates
a series of problems in the forefront of elec-
tromagnetics. Topics range from group the-
ory and fractals to chiral media and inte-
grated optics.
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In each case, new material or ways of in-
vestigating traditional problems helps to ex-
pose fresh approaches to problems in elec-
tromagnetic theory and a new style of inter-
preting fundamental electromagnetic inter-
actions.

Springer-Verlag (New York), Inc.
175 Fifth Ave.

New York, NY 10010

{800) 777-4643

PRINTED CIRCUITS DESIGN

by Gerald Ginsberg

ISBN 0-07-023309-8

302 pages, illustrated

Price $39.95 (hard cover)

This is a comprehensive, state-of-the-art
guide to printed-circuit design and applica-
tions, including the advances made in CAD
and CAE in recent years. In addition, it cov-
ers the important areas of how to design
PCBs for efficient manufacturing, and how
to design PCBs that incorporate surface-
mounted components. It is an essential
working tool for all electrical engineers.
McGraw-Hill, Inc.

11 West 19th St.

New York, NY 10011

(800) 2ZMC-GRAW; orders only

NEW BABANI BOOKS

A Concise Introduction to the
Macintosh System and Finder
by Jerry Glenwright

High-Power Audio Amplifier
Construction
by R.A. Penfold

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

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

Bernard Babani (publishing) Ltd.

The Grampians

Shepherds Bush Road

London W6 7NF, UK
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Our earlier publications on I2C-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

O far it has appeared a matter of course

that the readout function in a compu-
terized measurement system is invariably
provided by the screen of the PC. The pres-
ent 4-digit LED display unit may, however,
prove an attractive alternative in many
cases. It allows a PC fitted with an I’C con-
troller card (Ref. 1), or any other I’C control-
ler, 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 a part of the PC’s screen
for displaying measured values. This means
that the PC can continue to run its main pro-
gram, while a background program takes
care of outputting measurement data to the
LED display at regular intervals.

Another possibility is to use the display
asatime and/or date indication. In a PC, 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.
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The present display is, of course, soft-
ware-compatible with the I'C 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'C display unit is readily
used and fairly simple to control. Today, an
increasing number of microcontrollers is
available with an on-chip I'C interface,
which makes connecting the present display
unit a piece of cake.

The circuit

The circuit shown in Fig. 1 is best described
with three words: compact, simple and inex-
pensive. Apart frem one IC, two transistors
and, of course, four 7-segment LED displays,
only a handful of passive parts is required to
complete the circuit. As with the other cir-
cuits in our I’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'C-compatible LED driver Type

WorldRadioHistory
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SAA1064 from Philips Components. This IC
is manufactured in I’L technology, and is ca-
pable of driving four 7-segment LED dis-
plays including decimal points as two
multiplexed blocks. The block diagram of
the SAA1064, Fig. 2, shows that the IC con-
tains an I°C transceiver that can be located at
four I’C bus addresses, a power-reset flag,
16 outputs that operate under software con-
trol (each capable of sinking up to 21 mA),
two multiplexed outputs, and oscillator, a bit
that selects between static and dynamic
mode, and, finally, a bit for test purposes.

As could be expected of an I'C applica-
tion circuit, the control of the display driver
is a matter of sending the right command to
a previously determined address, which is
the “location” of the IC in the PC 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 a voltage divider which
supplies the address selection voltage to the
ADR pin of the SAA1064. The voltage level,
Le., the IC address, is determined by three
jumpers. The four voltage levels that can be
set are 0 V, 3Vcc, %Vee and Vec. Each of
these levels corresponds to one of the four
combinations of the two address bits, A0 and
Al

The base address of the SAA1064 is

01110 A1 A0 x

To select an address, fit the jumpers as
shown in Table 1. All other bits in the ’C ad-

Table 1.

A0 A1 JP1 JP2 JP3
0 0 0 1 0

1 0 0 0 0

0 1 0 0 1

1 1 1 0 0

0 = open

1 = jumper fitted




I°C LED DISPLAY m

dress are ‘burnt’ in the IC hardware, and can
not be changed. As usual with I'C com-
patible ICs, the ‘x” at the end of the address
is a bit that selects between a read (x=1) or a sv e D—o0 o@DV
write (x=0) operation. The ‘read’ addresses
are 70H, 72H, 74H and 76H. The ‘write’ ad-
dresses are 71H, 73H, 75H and 77H.

Transistors T1 and T2 are required to . .
multiplex the four common-anode displays S
pair-wise. They function as switches, with
the hardware in the SAA1064 determining
the current flow through the display seg-
ments. Software control allows the segment
current to be set between 3 mA and 21 mA in
steps of 3 mA. In dynamic mode, the seg-
ments light about half the time (48.2% typ.
min.). The circuit configuration used here re-
sults in a multiplex frequency of about
150 Hz, which can be increased to about
800 Hz or 1,500 Hz by reducing Cs5 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 bright-
ness of the Type HD11050 LED displays
(manufacturer: Siemens) is sufficient at a
segment current of 4.5 mA, a segment cur-
rent of 9 mA is programmed.

Jumper JPs: allows the display to be
powered by a separate supply, which may
be required when more than one display is
used. The external voltageisapplied viaPCB  Fig. 1. The circuit for driving four 7-segment displays is very compact thanks to the power
terminal ‘U+’, and may be up to 15 V, pro-  of the 12C protocol.
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Fig. 2. Internal diagram of the SAA1064 LED display controller (courtesy Philips Components).
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COMPUTERS AND MICROPROCESSORS

COMPONENTS LIST

Resistors:

2 330Q R1;R2

1 10kQ R3

1 22kQ R4

1 18kQ R5

Capacitors:

2 100nF C1;,C3

2 47uF 16V radial C2,C4

1 2nF7 C5

Semiconductors:

2 BC547C T1;T2

1 SAA1064 IC1

Miscellanecus:

2 6-way PCB-mount
mini-DIN socket K1;K2
HD11050/G/Y/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 1 W.

Resistors R1 and Ry, finally, ensure that
the I’C bus is correctly terminated.

1 Construction

The printed circuit board for the I'C com-
patible display unit is compact — see Fig. 3
) and the photographs. One of the mini-DIN

IO
1

sockets may be omitted if the unit is the last
(or the only) device on the I'C bus. Since the

A3 7 two sockets are connected in parallel, it
— G makes no difference which of them is
omitted. If you can not get hold of the special
DIN sockets, or wish to reduce the cost of
Fig. 3. Track layout (mirror image) and component mounting plan of the printed circuit  building the unit, use separate wires and the
board designed for the I2C display module. PCB terminals marked +5 V, 0 V, 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 over-
heated — in general, it is better to fit the dis-
plays in IC sockets.

Set the jumpers as follows:

JP1and JP3 open;
JP2 closed;
JP4 position ‘B,

and connect the display unit to the I'C bus.
We built a few 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

Asalready mentioned, the display is control-
led by an I)C controller board described in
Ref. 1. The control software has been de-
scribed in Ref. 1, and is available on disk
under order number ESS 1671.

WorldRadioHistory
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Figure 4 shows how the controller com-
municates with the SAA1064. Reading re-
sults in a status byte, which, among others,
shows the state of the power-reset flag. This
flag is set by the SAA1064 when power is ap-
plied, after which all registers contain ze-
roes, and the display is blank.

There are a number of ways in which we
can write to the SAA1064. Writing to the de-
vice 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 se-
lects one of the eight internal registers.
Which register is selected first is determined
by the level of bits SA, SB and SC. The auto-
increment 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 fol-
lows:

b2 bl b0

0 0 O control register
0 0 1 LD1 register

0 1 0 LD2 register

0 1 1 LD3 register

1 0 0 LD4 register

1 0 1 free

1 1 0 free

1 1 1 free

whereb7 tob3 =0

The structure of the control byte is as follows:

b0 = 1: dynamic mode (multiplex digits)
bl = 1: enable digits 1 and 3

b2 = 1: enable digits 2 and 4

b3 = 1: segment test, all outputs active

b4 = 1: increase segment current by 3 mA
b5 = 1: increase segment current by 6 mA
b6 = 1: increase segment current by 12 mA
b7: reserved

A segment is actuated (switched on) by mak-
ing the associated bit ‘1'; a ‘0’ switches it off
again. This means that we are not limited to
just displaying numbers 0 through 9: charac-
ters A through F are also possible, which is
useful for making a hexadecimal readout.
Diskette ESS 1671 contains a demonstra-
tion file, LDIS.PAS, which contains the I'C
driver as well as the routines for controlling
the A-D/D-A converter and the 1/0 port.
LDIS.PAS is written in Turbo Pascal. Fig-
ure 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 0 to
9999, and starts again. The counter values
appear on the display as well as on the PC
screen. L

References:

1. "I2C Interface for PCs,'’ Elektor Elec-
tronics USA, February 1992.

2. "ADC/DAC and I/O for 12C Bus,"' Elektor
Electronics USA, March 1992.

I*C LED DISPLAY

T

|s|o 1110 A1 A0 1TAKPR 00000O00O 0[1[@

slave address status byte

12C bus format; READ mode.

lSlO 1110 A1 A0 OIAIO 0000 SCs8 SA[AIX C6 C5 C4 C3 Cc2 C1 COlA]

slave address instruction byte control byte

J— D) R oy — 020 |A| D37 030 A Da7.... D40 [A[P

data digit 1

data digit 2 data digit 3 data digit 4

12C bus format; WRITE mode.

S = start condition
P = stop condition
A = acknowledge
X = don’t care

A1, AD = programmable address bits
SC SB SA = subaddress bits

C6to CO = control bits

PR =POWER RESET flag

920004 - 13

Fig. 4. Sending commands to the controller is pretty simple if you
driver contained on the floppy disk supplied for this project.

make use of the 12C

begin (* LedDisplayTest *)

Start (Bus); (-Start communication on I2C-bus.}

InitLedDisplayTest;

the LED-driver
byte. }

Address (DisplayAddr); {-After being addressed,

expects an instruction

instruction
the control

Inst:=GetInstructionByte(l); {-The byte following the
byte will be stored in
register....}

write (Bus, Inst);

Ctrl:=GetControlByte(l);
Counter:=0;

{~Prepare loop.}

Repeat
write(Bus,Ctrl); {~ go'l
with Digit do
begin
Split (Counter,D1,D2,D3,D4);
write (Bus,DCode([D1],DCode[D2],DCode[D3}),DCode(D4}) ;
end;
Screen(l);

(-Copy counter to LED-display.}

{-After these three dummy bytes have
been sent, the LED-driver expects
' a control byte again....}

write (Bus,Du,Du,Du);

delay(t);
if Counter=0 {-Shift decimal points.}
then
for Counter:=5 downto 0 do
begin

write(Bus,Ctrl,DP,B1,Bl,Bl,Du,Du,Du); Screen(2); delay(t);
write{Bus,Ctrl,Bl,DP,Bl,Bl,Du,Du,Du); Screen(3); delay(t);
write(Bus,Ctrl,Bl,Bl,DP,Bl,Du,Du,Du); Screen(4); delay(t);
write(Bus,Ctrl,Bl,Bl,Bl,DP,Du,Du,Du); Screen(5); delay(t);

end;

inc{Counter) ;
if Counter>MaxCount
then
Counter:=0;
Until keypressed;

UnInitLedDisplayTest;

Close(Bus) {-Stop communication on I2C-bus.}
end. (* LedDisplayTest *)

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, a guitar is an
instrument that needs to be tuned daily.

IN THE design of the tuner, hands-off oper-
ation was a prime requirement. Conse-
quently, 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 a plug is
inserted into the input socket. At the same
time, the output of the unit is removed from
theamplifier, so thatno tuning signals are out-
put over the speakers.

When the unit is on, the LED associated
with the high E (fg = 329.63 Hz - equal tem-
perament 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: cor-
rect tuning is indicated by the band of light
standing still.

Each subsequent pressing of the “on’ but-
ton switches the tone to the next lower note,
By, Gy, ...Ey, indicated by the lighting of the
associated LED. In each case, there is a pe-
riod of 20 seconds to tune the relevant string.
At the seventh pressing of thebutton, the LED
associated with the high E lights again.

Tuning may be ended with the second
footswitch, which switches the tuner to stand-
by, whereupon the guitar signal is recon-
nected automatically to the amplifier.

If the 20-second period is not long enough
to tune a string, the unit must be returned to
operation at the relevant frequency by re-
peatedly (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. 1 depends for its correct
operation on a crystal-controlled oscillator,
IC5,-1C5,-ICsq, and a divider, IC¢-1Cg-1Co,,
that is programmed by a diode matrix. To
keep the current drain down to a minimum,
all ICs used are CMOS types.

The oscillator output is used to clock 1Cg.
The Qu—Q; outputs of this circuit are fed to
a diode matrix with which a number 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 a reference and as clock for binary
counter 1C,, which controls multiplexer IC;
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via its outputs 0-3.

AnLED s connected to each of the 16 out-
puts of the multiplexer. The LEDs form a
‘running light’ that, depending on the fre-
quency of the plucked string, moves from
D; to Dyg or vice versa. The ‘running light’
effect arises because the E input of IC; is con-
trolled 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 cor-
rect, the running light moves in a direction
that depends on whether the frequency is
too high or too low. The larger the difference
between the reference and guitar signal fre-
quencies, the faster the running light moves.

Opamps IC3, (threshold switch) and ICj;,
(amplifier) convert the sinusoidal output
voltage from the guitar pickup into a rectan-
gular signal to drive the multiplexer.

Immediately after switch-on, all outputs
of ICgarelogiclow, the oscillator begins toop-
erate, and ICg starts to count. The reverse-bi-
ased diodes of the first matrix column and
pull-up resistor Ry at the input of D bistable
ICg provide an AND function: the level at
pin 3 of ICg can go high only when those out-
puts of ICg that are connected to diodes in
the first matrix column are high. That condi-
tion is met only at certain states of IC¢. The
consequent logic 1 becomes available at the
output of ICy (pin 1), whereupon IC g is reset.
WithoutICy, the reset pulse would be too short
to clock 1C,.

Counter ICqjdrives the three address lines
of ICg in binary form; it proceeds one step
every time a clock pulse, debounced by
Ry3-Cg-IC1,, arrives from ‘on’ switch S; atits
input. At the same time, demultiplexer 1C7,
which operates in step with ICg, causes one
of LEDs D;7-Dy; to light to indicate which
of the guitar strings can be tuned.

After S; has been pressed six times, out-
put 6 of IC7 goes high, which causes a reset

AR TUNER
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of IC]].

After switch-on, the tuner is always pre-
set to the high E string frequency because of
the reset provided by Ryg—Cy3.

In the standby mode, battery power is
available but the tuning mode is disabled. In
thisstate, only three ICs are powered: quadru-
ple analogue switch ICy; bistable 1Cy; and
inverter ICqg,..¢. In this mode, the current
drain is a mere 1.5 pA.

When, in the standby mode, 5; is pressed,
bistable ICy, is reset, whereupon Ty is switched
on to provide power to the remaining ICs.
At the same time, analogue switch ICyy, con-
nects the guitar output to the amplifier, ICy
becomes high-impedance, and IC4qshort-cir-
cuits the output of the tuner.

Capacitor Cy3 is charged slowly via Rye.
After about 20 seconds, the voltage across it
has reached the threshold level of ICygp, and
this inverter then switches off the tuner via
gate ICqq.. If, before the 20-second period
has elapsed, the ‘on’ button is pressed, for
instance, to allow the next string to be tuned,
C1p discharges via IC1p,, Dog and Rys, where-
upon there is a further delay of 20 seconds
before the tuner is switched off.

Stopbutton Sy can, of course, reset bistable
ICy, at any moment if required.

In practice, a period of 20 seconds has
been found just right for tuning a string. The
period may, however, be made longer by in-
creasing the value of Cy;.

The battery voltage is monitored by IC1ge,

Battery life about 2 years
Low battery indication

Low current drain: 20 mA during operation; 1.5 HA during standby

M Tuning indication by LED running light

B Suitable for bass and guitar

M Foot operated

B Six reference frequencies with a tolerance of <0.05 Hz
B Loop-through connection

B  Amplifier muted during tuning

|

-

|

|

Automatic or foot-operated switch-off
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which has a threshold voltage of about U/2.
Diodes D,g and Dyg provide a reference volt-
age of 2.8 V. Therefore, if the battery voltage
dropsbelow 2x2.8=5.2V, thelogiclevel at pin
10 of 1Cyge changes from 1 to 0, whereupon

relevant string LED to blink.

Sefting up

The scale factors for the six reference fre-

GUITAR TUNER m

scale factor=f./f, -1,

where f. is the crystal frequency and f; is the
reference frequency, which is

oscillator ICjoq is enabled, which causes the quencies are calculated from:

fr=fsx4, or, =£;x8,
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Fig. 1. Circuit diagram of the guitar tuner
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vhere f; is the fundamental frequency of the

elevant string—see Table 1. Once the scale E i SR
actor has been determined, it has to be in- string harmonic equal temp. Q0=1 i
orporated into the diode matrix. frequency tuning tuning Q1=2 — -2
For instance, the scale factor for the E Q3=4
ttring (equal temperament tuning) is calcu- : o =8
ated as follows. Je2 82.50 Hz 82.41 Hz 8; =132 -3
f.=2.4576 MHz; faz 110.00 Hz 110.00 Hz Q6 = 64
fs=329.63 Hz; foi 146.83 Hz | 146.83 Hz Q7=128 —128
Ul fal 195.56 Hz | 196.00 Hz Q8=256 —256
2 9=512 9512
Scale factor=2.4576x106/2657.04-1= Jin 2t op Rl 0 T o
~931—see Table 2. i 330.00Hz | 329.63 Hz Total 931
The outputs of ICq have been given bi-
rary values as shown in Fig. 1. The diodes
nthe matrix must be connected in sucha man-
1er that the sum of six of the outputs is equal TABLE 3
o the scale factor. How this is done for the E string fi i scale factor
string is shown in Table 2. The string, its fun-
lamental frequency (equal temperament tun- ]
ng), the reference frequency and the result- Es 82.407 Hz 659.25 Hz 3721
ng scale factor are tabulated in Table 3. The Az 110.000 Hz 880.00 Hz 2792
naximum tolerance on the tuned frequenc D, 146.832 Hz 1174.65 Hz 2091
q y
s <0.05 Hz. G 195.998 Hz 1567.98 Hz 1566
- . B, 246.942 Hz 1975.83 Hz 1243
Construction E 329.628 Hz 2637.02 Hz 931
Juilding the tuner on the ready-made printed-
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Fig. 2. Printed-circuit board for the guitar tuner.
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circuitboard—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 accom-
modated 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 avail-
able—see Fig. 3.

