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For many years now, hi-fi
equipment has almost
exclusively used class AB
operation. This method
gives acceptable
distortion and good
efficiency, and the output
amplificer remains
relatively cool during
normal operation.
However, many
designers and listeners
prefer class A operation
with its much lower
distortion and consequent
higher quality of sound
reproduction.

To meet their demands,
we have revamped the
LFA 150 power amplifier
we published about three
years ago. In the new
design, a good
compromisc has been
achieved between class A
quality and the high heat
dissipation that
characterizes this type of
operation.

In next month's issue

More than 60 construction
projects and informative/
educative articles
including

* Connect 4

* FSK/RTTY decoder
for PCs

» Function generator (3]

* Programmable
filter ICs

* Class A amplifier [2]

* Temperature measure-
ment techniques

* Economy power

supply
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—— ANNOUNCING

LDC-1V

30055 \%¢  LOUDSPEAKER DESIGN COOKBOOK
zo,o“\,ow FOURTH EDITION

v by VANCE DICKASON

152 TEXT IBM DESIGN
PAGES SOFTWARE
— " oFFER
NEW CHAPTERS
“What Is a
Loudspeaker?”’
“CAD Software CONTENTS/SUBJECTS
for Speaker INDEX
Design’’
TWICE
THE SIZE OF — ~~—_SUPPLIERS
Lbe-ii LISTING

$29.95

COMING TO AN ADDRESS NEAREST YOU
OCTOBER 15, 1991

OLD COLONY SOUND LAB I
-———

BOX 243, DEPARTMENT E91 i -

PETERBOROUGH, NH 03458 I

Send Me copy(s) @ $29.95 $
SHIPPING: Please add $2 for first book; 75¢ each additional. Books are not returnable for refund. I

J Check/MO O O Charge Card O MC/VISA O

cITY sT zp I

PHONE: (603) 924-6371 FAX: (603) 924-9467
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TELL OUR ADVERTISERS YOU SAW THEIR AD IN ELEKTOR. B

Courteous Service -+ DiscountPrices + FastShipping

NLIPELECT RONICSICORP)

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

Project Pro

Call For FREE Catalog HIGHEST QUALITY METAL CASSETTES (ERASED)
Call (800) 800-3321 or (216) 425-8888 Premium quality metal tape in C-60 and C-90 cassetles (30 or
45 min. per side). One of the finest "brand-name™ tapes on the R
fo . o : : market, in durable, clear plastic transport mechanisms. Recorded —
PrOJC’([ P’ o brlngs a Complete llne Of eleCtronlC and beulk evas:d, the reoopv;pvolez]labs have baer:nTemoveod an% [<oa[«]
therefore, need to be taped over to re-record. Audiophiles will p =
enclosures, hardware’ and t001s to bOth the appreciate the wide dynamic range of this tape. f yo;:u :assette b“m"

deck has a "metaf" setting you will hear the difference. A real bargainl

professional project engineer and the hobbiest. 60 min. tape - CAT C-60M $1.25 each - 10 or $10.00
Everything you need to bring ANY prOjeCt 90 min. tape - CAT# C-90M $1.65 each » 10 for $15.00
Jrom development to finished product. AT TR A cASE

Black, unbreakable plastic audio cassette storage case
CAT#CBOX 5for$1.00 - 100 for $15.00

< TOUCH DIMMER SWITCHES

The "brain® M SPDT Mini-Toggle (Flat Handle)

/ part of the (ON-ON) s

"LITE g f— — T | C&K #7101 or equivalent.

oucH =g | | 2 | standard size SPDT b\
touch = = / mini-toggle switch with S
dimmer, 2 fiat lever handle. 1/4-40 W

] when connected to any lamp, will turn t on threaded bushing. Solder

and oft and change the brightness fevel when | ioop terminals. Rated 5 amps @ 125 Vac
any metal part is touched. We don't have the CAT# MTS-14 $1.35each

wiring harness that onginally connected this
et e o Y o o™ | SPST N.O. Pushbutton

_LQC!&EJ:C_EH_CLQ{ELCE C!!S!Qm S e !.CEI EQSM 10 the lamp, but we can provide a simple
E v, hook-up diagram and instruction sheet. The | SPST normaily r?gen qg‘)'ﬂ
* A * PR *Ni solid-state circultry is contained in a thermo- | P €. mount pushbutton.
Aluminum . Fabncgtmg Nickel Plated F S e iom b 047" squaré mounting pad
* Steel Screenmg *Black Zinc CAT# DMR-1 $3.50 each Plunger extends 0.47" above surface. No
. * 72 hour- pushbutton cap available. Ideal, inexpen-
& Plastlc (ABS) OPTO EN OR sive switch where look is not important.
tumaround S S 4 p.c. pins on 0.2 X 0.5" mounting centers
Racks Chassis Tools CAT# PB-35 5 for $1.00
TRW/Optron # OPB5447-2 Mini Snap-Action Switch
g g o IR emitter/sensor pair in o Omron D2F-L -
1 7 10 Enterpnse Pky TWInSburg’ Ohlo 44087 Rectangular package with lf(' ?}-3 Miniature snap-action bl
28" color coded leads switch with lever T
= CAT# OSR4 2for $1.00 Rated 1 amp @ 125 Vac.

0.50" L X 0.26" H X 0.22" W. Lever ex

Special Reduced Price tends 0.05" beyond end of switch
- _ _ e PHOTOFLASH CAPACITOR CAT# SMS-282 75¢ each 10for $6.50
CRESTWOOD PRODUCTS INC. , AUDIO SLIOE POT
40994 GIBBEL RD. HEMET CA. 92544 RubiconlGE =,
210 Mid 330 Volt photoflash =1 .
ORIGINATOR, MANUFACTURER & DISTRIBUTOR capacttor, 0.79" dia. X 1.1 high Dual 1K audio v
= 77 These are new capacitors that u 2 ”2. long, ﬁ
J 2 1/2" slde.
1-800-544-8583 e o | [EEEA0D
ack and red wire leads soldered to the ter- .
: minals.  CAT# PPC-210 $1.25 each Redicad lo SO¢ each =100 1o $20.00
PATENTED - Made in USA 10for $11.00 « 100 for $100.00 20 AMP RFVEMI FILTER
= S~ - o~ WALL TRANSFORMER Soryy
L @)= : : { ) 20 amp RFUVEMI g < 31
MODEL * VT 102 (. - ~1 12 Vdc 500 ma. U general purpose P
B S 5 = ) = 2.1mm D.C. power plug with I % common-mode filter.
A CLEAR PLASTIC SHELL THE SAME SIZE & SHAPE AS A center negative, White case anlvols Ilne~lq~gvound 9
STANDARD VHS VIDEO CASSETTE 1ON CAT#DCTX.125W $4.50each noise. Small size, low leakage.
NS TRUCT 12 Vde, 200 ma " X~ | 3.46" X 1.16" X 2.81". UL and CSA listed.
’ ° C RF1.201 $8.5 h
BY FAR MOST VCR I\%A(;_FUNCTIONS ARE MECHANICAL | ’Q\‘l 2.1 mm D.C. power plug with center negative. — o) EECES
With the VU-THRU TOOL & 9 page ILLUSTRATED MANUAL = —h CAT# DCTX-122 $3.00 each
you can get many VCR's back in working order without special % ’ \ HEAT SINK COMPOUND
tools or equipment o2 4PDT - 24 Vdc RELAY
Typical VHS mechanism with o -
VU-THRU DIAGNOSTIC TOOL in place R 24 Vdc; 650 ohm coll g(] Satme
( C} 8 ,'Ir ) 3 amp contacts . B@
B N ﬁ‘ Standard 14 pin . ) o For o
i oy 1V . (ICE CUBE) style. Electronics # 10-8109 - For eftective
Bl ° @ ; gg(s) g‘f}‘{ Plastic dust wzey_ transfer of heat between components and
$1345 total Size: 1 1/4" X 1 ¥/4" heat sinks. Z9 silicone heat sink com-

X 7/8" CAT#4PRLY-24N $4.00 each pound. CAT¥ HSC-1 $2.00 per 10z tube

SPECIAL ORDER TWO

WebAY oo TOLL FREE ORDER LINES

—— 1-800-826-5432

(‘;'As.zt-dus mg&eé Asa‘llcl:; tax CHARGE ORDERS to Visa, MasterCard or Discover

; Fig. 1 C%‘g:g gioEl)J(ISOO TERMS: Minimum order $10.00.Shipping and handling for the 48 continantal U.S.A. $350
L b LU y R par ordar. All others including AK, HI. PR or Canada must pay full shipping. All orders
With power on & the VU-THRU TOOL in place the following will happen in a normally delivared in CALIFORNIA must include state sales tax (7 1/4,7 1/2,7 /4 or8 1/4%)
working VCR when "PLAY" is pressed. The tape tension arm (2) will move to the left causing Quantities Limited. NO C.O.D. Prices subject to change without notice
the tension band to apply :;:h: s-av(%l)y spindle (1). Lr:::lins posts (4) will T,;’)V%_{?r":d CALL OR WRITE FOR OUR FREE 64 PAGE CATALOG
carrying the tape to the vi ea & stopping at ing post supports (7). The video
head will be rotating CCW at 1800 RPM. The pinch roller (11) will move toward the capstan ALL ELECTRONICS CORPORATION
(12) & press tape between (11& 12). The capstan will be turning CW pulling tape across video P.O. Box 567 - Van Nu s, CA - 91408

head. The idler wheel will be driving take-up spindle in a CW direction.
THE ADVANTAGE OF THE VU-THRU VCR DIAGNOSTIC TOOL IS NOW OBVIOUS. Now
you can SEE all of the above action without a video cassette blocking your view.

WANTED!!' DEALERS OUTSIDE OF THE USA-WRITE FOR FULL

AR ELEKTOR ELECTRONICS USA NOVEMBER 1991



*‘EK /»

THE HAGUE HOLLAND

TELL OUR ADVERTISERS YOU SAW THEIR AD IN ELEKTOR.

IBM PC SERVICE CARD

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

Ready Assembled Module

$145

PLOTTER MARK-II

completely reworked version: see Elektor Electronics March 1990.
* Max. width 50 cm.

going at once.

SR ROPSSE

>,
T

EUROPE'’S
HOTTEST KITS
NOW AVAILABLE
IN
NORTH AMERICA! |

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

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

100.100 $275

IC TESTER FOR IBM-PC-
XT/AT

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

Ready Assembled Module

$200

ELEKTOR ELECTRONICS USA NOVEMBER 1991
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COLOUR TEST PATTERN GENERATOR

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

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

oscilloscope.
100111 $175

Inc. case and front

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

WorldRadioHistory

MICROPROCESSOR-CONTROLLED
FREQUENCY METER

A professional grade multi-purpose fre-
quency meter, designed by Elektor Elec-
tronics. that can be build by many at
affordable cost. Described in Elektor Elec-
tronics December 1984, January & February
1985. U665B-based prescaler.

m Frequency meter:
0.01 Hzto 1.2 Ghz.
m Pulse duration meter:
0.1to 100 s.
m Pulse counter:
0to 109 pulses
m Period meter:
10 ns to 100 ns
® Sensitivity:
Input A: 10mV s (Z i, = 2 MQ);
s Input B: TIL or é OS compatible
(Zin=25kQ);
m |nput C: prescaler input:
10mMV s (2 in = 50 Q).
m Auto-ranging and completely menu-
driven.
m 6 or 7 digit accuracy.

Kit includes power supply.
prescaler and enclosure.....100.112 $3°°
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BASIC COMPUTER
With Intel 8052AH-BASIC

100.117 2 ¥y
L\

$160 . =%

-
{

&

| s,
—

| ; .
L
ANALOG MODULE

$-VHS/CVBS-TO-RGB CONVERTER

Following last month's introduction into the
main characteristics of the Super-VHS system
we close off the article with details of a
practical converter circuit that allows an S-
VHS-VRC or camcorder to be connected to
the RGB inputs of a colour TV or monitor. The
circuit presented here forms a state-of-the-art
approach 7o all-analogue picture standard
conversion, and is based on the latest in IC
technology available for this purpose

220030 $150

eps 880162 100113 $80

DIGITAL MODULE

eps 880163 100114 $55

ADRESSDECODER

eps 880159 o015 $45
-

——,  wwrig i

B B

MULTIFUNCTION MEASUREMENT
CARDS FOR PCs

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

into a powerful central controller in a com-
plex measurement and control system.

220040 $225

SPECIAL PARTS SERVICE

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

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

MICROPROCESSOR-CONTROLLED
TELEPHONE EXCHANGE

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

20057 $190

é‘EK /),

THE HAGUE HOLLAND

AVAILABLE FROM:

OLD COLONY
SOUND LAB

PO Box 243, Dept E91
Peterborough, NH 03458 USA
24-Hour Lines:

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

¢ Check, money order, MC/VISA
accepted.

Please allow 6-8 weeks for delivery
SHIPPING: Airmail shipping to USA
included in price. Others: Please
inquire.

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

MAIN FEATURES

« 8 Internal hnes '

+ | external ire

* memory tor 10 numbers l

 Internal through connechions

o versghle computer control

e automatc 3 tor external ine

e« smple 1o extend

+ can be ntetfaced tc a PC

e selective external call
acceptance

* shortcut il codes for external
number

o wOrks with pulse cialing tele
phone sets

« one ophnal relay for extra
switching function

400-WATT LABORATORY POWER
SUPPLY

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

ex. case 220.036 $525

WorldRadioHistory

MAIN SPECIFICATIONS

+ Mode: Single
one adjustable power supply
with current an voltage
controls '
Output 0 4Ovat0 5A

+ Mode: independent
two ident-cal. electncally
separated. power supples
Qutputs
2x0 40Vat2x0 S5A

+ Mode: Trocking
- twO ingdenhcal. senes connec
ted. power supplies
Qutputs + 0 +40Vatld SA
0-80Vvat0 5A
Voltage and current of slave
follow master

+ Mode: parollel
two identicol. poraliel con
nected. power supplies
Outputs 06-394Vat0 10A

« Moximum output vol'o?e:
0 - 40V (ot full lood)

48 V (no load)
« Moximum output current:: 5 A
« Rippie 10 mV (no load)

50 mV (ot fult load)

« Voltoge ditference in
trocking mode: 50 mv

ELEKTOR ELECTRONICS USA NOVEMBER 1991



NOW THAT YOU‘VE SEEN OUR
NEWEST TREASURE.

WHY NOT HAVE A LOOK AT THE REST?

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

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

Audw Amatenr

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;
Audso 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

THE LOUDSPEAKERJOURNAL

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.

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

Canada add $4 per year postage

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

Canada add $4 per year postage

SPEAKER BUILDER
] Two years, (12 issues) $45
(] one yoar, (6 issues) $25

Canada add $6 per year postage

NAME

STREET & NO.

cIy

STATE

ZIP

MC OR VISA NUMBER

EXPIRE

AUDIO AMATEUR PUBLICATIONS
PO Box 576, Dept. E91, 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.

ELEKTOR ELECTRONICS USA NOVEMBER 1991
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OLD COLONY OSOFTWARE

SPEAKER DESIGNER
Stuart E. Bonney

SPEAKER DESIGNER is a loudspeaker system design aid and mod-
eling tool for use with both closed and vented systems over the frequency
range of 10-300Hz. The program computes and displays system fre-
quency response, power handling capabilities, and relative sound pres-
sure level (SPL) outputs for each of 26 discrete frequencies over this
range. This package runs on any |BM PC/XT/AT, true compatibie, or IBM
PS/2 running MS/PC-DOS 2.0 or higher. Printer output compatible with
any 80-column or wider printer. 1 x 514", 360K, DS/DD.

SOF-SPD1B5 SPEAKER DESIGNER for IBM $19.50

STEPPED VOLUME CONTROLS
Joseph O’'Connell

These ready-to-run Macintosh programs come on a 342" SS/DD disk
initialized as a 400K disk for compatibility with all machines. Also included
are the Pascal source codes, should you wish to customize them for your
own use. The package contains two programs:

RESISTOR SELECTOR (Program A): This program simplifies the
math necessary to build stepped volume controls.

RESISTOR CHECKER (Program B): This program would be superfiu-
ous if it were possible to obtain every resistor value that the above
program called for. But because you will be limited to the nearest standard
values, or with series and parallel combinations, this program quickly
calculates the taper that will resuit with different actual values. It can also
show the effects of different source and load impedances on the taper.
Both programs (contained on the same disk) allow you to save their output
to a text file. From TAA 4/88, 3/89; article reprints included.

SOF-SVC1M3 STEPPED VOLUME CONTROLS
for Macintosh

THE LISTENING ROOM
Sitting Duck Software

This interesting program predicts standing wave modes in smali rooms
and is designed for positioning speakers--and the listener--in such a way
as to minimize standing wave effects and other room-generated infiu-
ences. With proper speaker/iistener positioning, serious frequency re-
sponse dips and peaks due to room influences can be kept to a minimum.
The program allows for a full range of speaker and listener movement in
3D space and continuously updates a standing wave Pressure Versus
Frequency display. 256K RAM, DOS 2.11 or higher required. CGA, EGA,
VGA, or Hercules graphics capability required. LaserJet or dot matrix
printer recommended. 1 x 54" supplied on the diskette is a second
version of the program which recognizes a coprocessor. Softbound
manual.

$25.00

SOF-TLR1B5G THE LISTENING ROOM WITH GRAPHICS
for IBM $34.95

THIELE/SMALL DRIVER PARAMETERS
David Long

This package was written in order to make easier and faster the job of
determining the Thiele/Small parameters of raw drivers. The final display
screen will show, in addition to the usual parameters, the effects of
amplifier and crossover losses on the driver (Qg, Qr, Qes, Qrs, and SPL),
driver impedance at fs, the driver's moving mass (Mump), the driver's
suspension compliance (Cus), and efficiency.
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This disk also contains programs for Qua, Qrc, and room resonance.
1 x 54", SS/DD. From SB 1/89; article reprint included.

SOF-TSD1C5 THIELE/SMALL DRIVER PARAMETERS
for Commodore 64 (disk) $25.00

TWO-WAY ACTIVE CROSSOVERS PLUS
Gary Galo

This program will perform the necessary calculations for the eight
common two-way active crossover designs described by Dr. Robert M.
Bullock Il in Speaker Builder 3/85 (article reprint is included). The
schematics are drawn in the text mode using the IBM line drawing
characters. No graphics adapters are needed to display them, but your
printer must be set up to emulate the IBM ProPrinter in the alternate
character set mode. As an aid to selecting op amps suitable for use in
audio circuits, also included is a program for calculating op amp Vr# (input
dynamic range), based on an article in TAA 3/86 (article reprint included).
This program is particularly valuable since the demands of CD players
have made Vry such an important consideration in designing analog
circuitry. DS/DD.

Purchasing options available:

SOF-TWO1B3 TWO-WAY ACTIVE CROSSOVERS PLUS
314" for IBM $20.00

SOF-TWO1B5 TWO-WAY ACTIVE CROSSOVERS PLUS
5V4" for IBM $20.00

VENTWRK VENTED BOX CONSTRUCTION

(PLUS)
George L. Augspurger

A short segment of a much larger loudspeaker analog program,
VENTWRK is provided by one of audio’'s most famous names as a
companion to his article "New Guidelines for Vented-Box Construction,”
which appeared in SB 2/91 (article reprint included). The program en-
compasses simple design rules developed by the author which enable fg
(resonance frequency) to be predicted reasonably accurately for typical
vented loudspeaker enclosures. The Apple lle version is written in
Applesoft BASIC and runs on any member of the Apple Il family having
an 80-column card. It contains the VENTWRK program only. The IBM
PC version is written in Turbo Pascal. The source code and the compiled
.EXE program are included on the high density diskette. In addition to
VENTWRIK, the IBM version also contains the foliowing two programs:

SPCONV: This program performs very fast interactive conversion
between Thiele/Small parameters and basic specifications such as B1
factor and cone assembly mass.

