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P R OJ E CTS FOR YOU TO BUILD!

F EATUR E S ESSENTIAL READING! |

NEWTON VALVE PREAMPLIFIER 9

PHONO MODULE

Foliowing in the foolsieps of the highly-

acclaimed Millennium valve power amplifier,

is 2 versatile modular preamplifier. The

slereo phono module comprises an RIAA

preamplifier and a line driver stage. This |
module can be usad on its own orwith a

stereo tone control module (see next issue).

ELECTRONIC

RECORD & PLAYBACK MODULE
This clever project uses the lalest analogue
EEPROM technology to record up fo

16 seconds of speach, There's no Ao-D
and D-fo-A converter and what's more the
recording vall remain stored for 10 years
without the need for a back-up battery —
unless you want to change the message!

2-METRE 30 WATT AMPLIFIER 4 |
If you've got & hand-held 2 metre

transceiver and would fike a litfle more RF

power, say for mobile use, then this project

s just what you need! |

NEWTON VALVE PREAMPLIFIER 6 4
PSU MODULE

This dedicated power supply is designed
o satisfy the low noise, high voflage and
low veltage requirements of the Newton
Valve Phano and Tone Control Modules.
The design will also form the basis for
expanimenters own valve audio circuits.

CAR ANTI-THEFT DETERRENT
This simple add-on to the popular Car
Courtesy Lignt project provides a fit and
forget’ anti-theft detement.

VHF CROSSED DIPOLE AERIAL

A simple, yet highly-effective aerial for

use on the VHF band. It exhibits a
hemispherical potar pattern and is ideally
suited for receiving transmissions from polar
orbifing weather satellites. A suitable
recaiver is also reviewed in this issus.
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LIGHT POLLUTION 1 6
Where have all the stars gane? Nowherg!
But in many buili-up areas you will have
trouble seeing all but the brightest ones.
Why? Because of a man-mads phenomena
known as sky-glow, caused by stray light
radiating upwards from streetiights and
other fighting equipment. This thougnt {
provoking article looks at whal can be done
to preserve the natura! beauly of the night
sky whilst still allowing us to se2

where we are going!
LEDs AND THEIR APPLICATIONS 1
This commonly encountered component:

often taken for granted. This practical tmeé‘b"

part series looks at how LEDs wotk. g

to choose the most &

andgweslotsofoﬁmmehﬂadm' '

RECEIVING WEATHER

- SATELLITE IMAGES

This feature looks at the new MapSat2
weather satellte recelving system, explains
what equipment you nead, how to install it
and wha images you can hope 1o recaive.

25

> IN THIS ISSUE...

FILTERS = HOW AND WHY? -

Filter circuits are commonly encountered
in electronic circuits. John Woodgate,
continues this informative series with a
jook at nolch-filters and tuned circuits,

AN INTRODUGTION TO DIGITAL
SIGNAL PROCESSING

Jason Sharpe throws aside the secrets of
digital signal processing in this fascinating
and easy to understand series. BASIC
programs are used to enable the reader to
conduct Virtual' experiments on a PC.

GETTING TO KNOW TEST
EQUIPMENT

Keith Brindley continues his look at test
equipment. There’s plenty of practical

40
4

56

, guidance on choosing and using test

—equipment, plus easy to understand
explanations on how various fest
instruments actually work.

“HOW TO REPAIR RADIOS

“Jan Poole explains the techniques involved
in repairing radics, in the concluding part

of this two-part feature. Plenty of practical
. advice is gwven 0 help you make the most
ofthe, pemapsi'rﬂted test equipment at

yourdisposal. *
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Hello and welcome 1o fhis montiv's issue of
Electronics!

Valve audio fans will, | am sure, be pleased to
see the Newion modular Hi-Fi valve preampiifir in
this issue — it follows in the footsteps of the poputar
Millennium 4-20 Hi-Fi valve power amplifier
published a ysar ago. The Newlon preampiifier
comprises three main modules: a low-noise power
supply; a phono preampiifier and line driver; and
a tena control. The first two of these medules
are presented this month and the final one next
menth. Tha Newton is the ideal companion for the
Miiznnium, but it need not be confined asa front
end for valve power amps, it is equally suited to
driving ‘modsm’ {ransistor power amps.
~ Almost nine years ago. the MapSat weather
sateliite recaiving system was published in
Electronics, since then technology has moved
on in leaps and bounds. The MapSat2 satellite
recaiving sysiem was recenty unveiled in the
198475 Mapiin Catalogue, and in this issue the
recsiver, computer inferface and software ars
examined in deiall. | am sure that there will be
as much, if not more, interest in MapSat2 as there
was for the original system in 1986. Computer
technology has, of course, also developsd as
well so the capabifities of displaying, storing and
manipuiating imagss are considerably enhanced.
The original system used a BBC or Amstrad
computer {o display the imagses, whereas
MapSat2 makes use of an IBM compatible PC.
Users of the original MapSalsyslem will be
pieased fo lzam that their
beupdaledmﬁﬂmaddimnofmeMapSatz
computer interface unit and software (and of
course an IBM compatible PC if you den't already
have ongj.

In the November issue of Electronics, the
introduction of Caller Line Idantification (CLI) on
e BT telephone network was discussed. It has
since come to light that there are a few teething

problems and some differsnce of opinion betwesn
telacomms operators. For these of you not already
aware, on the 5th November 1924 BT introduced
CLI on their telephane network. The CLI system
conveys the calling pariy’s telephons numbser over
the telephone network so that it is displayed on
the called panty’s telsphons equipment (but only
if the called parly has suitable equipment). From
22nd Navember 1834 customers on the BT
network could find out the telephone number of
the person who las! called them (free) by dialling
1471 (call retum). To prevent your numbser from
being passed over ih2 ielephone network, you can
az! 141 (call block) before the number of the number
you are calling. it has transpired thal Marcury
customers may loosa out on long distance
call savings if the call block number is used.
Apparently it can confuse the call routing
apparatus, so insiead of routing the call via the
Mereury network, it will be routed via the BT
nefwork. Mercury are suggesting that their
customers apply to BT for a fine block, so that
their CLI is never passed over the telephone
network. Furthermore, Mercury have announced,
that uniil further nofice, all calls routed via Mercury
will not cenvey the CLIL Addiionally, not all paris
of the BT network are up and running with CLI yst.
depending on whather you are connecied o a
digital exchange or not! BT customers with queries
on CL, call block and call retum, can call (free)
Tel: 0800 801 471 or Tel: 0800 8OO 181,
applications for a line black can be mads by
calling (fres) Tek 150. Mercury customers with
queries can call (fres) Tel: 0500 500 163, Il kesp
you updated with further developments.

So until next month, from everyons here at
Eiecironics, enjoy this issue!

/
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ECHNOLOG

A couple of months ago, | asked readers who
were conmected to the Intemet to e-mail me
with details about their facifities and what use
they make of them. I've got tha resulis of this
survey this month and they make interesting
reading. S

Readers arz roughly split equaily thres-
ways between education (mostly universifies,
but & landiul of schools too), business, and
private users. This was an unexpected result
for me personally, becauss | thought that the
fairly high access prices for intemet services
(at least £10 a month for subscriptions, and
telephone call charges on top) would put a
lot of individuals off using Intemet. I'd always
reckoned that people would generally tend 1o
use an office computer (at work or university,
say) for Intemet access. And while they
obviously do where that facility exisis, it
dossn'i seam to stop private individuals
(without the office facility) from joining up.:
There again, you've got to remember the
readership of Electronics — The Maplin
Magazine is consumer-based. The magazine
is not necessarily read by educational or
businsss people alone, and instead is aimed
at private individuals.

All readers use their Intemnet facility for
e-mail. Er, cbvious really — they all e-mailed
their responses to me! Over 0% of all
respondents also use proper Intemet access
for facilities such as FTP, Gopher, World
Wide Web and so on. Naturally, of course,
if you sign up for Intemet access with any
of the Internet access providers, there seems
little point in not using the Internet to the
full, ngvertheless | was interested in the
percentage of people who do actually use
the Internet for its full worth. Again. this
figure may be somewhat different to the
figures which may be abtained from readers
of ancther type of magazine. Readers of
Electronics — The Maplin Magazine are
technically minded (| think it is a safe bet
to assume — that you wouldn't be reading
this if you weren't), so a similar survey of
readers of, say, Bid Spotters’ Worfd wouldn't
have quite the computer proficiency and
=0 might not make the same us= of a senvice
as the Intemet. (OK, bird spofters of the

N

with Keith Brindley

world, unite, gird your leins, and tell me
othenwvise!)

As to times spent using the Iniemet and its
facilities; most respondenis (around 50°2) uss
it for less than 5 hours a month. Around 337
use it for less than 10 hours 2 month. The
remainder (around 175 if my maths is right)
usa it for more than 10 hours a month. That
may be an interesting result if you're thinking
about signing up to the Intemet, and have a
rough idea about how long you think you'll be
or-line. In other words, are you average, or
above average? Don't e-mail me on that ons!

Finally, with tongue firmly in cheek, I'd like
to refer to a couple of readers who replied to
the survey and slapped my wrists (metaphorically
speaking) with their tongues in their cheeks
(mixed metaphorically speaking!) about my
passing remark in the Movember issue about
the version of FirsiClass — the graphically-
interfaced e-mail and bullstin board system —
which was available for (and | quote myself
expecting no further reprimand) “those
unfortunates who use Windows™. Yes indeed,
| did say that. Dreadful isn't it? But there again
you have to remember that once upon a ime
(and it really seems like a fairy story to me) |
was one of those unforfunates — so | write
from personal experience.

Now, wait until | get my tongue out of my
cheek . . . Ah, that's batfer. Yes. Point taken.
| didn't mean to alisnate any of cur readers
who make use of a particular type of
computer. It was intended as fun and takan
as such (I hope) by all who read it. Users of
the differing computer piatforms inevitably
poke fun at other platforms, usually because
you've got to be abla fo justify (to yourselfif to
nobody else) why you bought that platiorm in
the first place. In most terms, each computing
platform is capable of doing most tasks
expected of it. And as long as vour compuier
doas what you want from it, then that is
probably the nght compuler for you. Tapic
closed, but thanks fo the reader who also
said that what he did on the Intemst wasn't
so much nat-surfing, more like “pottering in
a virtual allotment™. Nice one.