Switches S; and S; 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
inputsocket toensure that the tuner is switched
on only when the cable from the guitar is in-
serted into the tuner. |

Ir 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 playved
in virtually any key. The disadvantage, however,
is that the tones do not sound ‘natural’, which is
why many guitarists prefer to tune their instru-
ments to harmonics. (Ed).

GUITAR TUNER

Fig. 3. Front panel foil.

PLANT WARMER

by Samuel Dick

Frost is a gardener’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 a sudden, unexpected frost

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

can kill many young plants.

ture in a coldframe may still drop below
freezing and, during the spring, the temper-
ature may notrise high enough tosignificantly
boost the growth of seeds and young plants.

The‘plant warmer’ offers asolution to these

WorldRadioHistory

problems. By placing a sensor and two heat-
ing elements in the coldframe, a simple heat-
ing system may be constructed. In this design,
the two heating elements are controlled in-
dependently; oneheater is set for a higher tem-
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perature than the other, so thatmaximum heat
is supplied only during the coldest weather.

By altering both trigger points, the tem-
perature 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, D;. This is used as a
temperature-dependent zener diode; R is
chosen to pass a current of roughly 1 mA
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
298V at25°C. The voltage from the sen-
sor is compared with two other potentials
by IC;. The two potentials are set with pre-
setpotentiometers Py and Pp; 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
D5 and filtered by C; and Cs. A current of
around 20 mA is required by the control cir-
cuit. Capacitors Cy, C4 and Cs filter noise on
the inputs to IC;.

When the voltage from the sensor drops
below one of the comparison potentials, IC;
detects this and switches on the appropriate
output. The output signal is fed to the gate
of a silicon controlled rectifier—SCR—that
acts as a switch 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;. This ensures that the heat-

ing element is on only when the tempera-
ture is below the comparison potential set
by the user.

Voltage comparators have a very high
gain so that the transition voltage range (be-
tween on and off) is very small. This would
mean that the circuit would forever be switch-
ing on and off, since even a small tempera-
ture 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, a lot 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 pre-
vents rapid switching and consequent noise.

Thehysteresisisbuiltin as follows. Theac-
tual circuit may be converted into a simpler
form to ease understanding of its operation
—see Fig. 2. In this simplified circuit, V, rep-
resents the supply voltage, V}, the output
voltage of ICy, or ICyp, and R,—Ry, one of the
preset potentiometers (its wiper represented
by the junction R;-Rp). When the heater is
off, theoutput voltage of IC;, or IC;p isaround
0.2 V. The voltage at junction R,-R}, is low-
ered because R. drains current from Ry, thus,
since the voltage across a resistor is propor-
tional to the current flowing in it, the volt-
age across Ry, is smaller than it would if R,
were not connected. When the temperature
falls, the voltage on the inverting (-) input of
ICy, or ICy}, drops below that on the non-in-
verting (+) input and the output of the com-
parator goes high. In practice, this is limited
by the gate of the SCR to around 0.7 V.

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
Rp, and the voltage at junction R,-Ry, rises.
By representing the voltages by voltages sources,
the rule may be applied that the sum of volt-
ages around aloop inacircuitmustequal zero.
In Fig. 2, there are two loops: loop 1 contains
V, R, and Ry, while loop 2 contains Vi, Ry,
and R.. The current flowing through R, may
be defined as i; and that through R as iy;
then:

Va'Ra(il +i2)‘Rbi1 =0
and
Vc_Rbil +Rci2=0.

Since the value of R should cause a change
of at least 20 mV (equal to 2 °C) in the volt-
age across Ry, when Vj, changes from 0.2 V to
0.7 V, these equations may be rewritten in a
form to enable i; to be calculated as a func-
tion of V, and R.. Since Ry, is about 1.2 kQ
for a trigger voltage of 2.8 V (equal to 7 °C),
R, is 3.8 kQ (as the potentiometer is 5 k).
Therefore,

11=(Va+RaVb/Re)/ (Rp+Ra+RaRp/Ro).

For V,=12 V and the values of R,, R}, and
Vp as given, with R.=33 kQ, the required
20 mV change will take place when the out-
put of ICq, (ICqp) goes from low to high, so
providing the desired hysteresis.

To provide the higher temperature op-
tion for when the coldframe is used as a prop-
agator, Rz is shorted by closing S,. The value
of Ry, for different higher temperatures may

T

™ Lat

920050 - 11

Fig. 1. Circuit diagram of the plant warmer.
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R12 Ra=(R12)

920050 - 13

be calculated as follows—see Fig. 3. The volt-
agewithRypincircuitis V1= VeR/ (Ry+Rp+R,),
where Vg is the supply voltage (12 V). With
Riz (R, in these equations) is shorted, the
new outputvoltage, V,2=VsRc/(Rp+R.). Note
that Ry+R =Py in the circuit. Consequently,

R12=P12AV/(V R -AVDPy),

where AV is the voltage increase required (say,
0.15 V corresponding to 15 °C higher than
the frost protection set point). When the prop-
agator modeisrequired, R isgivenby VoP1 / V.

Construction

The plant warmer was constructed on the
printed-circuit board shown in Fig. 4 and
fitted into a suitable box.

The two heating elements, Rs and Ry, may
bemade as follows. Thelower-powered heater,
Ry, is made from thirty 1.0 Q resistors, sol-
dered togetherinseriesand theninsertedinto
heatshrink sleeving for protection. The higher-
powered heater, Rs, is made from two re-
sistor chains, identical to Ry, connected in par-
allel. The values of the resistors and the num-
ber used have been calculated so that each
resistor runs within its rated power dissipa-
tion. There is no need to shrink the sleeving
after construction—indeed, this is undesir-

PLANT WARMER E

able since it makes the element less easy to
bend, which could make fitting it to the cold-
frame 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 preventingress
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 cold-
frame. 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 cold-
frame will help contain heat—the most suit-
able form of insulation is transparent plastic
sheets of air-filled bubbles, like those used for
packing delicate items.

The values of Py and P; should be set,
with the heating off, with the aid of a digi-
tal multimeter to give voltages of 2.80 V
and 2.76 V respectively. u

PARTS LIST

Resistors:

(all resistors 250 mW)
R1=8.2kQ

R2, R3 =33 kQ

R4 = 390 kQ

R5 = see text

R6, RB =2.2 kQ

R7 = see text
R9=27kQ

R10, R11 =6.8 kQ
R12=150Q

P1, P2 = 5 kQ preset, multitun

Capacitors:

C1=6.8pF, 63V

C2, C4,C5=100 pF, 16 V
C3=47uF, 25V

Semiconductors:

D1 = LM335Z (temperature sensor)
D2 = BZY88C, 12 V, 500 mW zener
D3 = 1N4002

D4, D5, D6 = LED, green

IC1 = LM319 (voltage comparator)
N1 = mains voltage neon, green,
with integral resistor

Miscellaneous:

BR1 =100V, 6 A bridge rectifier

T1=0-15V, 2 A secondary mains

transformer

S1 = 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

o—o

g
SRS

Sensor ~—]

Fig. 4. Printed-circuit board for the plant warmer.
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AUDIO-VIDEO PROCESSOR

TYPE AVP300 - PART 2

Input circuits and
chroma-VBS separation filter

HE circuit in Fig. 3 serves to select one of

the inputs and to separate the chroma and
VBSsignals. Note that, inspite of the English-
language front panel, some rear panels have
theannotation 'FBAS’ instead of CVBS. FBAS
istheacronym of the German Farbbild Austast
Synchronsignal = chroma, video, blanking,

An ELV design

synchronization signal.

The input signals may be divided into
two groups: CVBSand S-VHSsignals. In case
of the former, the chroma and the VBS sig-
nals must be separated; with S-VHS signals
that has already been done.

The CVBSsignalsare applied from the input
selector circuit to two filters via Sy;. Both these
filters, Lyg3—Ca27 and Lyp—Cayy, are tuned to
the colour subcarrier. Filter Lyg3-Cjy7 is a
band-stop filter that passes only the VBS sig-

nal to the output. The other filter passes only
the subcarrier, and thus the colour signal, to
the chroma output.

Filter Lyp3—Ca27 operates in conjunction
with four transistors, Tyg9-T>17, that share a
common emitter resistance, Ryg. 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
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Fig. 3. Circuit diagram of the input stages and the chroma-VBS separation filter.
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multi-standard decoder elsewhere in the pro-
cessor.

Assuming that an input with a CVBS sig-
nal has been selected, a potential of about
2.5 V will be put on to the switching lines
of the multi-standard decoder. Only Tyy; is
then switched on, resulting in the complete
CVBSsignal being applied to terminal K. This
has the additional advantage that in case of
ablack-and-white signal (when the decoder
cannot identify a colour standard) no fil-
ters are switched into circuit, which is ben-
eficial to the picture quality.

If a colour standard has been identified,
the potential on one of the switching lines,
B-E, becomes 5.5-6 V. That voltage is used,
via Dy14-D»y7, to set the d.c. operating point
of Ty15. The drop across Ryg then rises to a
value that causes T1; toswitch off. The CVBS
signal is then forced to pass through band-
stop filter Lyg3—Cpp7 before it becomes avail-
able, via K, at Tp1».

If the multi-standard decoder has also
recognized that the signal is an NTSC signal
with a 3.58 MHz subcarrier, diode Djq is
switched on. This causes Cypg to be connected
in parallel with the band-stop filter so that
the resonance frequency is shifted appropri-
ately. 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 Togg and Ty are
switched on. The VBS signal of one of the
S-VHS inputs is then passed directly to ter-
minal K. At the same time, the drop across
Ryggensures thatboth Tpq; and Top areswitched
off.

The circuit associated with the chroma
filter operates in a manner similar to that of
the VBS band-stop filter. Here, the common
emitter resistance of transistors Typz—Tope is
Rj16. The resonant frequency and Q of the

AUDIO-VIDEO PROCESSOR TYPE AVP300 - PART 2

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 Ry, via
Tyg6 and decoupling capacitor Cp34. The Q
of the network will thendrop, while theband-
width increases. The small difference with the
required bandwidth is negligible, so that the
filter does notneed retuning. To enable the fil-
ter to handle NTSC 3.58 MHz signals, it is
shunted by capacitor Cp;3 via Tygs, while at

the same time the bandwidth is increased
because the Q factor is lowered by Ry7;.

The chroma filter selects between CVBS
and S-VHS signals with the aid of Tyg3. 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 Typ3 is switched on (by its base volt-
age), one of the two S-VHS signals is passed
to the chroma output, depending on the base
potential of Tpp2. When that transistor is on,
Tyo1 is off and the VBS signal at input Video
5 is passed. When Top; is on and Ty, is off,
the signal at Video 1/6 is selected.

The switching of input signals is effected
by ICy01-1C503. 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 V. All
inputs are terminated into a 75 Q resistor,
Rj03-Rpp6- The signals are passed to ana-
logue multiplexer 1Cy; (2x4 positions) via
coupling capacitors Cp03-Cpp¢. The multi-
plexer selects one of the signals, which is
indicated by the associated LEDs.

The control signals for the multiplexer
are provided by counter ICyqp, which is op-
erated by switch TAjzo;.

The selected signal is applied to buffer /in-
verter Tyg7—Topg. The processor may be set
for positively or negatively modulated sig-
nalsby switch Syg1. From that switch, the sig-
nal is split into two: one part to the chroma
filter and the other to the VBS band-stop
filter.

Since SCART connector BUy; 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: Tyg1—Tog2 and Top9—T219. The
necessary switching signals are derived from
the state of counter ICygy by ICp03.
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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

The circuit of the multi-standard decoder
and video colour controller, shown in Fig. 4,
carries out the decoding and processing of
all video signals.

The actual decoding is effected by ICq;.
The standard of the incoming signal is de-
termined by ICg; on the basis of the chroma
signal at pin 15. The chroma filter is set up
(wide band) to enable any chroma signal to
be passed correctly. The standard is translated
into appropriate voltage levels at input/out-
put pins 25-28. Four levels are recognized:
0.5 V—standard out; 2.5 V—search mode;
6 V—standard on; 9 V—forced acceptance
of a standard.

Although the multi-standard decoder is
a fairly complex circuit, it has only three cal-
ibration points, which, by the way, have noth-
ing to do with the internal of the IC, but are
merely intended for adjusting some external
components. These are (1) the SECAM refer-
ence circuit, L101—C104, (2) Q101 and (3) Q102.

Because NTSC signals lack a colour burst,

RADIO, TELEVISION AND COMMUNICATIONS

there is no reference for the chroma signals.
Ryy1 is provided to make sure that the refer-
ence of the decoder is, nevertheless, the same
as that of the transmitter. Maladjustment of
this potentiometer results in unnatural colour-
ing of the picture.

The output of IC;; consists of two colour
difference-signals that are applied to delay
line IC;p3. The output of this line is also two
colour-difference signals but with corrected
transit times. These signals are then ready
for the final stage in the decoding and for
being processed into a picture signal. Those
tasks are performed by IC; 4, the video colour
controller.

Inaddition to the colour-difference signals,
the inputs to IC;p4 consist of the VBS signal
that is provided via delay line VZ;q;, or the
RGBsignals thatareinput via Video2and ter-
minals H-J.

Circuit ICyo4 synthesizes the colour-dif-
ference and VBSsignals toan RGBsignal. This
synthesis may be affected by the setting of
Ri11 (colour saturation control). Apart from
its white-point adjustment, the RGB signal
can be modified in respect of brightness and
contrast. The final RGBsignal isapplied to the
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Fig. 5. Circuit diagram of the PAL/NTSC encoder
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PAL/NTSC encoder via pins 1, 3 and 5.

PAL/NTSC encoder

The diagram of the circuit that reconverts
the RGB signal into a CVBS signal, PAL or
NTSC standard, is shown in Fig. 5. Apart
from the RGB signal, the Type TPE1378A en-
coder, IC31, requires a number of other sig-
nals. The first of these is the synchronization
signal at pin 15, which is provided by the
synchronization circuit tobediscussed in Part3
of this article.

Generation of the colour subcarrier re-
quires a generator: since NTSC 4.43 MHz as
well as NTSC 3.56 MHz signals can be
handled, two generators are needed. When
either of theseis energized, the relevant band-
pass filter, BPF3p; or BPF3y;, is also actuated.
To compensate for the delay of the chromassig-
nal in the filter, the VBS signal is also de-
layed: in VZ3(;.

The RGB input signal is also available as
a buffered output of IC30;. The RGB lines are
connected to the relevant pins of connector
BU3p; (Video 4 output) via coupling capaci-
tors and terminating resistors. A voltage can
be applied to this connector by S3; to force
the equipment connected to the processor to
use the RGB signals instead of the CVBS sig-
nal on pin 19 as input.

The CVBS signal is available at pin 5 of
IC30. It is applied to S3p4 via a coupling ca-
pacitor and a terminating resistor, and to
electronic switch IC3gy. That switch ensures
that, if Video 4 is used as input and as out-
put, for instance, during format conversion,
the CVBS signal is replaced by a composite
sync (BS or Blanking/Synchronization) sig-
nal. This arrangement prevents the arising
of noise and interference between the colour
subcarriers of the input and output signals
inthe 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 IC3y;
are the VBS and chroma signals for the S-VHS
outputs. These signals are applied to the rel-
evant connectors, BU3p; and BU3p3, via a
buffer stage. To ensure that the terminating
impedance of the VBS or chroma signal is
correct, connectors BU3p; and BU3g3 must
not be used simultaneously, unless S3p4 is in
position CVBS and no S-VHS equipment is
connected to BU3q;. |

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.



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.
Design by H. Reelsen

The introductory photograph shows the
completed FM tuner in a 19-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 electron-
ics; described in Elektor Electronics USA,
March 1992, Part 1.

2. Power supply (PCB no. 920005-2) de-
scribed 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 key-
board 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 micro-
processor on the synthesizer board, so that it

is also useful if the synthesizer is omitted,
and 'replaced’ by manual tuning (by a preci-
sion multiturn 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 a built-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 ste-
reo decoder IC. Both the TDA3810 and the
TDA1578 are located on the main tuner
board.
The function of the push-buttons is as fol-
lows (left to right):
- 5203: NORMAL audio mode (audio pro-
cessor TDA3810).
- 5204: WIDE audio mode (audio proces-
sor TDA3810). The stereo image is wid-
ened, and LED D203 lights.
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Fig. 12.

WorldRadioHistory

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

AUDIO MODE CONTROL BOARD

Resistors:

2 150k R201;R209
7 22kQ R202-R208
Capacitors:

2 1uF sclid MKT C201:C202
2 100nF C203;C204

Semiconductors:

1 1N4004 D201
4 green LED,
rectangular D202-D205
1 74HCO2 1C201
1 74HC175 1C202

Miscellanecus:
5 Digitast push-button with

12.3-mm wide cap $201-S205
1 Printed circuit board 920005-3

- 8205: PSEUDC STEREO mode (audio
processor 1 DA3810). This effect can be
switched on with tae stereo decoder in
mono as well as stereo mode. When se-
lected, LED D202 lights.

- $201: STEREQ mode (stereo decoder
TDA1578).

- 8202 MONO mode (stereo decoder
TDA1578). Mono/stereo mode is indi-
cated by LED D20s.