BXCKT: This calculates and displays the R-L-C analog circuit values
for Locanthi's analog circuit. Closed box, vented system, and passive
radiator system are provided.

Purchasing options available:

SOF-VNT1A5 VENTWRK VENTED BOX CONSTRUCTION
for Apple (not Mac) $9.95

SOF-VNT2B5 VENTWRK VENTED BOX CONSTRUCTION PLUS
for IBM $19.95

WOOFER-SATELLITE OFFSET
Sitting Duck Software

When, due to aesthetic considerations, woofer systems are placed at
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USE OUR EASY ORDER FORM BELOW!

distances from the listener which are different from that of the satellites,
serious dips in frequency response may result. The magnitude, width,
and frequency of the dips are a function of the distance differential and
the crossover network in use. This program plots the frequency and phase
response curve which results from user-determined offset differentials
and network configurations. 256K RAM required. CGA, EGA, VGA, or
Hercules graphics capability required. LaserJet or dot matrix printer
recommended. 1 x 514",

SOF-WSO1B5G WOOFER-SATELLITE OFFSET WITH
GRAPHICS for IBM

$34.95

SPEAKER BUILDER AND THE AUDIO

AMATEUR INDEXES, 1980-1990
Russell Schoof

These eleven-year indexes, available separately and as a set, chron-
icle in a very user-friendly fashion the contents of Speaker Builder and
The Audio Amateur magazines. The indexes are not stand-alone soft-
ware; they require database management software such as PCFile:dB
or Alpha Four for implementation.

These are dBASE |li+ files and can be used by any program that either

standard database files, the indexes themselves can be updated annually
or otherwise modified by the user. Alternatively, registration of the index
copy with the designer (card provided) will entitle the purchaser to a
discounted price on professionally produced annual updates.

The Speaker Builder index comes on two 514" disks. The EDITORIAL
CONTENTS disk contains more than 1000 entries for articles, columns,
letters, and corrections. The DRIVERS disk contains more than 800
entries for raw drivers. It lists all raw drivers for which useful information
is presented in articles, letters, and some advertisements. Further, it also
gives data (when available) on the type, function, construction materials,
voice coils, and use, as well as the other types of information published
in SB. Occasionally, data has been supplemented by information from
outside sources. The index for The Audio Amateur comes on one 54 *
disk and is presented in the same form and style as the Speaker Builder
EDITORIAL CONTENTS.

Purchasing options available:

SOF-SBX2B5 SPEAKER BUILDER INDEX, 19801990,

for IBM $16.00

SOF-AAX2BS THE AUDIO AMATEUR INDEX, 1980-1990,
for IBM $16.00

SOF-XXX2B5 SPEAKER BUILDER/THE AUDIO AMATEUR

directly accesses or imports that type of file. Since dBASE is the de facto COMBINED INDEX SET, 19801990 $30.00
industry standard, though, most database and spreadsheet programs will !
work--even some word processors will. Since the index contents are
e e e e o _DEALER DISCOUNTS AVAILABLE _ e e D e
Qry. ITEM NO. PRICE EACH TOTAL
- - NAME
SOF- s s
COMPANY
SOF-
STREET
SOF-
cITy ST ZIP
SOF-
DAYTIME TELEPHONE
SOF- PAYMENT BY:
O FREE CATALOG SHIPPING $ g z:gggé CI:'O;;EY ODR\?IEST\
TOTAL $
MC OR VISA EXP.

SHIPPING:
USA: $2 first item, $.75 each additional.

Canada: $4.50 first item, $.75 each additional.
Overseas Surface: $6 first item, $.75 each additional
Overseas Air: $9 first item, $.75 each additional.

OLD COLONY
SOUND LAB

PO BOX 243, Department E91
Peterborough, NH 03458-0243 USA

24-Hour Lines
Telephone: (603) 924-6371 or (603)924-6526
FAX: (603) 924-9467
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SHALL WE WORMS TURN?

If a healthy infrastructure for the electronics enthusiast who likes
to build things is ever fully revived in the United States and
Canada, it won't be by folks who are content to curse the
darkness.

Our supply problems, because of the size of our two countries,
and the resultant elephantiasis of the electronics distributors, are
due largely to two factors, as I see it. The obesity of those who
should be doing the supplying, and the unorganized lassitude on
the part of those who are eager to do some genuinely satisfying
work building electronics projects. And electronic construction
means something more complex, as one reader put it recently,
than another solar night light.

I commend to you the example of reader Jan Rowland of
Houston, TX. Like most Texans he believes in doing something
about problems when they crop up. He wrote a strong letter to
Jameco Electronics protesting their 1991 $50 minimum order
limit. His letter was eloquent and to the point, and perhaps it
helped that he sent Jameco's people a copy of my editorial from
the September '91 issue.

Jan got a reply. Jameco, according to John Rengstorff in the
Customer Service department, will lower Jameco’s minimum to
$30 beginning with the release of the 1992 catalog. A fresh copy
of this new, handsome, and remarkably complete publication
landed on my desk yesterday. They can well be proud of it, its
usefulness and the kind of service I know they have provided
since their earliest days in the 1970s. (To receive a free copy FAX
them at (415) 592-2503 or call (415) 592-8097.)

The lesson here is that the action of a single customer can make
a difference. There are now 10,000 of us who read and enjoy this
magazine. If I have my way, at 1992's end, there will be twice
as many of us. Most of you who write to me are having very nice
things to say about the magazine's content. I believe the quality
of what appears in these pages is far above average.

But the problem we face is telling the vendors of our two coun-
tries that we are here, and we are looking for goods. If they do
not stock what we need, we need to ask them why they don't.
If we find a good vendor who supplies our needs, we will do
ourselves, each other and this avocation a favor by asking the
vendor why his goods are not being advertised in Elektor.

No hobby flourishes without good vendors. We are doing a
massive job of acquainting the electronics community with Elektor
Electronics USA. But only you can tell them that you are a cus-

tomer, that you have needs, and that those needs are worth
money to their enterprises.

I have had the pleasure over the last 22 years of founding four
magazines. Three of them have built a whole range of new
businesses which flourish by meeting the needs of those publica-
tions' readers. But it all came about because readers were vocal
about their pleasures, their projects, their discoveries, and their
hardware and tool needs. If you are an enthusiastic builder of
electronics projects, you can enrich your enjoyment of it by be-
coming active.

If this sounds like huckstering to you, so be it. But I see no
healthy hobby in North America which is without a vast array
of specialized suppliers who are out to help the hobbyist find
pleasure and satisfaction, and sell goods too, of course. Have a
look at any magazine you wish to name that serves a hobby
market and you'll find hundreds, sometimes thousands, of sup-
pliers who provide an amazing variety of arcane and often highly
imaginative products. Model railroads are a good example. Next
time you are at a newsstand, have a look at Model Railroader.
And there are hundreds more: Telescope Maker, Guitar Player,
Electronic Musician, Fly Tying, Truckin', Low Rider, Street Rider,
and on and on.

We must begin thinking of ourselves as a market because that
is what our wishes become in building the projects we wish to
build. But the world will never know we are a market with needs
unless we talk about it, act on it, write about how we feel, and
what we want.

[ said in the first North American issue of this publication that
we are, collectively, a rich and incredibly talented resource group
for each other. That, in the best sense, is what a publication does.
It is a meeting place, an interchange point for the minds and ideas
of all its readers. And the data is not all intellectual. Some of it
involves excellent parts and supplies.

This issue marks the beginning of the second year of Elektor's
North American odyssey. I hope you join me in recognizing that
we are helping to rebuild something that has sunk to a very low
ebb in our two cultures. For our own pleasure, enhancement and
for the sake of ours and other’'s humanness, building with our
two hands is a worthwhile pursuit. Talk to us. Talk to our adver-
tisers. Talk to those who should be spreading their wares here.
Your voice is essential, and your contribution is unique.

We have been worms far too long. It is time to turn.—E.T.D.
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l IC-2410A/H DUAL-BAND MOBILES
Icom has announced the IC-2410A and
IC-2410H 144 and 440MHz dual-band trans-
ceivers. The IC-2410A puts out a maximum
of 25W on UHF and VHF. Maximum out-
put power for the IC-2410H is 45W on VHF
and 35W on UHF. Both offer high, medium,
and low power settings. In addition to receiv-
ing two bands simultaneously, the mobiles
also receive two frequencies simultaneously
on the same band.

You can set the main band on VHF or UHF,
enter memory or VFO mode, directly enter
frequencies and memory channels, and se-
lect high or low power. The IC-2410A/H has
crossband repeat capability with repeater
offsets on both bands. Each band has 15
memory channels, two scan edge channels,
and one call channel. The HM-56 micro-
phone has 14 DTMF memory channels.

For more information, contact Icom Amer-
ica, Inc., 2380 116th Ave. NE, PO Box
C-90029, Bellevue, WA 98009-9029, (206}
454-8155, FAX (206) 454-1509, TELEX
152210.

SILVER EPOXY KIT

FOR ELECTRONIC CONNECTIONS
Planned Projects has introduced the 2400
Circuit Works Conductive Epoxy Kit for
quick, solderless connection and conductive
bonding applications in electronic design,
prototype, and repair. Other applications in-
clude solderless surface-mount connections,
circuit board trace repair, die attach, static
discharge drains, shield bonding, and
grounding.

The Circuit Works conductor is a two-part
silver epoxy featuring electrical conductivi-
ty with resistivity typically 0.001Q/cm and
10-minute room-temperature curing. The
material approaches maximum bond strength
in 24 hours. Bonding performance can be ac-
celerated by mild heat curing at less than
100°C.

The kit sells for $14.95. For more informa-
tion, contact Planned Projects, 303 Potrero
St., Suite 53, Santa Cruz, CA 95060, (408)
459-8088, FAX (408) 459-0426.
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| THE Vi SERIES

OF AUTOMATIC A/V SWITCHES

R.F. Engineering has announced the VI
series of automatic A/V switches. The VI
allows two video devices (a laser disc player
and a VCR) to be connected to a single mon-
itor. It detects which source is delivering a
signal and routes the signal to the monitor.

The VI can detect either video or audio
signals, so it can be used as an expansion in-
put on an audio preamp. The device is de-
signed so that if both signals are present, it
will give priority to the device on the Video
B connection. A sensitivity adjustment al-
lows the VT to filter out noise that can cause
erratic switching. A delay adjustment is used
to prevent switching on missing signals, such
as between tracks on a CD.

The VI is available with RCA connectors
at $89.95 or S-VHS connectors at $119.95.
For more information, contact R.F. Engi-
neering, Inc., 9215 Lowell Blvd., Westmin-
ster, CO 80030, {303) 430-8281, FAX (303)
430-4023.

CONCERT SOUND REINFORCEMENT

WORKSHOP
The third in a series of Concert Sound Rein-
forcement Workshops will be sponsored by
Synergetic Audio Concepts on January
14-16, 1992 in Orange, CA. Don and Caro-
lyn Davis will host the workshop. Workshop
Chairman, Will Parry of MSI, announced
that Audio Analysts, Clair Brothers, Elec-
trotec, and Showco will again be represented
at the workshop. David Scheirman of Con-
cert Sound Consultants will be the facilities
coordinator.

For more information, contact Synergetic
Audio Concepts, Rte. 1, Box 267, Norman,
IN 47264, {812) 995-8212, FAX (812)
995-2110.
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I CHIP MAKES VIDEOPHONES
COMPACT AND PRACTICAL

Low cost compact video telephone systems
are now possible with the integrated circuit
chip from PMC Products. The chip allows
PMC to provide still frame, high resolution,
black/white video units {Phonvu) for less
than $500. About the size of a paperback
book, the unit lets you send still video im-
ages over ordinary phone lines to other loca-
tions in 12 seconds.

Possible applications include teleconfer-
encing, videofax, video database retrieval,
remote video surveillance, storing video im-
ages on audio tape, and sending video images
by radio.

For more information, contact PMC Prod-
ucts, 4742A La Villa Marina, Marina del Rey,
CA 90292, (800) 423-6377.

I SURVEILLANCE TRANSMITTER KITS
Sheffield Electronics has available several
transmitter kits and books. All transmitters
tune from 65-305MHz FM. Line-of-sight
transmitting distance measurements were
made using Ace Communications’ AR-2002
receiver. Alkaline battery operating times
were calculated from Duracell’s specifica-
tion sheets (batteries not included).

For more information, contact Sheffield
Electronics Co., 7223A Stony Island Ave.,
Chicago, IL 60649.

| EPROM LABEL BLOCKS UV LIGHT

A UV opaque write-on label for programma-
ble memory or PAL packages will be intro-
duced at this year's WESCON show by
DATAK Corp., Booth 1923. When used on
EPROM packages, the label gives added as-
surance that the burned program will not ac-
cidentally be erased by stray light from flu-
orescent lamps or other UV sources.

The label can be written on with a type-
writer, ball point pen, soft pencil, or any
platen feed computer printer. It is perma-
nent, but can be removed without leaving
an adhesive residue.

Labels are available in sets of three sheets
(cat no. EP-1), with 147 labels total, for $4.
DATAK Corp., 55 Freeport Blvd., #23,
Sparks, NV 89431, (702) 359-7474, FAX (702)
359-7494. R




MONOLITHIC VCA WITH WIDE

DYNAMIC RANGE/LOW DISTORTION
Analog Devices has announced the SSM-
018 monolithic voltage-controlled amplifier
designed for automated audio gain control.
Professional audio applications include elec-
tronic volume control systems, mix consoles,
dynamic range processors, compressors, lim-
iters, and other noise reduction systems
where remote, automatic, or computer con-
trol of gain and attenuation is desirable. It
combines low distortion performance and
wide dyamic range with the low cost of
monolithic circuitry.

Maximum total harmonic distortion with
gains of +20dB {from 20Hz-20kHz) in Class
A mode is 0.025%. Its patented design pro-
vides dynamic range to 118dB. An opera-
tional amplifier voltage controlled element
(OVCE) architecture provides differential in-
puts and outputs that can operate in the
voltage or current domain.

The 16-pin DIP version is $3 {in 100s}, the
SOIC is $3.25 {in 100s). For more informa-
tion, contact Dan Parks, Analog Devices, Inc.,
Precision Monolithics Division, 1500 Space
Park Dr., Santa Clara, CA 95052, (408)

562-7513.
I FULLY INTEGRATED

BALANCED LINE DRIVER

Analog Devices’ SSM-2142 is a highly in-
tegrated line driver system for audio, tele-
communications, and industrial applications.
This monolithic device replaces large, expen-
sive transformer-based solutions and elimi-
nates the need for expensive external trim
circuitry.

The SSM-2142 is well-suited for a variety
of applications that require superior noise
immunity and common-mode rejection, in-
cluding professional studio mix consoles,
telecommunications, and industrial instru-
mentation. Total harmonic distortion plus
noise from 20Hz-20kHz is 0.006%; output
common-mode rejection is typically 45dB.
When coupled with its companion, the SSM-
2141 differential line receiver, the device of-
fers a completely balanced low-cost, high-
performance driver/receiver system for less
than $5.

The SSM-2141 and SSM-2142 cost $1.95
and $2.95 in 100s, respectively. For more in-
formation, contact Analog Devices, One
Technology Way, PO Box 9106, Norwood,
MA 02062-9106, {617) 329-4700, FAX (617)
329-1241.

I FREQUENCY COUNTER

WITH 1mV SENSITIVITY
Optoelectronics has announced the Model
2810, a frequency counter with full-range
operation, 1mV sensitivity, and resolution to
display 10Hz in 3GHz. It detects frequencies
up to 200MHz and resolves them to 1Hz in
one second. Frequencies up to 900MHz are
resolved to 1Hz and displayed in four sec-
onds; frequencies up to 3GHz are resolved
to 10Hz and displayed in 1.6 seconds. Four
gate times {0.01, 0-1, 1, and 10 seconds) are
available from the front panel selector
switch.

The Model 2810 sells for $259. The op-
tional LCD backlight sells for $45, the extra
NiCad battery pack for $24, and the +2 PPM
TCXO for $100. For more information, con-
tact Optoelectronics, Inc., 5821 NE 14th
Ave., Fort Lauderdale, FL 33334, (800) 327-
5912 or {305) 771-2050, FAX (305) 771-2052.

I ELECTRONIC SOURCE BOOK
OF THE 1990s
The 1991 catalog from EasyTech features
test equipment, connectors, enclosures, data
books, soldering equipment, tools, designer
boards, service aids, and many other items
sought by electronics buffs. EasyTech also
provides data sheets on most integrated cir-
cuits produced in the last ten years. They
charge $1 to have the data sheet included
with an order or $5 to have anindividual data
sheet printed and sent out on its own.

For a catalog, contact EasyTech at 2917
Bayview Dr., Fremont, CA 94538, (415}
770-2300, FAX (415) 770-2346.
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I INTERNATIONAL CONFERENCE
ON INFORMATION ENGINEERING
An International Conference on Informa-
tion Engineering will be held in Singapore
December 2-5 at the Hyatt Regency. The con-
ference will deal with the integration of com-
puters and communication systems, empha-
sizing the networking aspects. Tutorial ses-
sions will be offered on the first day. The con-
ference will coincide with Singapore Infor-
mation Technology Week and will precede
the Singapore Informatics 91 Exhibition.
For more information, contact Secretariat,
Associated Conventions & Exhibitors Pte.
Ltd., 204 Bukit Timah Rd., #04-02 Boon Siew
Building, Singapore 0922, Tel {65) 732-6839,
FAX (65) 732-6309, TELEX RS 28615

I DATABASE

OF ELECTRONIC CIRCUIT ARTICLES
Circuit Search has announced Version 1.09
of their database of references to articles con-
taining practical electronic circuit designs.
This dBase III/III + compatible database ref-
erences nearly 13,000 articles and papers
from more than 300 technical and scientific
journals and magazines. As an interdisciplin-
ary reference source, it can locate circuits
by key words from journals in fields as var-
ied as electronics, astronomy, agriculture,
physics, chemistry, nuclear science, educa-
tion, biomedicine, and many more disci-
plines where electronics can be applied.

The database is installed on a hard disk on
an IBM PC or compatible. It occupies about
7Mb and comes on a series of disks. Circuit
Search also provides copies (FAX or mail) of
articles that qualify under Copyright Clear-
ance Center (CCC) provisions, as well as up-
date and revision services on a semi-annual
basis.

Circuit Search sells for $375 (US dollars),
including one free semi-annual update/revi-
sion. Further updates cost $40 for one or $65
for two. A sample disk including 400 refer-
ences, pricing, and additional information is
available for $7. Contact Peter Sawatzky,
Circuit Search, PO Box 268, Breslau, On-
tario, Canada, NOB 1MO, (519} 241-1252,
FAX (519) 742-4594.
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MEASUREMENT TECHNIQUES - PART 8

Measurements in digital circuits

EASUREMENTS indigital circuits fall

into two categories: (1) voltage, current
and resistance; and (2) data. The first cate-
gory presents no problems other than those
already discussed in previous instalments of
this article. The measurement of data and
associated circuits will be described in this
part in the series.