If you would like to drop me a line about

| emal it to Tech_Watch@maplin.demon.co.uk

or s=nd it snall mail to Technology Watch,
Electronics — The Maplin Magazine, P.O.
Box 3, Rayleigh, Essex, SS6 8LR. | cannot
guarantes a parsonal reply to every e-mall or
leiter, but I'll follow up anything of particular
inferest.

Smart cell/soft sell

Naws of evdiving standards conceming
battenes, particularly those used in poriable
computers suggests that over the next couple
of years, batieries with some limited form of
intelligence will come onto the market. These
will allow users, their notebook computers,
and the batieries themselves, to monitor the
battery’s state of chargs, and automatically
optimise system use for greatest parformance.
Previously, | suspect, battery manufacturers
were happy lo provide batienies for
computer manufaciurers to use within
poriable computers, but lsave the onus
on the computer manufacturers to get their
compuler's power consumption down to
respectable limits o give users a battery
life of a reascnable pericd. This in fum,
led computer manufacturers to press the
integrated circuit manufacturers for ICs
which consume less power. Both integrated
circuit and computer manufacturers have, of
course, responded with the result that modam
notebook computers can run for significantly
longer periods than they used to dojust a
couple of years ago.

That's not to say that battery manufaciurers

| have been sitting around doing nothing, on

|

anything relating to Technology Walch you can |

the other hand. (how | just lurv mixing my
metaphors). Duracell and Energizer (you may
have heard of them) have beth been forging
alliances with integrated circuit manufaciurers
{Intel in fhe case of Duracell, National
Semiconductor for Enargizer) to design
batieries compiete with integral conirolling
circuits. While it'll be a litle while until these
batieres are for sale, most poriable computer
users will be looking forward to them, no
doubt.

The opinicns expressed by the author are not
necessanly those of the publisher or the editor.

Y

Pop down o the tempoter
Store and buy mea Esttery
for nty portgble Compotar—
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Design by Mike Holmes
and John Mosely

Text by Mike Holmes

It was only logical that
the ‘Millennium 4-20'

20W power amplifier should
eventually be followed by an
audio preamplifier to partner
it. It should be noted,
however, that the ‘Newton’
need not be restricted to
serving the '‘Millennium’
alone, and it is easily capable
of filling in as the front end
for other power amplifiers,
valve types or otherwise.

n addition, it is often necessary for
I @ stereo preamplifier to cater for

many other items of equipment to
be connected ta it, and simultaneously
be able to provide line leval outputs
to tape recorders and receive ather
signal sources, such as from a tunen
CD, ete., even for off-tape monitoring,
via multi-way selector switches. This
versatility can extend to providing a
number of auxiliary mains outlets for
the other equipment, thus saving on
the number of multiple plugblacks ,__/f
required. —

How many of these facilities

you fesl you need is entirely up
to'you, the constructor, hence,
of the three modules in total,
only the power supply unit is
described in any great detsil as
ta its construction, to ensure
that it is safe to use according
to mains power and earthing

regulations.
will just want to play their records
through valves won't want all this
paraphernalia (even less so the tone FEATUR ES
cantrol module, or so | am assured).
‘ * Simple PCB construction
idea of a decent preamplifier unit is a
glorified switch-box — for the best of
all reasons of course, that is, that you * VVersatile connection DptiDﬂS
plug into it — there still has to be
SSME Soit oF et i the heart * Onboard low-impedance line driver
Al * Passive RIAA equalisation
The Phono Module, along with the * Wide dynamlc range
Tone Control Module, provides the basic |
electronics. It is difficult (and, in my |
precisely how you should build a ‘good’
stereo preamplifier Only you will know
what is 'good’ for you. Only you know
you want, what style of knobs, ete., ‘ (LT76H) PROJECT
and the size and shape of the thing. PRICE £34.99A1 RATING
Therefore we have tried, as far as |

Propanents of ‘minimalism’ who
If. however, you are the sort whose
* Compact stereo module
have lots of other sound sources to
System Overview * High output
opinion, not right) for us to dictate
KIT AVAILABLE
how many and what sort of switches
4 E&clonics = The Mapln Magazins January 1985




possible, to make the modules as

universal as is practicable; in fact you

can look on them as virtual ‘Data File’
type modules, where the choice and
number of external connections are
entirely at the whim of the user

(Having said that, however, some

suggestions will be illustrated in

Part 3.

A word of warning before you

start, though. In this case, the active

electronic elements are valves, and as

with &ll valves this involves the use of
lechally high supply volcages.

Consequently, as you design your ideal

preamplifier as a complete system,

that will do all you want it to,
incorporate the following guidelines:

@ YOU MUST only use the
recommended power supply unit and
build it absalutely according to the
instructions.

® YOU MUST install the amplifier
madule PCBs in a fully enclosed and
earthad chassis. The Phono Module
Kit includes a 4 x B x 2:5 inch
chassis, into which bath this and
the Tone Control PCB can be ficted
if desired. Such a chassis must be
physically joined to the PSU so that
the supply cabling can pass directly
between them.

The Complete Newton Preamplifier.

® YOU MUST take particular care
with wiring up the HT power supply,
chassis earth and commaon signal
earth connections. Follow the
sccompanying wiring diagrams
implicitly.

e YOU MUST NOT attempt to make
your own PCBs - you can try
‘hardwiring’ in the good old fashioned
way with tag boards and the like, IF
YOU HAVE EXPERIENCE OF THIS,
otherwise always use the ready-
made PCB that includes a solder
resist layer as an aid to insulation
and user safety.

Outside these constraints, what
type of signal connectors you use and
precisely what you connect to the
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Assemhbled Phono PCB.

Signal to noise ratio:

RIAA egualisation netwark type:

Tone control stage
Line input impedance:

Oversll gain:
Freguency response:

Output noise:

Signal to noise ratio:

Line input signal level:

Maximum permissible input
level before onset of clipping:

Bass boost and cut:

Treble boost and cut:

Balance offset boost:

Tone control network type:

Power supply:

Power consumption:

Main output (to powsr ampl impedance:

Specification of the complete system

Phono stage

Input impedance:

Ling output impedance:
Overall gain, ghono to line:
Line output lsvel:

51kQ + 330pF*

1kQ

4BdB @ 1kHz

1 to 2V peak 2:B6mV @
1kHz for Scmys)

40 to B0dB (depending on
cartridge)

Passive optimised

* Selert valles to match the reprements of tha cartrdsy

Bd8 fiat

20Hz to 20kHz =0-5dB,
-2dB @ 100kHz

<200uV pesk max

60dB for 100mV input level
0dB typical

B8V Pk-to-Pk

+16dB and -12dB @ 20Hz max.
+18dB and —18dB @ 20kHz max.
+3dB max

Passive Baxandall

230 to 240V @ 50Hz or

115 to 120V @ B0Hz

30W approx.

signal inputs and outputs and how you
wire them up is up to you — although
it would be prudent to use good
guality screened cable for all inputs.
The three basic modules consist
of a complete Power Supply Unit, the
seli-contained RIAA equalised Phono
Preamplifier PCB, and similarly a Tone
Control PCB, the latter is described
in Part 3. Each is available as a
separate kit, where the PSU and the
Phono Module each includes a suitable
aluminium chassis. Figure 1 is a
block disgram of the complete system
using the thres modules. The
interconnections and switching
arrangements shown here only serve

to show what is possible. You may not,

for example, want the line functions,
but prefer more inputs from the
selector. or yau could do without the
Tone Control Module.

RIAA Phono
Preamplifier Module

During the latter decade of the

valve era, while many power amplifier
circuit designs weare circulating
amongst the DIY fraternity, thers
wers comparatively faw front-end
preamplifier circuits. It seems,
however, that a popular choice for
home constructors was the so-called
Mullard ‘two-valve' and ‘three-valve’
designs. When we eventually examined




PSU Module
BC Heaier HT AC Heater
Supply Supply Supply
P‘iQ—I— Pi13,14 £g 112
1 P1,2,101,102 P5 i F8.9 Optional
Phono Module &c!umel
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Fa, 102 | MNetwark l/
“ Via Vib

Figure 1. Overall block diagram.

!

—— P8(OVE),1058(signal Gnd)

the Mullard 'two-valve’ in datail, it

has to be said that we were singularly
unimpressed with it. It was, | suspsact,
derived from a commercial design and
as such is heavily compromised to

cut production costs to a minimum.
Conseguently it has daft elements

to it, such as the tape outlet that

is merely tapped off an anode load,
providing & law level signal intended
for sending down & scresned lead,

but effectively in series with a

100k resistar?

Reslly, though, the only phono
equalised designs truly worth
bothering with are dedicated ones,
be they solid state or valve. So the
search was an for an BIAA equalised
preamp design and it turned up in
the form of an RCA circuit. It also
incorpaorated the passive RIAA
egualisation netwark, which we wantad
to compare with the now universal
integral NFB type found in solid
state designs. The Phono Module's
specification is listed in Table 1.

Circuit Description

It can be seen in Figure 1 that the
phono module aiso includes a unity gain
line driver or buffer This is necessary
even if the phono module is intended
to be used on its own, to provide
sufficient output driving capability for
interconnecting screened output leads
with possibly a fairly low terminating
impedance at the other end. Othar
elements can be interposed betwasn
the phono preamp proper and the line
driver, such as a source selector

8

Test conditions
Input signal level:
Input source impedance:
HT supply:

Input impedance:

Overall gain:

Signal to noise ratio:

Signal to noise ratio:

OP = 2:5mV @ 1kHz for Sem/s)
Output level in use:
Signal to noise ratio:

| V1a & b triode stage gain:
Equslisation netwark type:

Power reguirements:

HT supply:

HT current consumptian:
| Hester supply #1:
Hesater supply #2:

Buffered autput impedance (using V21

Output levels. with simulated magnetic cartridge input
#1: moving cail, = 2:5mV @ 1kHz

#2: moving magnet, = 5-5mV @ 1kHz 1-5V

Resl conditions (example = Tenorel TMC10 maoving coil cartridge,

* Select values to msteh the requirements of the cartridge used.
== D0 heater must-be regulated and one side connacted te signal VP OV near V1.

Table 1. RIAA Phono Module Specification.