Since push-buttons are used to select the dif-
ferent modes, bistables are required to set the
logic levels of the control lines to the main
tuner board. The mono/stereo selection re-
quires only one bistable, which consists of
NOR gates IC201a and IC201b. When the “ste-
reo’ key, 5201, is pressed, the bistable output
(terminal ‘G’ of the boara) goes to 0 V. Ter-
minal ‘G’ is connected to terminal '"MONQO’
on the main tuner board. When a stereo
broadcast is received, the ‘sterco’ indicator,
LED D205, 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-R201 form a
power-up network that sets the bistable at
pawer-on. This means that ‘stereo’ reception
isselected automatically when thereceiver is
switched on.

The switching between the three audio
modes offered by the TDA3810 works in a
manner similar to that of the TDA1578 de-
scribed above. Three of the four D-type bi-
stables contained in the 74HC175 package
are used. The three bistable inputs are con-
nected to ground via 22-kQ resistors. Push
buttons S203. 5204 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 contac: switches to the other po-
sition, so that the corresponding bistable

ELEKTOR ELECTRONICS USA JUNE 1992
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Artwork for the audio mode and mono/stereo control board.
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Fig. 14. Circuit diagram of the keyboard/display unit.

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 bi-
stable 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:

- When the 'NORMAL’ key (S203) 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 (S204) is pressed,
both ‘E” and ‘F’ go logic high.

- When the PSEUDO’ key (S205) is
pressed, ‘E’ goes high, and 'F’ low.

The two outputs ‘E” and ‘F’ are connected to
the MODE SELECT A and MODE SE-
LECT B terminals on the main board, where
thelogiclevels resultin the following modes:

Mode A B
Stereo L X

Wide image H H
Pseudo stereo H L

The associated indicators, LEDs D202 and
D203, are driven by the main board. The con-
nections are as follows: terminal ‘A’ goes to
’BASIS B LED’ on the tuner board, and ter-
minal ‘B’ to ‘P-STEREQ’ on the tuner board.

The UNLOCKED (out of lock) signal sup-
plied by the synthesizer requires to be in-
verted before it can be used. This is achieved
with gate IC201D, whose output is fed to the
"MUTE' input of the tuner board via terminal
"H’. The mute indication is also driven by cir-
cuitry on the main board: the 'MUTE LED’
output (at R46) is connected to terminal 'C’
(at D204) on the small controls board.

Keyboard and display

The circuit diagram of the keyboard /display
unit is given in Fig. 14. This unit is con-
structed on a separate printed circuit board
which is also fitted at the inside of the re-
ceiver’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’ (ITT-
Schadow) 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 a single 8-bit bidirectional port is re-
quired to drive the displays and read the
keys. However, this port must be capable of
sinking as well as sourcing a current of 5 mA
per line. This requirement is met by IC405 on
the synthesizer board. The outputs of 1C405
are connected to inputs DO to D6 on the dis-
play board. )

Datalines DO to D3 are connected to all in-
puts of display drivers IC1 to IC7, which are
Type 4511 7-segment LED display lat-
ches/decoders/drivers. A ‘low’ level at the
LE (latch enable) input of a 4511 clocks the
data into the display decoder. Address
decoder IC8 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 actu-
ated. This forms the strobe signal that indi-
cates that the data on D0-D6 are stable and
valid.

The keyboard is encoded with the aid of
diodes, which also serve as straight connec-
tions. This method is traditional as well as
economic, since it enables the use of a single-
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Fig. 15. Track layout (mirror image) and component mounting plan of the synthesizer board.

COMPONENTS LIST

SYNTHESIZER BOARD 2 33pF C402;C403 1 74HCO2 1C407

3 1uF solid MKT C404;C409;C411 1 74HCO04 1C408
Resistors: 1 1nF C405 1 NJ8821 (GEC-Plessey) 1C409
3 1kQ R401;R403;R405 3 4nF7 C406;C412;C415 1 SP8795 (GEC-Plessey) 1C410
3 2kQ2 R402;R413;R414 2 56pF C407,C408 1 74HCO0 1C411
1 33kQ R404 1 33nF C410 1 TLO81 1IC412
2 560 R406;R415 1 330nF C413
1 68Q R407 1 100uF 25V radial C414 Miscellaneous:
2 10kQ R408;R416 6 100nF C416-C421 1 Lithium battery CR2032
1 270Q R409 with PCB-mount holder Bt1
1 2kQ7 R410 Semiconductors: 1 Quartz crystal 2MHz X402
1 237kQ 1% R411 2 1N4148 D401;D402 1 Quartz crystal 16MHz X401
1 18kQ R412 1 BC547B T401 1 Printed circuit board 920005-5
1 4kQ7 R417 1 6264LP-15 RAM 1C401
1 1MQ R418 1 27C256 (ESS6101)
1 8-way 10kQ2 SIL array R419 EPROM 1C402
1 4-way 2kQ7 SIL array R420 1 74HC573 1C403

1 80C32 1C404
Capacitors: 1 74HC245 1C405
1 220nF C401 1 74HC138 1C406
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sided PCB.

Pressing a key on the tuning keyboard
causes a high 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 IC405 via R51-
Rs54 and datalines D0-D3. When it happens
that a key is pressed while the driver ‘trans-
mits’, no bus conflict occurs because the
driver ‘overcomes’ the keyboard lines with
their 1-kQ resistors. Resistors R51-Rs4 then
function as pull-ups only.

Push-button S115, which is connected to
the ‘F’ and ‘E’ terminals via 1-kQ resistors,
has a special function. We are talking about
the reset key. When Si15 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 nor-
mal operation of the receiver. The push-but-
ton that causes the reset action is labelled
'ENTER’ because it restarts the microcon-
troller, and needs to be pressed before every
new entry.

A further novelty of the circuit is the ‘EX-
ECUTE’ key, St11, which is used to termi-
nate entries. The parallel R-C network
R156-C103 ensures that an ‘execute’ key action
is simulated at power on.

The tuning functions

The upper part of the keyboard has the num-
ber keys 0 to 9 to enter frequencies and sta-
tion 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 9 numerical keys there
are 5 function keys:

- ENTER to start every entry;
- STORE to store a frequency entered or
displayed;

- 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 sta-
tion frequency, e.g. 98.50 MHz:
ENTER — 9850 — EXECUTE
When it is desired to store the displayed fre-
quency as preset (station number) 15, press
ENTER — 15 — STORE
Ta tune the receiver up or down press
ENTER — UP

or

|
|
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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 3 seconds, after which the microcon-
troller 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 a new 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 auto-
matically rounds it to the nearest raster
value.

Synthesizer board

Although the synthesizer is a fairly complex
circuit, its construction is entirely straight-
forward. Start your work by fitting the
27 wire links on the board (see the compo-
nent overlay in Fig. 15). The rest of the work
is mostly positioning components, and ben-
ding, soldering and cutting component
wires. It is recommended to use sockets for
all ICs.

Finally, note asmall error in the circuit di-
agram 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 elec-
trolytic capacitor C70 on the main tuner
board: C70 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). Q
The construction of the readout/keyboard unit

w Will be discussed in next month’s instalment.
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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 a single Type MAX660 chip.

HE power supply for a battery-operated

design can often cause a few headaches
as regards the level of the voltage or whether
asymmetrical supply should be used. Thelat-
ter, for instance, normally means a doubling
of the number of batteries, which take twice
the space originally allowed for and increase
the weight: two undesirable factors. The ob-
vious solution is a switch-mode supply, but
the constructionand/or dimensions of thein-

ductor required for thatis another unwelcome
element.

There is, however, another solution, pro-
vided the output current is not required to
be larger than 100 mA: the Type MAX660 in-
tegrated circuit. This IC needs only a few ca-
pacitors and a diode to provide, from a pos-
itive supply, a negative voltage at the same
levelor double the voltage. Itis, of course, pos-
sible to use a number of these ICs to increase

the output current or voltage, but the pro-
posed design is based on just one.

The circuit

The internal of the MAX660 circuit is shown
in Fig. 1; Fig. 1a is a design for a voltage in-
verter and Fig. 1b, for a voltage doubler.
Within the IC, one of two pairs of CMOS
switches is opened or closed by the internal

a b
oM
\\>g
Fig. 1. Basic circuit of a voltage inverter (a) and a voitage doubler (b) based on a Type MAX660 integrated circuit.
a b
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Fig. 2. The two circuits of Fig. 1 can be combined into one that can serve either as an inverter or as a doubler.

ELEKTOR ELECTRONICS USA JUNE 1992

WorldRadioHistory



oscillator that operates at 10 kHz.

TABLE 1 If, in Fig. 1a, S1 and S5 are closed (S; and
Connections S, are then open), C; will be charged. When
these switches change over, C; and C3 are in
inverter doubler parallel, whereupon charge is transferred
from Cy to Cs. Also, the polarity of C; with
JP1 A B respect to earth is reversed (pin 2 was con-
; nected to ® U, and is now connected toearth,
X ;round » n@25-35V) | hile pin 4 was connected to earth and is
Y in (1.5-5.5V) | out now connected to pin 5). The voltage across
Z out ground C3 will thus be negative with respect to earth.
In the absence of a load, a negative voltage
TABLE 2
Function of various components
component inverter doubler
Cl pump pump
C2 input buffer output reservoir
C3 output reservoir input buffer
DI polarity protection start up
TABLE 3
Measurement results
Uin Ry fin Uout Urippte Efficiency
V) Q) (mA) (V) (mVpp) (%)
Inverter
2.5 co 0.1 2.5 5
25 22 80 -1.8 100 74
5.0 oo 0.2 5.0 - 5
5.0 47 97 4.5 100 89
Doubler
2.5 oo 0.1 5.0 5
2, 47 178 4.1 100 80
S o0 0.3 10.0 5
5.0 100 190 9.5 100 95

Maximum output current = 100 mA.

MAX660 INVERTER/DOUBLER m

will arise across Cs, whose level is equal to
that of @ Uy,. When the circuit is loaded, that
negative voltage will not only decrease, but
will also have a ripple. This is, of course, be-
cause Cy can transfer only a limited charge,
smaller than the one required, per unit time.
Onaverage, there will remain asmaller charge
in C3, so that the voltage across this capaci-
tor will drop.

When the switches are connected as in
Fig. 1b, and a diode, Dy, is added, the IC will
double the input voltage. When the supply
is switched on, C;is charged immediately to
the supply voltage (less the forward voltage
of the diode) via Dj. This is necessary to en-
sure a supply to the oscillator. Furthermore,
the charge need not be transferred via the
IC. Hereagain, C; is the reservoir. Itis charged
when the switches are in the position shown.
When the position of the switchesis reversed,
C; is in series with the supply voltage, Uy,
so that the potential across it is 2U},. At the
same time, C; is connected, so that charge is
transferred from C; to C,. In that way, and
provided the the circuit is not loaded, a volt-
age arises across C; that is twice Up. As in
Fig. 1a, when a load is connected to the cir-
cuit, the output voltage, 2Uy, 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. 1a and Fig. 1b can be
combined as shown in Fig. 2. The position of
jumper JP1 and the connections to X, Y and
Zaregiven in Table 1. Table 2 shows the func-
tionof each of theexternal components. When
the circuit serves as voltage inverter, D is
notreally required, but, together witha 160 mA
fuse, it serves as protection against polarity
reversal. Should the supply voltage be con-
nected with incorrect polarity, it will be short-
circuited by Dy, whereupon the fuse blows.

The minimum input voltage to the dou-
bler circuit cannot be as low as to the inverter
circuit, because, in that configuration, the
oscillator has difficulty in starting at too low
a voltage. 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 build-
ing into an existing design, there may be ap-
plications where it is used by itself and for
those a printed circuit board—see Fig. 3—is
provided. |

z0
x0

3

ke

Fig. 3. Printed-circuit board for the inverter/doubler
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PARTS LIST

Capacitors: |
C1-C3 =220 pF, 16 V, radial |
{
\

Semiconductors:
| D1 = BAT85
| IC1 = MAX660
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4-MEGABYTE PRINTER BUFFER

i

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 a fast intermediate
storage device with a large memory to capture the printer
data supplied by the computer. Such a buffer is described
here: it is Centronics-compatible, and offers a memory

size of 1 MByte or 4 Mbyte.

Design by R. Degen

HE function of the prirter buffer is easily

described. It is a device connected be-
tween the computer’s parallel printer (Cen-
tronics) port, and the input of the printer.
The printer buffer accepts data very fast, and
feeds it out again, patiently, to the printer. In
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 hald 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-
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lel) interfaces, we require a couple of con-
trols and a readout to keep an eye on what
the printer buffer is doing. To keep the cir-
cuit as user-friendly as possible, it has been
given some intelligence in the form of a
microcontroller.

A brief overview

Figure 1shows a simplified block diagram of
the printer buffer, and Fig. 2 a flow chart of
the control program executed by the internal
microcontroller. Figures 1 and 2 lead up to
the actual circuit diagram of the printer buf-
fer, which is given in Fig. 3. Those of you
familiar with microcontrollers will recognize
the so-called embedded controller applica-
tion, which is basically a small computer sys-
tem tailored to a specific application.

The heart of the circuit is formed by three
blocks: the microcontroller, IC9; the DRAM
{dynamic random-access memory) section
(IC1-ICs8); and an EPROM, IC11. Further, the
circuit contains three registers, IC13, IC14 and
[C20, which provide a buffer function for the
data that travels between the computer, the

WorldRadioHistory

MAIN SPECIFICATIONS

* Simple to use
* Compazct design

* Uses industry-standard DRAMs
or single SIP/SIM DRAM module

* One or four megabyte DRAM

* Power supply: internal ar via
printer

* Microprocessor-controlled
(80C31)

printer and the display. Address decoding
and register selection is arranged by IC12, a
74HCT138.

The circuit in detail

The control of the DRAM is fairly complex,
and will therefore be looked at in some de-
tail. Since an 8-bit microcontroller can ad-
dress a RAM of 64 Kbyte only, some
additional logic is needed if we want it to
deal with a RAM of 4 MByte. Here, this ad-
ditional logic consists of 2 bistables, four
NAND gates and a little software.

DRAM refresh circuitry has to be added
also, because is it not provided by the 8031
microcontrolter. Although this would ap-
pear to call for a refresh counter im-
plemented ir software, a counting routine
for 512 or 1,024 refresh cycles would, unfor-
tunately, 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
DRAMSs. Address information being avail-
able during the PSEN pulse, all that is
needed further is ensuring that the correct
addresses are applied to the RAMs. To ar-
range this, the processor jumps to a subrou-
tine 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 addsess lines A0-A9 sequentially.
This type of refresh control is usually
referred to as RAS-only-refresh.

The control of the read and write func-
tions of the DRAMs is arranged via the WR
line of the microcontroller. To address a
DRAM IC, the column address must be sup-
plied before the row address. This is
achieved by actuating the output of the con-
troller’s RAS-enable function (pin 15). Next,



the row address is put on to the databus with
the aid of a MOVX instruction. At the same
time, the controller’s WR line is pulled low,
which causes the output of the bistable (pin 6
of IC18a) to go low also. The signal arrives at
the RAS connections of the DRAMs via
NAND gates IC15b and IC15c. 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 ad-
dress is placed on to the databus with the aid
of a MOVX instruction, while the microcon-
troller’s WR line is pulled low. This signal ar-
rives at the CAS inputs of the RAMs via
NAND gate IC15d, and at the clock input of
bistable IC18b. In this way, the column ad-
dresses are conveyed to the DRAMs.

When the output of IC18b is actuated on
the positive edge of the WR signal, this bi-
stable resets the RAS line to its normal level.
An R-C network ensures that IC18b 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 re-
spond sufficiently fast to the computer’s
strobe signal, a bistable 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 mA.

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 3-
digit LED readout. The indication "1.02’
stands for 1 MByte, and '4.09" for 4 MByte.
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 a few 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 control-
ler waits for the strobe line of the computer
to go high. When this happens, the buffer is
switched to receive mode. The advantage of
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Fig. 1. Simplified block diagram of the
printer buffer.

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

RAM test

It is possible to test every bit in the buffer
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Fig. 2.

Flow diagram of the control program developed for the printer buffer.
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Fig. 3. Circuit diagram of the printer buffer. Remarkably, the microcontroller needs very little external hardware to perform a not so simple
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4-MEGABYTE PRINTER BUFFER
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Fig. 4.

Above: component overlay.

COMPONENTS LIST

Resistors:

47kQ

10k

8-way 10k SIL array
100Q

2200

1509

2kQ2

WO == s

Capacitors:
21 100nF

22pF

47uF 16V

220pF

330nF
100yF 16V radial

- =g an

Semiconductors:

2 LED, red, 3mm

1 1N4001

3 BC557B

8 HYB511000 (1MByte)

R1
R2;R5;R6;R7
R3

R4

R8;R9
R10-R17
R18;R19;R20

C1-C8;C14;
Cc16-C27
C9;C10
C11

Cc12

C13

Ci15

D1;D2
D3
T1;T2;T3

or MT4C1004 (4MByte) IC1-IC8
OR
1 SIPP or SIMM 1MBytex8,
1MBytex9, 4Mbytex8
or 4Mbytex9 IC21
1 80C31BH-1 IC9
4 74HCTS573 IC10;IC13;1C14;
1C20
1 2764 (150ns)
(ESS6041) IC11
1 74HCT138 IC12
2 74HCTO00 IC15;1C17
1 74HCTO04 IC16
1 74HCT74 IC18
1 7805 IC19
3 HD1105G
or TDS3150 LD1;LD2;LD3

Miscellaneous:
2 36-way female Centronics
connector for PCB mounting  K1;K2
1 2-way PCB terminal block
(pitch: 5mm) K3
2 20-way box header K4,K5

On previous page: track layouts (mirror images) of the component side and the solder side of the double-sided through-plated PCB.

