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THOUSANDS PURCHASED
BY PROFESSIONAL USERS

bMP MOS-FET POWER AMPLIFIERS
HIGH POWER, TWO CHANNEL 18 INCH RACK

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER BATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: *independent power supplies with two loroidal transformers % Twin L.E.D. Vu meters *
Level controls % llluminaled on/oM swilch * XLR connectors * Standard 775mV inputs % Open and shorl circuit
proof % Latesi Mos-Fets lor siress Iree power delivery into virtually any load * High slew rate * Very low
distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19"'xH3"2" (2U)xD11"
MXF400 W19"'xH5"." (3UxD12"
MXF600 W19"xH5%." (3U)xD13"
MXF900 W19 'xH5%+" (3U)xD14%4"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIEA DEL. £12.50 EACH

OMP VARISPEED TURNTABLE CHASSI

* Manual arm * Steel chassis % Electronic speed
control 33 & 45 R.P.M. % Vari pitch control * High
torque servo driven DC motor * Transit screws *
12" die cast platter * Neon strobe * Calibrated
balance weight * Removable head shell % "
cartridge fixings % Cue leverx 220/240V 50/60Hz
* 390x305mm * Supplied with mounting cut-out
template.

PRICE £61.30 + £3.70 P&P

STANTON ALS0O0uK! GOLDRING G950
OP P&P PRICEE£7.15 + 50P P&P

* WITH ECHO %

L4

T

STEREO DISCO MIXER DJ6500

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters, MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with ione control
& talk-over switch, 7 Channels with
individual faders plus cross fade, Cue
Headphone Momlor Useful combination of
the followi ts:- 3 turntables (mag), 3

mics, 5 Line for CD, Tape, Video etc. e

Price £134.99 + £5.00 P&P SIZE: 482 x 240 x 120mm

POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-

LOUDSPEAKERS-189 INCH STEREO RACK AMPLIFIERS

SEFIVICE * LAFIGE (A4J 5 A E S0p STAMPED FOFI CATALDGUE *

CLEE S S LY LN VUSS  SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a world-wide repulalion lor qualily, reliabilily and perlormance al a realistic price. Four
models are available lo suit the needs of the prolessional and hobby market i.e. induslry, Leisure, Insirumental and Hi-Fi
elc. When comparing prices, NOTE thal all models include loroidal power supply, integral heat sink, glass tibre P.C.B. and
drive circuits lo power a compatible Vu meler. All models are open and shor circuif prool.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Outpul power 110 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 45V/u$S,
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 — £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 walts
R.M.S. into 4 ohms. frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/uS,
T.H.D. typical 0.001%. Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 -~ £4.00 P&P

iy OMP/MF 300 Mos-Fet Output power 300 watis
R.M.S. into 4 ohms. frequency response 1Hz - 100KHz
-3dB. Damping Factor >300, Slew Rate 60V/uS,
T.H.D. typical 0.001°. Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.
PRICE £81.75 - £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watls
A.M.S. into 4 ohms. frequency response 1Hz - 100KHz
-3dB. Damping Factor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001°¢. Input Sensitivity 500mV, S.N.R.
-110 dB. Fan Cooled. D C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 - £5.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SEMS S00mYVY, BAND WIDTH 100KHz.

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mY, BAND WIDTH 50K Hz. ORDER STANDARD OR PEC.

Vu METER Compatible with our four amgplifiers deltailed above. A very accurate
visual display employing 11 LE D s (7 green 4 red) plus an additional on/oft
indicator. Sophisticated logic control for very iast rise and decay limes. Tough
moulded plastic case. with acrylic tinted front Size 84 x 27 x 45mm

* PRICE £8.70 — 50p P&P

—
LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(50p STAMPED) FOR COMPLETE LIST.

P - From McKenzie Professiona‘ Series

'§- From McKenzie Studio Series

LOUDSPEAKER:

ALL McKENZIE UNITS 8 OHMS IMPEDANCE
8” 100 WATT P C8-100GP GEN. PURPOSE. LEAD GUITAR EXCELLENT MID. DISCO.

RES. FREQ. 80Hz, FREQ. RESP. TO 7KHz. SENS 96dB. PRICE £31.45 — £2.00 P&P
10" 100WATT [§ C10-100GP GUITAR. VOICE. KEYBOARD. DISCO EXCELLENT MID.
RES. FREQ. 72Hz, FREQ. RESP. TO 6KHz SENS97dB. PRICE £38.89 — £2.50 P&P

PIEZO ELECTRIC TWEETERS - MOTOROLZ

Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeler produces an improved
Iransient response with a lower distorlion level than ordinary dynamic tweelers, As a crossover is not required
these unils can be added lo exisling speaker systems of up to 100 watls {more if two are pul in series. FREE
EXPLANATORY LEAFLEI’S ARE SUPPLIED WITH EACH TWEETER.
‘“-{ TYPE ‘A’ (KSN1036A) 3" round with protective wire mesh. Ideal for
bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
| AP TYPE ‘B’ (KSN1005A) 3" super horn for general purpose speakers,
LT disco and P.A. systems etc. Price £5.99 + 50p P&P.
~ TYPE ‘C’' (KSN1016A) 2"x5" wide dispersion horn for qualily Hi-Fi sys-
tems and quality discos elc. Price £6.99 + 50p P&P.
TYPE ‘D' (KSN1025A) 2"x6" wide dispersion horn. Upper frequency
response retained extending down to mid-range (2KHz). Suitable for high
quality Hi-Fi systems and quality discos. Price £9.99 — 50p P&P.
TYPE ‘E' (KSN1038A) 33" horn tweeter with attractive silver finish trim.
Suilable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P.
LEVEL CONTROL Combines, on a recessed mounting plate, level control
and cabinet input jack socket. 85x85mm. Price £4.10 ~ 50p P&P.

10" 200WATT [§ C10-200GP GUITAR. KEYB'D. DISCC EXCELLENT HIGH POWER MID."

RES. FREQ. 69Hz, FREQ. RESP. TO 5KHz. SENS 37dB. PRICE £53.21 - £2.50 P&P
12" 100WATT P|C12-100GP HIGH POWER GEN. PURPOSE LEAD GUITAR. DISCO.

RES FREQ. 49Hz, FREQ. RESP. TO 7KHz. SENS 38dB PRICE £40.35 — £3.50 P&P
12" 100WATT'P C12-100TC (TWIN CONE)} HIGH POWER WIDE RESPONSE P A VOICE, DISCO.
RES. FREQ 45Hz. FREQ. RESP. TO 12KHz. SENS 37dB PRICE £41.39 — £3.50 P&P
12" 200WATT §C12-200B HIGH POWER BASS KEYBEQARDS DISCO P.A

RES. FREQ. 45Hz, FREQ. RESP. TO 5KHz SENS 98<8 PRICE £71.91 - £3.50 P&P
12 300WA‘I’T.C12 -300GP HIGH POWER BASS LEAD GUITAR KEYBOARDS DISCOETC,

RES. FREQ. 49Hz, FREQ. RESP. TO 7KHz SENS 100dB PRICE £95.66 - £3.50 P&P
15" 100WATTBC1 5-100BS BASS GUITAR LOW FREQUENCY P A DISCO

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz SENS 33cB PRICE £ 59.05 — £4.00 P&P
15" 200WATT P/ C15-200BS VERY HIGH POWER BASS
RES. FREQ. 40H2, FREQ. RESP. TO 3KHz SENS 38aB

15" 250WATT §C15-250BS VERY HIGH POWER BASS
RES. FREQ. 39Hz, FREQ, RESP. TO 4KHz. SENS 9508 PRICE £90.23 - €4.50 P&P
15" 400WATT § C15-400BS VERY HIGH POWER LOW FREQUENCY BASS

RES. FREQ. 40Hz, FREQ, RESP. TO 4 KHz SENS *30cB PRICE £105.46 - £4.50 P&P
18" 500WATT § C18-500BS EXTREMELY HIGH POWER LOW FREQUENCY BASS

RES. FREQ. 27Hz, FREQ. RESP. TO 2KHz SENS 38c8 PRICE £174.97 - £5.00 P&P

EARBENDERS:- HI-Fl, STUDIO, IN-CAR. ETC

ALL EARBENDER UNITS 8 OHMS Exceor E33-5C & £8- -5 w~icr are cual impedance lapped @ 4 & 8 ohm)

PRICE £80.57 - £4.00 P&P

 e—
DMP LINNET LOUDSPEAKER

THE VERY BEST IN QUALITY AND VALUE

Made especially to suit today’s need for compactness with high outpu
sound levels, finished n hard wearing black vynide with protective
corners, grille and carrying handle. Each unit incorporates a 12" driver
plus high trequency horn for a full frequency range of 45Hz-20KHz.
Both models are 8 Ohm impedance. Size: H20" x W15" x D12".

CHOICE OF TWO MODELS
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET

OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR
OMP 12-200WATTS (200dB) PRICE £214.55 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

AR STEREO BOOSTER AMP

THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Slereo, 150W
Bridged Mono
250 WATTS (125 + 125) Stereo, 250W
Bridged Mono
400 WATTS (200 + 200) Stereo, 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
. Features:

* Stereo, bridgable mono * Choice of
high & low level inputs * L & R level
conlrols * Remole on-of * Speaker &

PRICES: 150W £49.99 250W £99.99
400W £109.95 P&P £2.00 EACH

POSTAL CHARGES PER ORDER E1.00 MINIMUM. OFFICIAL
ORDERS FROM SCHOOLS, COLLEGES, Gﬂwuﬁgnliﬁblﬂel.ﬁnﬂlg

PRICES INCLUSIVE OF \.A.T. SALES
ACCESS ACCEPTEDBY POST, PHONEOR FAX.

BASS, SINGLE CONE, HIGH CDMPLIA&CE HDL' ED SURHOUHD

B” SOwatt EB8-50 DUAL IMPE OHM BEASS Fl, IN-CAR

RES. FREQ. 40Hz, FREQ. RESP. T PRICE £8.80 - £2.00 P&P
10" SOWATT EB10-50 DUAL IMPE e E OHM BASS, Hi-FL, IN-CAR,

RES. FREQ. 40Hz, FREQ. RESP. TO SKHz = PRICE£13.65 + £2.50 P&P
10" 100WATT EB10-100 BASE =

RES. FREQ. 35Hz, FREQ. RESP PRICE £30.39 + £3.50 P&P
12" 100WATT EB12-100 BASS ENT DISCO

RES. FREQ. 26Hz, FREQ. RESP PRICE £42.12 + £3.,50 P&P

IX
FULL RANGE TWIN CONE, HiGH CC}I
5" GOWATT EB5-60TC (TWih CONE =
RES. FREQ. 63Hz. FREQ RESF 3

6':" GOWATT EB6-60TC (TW
RES. FREQ, 38Hz, FREQ. RESP
B" GOWATT EBB-60TC (TWI
RES. FREQ. 40Hz, FREQ. RESF TO 18
10" GOWATT EB10-S0TC (TWIN CONE; =
RES. FREQ, 35Hz, FREQ RESP 70 13x=

RCE RQLLED SURROUND
TI-ABRAY DISCOETC,

PRICE £9.99 + £1.50 P&P
RRAY DISCOETC

PRICE £10.99 - 1.50 P&P

AY DISCOETC

PRICE£12,99 + €1.50 PAP
ARRAY DISCOETC.

PRICEC18.49 + £2.00 PAP

RANSMITTER HOBBY =
PROVEN TRANSMITTER DESIGNS MCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALTTY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W TRANSMITTER 80-108Mkz WARCAF CTATRILED PROFESSIONAL
PERFORMANCE RANGE UPT0 3 MILES SZ2 3 1 ‘Zimr SUBPLY 121 - 0 SANP
PRICE £14.85 - £1.00 PLP
FM MICRO TRANSMITTER 100-108Wktz VARICAF TUNED COMPLETE WITH

VERY SENS FET MIC RANGE 100-300m. SIZE 55 x Mbmez. SUPPLY 9¥ BATTERY

PRICE - £41.00 PP PHOTO: 3W FM TRANSMITTER

UNITS1& SCOMET WAY, SOUTHEND-ON-SEA,
ESSEX.SS26TR.
Tel:0702-527572 Fax:0702-420243




Features & Projects

Revolutionary Solar UV Detector Design 14

In an Exclusive to ETI, Douglas Clarkson reveals that amidst fierce competition, a small
British company has produced a cost effective solid-state radiation detector that could
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Editoria

By Paul Freeman

have many worldwide applications.

Rear Bike-Light

20

An ingenious but cunningly simple project to minimise bike-light theft. Andrew

Armstrong explains.

Scanner for Sine-Wave Oscillator

Another surface-mount project that gives your voltage controlled oscillator, shown in the
March issue, a sweep across the frequency spectrum. Bill Mooney aims his soldering iron

26

Use the complete PCB on our front cover to construct a stereo amplifier. Dave Bradshaw

32

with pin-point accuracy.

Chip Stereo Amplifier

takes us through its paces.

The Phase Locked Loop

e

Mark Robinson explains the ins and outs of this electronic technique.

Frequency Meter Range Extender

The phase locked loop can be used to improve the versatility of your frequency meter.

Mark Robinson explains.

Xenon-Flash Trigger

Edward Barrow constructs in a flash.

Automate 20 Mixing Desk Part 3

38

Capture most of those small satisfying moments on film with this fast camera attachment

46

Mike Meechan finalises construction of the power supplies.

Digital TV Part 2

Regulars

Open Channel
News

News Stateside
Photocopy Service
PCB Foils

20 Year Index

58

James Archer continues to discuss the quest for better TV transmission techniques.

TI now has more pages, more projects

and more importantly, a complete
PCB every month on our front cover to
help you on your way with one of our pro-
jects. The launch PCB is for an IC stereo
amplifier and could have a wide variety of
applications for the beginner say in a
school technology project. An “estab-
lished constructor might also use it for a
bench monitor amp. Whichever way, it
represents great value.
UV Detection

Increased Ultra-violet radiation aris-
ing from Ozone depletion over wide vari-
ations of the polar regions is continually
in the news these days. It is also likely to
remain so for many years to come.

Rising to the challenge, a small British
company hasinvented anew UV detector
(see page 14). They not only took the
initiative in thlnklng up a revolutionary
but simple inexpensive design but man-
aged to get their sun monitors, one end
product of their research, through devel-
opment and ready for mass production.
This- apparent rarity in these inventive
isles contrasts starkly with British lost
achievements over the years. Those will-
ing to invest risk capital in our ideas still
remain very much overseas.

Itis pleasing to know thatin the case of
this one small company, so much can be
achieved by so few against the industrial
might of Japan and the USA.

ETI JUNE 1992

22

36

=RV PN




The World Administrative Radio Conference
(WARC) is the international procedural function
organized by the International Telecommunications
Union (ITU) to share out radio frequencies among its
member countries and continents.It’s convened every so
often when it becomes apparent that new technological
uses require frequency allocation, or that older uses sim-
ply require smaller or greater allocations. WARC 92 was
held recently, and made an interesting decision to allow
national licensees to create and operate mobile com-
munications systems. Oh, what’s new? I hear you ask.
Well yes, I sympathize with your outburst. There does
seem to be rather a lot of mobile communications sys-
tems around or planned for the near future. I can’t dis-
agree with you there. And whether they’re allneeded —or
are going to be needed —is not a question which anyone
seems to be asking yet.I guess each system has to be taken
on its own merits, and if it can make a living then it’s
obviously needed.

However, technically at least, this new system is dif-
ferent to the others, in that it will use low earth orbiting
satellites (LEOS) as the communications medium.

Ifyou're aware, low earth orbiting satellites are used
for some weather satellite systems as well as the so-called
spy satellites. They orbit the earth at a much lower alti-
tude than, say, television transmission satellites which
are effectively geostationary —they appear in the same
position all the time from a point on earth’s surface. This
is because a geostationary satellite makes an orbit round
earth every 24 hours. So, it rotates at the same time as
earth itself and is effectively stationary.

Low earth orbiting satellites, on the other hand,
mustorbit considerably faster than this to remain in orbit.
The closer to the earth the faster this must be, simply in
order to prevent themselves dropping down from the sky.

WARC agreed to make bands of 1.6-1.625GHz and
2.4-2.5GHz available for such systems. A number of
manufacturers have already expressed interest in setting
up satellite networks based on the decision.

Motorola, for example, has plans for a low earth
orbitingsatellite system based on the use of 77 such satel-
lites. The network, nicknamed Iridium (the element iri-
dium has an atomic number of 77) is apparently all ready
to go.

00 Europe-Wide

By 1998, making an international telephone call from
anywhere within the European Community will be
possible with a single international code. In the UK cur-
rently, international telephone calls are always preceded
by the code 010. This will change. The boys in Brussels
have decided for us all, that international dialling in all
member countries should be preceded by the code 00.
Currently there are seven different codes in use
throughout Europe ranging from our 010, through Ire-

land’s 16, Denmark’s 009, Spain’s 07, France’s 19,
Netherland’s 09, and the rest of the mob’s 00.

By 1998 we'll all have the opportunity to join the
gang. Can I just ask, or is it heresy, does it honestly make
any difference what international dialling code any par-
ticular country has?

Air Europe-Wide

While I can’t see the international pointin standardising
diallingcodes,I cansee the pointin standardisingair traf-
fic control systems. After all, ‘phones can’t kill if you dial
awrong number —‘planes can kill if they’re not properly
supervised.

The same boys in Brussels (collectively, if not per-
sonally) who made the decision to standardise on an 00
international dial code have commissioned a study
called Atlas, to consider waysin which a unified air traffic
control system could be incorporated throughout
Europe.

Have I got the whole thing wrong? As I see it, the
European Commission is there to make international
decisions which affect our lives as Europeans. In the
Atlas study (and —in its own way —the international dial
code I suppose)itis doing this. Butisn’t it all a bit mixed
up when the international dial code will be incorporated
long before a safe air traffic control system?

Down, Boy. Down!

Me?I'love dogs. Smashing creatures. Bit noisy that’s all.
Somebody in Texas, though, has developed a special
electronic collar which emits an ultrasonic tone when-
ever it detects its wearer barking. As yowll probably be
aware, thisisinaudible to humans but,asdogs’earshavea
higher frequency response, itis most definitely annoying
tothe dog. Aftera while (noisy dogs aren’t thick you know
—just their owners, usually!) the dog will realize that to
prevent the annoyment it simply has to keep its mouth
shut. Pity they don’t make such collars for a few people I
know. ’

Before you get all hot under the collar (pun, what
pun?) about cruelty to animals, and inhumane treatment
of our best friend, bear in mind that vets have approved
the system. They sayit’s more humane than shock collars,
or vocal cord surgery. And I suppose it is. Thereagain
there can’t be much more inhumane than shock collars or
vocal cord surgery, can there?

Now all they need to do (Canine Concepts, manu-
facturers of The Silencer, that is) is invent a device which
gives the dog a kick up the jacksie whenever it does its
business in the park, or on a footpath or, for that matter,
anywhere except in its owner’s own house. Better still,
perhaps they could-invent a device which gives the
owner a kick up the jackzie whenever the dog does its
business.

Me?1 love dogs.

Keith Brindley
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isplays specialist Anders
Electronics is introducing a
‘super miniature’ VGA-com-
patible LCD projection panel
and PC-AT controller system.
Widespread applications
include portable projection
systems for PCs, low-cost low-
power head-up displays, and
miniature overhead projectors.
The LCD panel portion of
the Anders projection system
has an overall size of 128 x
120mm, giving an active view-
ing area of 72 x 55mm, com-
patible with most ‘super mini-
ature’ projecting environ-
ments. To ensure maximum
useability the LCD panel has
been designed to operate in
close proximity to ahighintens-

he problem of Brldgmg the

gap’ between sixthform
studies and the first year of dn
engineering degree course is
the subject of a one day meeting
to be held at the Institution of
Electrical Engineers (IEE),
London WC2 on Tuesday 26
May.

The academic divide
between sixth form student and
first year engineering under-
graduate appears to be wide-
ning andis the cause of increas-

ity light source, such as those
found in overhead projection
systems and 35mm slide pro-
jectors.

Designed to work in tandem
with the LCD panel is a custom
controller system from Anders.
The controller connects to the

ing concern. Many Universities
and Polytechnics now offer
pre-degree courses to bring
prospective students up to their
required first year entry stan-
dard —unheard of a few years
ago!

What is going wrong and
what can be done to bridge the
gap? Does the fault lie with the
new school curriculum and the
Examining Boards? Should the
Government do more to help
schools or should Universities

PC-AT bus, driving the LCD
panel in 64 grey scalesin VGA
mode, with backwards com-
patibility for CGA, MGA,
HGC, and EGA display
modes. All the necessary power
and connections rerquired to
dnve the LCD panel from the

and Polytechmcs expect less
and bridge the gap from within?

These are just some of the
issues to be debated at the IEE
colloquium.

The meeting will open with
a Keynote Address by Profes-
sor Sir Eric Ash CBE, Rector of
Imperial College, London and
Chairman of a Royal Society
Study Group on Higher Educa-
tion. Other speakers will repre-
sent the views of Industry,
Schools, Examining Boards,

PC controller system are pro-
vided by a 16-bit half-length
PC-AT expansion bus card.
For further information
contact Lynn McGoohan,
Anders Electronics Limited.

Unlversxtles Polytechmcs and
the Department of Education
and Science, amongst others.

The meeting will include a
general discussion and the
issues raised will form the basis
of a Report to be published by
the IEE later this year.

Admission to the meeting is
free although advance registra-
tion is necessary.

hannel 4 has backed BT’S :

commitment to broadcast-
ing by signing a £50 million
contract over ten years to take
the world’s mostadvanced digi-
tal TV network.

The new BT managed net-
work is expected to lead to
more flexible scheduling of
Channel 4 commercials. They
will have the ability to broad-
cast different advertisements
simultaneously in six regional
TV areas. The commercials will
be transmitted direct from
Channel 4 headquarters in
London.

From January 1st, 1993,

Channel 4 will sell and play out
its own advertisements.

Digital technology gives the
network greater flexibility and
speed. Channel 4 can use the
new technology and BT’s man-
agement system to  achieve
cost-effective regional schedul-
ing while improving its adver-
tising on a local basis.

It will enable Channel 4 to
compete more aggressively
with ITV franchise holders for
regional advertising revenue
next year.

The digital network, oper-
ational from January 1993, is
seen as fundamental to the suc-

cess of the channel’s reglonal
network and gives Channel 4 a
technological lead over other
commercial broadcasters.

Chief engineer at Channel
4, Chris Daubney, said: “The
digital network breaks new
ground in broadcasting and
confirms BT’s leading role in
developing complete solutions
for their customers.”

The new network will
improve quality and consist-
ency of pictures transmitted to
all parts of the UK. The core
network and programme con-
tribution material carried on it
will operate initially at 140

M/bits per second whlle
sound, vision and associated
signals carrying the output of
the channel will be coded and
delivered to transmitters at 34
M/bits per second.

BT’s new digital technology
is a response to the demand for
even higher quality stereo
sound and video transmission
in today’s 24 hour broadcast
environment. BT has also built
in new levels of network relia-
bility and an upgrade path to
wide screen TV.
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As a result ot spectrum allo-
cated during the World
Administrative Radio Con-
ference in  Torremolinos,
Spain, the Iridium project can
now go ahead.

The Iridium system is a pro-
posed global personal com-
munications, system which
combines Motorola’s space
technology with its terrestrial
radio communications exper-

ise. Usmg

]ow-earth orbit
(LEO) satellites it will be
designed to - provide
worldwide, portable and
mobile telecommunications
using hand-held phones. Cur-
rent plans estimate the launch-
ing of the Iridium system’s con-
stellation of 77 satellites to
begin in 1994,

The spectrum has been allo-
cated in the 1610-1626.5MHz

S
band by delegates attending the

conference from countries
around the world. It secures the

future for Low Earth Orbit Sat- -

ellites above 1GHz, the so-
called big LEOs.

Jerrold Adams, President
and Chief Operating Officer of
Iridium Inc said “We believe
investments will soon be made
and licences applied for and
granted in many countries”.

Adams continued, saylng
“We are confident that the Iri-
dium system will be able to pro-
vide truly personal, hand-held
communications from any-
where to anywhere at anytime
for the world traveller. This will
also mean first time communi-
cation service for remote areas
with no infrastructure at pres-
ent, and immediate support to
disaster relief situations”.

T has demonstrated a

prototype videophone for
use in the home at the Ideal
Home Exhibition. The phone,
which will cost less than £500
and is expected to be available
later this year, allows customers
to see as well as hear the person
on the line.

The videophone will form
partofaportfolio of videocom-
munications products from BT,
which at present includes
videoconferencing and will in
future comprise desk-top

g i
i

Cirkit are now stocking anew
tange of Alpha Industries
microwave doppler modules.
Using the radar principle of
doppler frequency shift these
modules are designed for all
types of motion sensing appli-
cations,such as security alarms,
auto door opening, traffic light
control, speed measurement,
industrial control and energy
management.

Microwave sensors offer
many advantages over alterna-
tive technologies, such as ultra-
sonic and PIR sensors, with a
much greater range, smaller
size and superior reliability;
particularly important where
false alarms must be elimi-
nated.

Each of the modules use the
same basic principle of oper-
ation detecting the difference
between the transmitted and
reflected return signal. This

videoconferencing, digital
videophones, and personal
computer-based multimedia
equipment.

The new phone does not
require a special line, it simply
plugsinto astandard telephone
socket. To make a call a cus-
tomer dials the telephone num-
ber in the normal way.

The videophone has a small
camera and a three-inch colour
screen, mounted on a flap that
can be folded away. Privacy is
assured by the press of a button

or by lowering the flap.

Calls on the videophone
will cost the same as a normal
telephone call.

Designed and manufac-
tured by British company,
GEC-Marconi, the telephone
is currently undergoing exten-
sive quality and reliability tests.

Andy Green, BT Director
Public Communications Pro-
ducts, said: “BT has longrecog-
nised the benefits videotele-
phony can bring to customers
and has made important

inroads into the business mar-
ket. However, the true worth of

videocommunications will
only be fully recognised when it
becomes available to all our
customers.

GEC-Marconi’s v1deo stan-
dard compresses both voice
and a colour video picture into
a14.4 kilobit data stream which
can then be sent over normal
analogue telephone lines.

difference, or IF signal is typi-
cally 30Hz per mile hour of
movement, which can be easily
amplified and processed. The
modules typically require only
a+5V DC supply.

The DRO2980 is especially
suitable for shorter range appli-
cations, 3-5m, with microstrip

patch antenna for transmission
and reception. This unit has
DTI approval and is ideal for
intrusion alarms and presence
sensing applications.

Other types have tuned
cavities with Gunn oscillator
diodes for X band, 10GHz and
K band, 24GHz operation.

Ahorn antenna may be fitted to
extend the range. These are
suitable for more demanding
applications such as speed
measurement, direction sens-
ingand low power communica-
tion links.

demCOI'del'h are becommg

ore popular due to their
portability and easy operation,

so higher quahty and perfor—
mance, especially picture and
sound, are being demanded.

The new S-VHS-C NV-S7 from
Panasonic responds to these
demands, offering users

i

through
enhanced digital technology.
The new S-VHS-C model

impressive  videos

ETI JUNE 1992




boasts Hi-Fi stereo sound, is
VITC compatible and has a
host of digital functions that
have been enhanced from the
previous S-Series, for example,
16X Digital Zoom, Digital
Wipe, Digital Mix and Digital
Gain-up.

The NV S7hasa 16X digital
zoom, as compared with 12X
on the NV-S5. At the push of a
button the = camera shifts
smoothly to digital zooming up
to 16 times. The digital technol-
ogy enables 16X zooming equi-
valent to a 690mm telephoto
lens with a compact lightweight
lens section.

As with its predecessor, the
NV-87 is equipped with the
Digital Image Stabiliser —now
even more necessary to achieve
a steady picture on a palm-
corder with 16X zoom. To

n entirely new range of IMO

Buzzers, Piezos, and Trans-
ducers has been launched by
the Electronic Components
Division of IMO Precision
Controls. The new range has
not previously been available
in Britain and includes many
devices with specifications not
offered on the UK market until
now.

Among the DC-powered
mechanical buzzers in the IMO
range are devices designed for
voltages from 3V to 24V DC,
either PCB or panel mounted.
Sound outputs are in the range
75 —80dB at 30cm. Extremely
compact, the IMO buzzers are
all in impact-resistant black
ABS enclosures.

The new range of IMO

he Umted Natlons Environ-
ment Programme (UNEP)
has presented Northern Tele-
com with the 1992 North

American Environmental
Leadership Award for out-
standing environmental
achievement.