2-5mV peak, 1kHz
BOO0Q via 1-5m screened lead
300V + 100mV ripple @ 100Hz

51kQ + 330pF*
<1kQ
48dB @ 1kHz

630mV
>39dB .

=>43dB

2V peak
>52dB [nearer 60dB)

34dB esach
Passive RIAA standard

300 ta 350V DC
18mA incl. buffer
12-8V OC @ 300mA==
6-3V AC

@ 300mA

switch, and if desired a volume ar
level cantrol can be added scross the
driver’'s output.

Figure 2 shows ane complete
| channel anly of both the phono
preamglifier and the line driver; all

that is shown hers is contained on
the PCB. The other channel is
identical, and theay share only the few
supply filtering companents. The PCB
is approximately 4sq.in. square yat
carries &ll thres valve envelopes and
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O
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Figure 4. Phono Module PCB Legend.

RIAA Phono Module

Pin No. Function Channel
P1] V1 pin 4, OC heater (], link to P4 Left
P21 V1 pin 5, DC heater &+) Left

P3 Phono signal input Left

P4 Phono input screen OV Left

PS5 +HT supply Commaon
PB RIAA phono output Left

P7 supply OVE from earth bus (PSW) Common
(PB) V2 pin 8 AC heater #1 Commaon
(P2l V2 pins 4,5 AC heater #2 Common
P10 Line buffer signal input Left
P11 Line buffer output Left
(P101) V1 pin 4, DC heater (-] Right
(P102) V1 pin 5, OC heater (+) Right
P103 Phonao signal input Right
P104 Phong input screen OV Right
P106 RIAA phono output Right
P107 signal OV for phono outputs & buffer Commaon
P110 Line buffer signal input Right
P111 Line buffer output Right
P33 HT source for V1 stage via Link 1 Left
P24 V1 stage HT via Link 1 Left
P85 V1 pin 6 ta C12 Left
P96 C12 to R11 and P8 [phono out] Left
P37 V101 pin B to C112 Right
PS8 C112 to R111 and P106 (phono out) Right
PS8 HT source for V2 stages via Link 2 Commaon

Table 2. Phono Module PCB pin designations

all the components directly associated
with them. Each phanc preamp circuit
uses a complete ECCB3 double trinde
valve, while the stereo line drivers
share one common ECC82 double
trinds valve.

The following eircuit description
should help yau understand better
how the various stages of the module
function, and aid any fault-finding ar
testing that you may need or want to

8

carry out. The phono preamp
comprises two identical triode
amplifier stages in cascade. The RCA
circuit naturslly employed American
valves. Here Mullard ECCB3 small
signal valves are used, and each stage
is built with Mullard's recommended
standard circuit configuration and
component values. This ensures that
the best possible performance is
obtained from the valve and each

stage has a signal gain of 34dB
{voltage gain of 50 times).

The HT supply for the whaole module
connects to pin FS on the PCB, while
the commaon OVE connects to P7.
Supply decoupling far the stereo phono
amplifier is provided by RS and C7,
with CB8 helping to remove any high-
frequency elements. This comman
point serves both stages V1b and
V101b. Further supply decoupling
is provided from here to the input
stages, V1a and V101a. sach of which
has its own group R7, C2 and C1, and
R107, €102 and C101, respactively.

HT is routed independently via R12
and R13 to decoupling capacitors
C13 and C14, where it is shared by
the two line drivers. |t should be noted
that this measure of supply decaupling
is not only to remove any noise on the
supply line fram the PSU, but also to
minimise crosstalk betwesn the
various stages and promote stable
operation.

In sddition a 6:3V AC heater supply
is required for V2 (across valve pins
4-+5 and 9), and 12-BV DOC in paralle!
across V1 pins 4 and 5 and V101
pins 4 and 5. These ars the six basic
supply connections and come dirsctly
from the PSU module.

The signal from the magnetic pickup
cartridge arrives at the phono input
P3, 103 (and the earth return P4,
104), and is terminated by R1 and
C3. It should be pointed out that
the values of these two components
as provided in the kit are arbitrary,
based on thoss commonly quoted
for cartridges of this type. To ensure
a complete match to the specific

—cartridge that you intend to use you
should install the valuss quoted in the
cartridge’s specifications. Due to the
very high signal sensitivicy in this ares,
using switches and sxtra compansnts
to change the impedance matching far
different cartridges is not a good idea.

The ‘raw’ signal is then subjected to
a fiat gain of 34dB in the first stage
of V1a, which directly sources the
passive RIAA equalisation netwaork,
The actual network itself has been
cptimised for best results along
similar lines to that first published
in 1985 in Wirsless World and since
updated. (RCA's version is much
simpler.in comparison.) The frequency
response contour of this network is
illustrated in Figure 3. The network
operates as a controlled low-pass
filcer comprising, in Figure 2, A3 in
series with R4, C8, C38 and C10.
These capacitors are high tolerance
polystyrene types. The netwark is
AC coupled to V1a anode by C5, a
polyester type capacitor chosen for
its 400V waorking range; one has to
remember that until the valve warms
up. the voltage level at its anode is
actually the full unloaded HT leval of
350V! Given the high impedance of the
network, the apparently small value of
22nF is perfectly satisfactary.

The output of the network, at the
junction of R3, R4 and C10, is taken
directly to the signal grid of V1b.
Resistor RB provides ths 'grid leak’
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Figure 6. Mounting C12 & C112 to the track side of

or OC bias for the second triode and
is at OV potential. A value of 1MQ
ensures minimum loading of the
network, yet provides a satisfactory
grid bias for the valve.

At this point signal strength is
quite reduced, a majority of the gain
provided by V1a is lost in the netwark.
A further 34dB of fiat gain provided by
V1b boosts this signal up to a much
mare satisfactory level for output.
Overall, however, the amplifier is very
efficient, producing approximately
2V — high enough to rival the output
of the average CD player — from a
signal supplied by a fairly low sensitivity
moving coil cartridge. When one is
accustomed to expecting 100 to
200mV from the solid state
equivalents, this high level of output
is quite extraordinary — try getting
that from just two transistors!

The output is AC coupled from
V1b anode with a 100nF polypropylene
capaciton, having a very high insulation
resistance and working voltage range,
C12. Again this component has to
handle maximum HT level until after

warm-up. les value sllows the output
to be loaded down to approximately
100kQ with no loss in bass response. |
Hesistor R11 ensures that the output
side of C12 is referenced to OV DOC at
all times. This is so that, if ‘Phona’ is
chosen with a selectar switch where
previously it was not, the amplifier
does not deliver a hefty pulse down
the line to the rest of the system as
C12 charges up!

The Line Driver

Each half of V2 forms the active
glemeant of the line driver or buffer
An ECCB2 double triode is used hers |
which has a higher current capabilicy
than the ECCB3, and is better suited

to this role. The identical stages follow
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the unity gain, non-inverting cathode
follower configuration, with cathode
bias properly derived from a series
resistor chain, R15 and 16. The bulk
of the volcage drop, which allows a
sizeable signal voltage swing, is across
R16 and is derived from a healthy
anode current of 7mA. This leaves
R15 to develop the actual cathode
bias of 7V, with the lower end
cammunicated to the signal grid
via the grid leak resistor R14.

The input impedance of the stage
is not determined by the value of
R14 alone. The action of the cathode
following the signal grid results in an
impedance muitiplying effect for R14,
so that instead of being BBOKS the
actual input impedance is neare
to 10MQ. The small value of the
polycarbonate capacitor; C13, which
AC couples the input, is more than
ample for this and the line driver would
be extremely useful for buffering signal
sources having a very high output
impedance.

This line driver is very simple yet
very capable, having a fiat frequency

response to at least 100kHz and is
able to drive loads down to 1k before
signal quality is seriously degraded.
This allows a fair degree of ‘fan-out’
for sourcing more than one item of
external equipment whilst coping with
the core to scresn capacitance of
cables; it is certainly able to drive
1-5m or more of consumer quality
screened lead with no discernible
losses.

AC caoupling at the output is via
C17, a high-volcage electrolytic.
Generally electrolytics of this type are
not a good choice for an audio signal
path, but a high value is necessary
to ensure good bass response inta
a (comparatively) low impedance load.
However, HF performance is assured
by C16. Alcernatively you might
replace these with an equivalent
value made up from sudio grade
palypropylene types, but these
are very large and will have to be
connected off the board with the
space to accommodate them.

R17 serves the same function
as A11. One concern here was the

HT+ = 330V
Junction of R9, G7 = 280V

® = measure at junction of R15/16, R1159/116.

Junction of R7, C2 and R107, C102 =
V1 V101

Pin Voits Pin Volts
No. No.

1 170 1 170

2 8] 2 0

3 1-4 3 1-4

B 200 B 200

T 0 7 0

8 1-5 8 1-5

250V
va
Bin Vaolts
No.
1 260 anode
2 B8* signal grid
3 75 cathode
B 260 anode®
7 68~ signal grid®
B 75 cathode®

NOT at valve grid pin

Tahle 3. RIAA Phono Module Voltage Test Points.




danger of infiicting any solid state
circuits that are connected to the
output of the buffer to high-voltage
pulses on switching on or off. In
practice though the transition is very
slow, both at warm-up and switch-off,
and peak deviations are rarely more
than 2 or 3V,

WARNING! Before proceeding with
any kind of work on this circuit, take
heed — high voltages CAN KILL!
NEVER touch any high-voltage part
of the circuit with either fingers or
uninsulated tools uniess the power

is OFF! While power is an, you should
only touch any part of a circuit with
an insulated test probe when required.
Every time you switch off, adopt the
following industrial safety procedure,
known by the acronym 'SIDE’, which
spells out the following steps:
SWITCH OFF - Switch off the main
PSU front panel rocker switch, and
switch off at the mains outlet wall
socket,

ISOLATE - Pull the mains lzad out of
the mains inlet socket at the back of
the PSU.

DISCHARGE — Discharge the main
line HT reservoir capacitor to zero
volts (NOT with a screwdriver!).
EARTH - Earth the main line HT to
chassis OV with a leskage resistor

to prevent any electrolytics recovering
a charge from their own dielectric
absorption.

In the design of the PSU
‘earthing’and’discharging’ is
automatically taken care of by R2
in the PSU circuit. Please note that
it may take the resistor up to one
minute to completely discharge the
unloaded HT to OV To make doubly
sure, you MIUST test the main line HT
with a multimeter set to high OC voits
before touching any part of any circuit.
This shall hereon be referred to as
‘the SIDE procedure’. DON'T CUT
CORNERS!