Digitast push-button §1;82

1 Change-over slide switch
for PCB mounting, with
angled pins S3
Quartz crystal 16MHz X1
Printed circuit board 910110
Front panel foil 910110-F

Enclosure 75-1410J (Vero)
SIMM adapter (if required)

- = s
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Centronics connector pinning

DATA STROBE
DATA1
DATA 2
DATA 3
DATA 4
DATA 5
DATA 6
DATA 7
DATA 8
ACKNLG
BUSY

PE

SLTC
AUTO FEED

W N O WN =

- - s o o O
A WN = O

ov
ov
+ 5v
.29 | GND
INPUT PRIME RET|
INPUT PRIME

- -
o~

50mA

-
o

w W
- 0

W W ww
LT N A N
Q m
< »
c

Lanl

-

+ 5V (via 4k7}
SLCTIN

w
o

910101-13

Fig. 5. Centronics connector pinning.
Check this against the data given in the ma-
nual 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, a counter
counts from 000 to 1.04 (for 1,048,576 bytes)
or 4.19 (for 4,194,304 bytes). When a faulty
RAM location is found, the counter stops,
and the display indicates ‘err’. The RAM test,
which takes a few minutes to complete, may
be terminated any time by pressing the CLR
key.

Construction

The PCB section that forms the key-
board/display (controls) unit is cut off from
the board supplied through the Readers Ser-
vices. 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 mo-
dules (SIMMs), which are commonly used in
PCs. These are available as 1-MByte or 4-
MByte modules with a “width’ of 8 or 9 bits.
SIMMs have PCB edge connectors like PC
extension cards, and require a special adap-
tor 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 1-
Mbit or 4-Mbit RAM ICs in DIL packages.
Unfortunately 4-Mbit ICs like the MT4C1004
are still pretty expensive and difficult to ob-
tain. If you can get them, make sure that they

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

Practical use

Connect the input of the printer buffer (K1)
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 dis-
play 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 bufter memory can be
printed more than once (i.e., copied). The
copy function is started by pressing the
‘COPY’ key, whereupon the assaciated LED
will start to flash. Copying can be terminated
at any time by pressing the ‘CLR’ key, and
started again by pressing ‘COPY". If, how-
ever, the 'CLR’ key is pressed a second 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 dupli-
cated (rather than the complete contents of
the buffer memory), the control software
contains a strobe-timeout routine that marks
the start and end addresses of a file, about
40 s after the last strobe signal received from
the computer. |



MULTI-PURPOSE 280 CARD

PART 2: CONSTRUCTION AND TEST

:v\“‘jﬁ“‘ - 'a\&w

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 a num-
ber 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 thatis re-
quired 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 appli-
cation EPROM are called when the system
starts: the first before, and the second, after,
the test routines. For example, the first rou-
tine may set up a key code translation table
for the IR receiver, which may be verified via
the keyboard test routine. The second rou-
tine then contains the application proper.

Software support

The diskette available for this project
(MSDOS 360 KByte 5V4-inch; order cade

Fig. 7.
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 tem-
porarily inserted into a few pieces of strip-
board.

There is nothing mysterious about

1711) contains examples that demonstrate
the practical use of some of the software fea-
tures 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
a software "hook’ that adds a routine 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, 8 data bits, no parity, 1 stop 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

SOFTWARE SUPPORT

The multi-purpose Z80 is supported
by the following software;

« ESS 6111: a set of two GALs
for address decoding and
memory decoding;

+ ESS 6121: one programmed
27128 EPROM containing the
BIOS;

* ESS 1711: one 5V4-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.

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 a single 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 in-
structions for use.

Connections to the outside
world

Your own hardware experiments may be
connected to the Z80 card via flatcables. 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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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 a small 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 (prefer-
ably not at the side of the Z80 card). In this
way, the Z80 card ia 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 con-
nectors, these are best inserted into two or
three stacked pieces of veroboard (see
Fig. 7).

The components list contains all connec-

“7 LCD CONNECTIONS ."
I ko Tpisplay
+ 1 — -
h1 GND VSS |
| 2 +5V VDD
'3 | CONTRAST Vo
ﬂ4 A1 RS H
Il 5 : A0 I R/W "
6 DISP |E
|7 55 080
¥ D1 DB1
li 9 | D2 DB2 |
10 D3 ' DB3
11 D4 | DB4
| 12 ‘D5 DB5
RE! D6 DB6
14 D7 DB7
:; 15 l BL | A(node)
16 | GND | C(athode) ]
Fig. 9. Pinning of K10 (Z80 card) and the

LCD. If necessary, the LCD back light may be
powered separately via flatcable wires 15
and 16 (see text).
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tors and flatcables necessary for the applica-
tions implemented on the Z80 card. The
cables required are described below.

Liquid crystal display

The PCB connector for the LCD also pro-
vides 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 a piece of 16-way flatcable is fitted
with a normal 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 stand-
ardised, the actual positions of the pins may
differ. The back light must be an LED (there
are also LCDs around that use a higher volt-
age for the back light). Depending on
whether current drive or voltage drive is re-
quired, resistor R21 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 flat-
cable, 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

RS232 CON-NECTIONS

D9-Connector

21 | (female)
1 1
2 6
3 2
4 7
I 5 ‘ 3
6 8 I
EY
| 8 9
1‘ 9 5
&—10 = ——
Fig. 10. Refer to this pinning overview in

case you are forced to use a solder type
g-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 flat-
cable. The pinning of the PCB connector does
not correspond to that of a standard solder-
type 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 a 10-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 enclo-
sure, the 9-way sub-D connector will nor-
mally be fitted on the rear panel, so that a
very short cable is required. A standard 9-to-
9 male-to-female RS232 cable is then used to
connect the Z80 system to a PC. If you can
not obtain such a cable, you may have to
make one yourself from a length of flatcable
and two IDC connectors (see Fig. 11). Make
sure that pin 1 of the female connector goes

Fig. 11.
of flatcable and two IDC connectors.
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A standard 9-t0-9 male-to-female RS232 cable is not difficult to make from a length



to pin 1 of the male connector.

Infra-red remote control

The RC-5 infra-red remote control receiver is
connected to the Z80 card via a length of 14-
way 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 a small 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 en-
able these components to be fitted on the
front panel (see Fig. 13).

Printer connection

There are two printer connections: a stand-
ard one, PRN, and another, PRN’, for spe-
cific applications. Figures 14 and 15 illustrate
how the PRN connector is wired to a 25-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, a rechargeable battery, or a lithium
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 a lithium cell
is used, this must be shunted by a 3.3-MQ re-
sistor 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 pA, 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-MQ resistor is
best fitted at the solder side of the PCB.

The minimum and maximum battery
voltages are 2 V and 4 V respectively. When
the system is switched off, the current con-
sumption of the RAM ICs is between 2 pA
and 4 pA.

Construction and test

The PCB designed for this project is remark-
ably compact, and fits in a Retex 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 your-
self, mainly because of the high track density
and the large number of through contacts.

Before you start populating the board,
file away a small 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 recom-
mended to use boxheaders in the connector
positions on the board. A boxheader is a pin
header with a plastic enclosure around it. It
has a polarizing hole that prevents an IDC
socket being inserted the wrong way
around. If you have never seen a box header
before, look at the photographs in this and
last month’s instalment. If the LCD men-

MULTI-PURPOSE Z80 CARD

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.

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 a wire jum-
per in position R21.

First, connect the Z80 card to a suitable
power supply, and check that the current
consumption is normal, i.e., a few 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 key-
board connected, and about 300 mA with the
keyboard and the back-lighted LCD con-
nected.

Do not forget to switch off the power sup-
ply in between the steps. If the circuit does
not behave as described, check for errors
around the component(s) last fitted.

1. Fit IC18, and use an oscilloscope to check
that the oscillator works (pin 6).

2. Fit the following ICs and jumpers: IC4
(Z80B-CPU); IC8 and IC9 (Z80 decoder 1 and
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 IC1 (EPROM ESS 6121, a type 27128),
and the LCD. Before re-applying power,
temporarily connect the cathode of D5 to
ground, and set P1 to mid-travel.

WorldRadioHistory
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PRTF‘ITER CONNECTIONS

| 7

' D25-Connector

‘ K9 B l(female)
1 1
2 2

] 3

| 4 4 l
5 5
6 | 6
7 7

e ~
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 re-
tained because no interrupts have been in-
itialized as yet. Thus, if the card works
correctly so far, the 'halt’ LED must light.

The LCD is not yet initializd, but will in-
dicate an empty line and a black line when

ELEKTOR ELECTRONICS USA JUNE 1992



m COMPUTERS AND MICROPROCESSORS

Fig. 15.

Centronics printer cable details.

correctly connected. If nothing shows on the
LCD, try to adjust the contrast by turning
preset P1. If this does not work, review the
LCD connections. If you are using a back-
lighted LCD, concentrate on the LED cur-
rent. Measure the current consumption via
the jumper marked ‘LCD’ — typical values
are of the order of 120 mA 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.

4. FIt IC3 (a 43256 32-KByte RAM), IC7
(Z80B-P10), ICs (Z80B-CTC), jumper BZ,
IC:0 (MAX690), a jumper on pins 4 and 5 of
K14; IR receiver and/or keyboard. After ap-
plying 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 in-
tact and at the original location).

When this part of the RAM test is success-
fully completed, a copyright message is out-
put to LCD, informing you that 32 KBytes of
memory have been found. Also, a beep
sounds to indicate that the 1/O has been in-
itialised. Next, a second RAM test is run to
check for the presence of RAM in parallel
with the EPROM (10000H to 17FFFH). After
this test, a memory 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

| BATTERY JUMPER CONNECTIONS |

- _ ) S—
Pin number (K14) T1 2 3 4 5 ‘”
¥ il -

no battery 4-5
| normal battery 3-4
| Lithium battery 2-3 I‘
" NiCd battery 1-2 3-4 |

Fig. 16. Battery options and jumper set-
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Fig. 17a.

Component side track layout (mirror image).
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Fig. 17b.

Solder side track layout (mirror image).
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configuration is allowed in memory configu-
rations 1,2 and 3 only. Since we have set con-
figuration ‘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 a key 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 fol-
lows. 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 a short 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 chan-
nel ‘1’ key on the IR transmitter, the system
switches to the next test routine. The system
now responds to keyboard entries by beep-
ing when a key 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 (COMS81C17), and IC13 (MAX232).
Before applying power, remove the wire be-
tween the cathode of D5 and ground, and set
P1 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 3 to 5, and pin 4 to pin 6.

After powering up, readjust P1. 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 re-
ceived (‘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 a 100-kQ
potentiometer and a multimeter to K1, as
shown in Fig. 18.

After powering up, step through the test
routines by pressing the ESC key until the A-
D/D-A test routine is reached. The voltage
reading on the multimeter must change pro-
portionally as you turn the potentiometer.
The voltage range is 0 V to 2.5 V when no
jumper is fitted on pins 1 and 3. If the jumper
is fitted, the range is 0 V to 1.25 V (in which
case half of the travel of the potentiometer
‘does nothing’).

7. Fit IC16 (74HCT574) and IC17 (74HCT541).
Press the ESC key as many times as necess-
ary to arrive at the printer test routine. The
message ‘Test printer Y/N’ appears. If you
type’'Y’, the Z80 card transmits three lines of
text to the printer. An error message is pro-
duced 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
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S — ) e Fig. 18. ADC/DAC test circuit.
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| C
= = 39 > returned to the start of the test routine. This
3 7 1 N s = » gif[- b .
oalll|le = X s allows you to run the test repeatedly, which
o allllls= %P Pt is useful when errors are to be eliminated.
oo™ o o o © o
11 =N 1 r" o == a 8. Fit IC14 and IC15. Since the use of the exter-
o o LI o © o . : .
© © o ; q a\" nal buses EXT1 and EXT is application-de-
s - - & o pendent, no provision is made to test them.
= fes 3
N 4,224 I That concludes the test procedure. Depend-
/3: . ' lolalc ing on ’the apPli‘ca’tion of the Z80 card, you
© o ° a'me R jo may wish to fit it in an enclosure (as we did
A \OLE1S°JO — see photographs), or build it into the en-
© o ,; closure of an existing application. In either
- == —— — flatcabl P go0d
S i | /_’_ case, flatcables are a good way to ensure a
: S P H—— — S well-finished product (Fig. 20), that is, a neat
f) looking unit without a wire mess inside. The
7 flatcables may be left relatively long to en-
= d
ol o el )=~ able them to be folded and tucked under the
© st LE{ PCB. Note, however, that IC socket pins can
3—’ - cause problems by piercing the insulation of
3 P YP )

Q-‘ e the flatcable wires when the PCB is pressed
N ® : too hard on the flatcable. These problems
/P:)l 8 _— may be avoided by cutting the protruding
/ :IP_J t% = 2 ¢ parts of the IC socket pins with pliers. Even

2 N TCT 50 better, do this before soldering the pins: fit
@ ° ¢ the IC socket, and secure it by soldering two
=== diagonally located corner pins only. Next,
o cut the other pins to the minimum length.
O o Soldering will then not present problems in
o\ 3
= 8¢ 8 any case because the PCB is through-plated.
== 2 o} _
] "o » Jele Practical use
= 500 3 el -]
%00 Having constructed the Z80 card, you are
| ) (o 92 ready to concentrate on applications. Unless
° & . -
e ® 000 you have a fully working application pro-
oo gram in EPROM, you will need an EPROM
a simulator and a Z80 assembler to be able to
. F———"» develop software. Suitable assemblers are,
LI A — for instance, the X80 and X280 from
2) o J — » B 2500 A.D. Software Inc., 109 Brookdale Ave,
& Box 480, Buena Vista, CO 81211, US.A.
00600 o ) ° If you expect to exchange EPROMs fre-
(ﬁ\ o quently, it is worthwhile to invest in a ZIF
or® ° socket. Do not solder this straight on to the
= - o board, but use two or three stacked, normal,
seibpoasoppEEens ja 8e ja sens = sockets in between. This has the advantage
49108 880 §eepeateuadaziog i 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 de-
tailed to use the file, or parts of it, in your

Fig. 17c. Component mounting plan. own source code. In many cases, the infor-
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COMPONENTS LIST

Resistors: | 1 ZzsoB-CTC IC5 ! 2 PCB-mount push-button S1;82
| 5-way 10k€: SIL array R1 2 Z80B-PIC IC6;IC7 13-V lithium battery with
12 10kS2 R2,R3;R4;R10; 1 16V8 GAL connectiing wires, e.g.,
R11;R12;R14; {780 decoder-1) ** IC8 Varta CR 1/2 AA 950 mAh
R18-R20;R23;R24 1 16V8 GAL (no. 6127), or Varta CR 14 AA
3 1kQ R5;R6;R9 (Z80 decocer-2) ** ICg 360 mAh (no. 6147) Battl
1 12kQ R7 1 MAX690 IC10 1 Quartz crystal 5.0688 MHz X1
1 47k R8 1 AD7569 ICi1 1 Active buzzer 5V Bz1
1 100kQ R13 1 COM81C17 iC12 1 50-pin strip for jumpers
1 330Q R15 1 MAX232 IC13 15 Jumper
2 2kQ2 R16;R17 2 74HCT245 IC14;1C15 1 Heat-sink for IC20 ard 1C21,
1 4Q7 0.5W R21 1 74HCT574 IC16 e.g. SK59/37.5 SA
1 470Q R22 1 74HCT541 1C17 1 LCD 2x40 characters with
1 74HCT74 IC19 1 Enclosure, e.g., Retex RE.4
Capacitors: > 7805 1C20:1C21 1 10-way IDC socket (RS232)
2 68pF c1.c2 2 9-way female sub-D flatcable
5 10pF 16V radial C3-C7 * this EPROM is available ready-pro- connector (RS232)
17 100nF C10-C13,C15-C27 grammed: order code ESS6121. 1 9-way male sub-D flatcable
1 220pF 16V radial c14 **these GALs are zvailatle as a ready-pro- )

{ 16-way IDC plug {LCD)
1 16-way IDC socket (LCD)
25-way sub-D socket for panel

grammed set: ordet code ESS6111.
Semiconductors:

.

2 LED red 3mm D1;D4 Miscellaneous: )
1 BATB5 D2 1 6-way PCB-mount mounting (PRN)
1 1N4201 D3 DIN socket (240°) K1 2 14-way IDC socket {FRN and Remote)
A . 1 14-way IDC plug (Remate}
; i 1 2-way PCB terminal block;
o e coect S S *iteh Smm Kz 1 Printed circuit board 920002
1 BCS57B T3 2 10-way boxheader K3;K11 1 Diskette ESS 1711
1 BCg47B T4 5 14-way boxheader K4 K5:K6: Approx. 2.5m (8 ft.) flatcable with 50 wires
K9 -Kg min.
1 27128 EPROM (BIOS * ~
or 27256 ( ) Ic1 2 20-way boxheader K7:K8 .
1 27128 EPROM i 16-way boxheader K10 Options:
or 4‘3;2“6 RAM 1 5-way PCB mount DIN 1 RC-5infra-red receiver (Ref. 2; 910137)
(depenvds on application) IC2 socket (180°) K12 1 Infra-red transmitter Policom IRC301
1 43256 RAM iC3 1 50-way boxheader K13 1 PC-XT keyboard
1 Z80B-CPU IC4 1 5-way SIL pin header K14 1 mains adapter 9-15V @1A
>3 >3 > >> > >>>> ELEKTOR TRINT TEST <<<<<<<<<<<<<<

ABCDEFGHIJKLMNOPCRSTUVWXYZakcdefghijklmnopgrstuvwszyz
12345678901@#5%°&* () _+-=[1{}; " :",./<

Fig. 19. Printer test text.

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

mation contained on the disk, together with
the variables and the associated addresses
set up by the BIOS, will prove extremely usc-
ful to write a program quickly and cffi-
ciently.

Talking of future applications, the pres-
ent Z80 card will form the ‘brains’ of an ad-
vanced photographic slide control system to
be described in a forthcoming issue of Elektor
Electronics. The system, called DIiAV (for
Digital Audio/Visual), is capable of control-
iing up to 16 slide projectors. Note that the
GALs and the EPROM required for the
' DiAV controller are not the saine as the ones
I used here, and order codes will be published
Fig. 20. Folded fiatcables give a neat impression and add considerably to a ‘professional  in due course. The DiAV requires a 32-KByte
look’. RAM (43256) to be fitted on: the Z80 card. ®
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ANALYSER IIT — A REVIEW

by Mike Wooding G6IGM

NALOGUE circuit design
is traditionally difficult be-
cause 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 spec-
trum that the design is intended
to work over. Furthermore, the
time spent on building bread-
boarded prototypes to conduct
the tests on is pretty expensive
in most cases. One way to cuton
development costs is to use a
computer simulation of the de-
sign, and analyse its perform-
ance in theory before anything
is built. Fortunately, computer
programs to do this have de-
scended from ‘higher spheres’
to a level where one encounters
the intrepid hobbyist.
Analyser III is a fast, ad-
vanced and easy to use Linear
Analogue Circuit Analysis pro-

composed.