Measurement
techniques
for digital circuits

Measurement Measurement
techniques techniques
tor investigating th: ffor investigating th
[design of the circuit data flow

—
* multimeter
. oscilloscope

- oscilloscope
. logic analyser

900113-Vi - 11

Fig. 1. Measurements indigital circuits fall
into two categories.

Techniques for examining
circuit design

Typical of digital circuit designs is the use
of densely populated printed-circuit boards,
whose tracks, owing to space limitation, are
extremely thin. This makes faultfinding par-
ticularly difficult and it is, therefore, advis-
able to carry out a thorough inspection of
the board before any work on it is begun.
For this, an ohmmeter, multimeter, oscillo-
scope with component tester or a simple
continuity tester is perfectly adequate.

Once the board has been populated, a
multimeter is useful only for checking the
various supply voltages. A component tester
is also very useful: this quickly shows whether
acomponentis all right or defect. Voltage lev-
elsandedges of digital signals can be checked
with an oscilloscope.

Data pulses can cause problems with the
triggering of anoscilloscope, however. Some
oscilloscopes are, therefore, provided with
special facilities, such as pre-trigger or hold-
off. The pre-trigger function allows it to ex-
amine the trigger pulse just prior to its first
mesial (see p. 41). In other words, the signal
behaviour before triggering is displayed.
The trigger pulse is then not shown at the
left-hand of the screen, but in the centre, or
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even at the right-hand.

The hold-off function allows the contin-
uous lengthening of the delay between two
time-base sweep voltages as shownin Fig. 2.
Pulses or other spurious signals occurring dur-
ing the hold-off time cannot influence the trig-
gering, which is particularly useful in the case
of aperiodic pulse bursts of constant ampli-
tude. The oscilloscope can be triggered on
different points of the waveform.

A digital storage oscilloscope is particu-
larly useful for measuring an aperiodic sig-
nal. Note, however, that in moderately priced
models short spurious pulses or glitches may
not all be identified The scanning rate and
storage capacity limit the use of these oscil-
loscopes.

Examining the data flow

As is well-known, logic signals in digital
engineering can only be 1 (high) or O (low).
Errors caused by insufficient pulse voltage
levels or resulting from too long a first tran-
sition duration of the pulse can be traced
with standard test methods.

A typical problem encountered in mea-
surements in digital circuits is that the ex-

amination of only one signal usually does
not yield enough information about the func-
tioning of the circuit. Generally, two or, in
complex circuits, even more signals must
be examined simultaneously.

For analysis of two signals, a dual-beam
oscilloscope is required (not a dual-trace
type, because that cannot capture two fast tran-
sient events). Examination of the data bus
of an 8-bit microprocessor system requires an
8-channel oscilloscope. Even that is not suf-
ficient if a control signal such as ‘write’ or
‘read’” must be triggered.

Some, rather expensive, oscilloscopes
permit the simultaneous display of four sig-
nals—see Fig. 3. A dual-beam oscilloscope
may be converted with amulti-channel adap-
tor to make relatively simple, qualitative
test on a number of channels possible. The
major disadvantage of such adaptors is their
low chopping rate, which allows examination
of relatively slow signals only.

In contrast to oscilloscopes, which mea-
sure voltage as a function of time, logic anal-
ysers are designed primarily for examining
the data flow in complex digital circuits and
microprocessor systems.

Alogic analyser is suitable for testing hard-
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Fig. 2. lllustrating the hold-off function. At the top, this facility is not operating. The
oscilloscope is then triggered when the electron beam is in its output position and a
leading edge appears in the signal. The waveform in bold print is then shown on the
screen; the picture runs across the screen. Analysis is not really possible. In the
lower half, the hold-off time is altered in a manner that ensures that triggering always
occurs at identical leading edges, so that the picture stands still. It is then possible
to identify any glitches or other short, spurious pulses clearly.
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Fig. 3. Display of four logic signals on a 4-channel oscilloscope.
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Fig. 4. Typical application of a combination of a logic analyser and a logic generator.
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Fig. 5. Timing diagram displayed on a logic analyser.

MEASUREMENT TECHNIQUES - PART 8

ware as well as software; it measures data,
that is, a pulse is considered as a bit with a
value of 1 or 0, and not as a rectangular
waveform with a certain amplitude. At the
time of writing, logic analysers with up to
72 input channels are commercially available.

A combination of a logic analyser and a
logic generator, which provides sample bits
that can be fed to the circuit under test, is
especially useful. It allows the analysis of cir-
cuit sections even when these are driven by
external sources.

A typical application of such a combina-
tion is shown in Fig. 4, in which the unit on
test is controlled via a data bus and an ad-
dress bus. The logic generator provides the
addresses, data input and clock, while the
analyser records the test data.

The most important part of a logic analy-
ser is the control computer, whose software
serves to operate the analyser and to anal-
yse and display the test results. In that pro-
cess, it is necessary for the relevant infor-
mation to be extracted from a vast mass of
data. In the simplest case, it is only neces-
sary for a given sample bit to be triggered.
More complex systems permit triggering
even when, for example, the operating con-
ditions are normally set by one or a number
of data buses.

Differences between various logic anal-
ysers, reflected in their price, are manifested
particularly in the possibilities of data ex-
traction and the way this is carried out.

The data display on the screen may take
various forms. Apart from the usual timing
diagram as shown in Fig. 5, which shows
the behaviour of signals as a function of
time, it is also possible for the status or the
disassembler to be shown.

The status diagram shows the input chan-
nels in a circuit section that were determined
previously by a configuration menu.

The disassembler diagram is particularly
useful for an analysis of the interaction be-
tween hardware and software. The recorded
data show the converted machine code of
the computer system on test in mnemonic
form. This process is called disassembly.

Every logic analyser is provided with
special probes that facilitate proper connec-
tion of the many inputs to the unit under
test. It is, of course, essential that fast pulse
bursts be transmitted only via short lines
that introduce no or negligible losses.

The probes contain drivers that amplify
the signal prior to transmission to the ap-
propriate analyser input. |

Reference:

‘Logic analyser’ (S parts), Elektor Electronics,
January, February, April, June, July 1991.

WorldRadioHistory ELEKTOR ELECTRONICS USA NOVEMBER 1991



24-BIT FULL
COLOUR
VIDEO
DIGITIZER

The circuit presented here
enables the Archimedes
video digitizer described a
few months ago to handle
full-colour images at an
impressive resolution of
24 bits.

by J. Kortink

HE idea to process colour pictures with

the aid of the video digitizer was born
shortly after the publication of Ref. 1. Al-
though computer-based colour image pro-
cessing is far from simple (even a
super-VGA card can only show 256 colours
at a time), there is a growing demand for di-
gitized colour photographs. This is mainly
on account of the widespread use of profes-
sional DTP (desk-top publishing) packages
capable of supporting 24-bit colour illustra-
tions with the aid of colour separation tech-
niques.

The hardware and software described
here was developed with DTP applications
(on the Acorn Archimedes) inmind. The per-
formance of the digitizer is quite impressive:
it needs only 10 seconds or so to ‘read” and
display a colour photograph — much faster
than many commercial products currently
offered.

Colour images

For black and white screen images, only one
‘ink’ colour is used: usually black. A video
image may be reproduced with digital
means by scanning the image at a suffi-
ciently high resolution (both as regards the
number of pixels and the number of grey le-
vels). The video digitizer has a resolution of
640x512 pixels at 256 grey levels. The repro-
duction on paper of the image requires the
discrete grey levels to be transformed back
into ink spots. On a computer screen, intens-
ity modulation is used, while on paper grey
levels are reproduced by controlling the size
of the ink spots. Hence, the resolution of the
printer attached to the computer determines
the number of grey levels that can be repro-
duced. Most 300-dpi (dots per inch) laser
printers are capable of reproducing 16 simu-
lated grey levels. Professional image setting
machines typically achieve 200 levels when
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set to a resolution of 2400 dpi. Photographic
paper has no such limitations, offering a vir-
tually infinite number of grey levels.

In practice, 64 intensity levels are suffi-
cient to faithfully reproduce a photograph.
The 256 grey levels offered by the video di-
gitizer are, therefore, ample for most appli-
cations.

Colour images on a computer screen are
invariably made by ‘building” individual
picture elements from three primary colours.
In the case of the video digitizer, use is made
of the three additive primary colours red,
green and blue (RGB model). By contrast,
magazine and book printers traditionally
use the subtractive primary colours cyan,
magenta and yellow, to which isadded black
(CMYk model).

During the digitizing operation, the satu-
ration of the three primary colours red, green
and blue of each picture element is
measured. This means that the image is ac-
tually scanned three times: once for the red
components, once for the blue components,
and once for the green components, the satu-
ration of which is stored as a digital value in
the computer memory. A digitized colour
image is then obtained by combining the
three scanned images containing the pri-
mary colours. This technigue is not unlike
that used in the graphics and printing indus-
try, where colour separations are used to
produce three or four plates (screens) that
each represent a primary colour. The fourth
plate represents black, and is used for the
brightness information only. During the off-
set printing process, the images on the plates
are printed over one another to give an
image with composite colours. Note, how-
ever, that the individual picture elements are
not printed on top of each other, but side by
side with an accurately controlled distance
(off-set). In this system, the black plate is the-
oretically not required, since black can be re-
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produced with the three primary colours
also. In practice, however, black so printed
has a brawnish hue. Grey levels are, there-
fore, printed with black ink, which avoids
undesirable sub-colours.

Returning to computers, the number of
colours is usually determined by the type of
video card used. Fortunately, we may avail
ourselves of mixing techniques to take the
number of colours that can be shown on the
screen over the number of colours actually
available. This is achieved by dithering, or
pixel combination. Unfortunately, dithering
has the inherent disadvartage of reducing
the overall picture resolution.

Dithering techniques are based on error
distribution protocols developed by, among
others, RW. Floyd and L. Steinberg. These
protocols allow the difference between the
desired colour and that produced on the
basis of the actually available colours to be
made as small as possible. Unfortunately, we
have to leave the subject of dithering at this
brief description, since a discussion of the re-
lated techniques is beyond the scope of this
article. The software developed for the pres-
ent colour extension of the video digitizer
does, however, provide pixel dithering rou-
tines.

The hardware

As already mentioned, the black and white
video digitizer described in Ref. 1 is taken as
the starting point. To be able to process col-
our images, the videa information has to
supplied as RGB signals. Lacking an RGB
output on your video equipment, existing
composite video or S-VHS video signals
have ta be converted into RGB signals first.
This may be done with a special converter —
see Ref. 2. Cameras, video recorders, tuners
and the like capable of producing RGB sig-
nals do not require an additional converter,



and can be connected direct to the input of
the present circuit, which is basically an in-
terface between the video source and the
input of the video digitizer.

The circuit diagram of the RGB interface
is given in Fig. 1. The circuit is really quite
simple. Two control signals supplied by the
digitizer select one of the four signal inputs
via IC1a and four relays. As indicated, three
inputs are used for the primary colours, and
a fourth for a composite video signal, allow-
ing black and white images to be digitized in
a simple manner. The fifth input serves to
pass the synchronization signals to the video
digitizer. This input is not switched because
the sync signals must always be present.
Four LEDs are used to indicate which of the
four video inputs is connected to the di-
gitizer.

The printed circuit board used to build
the interface is shown in Fig. 2. The construc-
tion is straightforward, and should not pres-
ent problems to those of you who have
already successfully built the video digitizer.

A small modification

The circuit of the video digitizer requires a
small modification to be made before it can
be used for the colour applications we have
in mind. First, a 9-pin sub-D connector is
fitted on the aluminium support bracket of
the podule. This connector takes the place of
the existing cinch or BNC socket. For the
original black and white application of the
digitizer, the video input is fed to the A-D
converter (IC10) and the syncseparator (IC11)
via a buffer stage. Since for colour applica-
tions the synchronization and colour signals
have to be applied separately, capacitor C18
is removed from the board, and a wire is sol-

24-BIT FULL COLOUR VIDEO DIGITIZER B
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Fig. 1.

dered to pin 2 of IC11. Next, a 100-nF capaci-
tor (C18) is soldered between the free end of
the wire and pin 1 of the D9 connector. The
video signal is connected to pin 2, the power
supply to pin 3, and ground to pin 4.

Finally, we need two control signals.
These are supplied by IC15,a PCF8574 — one
of the three optional I/O ICs on the podule.
Fit this IC and the associated pull-up resistor
array, Ry, on the podule board. Output lines
PO and P1 (IBO and IB1) are available on
pins 1 and 2 of connector K2. These lines are
connected to the D9 connector, for instance,
to pins 5 and 6.

RE1 RE2

k\ns D6 D7
SYNC_

R4
|@ S10120

N

Fig. 2.

Printed circuit board for the colour interface.
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Circuit di. gram of the colour interface for the video digitizer.

The colour interface is connected to the
video digitizer via a 6-way cable terminated
with D9 connectors at both ends.

The above modification still allows black
and white images to be digitized without the
interface when a video connector is used
with a 9-pin D plug, of which pin 1 is con-
nected to pin 2, i.e., the video signal is con-
nected to these two pins, while ground is
connected to pin 4.

Software: |GreyEdit

The control program for the colour version
of the video digitizer is called !GreyEdit, and
comes on a diskette (Archimedes format)
supplied through the Readers Services
under order number ESS 1631. All other
functions in the program !VidiDigi (see
Ref. 1) are also included on this disk.

COMPONENTS LIST

Resistors:

2 10kQ R1;R2

4 470Q R3-R6

Capacitors:

1 100nF C1

Semiconductors:

1 74HCT139 IC1

4 1N4148 D1-D4

4 LED D5-D8

Miscellaneous:

4 V23100-V4005-A000 Re1-Re4
(Siemens)

1 9-way sub-D plug, with hood

1 9-way sub-D socket

5 RCA (phono-) socket for PCB mounting

1 enclosure, aluminium, size approx.
109x58x25 mm (e.g., Hammond 1590)

1 control software on disk ESS1631
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COMPUTERS AND MICROPROCESSORS
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Fig. 3. The modifications to the original
video digitizer are simple to make, while all
functions are retained.

The digitizer functions are available via
the ‘digitizer’ sub-menu. The buttons on the
screen allow you to select one of the three
primary colour signals, or the black and
white signal. The selection must be indicated
by the LEDs on the interface board. The pro-
gram also has a utility that allows a colour
image to be digitized automatically. On se-
lecting this function, you are prompted to in-
form the computer where the digitized
images are to be stored. Simply drag the icon
to a directory on the diskette or hard disk.
The digitizing operation starts immediately
after this has been done. The files containing
the red, green and blue information are
stored successively in the indicated direc-
tory. The digitizing process is complete after

100 V-SO00F A

LOOV-S00Y A
O0LEZ A
100 V-S00% A
OOCLEZ A

Fig. 5.
a short flexible cable.
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Fig. 4.

Digitized photographs taken with a Canon ION. Use was made of the S-VHS output.

Also, the picture was improved with the ‘sharpen’ function provided by the control software

developed for the Acorn Archimedes.

three scans, and the R, G and B information
is ready for combining into a new, larger,
file. Drag the directory with the three pri-
mary colour files to the window marked
!GreyEdit. Next, the program asks you
where the photograph is tobe stored (saved),
and under what name. If everything works
correctly, the colour photograph will be
ready after a few seconds of number crunch-
ing activity. The photograph is written in the
"Clear’ format and may be converted into a
GIF, TIFF or PBM file with the aid of the !Cre-
ator utility. Mind you, the current versions of

OOLEZ A

<

&g
g1
-
29

' |

Interface fitted in a compact enclosure. The unit is connected to the computer via
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the GIF protocol do not support 24-bit col-
ours. It is, therefore, recommended to use
the TIFF format to export files.

The picture may be edited with {Transla-
tor, which is supplied on the disk together
with !GreyEdit and !Creator. Finally, note
that the size of the image files requires a hard
disk and a minimum memory of 2 MByte.

Black and white image
enhancement

A couple of experiments with a Canon ION
RC-260 camera showed that the quality of di-
gitized black and white pictures can be im-
proved considerably when a video source
with an S-VHS (super-VHS) output is used.
Where such a source is available, connect its
luminance signal (pins 1 and 3) only to the
digitizer. Results close to perfection may be
obtained in this manner, particularly if the
‘sharpen’ function of !Greyedit is used. The
two photographs in Fig. 4 were produced in
this way. After digitizing, they were con-
verted into Postscript, and printed on a Agfa
Compugraphic Type 9800 photo typesetter.
a

References:

1. Black-and-white video digitizer (for Acorn
Archimedes). Elektor Electronics July/Au-
gust 1991,

2. S-VHS/CVBS-to-RGB converter. Elektor
Electronics September and October 1990.



DISSIPATION LIMITER

HE secondary alternating voltage in power

supplies stabilized with the aid of series
regulators is normally calculated to ensure
that with maximum output voltage and cur-
rent the potential across the reservoir capac-
itor does not drop below the minimum volt-
age, U,, required for satisfactory operation
of the regulator. When the supply operates
below maximum output voltage and cur-
rent, thepower thatis then not required iscon-
verted into heat. Moreover, the design al-
lows for maximum output voltage and cur-
renteven when the mains voltage is at its low-
est specified level.

The secondary voltage may well be spec-
ified too high, with the result that when the
mains voltage is at its highest specified level
and the power supply is open-circuited, the
maximum permissible potential across the
reservoir capacitor, and thus that at the input
of the regulator, may easily be exceeded.

Itis clear that in most power supplies, the
specified voltage levels for the regulator and
reservoir capacitor are needlessly high.

Possible solutions

The uneconomical design outlined above
may be improved in several ways. It is, for
instance, possible, with the aid of relays, to se-
lect secondary alternating voltagesaccording
to the load requirement. This is, however, pos-
sible only with a very special, and therefore
expensive, mains transformer. Another pos-
sibility is to use phase gating control. This,
however, requires fairly high switching cur-
rents and causes noise on the mains supply.
Moreover, capacitors that can withstand high
current pulses must be used and these are
expensive.

A third method is used in the circuit pre-
sented here. In this, the charging of the reser-
voir capacitor is interrupted when a certain
potential across the capacitor is reached. The
circuit, which can be added to most existing

by C. Zschocke

Dissipation in electronically regulated power
supplies, manifested by heat, is a problem that is
normally tackled by providing external heat sinks.

The limiter presented here offers a more
intelligent solution. It can be used as an add-on
unit with virtually any power supply.
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regulated mains power supplies, ¢ can be used with positive and negative

minimizes the power dissipation; series regulators.
offers an additional reduction in dissipa-
tion during a short-circuit or during cur-

rent limiting; Principle of operation

is inexpensive to build; In Figure 1, an electronic switch, for instance,
usesonly standard, readily availablecom-  a SIPMOS transistor, is inserted between the
ponents; rectifier and the reservoir capacitor. At the
needs only little space; startof each halfcycle, theswitchison(U >3 V).
is suitable for high-current supplies; A charging current flows into the capacitor
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Fig. 1. Principle of operation of the dissipation limiter.
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m POWER SUPPLIES & BATTERY CHARGERS

and the potential, U, across the capacitor
follows the instantaneous level of the half-
wave voltage. When U_ has reached the min-
imum level, Uy, required for the wanted out-
putvoltage, U, the charging current is switched
off until the end of the half cycle. The level
of U, must be chosen to ensure that U, does
not drop below U; until charging current be-
gins to flow again at the start of the next half
cycle. This voltage is the sum of the wanted
output voltage, the drop across the regula-
tor, Uy, and the voltage resulting from the dis-
charging of the capacitor. The difference AU
thatis,the series switch-off voltage, Uso(m), be-
tween U, and Uy, is easily determined, since
it is directly proportional to the charging
current; infact, AU=It /C,wherelisthecharg-
ing current, ¢ is the time during which charg-
ing current flows, and C is the capacitance
of the reservoir capacitor. Thus,

Ugo=Uo+Ug+AU
=Uy+Ug+It/C.