Phono Medule
Construction

Refer to Figurs 4 for the PCB legend.
The PCB is a single-sided glass fibre
type. and is strong enough ta carry

all the components including the valvas
in their holders. Note that it includes
a salder resist layer on the track

side, which will also help ta minimise
current ‘creepage’ across the surface
between points of high potential
difference when in use, for this
reason the PCB track has not

been shown.

Once the PCB has been assembled
and tested, and is known to aopsrate
correctly and be ready for use, you are
advised to apply conformal coating to
the finished solder joints to augment
this protection.

More detailed instructions are given
in the leaflst CXV1 TM), but basically
construction begins by inserting and
soldering the 40 PCB pins at P3 to
P7. P103 to P107, P10, P11, P110,
P111, also at the three valve holdar
positions. In each case, insert and
solder nine pins from the track side
into the outsr of the two concentric

10
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Figure 7. Phono Module chassis drilling details.

Drilled chassis.

rings of holes for each valve holder;
that with the smaller holes. Next,
carefully insert the BIA valve halder
into the board from the track side,
into the inner ring (larger holes) until
it is fully seated fiat on the PCB. Each
pin of the valve holder is then bound to

its corresponding PCB pin with a turn
of bared bell wire and solderad to it
(c) don't be sparing with the solder).

Some ‘spare’ holes will be left over,
P83 to P38. These do not have PCB
pins. (Tzble 2 lists the functions of the
various pins and links.)
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The prototype Phono module fitted into the chassis.

Also link holes P83 and P24 with
orange bell wire (Figure 15). With

Components are installed by fitting
the smallest first, working up to the

largest. The 2W metal film resistors lengths of black bell wire, join V1 pin 4
RS, R12 and A13 all stand on end to V101 pin 4, and V1 pin 5 to V101
to conserve space on the PCB and to pin 5, using the PCB pins, see Figure
aid cooling in use. For each, bend ane 7. It is not necessary to twist the
lead to lay flat against the body of the wires together as in normal AC heater
resistor, and insert the component wiring practice [but there’'s no harm
vertically orientating it to the PCB if you do).
legend. Due to their physical size, it

Using orange bell wirg, link PSS was mare convenient, if a lictle
(near R12]) to V2 pin 1 near C15, as unconventional, for the yellow
in Figure 5. Pin numbering for all the polypropylene capacitors C12 and
valves is clockwise as viewed from | C112 to be mounted on the track
the component side of the board., side, as illustrated in Figure 6. The
and always with pin 8 at the bottom. methad of mounting the PCB allows
The rings of PCB pins make all valve plenty of room. Cover exposed lengths
connections accessible, and the bell of lead with sleeving stripped from
wire can be wrapped and soldered power connection wire or mains cable.
around that for V1 pin 1. This is C12 connects between P85 and PA&.
‘Link 2" in Table 3. | while C112 is betwesn P87 and P28,
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ON THE TRACK SIDE. The leads are
pushed through the holes and bent
over and cropped as usual, but
soldered on the track side where
they enter each hole.

Finally prepare the four rubber
couplings these will be used as
mounting pillars for the PCB. Remove
the spring washers from each and
replace the nuts and tighten carefully,
to avoid splitting the rubber The final
distance will be approximately 17mm.
Using the extra M4 nuts pravided in
the kit, attach each coupling to the
PCB mounting holes on the track side.
In use the PCB hangs upside down in
the chassis, while the three valves will
protrude through holes in the chassis
top panel. Tempaorarily set aside the
assembled PCB while you prepare the
chassis.

Preparing the
Amplifier Chassis

Drilling and cutting details for the
chassis for the amplifier section is
shown in Figure 7. The remavable lid is
the bottom of the box. The 3kin. holes
in the rear panel are for gold plated
phono saockets (JZOSF (black) and
JZ0BG (red)), which come with
insulating shoulder washers. since
the OV side of the sockets must be
isolated from the chassis.
Alternatively, you might use an B-way
phono socket on a paxolin panel (with
4 x M3 fixing holes), for which &
rectangular cut-out is reguired, It can
also include an earthing terminal post
for a record deck, see optional parts
list.

The left-hand side panel has a
/4in. diameter hale whose position
corresponds with the grommet on the
PSU chassis, allowing the two chassis
to be joined end to end.

The top pansl has 1in. diamster
holes, preferably made with a round
sheet-metal punch, to clear the valve
envelopes when the PCBs are in place.
The Phono PCB must be on the right-
hand side (chree valve holes) furthest
away from the PSU. If the Tone
Contral Module is not used then the
Ewao left-hand valve clearance holes
and associated M4 clearance mounting
holes are not required.

Combining the
Chassis

When the PSU and amplifier chassis
are joined end to end, the complete
assembly becomes 16in. wide which

i5 a typical width for most steren items.
The rear join should be made with a
rectangle of aluminium plate 2'/zin.
high % 1in. wide with a hole at each
corner for fixing, using M4 hardware
or pop rivets. Ideally the front should
have a covering front panel cut from
18 swg aluminium sheet (sse optional
parts list). All frontal holes will be
duplicated in this panel. It can be any
height you like (the protatype is 4'/in.
high to fill a gap becwesn two sheives).
The separate front panel is rigidly
attached to both chassis by M3

n



hardware in each corner of the front
panels of both chassis. The panel can
be painted, and countersunk screws |
sllow a stick-on design to be attached,
completely hiding the fixings (and the
fixing screw for RG1, see the PSU
Modulel. Figure 8 shows the front

and rear panel legends available as

an aptional item.

Installing the Phono
Module PCB

The four fiexible rubber couplings that
are used as mounting pillars for the
PCB should, as already described, be
fitted onto the PCB first. Experience
has indicated that it is much easier to
insert the threaded ends of the pillars
through the chassis when the PCB is
ficted, rather than the PCB over the
pillars. (This is especially true of the
Tone Cantrol PCB, which is larger)
Because the mountings are flexible, it
is a simple matter to 'hook’ the studs
through the chassis panel with a thin-
bladed screwdriver Secure all four
studs with the four M4 nuts and DO
NOT over-tighten, or there is a risk
of damage to the rubber You will find
that any rotary switches will have to
be fitted after the PCB is in place, as
space is rather tight.

if you are also going to mount the
Tone Control PCB later, be aware that
rotary switches AND the Phono PCB
will have to be removed again to make
room for manoeuvring the Tone Contral
PCB into position (mainly because of
the four cantrol spindles). It is not tao
difficult to disconnect and reattach
the PCB pin connections, and all wiring
can remain connected to the rotary
switches while they are removed.

Power Supply Wiring
to the Phono Module

Figure Sa shows the basic essential
wiring between the Phono PCB and PSU.
While signal connections are flexible,
these connections are not and these
instructions must be adhered to.
Firstly establish what is called an
‘earth bus’, which shall connect ALL
the signal earth tags. of however many

phono sockets are fitted together,
EXCEPT the actual phono input

pair (from the record deck). This hus
becomes a commaon supply and signal
earth, and should be isolated from
chassis and mains earth, which is a
separate system. Use stripped bell
wire or tinned copper wire. It will be
noticed that there is an approximate
1in. gap between the rear edge of the
PCB and the rear panel for wiring and
socket connections along the back of
the chassis.

Next fasten the earth strap (green/
yellow wirel from the PSU to the
amplifier chassis with its M3 solder
tag, using an M3 x 10mm bolt, nut
and TWO shakeproof washers (see
Figure 10a).

Caonnect a length of green power
connection wire fram P10 on the PSU
PCB and the nearest end of the earth
bus (all routes through the grommet).
Also connect green power wire fram
the other end of the earth bus and
P7 on the Phono PCB. The heavy gaugs
of this cable is quite important, it
provides the minimum resistance for
all signal and supply earth returns,
ensuring good performance. Don't
be sparing with the solder

Connect PS5 on the Phono PCB
with PS on the PSU PCB (+HT supply
using orange bell wire. Connect the
PCB pins of V101 pins 4 & 5 to
P14 & P13 on the PSU PCB using
stranded brown hook-up wirs. V101
pin 4 (referenced to OV by a link on
the board] must connect to P14 (OC
heater supply -V).

Finally, connect V2 pin 4 or 5 [they
are linked by a track) and V2 pin 8 to
P11 & P12 on the PSU PCB using a
tightly twisted pair of black bell wires.
The pair should rise vertically to a level
of 1in. above the PCB surface before
going directly ta the grommet, avoiding
the areas of V1, V101 and associated
COMPonRENts.

These are the six vital connections
to the Phono PCB and they do not
deviate. See also Table 2 far overall
PCB pin designations.

Turn the chassis aver and plug in the
valves — V1 & V101 = ECCB3, V2 =
ECCB2. The Phono Module shauld naw
be operational and ready for initial
testing.

Testing the Phono
Module

Turn the chassis upside down and
sSuUpport it to keep the thres valves
clear of the work surface. Cannect
the Euro mains lead and switch on.
In @ short time you should be able

to establish that all three valves are
glowing. If not, perform the complete
SIDE procedure and examine the
heater supply wiring for errors.
WARNING! Never heat valve holder
pins with a soldering iron while a valve
is still plugged in; remove it first.
(Heating a valve pin too quickly risks
cracking the glass envelops.)

if all valves are glowing, then the
basic DC voltages around the circuit
can be checked with reference to Table
3 (test points). Due to the vagaries
of the HT supply, these levels are
approximate, but measurad values
should not deviate greatly, & drastic
difference will show an obvious fault.
As opposed to semiconductars, it is
most unlikely that s valve is damaged
by & serious fault, at least in the
short term, since they are, electrically
speaking, extremely tough. If, however,
you have a short circuit somehow
across a OC blocking capaciton, such
as C5 or C105, then other capacitars
may be damaged, such as the
polystyrene types which are not
high valtagse rated.

If the DC tests ars good you may
go on to AC testing if you have the
equipmesnt, such as an AF signal
generator and oscilloscope. This
will show whether the two identical
circuits perform the same, if not, one
of them has a fault. Dry joints in ths
equaiisation network can produce
some weird effects.