A netlist is a file of connec-
tions between the various com-
ponents 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 edi-
ting and production, the next sec-
tion 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. In-
itially, the display defaults to a
frequency range of 1 kHz to

gram. The package allows elec-
tronic designs to be tested
without soldering a single component and,
often more important, without the need for
expensive test equipment. The circuit de-
sign can be tested on a PC and modifica-
tions made until the circuit functions as
required all without using a soldering iron
in anger, or blowing up any expensive de-
vices.

The system is ideal for the analysis of
filters, amplifiers, cross-over networks,
wideband amplifiers, aerial matching net-
works, radio and TV IF amplifiers, chro-
minance 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 I11

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 5 and 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 pro-
gram, Analyser 1l keeps a high proportion
of its temporary data on disk during oper-
ation. Consequently, when using a floppy

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 a choice of either 9
or 24-pin dot-matrix printers or HP Laser-
Jet I printers.

The user manual

The comprehensive user manual is pack-
aged in an A5 ring binder, which allows the
easy insertion of upgrade instructions, per-
sonal notes, etc., and follows the well es-
tablished pattern of Number One Systems’
program documentation (see photograph).
The first few pages of the manual deal with
an overview of Analyser III, the installa-
tion 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 com-
mands, 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 in-
struction, a predesigned simple passive
twin ‘T’ notch filter circuit is used as a
practical example, from which a netlist is

WorldRadioHistory

1 MHz, but this range, and any
other of the display parameters,
can be changed simply by a few 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 se-
lection, scaling the various plots, including
offsets in the analysis, using the display
grids and tabulating the results.

The remaining sections of the user ma-
nual deal with printing out the plots, con-
verting 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
entrics, using the libraries, customising
Analyser [II to your exact requirements,
using the DOS browser and, finally, a list
of the built-in library component entries is
given.

The analyser

Once a circuit netlist has been created and
the input, output and ground connections
established, Analyser Il simulates the cir-
cuit operation and displays on the screen a
plot of the frequency and phase versus gain
such as one would see displayed on a cir-
cuit analyser or spectrum analyser, but
only after the circuit had been built.

The “tilde’ key (~) will trigger a prin-
tout of the current screen (including any
menus, etc.) in ‘extra’ dot-matrix, Laserjet
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or GEM format, as defined in the Configu-
ration 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 ac-
tive mode highlighted. The program de-
faults to the analyser mode on start-up. The
other modes are:

Configuration  Customises Analyser 111

Libraries Maintains Component
libraries

'DOS Manipulates Files and
Directories

Fl Help (on-line help
information)

Quit Leave Analyser III

Also shown in the menu area are the file
name of the circuit currently being ana-
lysed, the frequency limits of the analysis,
the number of steps in the analysis and
whether the scales are logarithmic or li-
near.

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 li-
braries to be scanned and manipulated.

'DOS:

Selecting this command displays a menu 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 cur-
rently held in Analyser III. Quitting the
DOS Shell returns you to Analyser III,
exactly where you left it.

F1 (HELP) and QUIT are self-explana-
tory.

The main area of the screen is devoted to
the analyser display with the moveable
cursor.

At the bottom of the screen is a sub-
menu of control commands for the differ-
ent plots, a display 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 ac-
commodated within Analyser III’s capa-
bilities. Having spent most of my working
life in electronic test laboratories, I think I
can safely say that I do not know of any cir-
cuit 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 down-
convert the final signal before conven-
tional 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-conver-
sion has on the display. Finally, the circuit
has to be prototyped and built before such
analysis can take place.

The libraries

As I mentioned earlier, there are inbuilt li-
braries in Analyser III, which make the
creating of netlists much quicker. The li-
braries are:

1. PRIM.ALB: a library of all the basic de-
vice 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 thou-
sands of different devices, and every en-
gineer 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 a circuit,
and subsequently naming the component
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type being used, Analyser 11l 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 a particular cir-
cuit, or part of a circuit, more than once.

Conclusions

After having familiarised myself a little
with the concept of a netlist, I successfully
created the one for the example circuit.
Following the instructions 1 then con-
nected my inputs and outputs, and Ana-
lyser 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 I do, I can imagine that
in a development environment Analyser I11
would be far more ideal. The fact that a de-
sign 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 fre-
quency spectrum as you like, plus the
ability to change devices in the circuit for
re-analysis, could prove a great boon to cir-
cuit designers.

I can heartily recommend Analyser I to
anyone engaged in linear circuit design and
testing work. This software enables a de-
signer to test a circuit ideally up to the pro-
duction stage, without even raising a
soldering iron in anger and committing any
devices to the breadboard, or dustbin! =
I wish to thank Mr. Espin and the staff of
Number One Systems Limited for their
help and advice, and for the review soft-
ware.

ANALYSER II! costs Y5$375 (delivered), with
manual, 5% and 3%2“ disks. Send checks to
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 instruc-
tion set, and also get to grips with the con-
cept of bit addressing. The new
instructions allow programs to be written
with ‘real world’ applications such as the
control of a small servo motor in a model
boat, and outputting an analogue voltage.
Both applications make use of the hard-
ware extensions described in last month’s
instalment.

Flags and bit addressing

It is often required for a program to wait for
a certain signal to change state, which is
called a condition. Such a conditional sig-
nal 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., a bit or
a flag, for instance, bit 3 in the accumulator
(written as ACC.3). The 8051 family of
microcontrollers offer a number of instruc-
tions for bit addressing and logic bit man-
ipulation (for instance, an OR function)
that allow bit states (0 or 1) to be evaluated
in a simple way.

The microcontrollers in the 8051 series
can address 256 bits in the range O00H to
OFFH. As with direct addressing, the func-
tion of the addresses smaller than or equal
to 127 is different from those greater than
127. The addresses from O up to and in-
cluding 127 are used to address bits in the
internal RAM. Bit address O corresponds
to bit O of the byte at address 20H in the in-
ternal RAM. Likewise, bit address 127
corresponds to bit 7 of the byte at address
2FH in the internal RAM. Hence, the
16 bytes 20H to 2FH of the internal RAM
store bits O to 127 (see Fig. 5 in part 1 of
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 OE3H is
used to address bit 3 in the accumulator
(SFR OEOH). The assembler used during
this course does all the adding automat-
ically if you use the so-called point nota-
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Register bank selection

RS1 RSO Register bank

Bits (flags) in program status word (PSW)

CY PSW.7 Carry Flag : carry (overflow) flag, bit accumulator C
AC PSW.6 Auxiliary Carry : aux. flag for BCD applications
FO PSW.5 FLAGO : available for general applications
RS1 PSW.4 Reg. bank select 1 : selects register bank; bit RSl
RS0 PSW.3 Reg. bank select 0 : selects register bank; bit RSO
OV PSW.2 Overflow : overflow flag
PSW.1 : available for general applications
P PSW.0 Parity : parity in accumulator

Addresses

in internal RAM

s s
0 0 0 00H - 07H
0 1 1 08H - OFH
1 0 2 108 - 17H
1 1 3 18H - 1FH
910109-4-11

Fig. 13. Function of the flags contained in the PSW (program status word).

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

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

JB  ACC.3,THERE ;jump to THERE with three ‘0’ bits are bit addressable; these
when Accu bit 3 are the SFRs marked with an asterisk (*) in
is set Fig. 8 (see part 2).
Instructions that change flags
MNENOMIC C OV AC
ADD X X X
ADDC X X X
SUBB X X X
MUL 0 x
DIV 0 x
DA X
RRC X
RLC X
SETB C 1
CLR C 0
CPL C X
ANL C,bit X
ANL C,/bit X
ORL C,bit b4
ORL C,/bit X
MOV C,bit X
CNJE x
x = flag changed
1 = flag set
0 = flag reset
/bit = inverted bit combined
Note: flags also changed by writing to SFR address ODOH.
910109-4-12
Fig. 14. Overview of MCS51 instructions that change the flags in the PSW.
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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 a result of a subtraction. This informa-
tion 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 a kind of one-bit accu-
mulator 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 O is
used during this course, these bits should
not be changed. Bits 1 and 5 are free for
general use and may be set and interro-
gated 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.

Conditional jumps

Conditional jump instructions are used to
perform certain functions in a program, de-
pending on the state of certain external sig-
nals or occurrences. The conditional jump
is made when the relevant condition set up
by the instruction is fulfilled. If the condi-
tion is not fulfilled, the program simply
continues with the next instruction. Practi-
cal examples of the use of conditional
jumps may be found in XAMPLEOQ6.AS1
and XAMPLEOQO7.A51 on your course disk.
The respective list files are given in
Figs. 20 and 21. The microcontrollers in
the MCS-51 series offer the following con-
ditional jump instructions:

JZ  addr ;jump to addr if
accu=0

JC  addr ;jump to addr if
carry flag (PSW.7)
is set

JB  bit,addr ;jump to addr if bit
at bit address 1s 1

JBC bit,addr ;as JB, but clear bit

The first three of these instructions are also
available in the form of a negative condi-
tion, marked by a preceding ‘N’.
Conditional jumps are ‘short’ jumps,
i.e., they can be used for an address dif-
ference within the range +127 to —128

8051/8032 ASSEMBLER COURSE - PART 4 m

JOIN THE COURSE!
What you need to follow this course:

e a 8032/8052AH-BASIC single
board computer as described in
Elektor Electronics May 1991.
The preferred CPU is a 8051 or
80C32. Alternatively, any other
MCS52-based microcontroller
system (but read part 1 of the
course);

* a course diskette (IBM: order
part number 1661; Atari: order
part number 1681) containing
programming examples, hex filo
canversion utilities, and an
assembler;

e a monitor EPROM (order part
number 6091);

e anr IBM PC or compatible
operating under MS-DOS, or an
Atarl ST with a monochrome
display.

Appeared so far;

Part 1: Introduction (February 1992)

Part 2: First 8051 instructions (March
1992)

Part 3: Hardware extensions for
80C32 SBC (April 1992)

(refer back to ‘SIMP’ in part 2). Because
of this. it may be necessary to conditionally
jump to a ‘long jump’ instruction.

Compare instruction

The ‘compare’ instruction of the 8051
takes the torm of a conditional jump:

CNIJEopl,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 instruc-
tion is particularly useful to direct the pro-
gram flow depending on whether a certain
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register contains a predetermined value.

Count instruction DJNZ

Wherever program loops are used, and the
number of iterations is between 1 and 255,
the command

DINZRn,rel

may be used. The DINZ instruction first
decreases the contents of the indicated reg-
ister by one. Next, a check 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 a directly addressable byte instead of a
register.

For a practical example of the use of the
DINZ 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, a few ‘idle’ com-
mands are executed before the loop is
started again with the DINZ instruction.
The value loaded into register R1 deter-
mines how many times the loop from
line 29 to line 33 is repeated. Since each of
the instructions inside the loop takes 10 us
to complete (see the ‘T’ column in the .LST
file), the loop ‘WAIT’ creates a delay of
about 10 times R1 microseconds. Not
exactly 10R1 us, because time taken by the
ACALL, RET, CLR and SETB instruc-
tions should be added. These increase the
actual pulse length by about 5 ps.

Logic combinations

The MCS-51 microcontrollers offer the
following instructions to perform logic
combinations: OR, AND and XR (exclu-
sive OR). The logic combination com-
prises all bits of both operands. They are:
ANL target,source ;target replaced by
(target AND
source)

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

ORL target,source

XRL target,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
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E COMPUTERS AND MICROPROCESSORS

ate pulses to control a servo motor that
operates the rudder in a remotely control-
led model boat. Fig. 15 shows the timing of
the pulses involved. As you can see, it is re-

11110010B = F2H = 242,

the logic operators give the following re-

sults: quired that the program generates ‘short’
Instruction ANLARO ORLAR0  XRL ARO
A before: 10010111 10010111 10010111
RO before: 11110010 11110010 11110010
Aafterwards: 10010010 11110111 01100101

pulses of 800 us when push-button ‘A’ is
pressed, and ‘long’ pulses of 1600 us 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 pro-
gram generates pulses with a length of
1200 ps. The pulses are separated by 10-
ms 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

The ANL instruction may be used, for in-
stance, to reset (clear) certain bits in a byte,

approx. 10ms

without changing the others. Likewise, the Key B pressed Key A pressed
ORL ins:truction is qsed to set Cfartain l?its. 1200ps 1600us 800ps
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 I | | | n
bits 0, 1 2, or 7 in the accumulator is set, as i | Rich ;
. . ] ight Left
shown in the programming example : mid - way : aTales : short pulse
1 !
ANL A#10000111  ;mask bits 7,2, 1 —* Pause |
|
| 1

b
and 0 :
;A not 0 when one
of these bits is set

JNZ set

910109-4-13

Fig. 15.
The operation of the related instructions

Pulses used to control a small servo motor.

ANL C,bit-operand ;C replaced by

CLR A ;clear accumulator
CPL A ;invert bits in ac-
cumulator BORT{RY
prof— !
speaks for itself. Ny - ) [
B |
. \ . . \ P1sf—7 |
Bit manipulation instructions pi7)—8 :
The bit manipulation instructions 8051 — - :
W 777 |
CLR bit-operand :clear bit S : .
SETB bit-operand ;set bit I -~
CPL bit-operand ;invert bit databus : 5
|
|
I
|
|

Pulses :

-q————-P1.0=0
[ I Sy

2“

B

ter. 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.

5V 5V
(C AND bit) T
ORL C,bit-operand ;C replaced by
(C OR bit) E
MOV bit,operand,C  ;bit replaced by C Q /117/// Q =
MOV C,bit-operand  ;C replaced by bit D I — BIT 6
| BIT 7
allow single-bit manipulations to be car- __J ll . d «[
ried out on bytes. Their usage is similar to | | s2 53
that of the logic manipulations. The C-bit : 0
(bit 7 in the PSW) is used as a result regis- | 0CO00H
|
|
|
|

\/\/\/

80C32 SBC
Testing a servo motor

The function of the program given in the

® ®

short tong

extension board
910109-4- 14

assembly file XAMPLO06.AS51 is to gener-

Fig. 16. Signal flow in the pulse generator.
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Setport P1
to
11111118
NEW
y
Keys status
toLEDs
short normal no long
R1: =80 Rf: =120 R1:= 160
I 5 J
v pulse
se1P1.0 pulse
to0 starts
[
wait for
LD end of pulse
s':::'o pulse ends
PAUSE
T 910109-4-15
Fig. 17. Flow diagram of the pulse gener-

ator program.

switches S2 and S3 respectively. The status
of these keys can be interrogated via ad-
dress OCOOOH (access to memory mapped
I/0 in external RAM). The pulses are to be
output via pin 4 of the MIDI socket, K5.
This requires jumper JP3 to be set to posi-
tion ‘B’. Because of inverter IC4c on the
extension board, a ‘0’ sent to port P1.0 re-
sults 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 P1, the
program enters a endless loop at label
‘NEW?’. First, the status of the keys is read
and indicated on the LEDs connected to
port P1. The ORL instruction in line 14 en-
sures that the pulse output bit, P1.0, re-
mains ‘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

8051/8032 ASSEMBLER COURSE - PART 4

of the push-buttons. If push-button ‘A’ is
pressed, bit 7 in 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 R1
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
has elapsed, the pulse is ended with the aid
of the instruction in line 25. The previously
discussed bit manipulation instructions are
used to set and reset the output bits.

Next, a pause of about 10 ms is created
by calling subroutine ‘PAUSE’. When the
pause has elapsed, the program jumps to
‘NEW’, and starts again.

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 DIJNZ instruction.

If you do not have a servo, it is, of
course, possible to test the program by con-
necting pin 4 of K5 to an oscilloscope. A
small modification will enable the program
to be used as a simple sound generator. All
that is required is to change line 36 into

MOV R2 #1

and change bit P1.0 into bit P1.1 in lines 23
and 25. This causes the loudspeaker (con-
nected to P1.1) to produce a sound of
which the frequency depends on the push-
button pressed.

It goes without saying that the above
changes to the program can be taken fur-
ther by those of you who want to generate

|
|
|
|
!
I

Bit6

R-2R network
forms D-A converter

P e N

o }— .. 4 »

Latch
databus : I
| R
Bit7 Analogue
A output
| Buffer
WRITE
0C000H
Bit0

Comparator

O "

Bit7

|
READ
0C000H

Y
®

?
]

910109-4- 16

Fig. 18.
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Basic connection of the D-A converter to the 80C32 single-board computer.
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Set
D-A value
to 128

NEW

Y

send
D-A value
to DAC

v

wait
5ms

v

Comparator
outputs
on LEDs

Key A
pressed?

Key B

pressed?

can not
be decreased

v

increase
D-A value

D-A value
=0?

D-A value
=0?

overflow!

decrease
D-A value

Ye

D-A value = 255

71

< )

<

910109-4 - 17

Fig. 19. Flow diagram of the D-A converter output routine.

signals with a specific pulse length or pulse
order. The first step towards a program-
mable pulse generator has been taken.

Counting

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

INC Byte-operand :increment byte

by |

DEC Byte-operand  ;decrease byte
by I

INC DPTR ;increase 16-bit
DPTR by 1

As usual, the byte-operands that may be
used are given in the instruction set over-
view in part 2. The INC and DEC instruc-
tions do not change any of the flags,
including the carry flag. Increasing the
value 255 results in 0, and decreasing O re-
sults in 255. A simple application of the
DEC and INC instructions may be found in
XAMPLO7.

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 ‘foaded' with
an 80C32 SBC, batteries and a number of
home-made extension cards.

’
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output voltage of the DAC to be compared
to the voltage applied to inputs 1, 2 or 3.