The time ¢t is, in full-wave rectification,
equal to a half cycle of the mains frequency,
that is, T/2. Then,

Ugo=Uo+Ug+IT/2C.

If now the maximum permissible output
current, Iom) is substituted for I, the highest
potential drop across the regulator (at the start
of each half cycle) is

uso(m)= Uso~Uo=Ug+l O(m)T/ 2C.

From this, the instantaneous dissipation, Py,
can be computed:

P=1Uso(my=lolUg+om)T/2C-1,T/4C}.

As an example: a power supply with a
reservoir capacitor of 3300 uF is required to
provide an output voltage of 0-15V ata max-
imum current of 1 A. Since the potential drop
across the regulator is 3 V, the voltage across
thecapacitor, U, mustbeatleast 18 V. Without
limiting, the maximum power loss, Py(m), in
the regulator is 18x1=18 W (which is, for in-
stance, the case when maximum current flows
at very low output voltage as in a short-cir-
cuit condition).

With limiting, the voltage across the ca-
pacitor, Us,, needs to be only

Ugo=Uy+Ug+It/C=
=0+3+1x10-2/3300x10-6=3.03 V.

The maximum dissipation is reduced to
Prmy=lolUg+lom)T/2C-1,T/4C].
Since Iy=Io(m),
Pr(my=lo(Ug+Io(m)T/4C=
=1(3+1x2x10-2/4x3300x10-6=4.5 W,

which is an appreciable improvement.
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Fig. 2.Dissipation with and without limiter.
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Fig. 3. Circuit diagram for both versions of the dissipation limiter.

WorldRadioHistory




DISSIPATION LIMITER

%

@ ==

Fig. 4. Printed circuit boards are available for both versions of the dissipation limiter.

PARTS LIST

Resistors:

R1, R2=4.7 kQ
R3 = 100 kQ2

R4 =1kQ

R5-9 =22 kQ2
R10, R11 = 220 kQ
R12=2.2kQ

R13 = 100 kQ

Capacitors:
Ci=1nF
C2 =47 uF, 100V

Semiconductors:

D1 = zener diode, 20 V, 400 mW

D2 = zener diode, 39 V, 400 mW

D3 = 1N4148

D4-6 = 1N4004

D7 = see text

T1, T3 = BC556B (pos); BC546B (neg)
T2 = BUZ10 or BUZ11 (see text)

T4, T5 = BC546B (pos); BC556B (neg)

Miscellaneous:
Heat sink for T2
PCB 910071

The practical circuit

The circuitin Fig. 3 may be splitinto thedrive
for the current switch, the switch itself ( Tp)
and a ‘thyristor’. The thyristor is formed by
transistors T3 and Ts; its cathode is con-
nected to the output terminal of the series
regulator.

The thyristor is switched on via zener
diode D7 as soon as the voltage across the
regulator exceeds the level fixed by the zener
diode plus the b-e voltage of Ts. It switches
itself off just before the next zero crossing.
To make certain that it does, it is decoupled
from the rectifier and the inverse diode of T,
via Dy and Ds, which are loaded by Rs.

When the thyristor is on, T4 switches Ty
on and this in turn switches T off.

Transistor T4 also serves, in conjunction
with Rj, to decouple the thyristor and the
charging-current switch.

Diode Dy and C; provide T, with the nec-
essary switching voltage.

Zener diode D; protects the gate of T,
against overvoltage.

The inductance of the mains transformer
causes a high back e.m.f. when the charging
currentisswitched off, and this may upset the
correct operation of T,. This is prevented by
D, and D3, which switch off T, as soon as
theback e.m.f. exceeds the permissible reverse
bias. A useful effect of the back e.m.f. is that
itincreases the potential across C,, which guar-
anteessatisfactory switching of Tyeven when
the output voltage is a maximum.

Resistor Ry ensures correct switching of
T, when the output is not loaded (open cir-
cuit). It must be rated at Uq(m)2/Rqp Watt. It
may be omitted if the power supply is per-
manently loaded.

Transistor T, must be fitted, insulated, on
its own heat sink or on that of the regulator.

Depending on the component values, the
limiter may be used with secondary alter-
nating voltages of up to 50 Vpeak. It is not
possible to say what the maximum load cur-
rent can be without knowing the value of
the reservoir capacitor and the specification
of the mains transformer. What can be said
is that the maximum charging current pulses
must not exceed the maximum permissible
current through T, which is 19 A for the
BUZ10 and 30 A for the BUZ11.

The limiter can be used without any prob-
lem in 5 A power supplies. The prototype
operated satisfactorily with an outputcurrent
of 10 A (reservoir capacitor was 10 000 uF).
Itis always possible in doubtful cases to con-
nect two or three SIPMOS transistors (T5) in
parallel.

Here are some tips for calculating the val-
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ues or ratings of a number of components.

* The zener voltage of Dy must be Ug,~0.7 V
(Up-¢ of Ts).

¢ The maximum reverse bias of T must be
greater than the peak value of the poten-
tial across the reservoir capacitor.

¢ The zener voltage of D, must be equal to
the maximum reverse bias of T, minus
5V.

¢ Capacitor C; must be rated at Ugom) plus
20V (D).

¢ Transistor T4 must be able to withstand
voltages of Uggm) plus 20 V (Dy).

¢ Transistors T3 and Ts must have areverse
bias rating equal to the peak value of the
secondary alternating voltage.

* Resistor Rz must be rated at Uym)2/R12
(watts).

¢ All connecting wires should be as short
as possible and of appropriate thickness.

¢ The dimensions of the heat sink depend
on the transformer, the reservoir capaci-
tor and the maximum permissible short-
circuit current.

* Inmost cases, it is possible to fit T, on the
heat sink of the regulator.

Construction

The limiter described above is, of course, in-
tended for positive voltages. One for negative
voltages operates in a similar manner, but
the polarity of some components must be re-
versed.

Whichever version is needed, it is best
constructed on the appropriate printed-cir-
cuit board shown in Fig. 4. The differences
between the two versions are indicated by
an asterisk (*).

Itisrecommended to ‘strengthen’ thebroad
tracks by soldering thick, bare wire on them.

The completed unit is, as shown in Fig. 3,
interposed between the rectifier and the reser-
voir capacitor. Short, heavy-duty wiring should
be used. |
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DIGITAL FUNCTION GENERATOR - PART 2

HE ONLY connection between the PLL

board and the discretely designed ana-
logue parts of the generator is via plugs and
sockets K5, K5, and Kg. Pin 1 of these connectors
carriesthe 32 Hz-3.2 MHz clock, whichis con-
verted in the various sections toal Hz-100 kHz
sinusoidal, rectangular or triangular signal.
Theother pins carry informationabout the se-
lected decadic range.

Sine-wave converter

The conversion of the rectangular output
signal of the PLL loop into asinusoidal wave-
form takes place in three stages—see Fig. 17.
The first of these is a digital-to-analogue
(D-A) converter with serial input, IC4-IC2g;
the second, a filter section that removes any
unwanted harmonic frequencies; and the
third, an output stage based on ICyq.

The D-A converter consists of two cas-
caded 8-bitshift registers,ICy7and IC»5, whose
16 outputs are fed via a single opamp, IC3,,
to the filter section.

Before the first pulse arrives at the clock
inputs of IC;7-1Cyg, all 16 outputs of the reg-
isters are low, whereas inputs B are high.
Input A of ICyg is low, but input A of IC,7 is
high, since the (low) level at pin 13 (QH) of
ICyg is inverted by ICy4q. Therefore, when
the first clock pulse is received, output QA

by T. Giffard

of ICy7 goes high; on the second clock pulse,
QB goes high (while QA remains high) and
so on. When, on the eighth pulse, QH goes
high, input A of ICyg becomes high, so that the
outputs of this register also go high consec-
utively (QA—QH). After 16 clock pulses, all
outputs of both registers are high, whereupon

input A of ICy7 goes low, as explained ear-
lier. The outputs then go low in succession
until after a further 16 clock pulses the pro-
cess repeats itself.

The high level at the outputs is 6 V and
the low level is 0 V (earth). The values of the
series resistors at the outputs have been cho-

Y

\

R\l% L LE aho: 0

Wt

Fig. 13. Third overlay of the PCB for the analogue section of the function generator

(belongs to Fig. 10)
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Fig. 14. Third overlay of the PCB for the digital section of the function generator (belongs to Fig. 7)
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DIGITAL FUNCTION GENERATOR - PART 2 E

Fig. 15. lllustrating the two methods discussed to build up a sine wave from stepped voltages.

sen to ensure that the total current through
the resistors is translated into a stepped out-
put voltage as shown in Fig. 15. The compu-
S tation of the resistance values is not simple,
since more than one solution is possible.

» RG=R103 : : )
3 2 lo= & The first method is also the most obvi-
; by © T 2 ous: divide the sine wave into 32 equal parts,
2 g 3 g | so that maximum and minimum values for
N - l'/ —O the harmonic function are obtained. That
uol means that 17 discrete values are required as

>—— —0 showninFig. 15a. Fourier analysis shows that

-— . this method results in relatively high-level

second and third harmonics.

Analternative method, used in the present
design, isshown diagrammatically in Fig. 15b.
It is based on the symmetry of a sine wave
around the ©t/2 (90°) line. To the left and the
Table 1 right of this line, the corresponding steps are
identical. Although the minimum and max-
Data for computing the resistance networks in the digital-to-analogue converter imum values of the sine wave are not reached
exactly, only a16-step D-A converter is needed.
n Oy sinoy, sino,-sina,_y R, Moreover, although the 31st and 33rd har-
monic have roughly the same amplitude as
8 —5.625 ~0.0980 those arising with the first method, the 2nd

0.1960 48 621.23 and 3rd harmonic are virtually absent.

| : The fundamental circuit for the second
method is shown in Fig. 16. The maximum

0.1923 49 573.78 voltage is present when all resistors are con-
10 16.875 0.2903 nected to the 6 V source (high) and the min-

0.1811 52 627.25 imum when all are at earth potential (low).
11 28.125 0.4714 In this method, resistors Rgg and Ryg; in

0.1630 58 476.26 Fig. 17 are not used.

12 39.375 0.6344 The computation of the resistance val-

0.1386 68 760.81 ues is begun at a zero crossing (0°) of the
sine wave. Then, one half of the resistors is
at6Vand theotherhalfat0V. Asanexample,

0.1089 8751591 resistors Rygand Rgg will be computed. First,
14 61.875 0.88119 the difference between the actual and the next

0.0750 127 053.40 higher value must be ascertained. After that
15 73.125 0.9569 it is only necessary to calculate the addi-

0.0382 249 224.20 tional current that flows through the next
16 84.375 0.9952 higher resistance.

0 First, the period is divided into 32 equal
intervals: 360°/32=11.25°. From Fig. 15b, it
is evident that the level of the output volt-
age between 0° and 11.25° must be the same

Fig. 16. lllustrating the fundamental operation of the digital-to-analogue converter.

9 5.625 0.0980

13 50.625 0.7730

17 95.625 0.9952
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as the instantaneous value at 5.625°. Next,
thesine of theangles o,,=5.625° and 0.1 =-5.625°
iscomputed and the difference sina,,—sina,,_;
established. That difference is in direct pro-
portion to the value of the resistance, that is,
R75+Rys. In the above, 1 is the harmonic-
number.

The resistance is calculated in the man-
ner used for an inverting opamp:

R,=RgU, i/ (sina,,—sina,, ).

In the denominator, the value 0.196 (as given
in Table 1) is substituted and multiplied by
1.4 (to obtain the r.m.s. value). Thus,

Ryu+Rgy=2224x6/0.196x1.4=48 621.23 Q.

This valueis roughly equal to preferred (E96)
resistors of 47.5 kQ and 1.1 kQ in series. The
small difference ofjustover20Qis useful since
the output resistance of the shift registers is
20-30 Q. The higher resistance value (0.1%!)
must be just below the nearest preferred value
in the series, Table 1 gives the resistance val-
ues from the zero crossing up to the peak of
the sine wave,

Since the sine wave is not only symmet-
ricalaround the nt/2line, butalso with respect
to the x-axis, the steps (1-8) in the negative
half of the sine wave are identical to the cor-
responding onesin the positive half. Itis, there-
fore, only necessary tocompute the values for
a quarter wave (n/2)—see the values of the
appropriate resistors in Fig. 17. Note that
the arrangement ensures that the minimum
and maximum values of the output voltage
remain constant for the duration of two clock
pulses.

Operational amplifier ICz4 not only con-

verts the current into a corresponding volt-
age, but also ensures that the ‘zero’ line is
1.2-1.8 V (set with ’}) above earth potential,
so that a clean, symmetrical sine wave with
an r.m.s. value of about 1 V is obtained.
The amplifier is a BIFET Type AD711, which
is characterized by a slew rate of 16 V/us,
low off-set voltage, low drift, good bandwidth-
gain product(3MHzatunity gain)and above
allby an excellent transient response of £0.001%
in 1 us. Capacitors Cq) and Cgy remove any
residual r.f. components from the signal and
so ensure phase stability of the amplifier,

Locked filter

The filter consists of ten fourth-orderlow-pass
sections, of which twoare used for each decadic
range. The discrete design offers real advan-
tages as far as the harmonic spectrum is con-
cerned over a simple switched filter with di-
rectinput of the clock pulses. The RCelements
are switched on and off by analogue multi-
plexers Type 74HC4053, which have a very
low transfer resistance. Each of the filter sec-
tions is buffered by a Type AD712 opamp.
The filter sections are fed with signals
D1-D4 and the output of level comparator
IC}7. It can be seen from Fig. 18 that the rel-
evant section is active only when the corre-
sponding decadic range D1-D4 is selected.
The other sections are then shurt-circuited

ELEKTOR ELECTRONICS USA NOVEMBER 1991

CR QH

C60
———

Ez(m

% see text

D1

02"

k3

KS
_L; o
Lo of
f Lo of?
8 o0 7 * R182
10 o 9 ™ R183
12 o 1 T R184
14 o 13 * R185
C164
— — s

6V

€165 ClBBilB?
—

100n |100n [100n |100n

100, | a0v

15v

ci162

0. | 25v

€161

gwa *

@Io »I—Q

7915

15v

1IC50

15v

Fig. 17. Circuit diagram of the sine wave converter.

WorldRadioHistory



DIGITAL FUNCTION GENERATOR - PART 2
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Fig. 18. lllustrating the fundamental operation of one of the five two-stage filter sections.

by switch A. The section for the lowest range
is, however, always in circuit and, therefore,
doesnotneed signal DO. The other twoswitched
inputs of the analogue circuit are strapped
together.

When the ratio is lower than 3 200 (that
is, when the frequency of the output signal
is at the lower side of the decadic rangz), RC
networks with different cut-off frequencies
are switched in. In that way, the filter has an
own frequency limit for the ranges 1-v10
and V10-10 (¥10=3.2).

The main function of the filter is attenu-
ating the harmonics. Theoretically, only the
31st and 33rd harmonics are significant. The
31st is 30 dB below the fundamental and is
attenuated by a further 70 dB by the filter, so
thatultimately itis—100 dB with respect to the
output sine wave.

Unfortunately, the cut-off frequencies of
the filter have to be calculated for the lowest
signal frequency of the decadic range. This
means that at higher frequencies the funda-
mental frequency may be attenuated by about
0.7 dB, owing to an inherent property of the
Butterworth design used. This attenuation
may be accentuated by the tolerances of the
components. The top of the filter character-
istic, therefore, has a ripple (= 0.7 dB). This
may be remedied by using higher cut-off fre-
quencies, which increases the distortion, or
using a different filter design, for example,
Chebishev with 0.1 dBripple, which requires
high-tolerance (thatis, more expensive) com-
ponents. Table 2 gives component values for
a Butterworth filter with higher cut-off fre-
quencies, whichgiveanattenuation of the 31st
harmonic of only 50 dB instead of 70 dB, but
which guarantee a ripple of <0.05 dB.

The outputstage, IC40, uses the well-known
Type NE5532 dual opamp. One part, IC4g,,
functions as a simple impedance converter
to decouple the filter. The other part, ICygp,
operates as an inverting amplifier. The off-

ELEKTOR ELECTRONICS USA NOVEMBER 1991

set voltage can be set between —4.75 V and
+4.75 V with P,.

The amplitude of thesine wave outputcan
be set to 0-1 V with P3. If a higher output
level is required, P3 can be replaced by a
2.2 kQ type. The value of Ry46 should not be
reduced. Also, at higher amplification, it may
be necessary to limit the off-set range by in-
creasing the values of Ry49 and Rysp.

Rectangular and triangular

waveform converter

Therectangular / triangular converter, whose
circuit diagram is given in Fig. 19, is con-
trolled by the clock from the sine wave con-
verter that enters the circuit via pin 4 of Ks.
That connecter also feeds signals D0-D4 (con-

taining information on the selected decadic
range) to the converter.

The clock signal is applied to the non-in-
verting input of opamp IC4p,, which trans-
forms the asymmetrical 0-6 V to a symmet-
rical rectangular signal (15 V).

Circuit ICy4yy, is one section of a dual op-
erational amplifier Type OP260. This is a
rather special device that operates with neg-
ative current feedback—see Fig. 20. The in-
verting ‘input’ of this section is, in reality,
the low-resistance output of a buffer ampli-
fier, whose input is connected to the non-in-
verting input of the opamp. If the voltage at
this input rises, the current through R; in-
creases. Since the current drives animpedance
converter, the output voltage also rises (in pro-
portionto theincrease in current). Consequently,

Table 2
Component values for higher cut-off frequencies

R106 = 100 kQ2 R107=113kQ C64 = 680 nF C65 = 100 nF
R108 =31.6 kQ R109 = 35.7kQ C66 = 680 nF C67 = 100 nF
R110=374kQ R111 =383kQ C68 = 820 nF C69 = 680 nF
R112=143kQ R113 = 14.7 kQ C70 = 680 nF C71 =560 nF
R114 = 100 kQ RIIS=113kQ C72 =68 nF C73=10nF
R116=31.6 kQ R117 =35.7 kQ C74 = 68 nF C75=10nF
R118=374kQ R119=383kQ C76 =82 nF C77 =68 nF
R120=14.3kQ R121 = 14.7 kQ C78 =68 nF C79 =56 nF
R122 = 100 kQ R123=113kQ C80 = 6.8 nF C81=1nF
R124=31.6kQ R125=35.7kQ C82=6.8nF C83 =1nF
R126 =374 kQ RI127 =383 kQ C84=8.2nF C85=6.8nF
RI128 =143kQ R129 = 14.7 kQ C86 = 6.8 nF C87=5.6nF
R130=10.0kQ R131=11.3kQ C88 = 6.8 nF C89=1nF
R132=31.6kQ R133=35.7kQ C90 = 680 nF C91 = 100 pF
R134 =374 kQ) R135=3.83 kQ C92=8.2nF C93 =6.8nF
R136 = 143 kQ RI137 = 147 kQ C94 = 680 pF C95 =560 pF
R138 = 10.0 kQ RI39=113kQ C96 = 680 pF C97 = 100 pF
R140=3.09 kQ R141 = 3.40 kQ C98 = 680 pF C99 = 100 pF
R142=374kQ R143 = 3.83 kQ C100 = 820 pF C101 = 680 pF
R144=143kQ R145 = 1.50 kQ C102 = 680 pF C103 = 560 pF
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the current through feedback resistor R, also
increases and thiswillresultinanequilibrium
in the current through the buffer amplifier.
The OP260 thus operates with a very small
buffer current. The design has the important
advantage over conventional opamps of a
very fast slew rate: >1000 V /ps!