If a fault is found carry out the
complete S.I.0.E. procedure before
rectifying it. At this stage the PCB
may be removed without completely
disconnecting it, AFTER the valves
have been removed!

Signal Wiring

Figure 8b attempts to illustrate some
signal wiring options for the Phono
Moadule, particularly if used alons.

The extra phono sockets and selector

Figure 8. Newton Preamplifier Phone Module front/rear panel Iabel, Scale: 7/1sin. = 1in.
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Figure 9a. Basic general earth and
supply wiring for the Phono Module.
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switch are purely optional, as is
the dual ganged volume contral
(alternatively two singles can be
considered). Volume contrals should
preferably follow the line driver, as
this keeps the signal to noise ratio
proportional to the output level at all
settings. Signal source and switching
options will be discussed in more
depth in Part 3 (see also Figure 1).
The signal earths of the sterao pair
of ‘real’ phono input sockets should

arrangement; due to the sensitivity
of the amplifiers and the low signal
level this is not possible without
unacceptable noise and pickup.
Consequently the metal body of each
is connected tao signal OV on the PCB
(P4, 104) via the screen of its own
connecting cable ONLY. Furthermaore
the socket earths should not be
linked together, or to the earth bus

as well, or a8 ‘'hum-loop’ will be formed.

Ultimately each socket completes

magnetic cartridge in the record
player, the two signal returns
remaining isolated along their length.
Note that the centre conductars of
the internal screened cables should
be as short as possible at the phono
socket tags and at P3 & P103. The
distance ta the signal OV pins P4 &
P104 is made with the screen braid only
Part 3 will describe the Tone Control
Module and more detailed signal
wiring options for a complete valve

nof be included in the sarth bus a circuit with its own side of the preamplifier K}
NEWTON VALVE PREAMP RIAA (PHONO) MODULE PARTS LIST
HESISTORS: All 0-BW 1% Matsl Film (Unless specified) M3 X 10mm Stesl Boi 1 Bit LiY227)
/1,101 51k = V51K M3 Steal Nut 1Pkt WDBTR
A2.8,102.108 100k 4 (M100K M3 Shakeproof Washer 1P (BF44X)
A3.103 240k 2 (M240K M4 Steel Nut 1Pk (UDB0)
R4.104 36k 2 IM38K] Front Pansl Label 1 (KP75S)
F5,10,105,110. 1k8 4 (MIKE] Pea 1 {GHOOH)
f8,11,17.108, -t Instruction Leafiat 1 DVT1IM)
111,117 M o (MM Constructors' Guide i CH75D)
B7,107 33k 2 (IMIZSKD
A3 12k 2w 1 D12k OPTIONAL (Not in Kit)

R12.13 2kz 2W 2 (OzKz) Square Stick-on Feet 1Pk (FD755)
A14,114 680k 2 (MBBOK) Z.pole B-way Rotary Switch ~ AsBeq.  (FF74R)
B15,113 Tk 2 M1K 4-pole 3-way Rotary Switch AsReq.  (FF7EH)
R16.116 10k 2 (M10Ka Twin Phono Socket As Req.  (JK15R)
Busd Phono Socket As Req. (BW74R!
CAPACITORS | Octal Phono Socket AsReg  (UK17T)
C18.13.101 High-Voitage Disc Gold Phono Socket Black AsReq.  (JZOSR)
Ceramic 10nF 500V 4 (BX15R] Gold Phono Socket Red AsReq  (JZOBG)
C2,102 Radial Hlectrolytic 10uF 450V 2 CILT 1M Grounding Post As Beq.  [JLSSH)
3,103 1% Polystyrene 330pF 500V 2 (BX51F Aluminium Shest 16 swg 1St (LH13P
C4,11,1804,111 Low ESH Hadial Bectrolytic Krich K80 Az Req. [YRBBWI
e 47uF 50V 4 (JL47E] M3 Shakeproof Washer 1Pk [(BF44X)
Ca,105 Polyester Film 22nF 400V 2 (BX72P) M3 Stesl Nut 1 Pkt UDB1R)
C7.14 Radial Bectrolytic 47y 4580V 2 L1BU) M3 x 10mm Stesl Bait 1 Pkt LIy22y)
£8,108 1% Paolystyrene 560pF 125V 2 (BX54.)
£3,103 1% Polystyrens 8n2F 63V 2 (BXB50) . . e _
£10.110 155 Polystyrens 3n3F 63V 2 (BXBIS) The Maplin ‘Get-You-Working® Service is available
ci2.112 Polypropylens 100aF 1000V for this project, see Constructors’ Guide
[Class XM 2 FA21X or current Maplin Catslogus for details.
£15,18, The above items (excluding Optional) are
115.116 Palyester Layer 10nF 400V 4 WWZSE available as kits, which offers a saving over
buying the parts separately.
VALVES Order As LT76H (Newton Phono Kit)
V1,101 ECCR3 2 [CRZ78) Price £34.99a1
Va2 ECCE2 1 (CR=260) Please Note: Where ‘package’ guantities are stated
in the Parts List [e.g.. packet, strip, resl, etc.), the
MISCELLANEDUS : 1 : : ;
Single Ended 1mm PCS Pin 1 Pt FL248) Exact quantltgerggs;;]eec; 'fﬁ ?ﬁgdk;he project will
PCEB B9A Vahs Base 3 [CR32K) .
Aluminium Chassis ACBB 1 XBE8Y] The following new items (which are included in the ki)
Single Screensd Cable 1 XR183) are also available separately, but are not shown'in
1-5A Sofid Core Wire Orange (10m) 1 Pk {BLBOX] the 1885 Maplin Catalogus.
1-5A Soiid Core Wire Biack (10m) 1 Pk (BLEB5G) Newton Phono PCB Order As GH99H Price £3.99
é fé W?rfvgm-m (10m} : Pk ggﬁngg Newton Preamp Labs! Order As KP75S
rezn Wire m Bri f
Rubbepr Coupling 4 (FE38G) SECETE B

TRAC D2MAC Decoder / Card Reader Module for Ferguson
SRB1....We are now taking orders for November delivery.

With the appropriate card / programme software, most scrambled D2MAC programmes can be watched.
Works with all Ferguson SRB1 unconverted and TRAC D, D2MAC and MAC / PAL SRB1 converted receivers
Discreet internally fitted card reader. Additional direct plug in software capability via "on board" chip holders.

Optional card extension PCB for external access Ferguson SRB1 conversion Kit e £119.00
60 Full ble Channel :
i e W Ferguson D2MAC converted receiver. . £149.00

Digital Audio. Menu driven. On screen graphics i S
Multi Channel "Mini" card software at special price Multi Channel viewing software. ......£14.95
Plus P&P : Kit £4.50 Recelver £56.90

Philips BSB conversion available soon. Please call for info.
0642 468145

(E :Wih“: over E
BExperience 0642 452 555

Commerce way Skippers Lane Middlesbrough Cleveland T56-6UR FAX 0642 440927
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A readers forum for your views and comments.
If you want to contribute, write to:

Classifieds Really Work

Dear Sir,
L&a‘ylsayabq;ﬂﬁltyouﬁxﬁauwgmy
request for a four-track reel to resl

recorder in the classified advertisements
section of your famous magazine. | am
pl=ased to say that | hava recsived three
contacts, and of thess one resulted in a

mast satisfaciony seitlement.
Richard Anderson, Cleveland.

We're glad that the senvice was of halp
to you. Don't forget that the classified’s
reach some 30,000 readers every monii.

DIY Radio Alarm

Dear Ediior,

The 418MHz encodad Tx and Rx
modutes featured in Issue 83, and the
addiional informabion in Issue 73 'Data
File' are an excellent basisfora redio.
finkad atamm system connecting ons
detection zone to a central control. |
envisags several protected zones where
each zone delecior has its own Tx, and
providad they are all encoded the same,
then only ons Rx would be sufficient

to indicate an alarm stats.

necassary for each zonea to identify itself
1o the conirol, requining each Tx to be
coded diffsrently and the receiver having
dupficated decoders. Also a typical

alarm system’s sensor may have a
normally closed refay loop preventing
intruders cufting wires; this may be
difficuit to emulate for powering the T
N. L. Smith, Stoke-on-Trent.

By using different encoder chips with the
418MHz transmitter and recever
modules (the PCB is designed fo accept
mesparﬁeddevrem&}:mpamﬁem
transmit four bits of datz (from
W)mammﬂ}am
address. The chips fo use are the
M145026, M145027 or the HT12E,
HT12D {see pages 742 and 743 of tha
1994-5 Mapln Catalogus) these chips
are used in pairs, the first is the encodsr
and the second is the decoder. Data
sheets are availzble on these devices.
Further applications inforrnation for the
418MHz modules can be found in Issus.
73, January 1894 of Blactronics. Dats
sheels are also avaiiable for the 418MHz
modiudas; Myammr}rme?m
and includs appications cirwis

based on the HT12 devices. Awqr
comprahensive 418MHz development kit
is available as a special order (DM52G)
which inciudes TwRx modudes, FCBs,
develnpment ts znd full dafa,
good value but costs £129.29 B1! Daia
shests are 80p NV each, order as
DSDaA, don't forget o specify the davice
and stock code of the device you want
cizfa onl Data sheels can be ordered by
maid order (using the ordar form or Tel:
(01702) 554161). Maplin's Regional
Stores do not stock data shests, but you
can order and pay for tham at any of the
stores. We already stock and sell two
complete Wirsless Alarm’ systems,
stock code XS57M (£99.99 E6) and
ACQ39IN (E£199.99 EB), using the principle
you describa, you can find them,
together with other accessonies, on
pages 12.and 13 of the 19345 Mapin
Catalogus). Mzking your own securily
systam using several 418MHz TxRx
modulas is perfacty possible — but
buying read)y budt will be cheaper

and quicker, but not as much funf

Pictures Getting Smaller
Dear Editor,

Sinceitis increasingly
cbvious that the TV moguis are
determined to force us o walch pictures
(and not just films) with black bordars
top and bottom, if not all around the
edges, how about coming up with a
‘picture expandar’ gadget?

| reaise it would have o be self-
contained, but could be instalied
between the video and the TV sat,
where the video is used as the receiver.
I've tried to design cne but can not g2t

The Editor, ‘Electronics — The Maplin Magazine’
P.O. Box 3, Rayleigh, Essex, SS6 8LR.

heating economy.