ARRRR0 PEGEITS of CIEN EINDRENE) 000ooo The function of program XAMPLE(7 is as
LINE LOC BJ SOURCE
2 e E oo e SR COONOaNOANN OAOOANONOONOANOANOANE follows: generate an output voltage that
2 0000 : . :
3 0000 Acc  Equ  oEoH ; SFR address of accumulator can be increased or decreased by pressing
4 0000 31 EQU  090H ; SFR PORT1 address = 090H A ‘n* .
5 0000 KEYS  EQU  0CO00H : keys address in external data MEM push-button ‘A’ or ‘B’ respectively. In ad-
6 0000 short EQU 80 ; short pulse 8C0 microsec. O
7 0000 normal EQU 120 ; normal pulse 1000 microsec. dltlon’ ShOW the status Of the Comparator
8 0000 long EQU 160 ; long pulse 1600 microsec. OU[pU[S on the three LEDS
9 0000 ; g
10 0000 ORG 41004 ; program to run from 4100H L
11 4100 75 90 FF [2) START MOV  P1,#11111111B ; all port bits = 1 Summarizing, the proposed system
12 4103 90 CO 00 ([2) NEW Mov DPTR, #KEYS ; keys address
13 4106 EO ] MOVX A, @DPTR : read keys (bits 4,5,6,7) allows us to program an output voltage,
14 4107 44 OF (1) ORL A, #00001111B ; set bits 0,1,2,3 to 1 BrRen e g
15 4109 F5 90 (1] MOV P1,A : LEDs correspond to keys, P1.0=1 and find out if this is greater or smaller than
16 4108 30 E7 07 (2] JNB  ACC.7,KEYa ; key A = short pulse .
17 410E 30 E6 08 [2] JNB ACC.6,KEYb ; key B = long pulse the VO]tageS at the three Comparator lnPUtS‘
18 4111 79 78 (1) MOV Rl, #normal ; no key, normal pulse 3
19 4113 80 06 (2] SJMP  PULSE ; do pulse The flow diagram of the program we
20 4115 79 50 (1] KEYa MoV R1, #short ; different length 3 3 3 3 3 B -
2 e o o R have in mind is given in Fig. 19. The as
22 4119 79 AO {1] KEYb MoV R1, #long ; different length H
23 411B €2 90 {1} PULSE CLR P1.0 ; P1.0 goes low, MIDI goes high sembly language program (Fig. 21) has a
24 411D 31 25 (2] ACALL WAIT ; wait for pulse length (R1) 1 1
it ACALL wAIT i A couple of instructions that may be new to
26 4121 31 30 (2) ACALL PAUSE ; 10 milliseconds pause 1 1 1
27 4123 80 DE (2] SJMP NEW ; and another round yOU. A]SO’ lntema] RAM addreSS|ng 15
28 4125 ; 1 1 c ¢
29 4125 AF EO (2] WAIT MOV R7,ACC ; subroutine R1*10 microsec used.for the flrSt time. Let us have a IOOk at
30 4127 AF EO {2) MOV R7,ACC ; 2 microsec. each 1 1 1
31 4129 AF EO (2] MOV R7,ACC ; get timing right tge hstmg 'f] Flg' 21. The Currf(:)nstova]_ue l?f
32 412B AF EO (2 MOV R7,ACC
33 412D D9 F6 (2) DJINZ R1,WAIT ; Rl times 10 cycles of 1 microsec. t S VO]tage is storc?d at addre.ss R H in the
34 a1z 22 (2 RET i end of subroutine internal RAM. This address is assigned the
36 4130 7A 0A (1] PAUSE MOV  R2,410 ; 10 milliseconds label ‘DA_VALU’ in line 9. When the pro-
37 4132 79 64 [1] PAUSE1l MOV R1,#100 ; equals 10*100*10 microseconds - . .
38 4134 31 25 2] ACALL WAIT ; wait 1000 microsec. here gram starts, the voltage is set to 128 in
39 4136 DA FA (2] DJNZ R2,PAUSE] ; conitinue outer loop 7 .
40 4138 22 (21 RET ;i End of subroutine line 12. In the loop that starts with the label
ERIEE C e ‘NEW’, DA_VALL, i.e, the value at 050H,
*axaxwrxax SYMBOLTABLE (14 symbols) *xxxxxxaxx ; J inad J ) J
ACC :00E0 Pl :0090 KEYS :C000 short :0050 is sent to the DAC (lines 14, 15 and 16).
normal :0078 long :00A0 START :4100 NEW :4103 q
KEYa :4115 KEYb :4119 PULSE :411B WAIT :4125 Next, the program waits 5 ms before send-
PAUSE :4130 PAUSEL :4132 . .
910109418 ing the comparator output signals to the

LEDs (lines 19 to 22). Lines 23, 24 and 25

Fig. 20. This program, contained on your diskette as XAMPLE06.A51, generates pulses for  S€TVe (0 check if a key is pressed. l.f so, the
the control of a small servo motor. program jumps to the corresponding sub-
routine, which causes DA_VALU to be in-

creased (lines 32 to 36) or decreased (lines
27 to 31). In each subroutine provision is
LISTING of EASMSI (XAMPLEOT) made to prevent the minimum value being
LINE LOC OBJ T SOURCE decreased, and the maximum value being
1 0000 ; *xrxax FTILE XAMPLEO7 . ASL A A at aa aa kA ke k kAR AR AR AR KRR RR AR R RN R R RN N
2 0000 : increased.
3 0000 ACC EQU OEOH ; SFR address of accumulator
4 0000 Pl EQU 090H ; SFR PORT1 Address = 090H
5 0000 KEYS EQU 0C000H ; keys address in external data MEM.
6 0000 DA_ADDR EQU 0C000H ; DA-converter address A
7 0000 ;o : Assignment
8 0000 ; RAM ; RAM definitions
9 0000 DA_VALU EQU 0504 ; reserve 1 byte at address 50H Q
10 0000 ; 0  i.e. above loc. occupied by EMONSI On the basis of what you have learned so
11 0000 ORG 41004 ; program to run from H .
12 4100 75 50 80 [2] START MOV  DA_VALU, #128 far, combine XAMPLEO6 and
13 4103 NEW EQU $ . Qng
14 4103 90 CO 00 (2] MOV  DPTR,#DA_ADDR ; address of DA-converter XAMPLEOQ7 is such a way that the position
15 4106 E5 50 (1] MoV A,DA_VALU ; get current value into accu A
16 4108 FO (2] MOVX @DPTR,A ; send to DA-converter of the rudder (i.e., the length of the pulses
17 4109 90 00 05 [2]) MoV DPTR, #5 ; wait 5 millisecs .
18 410C 31 32 (2] ACALL TIME generated by XAMPLEO6) can be control-
19 410E 90 CO 00 (2] MOV DPTR, #KEYS . o .
20 4111 EO (2] MOVX A,@DPTR ; get comparators into bits 0,1,2 led with the pUSh-bU[[OﬂS,_]US[ like the out-
21 4112 C4 (1) SWAP A ; swap bits 0-3 with bits 4-7 .
22 4113 F5 90 (1) MOV  P1,A ; send to LEDs put voltage in XAMPLEO7.
23 4115 EO {2} MOVX A, @DPTR ; get key status .
24 4116 30 £E7 05 (2} JNB  ACC.7,KEYa : key A pressed ? You may also have a go at outputting a
25 4119 30 E6 0B (2] JNB ACC.6,KEYb H B ? .
26 411C 80 E5 (2] SIMP  NEW : no key pressed, run again sawtooth via the DAC, or any other wave-
27 411E E5 50 [1] KEYa MOV A,DA VALU ; value must be lowered - . . . . .
28 4120 60 E1 (2] gz NEW i may be nought, then do nothing form you find interesting. This will quickly
29 4122 14 [1) DEC A ; lowe 3
30 4123 F5 50 (1] MOV  DA_VALU,A J and store new valus ince internal RA take you to a level where you will start
31 4125 80 DC [2]) SJMP NEW ; start again eoe
32 4127 £5 50 (1) KEYb MOV  A,DA_VALU ; fetch value from internal RAM writing your own assembly language rou-
33 4129 04 (1) INC A : increase Q . .
31 412a 70 02 (2] INZ  Is_oK il okaylwhen not 0 tines, however simple to start with.
35 412C 74 FF [1) MoV A, #255 ; otherwise it was and is 255
36 412E F5 50 (1] ISs_OK MOV DA_VALU,A ; store new value
130 1 g i . . .
T T e 1o S i and agaln Next time: the fifth instalment of the course
39 4132 CCLTIME EQU 021H ; MONITOR command, DPTR millisecs delay H Q-8 g H g
40 4132 COMMAND EQU 030H ; MONITOR command memory location will address the remaining arithmetical in-
41 4132 MON EQU 0200H ; MONITOR jump address H H H
ioRantsz ; structions. Based on that information, we
43 4132 75 30 21 (2] TIME MoV COMMAND , #ccLTIME o 1 1
M HEE o5 08 08 BF D ot will tackle methods of implementing
45 4138 END H H M M
Avevsusies SYMBOLTABLE (14 symbols) *essssssss simple calculations with the aid of the 8051
ACC :00E0 Pl :0090 KEYS :C000 DA _ADDR :C000 1 H s
DA_VALU :0050 START :4100 NEW :4103 TKEYa :411E (calculations are often requnred to process
b IS 0K 14128 CCLTIME :0021  COMMAND :0030 measured values). Part 5 will also intro-
910109419 duce some programming techniques, in-
cluding those required for receiving and

Fig. 21. List file of XAMPLEO7, a program that turns the 80C32 SBC into a programmable  transmitting (MIDI) data via the serial in-
voltage source. terface. J
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ELEMENTS OF PASSIVE ELECTRONIC COMPONENTS

PART 2: THE IRON-CORED TRANSFORMER

HE iron-cored power transformer is usu-

ally looked on as simply a device for
raising or lowering the voltage of an alter-
nating supply, with a corresponding decrease
or increase in the current, but there is more
toits functions in life than this simplistic view
suggests. The transformer is an electromag-
netic energy converter, whose operation is ex-
plainable in terms of the behaviour of a mag-
netic circuit excited by an alternating or
changing current. As such, a brief review of
its operational behaviour as a passive elec-
tronic component, is justified.

Faraday, in his experiments into mutual in-
duction, which were described in the first part
of this short series, used an iron-cored trans-
former that differed in construction from the
toroidal forms we have today in nothing but
possibly the technology of the core mate-
rial. Essentially, in the construction of any
transformer, there are two insulated windings
wound upon a closed 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 prac-
tice, there may be a number of output coils,
but this does not affect the basic operational
principles of the transformer. For clarity,
Fig. 1 illustrates the input and output wind-
ings as being on separate limbs of the mag-
netic 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 cir-
cuit from the other while allowing anexchange
of energy between them. In addition, the
transformer may be used to transform not only
voltage and current, but also impedance,
whichenables the transfer of maximum power
through impedance matching. Further, since

920058-2-11

Fig. 1. Schematic representation of transformer
operation.
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only alternating or changing current are trans-
formed, the output circuit can beisolated from
direct-current components in the input sig-
nal. 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.

Voltage transformation

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 trans-
former is large; and because of the tightness
of the coupling between primary and sec-
ondary, the coils have a high mutual induc-
tance. When the primary coil is connected
to an alternating supply, the transformer will
simply exhibit the characteristics of an iron-
cored inductors. A current will flow and an
alternating flux will be established in the core,
a high 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, a current 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 pri-
mary and secondary induced voltages, e)
and e, respectively, will be proportional to
the number of turns in the respective wind-
ings, since all the flux set up by the primary
canbe assumed to link with the secondary and
is changing at the same rate, d¢/dt, for both
windings.

For a sinusoidal variation in the core flux
of the form ¢ = |¢ lsincor, the induced e.m.f.s
are, from Faraday’s law:

e)=T1(d¢/dr) = Tyw¢ lcoswr = E cosor
and

ey =Ty(d¢/dt) = Thw |¢ lcoser = Epcosan,
where T and T are the turns in the primary
and secondary winding respectively, and E|

and E; are the r.m.s. values of the sinusoidal
e.m.f.s. Hence,

eye =EyE =TT)=n

demonstrates that the ratio of the induced
e.m.f.s is equal to the turns ratio, n. For n>1,
the transformer is a step-up, for n<l, itis a
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step-down. These terms are applied to the volr-
age 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 pri-
mary and the secondary coil; the terminal volt-
age ratio is, therefore, not the same as the turns
ratio, but the difference can be considered
as negligible for most applications.

The unloaded transformer

We have noted that when the secondary ter-
minals of a transformer are open-circuit, the
primary winding behaves as a large induc-
tive impedance, through which a small no-
load current, /,, will flow that lags the ap-
plied voltage, V1, by an angle 6,, which will
be close to 90°. A component of this current
will set up an alternating in-phase flux ¢ in
the core that in turn produces primary and sec-
ondary e.m.f.s, E| and E,. There will be ahys-
teresis loss in the core when the flux is es-
tablished 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 cur-
rent, /,, must, therefore, contain an iron-loss
component in addition to the true magnetiz-
ing component, I,,.

The phasor diagram for the unloaded trans-
former is shown in Fig. 2, where ¢ is taken
as the reference phasor since it is common
to the primary and secondary circuits. Ignoring
the small difference between the applied
voltage, V|, and the primary induced e.m.f.,
E |, the latter will be in anti-phase with the for-

ﬁvf E,

lw ) pommmes lo

]
»Y—>
Im

Y V,=E,=-EN
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Fig. 2. Phasor diagram of the unloaded trans-
former.



mer. Further, the alternating flux that links
with the primary turns and induces a back-
e.m.f. of —E, volts also links with the sec-
ondary; consequently, there is induced in
the secondary an e.m.f. E; that is in phase
with the primary back-e.m.f. For a transfor-
mation ration of n, therefore, Ey=—E n.

The two components of [, are /sinf, in
phase with the flux, which is the magnetiz-
ing current Iy, a purely reactive component
that is just sufficient to establish the flux;
and the loss component, /,=/,cos§, in phase
with the applied voltage. This component sup-
plies the iron losses.

Under no-load conditions, the /,R cop-
per loss is very small and the overall losses
are found in the iron circuit, so that /, is al-
most equal to /. Strictly, the magnetizing
current is not sinusoidal for a sinusoidal
input, since the B-H magnetizing curve for
the core material is non-linear, but for small
I, 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 deter-
mined solely by the magnitude of the ap-
plied primary voltage. Therefore, if V| iscon-
stant, ¢ is constant. This has two important
consequences: ¢ must remain constant irre-
spective 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 2R
copper losses in both windings. It can be
demonstrated that the efficiency of the trans-
formerisa maximum when the copperlosses
are equal to the iron losses.

The loaded conditions

In Fig. 3, the secondary terminals of the
transformer are connected to a load that, as
an example, is assumed to be a positive
impedance (the most common circumstance).
Ignoring the copper losses, the secondary ter-
minal voltage, V5, will be identical to the
secondary inducede.m.f., E5, and the primary
applied voltage, V;, 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., E,, will
cause acurrent, /5, to flow through impedance
Z,. This current will lag F, by an angle 6,

1i=lgt ly  lylagsby 91 onE,

y4
2
Vi =-§

O—= 5

I V2=E,

]
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Fig. 3. Transformer operation witha complex sec-
ondary load.
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Fig. 4. Phasor diagram of the loaded transformer.

and will attempt to create a flux of its own
in the transformer core. It is here that the
constancy of the flux, ¢, must be taken into
account, since there has been no voltage
change in V). Some action must, therefore,
take place to neutralize the effect of the sec-
ondary load current on the core flux; what
happens is that a primary current flows of
such a magnitude and phase the the effect of
the secondary current is nullified. The de-
magnetizing magnetomotive force, m.m.f.,
I,T, ampere-turns, is neutralized, in effect,
by an additional primary current that in-
creases the primary m.m.f. to I,'T = T,
ampere-turns. Current /" is known as the
balancing current and must, therefore, be 180°
out of phase with /3 and of such a magni-
tude that the total effective resultant flux in-
troduced by the two currents is zero. This
implies that the new effectual m.m.f. must
equal the m.m.f. caused by Iy, alone, or,

ImT\ =, Ty+1,'T\=1, T},
so that,

IL'T\=hT>,
or,

I I=T/T;.

Notice that the currentratio //1,'=1/n. This
accords with the well-known fact that atrans-
former converts a high-voltage, small-cur-
rent power into a low-voltage, high-current
one, and vice versa.

The phasor diagram for the loaded trans-
former under discussion is given in Fig. 4.
For convenience and clarity, n is taken as 1.
The total primary current, /,, is the phasor
sum of the no-load current, /,, and the bal-
ancing current, /1", lagging the primary volt-
age by an angle 6,. In practice, /;' is much
larger than /,, and /' and /; can be looked
on as being equal in magnitude. Angle 6,
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by which the secondary current lags the sec-
ondary e.m.f. is then practically equal to
6,.This means that the power factoris roughly
the same for both the primary and the sec-
ondary winding and that the transformer
does not to any great extent alter the phase
relationship between current and voltage.
Because, in practice, 05 is always slightly
greater than 6, the use of a transformer
tends to decrease the overall power factor
of a system.

Impedance transformation

When the primary current increases owing
to the application of a secondary load, the
primary impedance effectually falls. There
is clearly a relationship between the load
impedance and that seen at the primary ter-
minals when such a load is connected.

In Fig. 5, suppose the secondary load
impedance to be Z3; the secondary e.m.f.
will then be En volts and the secondary
current will be En/Z,. The primary balanc-
ing current will consequently be n(E\n/Z;)=
=En2/Z5 and this will equal the primary
current if the magnetizing current is small.
Therefore, I|=En2/Zy and E|/1,=Z,/n2. Thus,
since E/I,=Z|,the impedance seen at the pri-
mary terminals is Z;=Z,/n2.

Forastep-up turns ratio, Z| will be smaller
than Z,; for a step-down ration, Z; will be
largerthan Z. Impedance is, therefore, trans-
ferred 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 sec-
ondary side) up or down respectively.

The impedance matching abilities of a
transformer have little relevance in power
transformers, but are of importance in audio-
frequency transformers.