Dr Noel Brown, North
American Director for UNEP,

thanked Northern Telecom for
“pioneering  solutions  to
address the problem of ozone
depletion”. Dr Margaret G.
Kerr, Northern Telecom’s

determine the best cut-out area
to yield a stable picture on
screen, the NV-§7’s Digital
Image Stabiliser has 5 detec-
tion areas (compared with 4
previously) on the CCD each
containing 30 detection points.
Picture movement is thus
detected more accurately.

The NV-S7 offers excellent
picture quality with Super-
VHS. Incorporating a 1/3inch
CCD with 420,000 pixels, a
world first,the NV-S7 deliversa
horizontal resolution of more
than 400 lines.

To complement the picture
quality the NV-S7 offers
dynamic Hi-Fi stereo recor-
ding with a new triple capsule
2-way stereo microphone.
Combining three omnidirec-
tional ECM’s, even sound from
the front is recorded in stereo

piezo devices is similarly avail-
able for either PCB or panel
mounting and is available with
built-in oscillatorsfor DC drive
voltages from 3 to 28V DC.
The third major group in the
new range is a substantial range
of coil/diaphragm sounders
and transducers which provide
a much wider frequency
response than piezo-based
devices so are suitable for
multitone applications. The
tone produced by the coil and
diaphragm sounders is richer
and lower—pltched than that
from a piezo device and ismore
pleasant for the user in situ-
ations where the device sounds
frequently. An extensive range
of operating voltages can be
catered for by the new range.

environ-

safety,
accepted the award at the
Globe ’92 environmental con-
ference held last week in Van-

vice- pre51dent for
ment, health and

couver.

In 1991, Northern Telecom
became the world’s first large
electronics company to fulfilits
commitment to eliminate
ozone depleting CFC-113 sol-
vents from its manufacturing
and research operations. The
company developed a ‘no-
clean’ technology that elimi-

and this new system effectively
cancels wind, vibration and
acoustic noise.

In addition to the Digital
features on the NV-S5, the NV-
S7 is equipped with some new
digital functions for fun and
creative shooting, they are:-

Digital Wipe

This replaces a memorised
still picture with the scene
being shot, or vice versa. The
new scene is wiped smoothly
across the screen, from right to
left, thus replacing the mem-
orised picture.

Digital Mix

This function can be used in
a variety of ways. A memorised
still picture can overlap an
existing scene and gradually
replace it. Alternatively, when
the ‘start’ button is pushed for a
few seconds, both the mem-

nates the need to remove flux
residue from printed circuit
boards, thereby eliminating the
need for CFC-113 solvents.
The new process is used in the

company’s manufacturing
plants worldwide.

Northern Telecom is shar-
ing its environmental techno-

orised and still picture and the
new picture remain mixed.

Both functions can also be
used as adigital titler. Users can
save any written textand placed
in shots as a full colour titler.

Digital Gain-up

This feature permits clear
shooting in the dark. Digital
Gain-up boosts the camera’s
sensitivity in two steps —either
four or eight times normal sen-
sitivity. The camera is able to
shoot in light as low as 1 lux.
This function is also used for a
slow shutter effect of 12.5 and
6.25 a second.

The NV-S7 will be available
from authorised Panasonic
dealers nationwide from April
and will sell for an average sell-
ing price of £999.93.

logies and processes with gov-
ernments and corporations
around the world. The com-
pany is currently working with
the U.S. Environmental Protec-
tion Agency and the govern-
ment of Mexico to eliminate
ozone-depleting solvents from
Mexican industry.
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he West Yorkshlre Police

Constabulary has pur-
chased a THORN EMI Elec-
tronics indirect view thermal
imager to provide 24 hour
aerial surveillance. The imager
is installed in a Flying Pictures
stabilised Europod mounted
on the force’s MBB BO 105
helicopter and will be used for
surveillance in darkness, poor
visibility or where the area
under surveillance is obscured.

Thisis the second constabu-
lary to purchase a THORN
EMI Electronics’ thermal

itsubishi is announcing the
launchofthe FU116SLD-1
and FU116SLD-3, a pair of SC
connector laser diode modules
that have been developed for
coupling single-mode optical
fibre with a 1.3um wavelength
InGaAsP laser diode.

Initially the laser diode
modules are housed in diecast
SC connectors with a view to
moving to plastic in the near
future. The SC connector based
design for thelaserdiodeis said
to provide the most cost effec-
tive solution for fibre to the
home and other high speed
applications, with connector
costs between 30 and 50%

fi

M today announced nine

ew storage products for sale
to manufacturers of different
kinds of compugters and stor-
age subsystems. The new pro-
ducts significantly expand
IBM’s offerings to the market-
place.

Amongthe products are two
new 2.5-inch disk drives,
rewritable optical disk drives,
tape drives and a 1.2-gigabyte
(GB) 3.5-inch disk drive that
uses a unique disk head tech-

nology.

Manufacturers of personal
computers (PCs), laptops,
notebooks, minicomputers

and workstations, as well as
makers of a wide variety of stor-
age subsystems, such as optical
libraries, are some of the firms
that can use IBM storage
devices in their own products.

imager followmg its successful
introduction to the Devon and
Cornwall Constabulary who
have used the dual sensor (ther-
mal imaging and television)
system since September 1990.
Other police forces are also
interested in the system.

The size and weight of such
systems are important factors
for smaller helicopters and
fixed wing aircraft, and con-
siderable attention has been
given to these factors. The

imager weighs less than 6kg,
including the engine used for

S S
cheaper than FC/PC arrange-
ments.

Both devices incorporate a
photodiode for optical output
monitoring and feature a low
threshold current of 9mA plus
wide operating case tempera-
ture ranges.

The FU116SLD-1 and -3
provide continuous wave, typi-
cal optical power outputs from
the fibre end of 1.5 and 0.2mW,
respectively.

_Additional specifications
for both devices include laser
diodereverse voltage of 2V and
photodiode reverse voltage
and current of 15V and 2mA.

detector cooling;

the overall
weight of the Europod, which
also contains a colour TV
camera, is around 20kg.

The dual field of view (8" —
20°) makes the system suitable
for surveillance activities as
well as search operations where
a wider area needs to be
covered. The police can use the
thermal imaging system to
search at night or in poor
weather conditions for people
lostin desolate areas or to track
criminals and joyriders.

The thermal image is dis-

plaw.:d onaTV momlor w1ihlr1

the helicopter’s cockpit. This
can show thermal images and
TV pictures either separately or
together on a split screen.
Operator controls are keptto a
minimum — a joystick to con-
trol the pod’s movement, with
keys to control fields of view
and the displayed image. Alter-
natively, the image can be
linked byradiotoa police oper-
ations centre on the ground for
coordination purposes.

—1nch disk dnves =
60- megabyte (MB) and 120-
MB models - have already been
introduced, expanding IBM’s
family of smaller drives. Ideal
for small PCs, laptops, note-
books and other products
where physical spaceisatapre-
mium, these drivesare 12.7 and
17 millimetres high, respec-
tively, and are among the most
reliable, high-capacity 2.5-inch
drives in the industry.

IBM also announced a
higher capacity version of its
acclaimed  magnetoresistive
(MR) head 3.5-inch disk drive
that can store up to 1.2 billion
bytes of information, or more
than 550,000 double-spaced
typewritten pages of text.

Available during the second
quarter of 1992, it will be
amongthefirst 1.2-GB 3.5-inch

dl.Sk dﬁves in full producﬁon.

These drives can achieve
higher capacities to a large
extent because of their use of
magnetoresistive head technol-
ogy, developed by IBM engin-
eers in Rochester, Minnesota
and introduced by IBM last
year. This technology allows a
disk drive’s read/write head to
fly extremely close to the disk
surface. As a result, the head
can read data more accurately
and quickly than traditional
heads, allowing information to
be packed more densely on to
the drive surface.

This highly reliable drive —
mean time between failures is
over 500,000 hours, can be
used in minicomputers, work-
stations and disk arrays. In
addition, IBM will sell a separ-
ate storage unit which contains

o sqgmxgws%%gw;
%”“mgm‘z%é?
m&%@%@
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“tw'(.) I.Q-GB “drlve; énd 'can be

used in other subsystems, such
as external drives for worksta-
tions.

Also introduced are new
models of IBM’s optical disk
drive products. The 127-MB
3.5-inch rewritable optical
drive now offers a data seek
time of 40 milliseconds, com-
pared with 60 milliseconds in
the model originally an-
nounced last spring. It can be
used in personal computers
and optical libraries for
multimedia applications.

A rewritable model of
IBM’s 5.25-inch optical disk
drive is now offered to OEM
customers. This product offers
650-MB of removable storage
making it an excellent product
for larger archival and optical
library applications.
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Autosophy

new computational storage
technique that could have
dramatic consequences for
both data storage and com-
munications, called autosophy,
is a patented machine-learning

mechanism that assembles
information representations in
such a way as to minimize the

amount of redundant items -

stored.

Klaus Holtz, president and
founder of Omni Dimensional
Networks of San Francisco,
invented autosophy. He coined
the term from the Greek words
autos (self) and sophia (knowl-
edge).

Content addressable
memories are employed as
supercomputer caches, among
other uses. They are usually
boards full of standard ICs, but
several singlechip CAMs are
available; one is the 99C10
from Advanced Micro Devices
Inc. In CAMs, information is
retrieved by content, rather
than by specific location, or
address.

With a conventional com-
puter memory, a specific
address would be required to
access the information at that

address. Since exact addresses
are often unknown, a time-con-
suming search mechanism is
usually invoked. In a CAM,
however, if a person’s name
were entered the associated
information would also be dis-
played.

In an autosopher, the basic
unit of storage, called an
‘engram, can include any num-
ber of information items, or
elements, and each element
contains the address of the pre-
vious element in the engram.

Without using this engram
model, so many CAMs would
be necessary for information-
processing applications that it
would be prohibitively expens-
ive to accomplish.

When a new piece of infor-
mation —unrelated to anything
else —is entered into an auto-
sopher, a new engram is origin-

ated. That starting point is
called a ‘seed’ For each subse-
quent item, previous seeds and
other elements that have
already been learned are used,
so that only those elements that
are uniquely different require
new memory locations.

Beginning elements are
always shared, but the last ele-
ment of an engram is always
unique.

In an autosopher-based
HDTYV system, engrams would
be constructed of blocks of pix-
els of various sizes. Two or
more autosophers can be
taught the same groups of
engrams. If an autosopher were
to communicate with a match-
ingone,thefirst could, by trans-
mitting a few simple addresses,
instruct the second autosopher
to retrieve any engram(s) they
share in common.

Shorter
method of
making
PTFE PC
boards

A process that reduces from
eight to three the number of
steps required to deposit cop-
per circuits on polytetraflug-
roethylene substrates has been
developed at Sandia National
Laboratory and the University
of New Mexico.

PTFE is a good insulator

with a low dielectric constant,
but its non-stick property
makes it difficult to bond cop-
per to the material. Manufac-
turers now use mechanical roll-
ing to bond a thick copper film
to the PTFE, followed by a
series of photoresist steps to
create the copper circuits.

In Sandia’s technique, the
surface where no copper is
desired is irradiated by X-rays
for electrons. The substrate is
next chemically etched, but the
irradiated area is not affected,
perhaps because the irradia-
tion cross-links the surface
molecules.

Chemical vapour deposi-
tion then deposits copper on
the etched pattern. The process
can make thinner circuit lines
and make them closer together.

Researchers at Sandia have
also developed an improved
method of etching silicon to
create miniature sensors and
other devices. Sculpting of
these three-dimensional struc-
tures is difficult to control pre-
cisely with  conventional
photolithography and chemi-
cal etching, and results in a
matt, rather than a mirror, fin-
ish.

The new method starts with

electrolysis in hydrofluoric
acid to form a very thick porous
layer on top of a silicon wafer.
The layer’s depth can be pre-
cisely controlled by regulating
the charge in the electrochemi-
cal cell. The porous silicon is
then etched by immersing the
wafer in a hydroxide solution at
room temperature. It is
possible to duplicate the pro-
cess repeatedly, with no more
than a 0.3% variance in resulfs.
A patent has been filed for a
humidity sensor made by the
process.

Programmable 1/0 chip

/O-intensive systems, such as

data concentrators, data-
acquisition boxes and the like,
can be a serious problem for
micro-processors. Aninterupt-
driven 1/0 scheme theoreti-
cally frees the CPU to process
data while the I/O devices run,
but the CPU often falters in a
mass of context switches.

Signetics Co.,asubsidiary of
North American Philips, has
announced a possible solution.
Their answer is a programm-
able 1/0 processor — a dedi-
cated chip that goes between
the I/0 devices and the system
bus.

The IOP autonomously
does all the things that would
cost the CPU most dearly. It
responds to device interrupts,
checks status, moves data
between main memory buffers

and the devices,and haslimited
ability to preprocess the datain
passing. The IOP can even be
induced to chain buffers, in
cases where a transfer moves a
great deal of data, and to bring
in the CPU when something
goes wrong on a device and
more extensive intervention is
necessary.

This sort of job has often
beendonein the past with dedi-
cated single-ship microcontro-
lers. But the distinctly unusual
architecture of the IOP gives it
significant advantages over an
MCU, according to design
engineer Robert Bradfield II.
“As the number of I/O chan-
nels goes up, it’s pretty hard for
a microcontroller to keep up.
Most MCUs require several
clock cycles to execute any
instruction, and they tend to

have very long context-switch
times. In comparison, the IOP
does most instructions in two
cycles at 16MHz, and has
essentially a one-cycle context
switch.”

The IOP is based on a 15
instruction  state  machine
instead of on a conventional
general-purpose ALU. State-
machine instructions move
data, read device status, inter-
rupt the host CPU, or alter pro-
gramme flow. Computation
and decision-making are done
notin logic, but through an ela-
borate structure of decision
tables. Indirect branches
through the tables permit the
chip to respond to any foreseen
device status or data.

The IOP communicates
through its own external bus,
using 23 address bits and 16
data bits. Through the bus, the
chip fetches its instructions

accesses decision tables and
manages 1/O buffers, all of
which are in external memory.
The bus is also the link to I/O
devices. A handshaking
scheme permits the chip to take
the host CPU bus for moving
data into main memory.

More
Stateside

Next
Month
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Programmed
EPROM
Service

ln answer to your request for
someone to programme
EPROM:s, T'am willing to take
on the task. I can program 2716
/2632/2654/26127 /26512
and low power devices. The
price will be about £5 each plus
the cost of the device and post-

age.

J Lister, GIYNG 40, Rossall
Grange Lane, Fleetwood,
Lancs FY7 8AD

ln response to the Read/ Write
column, EPROM Service
required. First of all Mr C Gra-
ham refers to a hex dump, as
though it were related to a pro-
ject previously published; is
this so?

Secondly if he has a disc file
of a code he wishes to program
the EPROM with, then I have
this facility. Furthermore I am

Channels

just ‘h'ave"'to write to take
- A Keith Brmdley to task for his
Open Channel in April about

the alleged unfairness of ETSE

' trying to standardise on 80cm
satellite dishes. This offcnds

‘mysenseof fair play. Backinthe
bad old days ofthe rmdmghnes :
 theideaofsatellite wasmooted.
‘Frequencies had been allo-
cated at WARC in 1977 for

 direct -broadcast by satellite,

together with orbital slots, to

give each country a reasonable

-mutual interference. The UK

channels were allocated by the;\gé

f:gﬂvemmem 0 a comy

~called BSB (not BSkyB'),""

‘remember 1.hem‘> \\\\\\

A lot happened between

1977 and the m;d-estghtms and

in particular the noise figure of
satellite LNB's dropped. SES-

Astra came alm;zg and thought
“Let’s be tcrnbiy smart here If

- vquencj band allocated to tele-

in a position to assemble neu-
monic 6502/Z80 instructions
into  appropriate machine
code. This may similarly sent to
EPROM:s.

The following shows a list of
charges to program EPROMs
with standard binary files:
2716 £7 +Current EPROM
charge +VAT
2732 £7 +Current EPROM
charge +VAT
2764 £9 +Current EPROM
charge +VAT
27128 £12+Current EPROM
charge +VAT

Please ring 0243 830564
for other types. Further requi-
remnets are negotiable.

JJ Hackett, 2 Christopher Ct,
Brooks Lane West, Bognor
Regis, West Sussex PO22
8AJ.

Where have you been for the
last few years Mr Hackett ? ETI
has published several projects
that include EPROMs but
thank you for offering your ser-
vices - Ed.

tupa satelhte in the fre»

communicamans traffic, we do
not have to get permission fro
national governments. Now w

~ can get by at the allocated tele-

comms power and 60cm

dishes”" So they were awfully
clever, choosing a quick solu-
- tionoftransmitting PAL atnot-

quite-DBS powers which has

now condemned us fo towns
- disfigured by the sprouting of
60cm dishes all over the place :

The ae:chmque worked — Sky

- transmitting on Astra totaily::
"s:cuppered the competition

G ~ who were working within the
share of channels without

planned system.: and finally

.;absorbed theminto whatisnow
BSkyB. It cannot be said that
the ongmal BSB did not make

mistakes and the government

- could perhaps have helped just -

a little bit, but essentially we

have a classic example of what

happens when a free-market
solution is taken in a field

(radio planning) which unfor-
mnately does need to be cen-

The Alpba
Plan

hope you can help me with a

bit of information about a
1987 edition of ETL It is this
The authors, Paul Chappel and
Nick Hacking, of ‘The ETI
EEG Monitor’ (September and
October 1987) mention a book
called ‘The Alpha Plan’ by
David Lewis, published by
Methuen. Now, the book is out
of print, and I need to know
where to find a copy. Can any-
body help?

Anyideas?I’d be grateful for

your comments.
Gary Bates, 24 Landseer
Road, Leicester LE2 3EE

Wrong Place
For The
Sunshine

n our Solar Powered Tech
Tips article in the April edi-
tion of ETI we gave the wrong
address for Chartland Electro-

Jegmmate uscrs bf

- who do want to use it for tele- .
communications use set mies"
. that d@ not sunDBS need,s, It 15

: between an 80cm and a 60 cm

dish is not terribly relevant. If
Astra wants to kive i }\1} the tele-
than the DBS band they’ve got
to play by the rules of the tele-
comms guys and that means the

rules set by ETSL This is why

Hazardous
Waste
Problem

work repairing VHF equip-
ment, most of which have out-
put transistors, which are
labelled to the effect. ‘Contains
Beryllium Oxide, Hazardous,
Dispose of carefully’.

The repair and service
manuals usually give the same
advice, but no real details of
what safe disposal is. I have a
fair collection of these devices
which I have refrained from
binning.

Is there anyone who knows
of asafe disposal service or bet-
ter still recycling of this waste?
A Ward, Londonderry, North-
ern Ireland

there in the first place!
“backing the wrong side h

. -they took a chance with their
_ money and that of their four

nics at the end for the supply of
solar cells. The correct address
is:  Chartland Electronics,
Charland House, Old Station
Approach, Randalls Rd,
Letherhead, Surrey KT227TE.

nd consumer e&ecn*omcms
"ETSL they should

‘I'm sorry Keith, but you

Astra deserve no sympathy

million viewers when they
starfed transmitting in the tele-

\-:'" com band, Although I have an
q _ Astradish. I won’t be that sorry: ;

band allocated to DB‘STV w1th3
higher powers so our cities are
not disfigured by ugly ‘metal-
work, Take a look down the

next street of terraced houses
you see, Kelth and unagme a_:S

vision of the future you want o
see?

Richard Mudhar, Ipsw:ch
Suffolk.
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TESTING

TM SERIES MULTIMETERS
D-MM Good Value!

The TM series of low cost meters,
with 3% digit LCDs. full overload
protection, strong ABS case and
packed with features. Supplied with
test leads, battery and manual.

NOW

EVEN BETTER
VALUE!!

| —————

TM 5315  DC current (10A} continuity and diode test 56-05315 £19.99
TM 5365  Capacitance and frequency [200kHz) ranges 56-05365 £36.50
TM 5375  Frequency range (20MHz) and HFE test 56-05375 £36.95
™ 115 AC & DC current (10A), HFE and continuity test ~ 56-00115  £32.50
T™ 135 Capacitance and temp. ranges (inc. probe) 56-00135 £45.95
T™ 175 Frequency {15MHz), capacitance ranges with

HFE, diode, continuity and LED test. 56-00175 £53.60
TMB020 33/, digit display, frequency (4MHz), capacitance

(40WF). AC+DC current to 20A 56-08020 £54.76
TM8030 33/, digit display, frequency (4MHz), temperature

(inc. probe), AC+DC current to 20A 56-18030  £59.96
7705 Capacitance meter, 1pF to 20,000uF 56-07705 £39.82

BLACK STAR

Top quality, UK made.
frequency counters and
generators.

Jupiter 2010

freq. counter 56-12010  £233.00
Orion PAL TV pattern generator 56-01600  £269.00
1410 Video Monitor Tester 56-01410 £521.00
Meteor 100 100MHz counter 56-00100  £128.08
Meteor 600 600MHz counter 56-00600  £158.63
Meteor 1000 1000MHz counter 56-01000  £209.15
Apollo 100 100MHz counter/timer 56-10100  £361.88
Naova 2400 2.4GHz counter 56-02000  £351.33
Jupiter 500 500kHz function generator 56-00500  £129.25
Jupiter 2000 2MHz function generator 56-02001 £175.05

HAMEG
"SCOPES

All Hameg scopes
are supplied with
two x 10 probes,
mains lead,

manual and
2 year
warranty.
HM203-7 . Dual channel, 20MHz 56-52037  £391.15
HM205-3 Digital storage, 20MHz sampling 56-52053  £716.75
HME04 Dual channel, 60MHz 56-56040  £716.75
HM1005 Triple channef, 100MHz 56-01005 £930.60

Full details of all the above are included in our comprehensive
catalogue, £1.70 (plus 30p P&P) ‘

All the above are currently in stock and avallable for immediate
delivery. Standard P&P £1.20, next day delivery £4.60.
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THE CHOICE IS YOURS!

Choose from three GREAT magazines

ELECTRONICS TODAY INTERNATIONAL

Practical electronic projects and scientific and
technological features and tutorials on the past and
present state of the art.

Published monthly.

Subscription Rates
UK £23.40

Europe £29.50
Sterling Overseas £31
US $ Overseas $56

HAM RADIO TODAY

Features construction projects, conversions, pocket radio,
club news, and all other areas of interest to radio
amateurs.

Published monthly.

Subscription Rates

UK £20.40

Europe £26.80

Sterling Overseas £28.90
US $ Overseas $53

CITIZENS BAND

Reviews of latest CB equipment, useful practical projects
for the CB’er and all the national and international citizen
band news.

Published monthly.

Subscription Rates

UK £19.20

Europe £24.30

Sterling Overseas £26.00
US $ Overseas $47

Credit card orders 0737 768611

DON’T MISS OUT

SUBSCRIBE TODAY!
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by Douglas Clarkson

n innovative British company Uvisol Ltd has
announced exclusively to ETI Electronics its
revolutionary low cost detector design for moni-
toring harmful solar ultra violet radiation. By
making a detector with a wavelength response tailored to
the skin’s erythemal response which peaks at about

300nm and falls rapidly with increasing wavelength,

the sensor can directly detect the level of
Exelusivel?

effective skin exposure without complex
additional circuitry. This achievement

is all the more remarkable considering
the race hasbeen wonin the face of fierce
competition from large Japansese and
American Corporations with all their vast R&D
facilities. The example of Uvisol in scoring a global “first’

' Leading photo

; is another splendid demonstration of the unique British
Uvisol’s sunminder

gift of invention.

Diﬁerenﬁ;'\ll)soé;z; There is, nevertheless, great significance in the fun-
it elements, damental technology used to develop the solar UV

__including a surface

¥ detector. The fabrication method can readily be used to
mount device.

produce other low cost, wavelength specific detectors in
the UV, visible and infra red spectrum.

Prior to the successful development of the Uvisol
sensor, only systems costing tens or even hundreds of
pounds which employed specialist detectors were avail-
able to monitor dose levels of ultra violet B (UVB) radia-
tion. Using innovative semiconductor technology, how-
ever, a superb level of sensing performance has been
achieved at a price appropriate even for the consumer
market place. The way in which the various problems of

Revolutionar Solar
UV Detector Design

The Breakthrough

detector design were eventually solved appears simple in
retrospect. The road to discovery however was paved
with the sheer determination to succeed.

The History

The origins of the Uvisol sensor can be traced back to
Cowes Week in 1989 when a founder member of the
company and various colleagues got badly sunburnt.
Having extensive experience of similar sensing technol-
ogy, primarily in infra red applications, it was apparent
that it should be possible to design and build a device to
alert sunbathers of their ‘safe’ limit of solar exposure. An
extensive search through electronic component cata-
logues, revealed that no suitable sensor was available.
The project to develop the ‘missing link’ sensor began
soon after when the significance of a successful outcome
became apparent. Project motivation stemmed from the
desire to develop sensors that would help reduce the
rapidly mounting toll of skin cancers related to chronic
UVB exposure.

Design Considerations
The two problems overcome by the revolutionary design
of the Uvisol detector are the highly specific wavelength
response and invariance of response with angle of
incidence of the UV radiation. Both of these are essential
for accurate UV dose measurement.

The revolutionary sensing principle used is one of
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‘differential sensing’. It makes use of simple principles of
photo detectors and optical filter materials. While this
principle will create the desired wavelength response for
‘chunky’ sensing elements, there remains a problem of
incident geometry of UV radiation.

Adopting a ‘differential’ process with existing dis-
crete photodiodes (Silicon or Ga-As), would produce a
considerable problem of response with angle of
incidence. To the team, it was important that a contribu-
tion of UV from a specific direction is sensed with a high
degree of angular invariance. Itis easy to see that even the
differential sensing method will prove inaccurateif thisis
not the case. i

The revolutionary design of the Uvisol sensor gets
round this problem by fabricating elements of semicon-
ductor adjécent to each other. The sensors are mounted
in three legged cans and also asurface mount (SMD) ver-
sion. The active element of this new generation of photo-
diodes is therefore no bigger than two grains of sugar.

Considerable problems had to be overcome in opti-
mising the optical properties of component materials.
One of these difficulties was the tendency of elements to
fluoresce and so adversely alter the wavelength response
of the differential device. Fundamental investigation of

optical components often showed that even the manu-
facturers were not aware of the adverse fluorescent
properties of their devices.

The saga of development within the project high-
lights the value of establishing and maintaining fun-
damental technological skills related to materials
science. Withoutan adequate core of such technicainfor-
mation, development processes are invariably slower
and hence more expensive. :

Diverse Applications

This patented development held by Uvisol Ltd and
which is exclusively licensed to Sensatech Industries Ltd,
represents a fundamental breakthrough in sensor design
technology and is certain to have major implications for

the design of future generations of photodiode detectors.
It also indicates an area which is likely to see very signifi-
cant developments in terms of manufacturing technol

ogy and the range of detectors that could be developedin-

the future. Could this, for example, be a way offabricating
a low cost spectrum analyser? Rather than break light
down into its spectral components using a diffraction
grating, it would be possible to customise an array of
detector elements, each with a specific wavelength
response. A basic array employing this technology would
be adequate for a broad range of requirements.

The Uvisol UVB detector is seen as an initial ‘ideal’
application where there is a large demand for such low
cost/high performance devices and an excellent ‘shop
window’ for the application of the new differential sensor
technology. It is likely that significant new product areas
will be created by the availability of such technology
where the key factor is the low cost and highly specific
wavelength response of the particular sensing elements.

Environmental and Scientific
Applications

Solar UV radiation reacts in a specific but highly wave-
length dependent way with a broad range of ecological
systems, and so complicates monitoring. The specific
wavelength response of the human skin to solar UV radi-
ation is important for us in a direct sense. Almost all life
formsin the biosphere —ranging from the teeming plank-
ton in the seas around Antarctica to individual ears of
wheat in the bread basket of North America have their
own individual ‘action spectrum’to solar UV radiation.
Ratherthan determine whether skin turns red and blis-
ters, these responses determine crop yields and even the
survival of entire species in food chains.

The developers at Uvisol indicate that by altering
the optical characteristics of sensor components, wave-
length responses appropriate for other UV interaction
mechanisms can be produced using the same low cost
manufacturing methods. This opens the way, therefore,
for arrays of multi parameter UV environmental moni-
toring elements to be developed. In future, for example,
the crop in a vineyard may be harvested based on infor-
mation related to how much UV radiation the grapes
have been exposed to, thus preventing costly errors in
inappropriate time of harvesting.

There are already schemes being planned to moni-
tor global UV levels in order to assess health and envi-

ronmental impact. The unique Uvisol sensor technology ‘

allows such schemes to be rapidly implemented at dra-
matically reduced cost compared with sensor conven-
tional technology.