However, the operation is not entirely
symmetrical as faras slope and amplitude are
concerned. Thisis remedied by P4—R;s5p, which
make the signal symmetrical, and Ryg7 in
conjunction with Dyg-D»; whichequalizes the
negativeand positive halves of the signal. This

DIGITAL FUNCTION GENERATOR - PART 2

arrangement ensures that the high slew rate
is retained at very low signal levels.

The rectangular signal is available at relay
contact rey.

The rectangularsignal at the outputof IC
is applied to operational transconductance
amplifier (OTA) ICy;, via Rysy. This ampli-
fier has a slew rate of 125 V/us; its operating
point is set with Pg. Because of the current
source atits output (which sets an OTA apart
from a ‘normal’ opamp), the OTA functions
as a variable resistance. This means that in
conjunction with a capacitor, C14—Cyy, it is

readily made into an integrator. The four ca-
pacitors each belong to a different decadic
range; they are selected by two analogue in-
tegrated switches, ICy5 and ICy4. Capacitor
Cj4is connected between the OTA and buffer
amplifier ICy,, when the DO or D1 line is ac-
tive; Cy47 when D2 is active; Cyigwhen D3 is
active; and Cy49 when D4 is active.

The use of a switch at either end of the
capacitors is necessary, since the transfer re-
sistance of the closed switch is not linear, but
dependent on the supply voltage and the
current through the switch. Switch ICy5 is in
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Fig. 19. Circuit diagram of the rectangular/triangular waveform converter.
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series with the relevant capacitor and the
current cource in the OTA. The current into
the capacitor is independent of the transfer
resistance of the switch. As far as the follow-
ing opamp is concerned, only the potential
across the capacitor is important. The trans-
fer resistance of IC44 is in series with the very
high input resistance of 1C4;, and, therefore,
has no relevance.

The signal at the output of ICyp, has a vir-
tually perfect triangular waveform.

The two zener diodes, Dig and Dy7, limit
the output level of the OTA to 53 V (4.7 V
zener voltage plus 0.6 V forward bias), so
that the signal level at the switches cannot
exceed the supply voltage to the ICs. The
zener voltage can, if required, be chosenlower
so as to reduce the regulating time of the
OTA even further. An additional effect of
the diodes is that, in combination with para-

CURRENT FEEDBACK OP AMP

ViNO-

-?I—O Vour

Ry
- Ayt gt 910077 -11- 16
1

CURRENT CONTROLLED
VOLTAGE SOURCE

sitic capacitances, they make necessary a re-
duction in the value of Cyy9 from the calcu-
lated 100 pF to 47 pF.

A frequent problem with integratorsis their
inability to work with very small d.c. com-
ponent. This is obviated by the d.c. feedback
loop, Ryg6—Cia4s, between IC 5, and the OTA.
This has the disadvantage, however, that there
is no triangular signal available in the low-
est decadic range of 1-10 Hz. (Our proto-
type delivered a triangular signal down to
3 Hz, but it was neither stable nor clean).

The level at the inverting input of ICyy,

may beincreased by ad.c.componentderived
from Rig3—P5-Rjgs to minimize an off-set
voltage (of the order of a few millivolts),
which, owing to the input current's depen-
dence on the control current, may arise, par-
ticularly at the inverting input.

Amplitude control is provided by dual
opamp ICy3, which is connected as a simple
inverter. Its input and output signals (in anti-
phase!) are combined by Dy3 and D;4 and
the rectified output is smoothed by C}43. This
capacitor is charged via Rjsg and Rysg to the
peak value of the triangular signal. The higher

OTA

—

Integrator I

rectifier

buffer Inverter

L

O

910077 - 11 - 18

Fig. 20. Basic circuit of an opamp with  Fig. 21. Block schematic of the triangular-wave shaper, integrator and amplitude

current feedback.
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Fig. 22a. Printed-circuit board (component side) for the rectangular/triangular converter.
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the potential across Cy3, the smaller the
output voltage (=control voltage for the OTA).
Since 1Cy3;, tends to keep the voltage at its
inverting input, and thus that across Cyy3,
cqual to that at its non-inverting input, the
setting of Pg will ultimately determine the
peak value of the triangular signal.

A disadvantage of this design is that the
regulating time, that is, the time span before
the amplitude control operates correctly again

DIGITAL FUNCTION GENERATOR - PART 2

after a frequency change, is relatively long,
because the time constant of the rectifier cir-
cuithastobesufficiently longevenatthelow-
est frequency. Since the regulating time also
depends, to some degree, on the setting of
Pg, calibrating the two controls properly takes
a little practice. This will be reverted to in
the next instalment of the article.

The output of buffer ICy5,, like that of am-
plifier ICyay, is applied to relay Re;. Which

of the two signals, rectangular or triangular,
is fed to output stage ICyy, depends on the
setting of switch Sg.

The use of a relay obviates any problems
with feedback of the rectangular/triangular
signal to the sinc wave signal (since both
may be connected viaone cable to the change-
overswitchon the front panel). Onecablecan,
therefore, be used to take the signal to and
from preset Pg, which sets the peak value of
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Fig. 22b. Printed-circuit board (track side and third overlay) for the rectangular/triangular converter.
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Fig. 23a. Printed-circuit board (component layout) for the sine wave converter.

Resistors:

R70, R160, R161 = 1 MQ

R71, R85 = 249 k€2, 0.1%

R72, R84 = 127 k(}, 0.1%

R73, R83 = 86.6 k€2, 0.1%

R74, R82 = 68.1 k€2, 0.1%

R75, R81 =57.6 kQ, 0.1%

R76, R80 = 52.3 kQ, 0.1%

R77, R79 = 48.7 k€2, 0.1%

R78 =47.5kQ, 0.1%

R86, R102 = see text

R87, R101 = 196 Q, 1%

R88, R100 =25.5Q, 1%

R89, R99 = 887 Q, 1%

R90, R98 = 634 Q, 1%

R91, R93, R95, R97 =845 Q, 1%

R92, R96 = 301 Q, 1%

R94 = 1.1 kQ, 1%

R103, R156, R157 = 2.2 kQ

R104 = 33 k2

R105 = 5.6 kQ2

R106, R107, R114, R115, R122,
R123 = 100 k2, 1%

R108, R109, R116, R117, R124, 125,
R132, R133 = 31.6 k2, 1%

R110, R11, R118, R119, R126,
R127 =43.2kQ, 1%

R112, R113, R120, R121, R128, R129,
R136, R137 = 34 kQ, 1%

R130, R131, R138, R139 = 10 kQ, 1%

R134, R135, R142, R143 = 4.32 kQ2, 1%

R140, R141 =3.16 kQ, 1%

R144, R145 = 3.4 kQ2, 1%

R146, R158, R159, R182-185 = 1 kQ

R147, R148 = 1.2 kQ

R149, R150 = 15 kQ

R151, R155 = 2.49 kQ, 1%

R152, R171, R172 =100 Q

R153 =330 Q

R154, R175 = 47 kQ

R162 = 10 kQ

R163, R166 = 100 kQ

R164, R165 = 39 kQ

R167 = 2.7 kQ

R168 = 82 kQ2

R169 = 56 k2

R170, R176, R177, R181 = 8.2 kQ2
R173, R174 = 33 kQ

R178, R179=4.7 Q

R180=10Q

P1, P4, P9 = preset, 2.7 kQ

P2, P7 = potentiometer, 5 kQ, linear
P3 = potentiometer, 1 k€, log.

P5 = preset, 10 kQ

P6 = preset, 250 k€2

P8 = potentiometer, 1 kQ, linear

Capacitors:

C60 = 220 nF

C61, C149 = 47 pF, polyester

C62 = 10 pF, polyester

C63, C72, C74, C76, C104-115,
C119-129, C146 = 100 nF

Cé4, Cé6, C68, C116, C142, C144 =1 pF

C65, C67 = 150 nF

C69 = 820 nF

C70 = 390 nF

C71=330nF

C73,C75=15nF

C77 =82 nF

C78 = 39 nF

C79=33nF

C80, C82, C84, C88, C92, C147 =10 nF

C81,C83,C89=1.5nF

C85,C93=8.2nF

C86 =3.9 nF

C87=3.3nF

C90, C96, C98, C100, C148 =1 nF

C91, C97, C99 = 150 pF, polyster

C94, C102 = 390 pF, polyester

C95, C103 = 330 pF, polyester

C101 = 820 pF, polyester

C117, C118, C133-136, C138, C140, C158,
C159, C164-167 = 100 nF, ceramic

C130, C131 = 47 pF, 10 V, tantalum

PARTS LIST

C132 = 47 uF, 10 V, radial

C137 = see text

C139, C141, C156, C157 = 10 uF, 25 V
C143=15uF

C145 = 220 pF, 16 V

C150-153 = 47 nF, ceramic

C154, C155 = 2200 pF, 40 V

C160, C161 = 100 uF, 40 V

C162, C163 = 10 pF, 25 V, radial

Semiconductors:

D12, D25, D26 = zener, 6.2 V, 400 mW
D13, D14, D22, D23 = BAT85
D15 = zener, 3.3V, 400 mW
D16, D17 = zener, 4.7 V, 400 mW
D18-21, D24 = 1N4148

B2 = BBOC1500

IC26 = 74HC132

IC27, IC28 = 74HC164
1C29-33 = 74HC4053

IC34 = AD711

IC35-39 = AD712

IC40 = NES532

IC41 = CA3280

1C42 = OP260

IC43 = TL082 or TLO72

IC44 = OP64

IC45, |IC46 = 74HC4316
IC47,1C49 = 7815

IC48, IC50 = 7915

IC51 = 7806

Miscellaneous:

K4, K9, K10 = 3-way PCB connectors

K5, K8 = 14-way D-type plug

K6, K7 = BNC socket, insulated

Re1 =12 V relay, 1 change-over contact

S8 = miniature on/off switch

Tr2 = mains transformer, 2x15 V, 12 VA

Heat sink for IC44 (e.g., Fischer ICK14/16B)
[Dau UK Ltd, phone (0243) 553 031}

Enclosure, Telet LC970 (C-I Electronics, p.5)

PCB 910077-3

PCB 910077-4
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DIGITAL FUNCTION GENERATOR - PART 2

3400

Fig. 23b. Printed-circuit board (track side and third overlay) for the sine wave converter.

the output.

The signal is amplified once more in I1Cy,.
This opamp canprovidearelatively highout-
putcurrentof 80 mA ataslew rateof 130V /us,
so that no difficulties arise with loads down
to about 150 Q. Since Ry7;and Ry72 fix the
output resistance at 50 £, the minimum load
resistance may be as low as 100 Q. Note that

the OP64 is 110t protected against short circuits
and must be fitted on to a special heat sink
(see parts list).

The OP64 tends to be overdriven by a
rectangular signal. Network R169-Cy37 in the
feedback loop, therefore, reduces the ampli-
fication at high frequencies (that is, the ‘cor-
ners’ of the rectangular signal) slightly.

WorldRadioHistory

Capacitor C;37 consists of two pieces of
enamelled copper wire twisted together and
cut to size as required.

The d.c. component of the output volt-
age, 12V, is set with 7. ]

The third and final instalment of this article
will appear in our Special Large Christmas issue.
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PRODUCT

MODELLING

by R.G. Evans

VER since I made my first circuit (a crystal

radio) some twenty years ago, | have faced
the problem of packaging the finished circuit.
The methods I will describe can sensibly replace
the aluminium or diecast boxes, the ‘project
boxes’ sold by many of the mail order outlets, and
at the same time provide very realistic cases
tailor-made to your projects requirements, look-
ing just like (or sometimes better) than the ‘real
thing’. It is perhaps worth mentioning that I teach
Design & Technology in a secondary school
(ages 11-18), and that my colleagues and I use
this technique with our pupils aged 14 and above.
The outstanding results obtained by these begin-
ners should spur many of the readers of this
magazine on to have a go themselves.

Basic tools and materials

I mentioned that I work in a school which has
workshops and power tools, but these facilities
are by no means necessary. Most electronics en-
thusiasts will have the tools required for making
their own project box:

* A‘stanley’ type knife with a scoring blade (or
grind your own from a blunt ordinary knife).
If this is not available, a suitable tool can be
a made from an old hacksaw blade suitably
shaped and given a simple handle.

* A try square of any shape or size.

¢ A sanding board — any material that is flat
will do, e.g., a piece of kitchen worktop,
blockboard etc. It must be flat. To this glue a
whole sheet of 120 grit "wet or dry” silicon
carbide paper, and leave it weighted down to
dry.

* A workbench (kitchen table??) and, if
possible, some form of vice,. e.g., a Work-
mate or a wood or metal vice.

* A selection of files, or at least one (fairly
coarse and fairly fine will do).

* A tenon-saw, although with care an ordinary
hacksaw will suffice.

Useful, but by no means essential:

* A wood plane of any type, a small bandsaw
and a sanding wheel (photo | shows a useful
assemblage of the above).

Hopefully. the reader will have at least some of
the above in his or her possession. The next thing
to do is to acquire the essentials from which to
make the boxes. Polystyrene is the type of plastic
to get hold of (not the expanded ceiling tile stuff)
Any colour will do. and two thicknesses are
necded: 1.0 mm and 3.0 mm. Combinations of
these thicknesses will cover most of our needs.
The other main requirement is a suitable solvent
with the name dichloromethane. also known as
methylene chloride. This is available from la-
boratory chemical suppliers, some model shops
(under the name of Plastic Weld). and from EMA

Fig. 1.
need.

Fig. 3.

Some of the basic tools you will

Showing sensible planning of your

work before you start.

Fig. 5.

Showing how to ‘snap’ the plastic

cleanly over the edge of a bench.

Fig. 7.

Fig. 9.
shape.
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Edges may be squared up using a
conventional wood plane.

Using a try-square to check the box
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Fig. 2. The pump dispenser, a scoring
knife and some plastic sheet.

Fig. 4. Showing correct use of a safety
ruler, scoring knife and the plastic sheet.

Fig. 6. Showing the removal of the protec-
tive plastic film before gluing.

Fig. 8.
sanding board with equal ease.

Edges may be squared up on a

Fig. 10. Adding solvent to each side (if
possible) of the joint.




Fig. 11. Box with two sides, also showing
slightly oversized end pieces.

Fig. 13. A sanding whee! provides a quick
alternative, but check its angle first!

Fig. 15. Sanding the top of the box ready
for the lid (shown upside down).

Fig. 17. Reducing the edges with a file —
always work into the joint.

s
\
S

Fig. 19. Cutting the box on a band saw.
Always use a fence!

Fig. 12.

Using a sanding board to square

up the box ends.

Fig. 14.

Fig. 16.

Fig. 18.
all sides.

Fig. 20.

Gluing the ends on to the box.

After gtuing the lid on, use some
weights to keep it there for half an hour.

A finished box, sanded smooth on

: ! AN
With care, a tenon-saw can be

used for the same task.
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Model Supplies. The latter also supply a very neat
pump dispenser which makes the use of the sol-
vent much easier (see photo 2).

PRODUCT MODELLING

Planning

Having assembled the tools and materials, it is
time to plan your box a little. I teach my students
‘design based problem solving™ which simply
means that as much research and investigation
should go into the generation of initial ideas as
possible. There are several ways of packaging
your circuit, and your first idea is unlikely to be
the best. There are several things to consider.
such as serviceability. replacement of battery. po-
sition and accessibility of the controls such as
on/off switches, sensitivity adjustment and range
switches. It is worth jotting down a few vital
measurements at this stage (remember to leave
plenty of room inside — I once had to squeeze a
battery in a vice to get the lid on! Never again!),
and to sketch a few ideas of the product (photo 3).

Box assembly

Once a few dimensions have been decided, con-
struction can start. Mark out the base of the box
(biro or pencil will suffice) on the 3-mm sheet of
polystyrene. Cut it by using a ruler and a scoring
knife (score to about 12 the plastic’s thickness —
photo 4). Place the scored line over the edge ot a
bench or table, and apply sharp downward press-
ure o both sides. The plastic will snap cleanly
along the scored line (photo 5).

The secret of making these boxes lies in mak-
ing good butt joints, for which a square edge is
essential, and a little time spent here will make
your job easier later on. Note that some poly-
styrene sheets have a protective layer of poly-
thene on one or both sides. For our application,
this layer should be peeled off (photo 6). Next,
cut a strip of the required height, and twice the
length of the box. Leave a few millimetres extra
for squaring up. At this stage, only one long side
of each piece will need squaring. Use a wood
plane if one is available, or sand on the sanding
board, taking care to keep it at 90° to the board as
you do so (photos 7 and 8). Keep sanding until a
uniform square edge is obtained.

Next, place this edge on top of the base in the
required position, and hold it up to a set square
(photo 9). Using a small paint brush (maximum
size 5 mm), dip the bristles into the solvent
(photo 10), and then run the brush along the in-
side of the joint. If it is a long joint, replenish the
brush as necessary. Once the solvent has been ap-
plied, capillary action will put it into the joint
area, and there is little to be gained by continued
application of the solvent. If both sides of the
joint are accessible, the solvent may be applied to
both sides. Hold the two pieces together while en-
suring that the joint is at 90° to the base.

After some 15 to 30 seconds, the joint will be
capable of supporting itself, and the other side
can be glued in a similar manner. Although there
are several proprietary polystyrene cements on
the market, none have the ease of use and speed
of bonding offered by dichloromethane. Unlike
other cements, however, dichloromethane is
purely a solvent, and as such it does not have any
gap filling properties. It is therefore well worth
making sure that your butt joints are good fits for
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best results. Gaps can be filled at a later stage, but
it is a lot quicker and easier to get it right first
time.

Leave the two sides and base to dry while you
prepare the ends and lid of the box. This is where
some planning will have paid off. For ease and
speed of construction, it is a lot easier to overlap
joints, and sand down after construction, than to
get it all to fit first. The two ends need to overlap
both sides and base (photo 11), so cut out some
suitable pieces. As they will be glued onto the
end of the sides and base, there is no need to give
them square edges. Cut a lid out on the same
basis, that is, overlap on both sides and ends.

By now the base and sides will be workable,
and now is the time to square up the ends. Those
of you with a disc sander will find this easy, al-
though the plastic does tend to melt more than
sand. Those with sanding boards only will have
to carefully sand the ends square, taking care to
avoid ‘rocking’, and consequent rounding of the
box ends. This process can be made easier if (a)
you did not leave that much spare in the first place
(careful marking out!), and (b) if you drag the box
across the board towards you, rather than at-
tempting to work both ways (photos 12 and 13).