STAR LETTER

In this issue Mr M. R. Perry, of Kidderminsier,
Worcestershire, wins the Siar Leiter Award of
a Maplin £5 Gift Token for his lefier concerning

1 2.2.2.2.2.2.2.2.0.2.0.0.0.8.0.8.8.¢

Heating Economy Devices
Dear Sir,
Ccsvc&rrmgﬁwldﬂadmmgvanmm
davices for reducing heating bills, you
may be aware that there are a number
on the markst that claim to do just that,
by a varsty of ways.
Haowever, reporis by indspendent
consumer groups tend o indicate that
the savings guoled by the manufacturer
ars ‘somawhat over oplimistic’, as with
the claims often made for petrol saving
davices on cars. In fact the cost of such
davices, in my opinion, have to be
spread over many years before, or
aven if, any actual saving is mads.

| recently experimentad with soma
fiuorescent lamps in place of
conventional ight buths, It worked out
that 5 years was needed o egqual tha
cost of buying new bulbs in that time,
at the end of which the flucrescent
tubes will need to bs replaced anyway!
The cbvious way to reduce heating bils
is not to use so much fusl, by simply
tuming down the heat Is it really
economical fo pay over £100 fora
davice which does this for you? | have
it is siill difficull o determine wihsther

it actually saves fuel. it could be arqued
that it takes more fusl io keep reheating
an almaost cold bollar than maintain ons
varying by say 10°F.

The fuel saving devices that | have
come across work by preventing the

bader from cyciing on and off over short
periods of ime, instead the boder is
aliowed Io fire up for & given minimum
period of time and then after it tums off,
it is preventad from firing up again within
& given parod.
To cakulate the mosi cost-effective
method of heating a property imolves
a number of parametars, not izast haat
input into the system, haat cutput from
(up the five, pipss, through walls and
windows), the ‘inarfiz’ in the systsm
(how long a room takes to heat up
or coal down), intemnal and extemal

5, ard how lbong the
Mawvgﬁrabemfa;mazm;:enm
Obviously there s an optimum
amangement, but it will be different in
every properly. If there is such a thing,
there may be a thenmal mode! for an
‘average’ propeny, a fugl saving device
could be optimised for such, but how
worthwhile such & devics is, taking
into account the vanriahions about the
average, could only be conciusively
research an a wids range of propartiss.
It is sven possible that such devices
in the Wwrong’ property could actually
increase haating costs not decrease
them! The only gisarantead way o
decrease fuel usags, other than
improving insulation and having
an efficient systam that is reguiariy
senviced, is fo put on a jumper and
tumn the heating down (or offl).

1. 8.0.8.0.0.8.0.2.0.0.0.8.8.0.8.8.8 ¢

tha ICs. I've bean told — by a Garman—

Ronald Young, Sussex.

The reason why many fims have black
bordlers top and bottom is that most
festure films, onginally intended for
cinema release, are fimed in a wide
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scresn format, such as Panavision, sic.
This affows much more action to be
packed in and fils more of your field

of vision (2dding to excitement and
realism) when screenad at a cinema.
Thea height to width ratio of the picture
is known as the aspect ratio. The aspect
ratio of standard TV tubes is diffsrent
(sometimes very difierent] fo the aspect
ratio of fim, so'when ffms are broadcast,

the TV company has wo chaices:
concentrate on the midde part of the
frame s0 that the picturs fils the whols
screen (s cropped, 0 you loose
duﬁcsoﬂtheleﬂ-andngmweagauj
or broadcast the whole frame, Jelisr-box

definisly arenl) and what s feli fobe
most popular at the fime (TV

0o a bot of research inio thés). With

spis inlo the cropped section, so the
telecine equipment (the device used to
electronic TV video signal) has to pan
across the scena b follow the acton.
Fiim bufis on the whaole don't ke cropped
fims — they say s a bt ike viewing the
workd with binkers on! Incidentaly, at
cnemas, the curiains above, below and
fo the sides of the screen are movabls
fo accommodaie the diferent fim aspect
ratios used, expasing only the night
amount of screen.
Wide-screen TV ars avaiabls, with
&spect ratios closer fo that of film, they
also have buitin dighal frame sfores
that aliow the viewer fo have soms
conirol over hrow the picture is dsplayed
(zoom in and out), Such circuitry is
availabls in extemal baxss, but ceriainly
not practical as 2 projact

A new system called PALplus is

being used fo transmit wide-screen
programmes to compatible wide-screan
TVs, it works by transmitiing the extra
piciure information fo the left and right
of the main picture in unused vidso
finas in the vertical blanking interval, the
receiver decodes this information and
adds it onfo the sides of the picturs,
clever, Enl. Tha advanizge baing that
on naon-PALpius TVs a conventional
full pichure i dsplayed.
Gensrally the drection is iowards
Iransmitting fims full frame, so you are
Fkely fo ses mors and maors films, and
TV programmes, broadcast in leffer-box
format. It is possible o increase the TV
picturs haight to gt rid of the biack
bordars, but to maintain comect
proportions you would have fo increase
the picture width as well, cthenvise
people will look very t21 and thin. TVs
have controls inside for adjusting picture
geomelry, so within cartain mits the
picture could be expanded, but if you
don't know how, you shouldn't ba
poking around inside anyway. Colour
TVs have an EHT volizgs'of some 25
to 20KV, and there are plenly of places
around the power supply, fine output
and video oulput siages that will defiver
very nasly, pofentially lsthal shocks.

| know, | used to ba a TV enginesr.

Don't Call Back

Dear Sir,

Mo, you do NOT ‘need to ring a friend
and ask to be ‘phoned back . . . when
testingthe T B=il R
{Electronics Issue 83 (November)). As
hobbyists are now aliowed to exiend
thair own telephone systems, II.hough!
that the foliowing information would

of general bensfit

BT exchanges incorporate a ring-back
seif-t2st for which there is no charge. Lt
the receiver ofi-hook, wait for tha dialling
tone; izl 174; walt for the continuous
‘nurnber uncbizinable’ (NU) tone, then
repiace receiver on hook. The exchange
instantly. To cancel the ring — just
answer itl

Godfrey Manning, Middlesex.

This is a very useful bp for anyona
wishing to check out thair telsphons fina,
howeaver it doasnt work in all areas,
yout call BT enginears (151) thay will tel
you the ring-back test number for your
exchange. We already knew about the
existence of the ring-back test number,
but because of the need to dial 2
different code in diferent areas, we
thought it would confuse matfers!
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Owapays, it is quite reasonable for a
N child to ask. "Daddy, why is the sky all

orange at night so that | can hardly
see the stars?

“Well. its the streetlighis— we need them so
that we can see and be seen at night when we
walk about and when mummy or | drive the
car. There's realfy nothing we can do about it.”

This is in fact the wrong answer The en-
vironmentally correct answer would now
¢o something [ike this:

“I'm afraid this has come about because
people have used the wrong type of lighs
which send light up into the shy instead of
down to the ground. which is where every-
body knows it really needs to go, People are
now beginning to try to put things right (but
there are a lot of sireetlights that will need to
be changed). but it could take some time.”

by Douglas Clarkson

It is only recently that national and inter-
national campaigns have become mobilised
into combating light pollution and advocat-
ing a ‘Dark Skies’ policy. In the UK. the
Campaign for Dark Skies —a group affiliated
to the British Astronomical Association has
already succeeded in raising awareness of
the problem with a broad range of official
groups. At an international level. the
International Dark Skies Association co-ordi-
nates activities on a wider scale. A notable
success of the UK group was the inclusion of
the entry - 'Light above the horizontal should
be minimised as it is wasteful and increases
sky glow’ in BS5489 Part 1 (1992).

The extent of present levels of light pollu-
tion is dramatically indicated by pictures
taken from satellites which show that there
are very few areas in the UK with ‘Dark Shies'.

Photo 2. Ferry terminal at Poole in Dorset. Mast-mounted lights, plainly visible as sky

glow from 20 miles away. ECopyright Les Fry.

Above: Photo 1. Car park. Eynsford in Kent.
Rural light intrusion, Astronomer Richard
Murrin, who lives nearby, has had his
observing seriously curtailed by ‘overkill
in the name of security.

S©Copyright Richard Murrin.

This implies that perhaps the majority of
inhabitants of the UK are now denied a clear
view of the night sky. The wonders of the
Milky Way are now only to be experienced in
text books on asronomy.

The Effect of Light
Pollution

For professional astronomers, light pollution
with low-pressure sodium vapour lamps is
less of a problem compared with the effect
of high-pressure sodium lamps. The familiar
orange colour of low-pressure sodium
vapour is in fact mainly provided by a
doublet of lines at 589nm and 589-5nm — so
a narrow band filter which absorbs these
wavelengihs can remove most of the prob-
lem. Where, however, the source of light is a
high-pressure sodium lamp with a broad
colour spectrum. the problem cannot be
improved by use of such filters.

On a light technology basis, however, the
high-pressure scdium source is much more
compact and the light output is more easily
controlled, e.g., directed downwards. There
are thus competing arguments for and
against each type of lighting. For the general
public, however. both types of light - inap-
propriately used can lead to adverse light
pollution.

With the spread of urban sprawl over large
tracts of the UK. it is increasingly difficult to
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escape light pollution. One of the basic tests
for light pollution is to check whether street-
lights are visible when looking down on them
from a higher level, e.g.. a hill or from an air-
craft. Invariably. such lights are usually
visible irom above.

The campaigns for Dark Skies being imple-
mentad in various countries are not just
about installing lights that point downwards
— it is about reassessing aspecis of the use of
fighting in general. If for example a break-
through in technology led to a dramatic
improvement in luminous efficiency, should
this lead to uiility lighting being three or
four times brighter? There are very good
arguments for providing adequate levels of
illumination at night, instead of the high-
est intensity technology will allow There
are many instances where an excess of light
is more of a hazard than a help.

A good example of ‘adequate’ light levels
are 1o be found at airports where the need for
illumination of access roads, terminal build-
ings, and landing and runway lights are bal-
anced so that relatively low levels of
illumination are used in safety-critical sys-
tems.

There is also criticism of the wide avail-
ability and thoughtless use of so called
security lighting where very bright xenon
arc-lighting is used 1o illuminate frontages of
buildings—often isolated houses in the coun-
try. In the parlance of ‘Dark Sky’ campaign-
ers these are called ‘insecurity lights”.