Asenvironmental agencies are aware, itisimportant
to measure environmental ‘impact’ of changing levels of
solar UV radiation in order to apply the necessary press-
ure on governments world wide to secure the necessary
environmental controls on ozone depletion chemicals
being released into the atmosphere. The sooner the full
impact of ozone depletion is realised the sooner the
necessary controls are likely to be adopted.

_ The breakthrough of the Uvisol sensor will initially
provide a major breakthrough for personal solar UVB
monitoring. This comes at a time of increasing anxiety
from Health Organisations about the dramatic rise in

«lvisol’s

UVISCAN produc
for monitoringof

NOLLDALAA AN

solar UVB skin

dose.
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incidence of skin cancer asa result of changing social and
leisure trends. The depletion of the ozone layer and the
resultingincrease in UVB levels heightens such concern.

Upvisol Consumer Products

In addition to licensing the technology to a broad range
of marketapplications, Uvisol are launching three separ-
ate consumer products which use their unique sensor
technology. Their initial wish is to make available sen-
sibly priced consumer products which provide a high
level of quality in their monitoring function. Initially Uvi-
solistargetting the Australasian and Pacific Rim markets
where awareness of the dangers of solar UV radiation is
particularly acute. The products will be launched into the
Australian market in September 1992, the beginning of
their summer season and UK High Street shops in the
spring of 1993.

The SUNMINDER is basically a clip on badge
which when activated counts up the dose detected. The
unit is primarily intended to be used with children with
an assumed skin type 1. The unit ‘counts up in terms of
numbers of suns indicated on its liquid crystal display.
When tens suns are counted, corresponding to a maxi-
mum dose, an audible alarm is sounded —indicating that
the allowed exposure has been received. It is at this stage
that the wearer should go indoors.

The UVISCAN is a more numerate device into
which details of skin type and sun protection factor being

applied can be entered. When primed, the unit indicates
at 30 second intervals the calculated ‘safe’ time remain-
ing for solar UVB exposure. An alarm is sounded when
this degree of exposure is exceeded.

The UVISPORT combines the functions of a digital
watch with those of the UVISCAN, providing compact
functionality in a stylish package. The UVISPORT is
appropriate forabroad range of outdoor sports activities
and in addition is also highly appropriate for large num-
bers of individuals with a high occupational exposure to
solar UV radiation such as road workers, traffic wardens,
telecom and electricity line repair workers, construction
and agricultural workers. The SUNMINDER and the
UVISCAN can be seen on the previous pages.

There is increasing awareness of the liability of
employers to monitor the working conditions of
employees. In occupations where there is the likelihood
of exposure of high levels of solar UV radiation, Uvisol’s
products provide a practical means of limiting exposure.

A prime difficulty with public awareness schemes of
the dangers of over exposure to UVB radiation has been
the lack of affordable instruments to indicate exposure

levels. With the availability of these Uvisol products, this

difficulty should be overcome. This will help with educa-
tionin relation to the risks of ‘sun and sand’ holidays and
also problems of higher general solar UV levels arising
from ozone depletion.

Any enquiries about this news item should be
through the ETI office.

SPECIAL
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ELECTRICAL REPAIR KIT

This tool set is ideal for the electrical
handyman. Whether you have a job to
perform in the car, electrical circuits in
the house or an electronic construction project,
this handy pack should be a standard part of your repair gear.

E.T.I. has arranged a special price for it's readers of £9.99 and postage and packing are free.
(R.R.P. £12.75)
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o BLUE SURFACE MOUNT SUPPLIES )
ROSE
ELECTRONICS

B R

NEW catalogue of SMD'’s.....
Components, Kits, Hardware
Send 50p to cover P&P

MAIL ORDER ONLY:

L
Telephone: 0925 72 7848 B anmam @

538 Liverpool Rd, Great Sankey, Warrington,
K Cheshire WA 5 3LU

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

A COMPREHENSIVE RANGE WITH

SERVICE SECOND TO NONE

OUR MUCH EXPANDED, BETTER ILLUSTRATED
CATALOGUE WILL COST £1.50 — TO INCLUDE
VOUCHERS TO USE-AGAINST FUTURE

~ PURCHASES. TO RECEIVE A COPY, PLEASE
SEND YOUR REMITTANCE WITH YOUR NAME,
ADDRESS AND TELEPHONE NUMBER
REQUESTING A COPY OF THE 1990/91 OMNI
CATALOGUE.

Open: Monday-Thursday 915-6.00
Friday 915-5.00 Saturday 9.30-5.00

THE COMPUTER Ei\

JUNK SHOP |

Tungston Carbide Drills 0.95mm £0.50
51/:" DD/DS Discs (Branded) £4.00
51/4+" HD/DS Discs (Branded) £6.00
20MB Teac 5'/4+" '/:"Height Tape Streamer £100.00
XT Compatible Keyboarﬁs £12.00
Mesh Glare Filter (9", 10" & 15") £6.00
Anti-Glare Screens (11" diagonal) £15.00
80/132 Column Printer Stands (Please specify) £10.00
PC Quick Net Adaptor & Software (1 per PC) £20.00
PC Lock £10.00
5V Switch Mode Power Supplies 20 amp £25.00
Steel Wordprocessing Rulers £20.00
4 Way Surge Breakers! £20.00
115V Fans 120mm or 9Smm £4.00
240V Fans 120mm or 95mm £8.00
Eldon Boxes (480x360x150mm) £20.00
A4 Fax Cleaning Sheets (15 per pack) £5.00
Ink-Off Handy Wipes (50 per box) £5.00
Cleaning Kits — Keyboard[;” Printer (please specify) £6.00
Stepping Motors £10.00
Printout Binders £1.00
IC’S REMOVED FROM SOCKET BOARDS

2114 + £0.15
4116 £0.25
4164 £0.50
EPSOMS 2708, 2716, 2732, 2764 £1.00

Postage & Packing £2.00
S.A.E. FOR MORE DETAILS

THE COMPUTER JUNK SHOP
10 WATERLOO ROAD, WIDNES,
CHESHIRE, WAS OPY

Please supply photocopies of the following back-
numbers of ETI.

Surrey RH1 1QS

O W . o = LT }<_ —

I I
| Note: Backnumbers are held for 12 months only |
| (complete in block capitals) |
| Month ............ Year ............ Moth ............ Year |
| Month ........... Year ........... Month ........... Year |
| Month ........... Year ........... Month ........... Year l
: Month ........... Year ........... Month ........... Year :
| | enclose a cheque/postal order made out to ASP |
Ltd. to the value of £2.20 per issue ordered.
| Total remittance £ ....... Date ..ccvvvvvvveveeeeeeninen l
l Name l
| ................................................................. I
l ACVEITEES scommnrnonsaasarossnato0000005aAA0A0RIROBEERANI0EE00000G500 |
(e S R S I e A |
5w SMCEE A e o Postcode ............ |
Send the completed form and your remittance to:
I
ETI Backnumbers Department
I i - |
Argus Subscription Services

| Queensway House |
| 2 Queensway |
| Redhill |
_
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PCB |
SERVICE |

ET

ELECTRONICS

TODAY INTERNATIONAL

June

Use the form or a photoco
numbers. This not onl
the year, the next two are the month.

Terms are strictly payment with order. We cannot acce
Such orders will not be processed until payment is r

E9206-1 Stereo amplifier

E9206-2 Xenon flash trigger Main Board
E9206-3 Xenon flash trigger Flash Board
E9206-4 Scanner for audio generator

PCBs for the remaining projects are available from the companies lists in Buylines.

py for your order. Please fill our all parts of the form. Make sure you use the board reference
v identifies the board but also tells you when the project was published. The first two numbers are

pt official orders but we can supply a proforma invoice if required.
eceived.

E8805-3
E8805-4
E8806-1
E8806-2
E8806-3
E8806-4
E8806-5
E8806-6
E8807-1-
E8807-2
E8807-3

E8807-4 Logic Probe ... E8906-4 MIDI converter control ..

E8807-5 Updated FM Stereo Decoder E8906-5 AF signal generator

E8807-6 Breath Rate Display Board E8906-6 Mini bleeper ...

E8808-1 Breath Rate Main Board E8906-7 Caravan heater controller ...

E8808-2 Breath Rate Switch Board E8907-1 MIDI Patch Bay ..........

E8808-3 Telephone Recorder .............. E8907-2 Priority Quiz Switch ... .

E8808-4 Analogue Computer Main Board (2 bds) E8907-3 Camera Trigger Infra-reds (2 boards) .

E8809-1
E8809-2
E8809-3
E8810-1
E8810-2
E8810-4

E8810-5 Electron RGB Buffer E8909-1 Twin Loop Metal Locator
E8811-1 NiCd Charger ..... E8909-2 Trembler movement detector
E8811-2 Chronoscope (3 bds) ... E8909-3 Field power supply (spec 3)
E8811-3 Digital Transistor Tester E8909-4 Micro monitors active filter ...

E8812-1

Bicycle Speedometer
Dynamic Noise Reduction
Universal Digital Panel Meter
Universal Bar Graph Panel Meter
Virtuoso Power Amp Board
Virtuoso AOT Board
Metal Detector
Bicycle Dynamo Backup
Bar Code Lock (2 bds)
Analogue Computer Power Board ...
Bell Boy ... i

ﬂhZUHOZ?’:l—‘mm

Spectrum EPROM Emulator
Frequency Meter (2 bds)
Travellers’ Aerial Amp
Gerrada Marweh Bikebell ..
Peak Programme Meter (2bds) ...
TV-to-RGB Converter

Doppler Speed Gun (2 bds)

IR O mOmMIZOOMOmMO RO UmOmZinmoZZ0ATme O

E8903-4
E8904-1
E8904-3
E8904-4
E8904-5
E8905-1
E8905-2
E8905-3
E8906-1
E8906-2
E8906-3

E8907-4
E8907-5
E8908-1
E8908-2
E8908-3
E8908-4

E8909-5

Digitally Tuned Radio
Camera Trigger
Intelligent Plotter Main Board
Kinetotie Tie Board ..........c.............
Kinetotie Control Board
Guitar Tuner
Camera Trigger Ultrasonics (2 boards) ...
Bench Power Supply (2 boards)
PC edge connector

MIDI converter CPU
MIDI converter keyboard .

Aerial Amplifier main board
Aerial Amplifier power supply ...
Intercom master station ...
Intercom slave station
Intercom power mixer ...................
Digital joystick-to-mouse conversion ...

Chronoscope auto-reset ...

Ioﬁbo::hﬁ%mmoﬁoooozzzﬁ:a:hzoho

E8812-2 Small Fry Mini Amp ..., E8910-1 Multimeter ..o,

E8812-3 Thermostat ...... E8910-2 MIDI] Mapper ... .M
E8812-4 Burglar Buster Free PCB ... E8911-1 Smoke Alarm main board ... F
E8812-5 Burglar Buster Power/relay Board E8911-2 Smoke Alarm power supply L
E8812-6 Burglar Buster Alarm Board ......... E8911-3 Frequency Meter (3 boards) .. O
E8812-7 Burglar Buster Bleeper Board ...... E8911-4 Serial Logic SCOPe ....covvvvveeomereceoieo L
E8901-1 EPROM Programmer mother board E8912-1 Mains Failure Alarm .D
E8901-2 Variat-lon updated Main Board E8912-2 Surveilance PCB 2. D
E8901-3 Variat-lon Emitter Board .............. E8912-3 Slide/Tape Synch . E
E8901-4 In-car Power Supply E8912-4 Pedal Power ... M8
E8901-5 Granny’s Hearing Booster E8912-5 Digital Noise Generator . . K
E8902-1 Compressor/Limiter/Gate .. ES001-1 20 metre Receiver ... 1d)
E8902-2 Ultrasonic Horn e E9001-2 Wavemaker FG L
E8902-3 Stepper Motor Driver Board .............ccc.......... ES001-3 Motorcycle Intercom F
E8902-4 Quest-lon (2bds) E9001-4 Low Voltage Alarm . 50
E8903-1 Intelligent Plotter Solenoid Board E9002-1 EPROM Emulator ....... . N
E8903-2 MIDI Programmer .........c..coocio.n, E9002-2 Superscope Mother Board ... M
E8903-3 Balanced Disc Input Stage E9002-3 Superscope CRT Driver Board o K
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E9002-4
E9003-1
E9003-2
E9003-3
E9003-4
ES003-5
E9003-6
E9003-7
E9003-8
E9003-9
E9004-1
E9004-2
E9004-3
ES004-4
E9005-1
E9005-2
E9006-1
ES006-2
E9006-3
E9006-4
ES006-5
E9007-1
E9007-2
E9007-3
E9007-4
E9007-5
E9008-1
E9008-2
E9008-3
E9009-1
E9009-2
E9009-3
E9010-1
E9010-2
E9010-3
E9011-1
E9011-2
E9011-3
E9011-4

E9011-5

£9012-1
E9101-1
E9101-2
E9101-3
E9101-4
E9101-5
E9101-6
E9102-1
E9102-2
E9103-1
E9103-2
E9103-3
E9103-4
E9104-1
E9104-2
E9104-3
E9104-4
E9104-5
E9105-1
E9105-2
E9105-3
E9106-1
E9106-2
E9107-1
E9107-2
E9107-3

E9107-4
E9108-1
E9108-2
E9108-3
E9109-1
E9109-2
E9109-3
E9109-4
E9109-5
E9110-1
E9110-2

Superscope Timebase Board K
Superscope Y1 input board ... J
Superscope Y2 input board ... J
Superscope switch generator . E
Business power amp board ... L
Business power supply board dJ
Business pre-amplifier board ... L
Water hole G
Super Siren .......... : D
Val's badge .qiiccoeomiiiiinienniin fasie e F
Bass Amplifier DC Protection ........ccccoeveviees F
Bass Amplifier Graphic Equaliser ........c.c.c.... L
N
(e}
O
F
G
C
D
G
E

Bass Amplifier Micro ....ccooccovcens
Quad Power Supply ...ccccooceeieiine
Business Display ..........cccieiinnae
Phone Lock and Logger
Dark Room Timer .............
Telephone Extension Bell ..............
Telephone External Bell
Fecko BoX .....ccciove
Bug Spotter ...
Guitar Practice Amp .......
Digital Frequency Meter ... M
Footstep Alarm E
Transistor Tester .. C
Decision Maker dJ
AC Millivoltmeter .........ccoconvriveiinnnneas K
Temperature Controller ... N
FM Generator .........ccovcecoreetereiccamiosesernsenissininis L
Slide Projector Controller ... E
D
G
F
E
C
N
K

Ultimate Diode Tester ........ccccccveieee
The Entertainer ..........
Component Tester ...
Active Contact Pickup ... .l

R4X Longwave Receiver ............coceeens
The Autocue (2 boards, 1 double sided)
Infra-lock transmitter (2 boards) ...
Infra-lock receiver
Four-track cassette recorder

(record/playback one channel) ... F
Four-track cassette recorder

(Bias/erase oscillator board .............iccconeiiinien: K
Infra Switch oo .. F

Remote Control — Main Board ... "
Remote Control — Display Board ................... H
Remote Control Timeswitch — Transmit board E
SBC Micro-Controller Board F
SBC Practice Interface Board ... i F
5 in 1 Remote Sensing Switch E
Remote Control Timeswitch — receiver board . F
Anti Theft Alarm (2 bds) ......... H
Ariennes Lights ..o .
64K EPROM Emulator ........cccocovcecimvimivinicannnns
SSB Radio Receiver
Active Loudspeaker board ......
Testmeter Volts .......cccocecvinane
Active Direct Injection Box
EPROM Eraser ...
Digital Tachometer ............... 2
Radio Calibrator ... F
Modulator Laser (2 boards)
Thyristor Tester ...
Frequency Plotter
Laser Receiver
Temperature Controller — Power Supply ......
Temperature Controller — Main Board ...........
Temperature Controller — Probe PCB .............
The Foot Tapper — Volume Control

{double sided) .....c.coecviiriiiiiiins = |l .. e d
The Consort Loadspeaker ...........cccccoivciiuininns H
Pulsed Width Train Controller ............... = ok E
Model Speed Controller — Main Board ..
Model Speed Controller — Power Supply .......
Geiger Counter ...
Hemisync Waveform Generator Board ...........
Hemisync Pulse Generator Board ...
Hemisync Power Supply Board .....
Nighfighter Main Processor Board
Freeze Alarm .......... Beverorereens i
Document Saver

MM MmIOZ -

RO TN I

E9110-3 Proto-type Designer ........ooccveeiriminresioniinninnes J
E9110-4 Nightfighter — Sound to Light (double sided) L
E9110-5 Nightfighter — Ramp Generator Board  .......... E

E9110-6 Nightfighter — Cyclic Crossfade

E9110-7 Nightfighter — Strobe Board {double sided) .. J
E9110-8 Nightfighter — 8 Channel Triac Board ........... N
E9111-1 Digital Code Lock ................. i 15
E9111-2 Switched Mode Power Supply o |9
E9111-3 Nightfighter Mode Selection (double sided) ... d
E9111-4 Nightfighter — Display Board (double sided) M
E9111-5 Nightfighter — Bass Beat Trigger

E9111-6 Nightfighter — Sequence Select

E9111-7 Nightfighter — Master Controller PSU
E9111-8 Nightfighter — Output Switch (double sided) M
E9112-1 Nightfighter Sensor Switch Master Control

E9112-2 Nightfighter Sensor Switch Channel Control

E9112-3 Nightfighter Sensor Switch Sound Trigger .....
E9112-4 Nightfighter Connector Board ........c...........
E9112-5 Nightfighter Sensor Switch PSU
E9112-6 Nightfighter 8-Channel Input Interface

E9112-7 Power On and Overload Regulator ...
E9201-1 Laboratory Power Suppy ..........
E9201-2 Test Card Generator Board
E9201-3 LED Star (double sided) .............
E9201-4 Enlarger Timer Main PCB (double sided) ......
E9201-5 Enlarger Timer Selector Board (double sided)
E9201-6 Enlarger Timer Switch PCB ....cccccoiviiviernniins
E9202-1 Timer — Counter Driver (double sided)
E9202-2 Timer — Time Base (double sided) ......
E9202-3 Timer — Power Supply ........
E9203-1 MIDI Switcher — Main Board
E9203-2 MIDI Switcher — Power Supply .............
E9203-3 Sine Wave Generator (surface mount)
E9203-4 Auto Car Lights ... =
E9204-1 Bat Detector .....cooririreiriiisiimsesieienssearseneoee
E9204-2 Pond Controller
E9205-1 Bat Detector ....coooeviveiiiiieracseimniiasioiesinsssssnrenis
£9205-2 Pond Controller

(double sided) wssmess e reseirserisesaeeiissisnessesvirien M

(double sided) ..o L

(double sided) ..o

(double sided) ... L

(double sided) ...t

=T

(double sided)

MmO OmmmRZC WU

HECCHPIPOVOZITRIOTMMOO

TO: ETI PCB SERVICE, READERS’ SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST

Please supply:

Quantity Ref. no. Price Code Price Total Price

Post and packing £0.75
Total enclosed £
Please send my PCBs to: (Lock capmas pLeask)

Name

Address .

5 Postcode
CHEQUES SHOULD BE MADE PAYABLE TO ASP Ltd.
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Figa Circuit for LED rear lamp

An economical and
portable rear light by
Andrew Armstrong

f a conventional rear

lamp was left attached

to our bicycle, while it

was in the cycle shed at
the station, then every now
and again it would be found
damaged or missing. The
LENS obvious answer was to
remove it and carry it
around all day. Unfortu-
nately, the size and shape of
LEDs the lamp made carrying it
around a real nuisance. It
was pretty well unavoidable
thatalamp employingtwo D
cells would be too big for
easy carrying,

The answer to this was
to adapt the lamp to use a
smaller battery, and a differ-
lteries were to be used, a more

VEROBOARD

efficient type of light was needed, so LEDs were chosen
for this purpose. Not all LEDs are created equal; some of
them are much more efficient than others. Clearly, the
choice of LED was crucial in order to maximise battery
life while still providing enough light output.

LED specifications must be read with care in order
to discover what types are suitable. Itis no good choosing
an LED specified at several candelas output, but with a
very narrow viewing angle. By the time the light has been
diffused to give a suitable viewing angle for a rear lamp,
suchan LED may not turn out to be very bright. The crite-
rion for choice was that the LED should have the maxi-
mum light output over an adequate viewing angle (say
90°). The prototype lamp used LEDs purchased from
Farnell, but the Maplin catalogue contains at least one
suitable type.

Experiments show that nine LEDs laid out in a
square grid provided sufficient light output when each
LED was supplied with twenty milliamps. Experiment
also showed that, if all the LEDs were of the same type,
they could be connected as three parallel chains, and
each chain would draw the same current. In order to pro-
vide a fairly constant current, the battery voltage had to
be significantly above the LED voltage, so that a small
reduction in battery voltage would not noticeably affect
the light output. The voltage drop across the LED chains
is approximately six volts, so a 9V battery type PP3 was
chosen, as shown in the circuit, F igure 1.

The current-limiting resistor is chosen to feed
60mA into the circuit, which splitsinto 20mA down each
chain. Using alkaline manganese batteries, the lamp lasts

for a total of about five to seven hours between battery
changes. This equates to almost 50p an hour, which
would not be practical if a lot of cycling after dark was
anticipated. However, for commuting to and from the sta-
tion the convenience is well worth the cost, and the bat-
tery lasts from between one and two months of normal
use.

Physical Construction

To make the lamp, the red plastic lens from a defunct
lamp wassalvaged, and a piece of Veroboard was cut to fit
justinside the red cowling. The LEDs were laid outon the
Vero board in an even grid with wire links and a current-
limiting resistor as shown in Figure 2. A piece of Paxolin
(any thin insulating material will do) was cut to a size big
enough for the reflector and a PP3 battery to be fitted to
it, with enough space between the two to fitin a sub-mini-
ature switch glued to the bottom of the lens.

The Vero board was fixed to the Paxolin with
double-sided adhesive pads, the reflector (with a small
cutoutfor the wires) was fixed over the top of it using sili-
cone rubber sealant, and the battery was held in place
with a cable tie, as shown in Figure 3. The lamp was held

ontheluggage
carrier, when
in use, by a

MATERIAL
couple of
stout rubber
bands. LENS FROM
OLD BIKE
Thelamp LAMP
has given

0 9 LEDs
good service ORDER LENS

GLUE OR
D
for two years, | Sotatape
and should
5 SLIDER
continue to WIRES — [ SWITCH
do so for
HOLE e— BATTERY CLIP
many more. HOLE e
BACK PLATE
FOR CABLE !
TE BATTERY
FASTENED WITH
CABLE TIES

Fig.3 Complete structure of bike light

BACK PLATE MADE
~=— FROM COPPER PCB
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BBC Model B APM Board
£100 CASH FOR THE
MOST NOVEL
DEMONSTRATABLE
APPLICATION!

BBC Model B type computer on a board. A major purchase
aflows us 1o offer you thé PROFESSIONAL verslon of the BBC
computer at a parts only price. Used as a front end graphics
systam on large networked systems the architecture of the BBC
board has so many similarities to the regular BEC model B that
we ara sure that with a bit of experimentation and Ingenuity many
usaful applications will be found for this boardll It is supplled
complete with a connector panel which brings all the VO 1o 'D’
and BNIC type connectors - all you have 1o do |s provide +5 and
+12v DC. The APM conslsts ol a single PCB with most major
ic’'s socketed. The Ic's are too numerous to list but include a
6502, RAM and an SAA5050 teletext chip. Three 27128
EPROMS contaln the custom operating system on which we
have no data, On application of DC power the system boots and
provides diagnostic information on the video output. On board
DIP switches and Jumpers selec! the ECONET address and
snable the four extra EPROM ts for usar sof . Appx.
dims: maln board 13" x 10”. VO board 14" x 3". Supplled tesled
with clrcult dlagram, data and competition entry form.

Only £29 .95 or 2 for £53 ®)

MONITORS

MONOCHROME MONITORS
THIS MONTH’S SPECIALI

There has never been a deal like this onel
Brand spanking new & boxed monitors
from NEC, normally selling at about £1401
These are over-engineared for ultra
rellability. 9" green screen composite Input
with etched non-glare screen plus swilch-
able highflow impedance input and output
for dalsy-chalning. 3 front controls and 6 at rear. Standard BNC
sockets. Beautiful high contrast screen and attractive case with
canying ledge. Perfect as a maln or backup monitor and for

quanity usersl  £39 95 each () or 5 for £185(g)
CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

COLOUR MONITORS
Decca 16™ 80 budget range colour monitor. Features a PiL tube,
beautiful teak style case ard guaranteed 80 column resolution,
features usually seen anly on colour mopitars costing 3 times
our pricel Ready to connect to mast computers or video 5.
754 composite input with integral audio amp & speaker. Fully
tested surplus, sold In little or hardly used condition with 80 day
sull RTB guarantee. kdeal for use with video recorder or our
Telebox S%I, and other audio visual uses. £99(E) 3X275(G)
20" 22" and 26" AV SPECIAL S

Superbly made UK manufacture. PIL all sclid state colour
monitors, complete with composite video & sound Inputs. Aftrac-
tive teak style case, Parfact lor Schools,Shops,Disco, Clubs.

in EXCELLENT litle used condition with full 90 day guaraniee.

20"...£135 22"...£155 26"...£185 ®
CALL FOR PRICING ON NTSC VERSIONS!

HI-DEFINITION COLOUR MONITORS
Brand new 12" mutliinput high definition
colour monitors by Microvitek. Nice tight
| 0.31" dot pitch for superb clarity and
modem metal black box styling. Operales
from any 15.625 khz sync AGB video
source, with either Individual H & V syncs
such as CGA IBM PC’s or RGB analog : -
with composite sync such as Atard, Com- g
modore Amiga, Acom Archimedes & BBC. Measures only 14" x
12" square. Free data sheet including connection Information.
Will also function as quality TV with  our RGB Telebox.

Only 45 ¢

Brand new Centronic 14" monitor for BM PC and compatibles
at a lower than ever pricel Completely CGA aquivalent. Hi-res
Mitsubushi 0.42 dot pltch giving 669 x 507 pixels. Big 28 Mhz
bandwidth. A super monitor In attractive style mouided case.Full
90 day guarantee. ony £129 @

NEC CGA IBM-PC compatible. High quality ex-equipment fully
tested with a 90 day guaramtee. In an attractive two tone ribbed
grey plastic case measuring 15°L x 13"W x 12'H. A temific
purchase enables us to pass these onatonly.... £79 G)

V22 1200 BAUD MODEMS

Master Systems 2/12 microprocessor controlled V22 full duplex
1200 baud modem. Funyr;g approved unit, provides standard
V22 high dala comm, which at 120
phone bill and connect ime by a staggering /5% Ulira siim 45
mm . Full featured HTBI;ED status | caiudrsiandmrsmnte
emur diagnostics. Sync or Async use; speech or data switching;
budit In zﬁ mains supply and 2 wire connaction to BT. Units
are In used but fn. tested prior despatch, with
data and a full 30 day guarantee. What more can you ask for -

and at this pricell ONLY £69 (D)

, CAn save your

CHzPLHY

-ELECTRONICS -

VeslGOM-Mmirimim

350
LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWI

MAIL ORDER & OFFICES
Open Mon:Fri'8.00-5.30
Dept ET, 32 Biggin Way,
Upper Norwood,
Londan SE18 3XF.