Once eachend is square, the end pieces can be
glued on as per the sides (photo 14). Here, no set
square will be needed. and pressure can be ap-
plied by hand until the solvent *bites’. Give both
ends a chance to dry as the next stage will put
them under strain!

Gripping the box firmly upside down, sand it
backwards and forwards (and circular) on your
sanding board, until an even top surface is ob-
tained (tull width of 3 mm all the way round —
photo 15). At this point, the lid can be glued on
with liberal application of solvent, as the inside
will not be accessible.

Leave the box weighted down (photo 16), and
forget about it for 12 hours or so. Whilst the sol-
vent is drying completely, it is worth mentioning
why the box needs leaving. Although the solvent
sticks the plastic very quickly, and allows work
to proceed, it does nevertheless cause softening
of the plastic in joint areas, and if fine finishing
of the box is attempted, "plucking out’ of this
softened material will result, and there will be a
depression left to fill later. Be patient!

Once the box is dry, it can be externally tidied
up. Large amounts of plastic hanging over edges
can be removed by using a sanding wheel, if
available, or simply filed away (photo 17).
People used to working with harder materials will
find this plastic quick to file and shape. With only
small lips remaining (less than 1 mm), the whole
box can be sanded on the sanding board until
each and every surface has been “sanded’ (includ-
ing the middie of plain sheets, photo 18). This
may seem a long process, but better results are
obtained this way.

Back to the planning stage. and how the box
will be divided. Thought needs to be given to fit-
ting the controls, switches, displays, etc. 1t is
preferable, but not essential, that they are all
mounted in one half of the box, but for mains
powered projects it may be preferable to fit the
transformer and circuitry in the base, and have
flying leads to the front panel controls. Plan
ahead now to avoid disasters later!

Most project boxes can be cut around their
height anywhere between 14 and 33 the total

GENERAL INTEREST
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Fig. 22. Carefully sand the cut edges until
they are free of saw marks.

Fig. 21. You should now have two similar
pieces of box. The heights can differ.

Fig. 23. The thin (1-mm) ‘joining sheets’
are shown resting in a box.

Fig. 24.
glued.

All four thin strips fitted and

Fig. 25. Planand markoutwhereyourcon- Fig. 26. Mounting pillars for PCBs are

made by stacking up small squares.

trols are going to be.

gy e
Fig. 28. Surface preparation is vital — use
soap, water and wet or dry paper.

Fig. 27. Radius the box edges, starting
with a file, then with wet and dry paper.

o
AT AT
[} el

Fig. 29. There are two main types of letter-
ing for surface detailing.

Fig. 30. A variety of effects can be
achieved with relative ease.
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Fig. 31. All manner of ‘things’ will provide
extra surface detail.

¥

Fig. 32. Plasticardletters are easily picked
up using the tip of a knife.

Fig. 33.
available.

A wide range of paper stickers are

Fig. 34. A range of suitable products to
help finish your product.

Fig. 35. Small patches showing through
are not a problem — smooth finish is vital.

height of the box. This is easily done with a small
bandsaw, but take care and use a substantial fence
to hold the box against (photo 19). Many boxes
have been spoilt by the saw wandering off, so be
careful! Those of you without a bandsaw will find
that a tenon-saw (fairly fine toothed — see
photo 20} will suffice, or failing that, a conven-
tional hacksaw will work but may prove difficult
to control directionally.

Assuming your box has now been cut into two
(photo 21), the cut surfaces are sanded smooth on
the sanding board once again, until any marks
from the sawing have gone (photo 22). Take care
to sand as evenly as possible, otherwise your box
may develop a list. Using the |-mm polystyrene
sheet, cuta strip. or strips, of sufficient length and
width to fit around the inside of the box, from the
base up to nearly the full interior height. Using
the solvent again, secure the two long sides first
in the deeper part of the box, and then the two
ends (photo 23). Squareness and close fits are not
so important inside, and gaps for things like swit-
ches can be left in the thin strip. Leave all these
to dry for 10 minutes or so. Then reassemble your
box. and hopefully you should still have a reason-

Fig. 36.
piece of masking tape.

Removing errant Letraset with a

ably square ‘shape’ (photo 24). If there are small
discrepancies between the top and the bottom of
the box, these can be sanded out on the sanding
board before the next stage.

Fitting up

With the basic box finished, the fitting up can
begin. Holes for switches, dials, controls, cables
and the like should be added (photo 25). Inside
the box, battery compartments can be fabricated
quickly by using suitable pieces of plastic and
solvent, as can PCB pillars made from small
‘piles’ of 3-mm plastic glued on top of each other
(photo 26). The PCB and the pillars can then be
drilled io suit suitable self-tappers which happily
cut their own thread in the core diameter pilot
holes. Please note that unlike acrylic (perspex),
polystyrene does not take fine threads particu-
larly well, so it is best to stick with self-tappers.
These pillars of material can also be used to
good effect if you wish to ‘sink’ securing screws
below the surface. In this way, results very simi-
lar to commercial injection moulding can be
achieved. Simply build up a suitable thickness of
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material in the area that you wish the screw to be
sunk (probably around 12 mm). Drill a hole of
sufficient depth and diameter to clear the screw
head (allowing for paint and perhaps screwdriver
size). Drill a clearance hole right through to aliow
the self-tapper to sit in the recess so created.

Next, build up a suitable pilar on the opposite
side of the box. to the required height for the self-
tapper to screw into. Take care to get the pillar
height correct. or box distortion can occur. Whilst
this provides a secure method of holding your
box together, you will often find that the thin
strips inside provide more than enough force to
hold things together, especially non-critical items
like small battery-powered test equipment, tor-
ches, etc. If all this sounds too much, countersunk
self-tappers may be used.

Appearance!

With all the fitting and bracketry finished, the ex-
terior of the box can now be finally prepared.
Radiusing the edges and corners of the box will
help its appearance, and, if it is hand-held, its
‘touchability’. Use a fine file with caution, and
aim for an even radius all over the box, just to
take the sharp edges off (photo 27).

The next stage requires warm soapy water and
several grades of wet-and-dry silicon carbide
paper. Starting with 220 grit, rub the box all over,
using plenty of water to avoid clogging the paper.
This is the time to finally blend in the radiusing
work that you may have done earlier. When you
are sure that the whole of the box has been
covered by this grade, move on to 320 grit and re-
peat the process. At this stage, you will probably
be able to ‘feel’ the surface through your finger
tips better than by visual inspection.

When you are sure the whole box has been
covered by the 320 grit, move on to 400 grit and
repeat the process. Finally, go over the whole box
with 600 grit, feeling and looking for any scrat-
ches left over from coarser papers. If any are
found, remove them gently with the appropriate
grade, and then move on to 600 grit (photo 28).

With care you will have got this far, and have
a very smooth box. If, however, there are some
large holes, these can be filled with ordinary P38
car body filler or cellulose putty. Itis much easier,
however, to avoid them in the first place, which
is not as difficult as it may sound. Give the box a
final rinse inside and out in warm to hot water, pat
it dry with a lint free cloth, and leave it some-
where warm and dry for a few hours.

Lettering

While the box is drying out (especially in the joint
areas), some thought needs to be given to any sur-
face detailing that you may wish to add. Simple
things will help make your product look more
convincing, and can make all the difference.
Raised lettering can be added to give the im-
pression of embossed or moulded-on letters.
There are two main types, Plasticard polystyrene
letters (usually sold to model railway enthusiasts)
in several sizes, and Edding self-adhesive vinyl
letters. Of the two, the latter are fairly low-profile,
but are useful to give a ‘makers name’ to the pro-
duct, as they will be painted over later, and so will
form part of the product. The Plasticard letters are
high-profile, and can be painted over also. The
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tops of the letters can be carefully sanded clear of
paint to create an additional effect should you so
desire (photos 29 and 30), but their higher profile
means that they are ideal for identifying import-
ant controls such as on/off switches, without
being as obvious as, say, the devices' ‘names’
which can be added later in Letraset.

Other features that you can add include
*grips” made by gluing (with liberal amounts of
solvent) strips or pieces of 180/220 wet or dry
paper, and spraying over them later, This creates
very effectively the ‘moulded-on’ appearance.
Using coarser grades of paper spoils the effect.
Embossed self-adhesive metal film is also avail-
able from EMA (details further on), and ‘pin-
stripe” tape as sold in motor accessory shops can
provide a useful way of breaking up large flat sur-
faces. This can either be sprayed over, or added
later as a colour feature. It does not need much to
make the product look real, so take care not to get
carried away! (photo 31).

To get perfect edging on some of the items
mentioned may necessitate going back to a fine
file and the range of wet-and-dry papers, just to
blend in an overhanging edge. This usually pro-
duces better results than just cutting a piece out
and sticking it on.

The Plasticard polystyrene letters can be cut
out and trimmed with a suitable craft knife. The
tip of this knife is the best tool to pick the letters
up and put them in place (photo 32). A dab of sol-
vent on their rear immediately prior to placing
cach letter produces good results. Positioning the
letters dry, and then applying solvent tends to
leave a mark, so be careful. Getting all the letters
in a neat line is also important, and a pre-drawn
faint pencil line at 90° to an edge will help a lot
here. The vinyl letters mentioned are self-ad-
hesive and may be positioned similarly. If you are
making a ‘novelty’ product for perhaps a child, it
may be worth a visit to your local craft and sta-
tionary shop. These often have rolls and rolls of
small paper stickers that can also be added to the
surface of your product. and then sprayed over
(photo 33). In this way, a variety of themes could
be imparted on your model.

GENERAL INTEREST

Painting

After the surface detailing is complete, the next
stage is to paint the object. For this, aerosol paints
as sold by car accessory shops are ideal
(photo 34). The two halves of the box should be
scparated, and can then be given the first coat of
grey cellulose primer. A reasonable covering
should be given by starting the spray to, say, the
left of the object, moving across it and clear to the
right before returning. If you wish, you can stop
spraying at either end, although some brands of
acrosol tend to “spit’ a little when used in this
fashion. Spraying this way helps prevent uneven
paint buildup and runs! Leave the primer to dry
overnight, and then very carefully rub down the
surface with 800 grit wet-and-dry paper used
with lots of soapy water. It is not necessary to re-
expose the plastic underneath, just to achieve a
silky smooth surface ready for the top coat (use
your finger tips). If small areas of plastic re-ap-
pear, don’t worry. So long as the preparation was
good. the primer does not have a lot to do, and the
small gaps in the coverage are not a problem
(photo 35). When the box has been ‘flatted” all
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A selection of finished articles.

Fig. 37.

over, a final rinse in water is needed (inside and
out), and then the box can be dried.

The top coat of paint is also acrosol cellulose
car paint, and so there is an almost endless variety
of colours. If you want black, choose Satin black,
which shows fingerprints less than either gloss or
matt. Metallic colours are also very effective, but
choose carefully after looking at commercial pro-
ducts. Probably the best is Ford *Graphite’, Ford
*Pearl Grey’, and one or two others, notably the
blues.

A useful tip to improve the spray power of
aerosols is to place them in hot water (max. 50°)
for a few minutes. This raises the internal press-
ure, and helps them spray better for longer. Make
sure that the whole aerosol is completely dry, as
a single drop of water will play havoc with your
smooth mirror-like surface!.

If you want an ordinary colour, try and stick
with primary colours rather than sickly mixes.
Some aerosols (especially the metallics) are what
is known as ‘2-pack’, which means that they need
a coat of lacquer to give them the final gloss. If
you intend to use any Letraset, then this will be
needed anyway, and should not be feared.

After the paint has had time to dry, Letraset or
similar dry transfer lettering can be added. Given
that these dry transfer letters sometimes transfer
themselves at the wrong time to the wrong place,
the following may be useful. Take a piece of or-
dinary masking tape, and rub the sticky side
against a cotton T-shirt or similar. This will help
reduce its stickiness. Use this treated piece of
masking tape to provide the baseline for your rub-
down lettering. If any do come unstuck, they will
probably be on the masking tape, which can be
carefully removed after you have finished. Do
take great care not to press it down too hard, or
pull it off too briskly — you may find it brings the
paint with it! If, despite this precaution, the odd
letter does appear in the wrong place, or you
make a mistake, do not despair, as individual let-
ters can usually be removed by the careful appli-
cation of a small piece of masking tape
(untreated), wrapped around a finger tip, and
‘dabbed’ at the offending letter (photo 36). If this
fails, it should be possible to remove it with the
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aid of a scalpel or craft knife, and a scraping mo-
tion, although this method is likely to leave a
mark.

If you have used a dark colour to spray your
box, then white or red lettering can be used to
great effect. Controls can be labelled, and some
form of product name added. Very often code
numbers at the bottom of the Letraset sheets pro-
vide convincing model numbers. It all adds to the
realism of the finished article, and will make
people look twice or even thrice in their attempt
at determining the origin of the *device’ they see.

Finally, a coat of clear lacquer needs to be ap-
plied. Car accessory shops sell this as clear cellu-
lose lacquer. Be careful how much you spray on
in one coat. Sometimes the solvent attacks the Le-
traset, causing it to wrinkle up, and destroy all
your hard work. Apply just enough to *flow’ into
a gloss (allow it to stand a few seconds before ad-
ding more!), and spray it somewhere warm (o
help the solvent evaporate quickly.

Add extra coats as needed until you are happy
with the appearance of the finished object
(photo 37). All this paint will take quite a while
to harden, depending on the number of layers
present. I have known some objects (admittedly
heavily laden with lacquer) to take up to a week
to dry sufficiently to not take fingerprint im-
pressions when handled. If you get the odd fin-
gerprint, it can usually be polished out by using
‘“T-cut’ colour restorer (also from your car acces-
sory shop). That concludes the description of the
process — it probably takes as long to read it as
it does to make a box! [ ]

* EMA Model Supplies, 58-60 The Centre, Fel-
tham, Middlesex TW13 4BH. Telephone: (081-
890) 5270. Fax: (081-890) 5321.




CLASS-A POWER AMPLIFIER - PART 1

by T. Giffard

The power amplifier presented is a revamped version of the
LFA-150 we published in late 1988. It provides rather less power
than its popular predecessor, but retains its class A quiescent-

current setting up to -3 dB below its clipping limit. The aim of the
design was to find a good compromise between class A quality
and the dimensions of the necessary heat sinks.

Fig. 1. Prototype of the class A amplifier.

TECHNICAL DATA

Power output (at | kHz) 48 W into 8 Q

83 Winto4 Q

122 Winto 2 Q
Music power (500 Hz burst, 50 W into 8 Q

5 periods on, 5 periods off) 90 Winto4 Q

150 W into 2 Q
Power bandwidth (48 W into 8 Q) 1 Hz-270 kHz (+0 dB, -3 dB)
Slew rate >45 V/us
Signal-to-noise ratio (1 W into 8 Q) >105 dB (A-weighted)

Harmonic distortion (25 W into 8 Q) <0.005% (1 kHz0
<0.02% (20 Hz-20 kHz)

Intermodulation distortion <0.03% (25 W into 8 Q)
(50 Hz: 7 kHz: 4:1) <0.005% (1 W into 8 Q)
Dynamic IM distortion (rectangular <0.015% (25 W into 8 Q)

wave 3.15 kHz; sine wave 15 kHz)
Input sensitivity 1.1 Vrms.
Input impedance 25 kQ
Quiescent current 1.25 A
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LTHOUGH mostof our readers will know

what is meant by class A, AB or B, it
may be useful for others to recapitulate the
properties of these classes of operation.

Mostmoderna.f.outputamplifiersare de-
signed as a push-pull configuration. In this,
two power transistors (or valves) are con-
nected in series between the positive and
negative power supply lines, and the loud-
speakers are connected to their junction. The
transistors are driven by opposing signals,
that is, when one conducts, the otheris switched
off.

The transfer characteristic (I ,/! . curve)
of a transistor is, unfortunately, not a straight
line: particularly at its lower end, when the
currents are low, it is very curved. In princi-
ple, the characteristics of two transistors in
push-pull complement one another nicely, but
the base-emitter transfer voltage putsaspan-
ner in the works.

To prevent distortion, therefore, use is
made of a bias that causes a small constant
current to flow through the transistors. The
resultof thisis that the curved partof the char-
acteristic is not used. If virtually no current
flows through the transistors, class B ampli-
ficationis obtained, whichischaracterized by
cross-over distortion. Nowadays, this method
is used only in inexpensive, portable equip-
ment where economy of battery usage is the
prime requirement.

For many years now, class AB operation
has been used in hi-fi equipment. In this, a
small quiescent current flows through the out-
put transistors, which makes them work in
class A when the drive is small (say, 0.1 W)
and in class B at higher drives. This method
is characterized by acceptable low distor-
tionand good efficiency (about75%). Moreover,
heat dissipation depends on the energy of
thedrivesignal, so that the amplifier remains
fairly cool during normal operation.

Many designers and listeners do not find
ABoperation good enough and prefer class A.
In this, such a large quiescent current flows
through the transistors, thateven at maximum
driveneitherof the transistors switches off (as
happens in class AB). The disadvantages of
class A operation areits low efficiency (<50%)
and large heat dissipation. Even during qui-
escent operation, a class A amplifier uses
about twice its nominal power.

Naturally, commercial class A amplifiers are
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availableatmany hi-firetailers, but, although
their superior quality cannot be denied, they
are very expensive, have very largeheatsinks
or fans to get rid of the dissipated heat, and
provide only a modest power output. These
factors make it easy to understand why a
25-50 W class A amplifier is not exactly the
most popular item in the hi-fi trade.

Inthe presentdesign, we have tried tocom-
bineclass A operation with anacceptable heat
dissipation. Qutput power was specified at
50W into8Q. Intrueclass A, that would mean
a dissipation of rather more than 100 W per
channel. To get rid of more than 200 W of
heat in normal enclosures without the use of
fans is virtually impossible. Fans are, how-
ever, anathema, because even the best ones
can be heard, particularly during soft music
passages.

The design is, therefore, near-class A, that
is, the quiescent current is set to a level that
ensures that the amplifier can deliver half its
nominal power to the loudspeakers. Theclass
A range is thus 25 W, which means that in
actual use the amplifier operates in class A
up to-3 dB below full drive. The dissipation
then amounts to about 140 W and that can
be got rid of with ‘normal’ heat sinks (based
onan ambient temperature of not more than
35 °C and a maximum heat sink tempera-
ture of 75 °C).

It should be noted that a class A amplifier
operates in its class only into its specified
load impedance, normally 8 Q. Itis, of course,
possible to provide more power into 4 Q or
2Q, butthat will notbein class A. This points
toaserious disadvantage of class A amplifiers
thatishardly ever highlighted: intoa lower than
specified load, it operates in class AB. Since the
inputimpedance of virtually all modern loud-
speakers varies between 4 2 and 10 €, am-
plifier manufacturers have the near impossi-
ble task of designing an amplifier that re-
mainsinclass A over this range of impedances.
The power required to operate a class A out-
put stage into a 4 Q load is twice that for op-
crating it into an 8 Q load. A 25 W class A
amplifier designed to operate into 8 Q dissi-
pates more than 100 W, but to enable it to
operate in class A into 4 €2, the quiescent cur-
rentwould have tobeincreased toalevel where
the dissipation would exceed 200 W.