Audio-frequency transformers

When a transformer is designed for a range
of frequencies, unlike power transformers
that are made for a single frequency, the
equivalent circuit that the transformer pre-
sents to the input system is often quite dif-
ferent at one end of the range from what it is
at the other. If areasonably uniform response
over, say, the audio-frequency range is de-
sired, the transformer, including interstage
types, output types, input matching devices,
and so on, requires careful design consider-
ations. In a practical transformer, there are a
number of losses that may be represented as

_E E.

ot ra
Z2

E, Z1""I E;

o— L
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Fig. 5. The transformer used an impedan ce
transfer device.
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Fig. 6. Deriving the equivalent of a transformer 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, R} and Ry, in
the primary and secondary circuits respect-
ively; hysteresis and eddy current losses are
represented by a parallel primary resistance,
R;; flux leakages by series inductors L and
L,; and the self-capacitances of the wind-
ings as parallel capacitors C| and C;. At
power frequencies, the self-capacitances
and the leakage inductances are not particu-
larly important.

By transferring the secondary loss com-
ponents to the primary circuit, the equiva-

Fig. 7. The simplified audio-frequency model.

lent model becomes as shown in Fig. 6(b),
where R, the total copper loss, = R|+R/n2;
the total leakage inductance, Li=L+Ly/n2;
and the total effective winding capacitance
Cw=C+Cyn2. There is also L, the effective
primary inductance with the secondary on
open-circuit, such that V;/wL gives the mag-
netizing current. The remaining ideal trans-
former is then a component without the im-
perfections of the real device.

What happens to this model whenitis used
over the audio-frequency range? At very
low frequencies, the input impedance will ap-
proximate that shown in Fig. 7, where the
series inductance L; is neglected along with
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the shunt resistance and the winding capac-
itance, C,,. Hence, the ratio of the terminal
voltage, V|, and the effective primary volt-
age V will be small, so the output voltage,
V3, will be small. At some mid-frequency in
the range, the transferred load resistance,
Zy/n2, will be very much larger than the re-
sistance of L; and there will be a tendency
for Cy and L to resonate, so making the ratio
V,/V| approach n. At high frequencies, the
shunt capacitance, Cy, has a low reactance
relative to that of L; and becomes dominant.
This means that the response falls relatively
rapidly.

The high-frequency response can be ex-
tended by sectionalized windings to reduce
the self-capacitances and by getting the res-
onant condition to fall in the upper third of
the range. In the same way, the low-fre-
quency fall-off can be curbed by maintain-
ing ahigh primary inductance (often achieved
by barring direct currents from the winding)
and by keeping the winding resistances small,
though there is a conflict of requirements here.
The choice of core material and thin lami-
nations or ferrite is also important. |

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

LOW FREQUENCY COUNTER

I obtained the PCBs for the low-
frequency counter {January 1992, p. 42},
but have difficulty in finding a supplier
of the crystal-controlled programmable
frequency pulse generator made by
Seiko. I have tried RS Components,
Cricklewood, STC, ElectroValue, and
Seiko (UK) without success. In fact, Seiko
(UK) says they do not stock it in the UK,
but their German company might.

H.L. Gee
Sorking, UK

Editor replies:

We are surprised to learn that Seiko {UK]
does not stock the SPG8650B, since at the
time of accepting the article we were as-
sured they would. We can only suggest that

you write to for order from/) Seiko Epson
Europe BV, Prof. J. H. Bavincklaan 5,
NL-1183, Amstelveen, The Netherlands;

Tel +3120 547 5222, FAX +3120 452 295,
or Seiko Instruments GmbH, Lyoner Strasse
36, W-6000 Frankfurt am Main 71, Ger-
many,; Tel +49 69 663 0000, FAX +49 69
666 7003.

UGQ5140K HALL POWER SENSOR

In the April 1992 issue you published an
article on the '"Lamp/Solenoid Driver
UGQS5140K"" Power Hall Sensor (pp.
56-57). Although the article was accurate,
the source information was not.

On December 20, 1990, Sprague sold
its complete semiconductor operation to
Sanken of Japan. The new owners set up
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the operation as a self-contained company
with the name Allegro Microsystems, Inc.
The address you gave was closed down
in June 1992 and a new building was
moved into, also in Concord, NH. For
European users, our own address is
suitable for contacting since the offices
house sales and applications departments
that can provide any assistance required.

Ed Baker

Allegro Microsystem Europe Ltd.
Balfour House, Churchfield Rd.
Walton-on-Thames KT12 2TD
England, UK

Tel (0932) 253 355

FAX (0932) 926 618

Editor replies:

We apologize for this oversight and trust
that this has not inconvenienced anyone. B
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READERS SERVICES

All orders, except for subscriptions, should be
sent to Old Colony Sound Lab: by mail to PO
Box 243, Peterborough NH 03458-0243; Visa/
MasterCard charge orders by FAX to (603)
924-9467 (24 hours) or by voice 8-4 weekdays
1o (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 75¢
for each additional book ordered. Cana-
dians, please add $4.50 US for the first
book, and 75¢ for each additional one. Out-
side North America, please add 20%. Cana-
dians may expect Canadian duty charges on
shipments of any items except books and
subscriptions.

SUBSCRIPTIONS

Subscriptions can be provided anywhere in the
United States and its territories as well as
Canada by sending mail subscriptions to Elektor
Electronics USA, PO Box 876, Peterborough NH
03458-0876. Visa/MasterCard orders may be
telephoned directly to (603) 924-9464 between
8 and 4 on business days and 10 our machine
recorders at other hours and on weekends.
Orders may be FAXed at any time to (603)
924-9467. U3 subscription rates: $28 for one
year (11 issues); $50 for 2 years. Canadian rate:
$38.80 for one year. Student rate to full-time,
registered students, $15 per year (photocopy of
student 1D required).

PAST ISSUES

Back issues of the British Elektor from July/
August 1987 onward are available from World-
wide Subscription Service Ltd., Unit 4, Gibbs
Reed Farm, Pashley Road, Ticehurst TNS 7HE,
England, United Kingdom. Single copies are
$4.50 surface mail, $7.50 airmail. Back issues
of Etektor Electronics USA from October 1990 on-
ward (except 2/91) are available from Old Col-
ony for $4 postpaid, $6 for July/August or De-
cember double issues.

PAST ARTICLES

Photocopies of articles from the British Efektor
from January 1979 onward are available from Old
Colony Sound Lab for $5 each (multi-part articles:
$5 per part); $6 in Canada. Indexes are available.
Send a stamped (50¢), self-addressed business-
size envelope to Old Colony, at the address
above, for EACH YEAR desired. A complete set
of indexes for 1979-91 is available for $7.50
postpaid. Also available postpaid:

Digital model train (13 parts)........$15.00
BOOKS

The following Efektor books are currently avail-
able from Old Colony Sound:

301 Circuits $12.50
302 Circuits $12.50
303 Circuits $15.95
304 Circuits . $19.95
Data Sheet Book 2 $16.50
Databook 3 .............. $17.95
Databook 4 B $17.95
Databook 5: Application Notes $17.95
Microprocessor Data Book .......... $17.90

SHELF BOXES

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

PC Connectors (1/92)
L .$3 postpaid; 2/$5; 5/$10

PROJECT No. Pr;co Issue

Video mixer 87304-F 33.00 1-4/90

The complete 890169-F 15.00 3/91
preamplifier

All solid-state 890170-F1 33.50 12/89
preamplifier 890170-F2 18.50 1/90

LF/HF signal 890183-F 18.50  12/89
tracer

Q meter 900031-F 23.00 4/90

Budget sweep/ 900040-F 20.00 5/90
function generator

High current 900078-F 28.00 2/
heg tester

400W lab 900082-F 35.00 10-11/90

power supply

Variable AC PSU 900104-F 28.00 6/91

Universal battery 900134-F 11.00 6/91
charger

Milliohmmeter 910004-F 28.00  12/90

Wattmeter 910011-F  16.50 4/91

Digital phase 910045-F  20.00 6/91
meter

Timecode 910055-F 15.00 9/91
interface

Digital funct. gen. 910077-F 18.00  10/91

4-megabyte 910110-F  19.50 6192
printer buffer

Economy PSU 910111-F 18.00 12/91

CD player 910146-F  20.50 1/92

OLD COLONY SOUND LAB

PO BOX 243
PETERBOROUGH, NH 03458

ORDER FORM

TELEPHONE CHARGE ORDERS
(603) 824.6371, 924-6526
Answering machine before 9 a.m.,
FAX: (603) 924-3467, 24 hours

CUSTOMER ADDRESS

SHIPPING ADDRESS IF DIFFERENT

NAME NAME

STREET & NO. COMPANY

city STATE zp STREET & NO.

MAGIC NUMBER (FROM SUBSCRIPTION LABEL) city STATE ZIP

PAYMENT METHOD

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

[0 CHECK [J MONEY ORDER [0 MASTERCARD J VISA
CARD NUMBER EXPIRES /
AUTHORIZED SIGNATURE DAYTIME PHONE
Qty. Part Number and Description Price Total
CALL OR WRITE FOR YOUR FREE OLD COLONY CATALOG!
BECAUSE OF THEIR SPECIAL NATURE, ORDERS FROM THIS PAGE ARE SUBTOTAL
NONCANCELABLE AND NONRETURNABLE, EXCEPT IN CASE OF DEFECT. SHIPPING
PLEASE ALLOW 4-6 WEEKS FOR DELIVERY. TOTAL
Measurement 910144-F 15.00 2/92 Connect 4 6081 26.00 12/9 RTC for Atari ST 1621 13.00 6/91
amplifier (1 x 27C64) 24-bit color extension 1631 19.00 1191
LC meter 920012-F  19.50 3/92 EMONS51 (8051 6091 34.00 2/92 for video digitizer
RUCAMICOCOdEI 20055 BR800 82 ?lss:n;l;lzeg(;ourse) PC-controlled weather 1641 13.00 1/92
EPROMS/PALS/MICROCONTROLLERS Multipurpose Z80 card: station (3)
PROJECT No. Price  Issue GAL set 6111 19.00 6192 805”80;2 1661 13.00 2092
s (2 x GAL 16V8) assen I"B’M
Multifunction 561 17.50 2/91 | Multipurpose 280 card: CAMED (L)
measurement card BIOS 6121 26.00 6/92 A-P/D'A and I/O for 1671 13.00 3/92
for PCs {1 x EPROM 27128) I°C bus
MIDI control unit 570 20.00 6-7/190 8751 programmer 7061 70.50 11/90 8051/8032 assembler 1681 13.00 2/92
(1 x 27C64) (1 x 8751) course (Atari)
Digital model train 5§72 33.50 2-5,7/89- AD232 converter 1691 13.00 4192
(1 x 2764) 4190 GAL programmer 1701 19.00 5/92
Darkroom clock 583 18.50 2/90 PROJECT No. Price Issue (3 disks)
(1 x 27128) $ .
Slave indication unit 700 30.00 388 | Digital model train 109 11.50 2.57/89- | Multipurpose Z80 card 1711 13.00  6/92
E':;!BIAS}S Ixt e 701 30.00 12/89 Logic analyzer f 111 20.00 13;:2
emulator . IC analyzer for .
(1 x 8748H) Atari ST (b/w only) PROJECT No. Price
Microcontrollerdriven 702 95.00 5,6,9/88 Computer-controlled 113 20.00 10/89
power supply Teletext decoder MARCH 1992
. 8751 emulator 920019 20.50
(1 x 8751) Plotter driver (Lewetz) 117 11.50 5-6/88 A-D/D-A and 1/O for 1'C bus 910131-2 10.50
Autonomous /0 704 95.00 12/88 FAX interface, IBM PCs 119 14.00 6/90 AF drive indicator 920016 20‘50
I e RAM extension for 123 10.00 7189 | Centronics line booster 910133 10.00
Video mixer (1x2764) 5861 20.00  1-4/90 BBC-B 2 A
Four-sensor 5921 20.00  6/90 i LMituner 920005956.00
" EPROM simulator 129 11.50 12/89 LC meter 920012 15.00
(sl“"s“;"fl ;g)“’de’ RS-232 splitter 1411 1150 490 | MIDI optical link 920014 10.50
x ics ADC/DAC 1421 11.51 5/
uP-controlled 5941 2600 1090 | Somronics 2 0 % | aPRIL 1992
ansistor 1431 13.00 5/90 .
telephone exchange characteristic pl 80C32 SBC extension 910109 23.00
plot- |
(1 x 27128) ting (Atari ST biw) 2-meter FM receiver 910134 17.50
MIDI program 5961 26.00 4/91 Comb generator 920003 14.50
changer (1 x 2764) a‘amﬁ%;:' RS ::é: :g% Zg? AD232 converter 920010 21.00
Logic analyzer 5971 14.00 1-2,4/91 e : Automatic NiCd charger UPBS-1  3.90
(IBM interface) ;’:";,s(‘:‘:’ Cli ¢zl LCD for L-C meter 920018 8.00
{1 x PAL 16L8) Milliohm meter adaptor 920020 7.50
MIDI-to-CV interface 5981 26.00 2191 | 8751 programmer 1471 1300 11/%0
y : PT100 thermometer 1481 13.00 11/90 MAY 1992
Multifunction 110 5991 14.00 7-8/91 A
for PCs Logic analyzer 1.3-GHz pres_caler 914059 8.50
(1 x PAL 16L8) software, incl. GAL Compact mains supply 920021 12.50
Amiga mouse/ 6001 14.00  12/91 1BM 1491 33.00 6/91 | FM tuner PSU (3) 220000:2 415,00
P i f ’ Atari 1501 33.00 6/91 GAL programmer 920030 19.00
joystick switch . m
(1 x GAL 16v8) Plotter driver (Sijtsma) 1541 19.00 9/91 NICAM decoder 920035 25.50
Stepper motor board 6011 14.00 6/91 | PC-controlled weather 1551 13.00 391 | JuNE 1992
(1) (1 x 16L8) station (1) 4-megabyte printer buffer 9101:0 32.00
4-megabyte printer 6041 26.00 6/92 | PC-controlled weather 1561 13.00 10191 | j2C display 920004  8.00
buffer (1 x 2764) station (2) ) FM tuner (4)
8751 emulator incl. 6051 50.00 3/92 [ VO interface for Atari 1571 13.00 4191 mode control board 920005-3 9.50
system EPROM Tek/Intel file converter 1581 13.00 4/91 synthesizer board 920005-5 18.50
FM tuner 6061 34.00 6/92 B/W video digitizer 1591 19.00 7-8/191 Guitar tuner 920033 17.00
(1 x 27C256) Timecode interface 1611 13.00 9/91 Multipurpose Z80 card 920002 34.50
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TERMS OF BUSINESS

PRICING

Prices, except as noted, include shipping in the con-
tinental USA. The minimum order is $10. A $2 ser-
vice charge will be added to orders of less than $10.
Prices are subject to change as our costs change. WE
RESERVE THE RIGHT TO MAKE PRICE CHANGES
WITHOUT NOTICE.

TELEPHONE ORDERS

Telephone orders are welcome between the hours of
9:00 a.m. and 4:00 p.m. EDT, Monday-Friday. Orders
for parts are to be made on the ORDER FORM pro-
vided. Payment for telephone orders is by MC/VISA
only. Our TELEPHONE ORDER NUMBER IS ({603}
924-6371 or 924-6526. Our answering machine for
MCI/VISA orders during non-business hours is {603}
924-6371. FAX: (603) 924-9467 (24 hours).

PAYMENT

All remittances MUST BE IN US FUNDS DRAWN
ON A US BANK. Payment for telephone orders must
be made by MasterCard or VISA. Mail order payment
may be made by MC/VISA, money order, cashier's
check or personal check. If payment is made by per-
sonal check, allow up to 2 weeks for clearance before
order is shipped. Should check be returned for any
reason, there will be a $10 charge.

SHIPPING

Unless noted, freight is prepaid by Old Coiony.
All orders shipped USPS first class mail or by UPS.
Allow two to three weeks for delivery. Please inquire
about appropriate funds for special handling {UPS
next day or second day}. UPS requires a street ad-
dress. If you cannot receive UPS delivery, please in-

clude an extra $2 for insured service via Parcel Post.
We cannot accept responsibility for safety or delivery
of uninsured Parcel Post shipments. Absolutely no
COD shipments.

BOOKS, RECORDINGS, CDs, and SOFTWARE
The shipping/handling charge for the US is $2.00, plus
75¢ each additional item. In Canada, please add $4.50
for the first item, 75¢ each additional. 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, Regula-
tion #27, Section 12-426-27, in order to sell software
toresidents 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. B

BOOKS FROM ELEKTOR ELECTRONICS USA

301 CIRCUITS

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

The circuits range from the simple to the more complex and are described and explained
in straightforward language. The book is a comprehensive source of ideas and construction
projects for anyone interested in electronics.

ISBN 0-905705-12-2
BKAA11 Price $12.50

302 CIRCUITS
The popularity of this book is shown by its having been reprinted no fewer than three times.
It offers a selection of the most interesting articles from the 1982, 1983, 1984 summer issues
of Elektor Electronics.

In it you will find circuits for audio and video; car, cycle, and motorcycle; home and garden;
receivers and aerials; hobbies and games; measuring and testing; oscillators and generators;
current sources and power supplies; microcomputers and music electronics; and a miscellany
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 deas.

ISBN 0-905705-62-2

BKAA13 Price $15.90

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. Ar-
ranged 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 ac-
cessible information, which is both practical (e.g., the pin-out of a device) and informative.
The book contains data on integrated circuits as well as on discrete transistors and diodes.
Moreover, it gives an introduction to fast (HCMOS) devices and a review of the new sym-
bolic logic as laid down in British Standard BS3939: Section 21 (IEC Standard 617-12).
The final part of the book deals with a number of computer chips, such as memory devices
(including programming information for these) and I/O 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 ACIA, and the 8355A PP1).
1SBN 0-905705-27-0
BKAA14 Price $16.50

DATABOOK 3: PERIPHERAL CHIPS

This book lists the most important design data of peripheral chips whose type numbers and
functions relate them unambiguously 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 associated microprocessor. This
should, however, not be taken to mean that a peripheral 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 a place on the bookshelf of anyone concerned with
the design, maintenance and servicing of microprocessor-controlled electronic equipment.
ISBN 0-905705-30-0

BKAA15 Price $17.95

MICROPROCESSOR DATA BOOK

This book has come about because of a need by Elektor Electronics engineers, technicians,
and editorial staff of a ready reference work on the most important microprocessors. This
implies that it does not only contain information on the iatest 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 becom-
ing unwieldy (and to keep costs down), timing diagrams and AC characteristics have, however,
been omitted. The detailed information on all manufacturers mentioned will, however, enable
any additional information to be obtained quite readily.