Al prioes for UK Maintend

IBM KEYBOARD DEALS

A replacement or backup ard, switchable for IBM PC,
PC-XT or PC-AT.LED's for C Scroll & Num Locks. Standard
B4k rd layout. Made by NCR for the English & US markets.
Absolutely standard. Brand new & boxed with manual and key
template for user slogans on the function keys. Altraclive
belge,grey and cream finish, with the usual retractable

undemeath. A generous length of curly cord, lerminating In t
standard 5 pin DIN plug. A beauliful clean goe of manufac-
turers surplus. What a deall {B) 5E175 (D)

Brand new and boxad 84 key PC/XT type keyboards In standard
IBM grey with very attractive mattled finish and “dicky” solldfeel
keys. 10 function keys on side. English layout and £ sign. Green
LEDs for Caps, Scroll & Num locks. £29.95 (B) S£135 (D)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

FLOPPY DISK DRIVES
BARGAINS GALORE !
NEW 5% Inch from £29.951
Massive purchases of standand 514" drives enables us 1o
present prime product at Industry beating low prices! All units
(unless stated) are removed from often brand new eq:lgmﬂt
and are fully lested,aligned and s to you with a 90 day
guaranes and operate from 45 & + , are of standard size
and ac the standard 34 way connector.
TAN TM100-2A 1BM compatible DS £30.85(C
CAMNOMN,TEC etc.DS half height.State 40 or BOT £79.0(C
TEAC FD-55-F.40-80 DS height. BRAND NEW E79.00({C

% Sgeciale! #

TEAC FD-55 half height serles in your cholce of 40 track

double sided 360k or BO track double sided 720k. Ex-equip-

ment fully tested In excellent condition with 90 day warranty.
\Drder TE-36 for 360k £20.95(C) or TE-721or 720k £39.95(C

CHOOSE YOUR 8 INCHI

Shugart 800V801 SS refurbished & lested Ei50.00(E
Shugart 851 double sided refurbished & lested
Mitsubishi M2894-63 double sided switchable
hard or soft sactors- BRAND NEW £250.00(E)
SPECIAL OFFERSI
Dual 8" drives with 2 megaby ity housedin a smart case

with bullt in power supplyl €499

Ideal as mdggur drivesl : Only 00 (F)

End of fine purchase scoop! Brand new NEC D2246 8" 85
megabyle of hard disk storagel Full CPU control and Industry
standard SMD interface. Ultra hi speed transfer and access ime
leaves the good old ST506 Interface standing. In mint condition
and comes complete with l. Only. £389(E)

AFFORDABLE 10 Mb WINCHESTERS

A fantastic deal - 10mb (fo Winchesier for £39.951

Tandon TM502 full helght ST506 inerface. Use It as a second
hard drive on your present driver card or as a starter Into
Winchester land - see the driver card listed below. in excellent
used condition, guaranteed for 80 days.....................E39.85(C)
Hard disk driver card, complete with cables ready to plug Into
our PC or compatible, Supports tero Winchesters......E29. 95(A]

No Break Uninterruptable PSU's

Brand new and boxed 230 volts uninterruplable power supplles
from Densel. Model MUK 0565-AUAF Is 0.5 kva and MUD
1085-AHBH Is 1 kva. Both have geslad laad acld hatterlas. MUK
are inlemal, MUD has them In a maiching case. Times from
Interrupt are 5 and 15 minutes respectively. Complete with full
oparation manuals... MUK MUD......£525 (G

EABLE BATTERIES
LEAD ACID

A300.
12 voits £13.95(A)
22"0\:2? Centre tapped 1.8 RFE. g:.osx
ts ntre . hours. A

12 volts 12 volts 38 amp houarrr;.)?-wz'L x6"S.RFE £35.
EXTRA HI-CAPACITY NICKEL CADMIUM

_ e Super high capacity Chioride Alcad 12
volts refillable type XL1.5. Electrolyte Is
readlly available Potasslum Hydroxide. In
banks of 10 cells par B"H x 24" x 6.5"D wooden case. Each cell

forall standb‘ ﬁwar glcaﬂons. Ex MoD, llke new..£49.85 ﬁi
Hw‘lnnl:lerhyi ncy ¢ raphmgg ]
5 ou

3 phase 400hz. 1 i. As new. £2900

Tﬂoﬂ-TBvdcbethSU.man?s,m £ 470
Fujitsu M3041 600 LPM band printer £2950
DEC LS/02 CPU board £ 150

Rhode & Schwarz SBUF TV test transmitter
25-1000mhz. Complete with SBTF2 Medulator

Calcomp 1036 | drum 3 pen plotier £ 650
Thurib: LAlng:yc analyser € 315
1.5kw 115v B0hz power source £ 050
Tekironix R140 NTSC TV test signal standard, £ 875

KTX 1000 Videotex system - brand new £ 650
ADDS 2020 VDU terminals - brand new € 225

Sekonic SD 150H 18 channel Hybrid recorder E2000
Trend 1-8-1 Data transmission test set € 525
Kenwood DA-3501 CD fester, laser pickup simulalor £

LONDON SHOP
100’s of bargains!
Open Maon-Sat 9-5.30
215 Whitehorse Lane,
South Norwood,
London, SE25.

DISTEL € The

measures 8"H x 1.75"L x 4"D. Can be easlly separated. ideal TeC

Free dlal-up database!
000's of items+info On Lin
V21, Va2 & V22 bis

081-679-1888

,uxmuuw,mvnhmrn.udum.mmew.mummeumm
3 50 (Cui®.50. (D)wE11 50, (E}=E14.00 (F)=£18.00 (G)=Call . All goods supplied subject to our
o AR st MRS ' hans basis W, the right to chang

Superb Qualilﬂlpéuf-;)ot 40u
19" Rack Cabinets
Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quality 19" rack cabinets made in UK
by Optima Enclosures Lid. Units feature
designer, ked acrylic lockable front
door, full heightlockable half louvered back
door and removable side panels. Fully ad-
|ustable Internal fixing struls, ready
punched for any configuration of equipment mounting plus ready
mounted Integral 12 way 13 amp socket swilched mains distribu-
tion strip make these racks some of the most varsatile we have
aver sold. Racks may be slacked side by side and themelore
require only two side panels or stand singly. Overall dmenslons
are 77-1/2°H x 32-1/2°D x 22"W. Order as:

Rack1 Complete with removable side panels...... £275.00 (G}
Rack2 Less side pane # £145.00 (G

Power One SPL200-5200P 200 walt (250 w peak).Sem| open
ftrame giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 15a,
+24v 4a (6a peak). All outputs fully regulated with over voltage
protection on the +5v oulput. AC Inpul seleclable for 110/240
vac. Dims13" x 57 x 2.5". Fully guaranteed RFE. £85.00 (B)

Power One SPL130. 130 watts. Selectable for 12v (4A) or24 v
(2A). 5v @ 20A. 1 12v @ 1.5A. Switch mode. New. £50.95(B)
Astec AC-8151 40 walts. Swilch mode. +5v @ 2.5a. +12v @
2a. -12v @ 0.1a. 6-1/4" x 4" x 1-3/4" New £19.95(B)
Greendale 10ABOE 60 wafts switch mode.+5v @ 6a.t12v @
1a,+15v @ 1a. RFE and fully lested. 11 x 20 x5.5cms. £24.95(C)
Conver AC1230. 130 watt hi-grade VDE spsc.Switch mods.+5v
@ 15a,-5v @ 1at12v @ 6a.27 x 12.5 x 6.5cms.New.
£49.95(C)

Boshert 13090.Switch mode. ldeal for drives & system. +5vi@ Ba,
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B)
Famnell G6/40A. Switch mode. 5v @ 40a.Encased £85.00(C)

COOLING FANS
Please specify 110 or 240 volts for A
AC. 12" thick
AC ETRI siimiine.Only 17 thick.
AC 230 v 8 watts. Only 3/4° thick
AC 110/240v 112" thick.

3 Inch
312Inch
31/2 inch
4 Inch

10inch  AC round. 312 thick. Rotron 110v
10inch As above but 230 voits

60mm  DC 1" thick.No.812 for 6/12v.B14 24v.
80mm  DC 5 v. Papst 8105G 4w. 38mm. RFE.

92 mm
4 Inch
4 Inch

DC 12v. 18 mm thick.
DC 12v. 12w 112" thick
DC 24v Bw. 1" thick.

THE AMAZING TELEBOX!

0 our monitor into &
LITY COLOUR TVl

Brand new high quallty, fully cased, 7 channel UMF PAL TV tuner
‘srslem. Unit simply connects to your TV asrial socket and colour
deo monitorturning sama into a fabulous colour TV, Dont worry
if your monitor does’'nt have sound, the TELEBOX even has an
| audio amp for driving a speaker plus an auxillary ou?nl
for Headphones or Hi A system etc. Many other features: LED
Status indicator, Smart moulded case, Malns powered, Bullt 1o
BS safe m&. Many other uses for TV sound or video etc.
led D NEW with full 1 year guarantee.
T ST for composite video input monito
Telebox STL as ST but with integral speaker..
Telebox RGB for analogue RGB monitors..
RGB Telebox also suitable for IBM multisyinc monitors with RGI
analog and composit sgl:.c.-...-. jors VHF & UHF call.
SECAM / NTSC not availabls.

BRAND NEW PRINTERS

Starwriter Model FP1500-25 daisywheel printer renowned|
for Its mellabiiity. Diablo print mechanism gives suparb|
registration and quality. On board mic ssor gives full
Diablo/Oume command capabliity. Serlal RS-232C with full
handshaka. Bldirectional 25 , switchabie 10 or 12 pitch, 136
cpl In Pica, 163 In Elite. Friction or tractor feed. ASCH
Includl %&a‘igm Font and ribbon Diablo compatible........ £199(E)
DED D mintature ball point pen printer plotter mechanism
with tull 40 characters per iine. Complele with data sheet which
Includes circult dlagrams for simple driver electronics..... £48(B)
Cenfronics 150 serles. Always known for their rellablity in
conincus use - real woskhors2s In any environment!. Fast 150r
cps with 4 fonts and cholce of Interfaces at a fantastic pricel
}5-4 Serial up to 9.5" paper, 1an foid tractor......
[{

4 X
50-4 Sarlal upto 8.57 J:aper. tractor, roll urm‘.,ﬁmﬂg
52-2 paraliel up to 14.5" paper, tractor or s/sheel.... €149

CALL FOR THE MANY OTHERS IN STOCK.
VISIT OUR SHOP FOR BARGAINS

ALL ENQUIRIES

081-679-4414

Fax-081-679-1927
Telex- 894502 i
Universitios, Schools & Local Autharities

Orlglnal

without prior notice

of Sale and uriess ot
. Orders acoepisd subject to

d for 90 deys

willingly given for higher quanifties than thoss stated. Bulk surpius always required for cash.

prices & specificaions




he varicap tuned audio oscillator described is a
very useful instrument in its basic manually
tuned form. But manual tuning does not make
full use of its voltage control capabilities.

The most obvious modification is to remove the sta-
bilised DC supply to the manual control and replace it

with a sawtooth veltage source. This will cause the oscil-
lator to scan all or some selected part of the audio spec-
trum repeatedly. Add an oscilloscope to this and you
have the facility to automatically map out the frequency
response of an audio filter, amplifier etc. Of course the
tuning voltage may be derived from many sources to give
some weird modulation effects.

For a meaningful response plot of a filter system we
need the setup shown in Figure 1 The CRO time base will
be in sync with the scanner and the position along the x-
axis will represent the frequency. Since there is no detec-
tor in the system the plot will be in the form of an
envelope as shown. It would be simple to add a detector
to produce a classicline graph. Whilst we mightbe happy
with a non linear plot of frequency along the x-axis, it
does make calibration a little more difficult. The design
requirements for the add-on scanner are therefore as fol-
lows:

Linear voltage / time sawtooth output waveform.
Variable scan rate, slow (5 sec) to fast (1/100 sec)
Sufficient output to cover full tuning range (0-5V)
Low current consumption for battery operation.
A sync output for an oscilloscope

Construction

As with the oscillator, the scanner is constructed using
SMD’s and it fits on a small PCB measuring 30mm by
34mm.Thelayout, Figure 3,is again generous and should
present no population problems. The PCB can be pro-
duced in the usual manner but without the hassle of drill-
ing holes. Use double sided PCB for Surface Mount pro-

Another surface-mount
project fo accompany the
sine wave generator given
in March by Bill Mooney.

jects to reduce strain on the chips. It has less tendency to
warp and provides useful screening. It would be useful to
consult the construction notes from the previous article
at this stage. There is no preferred order of component
placementexcept thatthe CA 3140 opampisalittle static
sensitive and should be soldered in last of all. The unit is
sufficiently small to fit inside the oscillator project box
with the addition of suitable plugs and switches. The
PCB can be conveniently glued to the back of the fre-
quency control pot. The small current requirement can
easily be provided by the same battery.

The scan rate preset, RV1, could be replaced by a
panel mounted control if preferred.

Operation

The scanner will draw some 7mA at 9V and this should
be checked when power is first applied. Note that three
links are needed from V+ to the two IC’s and RV1.Make

ORI : o ()

TEST FILTER

[ SYNC
(a)

BANDPASS

SCANNER

FLAT
(b)

Fig.1 Scanner used with oscillator and oscilloscope

these with thin (30swg) solid core Kynar wire. It is
important that the supply voltage should not drop below
7V otherwise the op-amp IC2 will not have sufficient
headroom to produce the required 5V swing. To get it
going, disconnect the 5V stabilised supply from the oscil-
lator frequency control pot. Connect the scanner output
to this pot. Connect the oscillator power output(X20) to
aloudspeaker. You should now be able to adjust the scan-
ningrate with RV1 on the scanner PCB. A little compli-
cation will be noted here in that in order to get the fre-
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J; O +7-8Y
C4 +
47 . M LINK LINK
10V 100R
'SCAN RATE' NOTE:
LINK RV1 IC1 = NE55S
10k IC2 = CA3140
o5 > Q1 = BCW30(PNP)
1 B I 100n A 8
c1 e 7 2| K1 |7
100n - SCAN OUTPUT
SYNC 1 al €1 g 4 LD_l s
OUTPUT O—l e SCAN
TO.CRO 1 e ]
T || g I
=3 "
! _L < CONTROL
c2 L C3* A2
100n T T 100n a7k
O— O
*POLYESTER
Fig.2 Circuit diagram of scanner

quency scan to startat zero frequency and increase it will
be necessary to set the oscillator pot to about the SkHz
position and the scan will stop at about 15kHz. The rea-
son for this is the presence of R5 at the lower end of the
frequency control pot giving a minimum of 0.5V when
manually tuned. When the scanner is connected the tun-
ing voltage can drop to zero and thus the controlled oscil-
lator frequency would need to be adjusted to zero beat

enerator

with zero input voltage. It is easy to do this if you really
want the full scan range. However this is the time to
impress your friends and you will soon find out just how
annoying a room full of wobbulating audio' can be to
unappreciative non technical members of the family.
The serious matter of plotting the response of an
audio network is now up to the constructor. You may or
may not require accurate frequency calibration, you may
want to give the amplitude a Log response (dBs), or you
may want to use anon linear frequency plot to expand the
lower frequency end. All these mods can be easily engin-
eered. The simplest way to calibrate the CRO frequency
axis would be to note the audio frequency at say 5 differ-

HOW IT WORKS

The schematic diagram of the scanner isshown in Figure 2. The 555 timer IC
is wired to run in the astable mode with C3 as the timing capacitor for this
function. When the voltage on C3 reaches 2/3 of the supply voltage the con-
dition is detected by an internal comparitor through pin 6. C3 is then
immediately discharged through pin 7 Thisis accompanied by ashort nega-
tive pulse from pin 3 which serves as our sync pulse. C3 then starts to
recharge and the process is repeated. The required scanning voltage there-
fore appears across C3.In order to get a linear voltage build up on C3itmust
be fed from a constant current source in the form of Q1. RV1 injects current
into the base and hence the charging current is issued from the collector.
RV1is therefore used to adjust the scanning rate. The timing capacitor C3is
central tothe operationand we take no chances withiit. A polyester low leak-
age device is recommended. These are available in leadless SM versions
although they are a little large. Now we cannot take our scanning voltage
straight from C3 s any loading would upset the linearity and range. A high
input impedance buffer amplifier IC2 gives the required isolation. This is a
FET input op-amp and it operates in unity gain giving excellent isolation.
The circuit needs at least 7V to operate so a Ni-Cd PP3 is fine as a power
source,

ent DC levels from 5V down to say 0.5V. Then with the
scanner running from OV to 5V linearly, 5 equal divisions
along the x-axis from the left side of the CRO screen will
correspond to these five frequencies. Don’t forget the
oscillators are running at 1mHz and may therefore drift
from time to time. Reset the calibration by setting the
pointer to your previously marked 1kHz position and
adjust the appropriate trimmer (TC2) until the counter
reads this frequency.

PARTS LIST

RESISTORS SEMICONDUCTORS

R1100R 2% size 1206 Q1BCW30 PNP SOT23 package
R2 47k 2% size 1206 IC1 NES5S single timer in SO8

package
IC2 CA3140 FET input OP amp

Rx zero ohm jumper size 1206
RV 10k min preset type 3318,

CAPACITORS MISCELLANEQOUS
€1100n ceramic chip size 1206 Phono sockets for outputs, 2 off.
C2100n ceramic chip size 1206 Miniature on/off switch.

C3100n polyester surface mount
type

C4 47u/10V Surface mount tantalum
C5100n 1206 ceramic chip

Rx = ZERO OHM JUMPER

Fig.3 Component Overlay

BUYLINES

The surface mount components required for this project can be
acquired from several sources such as Blue Rose Electronics, Elec-
trovalue, Farnell, Verospeed. More and more commercial PCB's are
now appearing on the surplus market with useful SMD's on board.

ETE JUNE 1992
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MILLIONS OF QUALITY COMPONENTS
AT LOWEST EVER PRICES BI N D E Rs

Plus Tocls, Watches, Fancy Goods, Toys.
Mail.order only. UK only.

Keep your copies in first class condition
Keep your collection of

All inclusive prices

, ELECTR
NO post, or VAT etc to add on. |Nc-:|-ER?\:\,'\|1C-:|(S)|IgEAY
Send 34p stamped self-addressed label or envelope In mint condition with
for catalogue/clearance list. these specially
At least 2,100 offers to amaze you. commissioned binders.
The price is just £6.95
Brian J Reed Electronics which includes postage
6 Queensmead Avenue, East Ewell and packing®.
Epsom, surrey KT1 7 3E° How to order

Tel: 081-393 9055 Send cheque/PO. to
A.SP.BINDERS OFFERS,
Argus House, Boundary Way,
Hemel Hempstead HP2 7ST

S._E-RVEE MT&NUKLSﬂ *UK ONLY — OVERSEAS PLEASE ADD £1.50

We can supply Service Manuals for almost any type of

Equipment. Televisions, Video Recorders, Amateur Radio, TELEPHONE ORDERS (24 HRS) 0442 66551

Test Equipment, Vintage Valve, Any type of Audio Equipment,
Military Surplus etc. etc.

All makes and Models supplied, from the 1930’s to the

| Please supply ....................... ETi Binders at £6.95 each inc.p&p |

present. : Overseas please add £1.50 p&p I

= : . i

Originals or Photostats supplied as available. | Total £........ (please make cheques/postal orders payable to AS.P) !

FREE Repair and Data Guide with all orders or SAE for your 1 i
Cony. | NAME .. il

I

l MAURITRON SERVICES (ETI), ‘ | ADDRESS !
8 Cherry Tree Road, B !

E Chinnor, E i :
|
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THE ETI BOOK OF ELECTRONICS

Published in association with Electronics Today International, one of the UK's
leading electronics magazines, this book is a clear practical introduction to the
subject. Assuming no knowledge of electronics, and using non-technical language
wherever possible, the book takes you from basic concepts to building your
own sophisticated electronics projects.

The book fully explains and describes:

TRANSISTERS — the heart of all electronic circuits

INTEGRATED CIRCUITS — the revolutionary impact of the microchip
DIGITAL ELECTRONICS — how computers think and remember
TRANSDUCERS — the devices which link electronics to the outside world.

Follow the project instructions, and the detailed circuit drawings and illus-
trations, and construct your own continuity tester, speaker splitter, stereo
amplifier, loudspeaker, alarm controller, file saver and alarm protector.

e e e e T e = — e = — [ —

'_HOW TO ORDER BY POST (Allow 28 days for delivery)

04044 EYi BOOK OF ELECTRONICS £10.95 I
| Please make cheques payable to Combined Book Services, and send to address below.

11 enclose my remittance of £12.05 (includes £1.10 for postage and packing).
I {J Please charge my access/mastercard/barclaycard/visa

; l No. LLLILLLLLLLLLILLL] Signoture......coooeoeoonon i, I

Expiry date i S R L O N b ey e e
I A d e o s o e e e s I

ISBN: 0 85242 928 2 192 pages £1 o 95 IO Sl S B B B e e ETIN
pag * I Complete details ond return form to: Combined Book Services, I

Whether you are a hobbyist or intend to make a | 406 Vale Road, Tonbridge, Kent, TN9 TXR. Please ensure that ﬁRGus |
career in electronics, the ETI BOOK OF ELECTRONICS all cheques are made payable to Combined Book Services.

45 2ol F i : c i iti TO ORDER BY PHONE Telephone (0732) 357755. Please ask for BOOKS
an cit
Issui?e'cdteal Ridetoy s g, changing and excit ng I Argus Order Department. Quote access/mastercard/barclaycard/visa. I
; —
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HIGH-Q

cllemmenkit @

K6700: WIRE COMMUNICATION TRANSMITTER
K6701: WIRE COMMUNICATION RECEIVER

K6002 uP TEMPERATURE
CONTROLLER

L

K2668 DUAL STEREO VU
METER MODULE, "

TEMPERATURE SENSOR WITH LED DISPLAY

K4010 300W MOSFER AMPLIFIER K4020 600W MOSFER MONO/STEREO

ALL KITS AVAILABLE FROM OUR AGENTS THROUGHOUT THE UK
Tait Components — Glasgow 041 552 5043
E.S.R. Electronics — Tyne & Wear 091 251 4363
C.P.C. PLC — Preston 0772201177  Cricklewood Electronics — London 081 452 0161  Omni Electronics — Edinburgh 031 667 2611
Cirkit Distribution — Hertfordshire 0992 444111 Bull Electrical — Sussex 0273203500  J.P.G. Electronics — Chesterfield 0246 211202
H.R.S. Electronics — Birmingham 021 789 7171 Marco Trading — Shrewsbury 0939232763  Quantek Electronics — Birmingham 021 411 1821

Send £1.00 UK or £2.50 overseas for your copy of our NEW 1992 catalogue & price list.
160 kits to choose from — all in stock — it’s a must for all electronic enthusiasts.

HIGH-Q-ELECTRONICS LTD.

(UK IMPORTERS FOR VELLEMAN KITS)
Distributors for high quality electronic components
PO Box 142, Hatfield, Herts AL9 7JH. Tel: 0707-263562 Fax: 0707-276746
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This amplifier can fit into a
small space yet delivers a
power and quality out of
proportion to its
diminutive size by Dave
Bradshaw. -

ol

hip Stereo Amplifier

+VE SUPPLY
TO RIGHT HAND
| CHANNEL

.
/I !

SwWi
Fs1
™ \.\_—-3 L

Gy MAINS
"E'Q: ! SUPPLY

RS SK2
T OUTPUT

L c9

CASE
{IF METAL)

MIXER OPTION

|
== 47 7T | Z02
*
c8 tJ_ c10 L c15 I “”
100n == 47u ' 1000
=i tl.ciz
A7 cip | 22005
1k | A1l
! ko AV
i b I'
|
1 | A R12a-2 = 22k or 10k (SEE TEXT)
PREAMPLIFIER i POWER ! az POWER AR, G4 = (e U520
AMPLIFIER VE SUPPLY SUPPLY
TO RIGHT HAND
CHANNEL
POWER SUPPLY

Fig1 Amplifier circuit. The other audio channel is not shown, but the pre and power amplifiers are identical {all the component
numbers have 100 added to them to distinguish them, except SK1 and IC1 which are split between the two channels).

his projectis a straightforward application of the
TDA2030 audio power amplifier IC. In its basic
form it delivers 8W RMS per channel, which is
ample to fill a medium sized room. A higher
power version, using LMI875s can give 15W per channel,
and a bridge version will give 20W or more into 8R.
The novelty of this amplifier lies notin the audio cir-
cuitry —it’s all very standard —but in the use of a simple
regulated supply for the power amps. John Linsley
Hood’s designs gave me the idea for using a regulated
supply with standard power amp IC, but reviving low-
cost amps with meaty power supplies is a technique ETI
has been advocating for some time. :
TI'have been using the basic version of this amp as an
alternative to my normal hi-fi for two years (when I get

exiled from the sitting room), and it gives a very good
account of itself. More recently, my pride and joy trans-
mission line loudspeakers were also banished on the
grounds that they are too large, and despite their profli-
gate inefficiency, the 8W amp produces more than
enough noise through them to make my presence felt
round the house. Disco levelitisn’t, butit's ample for my
listeninglevels whetherit's Mahler or Seal who is pushing
them there voice coils.

In the most basic version, besides the on/off switch,
there is just one control —the volume. It’s easy enough to
add a switch to allow different sources to be used. The
balance and tone controls on my normal amplifier
remain untouched for long periods, so I did not include
them. To get the same effect as a balance control you can
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use a split volume control.

The amp was designed before compact disc became
so universal.If CD or tape is all you use, you can leave out
the RIAA stage. However, most of us will still have some
vinyl disc we want to play, and the base of a record deck
makes a handy case provided the transformer will fit in.
Using the amp with other inputs requires mounting the
volume control off-board and adding a selector switch.

Circuit

The circuitofjustone channel of the amplifier, along with
the full circuit of the power supply, is shown in Figure 1.
(With circuits of stereo amplifiers and the like, it is usual
to show just one channelif the otheris the same.) The cir-
cuit is in three sections: the preamplifier, around IC1a,
which takes the output from the pick-up, amplifies it and
corrects for frequency. response; the power amplifier,
which makes the signal large enough to drive a loud-
speaker; and the power supply and regulators.

The circuitisdescribed in detail in ‘How it works’, so
Iwon’twoffle on here. One pointto noteis that I use three
capacitors for coupling where others might use one, at
C5/6/7 and C8/9/10. A single electrolytic capacitor
used here would have an evens chance being the wrong
way round if there is any DC voltage, so two are used
back-to-back. Anunpolarised capacitorisadded to com-

LEEm
SPEAKER

RV1/101

| FIXING

" HOWIT WORKS

In the preamplifier, one op-amp from the dual TLO72 op-amp is used for
each channel. This corrects for the recording preemphasis, where high fre-
quencies are boosted relative to the bass ones following the RIAA (Recor-
ding Industry Association of America) standard, There are two sets of fre-
quency selective components n the feedback loop, C3 and R6, and C4 and
R5. The values of these components are selected to meet the RIAA require-
ments.

Ideally, there should be no DC voltage present at the output of the pre-
amplifier, but op-amps are not perfect so blocking capacitors C5/6/7 are
used to avoid any DC being passed on.

The power amplifier IC2 is of the super op-amp’ type. For audio fre-
quencies, its gain is fixed at 22 by feedback resistors R7 and R8. For DC,
capacitors C8/9/10 disconnect R7 and turn the circuit into a voltage fol-
lower; this ensures that there can only a tiny DC voltage across the output,
Loudspeakers can be damaged by DC voltages of around a vott. Capacitor
€13 and resistor R3 prevent the amplifier from turning into af oscillator

which can happen if it is presented with a very reactive load, such as a
typical loudspeaker!

The power supply uses a very simple regulator circuit, but this part of
the circuit s largely responsible for giving the amplifier such a respectable
sound. Because the amplifier will occasionally draw currents over 2A, 78xx
and 79xx regulator ICs could not be used, and higher current regulators are
rather expensive. R0 and ZD11 provide a stable 15V, provided the voltage
on the smoothing capacitor is a volt or two above this. C14 minimises the
noise on this voltage. Q1 and Q2 are Darlington transistors connected as an
emitter follower, sothe output voltage atits base will be 16-1.2 = 138V, what-
ever currentis asked of it, provided the ripple voltage on the reservoir capa-
citors does not drop below about 165V — if using alternatives to the basic
circuit, see the main text for details of making sure that this does not occur.
The circuit of the transformer, bridge rectifier and smoothing capacitors C16
and 17 is a standard arrangement for a dual supply.

- pU L

—3 GND

PUR

STRAIGHT THROUGH
OPTION

pensate for the small inductance electrolytics have, and
which can affect higher frequency audio signals. Capaci-
tors are so cheap it seems pointless to skimp, even when
the results may be negligible.

Another design point is that I have opted for a dual
supply so that the speakers can be directly coupled to the
power amplifier outputs. Thisincreases circuit complex-
ity, but cutting out the output capacitor is well worth the
extra trouble.

Construction

Care must be taken in the construction of this project
because it uses the mains. If basic rules are not followed,
there is the danger of electric shock. Particular attention
must be paid to the housing and wiring of the mains sec-
tion of the project (up to and including the transformer).

Fig.2a




Inthe prototype, the amplifier and transformer were
built into the base of a record deck; alternatively, the
amplifier can be housed separately, and T would recom-
mend using ametal case to help with heat dissipation and
to provide an earthed container for the circuitry. Make
sure the case you choose s large enough to fit all the com-
ponents comfortably, with room to do the interwiring.

Mounting the volume control (RV1a and b) on the
PCBsimplifies construction, but may not always be prac-
tical or desirable if you want to use several inputs. The
extra circuitry needed to do this is shown in Figure 2.

BACK MAINS

INLET

HEATSINK
BOLTED
TO CASE

RV1/101 SELECTOR MAINS

SWITCH SWITCH
FRONT

Fig.3 Suggested internal lay-out if a metal case is used for the

project.

PROJECT

Use the PCB-to gauge the position for its own
mounting holes before assembling any components onto
it (this’is something I almost invariably forget to do
myself, and it usually results in bent and broken compo-
nents that 1 have to replace).