Questions are being asked whether such
grand illumination actually affords security
or is an encouragement 1o theft and vandal-
ism. Also, the high levels of illumination are
probably counter productive. Most crimes
are committed in daylight where thieves can
see what they are doing.

The topic of crime and lighting is an old
one. In the Victorian era, it was claimed that
every single new street lamp would lead 1o
the demise of a policeman. At the very least,
security lights need to be implemented so
that adequate levels of illumination are
produced. Some levels produced by security
lighting are considerably in excess of minimal
levels. There are instances now where
drivers at night can be temporarily blinded by
bright lights of premises near the roadside.

Psychological Loss

With the growth of urbanisation, the benefis
of a more ordered, more comioriable life
style has been associated with some very defi-
nite [osses. In the UK there has been the con-
sistent loss of forest cover — a loss which is
only appreciated in the quiet depths of what
forest spaces still remain. There has been an
increase of noise pollution into our lives —
such as car and house alarms being acci-

Photo 3. Upward light spill at Winchester,

Photo 4. Portsmouth, the location of the camera above the town reveals upward light
from luminaires. A powerful ardument against one official line in Governmeni replies
1o concerned individuals, stating that ground reflection is the main cause of sky glow,
£ Copyright John Mason.

dentally set off, adding to the frustration of
everyday life. There is also the loss of the
‘Dark Sky" — a more subtle loss perhaps but
one with a deep psychological impact

In today's society, however. part of ihie
mivth of the consumer culture is that every-
thing worth having has 1o be paid for A gaze
al the stars cosis nothing vet it can be a
source of great stimulation and a wonderful
point of contact to the stars and galaxies of
the universe and the planets, meteors and
comets of the solar system. With all that we
Enow. or are beginning 1o know about the
universe, gazind at the stars is an excellent
way to remind ourselves of the almost limit-
fess dimensions of the Cosmas.

Photo 5. Two solutions: capped globe light,
and shielded downlight mast at
Sainsbury’s, Becton, East London.

© Copyright Campaign for Dark Skies (CIDS).
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We should all have quality Dark Sky’
memories. Mine are from the August skies of
Helmsdale in Sutherland — [ooking east high
above the Moray Firth into the flight path of
the Perseid meteors as they graze the upper
atmosphere and travel a last few thousand
miles of their long pilgrimage around the
solar system. Overhead high above the faint
shape of the Milky Way wound like a giant
serpent in the sky. The memories are still fresh
and hopefully will last a lifetime. Usually
every adult will have a clear memory of their
‘best ever’ view of the night sky. The loss of
such experiences to present and future gen-
erations is very much to be regretied.

A Simple Code of
Lighting Conduct

Part of the argument put forward by Dark
Sky groups is 10 save energy by preventing
projecting it skyward in the first place. An
imporiant development has been the pro-
duction by the Institution of Lighting
Engineers of Guidance Notes for the
Reduction of Light Pollution. This guidance is
relatively straightforward and is very much
& commonsense approach.

Sky Glow is the official phrase for light pol-
lution caused by the scattering of artificial
light by dust pariicles and water droplets in
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the amosphere. Levels of light pollution will
also be influenced by levels of atmospheric
pollution and prevailing weather conditions.
Light pollution can be of a very direct nature,
e.g.. where light from factories or retail
premises manifests as a nuisance to people’s
homes at night. As part of the guidelines, it
makes sense to switch off lights when not
required. Infra-red security lighting is highly
effective when used with. for example, closed
circuit TV cameras. The blackest night scene
can be made to appear as light as bright day.
Also, light should be directed downwards
whenever possible, so that light is prevented
from escaping upwards. However, where
light is intentionally projected upwards to
buildings, care should be taken to ensure that
unwanted light spiil is minimised.

The greatest problem comes with the poor
design of conventional downward illumina-
tion such as streetlights. Many domestic ex-
terior wall lights are nothing more than a
glass globe —most of the light will be radiated
vertically. With use of appropriaie refleciors
and bafiles, light spill can be avoided and
hiigher light levels provided where light is
required. In the UK, Urbis Lighting has intro-
duced a range of energy efficient lighting
which minimises glare, eliminates upward
light and minimises light spill.

A simple and effective way to reduce light
pollution is o only switch lighting on when
it is required. This can be easily achieved
using passive infra-red (PIR) deteciors cou-
pled to a timer circuit. Invariably such units
include a light level sensar so that operation
is automatically inhibited during daylight
hours. PIR lighting control is available in the
form of a self-contained unit, which can be
added to existing lighting equipment.
Lighting equipment, with integral PIR lighting
control. is also available. Using PIR lighting
control will turn [fighting on, for a predeter-
mined period. when people are in the area
to be illuminated. Use of such a control
device is ideal for commercial and residen-
tial parking areas, loading areas and walk-
ways. The benefits, other than reducing light
pollution are reduced energy consumption.
longer lamp life and the deterrent facior for
potential thieves and vandals.

The choice and location of lighting equip-
ment is important:

Use the lowest level of illumination necess-
ary to achieve adequate illumination: too
high a level of illumination can make matters
worse by dazzling people (a 500W halogen
floodlight used to illuminate a domestic
porch is excessive — use a 150W (or less) unit
instead).

Floodlights should be installed as high as
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Photo &. Southampton Parkway Station.
Full cut-off lamps installed to prevent glare
1o train drivers. Camera position shows
effectiveness of luminaires: not visible in
picture. ©Copyright R. Arbour.

possible. pointing downwards; installing
them low down at a shallow angle will
dazzle people and result in unwanted light
overspill.

Instead of using a single light with a high
level oflight output it is better 1o have a num-
ber of lights, eachi with a proportionally lower
level of light ourput. This gives a more even
level of illuminarion. thus reducing shadow-
ing and dazzling effecis.

Where it is necessary that an area is not in
total darkness, a combination of low level
(confidence) lighting controlled by a light
level sensor. plus higher level PIR controlled
lighting is a far better choice than having high
level lighting permanently switched on.

PIR lighting control units should be posi-
tioned so that they are only triggered when
people are in the area to be illuminated, and
not by passers-by or vehicles.

Maplin supply a wide range of lighting con-
trol and lighting products which, when
appropriately chosen and properly installed
after careful planning, can be used effectively
to provide lighting where and when it is
needed, and without causing unnecessary
light pollution.

Exercising Responsibility

The environmental arcuments for a reduc-
tion in light pollution are self-evident. It is.
however. & question of priorities. The prob-
lem with excess carbon dioxide emissions
could lead to instabilities of climate which
will dominate future environmental agenda.
Population growth is another immanent
pressure which is making its presence felt
These are major "headline’ issues.

It will be an increasing challenge, however,
1o use all kinds of technology in & respon-
sible way as understanding improves of how
technology should be used. Utility lighting is
only one of many components of a complex
technology jigsaw. where each aspect requires
10 be exercised with care and thought As
solutions to problems become apparent (such
as in the improved designs of lighting sys-
tems), the will is beginning 1o be found to
implement the better solutions. It is only some
kind ofirresponsible anitude or ineria which
resists the move to more environmentally
friendly forms of exterior lighting.

The Campaign for Dark Skies is no more
than the exercising of responsibility and con-

sideration, in an area which it has been
recognised for many vears that little thought
has been applied.

It has been an impornant indication. how-
ever, of the responsible approach taken by
Dark Sky campaigners. Whether it is an
encounter with a local supermarket man-
ager. or 4 sporis complex, or a county coun-
cil, it has always been the case that a tolerant
but committed approach brings the best
resufts. Once individuals and organisations
appreciate what is involved in reducing light
pollution levels, then they are generally only
1o pleased to co-operate. People do not gen-
erally need convincing about self-evident
environmental factors. They do initially need
them to be brought to their attention. An
idealisiic, intolerant approach. however. will
be met usually by equally stubborn resis-
fance.

In a rural setting, there is increased identi-
fication with the ‘rightness’ of a Dark Sky.
Many schemes 1o introduce high levels of
night-time illumination to country areas
have metwith strong opposition from groups
such as the Council for the Protection of
Rural England.

Thase getting invalved with Dark Sky cam-
palgns need not necessarily be professional
astronomers. In the USA. for example, the
Board of Directors of the International Dark-
Sky Association consisted at one siage of a
professional astronomer. a business woman,
a science writer. a public relations expert and
a lighting engineer This reflects the general
interest that such campaigns generate. For
those becoming involved, however, ina cam-
paigning role, it is important o be well versed
in appropriate details so that correct advice
and comments can be given.

Sky glow is now a part of 20th century
society and will surely be with us into the
new millennium. Major conurbations such as
Phoenix Arizona can be seen 100 miles away:
the sky glow from Los Angeles is visible from
an aircraft at a distance of 200 miles. There
are good safety arguments for providing ad-
equate light levels in public places and for
vehicle transport systems. However, this can
be achieved without the creation of light pol-
lution. g

There has been a move in the USA 10 estab-
lish so called "Dark Sky preserves’ — areas
which are protected against unwanted illu-
mination. One such area was recently sef up
in an area around lake Hudson. While this is
one way of guaranteeing a Dark Sky area, it
does not deal with the pressing problem of
the spread of sky glow, from one end of the
developed world 10 the other

Useful Addresses:

Campaign for Dark Skies,

British Astronomical Association.
Burlingion House, Piccadilly,

London. W1V 9AG, Tel: (0171) 734 4145.

Institution of Lighting Engineers,

Lennox House, 9 Lawford Road. Rubgy,
Warwickshire. CV21 2DZ. Tel. (01788) 576402
International Dark-Sky Association,

3545 N. Stewart. Tucson, AZ 85716, USA.
Urbis Lighting Limited,

Telford Road. Houndmills, Basingsioke,
Hampshire. RG21 2¥W Tel: (01236) 54446.
Council for the Protection of Rural England,
Warwick House, 25 Buckingham Palace Road,
London, SWiW OPP Tel: (0171) 976 6433.
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AND THEIR APPLICATIONS

Part One - First Principles

By Andrew Chadwick B.A., C.Eng., M.LE.E.