Inctuded in the book are, among others, the 68000 series; the 6502 family; the Z80, 8080,
and 8085, Intel's 8086, 80186, 80188, 80286, and 80386; the NS32XXX series, and the IN-
MOS transputers.

ISBN 0-905705-28-9
BKAA16 Price $17.90

DATABOOK 4: PERIPHERAL CHIPS |l

This further volume in Efektor Electronics’ Microprocessor Data Book series deals with general
peripheral chips that, at least as far as their type-coding is concerned, do not belong to a
specific family of microprocessors. There are so many of these, however, that only a portion
of them can be dealt with in one book. Those contained in this collection have been chosen
carefully on the basis of their practical application and frequency of use. Complete data are
given for coprocessors from the 80 series (AMD, Cyrix, ITT, intel, Weitek); 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 CS8221 set of ICs from Chips & Technology that are used in a great number
of PC mother boards (also included is the data sheet of associated software LIM 4.0 for the
management of the Extended Memory System).

Apart from the actual data, the book contains much other useful information, such as com-
parisons between and second sources for all important IC families; addresses of manufac-
turers and their 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 a wide 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 informa-
tion 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 com-
ponents 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/repre-
sentatives for the products which are discussed.

ISBN 0-905705-33-5
BKAA24 Price $17.95

SPECIALS!
BKAAZ/1 BKAA11, 12, 13, 18: all 4 for $49.00 (Save $11.85!)
BKAAZ/2 BKAA14, 15, 16, 17, 24: all 5 for $74.95 (Save $13.30!)
BKAAZ/S Complete Elektor tibrary: 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 AMPLIFIER
D.T.N. Williamson

In April 1947, Williamson’s power amplifier, using
excellent-quality push/pull output tubes, a special
output transformer, and a highly filtered power
supply, became an overnight success. The author
takes the reader deep into his design considerations,
offering practical advice on how to build the units
plus concise instructions on setting up the new amp.
A cult classic.

Year 1947, 1990
0-9624-19184 Softcover 8% x 11

Pages 40
$4.95

AUDIO AMATEUR LOUDSPEAKER
PROJECTS

Audio Amateur Magazine

A collection of the 25 best speaker articles from
Audio Amateur during the decade of the 1970s,
proof that great designs are never out-of-date, a rich
source of both theory and practice as well as design.
The electrostatic and transmission-line pieces are
particularly interesting and useful.

Year 1985
0-8338-0193-7 Softcover 8l x 11

Pages 135
$20.00

LOUDSPEAKERS: THE WHY ANO
HOW OF GOOD REPRODUCTION
G.A. Briggs

This easy-to-read classic, last revised in 1949, intro-
duces the reader to concepts such as impedance,
phons and decibels, frequency response, response
curves, volume and watts, resonance and vibration,
cabinets and baffles, horns, room acoustics, tran-
sients, crossovers, negative feedback, Doppler and
phase effects, and much more. A provocative survey
of the right questions about sound reproduction.

Year 1949, 1990 Pages 88
0-9624-1913-3 Softcover 51 x 814 $6.95

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

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 cost-
effective design and installation of high-quality vehi-
cle sound systems. Included are Getting Started;
Sedan, Hatchback, and Pickup Truck Systems;
Speaker Cabinet Design; Filter Crossovers; and In-
stallation.

Year1989
0-9624-1910-9 Spiralbound 5% x 8%

Pages 118
$9.95
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THE LOUDSPEAKER DESIGN
COOKBOOK

Vance Dickason

This new fourth edition of speaker designing’s "bi-
ble” is twice as big as its predecessors and features
brand new chapters on how loudspeakers work and
loudspeaker design software. Other chapters cover
closed and vented boxes, passive radiators, transmis-
sion-line systems, cabinet construction, drivers,
crossovers, and loudspeaker testing, plus a complete
resources listing. By far, the bestselling book in the
field.

Year 1991
0-9624-1917-6 Softcover 86 x 11

Pages 152
$29.95

HARD-TO-FIND
AUDIO BODKS—
AND MORE!

+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

WorldRadioHistory

THE AUDIO GLOSSARY

J- Gordon Holt

Authored by the founder of Stereophile magazine,
this new best seller is a comprehensive overview of
over 1,900 technical and subjective audio terms
explained in precise yet at times humorous fashion.
Three editions: Softcover (S); Hardcover with Dust
Jacket (H); and Limited, Autographed Hardcover
with Gold-Embossed Binding and Dust Jacket (L).

Year 1990 Pages 152
0-9624-1914-1(S) Softcover 5V4 x 71% $9.95
0-9624-1914-1(H) Hardcover 5% x 8 $17.95
0-9624-1914-1(L) Limited 5% x 8 $30.00

BULLOCK ON BOXES
Robert M. Bullock III, with Robert White
An easy-toread guide to designing and building
vented-box systems based on Thiele/Small models,
this book is a collection of Dr. Bullock’s Speaker
Builder magazine articles. Includes theory, model
descriptions, plus related information from numer-
ous sources, especially computer modeling from the
authors’ BOXRESPONSE and BOXMODEL pro-
grams.

Year 1991

0-9624-1915-X Softcover 86 x 11

Pages 72
$10.95

WHEN Auoh),blba.r

L  YOung ’J

AUDIO ANTHOLOGIES, VOLS. 14:
WHEN AUDIO WAS YOUNG

C.G. McProud, editor

These are the outstanding articles from Audio Engi-
neering magazine during 1947-1957. Amps, pre-
amps, tuners, speakers, and more. Vol. 1 covers
1947-50 and 38 articles. 2: 1950-1952, 45. 3: 1952-
1955, 43. 4. 1955-1957, 34.

Year 1950, 1987 Pages 124
0-8338-0195-3 Vol. 1 Softcover 86 x 11 $16.95

Year 1952, 1989 Pages 124
0-8338-0197-X Vol. 2 Softcover 8% x 11 $16.95

Year 1955, 1990 Pages 124
0-9624-1911-7 Vol. 3 Softcover 86 x 11 $16.95

Year 1957, 1991 Pages 144
0-9624-1919-2 Vol. 4 Softcover 8% x 11  $16.95
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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

Pae s o) MAGNET WIRE REGULATED POWER SUPPLIES VERNIER TWO PIECE
‘v) Plain enamel. Solid bare copper. 13.8 VDC OUTPUT DIALS CHASSIS
~ :}o';;:\d;?g::l::; l:znls;orsme;lssand Perfect for ham equipment, CB's_ car steoreo’s and ALUMINUM
bRt other 13.8 VDC items. LED on indicator. short circuit = Uses 4 machine screws
MW14 3.25 MW24 3.70 MW34 4.80 protection. Binding post output. Amp fatings are VD112-10  1-1/2"Diameter 0-10 Marking ......$8.25 supplied. Gray baked enamel.
MW16 3.30 MW26 3.75 MW36 4.90 continuous. 110V input. .
VvD112-100 1-1/2" Diameter 0-100 Marking ... $9.25
MW18 3.35 Mwasg 3.85 MW3s 4.95 38-383 3 AMP . $31.50 | vD2 >D 100 Mark $10.25 PART SIZE (IN.)
MW20 355  MW30 400  MW40 5.10 Aoty e NO. L w H PRICE
MW22 3.65 MW32 4.40 38-384 4 AMP .. $39.50
: - 38-386 6 AMP . $46.50 200 WATT INVERTER 14112 g; g.z 1.6 :.;g
38-381 10 AMP ..._$79.50 | Plugs into your lighter and runs: 1411 - 2 11 .
Ueliellots 38-382 20 AMP ... $119.50 - Ham Equipment 14190 3.2 22 1.6 4.90
IRON FERRITE XP-72525 AMP .. $129.50 « Lights 1411F 4.0 2.2 2.7 5.66
T-25-2 ... FT3743 ... « Soldering lron 1411G 40 2.2 1.6 5.04
5 - Computer 1411H 4.0 2.2 2.2 5.47
UEEL FUA DELUX CODE KEY - Power Tools 119K 50 22 22 582
T-37-6 FT37-77 ... Adjusiable, heavy duty brass base with . Shaver 1411L 5.0 40 20 753
T.37-12 .. FT5043 ... bal bearng pvots Designed ornae 213" TV with VCR 1411M 60 30 3.0 8.02
T-502 ... FT50-61 ... [, A EATCEES * MUCH MORE 141N 50 30 21 6.30
7-50-3 FT50-77 70-378 ..o $11.75 Modsel:  POW 200 1411P 6.0 5.0 40 9.86
Input: 10 10 15 volts DC 1411Q 70 5.0 3.0 9.27
T50-6.. FT82-43 BUZZER Output: 115 volts AC true RMS 1411 80 60 as 1298
T68-0 .. FT82-67 Produces steady high frequency signal. Power: 400 Watts peak POW-200 1411S 8'0 4'0 3'0 1‘.63
Excelient for code practice. 200 watts tor 5 minutes - . . ~
T68-2.. FT8268 ...1.00 | Q0 ausing pich. 8% ) 140 Warts ontmously | $119.95 14117 100 22 16 8.68
Tes-6.. FT114-61...2.15 Uses standard 1 1/2V battery < Size.  5°x26°x17" 14110 100 6.0 35 1531
T80-2.. = FT140-43...4.10 | 70-375 ....................$4.99 # = | Weght 150unces 1411w 120 30 2.2 1115
e Fradosr 800 (Mo o o Warranty: 3 year 1411X 12.0 7.0 4.0 18.62
20022 ALY 2 s 14112 170 50 40 2010
WE STOCK A COMPLETE LINE OF
DIGITAL MULTIMETER SWITCHING/GP DIODES
TOROIDS AND BEADS. IGITAL | o e g7 | |CSOCKETS - LOW PROFILE
1 P 1N4148 75V PRV 10MA 07 B 2
RECT!FIER DIODES %Jé”"?él LCD DISPLAY LP-14 14PIN...11  LP-24 24PIN..25
1N4001 1 AMP 50 PRV 09 ACV - 750 GERMANIUM DIODES LP-16 16PIN..12 LP-28 28PIN.. .30
1N4002 1 AMP 100 PRV ’09 DCA - 10A DM301 1N34A 100V PRV 200MA 20 LP-18 18PIN...17 LP-40 40PIN. 43
T N AVDEEILLD o AES - 2 MEG $27 95 1N3600 50V PRV 200MA 25 | LP-20 20PIN..21
’ DIODE CHECK .
1N4004 1 AMP 400 PRV .10 EC
1N4005 1 AMP 600 PRV 12 MINIATURE COPPER CLAD
1N4006 1 AMP 800 PRV 15 TOGGLE SWITCHES PC BOARDS
1IN4OO7 1 AMP 1000 PRV A7 Q-DOPE 3A 125V Solder Terminals 24 Z
1N5400 3 AMP 50 PRV .20 Soluti . . S
- ution of pure polystyrene in solvents. Dries
1N5401 3 AMP 100 PRV .20 _; fast and leaves a clear. protective coating on '{ J PC4X6DS ....4" x 6" . ...DOUBLE SIDED
1N5402 3 AMP 200 PRV .20 E lo‘rigds‘ coils and uans'qrmers, with no or A PC3X6DS ....3 1/4 x 6 3/4 ... _DOUBLE SIDED .
1N5404 3 AMP 400 PRV .25 minimal effect on inductive values. May also a‘ fi PCEX6SS ....6 1/2x6 SINGLE SIDED
1N5406 3 AMP 600 PRV .25 be used as a cement for molded or fabrcated L L .
1N5407 3 AMP 800 PRV 25 items made of polystyrene. 11-201.....SPDT ... .$1.25 PC5X7SS ...7x5... ......SINGLE SIDED.
1N5408 3 AMP 1000 PRV 25 10-3702 (Bortle with Brush 2 A, 0z. 59 mi) ... $3.75 11-202....DPDT .........$1.50 PC8X7SS ...8x 7. ... SINGLE SIDED.

3/8" SQUARE TOP ADJUST TRIM POTS

2 3/8" FULL VIEW PANEL METER

CERAMIC DISC CAPACITORS 50V * 20%

OFA12 10062 0OFA24 20K Designed for modernistic equipment. Beautiful appearance, easy 10 read.
OFA52 5000 OFAS54 50KQ D'Arsonval type movement, accuracy within 2%. Will mount in panets up PART NO. CAPuF _ PRICE PART NO.CAPuF PRICE
to 3/8" thick. has zero adjustment screw. Size: 2 /8" x 1 13/167x 1 1/4” CD10-5 10PF 12 CcD180-5 180PF 14
OFA13 1KQ OFA15 100KQ | deep. ncluding terminals and will mount into 1 1/2” hole. CD12-5 12PF 12 CD220-5 220PF 14
OFA23  2KQ OFA25 200KQ CD15-5 15PF A2 CD270-5 270PF 14
OFAS3 5KQ OFAS5 500KQ PART NO. METER READING _PRICE cD18.5 18PF 12 CD300-5 300PF 15
M60-118 0-1MA 16.00 CD22-5 22PF 12 CD330-5 330PF 15
1
OFA14  10KQ OFA1E MO R M60-121 0-15VDC 16.00 | CD275  27PF 12 | CD3%0-5 390PF 15
SINGLE TURN .5 WATT ot M60-122 0-30VDC 16.00 | CD33.5 33PF A2 CD470-5 470PF 15
LINEAR TAPER $1.10 EACH M60- 125 0-150VDC 16.00 CD39:5 39PF 12 CD560-5 560PF 15
M60-127 50-0-50pA 16.00 CD47-5 47PF 12 CD680-5 680PF 15
PANAVISE M60-129 0-50pA 16.00 CDS6-5 56PF 12 CD001-5 .001uF 15
INTERCHANGEABLE VERSATILITY! M60-130 0-100uA 16.00 | CD685 6BPF 12 | CDO047-5 0047uF .15
M60-133 vU METER 16.00 CD75-5 75PF 12 CDOt-5  O1pF 15
M60-149 ILLUMINATION KIT 285 | CD100-5 100PF 12 CDo22-5 .022uF 15
/ CD120-5 120PF 14 | cDO55  .054F 20
S / TO ORDER CD150-5 150PF 14 CD104-5 1pF 20
[¢
PAN 303 PAN 300
ELECTROLYTIC CAPACITORS - RADIAL 50V
STANDARD HEAD STANDARD BASE Call 1-800-866-6626 ORDERS ONLY
$20.99 PAN 315 $17.99 Catalk " PART NO. CAPuF  PRICE| PART NO. CAPuF PRICE
CIRCUIT BOARD HOLDER (Catalog requests can not be taken r > NN 17 | CERa7-50 47 25
$23.99 on toll free number.) MasterCard CER1-50 1 17 | CER100-50 100 36
A CER22:50 22 17 | CER220.50 220 54
TRANSISTORS LINEAR IC'S fﬁa‘n'g' th.m. EiTid LL-J CER3.3.50 33 17 | CER330-50 330 70
PN2222A 05 | MAX232CPE 4.05 onday through Friday CER4.7.50 47 17 | CER470.50 470 93
g:ggg? 35 t:ﬁ;;: 4 10a.m. - 2 p.m. Saturday w CER10.50 10 17 | CER1000-50 1000  1.45
: . 5 CER22-50 22 18 b
2N3s53 275 | LmaseN 99 | ORWRITE TO: ' B | Ccpiaeo 33 S S s
2N3563 35 | NESSS 25 | Ocean State Electronics, -
g:g;g 1?;’; :Egg; 1;: P.O. Box 1458, Westerly, R.l. 02891 KITS
2N3904 10 | NE6O2N 225 | OR FAX TO: CATALOG REQUEST Complete with PC Board and Instructions.
2N3906 A0 | LM741IN 25 | (401) 596-3590 (401)596-3080 Educational, Fun to Bulid, and Practical.
2N4401 15 | CD22402E 9.95 ; i
2N4403 A5 | CA3126E 1.60 If paying by CREDIT CARD include Card No. and SIGNAL INJECTOR/ LOGIC PROBE
MPF102 29 | MC1350P 1.49 Expiration Dat Hand heid Digital Logic Probe
P RS This ha T:l:ci’:‘ asignal provxies convenient and precise
- ) i ; 3
VOLTAGE REGULATORS EPROMS Mail in orders please include $4.00 S/H W,,ag,"w b s L‘;;‘L"’T":;";""}_;‘c‘ ;'v':gm
;g?g -g: g;?: ;gz Minimum order $10.00 generainx use 1t to check out an (high or low). puly'scs and vohtage
a B . ampiifier. stage by stage. Also A
7815 a9 | 2m2 385 R.1. Residents add 7% Sales Tax tests AM radio IF and RF 312083 | nanassoontn, High mionsity
;ggg -32 %33‘2,4 150n5) 3355 ORDERS RECEIVED BY 1:00 PM EST :;;;’:Z;f;;‘:‘;gl‘z;‘:’:";m LED readouts provide instant
. ns o L1LN q
7912 49 27C28:150ns) 3.85 — SHIP SAME DAY! ransmitand receivelsimulia; e
78L05 38 | 27c256 4.55 FREE SHIPPING ON ALL MAIL IN ORDERS neously.
78L12 39 27C256(150ns) 5.55 OVER $25.00.
LM317T 69 | 27C512(150ns) 6.85 . A -
LMB38K 449 27C010(150ns) 9.85 Applies to UPS Ground in Continental U.S. Only.
LM723 65 27C1024(150ns) 14.85 PRICES SUBJECT TO CHANGE. K-21A .$18.95 K-27A ...$18.95
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