Assemble the PCB, inserting and soldering into
position first the wire links, PCB pins, then resistors,
capacitors and finally semiconductors. You may have
some problems fitting in C4 and C104, since some types
are rather large, so fit these last over the top of surround-
ingcomponents, being careful notto shortleads together.
Do not make the leads too short on Q1, Q2, IC2 and
1C202, 50 you can fit them to the heat sink. Two different
sizes of rectifier bridges can fit on the PCB.

Ifthe volume controlisto go on the PCB, it should be
the last componentfitted;ifitis to be mounted off-board,
then pins should be soldered into its place for leads at the
same time as the other PCB pins.

Once you have completed the PCB and checked
carefully for mistakes, assemble the other parts into the
case. Allow good clearance for the screws used to bolt the
transistors and ICs to the heat-sink or metal case, as there
must be no electrical contact, and special insulating kits
must be used.

Final Assembly And Testing

Wire up the mains side of power supply first, keeping
carefully to the circuit diagram as a mistake could be
costly. In particular, check switch connections to ensure
it doesn’t short the live to the neutral, and double check

connections to the transformer making sure you have
wired the transformer correctly.

If your transformer is a laminated type, solder wires
on to the terminals to make connections. Toroidal trans-
formers usually have flying leads, ie wires already con-
nected; if these are not long enough, use a connector
block designed for the mains to connect wires long
enough to reach the mains switch. You may have to wire
two separate primaries in series —instructions with the
transformer should be followed carefully. Cover any
exposed connections to the mains live and neutral using
heat-shrink sleeving. If using a metal case, attach the
mains earth to the case using an earthing solder tag; thisis
very important.

The mains lead should be firmly clamped; there are
special clamps available for this, or you can improvise
(on the prototype a clamp was made using two screws
and some hardboard). A reasonably strong pull should
not move the cable.

Once the mains wiring is complete, check that none
of the secondaries are shorted together or to the pri-
maries, apply the mains and switch on. If the transformer
shows any sign of distress —smoke, getting hot, continu-
ousloud humming —switch off immediately and look for
the fault. If all appears well, check the voltages on the sec-
ondaries with a multimeter switched to the appropriate
AC voltage range. Switch off.

If your transformer has two separate secondaries,
youneed to check which way they should be connected —
one way round will lead to their voltages cancelling, the
other will not. The transformer instructions should make
it clear which way round secondaries should be wired. If
they don’t, connect a jumper lead between two leads or
terminals from separate secondaries, and attach the
multimeter leads to the other two ends of the second-
aries, then switch on. You should either have twice the
normal secondary voltage or nothingatall. Switch offand
disconnect the mains. If you had twice the voltage, the
two ends connected together can be permanently con-
nected to the OV connection on the PCB; if you have
nothing at all, move one end of the jumper and try again.

TO IC2
PIN 1

TO IC102
i PIN 1
FROM
c108/c107 7 [/

Fig.4 Circuit diagram and wiring of a front panel
switch to allow different inputs.

Attach the heat-sink to the transistor and power
amplifier ICs, using the insulator kits (if the insulators
need silicone gel, leave it off for now) and check with a
multimeter switched to a resistance range that there is no

::.:'_Zéa. _..;-:
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connection between the transistors or ICs and the heat
sink. (If you are using just a short length of aluminium to
attach to a metal case, you do not need to attach it to the
case for the moment.) Attach the volume control to the
board using lengths of wire, if it is to be mounted separ-
ately.

After checking yet again that everythingisinits cor-
rect place, reconnect the mains and, keeping well clear of
the board, switch on and immediately off, then discon-
nect the mains (there is a very small risk that one of the
large capacitors may explode if connected the wrong way
round). Using your multimeter switched to a low DC
voltage range, check that there is about 0.5V across both
C16 and C17, the correct way round for the capacitors’
polarities; this will drop away when the multimeter is
applied.Ifthereisno voltage, the rectifier may be wrongly
connected, the fuse blown or some fault in the soldering.

If all is well so far, reconnect the mains and switch
on; check the voltages across C16 and 17, which should
both be about 20V (23V with a 17V transformer). Con-
nectthe multimeter negative lead to the common inputat
the base of the two capacitors and with the probe of the
positive lead, measure the voltages around the positive
regulator circuit. You should find about 15V across the
zener diode ZD1 and 14V orslightly under at the emitter
of Q1, the output of the regulator. Attach the positive lead
of the multimeter to the common point and probe
around the negative regulator, checking for correspond-
ing values.

TOP
0.9in 1.9in 0.5in
(23) (48) 13
FRONT + | ] _ — BACK
0.35(9)
[} BOTTOM

Fig.5 Position of drill holes in the heat sink, in millimetres.

MEASUREMENTS IN INCHES (mm)

Holes are 5mm (or near) in diameter.

While doing this, check on the temperatures of the
power transistors and the power ICs; if they get more than
warm, ot if any of the voltages are seriously out, switch off
immediately. Be cautious when checking temperatures,
as hot metal bits can give a nasty burn. Check around the
rest of the board for overheating. Next check the voltages
at the loudspeaker outputs and at the output of the
preamp,pins 7 and 1 onIC1; these should be zero or very
close. Also the inputs should have no voltage on them.

If all these checks are OK, switch off, and connect
loudspeakers to the outputs for them, and switch on
again. There should be no sound from the loudspeakers
except perhaps some low frequency mains hum, which
will vary according to the volume control setting. Touch-
ing one or other of the inputs to the preamp with a finger
orscrewdriver tip should audiblyincrease the humon the
channel touched. Carefully check that the power ICs and
transistors do not get very hot —they should get a little
warm.

The final check before completing assembly is to
applyanormal input signal to the amplifier from arecord
deck or other good quality source; the amplifier should
give a good sound from the loudspeakers. Be careful not
to let the power ICs or transistors over-heatif you are not
using the full heat-sink.

Final assembly depends on the case being used. All
signal wiring, except to the loudspeakers, should be done
with audio quality screened cable, and any remaining
wiring should be of good quality stranded lead. Some
points are particularly applicable to metal cases. Make
sure that none of the PCB tracks are shorted to the case.
The sockets for the input and output should be insulated

1)af04d

(#3]

\ TO REST
OF CIRGUIT

Fig.6 Circuit modifications to use the preamp as a mixer.

from the case —use appropriate versions of sockets. The
circuit common has to be earthed to the case at just one
point —and this may have to be moved to get the best
results. For non-metal cases, connect the circuit earth
directly to the mains earth. Make sure there are no earth
loops —loops of wire connected to the common line. In
this project, the mostlikely pointisin connections to and
from the volume control and input selector switch (if
fitted). The screens to these wires should be earthed by
one route only. The power transistors and ICs should be
mounted on the heat sink using an insulating mica or
plastic washer (a thin smear of silicone gel is needed
between semiconductor cases, the washer and the heat-
sink for the mica washers). Tighten the mounting screws
firmly and re-tighten then after several hours of use.

Options and Mods

You will probably have noticed that there are a few extra
holes and tracks on the PCB to allow some variations on
the basic circuit.

Different power amp IC: the most straightforward
mod is to use a different power amp IC. The LMI875isa
higher quality, lower distortion device than the
TDA2030,and can be used asadirectreplacementin the
basic circuit. This is may be worth doing if you intend
using the amp with a half-decent CD player.

You can get more undistorted power out of the
LM1875, up to about 15W is feasible here, but this
requires raising the supply voltage (the 2030 can goup to
14W but the distortion increases markedly). To do this:
increase the current capability of the transformer (if you
can —there doesn’t seem to be many suitable transfor-
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PROJECT

L3
— | 2

— ]

= GND

— Q1
= R2

— R3

L} MIXER OPTION

Fig.7 Overlay for the mixer option.

mers around, though, so you may get away with 2A).
Use a 4A bridge rectifier for BR1

Change C16 and 17 to 4,700p (check that the type you
have chosen will fit the board)

Change ZD1,2 to 18V

AddzenersZD3 and 4 to keep the supply to IC1 down to
15V (this is particularly important if you have used an
alternative to the TLO72 for IC1 because many op-amps
have 15V as their absolute maximum supply voltage); C1
and 2 become 10p 25V axial electrolytics.

Increase R8 to 33k (optional; this increases the gain of
the power amp stage slightly)

Reconsider the size or positioning of the heat sink; with
15W power output per channel, the heat output will be
pushing towards 20W depending on the transformer and
other factors, so good heat dissipation is needed. If the
heatsinkisinanenclosed area, the power ICs are likely to
get rather hot, and although they will not get damaged
(they are thermally protected) the distortion when they
do shutdown is alarming. Transistors Q1 and Q2 are not
protected, and may be damaged.

Mixer Option

If you don’t need an RIAA input (or you have a better
RIAA stage you want to use) then you could consider
making the preamp act as a mixer. The circuit mod to
make asimple 3-input mixer is shownin Figure 6, and the
overlay modifications are shown in Figure 7. Extra input
resistors can be added off the PCB to allow many more
inputs.

Making the preamp a mixer removes the need for a
selector switch; all you have to dois turn on whatever sig-
nal source you want to use and it comes through. My
favourite pre-amp is set up this way, it saves so much fid-
dling about with the selector switch.

For those with magic ears, the mixer option makes
the amp overall invert the signal, and you may prefer to
connect your loudspeakers accordingly.

Bridge Option

Withalittle bit of adaptation, the op-amp can be used asa
bridging inverter: the same signal is fed to both channels,
but one is inverted with respect to the other, and a single

loudspeakeris connected across the two power amp out-
puts. The power output per channel is increased, but two
entire amplifier boards are needed for stereo.

This can theoretically deliver up to 60W (using the
higher power options above) into an 8R load, but current
restrictions mean that probably only an undistorted 40W
is available.

The circuit modification needed for this option is
shown in Figure 8. This mode was not thought of when
the board was being designed (shame!) so it requires a
slight ‘fudge’ on the PCB, ie adding two resistors on the
underside (Figure. 9). An extension of this idea would be
to feed the board via a balanced line, so that the entire
power amplifier could be mounted next to the speaker.

One further possibility I will throw out as an idea
only is to use the preamp area as an active filter, use one
power amp to drive abass unitand the other to drive a HF
unit, in a two unit loudspeaker (ie what is often incor-
rectly called an active loudspeaker).

FaultFinding —Basic Unit Only

The amplifier produces a large amount of hum: Possible
causesinclude the circuitand case being connected atan
inappropriate point —usually the best point would be at
the volume control -or there may be a hum loop, ora com-
pletely missed orbad earth connection —possibly on one
of the capacitor leads. Alternatively, a fault which pre-
vents one or both of the regulators working might lead to
abad hum. Solving hum problems can often involve a lot
of experimentation.

A3

‘ Jﬂ—m > PN
c6 C7 i3
10k
TO REST

OF CIRCUIT
R15
22k C105

TO IC102
PIN 1

R113
10k

Fig.8 Circuit mods for the bridging option.

The amplifier produces only limited output volume: Are
you using the right sort of cartridge? The amplifier will
not work with expensive moving coil cartridges, without
a preamp or step-up transformer, or with ceramic cartri-
dges, which would probably give too great an output
leading to distortion. Are the speakers unusually unre-
sponsive — try out the amplifier with another pair if
possible. Does a signal from a cassette deck, applied to
the auxiliary input (or to the top of the potentiometer)
give an adequate output —if it does, there is some fault in
the preamplifier, if not, then the power amplifieris faulty.
The gain of the power amplifier can be increased slightly
byincreasingR8/108 or decreasing R7/107, but this will

30

ETI JUNE 1992



make a relatively small difference.
The amplifier picks up radio sig-
nals: This is a very common prob-
lem.If it is just from the occasional
passing taxicab or police car, its
probably not worth bothering
with, but if it is from radio stations
(a particular problem in summer
evenings) some caution is necess-
ary. The loudspeaker leads are
acting as a radio antenna, and
some part of the amplifieris acting
asaradio signal detector. The stan-
dard solution is to wind both loud-
speaker leads in the same direc-
tion round a ferrite ring. This
doesn’talways work, and again, the
best solution is to experiment.

€ =
£ A cro‘?q%% o D& i{i&'

“R13,113 MOUNTED ON THE UNDERSIDE

b3 PU L

& x‘.§ £ . °
- &
o 0f o o s ©

BRIDGING OPTION

Fig.9 Overlay mods for the bridging option; note that R13 and 113 are
mounted under the board.

&

PARTS LIST

RESISTORS {(all 1/4W or more, 5% or better)

R1101 47k

R2,102 1k0

R34101 1k0

R5,105 270k

R6,106 22

R7107 1k0

R8,108 22

R9,109 1RO

RV1/10 10k dual {stereo) potentiometer,
logarithmic track {not miniature if it
is to be mounted on the PCB)

CAPACITORS

C1258 7100n 15V or more working voltage,
any sort

105,105 that will fit the PCB

C3103 3n9 5% or better tolerance,
preferably polyester or polystyrene
but a tolerance of 5% or better is
most important

C4104 10n 5% or better (same comments
as for C3)

(6,79,10,145, 10 25V or higher single-ended
electrolytic

106,107109,110

C13113 220n, any sort that will fit

C1817 2,200 (or 4700y see text], 25V or
higher electrolytic, single-ended
leads

SEMICONDUCTORS

IC1 TL072 dual op-amp

1C2,102 TDA2030 or LM1875 power
amplifier IC

Q TIP122

Q2 TiP127

D12 16V 1W zener diode (see text)

D34 16V 400mW zener diode (not used
for basic version — see text)

BRI 50V 2A bridge rectifier

MISCELLANEOUS

T 16-0-15V {or 17-0-17V) 2A mains
transformer

FS1 500mA anti-surge fuse with mount

NE1 mains neon light {or part of SW1)

SW1 double pole mains switch, to choice

SKi stereo disc input socket dual phono
socket or similar (not needed if
amplifier mounted in base of record
deck)

SK2 stereo loudspeaker output
connectors (or two singles}

SK345 stereo input sockets, if required;
dual phono or similar

SW2 Input selector switch, 4 pole 3 way
(if needed)

Audio screened cable; case PCB; PCB mounting pillars; heat-sink {thermal
coefficient 2.5/W or lower, depending on usage); TOB6 transistor mounting
kits, four of; small quantity of silicone grease {if needed); case to choice;
knobs for controls; wire, solder, heat-shrink sleeving.

BUYLINES

All components are widely available except the 3n9 5% capacitor C3 which
may bealittie harder tofind. One point towatch is thesize of C4, assome 10n
5% polystyrenes are very large and may be difficult to fit on the board. Para-
doxically, we found that 1% types were smaller. Watch also the size of C16
and €17 a maximum diameter of 1" (25mm} s allowed for. Now you've got
the PCB, what are you waiting for?

If you are interested in this and other projects by Dave Bradshaw; readers
might like to note, the ETI Book of Electronics {ISBN 0-85242-928-2) pub-
lished by Argus Books will very soon be available.
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The Phase
| Locked

Loop

By Mark Robinson

magine you've got a square wave and you want to
divide it by two. Easy, a quick look through the com-
ponent cataloeues yealds literally hundreds of varia-
tions on the counter/divider IC. But what if you
wanted to multiply it by two? Chances are your search
through the catalogues would be less fruitful, although
there is an IC which will do the job, along with FM, AM
and FSK demodulation, frequency translation and signal
regeneration. It’s called the Phase Locked Loop, and it’s
as versatile to the user of frequencies as the op-amp is to
the user of voltages.

PHASE LOW PASS
DETECTOR FILTER
Fin (O ot A
X o 2 vco O Fout
’ LPF

Fig.1 Biock diagram of basic PLL

The Basic Loop

The PLL in its most simple form is shown in Figure 1.
We'll look in detail at phase detectors later, but for now
consider it as a box whose average output voltage
depends on the phase difference between its two input
frequencies. The Low passfilter (LPF) isusually a simple
RC type, although this is not always the case as we shall
see later.

Consider the PLL initially with no input, a voltage of
V, atjoint A, and an output frequency of f,. Now apply a
frequency f;, which is lower than f,, to the input. The
phase difference between f, and f, is constantly changing
and the output of the phase detector will oscillate at the
difference frequency f -f.. Provided that this frequency is
low enough to pass through the LPF it will be superim-
posed on V, as a small amplitude ripple.

This ripple causes the output frequency to ‘wobble’
around f,. When the output frequencyis brought closer to
f; it varies more slowly because the difference frequency
is lower. Hence the ripple on Point A is asymmetric and
the average voltage is now lower than V,. This causes the
VCO output frequency to move towards £, until event-

ually they are equal. At this point the PLL is said to be ‘in
lock’.

Figure 2 shows how the voltage at joint A varies
throughout this process, which is called the capture tran-
sient.

Once the PLL is in lock the output frequency will
track any changes of input frequency, Provided the
changes are slow enough for the lock to keep up.

Well, we don’t seem to have improved much on a
piece of wire so far. Bear with me though because there’s
more to thisthan meets the eye. But first we need to define
acouple of technical terms, and take a closer look inside
the phase detector.

Va

|
|
|
|
I
:
|
|
|
1
|
T

START OF LOCKED
CAPTURE

Fig.2 The PLL Capture transient

Capture and Lock Range
In the previous description of the capture transient, the
assumption was made that the difference frequency was
low enough to pass through the LPF. If it isn’t then there
will be no ripple on V, and the VCO output will not
change. This means that there is only a limited range of
input frequencies, called the capture range, which will
cause the PLL to lock. Suppose thata PLL is locked onto
an input frequency f,, which suddenly chances to a new
frequency f,. The PLL will only lock onto this new fre-
quency if it falls in the range;
f,-"f, to £,+/f,
where f, is the capture range. It is fairly easy to see that f,
defends directly on the cutoff frequency of the LPF.
Once the loop is locked it will track slow changes in
frequency over the full VCO range, which is called the
lock range. Just how fast the input has to change before it
becomes a ‘sudden’ change again depends on the LPF
cutoff frequency. In all the integrated circuit PLLs the
centre frequency and lock range of the VCO is selected
by hanging various resistors and capacitors off the rele-
vent legs of the IC, according to the design equations on
the data sheet.

Phase Detectors
There are two types of phase detector used in PLLs,
imaginatively named type I and type II detectors.

A type I phase detector consists of a four quadrant
multiplier. I proved that the average output of a multiplier
depends on the phase between its inputs when looking at
lock-in amplifiers in the past (Ref. 1) (although for lock-ins
it’s not a desirable property because it means we have to
keep fiddling with the delay control to maximise the signal).

If the inputs are digital square waves then the phase
detector can be simplified to an exclusive-or gate. A care-
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Fig.3 The action of an Exclusive ‘OR’ phase detector
a)45° b)quadrature c)135°

ful look at Figure 3 should convince you that the duty
cycle (mark-space ratio), and hence average level, of the
output depends upon the phase difference between the
inputs. An interesting point to note from Figure 3 is that
the output frequency is double the input frequencies,
which is consistent with the device acting as a multiplier.

One major failing of PLLs using type I detectors is
that they have a tendency tolock onto and multiple of the
input frequency which falls within the capture range
(even if that multiple isn’t present as a harmonic in the
input signal). They also runinto trouble if the duty cycle
of the input is not close to
LoGIC 1 50%. Also, since the out-

T put of these detectors is

oscillatory, there will

N always be some residual

o " ripple on the LPF output.
‘L This causes jitter on the

output of the VCO. Their
big plus point is a very
good immunity to noise on
the input.

The type Il detectoris
an edge sensitive device, which must be provided with
squarewave inputs. It can be considered as a three posi-
tion switch as shown in Figure 4. It works like this; a fall-
ing edge on the ‘signal input’ causes the switch to move
one position upwards (ie towards the positive rail) unless
itis there already, in which case it stays there. Similarly, a
falling edge on the ‘feedback input’ causes the switch to
move one position downwards. The net result of this is
that when the phase of the signal leads that of the feed-
back, the phase detector will source pulses of current to
the LPF capacitor, and sink current from it when the
feedback leads the signal. These current pulses either
charge or discharge the capacitor until the VCO outputis
at the same frequency as, and in phase with, the input.
When this is achieved the phase comparator output is
effectively open circuit.

Unlike the typeIdetector, the output pulses from the
type Il detector disappear completely when theloopisin
lock, so there is no residual ripple on the LPF output, and
the VCO output is rock steady.

LOGIC 0

Fig.4 The switching
{type ll)phase detector

Another nice feature of type II detectors is that the
capture range is equal to the lock range and not restricted
by the LPE. This is because the current pulses to or from
the LPF will always charge or discharge the filter capaci-
tor to the correct voltage eventually, the LPF time con-
stant only determines how long it takes to get there. In
fact, for type 11 detectors the LPF is acting more like a
sample and hold, storing the required VCO input voltage
until the detector tells it that it should be different.

Typel Type i
Input duty cycle 50% optimum Irrelevent
Lock on harmonics? Yes No
Noise performance Good Poor
Ripple High Low
Capture range Less than VCO range Full VCO range
Phase difference 90’ 0
when in lock
Frequency when out Centre freq. Minimum freq.
of lock of VCO of VCO
Fig.5 Main difference between type |1 and type Il
phase detectors.

Probably the only bad points about type Il phase detec-
tors is their poor noise rejection, caused by spurious
spikes on the input being regarded as part of the signal,
and the difficulty of interfacing them to non-square wave-
forms.

The important differences between the two types of
phase detector are summarised in Figure 5.

The Low Pass Filter

Aswe have seen, the LPF performs two functions.Itaver-
ages the output of the phase detector and it restricts the
rate at which the VCO input can change, providing the
‘flywheel effect that gives the loop its excellent noise
immunity. Since it also dictates the maximum rate of
change of input frequency that the loop can keep up with,
the choice of cutoff frequency is a compromise between
noise immunity and the bandwidth of the loop.

The simple RC filter is fine for most PLL applica-
tions, but a loop using it is not guaranteed to be stable
under all conditions. Applying all the theory developed
for closed loop control systems (like op-amps and oven
thermostats) tells us that for a given lock range, you must
keep the bandwidth above a certain threshold otherwise
the loop may be unstable. If this seems unusual (after alla
wide bandwidth is normally a desirable property, so who
would we want to minimise it?) remember that all the
PLL’s noise performance comes from its narrow band-
width. You have probably seen op-amps which have a
minimum usable gain (called decompensated op-amps)
—itall comesfrom the same theory. A

1dd

good rule of thumb is to keep the o
-3dB frequency of the filter above
about one fiftieth of the lock range.
All is not lost if your application
requires aloop that could be unstable
though. Simply replace the filter with ¢
a pole-zero type like the one shown l
in Figure 6. Start by making R2 about

one fifth of the value of R1 and trim it
for stability over the whole lock
range. For the perfectionist (ref-

ov

filter.

Fig.6 A pole zero low pass
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erence 2) gives a method of calculating the optimum
values of R1, R2 and C using theory similar to that of
pole-zero compensation for op-amps.

Uses of the PLL

Now that we have our complete theory of PLLs lets see
how it's applied to make the PLL do something useful.

FM Demodulation

FM demodulation is an inherent function of the PLL,
since the voltage at the output of the LPF is proportional
to the input frequency.

PLL FM demodulators are used in top flight hi-fi
tuners because they can be more linear than ratio or
quadrature  detectors.

_g g They are more expensive
e — A SAil though, because of the
Fleg—= > l : need to have a linear
X “ = SRS VCO and a phase detec-
LPF Ve + ] tor capable of operating
at high frequencies.
A3 The vVCO is
R2 arranged so that its
centre frequency is equal
veo |—| ov to the IF frequency and
its lock range is larger
Fig.7 A PLL demonulator for FSK signals thal.l t»'wce e
deviation frequency of
Signal Regeneration
Oneinteresting point about PLLs s that there
isno rule which says that the input and output h— o G
waveform need to be identical. This means X Band| % [@
that it is perfectly reasonable to lock a nice, by X 5
friendly sinewave onto some horrible input i

shape. Not only that, but the ‘flywheel” effect
provided by the LPF smooths out noise and
discontinuities in the input signal, providing
signal to noise ratio improvement. In fact the

-
]
m

vco

input could disappear completely for about
one LPF time constant without the VCO even
noticing. When your modem is trying to
receive a signal that has travelled half way
around-the world this is a feature you’ll par-

Fig.9 A PLL Frequency translator

—Dfout =11 4 12

ticularly appreciate.
As was pointed out in (Ref. 1), an improvement in
signal to noise ratio is always accompanied by a reduc-
tion in bandwidth, and in this case the bandwidth of the
channel is reduced to the cutoff frequency of the LPF.

(&)

Fig.8 a) A PLL frequency multiplier and
b) an op-amp voltage multiplier
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the signal (10.7MHz and 75kHz respectively for broad-
cast FM). The audio bandwidth is determined by the
-3dB frequency of the LPF.

Frequency Shift Keying

Frequency Shift Keying (FSK) is a form of digital FM
modulation used by modems, computer cassette inter-
faces and the like to Interface digital signals to audio
channels. The two digital levels are represented by differ-
ent frequencies, which can be decoded using the circuit
of Figure 7. The loop is arranged so that the two input fre-
quencies cause voltages at Point A close to the maximum
and minimum levels (usually +Vcc and Ov), and a com-
parator is used to detect which level is present.

The high noise immunity of the PLL reduces
demands on signal processing and error correction cir-
cuits, but again there is a compromise betwcen band-
width (ie transmission speed or Baud rate) and noise
immunity. ’

Frequency Multiplication

Frequencymultiplicationis where the similaritybetween
PLLs and op-amps is most apparent, as Figure 8 shows.
This circuit finds uses in frequency synthesis and
regeneration (for example generating the 38kHz stereo
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Fig.10 The cynics frequency translator

subcarrier from the 19Hz pilottone in broadcast FM and
generating clock signals locked to the mains for integrat-
ing ADCs). The project which accompanies this article
uses a PLL frequency multiplier to extend the useful
range of a bench frequency counter.

Frequency Translation

There are a number of ICs available which take a ref-
erence frequency and generate a range of frequencies
related to it (the HD44015 and MC145151 series are
typical examples). They are designed for use in multi-
channel radios, to allow all the local oscillator frequen-
cies to be generated from one crystal.

These ICs use a combination of frequency dividers
and a rather esoteric variant of the PLL called a fre-
quency translator, shown in Figure 9.

The job of this circuit is to produce an output fre-
quency equal to the sum of its two input frequencies, f,
and f,. The best way to show thisis to assume that the out-
put frequencyis at f,+, and then show that thisis a stable
state. So, if that is the case then the multiplier will be
generating sum and difference frequencies at

(f,H)-f, =f,
and
() H, =21, H,.

Now, if LPF1 passes the difference frequency but
rejects the sum frequency then the inputs to the phase
comparator are at the same frequency and the loop is
stable.

When using this circuititis best to make f, the lower
frequency in order to maximise the separation of the sum
and difference frequencies.

The more cynical readers are probably wondering
why go to all the trouble when the circuit of Figure 10
would do just as well. Let’s consider an example.

Suppose we have a 10kHz signal which we want to
translate by 100Hz. The multiplier in Figure 10 would
produce frequencies of 10100Hz and 9900Hz, whereas
the PLL version produces frequencies of 20100Hz and

100Hz.In the firstcase it would be virtuallyimpossible to
separate the two frequencies, but even a simple RC filter
performs admirably in the second case. Even if the sum
and difference frequencies are well separated, the circuit
of Figure 9 offers better noise immunity, and is not
bothered by harmouics (the simple multiplier will only
work well with good clean sine waves).

AM Demodulation

The ‘synchrodyne’ AM detector outlined in Figure 11 is
the ultimate in high performance AM demodulation,

AM in

DEMODULATED
OUTPUT

OPTIONAL
INVERTER

Fig11 High Quality PLL AM detector

offering vast improvements in linearity over conven-
tional diode detectors.

The PLL generates a squarewave reference phase
locked to the carrier frequency. The optional inverteris a
device which has a gain of either +1 or —1 depending
upon the control signal, which in this case acts as a syn-
chronous rectifier as described in (1) (I make no apology
for referencing my own article so much: somebody has
to.)

Conclusions

Hopetully, this article will have provided an insight into
some of the more popularapplications of the PLL.Thave
avoided detailed circuit diagrams and design equations
in this overview because specific details depend upon
which of the many PLL or PLL based ICs is used. How-
ever, there is a mini-project accompanying this article
based around the popular 4046 PLL from the 4000
series CMOS family which includes a detailed explana-
tion of the design process.
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Fig1 Basic circuit of the PLL

Frequency Meter
Range Extender

by Mark Robinson

he digital frequency meter (DFM) works by
counting the number of cycles of the test fre-
quency thatarrive during a known period (called
the gate time). If the gate time is made precisely
onesecond then the count will give adirect readingin Hz.