The real requirement of a top-quality a.f.
output amplifier is that it can deliver a rea-
sonable power, say, not less than 10 W, into
animpedance varying between 4 (2and 10Q.
That will meet the demands of all hi-fi lis-
teners in 95% of the time. The present de-
sign provides 25 W into 8 £2; 12.5 W into 4 Q
and rather more than 6 W into 2 Q, all in
class A. At the other 5% of the time, in class
AB, it gives 48 W into 8 €2, 83 W into 4 Q and
122 Winto 2 2,

The revamped circuit

The renovating of the LFA-150 started with
a lowering of the supply voltage from 56 V
to £29 V to ensure an appreciable lowering
of the dissipation.

Next,anumber of transistor were replaced,
partly because some of them were no longer
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Fig. 2. Circuit diagram of the class A amplifier.

WorldRadioHistory



CLASS-A POWER AMPLIFEER - PART 1 m

ERROR LOW IMP POWER ON
44 +4 +4
029 D27

|
|
| 1
| |
l 1
! | | s1
| =30V o—-— | 1
]
‘ | I : g’)
| Protection Circuit { | ]
| — — > ————4 :
] 880092-3 I 1 1 )
| | - ’ " * 3 !
| = | pa7 ¥y o3 :
} | : 6‘803—1000;- cso | €51 ; L L o | =8 g
ov | e3v L l_+
| r i { 'II + 209V ‘
! | | 22n | 220 | 177mA {
s - —
| 1-70v || = PN —+—
! ! — — -1
L | v~ |
i D35...D39 = 1N4002 |- (RSN
el Sy m—— 3
1 22VA.
22V
____________________ <
: e !
| -— — | + 30V
: - 11 ' 3
1 +30V
1 4 — 1t a +— T T T <
] p1a| Ret |y R4 cz‘- R52 ~ E 354 | ézg I
| % 9 -
| 1Nd148 3 Iem- RE6 100u[40v |
— -
' |
- Pt \
| = g BC556B |
! L ) - |
| AN, |
| \‘-' 4 ns7 I
25A1216 \ g r22 - | [
RS3 I“ ‘@) 1= |
G | SN
' ! S .
1N N/ 3| Jrel |
| "~1|“ ps 0 é ' i c3t
[ ! : uooo-ma-ov
[ [N s : Ls 1 4
14002 | pesa |
" P e
e 2x
1 D12 | -
m i i IN4148 ¢
128 T29 |
I
4002 805468 @’ |
cza o | 81 = B10
. -!- R a L 3sgt;ooc (2x22v,5A11)
20n ~ |
. L . 3
I | | e
i rrf]
: ' W - :
| BCS5468 |
: | R69 I GEL
| @ 3w inductance-tree | — — | T * | | 44000y {40V
c30
| AS6 c27| s g‘ R6Y [ R70 A — v
| L4 < e | S e 24
| 680n 2 | ! 100u |40V 4 -30v
1 L - — vl | — i 3
| -30v
|
o - l
I g I
I ———
910124 - 11

WorldRadioHistory ELEKTOR ELECTRONICS USA NOVENBER 1991



available. Motorola's BE762 and BF7539 have
been replaced by the BF470 and BF469 re-
spectively, while Sanken's Types 25C2922
and 25A1216 have beensubstituted for Toshiba's
25C2565 and 25A1095 output transistors.
Third, the amplificationof some stageshas
beenaltered. The gain of the first differential

AUDIO & HI-Fi

amplifieris now 19 dB instead of 11.dB, while
that of the second differential amplitier has
been reduced by 6 dB. This results in the
open-loop amplification rising from 2300 to
3000, which lowers the distortion to even
lower levels than in the LFA-150.

Finally, the compensation and d.c. oper-

ating points have been changed at a number
of places.

Because of all these alterations, the val-
ues of many components in the original LFA-150
have had to be changed. The amplifier is con-
structed on four PCBs: two for the output
stages, one for the protection circuit, and one
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Fig. 3. Printed circuit board for the voltage amplifier.

Resistors:

R1 =100k, 1%
R2=681Q,1%
R3=33.2kQ, 1%

R4 =562 Q, 1%
R5=15Q

R6 = 10 kQ, 1%

R7 =1k, 1%

R8 =953 Q, 1%

R9, R10=18.2Q, 1%
R11,R65 =82 Q

R12 = 3.3 kQ

R13 =5.6 kQ2

R14 = 22 kQ

R15 =165, 1%

R16, R17 =10, 1%
R18=22kQ, 1.5 W
R19, R22 =100 Q, 1%
R20, R21 =4.7kQ, 1.5 W
R23 =2,2 kQ

R24 = wire bridge

R25 = 3.32 k€2, 1%
R26, R34 = 8.2 kQ2
R27 = 12 kQ

R28, R32, R35, R39 = 5.6 kQ2

R29,R38=1Q,1.5W

R30, R37 =100 Q

R31, R36 = 3.9 kQ

R33=6.8 kQ

R45=39 Q

R46 = 680 Q

R47 =270 Q

R48 = 47 Q

R49, R56 = 56 Q

R50, R57 =10 Q

R51, R53, R58, R60 =2.2 Q

R52, R54, R59, R61 =0.22 Q,
3 W, inductance-free

R55,R62=470Q,25 W

R63,R64=4.7Q,15W

R65 =82 Q

R66 = 150 Q

R67 = 10 kQ2

R68 =270 Q

R69 = 150 Q

R70 =68 Q

R71 =47 kQ

P1 =100 €2 multiturn preset

PARTS LIST

P2, P3 = 2.5 k(2 preset
P4 =1 kQ, multiturn preset

Capacitors:

C1=4.7 uF, MKT

C2 = 680 pF, polyester

C3=12nF

C4, C25 =100 nF

C5,C7 =47 uF, 63V

C6,C11,C17=10puF, 40V

C8=27nF

C9 = 68 pF, 63 V, polyester

C10, C15, C16, C21, C26,
C27 = 680 nF

C12,C18=1yF, 63V

C13,C19=47 nF

C14, C20 = 100 pF

C28 =120 nF

C29, C30 =100 uF, 40V

Semiconductors:
D1, D2, D11-13 = 1N4148

D3, D4 = zener, 18 V, 400 mW .

D9, D10 = 1N4002

T1, T2 = 2SK146V

T3, T4 = BC550C

T5 = BC639

T6, T7 = BC560C (match!)
T8, T9 = BF470

T10, T11 = BF469 (match!)
T12-14 = BC546B

T15, T20 = BD139
T16-18 = BC556B

T19 =BD140
T21 = 25C2238
T22 = 25A968

T23, T24 = 25A1216
T25, T26 = 25C2922

Miscellaneous:

Re1 =24 V for PCB mounting
with 1 change-over contact

L1 =6 turns, I/D 15 mm, of

1.5 mm enamelled copper wire

K1 = 10-way straight header

Heat sink, 0.4 K/W (see Part 2)

PCB 880092-1

PCB 880092-2
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for the auxiliary power supply,

Only an outline description of the circuit
in Fig. 2 will be given—for more details, see
Ref. 1.

The input signal is appliced to differential
amplifier T4-T» via C; (the only capacitor in
the signal path) and low-pass filter R»-C;. The
filter has a cut-off frequency of 340 kHz to pre-
venttransientintermodulation distortion (TIM).
The d.c. operating point of the two FETs is set
by a constant-current source based on Ts

Transistors Ty and Ty and the FETs form a
cascode circuit that has an amplification of
about 9.2 (=gain of about 19 dB). Preset P
serves to climinate any inequalities (off-set)
in the d.c. operating points.

Lag compensation is provided by R5-Cs.

The amplified signal is fed to differential
amplifier T¢-T; that together with Tg and Tg
form a second cascode circuit to keep the
bandwidth as large as possible. The amplifi-

CLASS-A POWER AMPLIFIER - PART 1

cation of this section is 308 (nearly 50 dB).

The output of Tg is fed to the current am-
plifier via current mirror To-T ;.

The power supply for the voltage ampli-
ficr is taken from discrete voltage regulators
Ty>-Ty5(positive) and Tig-Tyg (negative). The
supply voltage for this section is higher than
that for the current amplifier, so that the volt-
age drop across the output transistors re-
mains small, even at maximum drive levels.

The current amplifier consists of a quies-
cent-currentcontrolbased on Tog, and drivers
Ty and Ty, followed by power transistors
Ta3, T2y, Tos and Tag, which are connected in
a compound configuration. In contrast to the
usual emitter-follower, this design provides
some voltageamplification and combines very
low distortion with a low output impedance.
The output signal is fed to the loudspeakers
via an inductor and a protection relay.

When the load currentexceeds 15 A (peak),

transistors T»; and Tsg switch on and actu-
ate the protection circuit via Togand Tog. That
circuit then de-energizes the relay.

The power supply uses two mains trans-
formers in series, Tr| and Tra. Note that Fig. 2
shows the power supply for a mono ampli
fier; two (housed in one enclosure) need to
be built for a stereo amplifier. The supply for
the currentamplifier isaround +30V, and that
for the voltage amplifier, £44 V. The voltage
amplifier, however, operates from +38.5V and
=35V, because its voltage drop on the posi-
tive line is about 3.5 V higher than that on
the negative line. This supply arrangement
ensures that the positive and negative drive
levels are exactly equal. |

Reference.

“LFA-150: a fast power amplifier”, Elektor
Electronics, November 1988, pp. 20-26;
December 1988, pp. 42-46.
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Fig. 4. Printed circuit board for the current amplifier.

WorldRadioHistory

ELEKTOR ELECTRONICS USA NOVEMBER 1991



FOUR-TERMINAL NETWORKS - PART 2

The design of attenuators

by Steve Knight, BSc

In this second and final part of our investigation into the design
and uses of four-terminal attenuator systems, we shall first of all
derive some simple relationships between the characteristic
resistance of an attenuator T-section and the degree of
attenuation provided by the section in terms of the resistive

elements that make up the section.

HE calculations are not difficult, and
those readers with an arithmetical bent
might like to confirm some of the answers.
We will relate our results with those of the
n—section, consider insertion loss, and have
a look at the practical design of attenuators.

Finding values

For the properly terminated symmetrical T-
section shown in Fig. 8, we let the attenua-
tion be expressed as N=U,/U,, in which
numbered subscripts are used for conve-

910103-2-11

This gives the attenuation factor in terms
of R, and R|. What we need now is a rela-
tionship involving R and R; in terms of R,
and N. Working from this last result, we find
that

Ri=R,[(N-1D)/(N+1)].
Using the earlier result that
Rs=V(R242R|R>),
we get
Ry=Ry[2N/(N2-1)].

When R, and N are known, these simple
expressions enable an attenuator to be de-
signed that gives a desired signal reduction
and the proper matching conditions for the
circuit system concerned. Figure 9 illus-
trates the meaning of the two formulae.

Fig. 8. Deriving the attenuation factor of
a section.

nience. Since the input resistance is R, the
input current, /|, must be U/R, and the volt-
age, U, across the centre shunt arm will be
U= U|—11R1.
Hence,
U=U|—U1R|/R°=Ul[]—R]/RO].
But the output voltage, U», is clearly the
proportion of U developed across R, given
by
Ur=U[R,/(R+R,)],
whence
Ur=U | [1-(R\/R)I[Ro/ (R +Ro)}.

From this, the ratio

Uy/Us=N=(Rs+R)/(Rs-R)).
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Ro[(N-1)/(N+1)]

o
Ro[2N/(N2-1)]
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Fig. 9. Relationships to determine the
elements in terms of R, and N.

Trying things out

A couple of examples will show how we
can apply these results to solve some ele-
mentary design problems.

First, suppose we want a symmetrical
T-section network to match into a 300 Q
line and have a voltage attenuation of 14 dB;
what values of resistors do we want?

Well, the attenuation factor N=antilog 14/20
=antilog 0.7=>5.In other words, the output will
be one fifth of the input. We thus get

R=300[(5-1)/(5+1)]=300x4/5=200 £2;
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and
R>=300[(2%x5)/(25-1)]=300x10/54=125 Q.

Figure 10 shows the completed section.

0—{ 20002 2000 O
3000' '3000
o : —0

910103-2-13

Fig. 10. Example of en elementary
T-section design.

Suppose now that the output stage of a
small transmitter has an internal resistance
of 600 Q and is intended to supply current
to a 600 Q load. We need to design a T-sec-
tion which, when inserted into the line con-
necting generator and load, will reduce the
load current to one third of its initial value.

910103-2-14

Fig. 11. A further design example relat-
ing to correct matching procedures.

This situation can be illustrated after the
manner of Fig. 11. The section matches be-
tween equal impedances of 600 €2 and should,
therefore, have R,=600 Q also. The attenu-
ation factor, N, is 3, so that
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y R R1 3 . Ra 3
o— 1—0
R2 Rb Rb

2 4 2 4

o —0 0 -
2R, 2R, 910103-2-16

Ra=Ro[(N2=1)/2N]  Rp=Ro[(N+1)/(N-1)]
910103-2415

Fig. 12. These attenuator sections have the same total series Fig. 13. Finding the element relationships between the T- and

and shunt resistances; then, Z,1Z,,=R; R,.

R=600[(3-1)/(3+1)]=600x2/4=300 Q
and
R,=600[(2x3)/(9-1)]=600x6/g=450 Q.

In a case like this, it is important to no-
tice that current /;supplied by the generator
is the same whether the section is in circuit
or not. In both cases, the generator sees a re-
sistive load of 600 Q. With the section con-
nected, the ‘unwanted’ current (2/3/,) flows
along the shunt arm, as an application of
Ohm's law will immediately verify.

The n-section

It might appear that the n-section has been
rather neglected, but there is a circuit rela-
tionship between the T-section and m-sec-
tions that makes an analysis of the nt-section
quite easy. Figure 12 shows a ladder net-
work of series and shunt resistances; from
an examination of this network, is it a chain
of T-sections or m-sections? The answer is
that it depends how you look at it. For, ei-
ther a T-section can be taken from the net-
work by considering the line division AA,
or a T—section taken by considering the line
division BB. The T-section cuts through the
centre of each of the series elements R,
while the n-section effectually splits the
shunt element into two parallel parts, each
of value 2R,. Hence, the laddercan be viewed
as a string of T-sections or n-sections.

We might expect, therefore, that there
would be little difference between the rela-
tionships derived for the two types of sec-

n—sections.

just a job of halving the series arms and dou-
bling up the shunts as this last analysis might
have led us to believe.

We can make an exact comparison between
the sections by looking at Fig. 13. Here, we
use letter subscripts for the n-section resis-
tors to avoid confusion.

For the two networks to be equivalent in
their characteristics, the resistance seen be-
tween terminals | and 2 of both networks must
be equal, as must the resistance between ter-
minals 1 and 3 of both networks, with the
outputonopencircuit. This means that R|+R,
on the T-section mustequal R,(R,+Ry/(R,4+2Ry,)
on the m-section. Also,

2R;=2R,Ry/(R,+2Ry)

or
R1=R,Rp/(R,+2Ry,).

Substituting back for R in the first expres-
sion then gives us

Ry=Rp2/(R;+2Ry,).

These relationships provide us with the el-
ements of the T-network such that this will
correspond to a given m-network.

It is also not too hard to demonstrate that
for the basic n-section shown in Fig. 13

Ro=R Ry/N(R24+2R,Rp)=VR o Ry,
and that

Ry=R,[(N2-1)/2N]}

Rp=R,[(N+1)/(N-1)]

where the bracketed term is simply inverted
from that of the T-section and R, and R}, are
themselves swapped over.

A useful relationship follows from the first
of these: since V(R 24+2R R,) is the R, of a
T-section (Rg1), we can deduce that for sec-
tions having the same total series and shunt
resistances (see Fig. 12 again)

RonRo1=R\R2=R,Ry,.

Don't confuse this with the equivalence re-
lationships.

So, fundamentally there is no difference
in the functions of these alternative forms of
the sections and either may be used in a par-
ticular situation. The actual choice depends
upon which form, given a particular value
of characteristic resistance R, yields the
more readily obtainable values of resistance
for the elements.

In general design work, where stringent
conditions are not of vital importance, the use
of 5% resistors is quite acceptable; the re-
sulting variationin attenuation willnormally
be no more than 0.5 dB and the mismatch in
the characteristic resistance itself of the order
of 5%. We will return to these points a little
later on.

Insertion loss

The important thing in designing attenua-
tors for general bench use is not to bother
too much about getting exact answers to the
calculations. It is no use working out a re-

tion, but for the matter of equivalence itisn't  and sistance to three or four decimal places and
Ra
}‘ & \“ \')\ \f— y ~ Ro Rb Rb [T IR0
) — >
o o °o o
700 Ra Ra R1 R1 R1 R1
—
INPUT OUTPUT
Rh RY Rb Rb D k2 g2 Ra=Ro[(N-1)/2N]  Ry=R,[(N+1)/(N-1)]
910103-2-18
o —0
3d8 6de 122d8 20d8 20d8
81017 3217 . . .
Fig. 15. The relaticnships should be com-

Fig. 14. Designing an attenuator knowing R, and the required attenuation.
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pared with-those for the T-section given
earlier.
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then discover that you've got to use a pre-
ferred value anyway. The attenuation factor
can often be rounded off in the same way;
6 dB, forinstance, isa voltage ratioof 1.9953...
but we wouldn't put this into a formula: we
use the nice round figure of 2. Of course, things
don 'talways work out quite so conveniently,
but anything beyond two decimal places is
a waste of effort.

Let us now design a 5-section attenuator
for a 70-Q line giving switched positions of
3dB, 6 dB, 12dB and two 20 dB reductions.
For interest, let the first three stages be de-
rived from 7-sections and the last two from
T-sections. The job will look like Fig. 14,
which also shows the appropriate switching.

Look first at the 3-dB section; the re-
quired attenuation is 3 dB for which attenu-
ation factor N is found to be antilog 3/5y or
1.41. Using the relationships shown for con-
venience in Fig. 15, and with R,=70 Q, we
find that R,=24.8 Q and R,=410 Q. The last
value is a bit of a problem, since it falls be-
tween 390 Q and 430 Q in the E24 range.
One way out is to parallel 9.1 kQ with a
430 Q or get hold of a 412 Q from the E96
precision range. Otherwise, use 24 Q and
390 Q in series; the mismatch is not very
serious: R, then works out at 66 Q.

Going through the same procedure for
the 6 dB (N=2) and the 12 dB (N=4) n—sec-
tions, we find for the elements the respec-
tive values: R,=52 Q; R,=210Q; R,=131 Q;
Ry,=116 Q. Practical values here would be
51 Q; 220 Q; 130 ©; and 120 Q. Amuse
yourself by calculating the above three ranges
in terms of T-sections; do the resistance val-
ues fit any better?

For the two T-sections, we require an at-
tenuation of 20dB (N=10); hence, for R,=70 €2,
we find

Ri=Ry[(N=1)/(N+1)]=70x9/,,=57 Q
and
R2=R°[2N/(N2—1 )|=7O><20/99= 14 Q.

Practical values here would be 56 Q and
13 Q. The completed attenuator is shown in
Fig. 16.

Now, try designing a series of five T-sec-
tions with switched ranges of 1 dB,2dB,4dB,
8 dB and 16 dB; this enables a maximum at-

IR I .
YL LYY |
[s80 ] 60 ] i [s60 ] 580 ]
1
i o

Fig. 16. The completed design.

tenuation of 31 dB to be achieved in 1 dB
steps. The R, should suit your own particu-
lar fancy. As a help, the respective N values
are 1.12; 1.26; 1.58; 2.45 and 6.30.