The problem with this though, is that no matter how
precise the gate time (and ovenised crystals can be very
precise) the reading can only be accurate to +1Hz. At
1MHzthis amounts to an error of only Ippm,butat 1kHz
it’s up to 0.1% and at 1Hz you might as well not bother,

The obvioussolutionisto count forlonger: counting
for 10 seconds gives a resolution of 0.1Hz, 100 seconds
gives 0.01Hz resolution and so on. There’s limits to how
far we can take this though, to get 0.1%at 1 Hz would take
nearly 17 minutes and even the most saintly wouldn’t
have the patience to wait for Ippm. Few commercial
DFMs have a date time longer than 100 seconds, and
most stop at 10 seconds.

This is where this project comes in. What it does is
multiply the input frequency by 10 or 100, increasing the
DFMs resolution 10 or 100 times without needing
lengthy date times. The circuit is also useful when
measuring low frequencies on oscilloscopes, since it
obviates the need to use the low timebase speeds, with
their associated flicker.

Presentation

The presentation of this project will be different to the
usual ETI format since it is intended {o follow up the
article on PLLs. For this reason more time will be spent
discussing the design philosophy and less on construc-
tion details. Although no PCBlayoutis given the circuitis
not too difficult to construct on stripboard, or even on

breadboard as and when it is required.

Design Procedure

The circuit is designed around the CMOS 4046 PLL,
which is ideal for low frequency digital applications. It
contains both exclusive-OR and type I1 phase detectors,
a VCO and an open drain source follower to buffer the
filter output. With a 9V power supply the VCO canreach
about 1MHz, although the 74HC version can manage
15MHz.

The basic circuit we are going to use is shown in
Figure 1, all we need to do is decide what the component
values are going to be.

The first decision to make is the frequency range of
the VCO. Since there’s little to be gained from multiply-
ing frequencies greater than IkHz, it seems reasonable to
set the maximum output frequency to about 10kHz This
would give maximum input frequencies of 1kHz on the
x10 range and 100Hz on the x100 range, Ideally the low
end should go down to DC.

Looking at the data sheet tells us that the VCO fre-
quency range is determined by the following equations;
frin=1/(R,C,)

Frae=l/(RiCy)H,
Missing out R, altogether makes fin as low as possible,
and thenR; 100k and C, =820pF givesusanf_, ofabout
12kHz.

A capture range this large introduces a couple of
problems. First, all frequencies below 6kHz have at least
one harmonic within the capture range, which rules out
thetype | phase detector. Itwouldn’t be agoodideatouse
atype I detector anyway, because we can’t be sure of the
input duty cycle and the residual ripple could cause
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trouble for the DFM. The second problemis that we have
tobe careful about stability,and a pole-zero filteris pretty
much essential. With thatin mind, let’snow turn to the fil-
ter design. What we want from the filteris along time con-
stant to reducejitter and noise sensitivity. However, since
the device is designed to replace the 10 second gate time,
atime constant (and hence settling time) longer than this
rather defeats the object. A compromise of 4 seconds was
used in the final design.

Circuit description

The complete circuit diagram of the DFM range exten-
der is shown in Figure 2. IC1 amplifies the input ten
times, and biases the input to IC2a to half rail. An AC
coupled amplifierisused, but the large capacitors ensure
acutofffrequency ofless than 1Hz. The inputimpedance
is about 500k.

Aftershaping by the schmitt trigger IC2athe signal is
applied to the PLL, whose operation has been described
previously, R6,R7 and C3 are the filter components and
R8, C4 select the VCO range. The multiplied output
appears on pin 4.

prefer to build iton breadboard as required, or dedicated
LF people could build itinto an existing DFM. Whatever
construction method you use., remember that the CMOS
chips are static sensitive and take the usual precautions.

Testing is simple enough, connect the unit to your
DFM or ’scope and apply a frequency of about 100Hz to
the input. Check that the frequency is multiplied by 10
and 100.

If there’s no response first check that a signal is
reaching IC3 pin 14, if not check the input amplifier and
IC2. If that's OK., temporarily disconnect pin 9 of IC3
from the filter and connectitto the wiper of a potbetween
Ov and 9v. Check that as the pot is turned a variable fre-
quency between 0 and 12kHzis generated onpin4.1fnot,
check the circuit around IC3 for mistakes or poor joints.
Check also that a divided frequency is available on pin 3,
suspect IC4 if this is not the case. If the circuit seems
sound, you may have despatched one of the chips with
static. If this is the case, replace the duff device and
remind yourself to be more careful next time.

Finally ensure that LED1 is lit when a frequency in
range is applied (up to 1kHz on the x10 range, or 100Hz

D1,2 = 1N4148

Fig.2 Circuit diagram of the PLL LF range extender
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1C4 is a dual decade counter whichis used to divide
the output by either 10 or 100, depending upon the set-
ting of SW 1. The third position of SW1 is used to remove
the power and bypass the circuit.

Pin 1 of the 4046 is labelled the ‘phase pulses’ out-
put, and provides a waveform whose mark-space ratio
depends on how far the look is out of lock. Internally, this
signalisused to control the type Il phase detector, but the
designers thought it useful enough to bring it out to a pin
of its own. In our case, the signal is averaged by R9, C5
and used to drive an ‘in lock’ indicator, LED1.

Construction and Testing

As mentioned earlier, I don’t intend to present detailed
construction information for this project. The circuit is
relatively straight forward, and can be easily built onto
stripboard, The occasional user of low frequencies may

on the x100 range), but extinguished when the input is
removed, or taken out of range.

Conclusion

The aim of PLL article and project has been to show that
designing around PLLs is not difficult, and can solve
some tricky circuit problems. If you're into decoding sig-
nal transmissions (modems, FSK,RTTY, CW and so on)
then PLLs are a godsend.

There are books filled with terrifying maths about
PLLs, and some designers will frown on the cut and try
method, insisting that the maths is essential. Admittedly,
for high performance applications cut and try might not
be good enough, but for less critical circuits (particularly
when using the 4046) perfectly good results can be
obtained as long as you're careful.

1)af0odd
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PROJECT

An indispensible flash unit
for photography by
Edward Barrow

n most flash units the range of control available

by the user is minimal, with usually only two

power settings catered for. All other control is

. automatic and access to information about the

control lines difficult to come by. The main disadvan tage

of commercial flash units is that they are purpose

designed to give a high powered flash of fairly long dura-

tion, To make them simple to use usual ly only one shutter

speed can be used, usually called the flash sync speed.

Only at this speed will all the moving parts of the camera

work in synchronism. This speed is usually a 60th, 125th

or 250th of a second at the maximum, which is too slow
for high speed photography.

This two-board project covers the area that lies out-
side of the domain of commercial flash units. A Xenon
tube produces the light output with three basic switch-
able power settings. But to broaden the range of control a
thyristor is also used to switch the power to the tube off.
Using mains power fast recycle times can be obtained
and so fast powerful strobes obtained.

A separate board has been built to trigger the tube.
Firstly it allows the Xenon tube to be used as a strobe by
repeatedly triggering it. This allows movements to be
recorded on one exposure. The number of flashes can be
setorjustleftto free run. Of course the frequency of these
flashes is presettable.

This board also controls the power and outputdura-
tion of the flash. Five output durations are catered for;
2us, 10ps, 100ps, Ims, 10ms, all of which are switchable.
Alternatively afeedback arrangement can be used to turn
off the Xenon tube after %, of its light power has gone.
Thisisuseful asitis the remaining /; that accounts for the

longest part of the flash, usually called afterglow, and by
removing this a clean fast flash is obtained.

No direct interfacing is required with the camera as
this is a stand alone project. Usually the camera’s shutter
is left open and the flash used as both the source of light
and the timing mechanism. The exposure time thus being
that of the flash duration, and this allows very fast equi-
valent shutter speeds so fast movements may be frozen.
The strobe is particularly useful for time lapse photo-
graphy where multiple exposures can be taken on one
picture showing the passage of time.

Theory

A full block diagram, Figure 1, has been included to ease
this section along. The key to this circuitis understanding
the workings of Xenon tubes. In the main these tend to be
a U shaped tube of glass filled with the inert gas, usually
Xenon, see Figure 2. There are other inert gases such as
Helium, Argon, and Krypton, but Xenon is preferred as
the light it emits has almost an identical spectral content
to daylight. This fact is very important in colour photo-
graphy to retain accurate colour balance when using day-
light compensated film. Inert gases also need to be used
to prevent reaction with the internal wires as the combi-
nation ofhigh currents and temperatures make gases par-
ticularly reactive.

There are three connecting wires to the tube each
with its dedicated function. The first connection is the
cathodewhichisrecognised by a small plate attached to it
inside the glass tube. This plate is usually coated with a
small amount of a reactive metal such as Barium. The
metal acts as an electron donor, and as we know when
metals react they donate electrons so the more reactive
the metal the better it is at donating. Barium is used in
preference to more reactive metals such as Sodium and
Potassium as it has a much higher boiling point and so its
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lower volatility keeps it on the cathode where it should be
and not on the walls of the tube. More will be said about
the function of electrons in the process of light produc-
tion later.

The other connection at the end of the tube is the
anode which is just a piece of wire. The middle wire is
attached to the outside, secondary anode. Thisis usually
just a flat piece of metal wrapped around the outside of
the tube near the anode and cathode.

To operate the tube firstly a primary high voltage
source must be present across the anode and the cathode
(-), thisisusuallyin the range of 300 to 400 volts for small
Xenon tubes. This voltage in itself is not great enough to
cause breakdown of the tubeundernormal conditions. A
much higher one, around 3000 volts would be required
to do this. Nothing willhappenuntil the secondary ancde
is momentarily raised about 4000 volts above the
cathode. This trigger pulse causes the resistance of the
tube to fall to about 1 ohm and a flash of lightis then pro-
duced.

NEGATIVE CHARGED
ELECTRONS

POSITIVE IONS MOVING
MOVING WARDS
TOWARDS ANODE

METAL PLATE ON
THE INSIDE WITH
< ELECTRON DONER

E METAL RINGS
AROUND THE
OUTSIDE

PRIMARY SECONDARY CATHODE -
ANODE + ANODE ++
(a00V) (400V)

Fig.2 Xenon Flash Tube detail

The actual mechanism that produces the pulse of
light is an avalanche one. When the secondary anode is
triggered with a high voltage, the Xenon gas inside the
tube is momentarily ionised. This is particularly stressful
for an inert gas whose electron structure makes it
extremely stable, and unwilling to forego any of its elec-
trons.It’s the generation of these ions that allows conduc-
tion across the tube, starting the avalanche process. Elec-
trons from the cathode especially the electron donors
collide with other Xenon atoms stripping them of some
of their electrons. The movement of both the ions and
their electrons across the tube conveys charge and gener-
ates an electric current. Once started the primary voltage
source provides the main power to continue the process
of striping of electrons. The current causes the gas to glow
by a simple heating process, rather like a tungsten fila-
ment bulb. The difference being that the specific heat
capacity of the gas in this tube is very small and the cur-
rent flowing through it very great, so the gas heats up and
cools very quickly. A series of curves have been drawn in
Figure 3 which show the voltage, current and light output
for a typical tube.

The primary voltage source in most circumstancesis
a capacitor charged up to around 400 volts. Thus the
energy transfer is fixed at ’2CV? . But more importantly
the impedance of the voltage source is very low, and so

very high momentary currents are obtainable. It is the
level of the current that determines the output power and
duration of the flash. With a resistance of 1 ohm when
conducting, currents can be as high as 400A are
demanded, something which conventional power sup-
plies could not achieve.

As a result, very careful consideration is required
when choosing capacitors. In particular attention must
be paid to the value of the capacitor’s series inductance.
As odd as this may seem most capacitors have some
series inductance, and some have quite large amounts
due to the shape of their design. The worst of these are the
ones thatare rolled up in a can, this means all electrolytic
and some polyester capacitors. Unfortunately electroly-
tics are the only capacitors that can deliver large capacit-
ance with low volume especially at high voltages. The
only other way is to parallel lots of smaller layered poly-
ester capacitors. As we all know if we try to change the
currentflowing through aninductor, the inductor doesall
in its power to resist this by altering the voltage at its ter-
minals. So when we suddenly call upon the capacitor to
generate current the inductance attempts to stop this
raise in current and thus causes a sense of inertia in the
performance of the capacitor. In simple terms the rise
and fall times of the capacitor will be slow, causing low
light output and long afterglow. The representations in
Figure 4 show this point for a charged capacitor when the
switch is closed.

Ci>C2=0C1
c3
c2
C1—
CURRENT THROUGH XENON TUBE
A
Vvary
c3
c2
Cl—
VOLTAGE ACROSS TUBE
A
c3
c2
ci -
LIGHT OUTPUT
Fig.3 Current, voltage and light output characteristics
of tube

The rise time can be increased by using a smaller
capacitor, which will give you a smaller flash, Or using a
layered capacitor. The problem of afterglow is easily
remedied by the use of a thyristor to discharge the capaci-
tor after the bulk of the power has been drained from the
capacitor.

A trigger transformer is used to generate the
required 4000V pulse using a small amount of the pri-
mary voltage as a source. A thyristor is used to switch the

1)af04d
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PROJECT

transformer on electronically, allowing smaller voltages
to control the switching process.

The overall power source is the mains which is
bridge rectified and used to charge the capacitor.

The strobing operation was built around a ten stage
Johnson counter. A timing diagram has been included to
explain its workings (Figure 5). Suppose we start when
the power has just been switched on. At this point all the
counters outputs are low, thus the diode D1 will be
reversed biased and so it can be left out of the equation.
The input of the invertor IC4a will also be low thus its
output will be high. With this combination the NOR gate

SWITCH
L e O[T

COLLAPSING
MAGNETIC FIELD
CAUSES A
REVERSE EMF

SERIES
INDUCTANCE

ALoan
<

+| cAPAcrOR
== THATIS

A [ CHARGED

ACTUAL
DISCHARGE

IDEAL
DISCHARGE
CURVE

— -

TIME

Fig.4 High voltage discharge arrangement

created out of an OR gate IC5d and an invertor IC4b will
have one of its inputs low while the other will be high, so
its output will be low. As the invertor IC4a is configured
as a simple feedback oscillator eventually its output will
start oscillating. The frequency of this will be dependant
on the variable resistor RV1 and the capacitor C5. The
NOR gate will pass on these pulses until n have been
generated. Then On will go high, permanently forcing the
output of the NOR gate low. Also the diode D1 will now
be forward biased and pull the oscillator’s input high,
hence stoppingoscillation. Now the output of the oscilla-
tor is low.

This state of affairs would remain until a reset pulse
is sent to the memory reset pin of the counter. Then On
will be driven low and immediately the output of the
NOR will be forced high (as both its inputs are now low).
After n pulses the stationary state will arise again until
another reset pulse occurs. The NOR gate output gener-
ates the strobe pulses.

Memory reset pulses are generated by either a push
switch or an external signal which are both ORed and
then pulse converted. Please note that the free-run oper-
ation is achieved by inverting the output of the former
OR gate before pulse conversion and using this as an On
output. So for example when this mode is selected, and
the switch SW1 is pressed the clock oscillator will be
enabled and stopped when it is released.

To obtain accurate timing of the flash duration a
monostable was used, a full timing diagram from start to
finish was included in Figure 7. This is triggered by either
the strobe clock generated above, or the push switch/
external source combination generated by the OR gate

IC5b. After triggering, this monostable produces a single
pulse of a duration set by a timing resistor and capacitor.
The output is used firstly to trigger the Xenon tube, but
moreimportantlyitisused to turn offthe tube after the set
time. This is done by inverting the signal and pulse con-
verting it. Thus a pulse is generated after the mono-
stable’s output returns low after the set time period. This
pulse is used to trigger the thyristor that grounds the pri-
mary storage capacitor on the flash tube board.

If the alternative mode is selected, again the Xenon
tubeistriggered by either of the combinations selected by
SW3. But the tube is now turned off after two-thirds the
primary storage capacitors energy is expended. This is
easily done using a comparator to monitor the voltage
across the capacitor in question. The comparator’s posi-
tive input is a fixed representation of a third of the full
charge level, while the negative one is a representation of
the actual state of the capacitor. So normally before trig-
gering, the output of the comparator is low (the positive
being less than the negative). But when the Xenon tube is
triggered the negative input voltage starts falling until it
reaches the third way level then the output of the com-
parator will switch to high. It is this output that is pulse
converted and used to trigger the thyristor to turn off the
Xenon tube. Again a full timing diagram is included this
time in Figure 7.

MEMORY RESET
PULSE OCCURS
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06

E

\/W\/\/— {NPUT OR INVERTER

—

p— —
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e hd L -

o

| INPUT TO COUNTER
- -

TIME =z

Fig.5 Timing waveforms

Construction

The tracks on the flash board were made using quite
heavy copper due to the high voltages and currents
involved. When soldering use lots of solder to give good
contacts. Do not under any circumstances omit the fuse
from the mains circuit. This is very important as this
board is running directly off the mains and this is your
only form of isolation. Common sense prevails when
mounting the components. The small ones like resistors
go in first then thyristors and the transformer, finally the
external components.

The bridge rectifier BR2 should be a high voltage
high current variety, eg W004. Use wire wound resistors
for R22 and R23, 2 watt varieties should be sufficient as
the currents are not constant but only instantaneous. As
the storage capacitors were large they were mounted
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A
i Skt el il applies; only work with one hand behind your
SURRERTELOWING back, using well insulated probes. This means
! XENON TUBE WITHOUT |  you cannot setup acircuit through your body by
: holding both a high voltage line and ground at
! = the same time. Secondly the storage capacitors,
A SLOWER DUE TO DELAY IN do exactly what they say and store charge, even
/ | after the power has been switched off. Before
{ you start poking around make sure there is no
v ) residual charge, the best way is to touch a screw
! ACTUAL WAVEFORM Egﬁé@fﬁcﬁ?‘é ur driver across the two termin.als, if it .is charge'd
\ifixed | —————~— you should see a spark. All in all, this board is
! = very simple, not much can to go wrong, except
A : the thyristors being reverse connected. Ot the
1| electrolytics have their polarities back to front.
! When ready select a storage capacitor and
- switch on the power to see if there is about 350
volts DC acrossit.If you do nothave a high volt-
O AR ATONS age meter, then check the VARY line. It should
s read 3.5 volts. Next momentarily touch a 12 volt
H B supplylineacross the trigger line and the ground
A ! line. The Xenon tube should flash at full power.
] Do the same for the other two storage capaci-
o 1MT__‘_ tors. Each one should give a different flash
G EIERIPULISE intensity depending on the size of its capacit-
BUFFERING THIS ance.
OF THE TURN OFF If you have problems switch off the power,
JrYRsTon discharge the capacitor then startlooking. If you
= find that the tube flashes only once after power-
Fig.6 Timing diagrams for thyristor ing up, then you may have chosen a thyristor

external to the board and heavy wire used for connection
to the board and the switch. Don’t be tempted to use very
large value capacitors as these will shorten the life of your
Xenon tube and may even destroy it on the first go.

Check that you have wired the trigger transformer
the right way round, ie the thick wire is the primary and
the thin the secondary. Any mistakes here and you will
have to foot the bill for a new one. Thyristors have defi-
nite polarities and must be putin the right way orelse they
don’t work, so stop, think and consult your data book.

When it comes to mounting the Xenon tube some
fore-thought is needed especially when choosing a suit-
able box. In the prototype I mounted a mirror behind the
tube so as to obtain the maximum amount of light on the
subject. This isimportant to bear in mind if you are using
the smallest capacitor setting which doesn’t give out
much light anyway. The mirror I used was convex, with a
short focal length. This is useful for macro photography
as it allows the light to be focused on one small spot. It is
also useful to fit a piece of frosted plastic over the tube to
act as a diffuser.

The second board is more standard. Again resistors
and small bits first, then larger bits. [ used IC sockets on
this board which is useful when using CMOS ICs, which
you should handle with the usual caution. The regulated
power supply is included on this board and is quite
simple. An external transformer was used to step down
the mains. :

Testing

Before I startI must warn you to exercise extreme caution
when testing the flash board. You are dealing with some
high voltages and so the old rule from the days of valves

with a' small holding current. Whatis happening
is that after the first triggering R29 is providing enough
current to keep the thyristor in its conducting state, so it
never switches off and allows C17 to recharge. The
easiest solution is to use a more powerful thyristor, as this
also increases the holding current.

No draconian measures are required for the second
board as it is a low voltage one. Firstly check the power
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Fig.7 Logic pulse shaping and current through tube

ETI JUNE 1992




supply is supplying power to the correct parts of the cir-
cuit. Testthe oscillator is working by selecting the freerun
mode, and pressing SW5. Monitor pin 13 on IC1, when
its pressed it should start pulsing, with the frequency
dependanton VR 1.Ifyou are having problems check that
both R4 and RS are in place, as these tie the OR gate’s
inputs low. Also the polarity of D1 may be wrong.

Still monitoring pin 13, select a setnumber of pulses
from SW1, and press SW5. Problems here could arise
from aresetpulse not getting through to the memoryreset
pin,pin 15. An oscilloscope should alert you of any prob-
lems here.

To test the monostable again select freerun on SW1
and strobe on SW3. Monitor pin 3 on IC2 with an oscil-
loscope while pressing SW3. You should see a series of

fine pulses whose width
varies with the resistor
selected by SW2. Also
check the output of
IC5c. It should also be a
series of pulses all of the
same width.

The comparator

QUTPUT
OF BRIDGE
RECTIFIER

Fig.8 Thyristor characteristic

| can only be tested by

connection to the flash
board. After connection
selectone step with SW3
and change the mode on

THYRISTOR TURN OFF
HERE EVEN IF GATE IS
NO LONGER TRIGGERED

SW4. Then observe pin 7 on IC3 while pressing SW5.
Every time the Xenon tube flashes, the outputline should
go high, turning on the thyristor. Also LED 2 should flash
on. If there are any problems look at the VARY and
FIXED input lines, they should preform to their names.
Again check that IC5¢’s output is a series of fixed width
pulses.

In Use

Before jumping feet first and wasting a roll of film, stop
and think what you are actually trying to achieve. The first
thingis to select which storage capacitor to use. Here are
some points to bear in mind;

The distance of the subject away from you. The further
away it is the more power you need. Remember that light
obeys aninverse square law, ie if you double the distance
you geta quarter of the light. So don’t try to get flash filled
pictures of the moon.

The smaller capacitors will give high speed flashes with
faster recovery times, but less light.

If you want to use the low power setting for high speed
photography, then remember to use high speed film to
compensate for the low amount of light, try something
greater than 400ASA.

The usual way to use this unitis to set up the camera
in a dark room and while leaving the shutter open trigger-
ingtheflash. Thisis easily done by puttingthe camerain B
setting, now the camera’s shutter is open when the shutter
button is depressed. I use a cable release to do this while
the camera is mounted on a tripod. Most cable releases
have a lock facility, so you don’t have to keep your finger
on the button.

The disadvantage of this method is that you have to
by-pass the camera’s lecrlnL‘:dnd so you are flying blind
so to speak. So some experimenting is needed to ascer-

tain the light output of each setting before the unitis used
seriously. Remember you can use the aperture to
increase or decrease the light getting to the film, even
though the shutter is left open.

To use the strobe, firstly set the speed to record the
movement and then the number of flashes. Try not to
overkill on the speed or the number of the flashes used on
one exposure as this leads to the burning out of the pic-
ture in any region where there is no movement. If you are
usingthe strobe on a human figure thenitis best to use the
full power setting with the flash duration set to 10ms.
High speeds are not necessary as movements are not so
fast.

HOW IT WORKS

On the flash board a simple power supply was made using a bridge rectifier
to convert the mains to a DC voltage. Because the source is the mains, its
voltage rises and falls every 1/100th of a second. This means the storage
capacitor may take longer to charge as it needs to wait for at least one peak.
So bear this in mind when you are choosing the speed of strobing and the
storage capacitor to use. A resistor R22 was included to prevent large cur-
rents flowing when the unit is switched on, or when the strobe facility is
used on the highest power setting. The present value limits the current to a
maximum of 2A,

Anotherisolating resistor, R23, is used to again limit currents in the lat-
ter part of the circuit to 1A, There is a choice of three storage capacitors. |
used a4{1-3) way rotary switch to select the capacitor, with all 4 parts of the
switch used in parallel so as to reduce the effective resistance of the switch,
Thisisimportantasitis the ability of the capacitor to provide current quickly
and in large quantities. This ensures fast bright flashes.

The thyristor used to end the flash {TH1) was obviously of the high
power variety, handling around 10A RMS, Being RMS, they can handle even
higher instantaneous currents, so discharging the capacitor should be no
problem. Trigger currents for these varieties are usually in the region of
20mA. Once triggered, thyristors remain in the conducting state until the
current flowing throughthem falls below what s called their holding current
1usua!|~,r around 35 mA for such devices). As the source of power is the
mains, the power waveform looks ike Figure8, so the thyristor should turni it
self off when the mains power cycle falls to zero.

The trigger transformer used runs on about 200V so a voltage divider
was used to drop the supply to this level. This charges a capacitor C17 which
holds the necessary charge to trigger the tube. The other end of the capaci-
doris tied to ground via the primary of the trigger transformer, Another simi-
lar thyristor is used to trigger the tube. This is done by thethyrlstor ground-
ing the positively charged end of the capacitor (C17), thus causing a sudden
current to flow from the other end of the capacitor through the primary of
the transformer. The result in the secondary is a pulse of about 4000V,

Avoltage divider with a ratio of 1.3:100 was used to generate a usable
signal to tell the state of the storage capacitor {VARY line), this feeds the
negative input of the comparator. A second voltage divider with a ratio of
1:100withalso a smoothing capacitor generates the fixed half charge signal
(FIXED line) for the positive input of the comparator,

Turning to the second board, there are two ways of triggering this cir-

If you are going to use the unit for macro work try
using a convex mirror as mentioned before to focus the
light on the subject.lalso mountthe uniton a small tripod
when doing this as this allows accurate setting up and
good control of the positioning of the flash unit. Exercise
some common sense and do not point the unit in the
direction of the lens as you will either get silhouettes or a
blank white print. Keep the unit on the same side as the
camera so it only picks up reflected light.
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Fig.9 Xenon flash triggering circuit

cuit. Using the switch SW5 which is debounced firstly, or an external digital
source via theinput ine. Both of these feed an OR gate. Thereis an oscillator
built around the invertor IC4a has been designed to operate within a fre-
quency range from 30Hz to around 1Hz, and is set by RV1. This sets the fre-
quency of strobing.

The monostable was built using the CMOS version of everybody's
favourite timer chip, the 555. After receiving a trigger pulse on pin 2 the out-
put, pin 3, goes high for the preset period of time. Here the timing capacitor
{C9)is fixed and its the resistor value that is variable, here selected by SW2.
Each of the values have been chosen to give the flash durations mentioned
before in the specifications.

The comparator used to monitor the storage capacitor has some added
positive feedback to ensure clean, fast switching. Also note thatits output s
anopen collectorand so needs a pull up resistor for normal working. Before
connection to the thyristor on the other board the output of the comparator
was puise converted by C11, R19. The time constant for this combination

was chosen so as to generate a pulse of 20ms width. This should be enough
toallow the thyristor to discharge the storage capacitor. The pulse convertor
was buffered by a spare OR gate IC5¢ before a final buffering by  transistor
toraise the output current switching to around 20mA for the thyristors. Note
thatthe outputto the trigger thyristor was also buffered by the same means.

The spare comparator on the LM393 was used to display the state of
the storage capacitor. It uses the VARY line to illuminate a LED when the
capacitor's charge falls below half its peak value.

This board is driven by a small mains 12V power supply. A 1A regul~tor
being used to stabilise the smoothed output of the rectifier BR1.

XENON TUBE
TO MAINS
ON OTHER
BOAAD
R27 R29
i M0 47k T2
+ +
L AL AL A23
— 5=
P T STUTS
15 fz22n |0 A28 Rao L. c12
" v |asov 13k 100k™ 22n
© o A24
470R
SW7 T2
_ Lol
Fig.10 Power supply for flash tube sTOP FIXED VARY TRIGGER
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RESISTORS SEMICONDUCTORS SW1=10 WAY ROTARY SWITCH
A1=3k1 01,28C109C SW2=5 WAY ROTARY SWITCH BUYLINES
R2,351416,25=10k  D2=bmm RED LED W3=SPDT MINIATURE TOGGLE ; ; i
R4S 30=1200k (1401710 STAGE JOHNSON gW4=SPDT MINIATURE TOGGLE Althemeainstream components reavailabl rom most supplers Afewof
RB=1) COUNTER SW5=PUSH TO MAKE SWITCH nOn LOCKING the others may need alittle humrpg around fo find. The high \fcitage capaci-
RTI1=22k IC2=ICM7555P CMOS 555 TIMER ~ SWE=DPDT MINIATURE TOGGLE Jors are not too common especially the large values. Maplin do however
RY 93.24=470R CHIP SW7=4{1-3WAY) ROTARY SWITCH have a small range of high voltage electrolytics. Remember the higher the
H1ﬁ18r=2k2 IC3-LM393 DUAL COMPARATOR voltage rating the better, so do nat be inhibited to use 600 volt ones. Most
H12; 220k IC4=40106 HEX SCHMITT suppliers stack some breed of high current thyristors and most are housed
R13=0M2 INVERTORS instandard packages. Maplin also stock a range of Xenon tubes and suitable
RT5.20=4k7 IC5=4071 QUAD OR GATES transformers, but their transformer packages vary from the Tandy one |
Hﬁlzﬁ 27-1M0 BR1-W005 1 RECTIFIER used so you may have to alter the PCB layout to suit. When choosing a
R21‘ 3 ;Skﬁ BR2-W04 400V RECTIFIER Xenontube study the data given. Laok especially at the maximum flash rate
H25=Tﬂﬂﬂ TH1=10A THYRISTOR at maximum power, usually this liesin the range from about 1 persecondto
ROB=13k TH2=10A THYRISTOR 60 per second. A faster one is best for strobing, while slower ones usually
R29=47k REG1=7812 +12 VOLT REGULATOR give larger amounts of light output. The guide for the amount of light is
R32:343 MISCELLANEQUS maximum energy per flash, usually given in Watt seconds or Joules.
FUSE 1= 5A Fuse
CAPACITORS. TR1=12V 6VA TRANSFORMER
C12=2204ELEC  TR2=4000V XENON TUBE TRIGGER TRANSFORMER
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Fig.11 Component overlay of Xenon tube supply
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AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179 (PPC1512DD). £179 (PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSU.

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each

4ohm impedance and consisting of 6 1/2" woofer 2" mid range and
1" tweeter. |[deal to work with the amplifier described above. Price per
pair £30 00 Order ref 30P7R.

2KV 500 WATT TRANSFORMERS Suitable for high voltage
experiments or as a spare for a microwave oven etc, 250v AC input

Now only £4.00 ref 4P157

MICROWAVE CONTROL PANEL. Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay
outputs one for power and one for pulsed power (programmable).
Idea for all sorts of precision timer applications etc. Now only £4.00
ref 4P151.

FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black
PVC. Five metre length £7.00 ref 7P29R

12V SOLAR CELL 200mA cutput ideal for trickle

charging etc. 300 mm square. Our price £15.00 ref ‘ﬁ

15P42

PASSIVE INFRA-RED MOTION SENSOR.
Complete with daylight sensor, adjustable ights

on timer (8 sacs -15 mins), 50' range with a 90

L:{__'

&

deg coverage Manual overide facifty. Com- L
plets with wall brackets, bub holders efc Brand iy #7
new and guaranteod. Now only £19.00 ref ek

19P29
Pack of two PAR38 bulbs for above unit £12,00 ref 12P43R
VIDEO SENDER UNIT Transmit both audio and video signals
from either a video camera, video recorder or compuler to any
standard TV set within a 100' range! (tune TV to a spare channel)
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref
5P191R
FM TRANSMITTER houssd in a standard working 13A
adapter (bug is mains driven). £26.00 rel 26P2R
MINATURE RADIO TRANSCEIVERS A pair of %
walkia talkies with a rangs of up 1o 2 kilometres Units
measure 22x52x155mm. Complete with cases. 230.00
ref 30P12R
FM CORDLESS MICROPHONE.Small hand held unit with a S00*
range! 2 iransmit power levels reqs PP3 battery. Tuneableto any FM
receiver. Our price £15 ref 15P42AR
12 BAND COMMUNICATIONS RECEIVER.9 shon [
bands, FM, AM and LW DX/local switch, tuning 'eye’ mains
or battery. Complele with shoulder strap and mains lead
NOW ONLY £19.00!! REF 19P14R.
CAR STEREO AND FM RADIOLow cost stereo system giving
5 watts per channel. Signal to noise ratio better than 45db,
wow and flutter less than 35%. Neg earth. £19.00 ‘ _l
ref 19P30
LOW COST WALIKIE TALKIES.Pair of battery op- -
erated units with a rangs ot about 200", Ourprice £8.00 T
& pair ref BPS0R
7 CHANNEL GRAPHIC EQUAUZERlus a 60 watt powar amp!
20-21KHZ 4-8R 12-14v DC negative sarth Cased. £25 ref 25P14R,
NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref
4P44R. 2 x C's £4,00 ref 4P73R, 4 x D's £9.00 ref 9P 12R, 1 x PP3
£6.0" ref 6P3SK
TOV.ERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The ultimate equivalents book. Latest edition £20.00 ref
20P32R
CABLE TIES. 142mm x 3 2mm white nylon pack of 100 £3,00 ref
3P104R. Bumper pack of 1,000 ties £14.00 ref 14P6R

GOT A CARAVAN OR BOAT?

NEW 80 PAGE FULL COLOUR LEISURE CATALOGUE

2,500 NEW LINES FREE WITH ORDER ON REQUEST
OR SEND £1.00

GEIGER COUNTER KIT.Complete with tube, PCB and all compo-

nents to build a battery operated geiger counter. £39 00 ref 39P1R
FM BUG KIT.New design with PCB embedded coil, T its to

VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 59P4R

25 WATT STEREO AMPLIFIERc. STKO043. With the addition of
a handful of components you can buikl a 25 watt ampiifier. £4.00 ref
4P69R (Circuit dia included)

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827R.
ALARM TRANSMTTERS No data avaliable but nicely made
ion, £4 00 each ref 4P81R.
12V 19A TRANSFORHER. Ex equipment but otherwise ok, Our
price £20.00

GX4000 COMPUTERS. Customer retumed games machines
complete with plug in game, joysticks and power supply. Retail price
is aimost £100. Ours is £12.00 ref B12P1t

ULTRASONIC ALARM SYSTEM. Once agsin in stock these
units consist of a detector that plugs into a 13A socket in the area to
protect. The receiver plugs into 8 13A socket anywhere else on the
same supply. Ideai for pi ges, sheds etc. C L
system £25,00 ref B25P1 addlﬂonal detectors £11.00 ref B11 P1
IBM XT KEYBOARDS. Brand new 86 key keyboards £5.00 ref
5P§12

IBM AT KEYBOARDSBrand new 86 key keyboards £15.00 ref
15P612

386 MOTHER BOARDS. Customer returned units without a cpu
fitted. £22 00 ref A22P1

{ BSB SATELLITE SYSTENS Y
BRAND NEW
REMOTE CONTROL
\_ £49.00 REF Fa5P1 i

286 mTHER BOARDS. Brand new but customer returns so may
1. G with technical manual £20.00 ref A20P2

286 MOTHER BOARDS. Brand new and tested complete with

technical marual. £49.00 ret A49P1

UMNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and

PP3 nicads. Holds up to 5 batteries at once. New and cased, mains

operated. £6 00 ref 6P36R

IN CAR POWER SUPPLY.Plugs into cigar socket and gives

3,4,5,6,7.5,9, and 12v outputs at 800mA. Complete with universal

spider plug. £5.00 rel SP167R

RESISTOR PACK.10 x 50 values (500 resistors) all 1/4 watt 2%

metal film. £5.00 ref SP170R

MIRACOM WS4000 MODEMS
vai/23
AT COMAND SET
AUTODIAL/AUTOANSWER
FULL SOFTWARE CONTROL
TONE AND PULSE DIALLING
£29 >

1BM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel.
£5 00 ref SP186R

COPPER CLAD STRIP BOARD 17" x 4" of 1" pitch “vero”board
£4.00 a sheet ref 4P62R or 2 sheets for £7.00 ref 7P22R

STRIP BOARD CUTTING TOOL.£2 00 ref 2P352R.

50 METRES OF MAINS CABLE £3.00 2 core black precut in

‘

any FM radio. 9v battery reg'd. £5.00 ref 5P158R
FM BUG Built and tested superior 9v operation £14.00 ref 14P3R
COMPOSITE VIDEO KITS. These convernt composite video into
separale H sync, V sync and video. 12v DC, £8 00 ref 8P39R
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 rpm 6"x4" 1/4"
O/P shaft. New. £20.00 ref 20P22R.

As above but with fitted 4 to 1 inine reduction box (800mpm) and
toothed nylon belt drive cog £40.00 ref 40P8R

SINCLAIR C5 WHEELS13" or 16" dia including treaded tyre and
innertube. Wheels are black, spoked one piece poly carbonate. 13*
wheel £6 00 ref 6P20R, 16" wheel £6 00 ref 6P21R,
ELECTRONIC SPEED CONTROL KiTior c5 motor. PCB and all
components to build a speed controller (0-95% of speed). Uses
puise width modulation. £17.00 ref 17PIR

SOLAR POWERED NICAD CHARGER.Charges 4
AA nicads in 8 hours. Brand new and cased £6.00 ref

BP3R.

12 VOLT BRUSHLESS FAMN4 1/2" square brand new ideal for
boat, car, caravan etc. £5.00 ref SP206

ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others. Includes mains adapter, leads and book.
£15.00 ref 15P43R

VIDEQ TAPES. Three hour superior quality tapes made under
licence from the famous JVC company, Pack of 5 tapes New low
price £8.00 ref 8P161

PHILIPS LASER. 2MW HEUWUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R.
12 TO 220V INVERTER KITAs supplied it will handle up to about
15w al 220v but with a larger transformerit will handle 80 watts, Basic
kit £42.00 ref 12P17R Larger transformer £12.00 ref 12P41R
VERO EASI WIRE PROTOTYPING SYSTEMIdeal for design-
ing projects on etc. Complete with tools, wire and reusable board
New low bargaln price onty £2.00 ref B2P1

HIGH RESOLUTION 12" AMBER MONITORI 2v 1.5A Hercu-
les compatible (TTL input) new and cased £22.00 ref 22P2R

2 m lengths. Ideal for repairs and projects. ref 3P91R
4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenient 1.2 m lengths, Ref 2P365R

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plate for
easy fixing £2.00 rel 2P366A

COMPUTER MICE Originaily made for Future PC's but can be
adapted for other machines. Swiss made £8.00 ref 8P57R, Atari ST
conversion kit £2:00 ref 2P362R

6 1/2" 20 WATT SPEAKER Built in tweeter 4 ohm £5.00 ref

5P205R

WINDUP SOLAR POWERED RADIO] FM/AM radio takes re-
ble b lete with hand charger and solar panel

14P200R

COMOMORMAAD: WAZGM “CH

PC STYLE POWER SUPPLY Made by AZTEC 110v or 240v
input, +5@ 15A,+12@ 5A-12@ 5A,-5@ .3A. Fully cased withtan,
on/off switch, IEC inlet and standard PC flyleads. £15.00 ref F15P4
ALARM PIR SENSORS Standard 12v alarm type sensor will
interface to most alarm panels. £16.00 ref 16P200

ALARM PANELS 2 zone cased keypad entry, entry exit time delay

HEGUE]

etc. £18.00 ref 18P200

MODEMS FOR THREE POUNDSII

Fully cased UK modems designed for dial up system (PSTN) no data
orinfo but only £3.00 ref 3P145R

TELEPHONE HANDSETS

Bargain pack of 10 brand new handsets with mic and speaker only
£3 .00 ref 3P146R

BARGAIN STRIPPERS

[of boards. Loads of switches and i
value atf£1, 00 ref CD40R

DATA RECORDERS

Customer returned mains battery units builtin mic ideal for Computer
of general purpese audio use. Price is £4.00 ref 4P100R
SPECTRUM JOYSTICK INTERFACE

Plugs into 48K Spectrum 1o provide a standard Atari type joystick
port. Our price £4.00 ref 4P101R

ATARI JOYSTICKS

Ok for use with the above intertace, our price £4.00 ref 4P102R
BENCH POWER SUPPLIES

Superbly made fully cased (metal) giving 12v at 2A plus a 6V supply.
Fused and short Greuit protected. For sale at less than the cost of the
case! Our price is £4.00 ref 4P103R

SPEAKER WIRE

Brown twin core insulated cable 100 feet for £2.00 REF 2P79R
MAINS FANS

Brand new 5" x 3* complete with mounting plate quite powerfull and
quite, Our price £1.00 ref CD41R

DISC DRIVES

Customer retumed units mixed capacities (up to 1.44M) We have not
gorted these so you just get the next one on the shelf. Price is only
£7 00 ref 7P1R (worth it even as a stripper)

HEX KEYBOARDS

Brand new units approx 5° x 3 only £1 00 each ref CD42R
PROJECT BOX

51/2" x 312" x 1" black ABS with screw on hd. £1.00 ref CD43R
SCART TO SCART LEADS

Bargain price leads at 2 for £3.00 ref 3P147R

SCART TO D TYPE LEADS

Standard Scart on one end, Hi density D type on the other. Pack of
ten leads only £7.00 ref 7P2R

OZONE FRIENDLY LATEX

250mi bottie of liquid rubber setsin 2 hours. Ideal for mounting PCB's
fixing wires etc. £2,00 each ref 2P379R
QUICK SHOTS

Standard Atan compatbie hand "
prics is 2 for £2,00 ref 2P380R
VIEWDATA SYSTEMS

Brand new units made by TANDATA complete with 1200/75 built in
modem infra red remote controlled qwerty keyboard BT appproved
Prestel compatible, Centronics pnmer port RGB colourand compos-
ite output (works with ordi lete with power
supply and tully cased. Our pnoe is only 220 00 ref 20P1R

AC STEPDOWN CONVERTOR

Cesed units that convert 240v 10 110v 3* x 2" with mains input lead
and 2 pin American output socket (suitable for resistive loads only)
our price £2.00 ref 2P381R

SPECTRUM +2 LIGHT GUN PACK

complete with software and instructions £8.00 ref 8P5BR/2
CURLY CABLE

Extends from 8" to 6 feet! D connector on one end, spade connectors
on the other ideal for joysticks etc (6 core) £1 00 each ref CD44R
COMPUTER JOYSTICK BARGAIN

Pack of 2 joysticks only £2 00 ref 2P382R

BUGGING TAPE RECORDER

Small hand held rders that only op: when thereis
sound then turn off & seconds after so you could leave itin a room all
day and just record any thing that was said. Priceis £20,00 ref 20P3R
JEC MAINS LEADS

Complete with 13A plug our priceis only £3.00 for TWO! ref 3P148R
NEW SOLAR ENERGY KIT

Contains 8 solar cells, motor, tools, fan etc pius educational booklet
Ideal for the budding enthusiast! Price is £12.00 ref 12P2R

(same as joysticks) our

286 AT PC
266 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP-
PLY £139 REF 139P1 (no i/o cards or drives included) Some

atal work req'd phone for detalls,

35MM CAMERAS Customer returned units with builtin flash and
28mm lens 2 for £8.00 ref 8P200
STEAM ENGINE Standard Mamod 1332
engine complete with boiler piston etc £30
ref 30P200

TALKING CLOCK

LCD display, alarm, battery operated
Clock will announce the time at the,
push of a button and when the
alarm is due, The alarm is awitchable
from voice to a cock crowing!£14.00 ref 14P200R

HANDHELD TONE DJALLERS

Small units that are designed to hold over the mouth piece of &
telophone to send MF dialing tones. Ideal for the remote control of
answer machines. £5 00 ref 5P208R

COMMODORE 64 MICRODRIVE SYSTEM

Complete cased brand new drives with cartridge and software 10
times faster than tape machines works with any Commodore 64
satup. The orginal price for these was £49,00 but we can offer them
to you atonly £25.00! Ref 25P1R

ATARI 2600 GAMES COMPUTER Brand new with joystick and
32 game cartridge (plugs into TV) £29.00 ref F20P 1 also some with
1 game at£19.00 ref F19P2

BEER PUMPS Mains operated with fluid detector and electronic
timer standard connections Ex equipment. £18.00 ref F18P1

90 WATT MAINS MOTORS Ex equipment but ok (as fitted to
above pump) Good general pupose unit £8.00 ref FOP1

HI A SPEAKER BARGAIN Originally made for TV sets they
consist of a 4" 10 watt4R speaker and a 2" 140R tweeter. If you want
two of each plus 2 of our crossovers you can have the lot for £5.00
ref FSP2.

VIDEO TAPES E180 FIFTY TAPES FOR £70.00 REF F70P1
360K 5 1/4"Brand new drives white front. £20.00 Ref F20P1

IN SUSSEX? CALL IN AND SEE US!

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK
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It's time for detailed
power supply construction tection circuitry, mains safety and good regulation.
from Mike Meechan. This month, we move onto the more constructional

aspects of the design. I know that in Part 1 I was most

emphatic in stating and then reiterating at choice

astmonth’sissue, on the cover of this veryrespect- moments throughout the text thatit would be wiser not to

able magazine, revealed all. attempt ANY construction until all of the main parts had

What? No, not us, silly. The AutoMate 20. first been published. Although we will, in fact, discuss at

The most comprehensive mixer project ever pub-  some length the intricacies of the mechanics of the con-

lished in an electronics magazine. struction of the Power Supply Unit, this sound advice still
To briefly recap. So far, in the preceeding two parts  holds true and at present, no construction should be

of the saga, we’ve covered noise in the microphone pre-  attempted. As a way of explanation, I should mention
amplifier stages, choice of methods of amplification that the text and diagrams of the AutoMate series in its
open to us, pros and cons of both, and which of the two  entirety will occupy some one hundred pages or so.
will be included in this particular design and why.Inlast  Thirty or so pages of this total are of a constructional or
month’s instalment, we discussed the power supply unit,  unit calibrating/setting-up nature which, even to the
the features and performance which should be expected most deviant of our readers —the type who would wish
of it when it is to be used in a pro-audio, high quality  the whole article in a single issue —would prove some-
application, the importance of conservative design, pro- ~ what daunting and definitely off-putting, It is more logi-
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cal to adopt this more structured
approach and to discuss the con-
struction of each module as it is
presented. It will also provide some much-
needed comic relief from the ardours of a text
based purely on theory and circuit analysis.

Power Supply Constructon

The boards, heatsinks, transformer mountings and com-
ponent placings have all been optimised to fit into a 2U
high rack mounting case. The particular one that I used
was custom-designed (ad-man speak for home-made!)
and so was absolutely perfect as far as internal and exter-
nal width and depth dimensions were concerned. Com-
mercially-produced cases may need some dimensional
fine-tuning and trimming. For everything to fit as neatly
and compactly as in the photgraphed prototype but so
long as the case is no smaller than that specified, there
should be no problems in fitting all of the components
and wiring into the casing in a secure and workmanlike
manner. Refer to Figures 1, 2 and 3 for the dimensional
details.

Keeping The Right Connections

Itis an unfortunate by-product ofhigh power or high cur-
rent design that, for reasons of cooling, heatsinking, or
simply because of the sheer physical size or bulk of the
components use in this type of circuitry —toroidal trans-
formers, massive smoothing capacitors, rectifiers and
other power semiconductors — some of the necessary
circuitry must be mounted off-board, perhaps on the

chassis or on dedicated
heatsinks and connected to the mother-
board using flying leads. I strive whenever possible
within my designs to both minimise the number of differ- A o
ent PCB’s which must be interconnected —damn, I’ve let ST 4
slip yetanother trade secret —and furthermore, to reduce
as much as possible the components which are mounted
remotely from the PCB. In this way, at least one source of
error (qv interconnection wiring error) is eradicated as
much as humanly possible. It also means that circuit per-
formance is standardised and the unit should perform as
per the specification sheet, being independent of the
vagaries introduced because of inductance of an uncon-
trolled sort or instability caused by the constructor using
non-conformist or downright bad-practise interwiring
techniques which the designer is unable either to antici-
pate or eliminate.

The Author Is Led Astray

What I am trying to say is that the proliferation of very
high power components intrinsic to this design has
meant, sadly, that I have had to deviate from this ideal
philosophy and specify that many parts of the circuit are
mounted either within the chassis but off-board or on

| NOTE: ALL HOLES ARE 3mm @ WITH COUNTERSINK
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heatsiriks which are bolted to the outside of the rack-
mounting casing. The pass and crowbar transistors alone
—14 in all —with their three connections each account
for some 42 connections. There are also 17 connections
on each of the PCB’s as well as fuseholders, capacitors,
bridge rectifiers etc. It is easy to see that the wiring loom
very quickly and very easily becomes complicated with
much scope for error during its creation, errors which are
very messy and expensive to correct and will obviate the
need for another flex of your flexible friend.

In the multitude of projects which I have built over
the years, [ have produced many quite complicated inter-
connecting cableforms and I think quite reasonably, and
modestly, of course, that I might consider myself to be
somewhat above beginner level in this field. I was there-
fore somewhat shocked and humbled to find that even I,
as the designer, was very quickly becoming thoroughly
confused when using my time-honoured method of
interconnecting different boards (using a preformed,
colour-coded loom with enough tail length to ensure a
neat termination). The primary source of confusion was
caused by the fact that I almost immediately exhausted
my stock of different-coloured wire and therefore had to
have two or more different functions sharing identical
colours. (Thicker gauge wire is produced in a much more
limited range of colours then its thinner gauge counter-
part and it is quite probable that I had at my disposal a
much more varied selection than might be available to
the average home constructor).

Consequently, I was forced to adopt a new and as it
transpired, infinitely more satisfactory method. Within
reason, colour-coding was still used but the new
approach to the problem entailed working through the
interconnections on the netlist on a one-by-one point to
point wiring basis rather than try to untangle and
decipher a preformed loom as before. Each wire fol-
lowed a parallel path to those on a similar route, or with
similar source or destination components and PCB’s,
and only once the connection was proven to operate cor-
rectly and satisfactorily could it then be cable-tied to
others. This may seem like old hat to those of you who
already utilize this technique, but to myself and others
who had not, it is a revelation.

All of the PCB’s should be constructed first accord-
ing to the overlays of Figures 4, 5 and 6. Components
should be mounted in the prescribed fashion which is
according to size, resistors (except the high-powered
types) mounted first, then zeners, IC sockets, capacitors
etc. Having said this, though, capacitors C203, 204, 303,
304 and 107 should all be left to one side and not sol-
dered to the appropriate boards at this time. The reason
for this will be discussed when the time comes forus to set
up and calibrate the boards. The emitter-ballasting resis-
tors are mounted some distance from the PCB surface so
that cooling air may circulate around the resistor bodies.
Theheatsinks (which are 1.1°C/W and more than adequ-
ate for the purpose) house all of the power semiconduc-
tors (and the high power current-sensing resistor for the
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foldback limiting circuitry which is mounted on the
reverse side ie inside of the case). They are drilled using
either the diagrams or a TO3 drilling template —a TO3
mica washer does the trick nicely —as a constructional
guide. Use heatsink paste (Thermasil or equivalent) and
micawashers and ensure thatinsulation between all tran-
sistorleads, casings and heatsink is absolute —be wary of
burrs caused during the drilling operation which can
puncture the washers and cause shorts which are both
difficult to see and therefore difficult to track down and
rectify.. The heatsinks are secured to the sides of the cas-
ing using M3 mounting hardware as per the photograph
and diagrams. This particular type of heatsink is actually
manufactured in a size exactly twice that which we
require and must therefore be cut carefully in half using a
hacksaw. Again, your friendly, local sheetmetal supplier
will most likely have a power hacksaw which will make a
much neater job with minimal wastage —the two parts
must be identical in size —and with none of the blood,
sweat and tears associated with a task of this nature when
it is carried out using the relevant handtools. They will
probablydo this for the price ofaround of beers, but with
the price of ale fast approaching the two pound mark, it
works out somewhat more expensive than a similar exer-
cise carried outduring the course of the Nightfighter pro-
ject! Once more, if I haven't already made myself quite
clear on the subject, the complexity of the unitmeans that
one and only one board c/w ancillary components

trimmed to length, passed through the chassis leadout
holes (which should be grommeted to prevent chafing)
and then carefully re-soldered to the appropriate termi-
nals. The use of TO3 transistor-mounting sockets makes
for a very professional- looking semiconductor installa-
tion. It also means that any blown semiconductors —
perish the thought —can easily be removed and replaced.
If you do use these (Parts Number and associated sup-
plier in the Parts List) be warned that they are manufac-
tured from a thermosetting plastic such as Bakelite or
phenolic and as such are somewhat brittle and intolerant
of any serious deformations of shape. I found this to my
cost(38p) when I tried to tighten one which was not quite
parallel to the surface of the heatsink and it shattered into
so many pieces! Be warned!

I have made provision on the PCB for the larger,
heavy current carrying solder pads to be of a size such
they they can be drilled out to accomodate M2 screws.
These are bolted to the board and then soldered under-
neath. In this way, the wires carrying the large currents
can be terminated with M2 solder tags which provide a
much better arrangement for connecting these heavy-
duty wires than mere 1mm terminal pins. ( As a point of
interest, if there exists out there any manufacturers/dis-
tributors of heavier duty terminal pins than those just
mentioned, could they please make themselvesknown to
me as I will have definite need of suchitemsin alater pro-
ject). However, because of their size, the solder tags will

1C202

Q208

D205

B

/
@

VYYY Y YV Y YV YO

Fig.4 Precision +17,-17V Bipolar PSU component overlay

should bebuiltand tested ata time. Itreallyisto courtdis-
aster to bolt everything together and then hope thatit will
work first time when power is applied. Shroud all pins
and adhere to the recommended wire gauge when mak-
ing all interconnections and colour coding of the wires.
This will be shown in Figure 7 next month. The intercon-
nection table —netlist —of Figure 8 aids the construction
immensely as I have already said. The temptation to use
thinner gauge wire must be resisted at all costs asit would
compromise the overall performance of the whole unit.
On the first constructional ‘pass’, use wire of a longer
length than at first seems necessary as the boards must
firstbe bench-tested before theleads are de-soldered and
the PCB’sfitted into the chassis. The flyingleads are then

be very close to one another with the obvious potential
for damaging short circuits and so the solder tags, too,
should be sleeved and a check made for isolation
between each of the neighbouring connections. Be wary
ofdryjoints when tinning or soldering the 2.5mm wires —
the jointis only to be assumed to be properly made when
the heat conducted through the plastic insulation of the
wire is just too much to bear on human flesh! A wooden
clothes peg or other non-conducting gripping imple-
mentwill be found to be aninvaluable friend atmoments
like these. Double check all of these connections very
thoroughly as none of the high power semiconductors or
the smooothing capacitors will take very kindly to wrong
polarity voltages being applied to them and any mistakes
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Fig.5 5V Logic /48V Phantom power PSU component overlay

will prove both catastrophic and expensive —power sup-
ply units of this size and capacity self-destruct, Mission
Impossible-style, with great panache, fervour and an
abundance of costly and spectroscopic pyrotechnics!
Both the primary and secondary flying leads from the
transformers are terminated in different ways. With both
sets of wires, any enamel must first be scraped carefully
from the wire. The primary wires connect to a shrouded
and enclosed terminal block which distributes all of the
mains voltages inside the unit. This method of mains dis-
tribution within the unitis in accordance with recent rec-
ommendations which state that TWO deliberate oper-
ations — which require the use of tools — should be
necessary before any surfaces containing mains energy
hazardsare exposed. The secondaryleads must be termi-
nated with sleeved 1/4” Lucar style spade receptacles
which then plug directly onto the Bridge Rectifiers (or
onto the PCB in the instance of the 48V power supply).

Adhere rigidly to the wiring layout provided as it is
proven to be stable and hum-free —others may not and
any seriousdeviationis atthe individual’s peril.Tused the
expensive EP series of connectors, which are manufac-
tured specifically for high current audio (normally loud-
speaker connections) and bear some resemblance to
XLR types, being latching and almost indestructible.
These aren’t mandatory requirements but they provide a
secure and fail-safe means of power connection but all of
this great spec. is at the expense —no pun intended —of
quite appreciable extra cost. Two, four-way chassis-
mounting connectors facilitate connection to the mixing
console, a male and a female being used so that no errors
may occur through mis-plugging of the corresponding
connectors. The female type is used for the connector
which carries the 48V supply — this means that the pin
carrying this higher voltage connection cannot inadver-
tently be touched. Other connectors may be used but be
wary of using those which will create a rear panel popu-
tated with more plugs than a typical Terry Wogan show!
The Neutrik “Spackon” is a good second choice,
although, as it is intended for high power speaker con-
nections, is manufactured only in single sex chassis
mounting and free versions.

Prior to connecting the unregulated supply to any of
the boards, ensure that all is well concerning the transfor-
mer/rectifier/smoothing capacitor section with respect
to correct polarities etc. This advice cannot be over-
emphasised.

The sound pressure level reading of a 22,000pcapa-
citor exploding because it has been connected round the
wrong way has to be heard to be believed! Toilet paper
sales rise in proportion to the size of this SPL reading.

©
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Fig.6a LED PSU monitor (+17/-17V switching 48V
phantom)

Apply power and check for the presence of approxi-
mately +22V on C201 and —22v on C207. Disconnect
power and go and make a coffee while the smoothing
capacitors discharge completely. The charge stored on
theseissufficient,inashortcircuitload condition (solde-
ring iron inadvertently touched between the two termi-
nals) to weld said implement or a medium-sized screw-
driver across the terminals.