Practical considerations

When we talk about purely resistive attenu-
ators, we are, of course, in the realms of fan-
tasy; it is not possible to make up an attenu-
ator system having a number of sections in
tandem without introducing some inductive
and capacitive elements. The object of any
design is to keep these to their absolute min-
imum, just as in filters, where inductance
and capacitance are the necessary elements,
we try to eliminate resistance.

It is necessary, then, to keep all intercon-
necting leads as short as possible and to
avoid the proximity of these leads, as well
as the resistances themselves, to any sur-
rounding metal parts. Further, there must be
no capacitive coupling between the sections
or certain frequency components of the sig-
nal will sneak through without the desired
attenuation, but with definite phase shifts.
The resistances should not, for obvious rea-
sons, be wirewound, though types witha non-
inductive construction might be used.

Simple aluminium boxes are available
nowadays that can be used to house bench-
type attenuators. Types measuring some
120-150 mm in length with perhaps 50 mm
width and a depth of about the same are
ideal. Figure 17 shows the general method
of assembling such attenuators.

The box is divided up into the required
number of compartments by cross screens
that can be made of thin aluminium or tin-

plate. If aluminium is used, the screen will
have to be flanged and screwed to the side
walls of the box, but with an all tinplate con-
struction, soldering is the best approach.

Small holes are drilled centrally in each
screen (before fitting!) to permit the series-
arm resistors to feed through, and the shunt-
arm resistors are returned either directly to
each screen or to a convenient position on
the box floor itself. A relatively heavy com-
mon wire running through the screens some-
times makes dependence on the box metal
unnecessary.

Slide or miniature toggle switches are used
for the attenuation selection, though it is
possible, with certain forms of construc-
tion—see Fig. 18-—to use rotary switches.
It is often easier to use the base of the box to
carry the terminals and switching, the ac-
tual lid being fitted last and becoming the
working base. This avoids having long leads
to connect the switches which would then
be separated from the rest of the network in
the body of the box.

Attenuators that are to be housed inside
equipment, such as a signal generator for
example, can be built into the general inter-
nal design method, but a divided-compart-
ment assembly is still necessary if the best
results are to be obtained. For less stringent
work, the resistances can often be simply
mounted directly to the tags on a rotary
switch wafer or wafers as they could for the
system shown in Fig. 18. Most simple ‘di-
viders’ are assembled this way.

The power ratings of the resistors used in
attenuators must, of course, be such as to
ensure that no appreciable temperature rise
can occur in normal use. ]

Aluminium or
tin-plate box 1

Slide or toggle
swilches

1L

Ra

Rb Rb

|

Rb|

0

INPUT

o

t Dividing screens —‘r

910103-2-20

RXAN

910103-2-21

Fig. 17. Practical method of assembly.
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Fig. 18. An alternative

screen adequately.
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A SIMPLE WATCHDOG CIRCUIT

INGLE-CHIP  microcontrollers have

beendesigned and optimized for specific
applications such as industrial control and
automotive applications. The Inte]l MCS-51
family of microcontrollers is a popular and
typical example.

The presence of various types of electrical
noise and interference in the above men-
tioned applications is by no means taken for
granted, but generally accepted as hard to
avoid. By virtue of some special features,
such as powerful Boolean processing capa-
bilities, single-chip microcontrollers are
mostly used in industrial control applica-
tions which are known as electrically noisy
environments.

In spite of a well-designed power supply,
a shielded enclosure, and adequate decoup-
ling provisions, noise may still enter a micro-
controller system, upsetting the normal
operation, or even causing a system crash.
These situations are usually marked by the
microprocessor going into its static state, or
performing unpredictable operations. In
such a case, normal operation can be re-
stored only by a hardware reset (PC users
know this as BRST — Big Red Switch Time).

A problem occurs when the microproces-
sor system operates unattended, which is
usually the case in industrial applications. A
total lockup of the system can then disrupt a
production line, or cause expensive ‘down
time’. In such applications, hardware reset-
ting must be performed automatically on de-
tection of a software malfunction. The circuit
described here (Fig. 1) provides a simple
method to accomplish this.

Circuit description

The watchdog circuit consists of a power-up
reset, a gated astable multivibrator, and a
failure detector circuit. In fact, the total cir-
cuit simulates a retriggerable monostable

by Akbar Afsoos

5V

2x 1N4148
D1

IC1a
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680n T)
IC1 = CD4093 91011511

Fig. 1.

multivibrator, which detects a software
upset whenever it is not triggered at a proper
rate.

In the MCS-52 family of microcontrollers,
PX.X can be any pin (bit) of the ports 1, 2 or
3. Ports 2 and 3 may not be used when per-
forming their secondary functions. Compo-
nents R3 and C5 form a power-up reset
circuit that applies a reset pulse to the CPU
via gate IC1b, whenever power is applied.

During normal operation, and in the
main loop of the program, a periodic pulse
must appear on port line PX.X. The fre-
quency of this signal must be at least 10 Hz.
The software determines which port line is
used to keep the watchdog triggered. In 8051
assembler code, this is simple to implement
by the instruction CPL PX.X, where X.X is
the port line identification, e.g. 1.0 (bit 0 of
port 1).

The software failure detector consists of
C1, R1, D1 and D2. The pulse train applied to
the PX.X input of the circuit continuously
discharges C3 via D2 and C1. As a result, the
gated bistable around gate IC1a is disabled,
and its output goes high. Hence, during nor-
mal program execution, the two inputs of
IC1b are high, so that the CPU reset line is
held low.

As soon as a software upset occurs, the

Circuit diagram of the watchdog. The input is connected to a CPU port line.

CPU very likely leaves the main loop of the
program. This means that the pulses on PX.X
fail, so that the port line takes on a static
level. This enables the astable circuit which
consists of IC1a, R2 and C3. After C3 has been
fully charged by R2, the output of IC1a goes
low. Consequently, a logic high reset pulse
appears at the output of ICib.

Because IC1a functions as an astable
multivibrator, C3 is discharged again after
about one second, so that the output of IC1a
goes high. This causes the CPU reset line to
revert to logic low, and the control program
is executed starting at the reset address. The
CPU has enough time (about one second) to
restart the pulse train on PX.X, and resume
its normal operation.

The reaction time of the watchdog may be
shortened by using a smaller capacitor in po-
sition C3. Capacitors C2 and C4 reduce the ef-
fect of noise on the operation of the circuit. If
a reset key is required, you can connect a
pushbutton in parallel with capacitor Cs.

This circuit may also be used with any of
the devices in the Intel MCS-48 family of
single-chip microcontrollers. This, however,
requires an inverter gate to be inserted be-
tween the output of ICib and the CPU reset
line, because these controllers have active-
low reset inputs. [

HUUUUL

—— watchdog reset

supply
|
. | D.C.(0or1)
input | software 1}
(PX.X) mﬂmu-l_---- (softeare =2
: . |
T I
1C1a output 1 |
1
1 i I ] ]
1C1b output ——power-up reset I
(CPU reset) lL
normal operation

normal operation again
91011512

Fig. 2.

Ideal waveforms illustrating the operation of the watchdog circuit.
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THE CIPHER MACHINE

W=

This project is a plz
intended as a mind-teaser or a to

Ty, family.

r the junior members of the

INCE antiquity, the scrambling of the

letters in a message has been a popular
though elementary method of encryption.
One of the earliest techniques was to write
out the message in the rows of a square, or
rectangular array of prearranged shape and
size:

THISIS
ISNOTA
HIGHLY
SECURE
SYSTEM

The message is then written out by columns:
TIHSSHSIEYINGCSSOHUTITLRESAYEM

Needless to say, anyone who knows any-
thing at all about ciphers will have no diffi-
culty in breaking such a simple scrambled
message. Another well-established method
is to group the letters of the alphabet into
pairs, and then exchange one member of a
pair for the other when writing out the mess-
age. The pairs are usually determined by be-
ginning with an agreed key-word, followed
by the remaining letters in order:

MACHINEBDFGJK
LOPQRSTUVWXYZ

To encrypt the message, letters in the top
row are exchanged for those in the bottom

ELEKTOR ELECTRONICS USA NOVEMBER 1991
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Fig.1. Representing letters and numerals on
a 7-segment LED display.
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row, and the other way about.

Message:

ALSO FAIRLY EASY TO BREAK
Cipher:

OMNA WORIMJ TONJ EA UITOZ

In this project we carry the idea of transposi-
tion into the letters themselves. We take the
strokes used to write the letter, and scramble
them by swapping them in pairs. The result
is either a different letter or a weird and un-
recognizable symbol. Most alphabetic and
numeric characters can be written using the
7-segment matrix commonly employed in
pocket calculators and digital clocks. Unfor-
tunately, there are some problems in repre-
senting certain letters such as ‘M’, ‘W’ and
’X’. For these and a few others, a 16-segment
‘starburst’ matrix gives a better image, but
such devices are expensive. This is intended
to be a cheap, easy-to-wire, project for you to
build for the youngsters. You may even want
to build two, so that they can exchange mess-
ages.

So we have settled for a 7-segment dis-
play, even though there are difficulties with
a few of the more ‘awkward’ letters. The
scheme works better if we use a lower-case
alphabet (Fig. 1). We make use of the eighth
segment of the display, the decimal point, to
distinguish ‘'m’, ‘w’, ‘w” and "x’. This is used
to represent a central vertical segment in the
bottom half of the array.



THE CIPHER MACHINE
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DISPLAY
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Fig. 2. Suggested layout of the panel of the Cipher machine.

Practical use

The Cipher machine is used as follows. The
letters or numerals of the message are en-
tered one at a time by touching the appropri-
ate segments of a 7-segment key-panel with
a stylus (See Fig. 2.). The scrambled version
of the character appears on a 7-segment LED
display, and this is copied down onto paper.
The receiver of the message has a Cipher Ma-
chine with identical wiring (or uses the same
machine), and enters the symbols on to the
key-plate. The machine unscrambles the seg-
ments, reproducing the original letter or
numeral on the 7-segment display.

Choice of display

The original version of this project simply
scrambled the segments, producing charac-
ters such as those in Fig. 3. The weakness of
this technique lies in the fact that the scram-
bled character has the same number of seg-
ments as the regular character. This is a clue

to the identity of the letter. For example, a 3-
segment symbol obviously comes from a 3-
segment letter, either ‘c’, 'n” or ‘v’. It is
usually easy to decide, for other reasons,
which one of these it must be. Worse still, if
the letter has only a few segments (for
example, ‘c’ in Fig. 3), when the symbol
tends to end up as a number of disconnected
strokes. Such symbols are difficult to write
convincingly. They also further advertise the
fact that the system depends on interchang-
ing segments.

To make unauthorized deciphering more
difficult, the Cipher Machine logically in-
verts the scrambled segments when there are
fewer than four. For example, the letter ‘1’ (or
figure ‘1’), has only 2 segments, but is dis-
played as a 5-segment symbol (Fig. 4). This
procedure has the advantage of increasing
the average number of segments making up
the symbols, giving them a more ‘connected’
appearance. There are a few exceptions to
this inversion routine, for reasons which will
be explained later.

Table 1. Ciphering rules

Case Original character Ciphered symbol b lit?
A 1, 2 or 3 segments, not including h All segments inverted Yes
B 1, 2 or 3 segments, plus h hinverted, rest not inverted No

Cc 4 to 7 segments, not including h None inverted No
Table 2. Deciphering rules

Case Ciphered symbol Deciphered character h lit?
A 4 to 7 segments, including b All segments inverted No

B 1, 2 or 3 segments, not including b b inverted, rest not Yes
C 4 to 7 segments, not including b None inverted No
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Fig. 3. Simple scrambling.
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Fig. 4. Scrambling with inversion.
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Fig. 5. Use of the ‘wild card’ segment.

Scrambling twists

Another twist to confuse the snooper is the
way we use the decimal point (segment h of
the display), when this comes up as one of
the scrambled segments. We think of this as
a ‘wild card” which can be added to the sym-
bol anywhere that is not part of the 7-seg-
ment matrix, as in Fig. 5. You can add the
‘wild card’ in different places each time it oc-
curs, producing a confusing set of variations
that all represent the same letter.

Finally, there is the super-scrambler op-
tion. This consists of a 3-position switch that
varies the scrambling of four pairs of seg-
ments. This switch is set to a given position
before ciphering begins. The authorized reci-
pient knows the setting, and uses this when
deciphering. All sorts of routines can be used
by prior agreement, such as to alter the
switch at the start of each paragraph, or even
for each word or letter, according to a regu-
lar system.

Circuit details

The eight segments of the key-panel are con-
nected to the SET input of a set-reset bistable
(flip-flop) (Fig. 6). The SET input is normally
held logic high by a pull-up resistor, R1-Rs.
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When a segment is touched by grounded
stylus, the low input to the corresponding bi-
stable causes its Q output to go high. The
RESET inputs of these bistables are all con-
nected to a single CLEAR pad on the key-
panel, and are held logic high by Ro.
Touching the CLEAR pad with the stylus
resets all the bistables, and their outputs go
low. Thus, the bistables store the segments
that make up the character.

The output of each bistable goes to one
input of an XOR (exclusive-OR) gate. When
the inputs of the gates are low, the output of
each gate has the same state as the corre-
sponding bistable. If the other inputs are
high, the output of each gate is the inverse of
the bistable outputs. For example, if pad a is
touched, the first bistable in IC1 is set, and its

output, pin 13, goes high. If pin 2 of IC3 is
low, pin 3 of IC2 goes high, and the LED seg-
ment g is lit. If pin 2 is high, the segment is
not lit. The pads and the LED segments are
in exchanged pairs so that, for example,
touching pad a lights (or turns off) segment
g on the display. Conversely, touching pad g
lights (or turns off) LED segment a.

The circuit diagram shows just one per-
mutation for scrambling. The super scram-
bler switch, S1, gives a variable pairing
between segments c to f. This part of the cir-
cuit is open to modification. Many different
combinations of any four of segments a to g
can be wired to the super scrambler switch,
and those four segments not so wired can be
paired in three different ways. Th only re-
striction is that h and its partner may not be

wired to the super scrambler switch. If you
want to be able to use one machine for ci-
phering, and another for deciphering, both
machines must be wired exactly alike.

The lower part of the circuit diagram
shows the logic switch that decides when
segments are to be inverted. The logic is
summarized in Table 1.

In case “A’ we obtain a symbol with five
to seven lit segments, plus b (assuming that
It has been scrambled with b, as in the sche-
matic). The letters included in case ‘B’ are the
‘m’, 'u’, 'w” and ’x’, all of which require the
use of the i segment. Since we rely on the
state of /i (scrambled to b) when deciphering,
we have no compromise by not inverting the
segments of these few letters. Case 'C’ in-
cludes all other letters with three or fewer
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Fig. 6. Schematic diagram of the Cipher machine.
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THE CIPHER MACHINE
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Fig.7. (a) Wiring of S1, as seen from the rear. (b) Wiring of S2, as seen from the rear.

segments. There are no characters that have
four to seven segments and h.

From Table 1, we establish three rules for
ciphering:
1. Invert a and c to g if there are one to three
segments of a to g set, and /1 is not set (case
‘A%);
2. Invert b for the same conditions as in Rule
1 (Case’A’);
3. Invert /1 if there are one to three segments
of g and ¢ to g set (case ‘B’).

The number of segments set is ‘counted” by
an operational amplifier, 1Cs, wired as a
summing amplifier. We could have used a
digital equivalent, but no 7-input gate is
available ‘off-the-shelf’. This substitute is
considerably less complex to wire up than a
digital version made of discrete gates. The
summing action is also accompanied by in-
version. When three or fewer bistables have
a high output, the output of the operational
amplifier swings fully high. When four or
more have a high output, the amplifier
swings fully low.

When there are one to three segments lit,
the output of 1Ce is high; this is fed by way of
Sic to IC4d, the XOR gate for segment h,
which is thus inverted, causing segment b to
remain off. This complies with Rule 3 above.
The output of the /1 bistable is inverted by
1Csa, so its output is high when k is not set.
The output of ICe is high when one to three
segments are set. The two high inputs to the
NAND gate, ICsb, make its output go low,
and this is inverted by ICsc. Through swit-
ches S1a and Sib, this causes high levels at the
inputs of the XOR gates, inverting segments
a to g, and conforming to Rules 1 and 2.

The rules for deciphering are slightly dif-
ferent, which is why we need St to switch be-
tween ciphering (C) and deciphering (D)
modes. The conditions for deciphering are
given in Table 2. The logic for Rules 4 and 6
is effected by Sia and Sic connecting the out-
put of the b bistable to the inputs of the XOR
gatesa and ¢ to g. The outputs of ICs and the
b bistable need to be ORed together to per-
form deciphering Rule 5. Instead of install-
ing an extra IC to provide an OR gate, we
have used 'Mickey-Mouse’ logic: the two
diodes D1 and D2, and a 10-kQ pull-down re-
sistor, R20.

Construction

Since the Cipher Machine was intended as a
not-too-serious toy for the junior members of
the family, the prototype was built in a
brightly-coloured novelty form (see the in-
troductory photograph). The enclosure is a
food storage box with a clear snap-on lid.
This exposes the ‘works’ for all to see, so the
battery holder, PCB, switches, ICs and other
components are painted in red, blue and yel-
low. We also bought plastic knobs for St and
S2.

There is no limit to the variety of the col-
our schemes you can employ but, if you
prefer a rather different image, the project
could be realized as a rugged all-black ‘mili-
tary-look” device. Alternatively, you could
disguise it as a radio set, or even as a bound
volume to hide away on the bookshelf.

The circuit should not be too difficult to
build on a piece of Veroboard or stripboard.
The battery holder is glued to the bottom of
the enclosure, and special self-adhesive PCB
mounting strip is used for the circuit board.
The area around the display is shielded from
direct light by a cylinder painted matt black
inside, and a bright tint outside. The cap
from a spray can makes a suitable shield.

The key-pads are laid out as an array of
strips of coloured PVC insulating tape. A
narrow hole is drilled at the centre of each
strip, and through the lid below. A brass
thumb-tack is pushed into each hole to form
the contact for the stylus. Wire is wrapped
around the pin of each tack, and soldered to
it. The lid of our enclosure was made of high-
impact polystyrene or similar plastic, so care
was needed not to shatter it by over-enthusi-
astic drilling. The two switches are also
mounted on the lid. Their decorative effect is
enhanced by looping out the connecting
wires in the shape of flower petals, as shown
in Fig. 7. A hole is drilled in one side of the
enclosure for the lead to the stylus.

There are no alignment problems: if cor-
rectly assembled, the Cipher Machine
should work first time. The detailed descrip-
tion given above should help you iron out
any discrepancies. |
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OPERATING
INSTRUCTIONS

Ciphering
1. Switch on and turn to cipher mode (C).

2. Set the super-scramble switch to any
one of the positions you have agreed
with your correspondent.

3. Touch the stylus to the CLEAR pad.

4. To encipher the first letter or numeral
of the message, touch the stylus to the
segments that contain it (Fig. 1).

5. Copy on to paper the symbol that ap-
pears on the display. If possible, make it
more ‘rounded’ like a hand-written char-
acter. If the decimal point on the display
is lit, add a stroke anywhere you like, but
not where the seven <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>