Once this has occurred, then and only then should
any connections be made to the PCB to be tested. Solder
the plus and minus connections to the board, as men-
tioned previously, and the OV connection too. At this
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point in the proceedings, no other connections are
necessary. Re-apply mains power and check for the
presence of 16.2V on pin 3 of the IC socket of 1C201,
+22VDC on pin 7 of this socket and 0V on pin 4. Also
check for-22VDC on pin 4 of IC socket 202 and for 0V
on pin 4. If all is well in these respects, switch off power
and wait, as before, for the capacitors to discharge. Insert
both of the error amplifier IC’s, respecting correct orien-
tation, and connect one MJ11016 NPN pass transistor
and one MJ 11015 PNP pass transistor. These need not be
fitted to sockets as they will be used throughout the test-
ing of each of the three power supply PCB’s. Again,
ensure that the base, emitter and collector connections
donotbecome transposed or that NPN and PNP are con-
nected to the wrong supplies. The attached pinout table

© @
R225
LED205 R201  LED201
+1TV +17TV
REG UNREG

A4

:”V1F!VV4“”

LED102 Aol LEDI ot
+4BV 148
&) REG UNREG ©

Fig.6b LED PSU monitor (+17V/-17V audio, 5V Logic)

ments had still to be done, I found it almostimpossible to
set the output voltage to the correct value because the
overdamped response meant that it hunted too slowly
around the mean value forit ever to become correctable.
You may be wondering why they were fitted at all. Their
inclusion in the circuitry enabled me to squeeze yet
anotherfew dB’s of noise and hum rejection from the out-
put. The only slightly unfortunate consequence of their
existence is the fact that this time-lag effect is apparent
under normal operating conditions after the mains
power to the unit has been initialised. In simple terms,
‘this means that the outputs take some tens of seconds to
stabilise to the full 17V output. If this is a problem in any
applications, I am presently developing a relay circuit
which will only enable the output sockets once ALL of
the rails are at their correct nominal values. The by-pro-
duct effect of this is, of course, that if ANY of the rails
should fail, for whatever reason, all supply voltages are
disconnected from the desk.I guess thisisno bad thingin
just about every conceivable circumstance, but it does
introduce extra cost, complexity and another auxilliary
item which can fail.

As you might have guessed, all of the above instruc-
tions refer to the bipolar audio or switching boards.I do
notintend to go into any great detail about the procedure
to be followed in the testing and setting up of the 5V/48V
board. The 5V board uses circuitry identical in just about
all aspects to the +17V board. Substitute 10V for the
unregulated voltage figure, +3.1V for the precision ref-
erence voltage and +5V for the output. The setting of the
+48V supply simply entails adjusting RV101 for an out-
put of 48V.

Last month, when I explained the circuit operation,

lists all of the PCB connections and rigourous and careful
heed should be paid to this. Finally, makethe connec-
tions to the high power finned and heatsink-encapsu-
lated foldback limiting sense resistors, R212 and R224.

Now, reapply mains power and if eyebrows remain
intactand unscorched, and there are no smells of burning
or evidence of semiconductor misadventure, check the
voltage on pin 8 of the board. If all is well, it should lie
somewhere in the region of 10-18V and again, if a’scope
is available, there should be no visible signs of ripple on
the waveform. Pin 10 should also be producing a regu-
lated output voltage of equal and opposite (negative)
magnitude — because of the tracking function — and
again, there should be no discernible evidence of ripple.

With a proper trimming tool or a very fine bladed
screwdriver, adjust multi-turn preset PR101 until the
output voltage on pin § is exactly 17.00V. The negative
rail outputted on pin 10 should have tracked this adjust-
ment exactly and should of course be —17.00V.

Power cannowbedisconnected and after the discre-
tionary capacitor-discharging time has elapsed, capaci-
tors C203, 204, 212, 107 and 108 and which were
omitted on the first constructional ‘pass’ at the board can
now be inserted. They were notincluded first time round
because of the time-lag effect which they produce
between mechanical adjustment of the voltage-setting
trimmer pot and evidence of the movement having any
electrical effect on the output voltage. During prototyp-
ing and whilst they were fitted to the PCB when adjust-

Fig.8a NETLIST 1

5V LOGIC/40V PHANTOM - BOARD CONNECTIONS

Pin Designation Wiring Route

A" Unreg 8V DC input 520b (BR102,+connection)

B Q103 Drive output (103 base connection

C Over voltage sense O/P drive Q106 base connection

D Over voltage sense |/P 501 (EP4 way chassis socket Pin 3)

E Sens resistor O/P 513a (R112 current limiting sense resistor
I/P)

F Non connected =

G Q103 emitter O/P Q103 emitter connection

H Feedback voltage |/P 513b (R112 current fimiting sense resistor
0/P}

I ov
J 45V AC input

527 (star earth)

516b (45-0-45-0/50VA transformer
secondary)

510a {48V phantom fueseholder), 510b-507
pin 1, 510b-506 {LED PSU monitor board
audio, Pin V)

506 {LED PSU monitor board audio, Pin Z')
516b (45-0-45-0/50VA transformer

K +48V DC reg out

L +48V DC unreg out
M 45V AC input

secondary)

— 0103 collector 525a {15,000y, C105 smoothing cap, +ve
pin)

— Q106 collector 507 (chassis plug Pin 3)

— Q106 emitter 527 {star earth)

— 517a(Toroid 3 primary) 518 {mains terminal block)

— 517b (Toroid 3 secondary)
— 520b (BR102 O/P tve)

520a (BR102 I/P)

525a (C105' smoothing cap positive) — 5%
(LED PSU monitor switching pin)

5217 (star earth)

513a (5v logic fueseholder I/P) — 513b-501
{switching socket, Pin 3) 513b-54 (LED
PSU monitor switching pin)

— 516a (Toroid 2 primary) 518 (mains terminal block)

*Other connnections — Toroid 2, 3 electrostatic screen connection to 535
{chassis earth)

— 520b' (BR102 O/P ve)
513b (R112 output)
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Fig.8b NET LIST 2

AUDIO +/-/+V PRECISION PSU {Part No505)

Pin Designation Wiring Route

1 Unreg +22V DC input 503a (+22V DC shrouded terminal block)

2 (0203, Q204 base Drive O/P Q203 base connection, Q204 hase
connection

3 0207 over voltage base O/P Q207 base connection

4 +overvoltage sense I/P 507 (4 way-audio chassis plug, Pin 4)

5 +sense resistor send 502a (R212 current limiting resistor in)
6 Q204 emitter return Q204 emitter connection

7 Q203 emitter return Q203 emitter connection

8  +sense resistor return 502b (R212 current limiting resistor out)

also; 502b-508a (+17V audio fuseholder I/
P); 508b {fuse O/P) - 507 (chassis plug-pin
1) 508b (fuse O/P) - 5006 (audio red PSU
monitor board, pin T)
w 527 {star earth)
10 -sense resistor return 504b (R224 current limiting resistor out)
also; 504b-509a (-17V audio fueseholder
1/P); 508b {fuse O/P) - 507 (chassis plug
pin) - 509b (fuse O/P - 506 {audio LED
PSU monitor board, pin U)
Q209 emitter connection
(0210 emitter connection
504a {R224 current limiting resistor in)
507 (4 way audio chassis plug; pin 1)
Q212 base connection
Q209 base connection, Q210 base
connection
503b (-22V DC shrouded terminal block)
503a {+22V DC shrouded terminal block)
503a (+22V DC shrouded terminal block)
503b (~22V DC shrounded terminal block)
503b {-22V DC shrounded terminal block’
507 {4 way audio chassis plug, pin 4)

11 Q209 emitter return

12 Q210 emitter return

13 -sense resistor send

14 - overvoltage sense I/P

15 Q212 overvotage base O/P
16 Q209, Q210 base drive O/P

17 Unreg - 22V DC input
— Q203 collector
— Q204 collector
— Q209 collector
— Q210 collector
~ Q207 coliector

— Q207 emitter 527 {star earth}

— Q212 collector 507 {4 way audio chassis plug, pin 1)

— Q212 emitter 527 (star earth)

— 526a (toriod 201 prim) 518 (mains shrouded terminal block)

— 526b (toriod 201 sec.) 521 {BR 201+bridge |/P)

— 526b toriod 201 sec2) 522 (BR 202-bridge I/P)

— 521b(BR 201+ve O/P) 523a (C201+ve) - 503a (+22V DC shrouded

terminal block - 506 {audio LED PSU
monitor board - pin X); 532a (C201+ve) - +
22V DC switching shrouded terminal
block - (switcing LED PSU monitor board

-pinT)
— 521b(BR 201 -ve O/P) 527 (star earth}
— 523b (C201-ve O/P) 527 (star earth)

— 522b (BR 202 +ve O/P)
— 522b'(BR 202 -ve O/P)

527 {star earth)
524b {C207 -ve) - 503b {~22V DC audio
shrouded terminal block) 514 (switching

LED PSU monitor board pin U}
— 522b(BR 201 +ve O/P) 527 (star earth)
— 5243 {C207 +ve O/P) 527 (star earth}
— Toriod 201 electrostatic
screen 535 {chassis earth)

I mentioned that the unit had a quite exemplary noise
performance. This is of great importance but it should
not be forgotten that any well-designed audio circuitry
shiould have theinbuilt capability to operate in such a way
that the noise and performance in many other aspects is
as independant as possible of supply line fluctuations,
noise etc although it is obvious that to eradicate these
components, too, from the supply rails can only be
advantageous. Modern IC’s and circuit designs alleviate
many of the problems which used to occur in discrete
component designs of yore since the power supply rejec-
tion ratios of these discrete configurations were much
worse by an order of magnitude.

It was somewhat remise of me not to include the
other parts of the specification of the power supply which
are equally important to the overall performance of the
system.I also neglected to detail some of the other factors
and considerations which have to be understood before a
workable high performance design can be realised in
practise. Only in this way can itbe seen just how good the
comparative performance of the PSU really is when
placed alongside units of a similar genre.

As a slight aside —and probably because up to a
point, I see the power supply unit only as a small but non-
etheless necessary and important part of the mixer pro-
ject —it was only when someone mentioned to me that
with some slight modification, the unit could be con-
figured as a stand-alone laboratory standard PSU and
featured as a project in its own right that I realised two
things.

1 Just how much time and effort I actually put into
the design and construction

2 How good the design was.

With thisin mind, I think that some slightindulgence
is permissible, and so to conclude this month’s part of the
series, I shall explain by way of a tutorial some of the

Fig.8c NET LIST 3

SWITCHING +/-17V PRECISION PSU {Part No534)

Pin Designation Board/System Interconnections

A Unreg +22V DC input 523a (+22V DC switching shrouded
terminal block

B (303, Q304 base Drive 0/P Q303 base connection, Q304 base
connection

C Q307+ overvoltage base O/P Q307 base connection

D +overvoltage sense I/P 501 {4 way switching chassis socket - pin

4

E  +sense resistor send 531a (R312 current limiting resistor in)

F Q304 emitter return Q304 emitter connection

G Q303 emitter return Q303 emitter connection

H +sense resistor return 531b (R312+current limiting resistor out;
also 531b-511a (+17V switching
fueseholder I/P); 511b (fuse O/P) - 501
{chassis SKT-1) 511b (fuse O/P) - 514
{switching LED PSU monitor board, pin X)

[ oV 527 (star earth)

J - sense resistor return 533b (R324-current limiting resistor out)
also; 533b-512a (-T7V switching
fuseholder I/P}); 512b (fuse I/P) - 501
{chassis S pin 1); 512b (fuse O/P) - 514

(switching LED PSU monitor board, pin)

K Q309 emitter return (309 emitter connection

L Q310 emitter return (310 emitter connection

M -sense resistor send 533a (R324 current limiting resistor in)

N —overvoltage sense I/P 501 {4 way switching chassis socket; pin
1

0 Q312 overvoltage base O/P Q312 base connection

P (309, Q310 base drive O/P Q309 base connection, Q310 base
connection

R Unreg-22V DC input 532b [-22V DC shrouded terminal block)

— (1303 collector
— 0304 collector
— (0309 collector
— (310 collector
— (307 collector

523a {+22V DC shrouded terminal block)
532a {+22V DC shrouded terminal block)
532h (-22V OC shrouded terminal block)
632b (-22Y DC shrouded terminal block)
501 [4 way switching chassis skt - pin 4)

— (1307 emitter 527 [star earth)
— Q312 collector 501(4 way switching chassis skt - pin 1)
— (312 emitter 527 [star earth)

MISCELLANEOUS CONNECTIONS

5293 (mains in, live) 5284 {mains fuseholder); 528b (fuse out) - 518a
{mains terminal block)

518b [mains terminal black, neutral)

535 (chassis earth}

527 (star earth)

527 (star earth)

529b (mains in, neutral)
529c {mains in, earth)

506, pin W'N {0V PSU mon)
514, pin W {0V PSU mon|

530a (ground lift switch}
530b (ground lift switch)

527 (star earth)
535 [chassis earth)
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Fig.9 PSU Heatsink drilling details

4 1 — NOTE: HEATSINK TO BE
CUT ALONG THIS LINE

NOTE:

SMALLER OF TWO HOLES = 5mm o
LARGER OF TWO HOLES = 6.5mm &
ALL HOLES SLIGHTLY COUNTERSUNK
TO REMOVE BURRS

important terms and specifications which have to be
understood when striving to design a good specification.
We’ll look at the specs and how they can be determined
mathematically and then gradually work up through the
various types of regulator in order of increasing com-
plexity, until the last design will produce ripple rejection,
line and load regulation and noise figures around those of
the AutoMate supply. In this way, it will become more
readily apparent to the reader some of the features of
design which both increase cost and expenditure.

Aha! Money, you say. A very important criteria in
this design and itkeeps comingback to us again and again
like a bad penny! With the power supply, I was more
aware than ever of this aspect and the fact that the deter-
mining factor, I think, in whether audio enthusiasts and
musicians will wish at the end of this series to build their
own AutoMate mixer will depend on costin comparison
to ready-builtunits. If we can quickly return to something
which Isaid in part 1, there seems recently to have been a
disheartening trend in the major pro-audio commercial
sector to produce, much to my personal dismay, an ever-
increasing number of budget-priced mixing desks. These
come complete with a bewidering array of good features
(limited mute and automation facilities among them)
and are ideally suited to those among the musical frater-
nity who like to retain as much of their hard-earned cash
as possible. Whether this is because of the global reces-
sion of the past few years is open to conjecture —cynics
may speculate that the only way in which the manufac-
turers’ of consumer luxuries can shift the goods in the
present-day financial climate is to produce equipment
which is excellent value for money. Personally, I'm
inclined to believe that it is not out of some well-inten-
tioned (but misguided) philantropic urge that they do
this!

It does, however, serve as a timely reminder that the
designs offered within this journal must compete suc-

Rs (SUPPLY SOURCE RESISTANCE)
P

OAAAN )
A A FORCORRECT OPERATION VCE > 3V
o o1 EQUATION (1) Al = AVg
Ri
3 1 USING DYNAMIC IMPEDANCE FOR ZENER DIODE AV,
Vi + EQUATION (2) AVg = AVz = Ak Z
- Vour EQUATION (3) AVo = AVin Zp
- A1
o1
A EQUATION (4) AViy = Iy guaxy Reounce
. T o EQUATION (5) AVpyr = | Eﬂnl ::.,. Z
O A O EQUATION (6) Vro = Vrs Zp
A1
EQUATION A
LINE REGULATION = (AVouy FOR £10% Vs CHANGE) X100%)
Vour
EQUATION B
LOAD REGULATION = (AVour FOR Al uax) ) x100%
Vour
EQUATION C

RIPPLE REJECTION = 20 LOG [Vrs/Vro}

rs = SUPPLY RIPPLE)
ro = OUTPUT RIPPLE)

Fig.10 Circuit model 1 Simple voltage follower regulator

cessfully with similar commercial designs. It should be
said, though, that we don’t start this commercial race on
an equal footing —hark back to my meanderings about
bulk-buyingetalin Part 1. Bearingin mind that the author
of the article does actually want some of you out there to
build the machine, I thinkitappropriate thatin the places
where economies CAN be made without adversely
affecting performance, I mention the fact.

The power supply is a good case in point and an
excellent place to start. (It is for this reason that I shall go
on to explain the processes involved in the design of
PSU’s, since this will then provide the building blocks for
anybody wishing to make economies to start by con-
structing their own design).T have to state at this juncture
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that, yes, the mixer —in its smallest form, of course —will
operate adequately well usinga 78/79 series monolithic
regulator-centred PSU so long as a wary eye is kept on
current consumption of the unit. For those wishing to
save a not insubstantial amount of the old folding stuff,
and who know outright from the onset of construction
that they will never wish to upgrade the unit beyond say,
eight module capacity, this MIGHT be the way to go.
Smaller, less expensive capacitors and less hefty toroi-
dals could also be used in this instance. As a purist, but a
puristof the pragmatic sort, I cannotadvocate or endorse
such an approach so early in the proceedings since it
impairs the performance of a large console with one
simple action, and in one fell swoop to boot. In later
issues, it will become more apparent to the reader that I

glaringly and embarrassingly obvious when subjected to
a stream of digits. I mentioned this aspect in the “Intro-
duction to Audio Mixers” series some months ago.

Anyway, without further ado, and as the Orientals
say in my native Scotland, “Read on Macduff!

DIY PSU

Aperfectvoltage regulator should outputavoltage which
remains absolutely constant, with no ripple, regardlees of
both supply —input -voltage and load current fluctua-
tions. Real regulators always exhibit some output ripple
so a measure of the performance of the circuit is given by
three measurements which we can make on the circuit —
these three defined parameters are line regulation, load
regulation and ripple rejection.

Equations 1 to 3 show

these definitions as mathemati-

O o = . . .
f it cal relationships of input and
: A [ EQUATION (7) Vo = VZ output voltage. More explicitly,
2 = V7 (R2 0 .

FOUSTISR (@I¥o ‘LF::E’ the figure derived from Equa-
= § = EQUATION (9) Vo= aV;Zp B2+ R tion 1 for line regulation, Vout
Vin / =C |y g 83 defines as a quantity the fluctu-
= LINE REGULATION, LOAD REGULATION ation in output voltage which

ZD1 AND RIPPLE REJECTION CALCULATED AS .
PER FIXED OUTPUT REGULATOR occurs as a Consequence of a

Vz Viaa = V:T % R3

POTENTIAL DIVIDER R2 AND R3 MAKES Vgyr > Viy

Fig.11 Circuit model 2 Regulator with adjustable output

specified amount of fluctation
—normally +10% - on the sup-
ply voltage, V.. It is expressed
as a percentage of normal DC
output (V). Load regulation

have had to go to some quite extraordinary lengths to
squeeze the last dB into the noise spec or crosstalk spec
or any number of other measurable parameters of audio
fidelity and so, quite frankly, it seems a shame to forego a
truly revelationary audio experience by penny-pinching
in the area of the PSU. I might qualify this sweeping state-
ment by saying that ] am notso longin the tooth that I can-
not remember fretting in the local shop, anxious that my
meagre £30 wouldn’t be enough to pay for the miserable
little bag of assorted passive components beingoffered to
me! Italso depends on whether or not the mixer is to be
used in a totally analogue environment. Ifitis judged that
some sort of digital recording or playback equipment
may atsome time be connected to the console, (and thisis
somewhat surprisingly the case, with increased amateur
usage of CD and DAT for mastering processes), it is as
well to remember that this domainis rather good at show-
ingup any deficiencies in analogue circuitry. These defi-
ciencies, otherwise masked by the inherently noisier per-
formance of outboard analogue equipment, become

is the inherent ability of the
regulator to maintain a constant output voltage regard-
less of changes in load current (Lioaq)- The load current
change is from zero to the full rated output current capa-
bility of the circuit and load regulation (Vo) is expressed
as a percentage of the normal output voltage.

Ripple rejection is a measure of the ratio between
the amount of ripple present on the input to the regulator
and the attenuated version of the ripple which is superim-
posed on the output. Itis typically quoted in the form of x
dB’s of ripple rejection.

Straight From The Drawing Board
Figure 10 shows the very simplest regulator circuit. The
inclusion of C1 across the output terminals helps to
improve the current sourcing capability of the circuit
under transient load conditions and it is typically of a
value in the order of 50-100p.

The voltage follower configuration means that V,,,
will remain as close to the voltage, V,, present at the non-
inverting terminal of the error amplifier.

Qa1 I
)
A Iz A
EQUATION (10) AVoyr = AV B2+ R3 + R4
R1 M R3
R2 EQUATION (1) V1 = (Vour = V2)
% . EQUATION (12) I = |
Vin a=c1 |, hee
= R4 5
ZD1 R3
O i -
Fig12 Circuit model 3 precision voltage regulator
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Zener current fluctuation I, must first be calculated.
The current must fluctuate because V changes as V;,
changes. Differences in the zener output voltage mean
that there must also be corresponding changesin V.1, is
calculated from Equation 1. Next we must calculate V,
using the spec. figure for the zener dynamic impedance
and Equations 2 and 3.

Line regulation can then be calculated for a 10%
change in V.

Calculating the load regulation requires that we
know the value of the sorce resistance of the rectifying

PARTS LIST
i+ 17V PRECISION POWER SUPPLY

RESISTORS {All jwatt, 1% unless otherwise stated)

R201,215 1k8

R202, 203 470R

R205 120k

R206-209,218-221 R15W Wirewound

R210,223 15

R211,222 10k

R212,224 0R33 25W High Power Heatsinked

R213 220k

R214,225 1k0

R215,226 1k5

R216,217 10k

RV201 10k vertical multiturn preset

CAPACITORS

C201,207

(Common to both 17V Precision

PSU's) 22,000y, 56V Cerafine Audio Grade
Electrofytic

(MAPLIN Part No. FA20W)
(202,208 (Common as stated

above) 100n polyester

(203,204,209 100p, 25V electrolytic

205,210 470n polyester

C206,211 470p, 25V electrolytic

SEMICONDUCTORS

1C201,202 TLO7

(201,205,206 BC549C

(202,208 211 BC559C

(203,204,205 MJ11016

Q209,210,212 MJIlo15

D202,203,204,205 1N4003

ZD201,202 1N821 Precision Zeners
(RS Components Part No. 283-097)

ZD203,204 16V, IW3 Zener

LED201,203,204,205,206 0.2" Yellow LED

LED202 01" Green LED

BR201,202 {Common to both +17V

precision PSU's) 26A, 400V High power Bridge
Rectifier

MISCELLANEOUS

T20 500VA 15-0-15-0 Toroidal

Transformer (Newmarket
Transformers Tel 0638 662989 for
details)

(RS Components Part No.401-807 6
off T03 transistor sockets, covers)
{Farnell Part Nos. 170-030, 170-131 1mm ,25mm connecting wire of various
colours, 4BA screws, M3 mounting hardware (nuts, bolts, washers,
threaded spacers), M2 nuts, bolts and solder tags, insulating sleeves, cable
ties, 20mm panel mounting fuseholders, PCB's (2 off + 17V Precision Power
Supply type for audio and switching, 1 off LED PSU Monitor type and
double all quantities of components in semiconductor, capacitor and
resistor sections).

2 off 11C/W Heatsinks

and smoothing network feeding the circuit. We can then
calculate using Equations 4 and 5 the drop in V,, when
the load current changes from zero to I max.

Substituting V, due to the change inload currentinto
Equation B yields the load regulation value. We are now
able to calculate ripple by substituting V;, with V, and
V.. with Vro in Equation 2. These values then plugged
into Equation C gives the ripple rejection.

PARTS LIST

5V LOGIC SUPPLY/48V PHANTOM POWER SUPPLY

RESISTORS

R101104 5K1

R102 k8

R103 240R

R105,106,107115 470R

R108 820R

R109 56k

R11011 OR1 5W Wirewound

R112 0R5 25W High Power Heatsinked

R13 33k

R4 43

R116 330R

R117118 10k

RV101 500R vertical multiturn preset

RV102. 10k vertical multiturn preset

CAPACITORS

C1n 4700u 63V electrolytic (RS Part No.
106-265)

102 100n Polyester

(103107108 100y 63V electrolytic

C104 100y 63V electrolytic

105,106 6800p 25V electrolytic {RS Part No.
105-688)

C109 4700 25V electrolytic

C1o 470n Polyester

SEMICONDUCTORS

IC101 LM317T

IC102 TLOT

Q101104,105 BC549C

Q102 BC559C

Q103,106 MJ11016

D101102,103 [N4002

20101 45V 1W3 Zener

ZD102,103 1N821 Precision Zener (RS Part No.
283-097)

BR101 6A, 200V Bridge Rectifier

BR102 25A, 200V High Power Bridge

LED101,102,103,105 0.2 Yellow LED

LED 104 01" Green LED

MISCELLANEOUS

T2 (Newmarket Transformers 45-0-45-0 50VA Toroidal) , T3{Newmarket

Transformers 9-0-9-0 50VA Toroidal), M2 nuts bolts and solder tags M3

mounting hardware, 1and 25mm connecting wire of various colours 3 off

5x20mm panel mounting fuseholders and insulating boots, 1 off 48V

Phantom Power Supply/5V Logic PCB and { off LED PSU Monitor PCB, 1iC/

W Heatsinks, Veropins, cable ties, TO3 transistor sockets and covers, RS

Components 3.3C/W finned heatsink {Part No. 401-964).

MISCELLANEOUS TO COMPLETE THE POWER SUPPLY UNIT

[EC Mains filter (RS Part No. 210-263), IEC Insulating boot, 3 way and 4 way

shrouded terminal block (RS Part Nos. 424-563 and 425-869), 5x20mm

panel mounting fuseholder and insulating boot, 2U rack mounting case, 4

Way EP Style connectors, RS Gomponents (Chassis Plug 460-317, Free plug

460-250, Chassis Socket 460-288, Free Socket 460-222)
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Q2

IN SHORT CIRCUIT SITUATION, Vour = 0
EQUATION (13) .. Vaggsc) = Isc X R6

EQUATION (14) Vg =~ Vour X R8
R8 + R9
FOR Q2 TO TURN ON, Vps MUST EQUAL

EQUATION (15) fyuax) R6 = Vge + Vio

 Imax) R6 = 0.5V + 0.5V
ASlscR=0.5V lgax) = 2lsc
IF Veg = 1V THEN Iygax = 0.5V + 1V I yax = 3lsc

—_0)
<> A
<
w3
< < <
+
= | Vour
R9
O
FOR DARLINGTON | _ _ &
CONNECTION, %2 hre: heez

DURING NORMAL OPERATING CONDITIONS, WHEN |, = Inaax

AT ELEVATED TEMPERATURES, Vgg = 0.5V ... Vpg ~

Fig13 Possible enhancements to basic regulator model- Foldback current limiting/Darlington output stage

0.5V

Figure 11 expands on this simple regulator circuit of
Figure 10 to give an adjustable output voltage. In this cir-
cuit, V must always equal V,, the op-amp output moving
to oppose any changes which would alter this condition.
Design using equations 8 and 9. 9 shows that just as the
zener voltage is amplified by the network comprised of
(R24R3)//R3tocalculate V,,, so any fluctuationsin the
zener voltage must be multiplied by this same factor.

Figure 12 shows a configuration which closely
approximates the AutoMate PSU circuitry. We have
already demonstrated that variations in the zener output
voltage have a very marked and hence detrimental effect
on the output voltage. Feeding the zener network from
the regulated rather than the unregulated voltage means
thatinput voltage variations have little or no effect on the
zener voltage since as we have already seen, these fluctua-
tions are attenuated before reaching the zener (according
to Equation 10). Points to note include the fact that the
op-amp output must remain at a more positive potential
than V,,.. This is made possible by powering the op-amp
from the higher, unregulated input voltage.

Design is as for the simple voltage regulator circuit
of Fig 10, save for the fact that V is now V, , —V, rather
thanV,,-V,.Equation 12 show the parameters necessary
to calculate Q1 base current.

Any of these circuits may be protected by adding a

foldback limiting network. In calculating the potential
divider and sense resistor values, remember that in a
shortcircuitload condition, V,,, is zero. We design so that
V in a short circuit situation is of such a value that Q2 is
biased on. Equations 13 to 15 show the procedure. R
must first be calculated for the short circuit current, [
which is desired. Next, determine the values for the
potential divider resistor values, chosen so that there is
necessary voltage across R8 to give the desired ratio of
I, toIsc.

Next month we rewiew the long-awaited return to
the input stage circuitry, with a lengthy (and hopefully
illuminating) discussion on grounding, together with
Figure 7 the interconnection diagram which could not
appear this month owing to lack of space.
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