HEde_v.reln;nnenLofthellghtemit- | [Material Bandgap | Group In| /g (nm)
ting diode (LED), in the 1970s was Energy | Perlodic
aresult of research into solid-state (€V) Table
devices for the production of light for use
with optical fibres. However, for the aver- Si 1-11 v 1110
~ age clectronics hobbyist, the LED is prob-
ably more familiar in its role as an Ge 066 v 1880
efficient and reliable replacement for fil- «-SiC 2-86 -Iv 434
ament lamps in panel indicators, or as =
the basis of the seven segment display. B-sic 23 VIV 540
More recently the infra-red LED has also AIP 2-45 oV 497
become commonplace, due to its use in
the many remote control units for hame AlAs 217 ad 273
entertainment. This series explains how GaP 2:94 II1EY 555
LEDs work, how to choose and use
LEDs, and demystifies commonly Gaas 1-42 v 875
encountered terminology. InP 1:35 I 978
Like many of the products we take for
granted. the LED is actually the result of Cds 242 IV 513
a great deal of technical knowledge and Table 1. Bandgap Energies at 300K.
scientific research. The modern LED - B ARG

owes its existence to an understanding of
such fields as quantum physics, semi-
conductor manufacturing techniques and
electromagnetic theory. This series can
only hope to touch briefly on each of these
areas, but hopefully will nevertheless be
an interesting and useful introduction to
LEDs and their uses.

bandsgap.

C-carbon; Al-aluminium; Pphosphorus;
As-arsenic; Ga-gallium; In-indium; Cd-
cadmium and S-sulphur. g is the wave-
length of the light associated with the

In a pure semiconducting material
most elecirons reside in the lower valence

band. Only a few gain enough thermal
energy to be promoted to the conduction
band. These electrons, and the "holes’
they leave behind in the valence band,
are free to move and are responsible for
electrical conduction. As few electrons
reach the conduction band, pure semi-
conductors have poor conductivities. A
simplified view of the situation is shown
in Figure 1(a).

Most useful devices rely on ‘doping.
the introduction of small quantities of
impurities, produce ‘N” and 'F’ type semi-
conducior materials whose properties
are radically different. N-type material
has a greatly increased number of elec-
trons in the conduction band and P-type
has mere holes in the valence band as
shown in Figure 1(b). Combining P and
N-type material gives the P-N junciion,
which is the basis of bipolar semicon-
ductor devices such as fransistors and
diodes.

The LED is also a P-N junction formed
in a suitable semiconductor material.
When forward biased the electrons in the
N-tvpe imaterial are attracted into the
P-type material. This increases the con-
ceniration of electrons above the normal
low level in a Piype material. The excess of
elecirons diffuses away from the junction
and is eventually absorbed by recombi-
nation of electrons in the conduction band
with holes in the valence band. A similar
process occurs in the P-iype material.

The electron loses energy during the
recombination step which mayv appear
as electromagnetic radiation. It is this
phenomenon, known as radiative recom-
bination, which is responsible for the
light production in an LED. The over-
all process is illustrated in Figure 2.

The wavelength of the radiation emit-
ted is inversely related to the bandgap of
the semiconductor. In order for an LED
o emit radiation in the visible part of the
spectrum. the semiconductor must have
a bandgap of Toughly 2 to 3 eV. Although
Table 1 suggests that there are many
possible candidates, in practice most
are ruled out due to very low efficiency of
the radiative recombination process, or
difficulties in doping the material.

Most commercial devices are based on
M-V semiconductors. Unlike the familiar
semiconduciors silicon and germanium
which are pure elements, IV semicon-
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shown in Table 1.
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{b) a doped semiconductor.

Figure 1. Representation of electrons and holes in (a) Semiconductor;
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ductors are made from mixtures of
elements from Group Il and Group V of
the periodic table. There must be equal
numbers of atoms of the Group MI and
Group V element as is evident from the
formulas of some typical materials AIP
AlAs, GaP GaAs which appear in Table 1.
However, it is also possible to have mate-
rials such as GaAs1-yPy which still fulfil
this condition but whose properties,
including the bandgap, are intermediate
between those of GaAs and GaP The
advantage in the case of an LED is that
by adjusting the composition, the
bandgap, and consequently the colour of
light emitted, can be varied. Other mixed
semiconductors such as GaAlAs and
more recently AllnGaP are also utilised.

ical LED chip which uses GaAsysPy; as
the semiconductor material. This is
deposited from the vapour phase onto a
substrate of pure GaAs or GaP By con-
trolling the composition of the vapour the
composition of the deposited laver can be
varied from pure GaAs (or GaP) to the
required GaAsg Py, thus smoothing out
the laftice mismatch between the crys-
talline structure of the substrate and that
of the GaAsy«Pss. By diffusing suitable
dopanis such as selenium and zine into
the surface, N and P-type lavers are
formed producing a P-N junction. The
contact to the P-type region is designed to
allow as much light as possible to be
emitted from the junction. Light which is
emitted downwards will be absorbed if
the substrate is GaAs whose bandgap is
smaller than that of the P-N junction laver.

parent to the emitted light, so a reflective
layer on the substrate can return the light
upwards.

Since LEDs were first produced, a
great deal of research and development
work has been aimed at increasing their
efficiency. Despite significant improve-
menis as a result of new materials and
methods of construction, only a small
percentage of the eleciron-hole recombi-
nations actually result in the emission of
a photon of light from the semiconductor
surface.

Even if the radiative recombination
process is efficient, there remains the

f

fundamental problem of total internal
reflection, an effect which is mentioned
in mosi elementary courses on optics. It
occurs_when a light ray passes from a
more dense to a less dense medium, as
shown in Figure 4. At small angles of
incidence most of the ray passes
throughi the interface and is simply bent
or refracted. As the angle of incidence
increases more and more of the light is
reflected back from the interface.
Eventually a point is reached where it is
all reflected and none escapes. This
angle of incidence is known as the criti-
cal angle and its value depends on the

Tronsmitied

| light
L=ss denss '
medium !
|
More dense | Angle of
medium ] \ incidence
i
1 Reflecisd
light
Incident =
light {a)

Epoxy

Semiconductor

p—n Junction

O]

Figure 4. Total internal reflection. (a) Small angle of incidence. Most light
transmitted. (b) Increased angle of incidence. More light reflected. (o) Angle of
incidence greater than critical angle. All light reflected. (d) In an unencapsulated
LED most of the light would be reflected. (e) Encapsulation in epoxy increases
the amount of light transmitted.

However. a GaP substrate will be trans-
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refractive indices of the two media. For
air and water it is about 507 but for light
Irying to escape from a semiconducior,
rzcta with a high refractive index of 3-4, into
air, the angle is only 17°. For an unen-
capsulated LED chip, any light hitting
the surface at greater than this angle
would be reflected back as shown in
Figure 4.

In practice the chip is invariably encap-
sulated in epoxy which has a refractive

Figure 3. Construction of a typical LED: (a) cross-section of the LED chip;
(b) packaging of the chip.

index of 1-8 mfnpared to 1 for air. This
increases the critical angle at the chip
surface io 32 degrees, and more light can
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escape.
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A typical LED package is shown in Figure
3b. The LED chip is bonded into a cup
formed in one of the leads using a con-
ducitive adhesive which will allow current
to flow to the underside of the chip. The
cup acts as a reflector to increase the
light output. The other connection to the
chip is made via a fine bond wire from the
end of the other lead. The whole arrange-
ment is encapsulated in an epoxy pack-
age which protects the chip from damage
and contamination and also reduces the
critical angle, as already discussed. In
addition the curved end of the package
acts as a lens which has a very significant
effect on the beam of light emitted. This
is discussed further in the section on
viewing angle.

The industry standard method for
identifying the leads is to make the cath-
ode shorter. Other additional methods
such as a flat or spot on the package may
also be used. Note that the lead with the
cup formed in it is often. but not invari-
ably, the cathode.

A glance through the optoelectronic sec-
tion of most component catalogues
reveals a bewildering array of LEDs.
However, selecting an LED for a particu-
lar application is not too difficult once
the meaning of the main parameters are
understood. Colour, size and shape are
perhaps the most obvious and will be
covered first.

When LEDs were first iniroduced it
was a question of red or nothing. As
already mentioned, it is now possible to
produce a range of colours between red
and green simply by varying the compo-
sition of the semiconductor. Other alter-
native semiconductor materials have also
been developed, including silicon carbide,
which has made the manufacture of blue
LEDs feasible, although at a price.

The colour of an LED is more precisely
specified by the wavelength of light that it
emiis. (See the section on light for more
details). However, the light from an LED
is not monochromatic but contains a
range of wavelengths as shown in Figure
5. The figure quoted is usually the peak
wavelength corresponding to the highest
point on this curve, However, because of
the spread of wavelengihs and the non-
linear response of the eye, the colour of
the light will actually appear to be the
same as pure light of a slightly different
wavelength, known as the dominant
wavelength. In most practical applica-
tions the difference is not significant. For
instance the red LED shown in Figure 5
has a peak wavelength of 635nm and a
dominant wavelength of 626nm.

The colour of LED selected is mainly a
matter of personal choice. However, ‘red’
tends to atiract attention and is the inter-
national colour for indicating that a circuit
is energised. ‘Green’ and 'Yellow’ LEDs
can appear very similar in colour although
they are inherently more €efficient.
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Figure 5. Relative intensity versus wavelength for three
typical LEDs. Each LED emits a range of wavelenghts.
Pnukngawnmmmramm{mwmm
DeDiffused | Diam-|Wave- | FOWer|  Light | gop e vy {Crrent Angle | Code
Dissi-| output continuous
Colour “S=Weter eter |length pation|  (med) I;=20mA i (degrees)
Type (mm) | (mm) Fimyy) | =10mA <10
STANDARD EFFICH 515 [TIN] P
RED D 700 | 120 | 20 20 |25 43| 60 |WL32K
D| 5 |700 120 | 50 20 - |25 —15p| 60 |WL27E
D/ 8 |625|105 | 100:0° 20 |30 50| 50 |UK2IX
D| 10 | 625|105 | 1000° | 20 (30 55| 50 |UK25C
GREEN |D| 3 |[565|105| 125 22 |25 74| 60 |WL33L
D 5 |565|105| 320 22 |25 59| 60 |WL28F
D| 8 |565 |105| 70-0° 22 |25 50| 50 |UK22Y
D| 10 |565 |105 | 70.0° 22 |25 _—q50| 50 |UK26D
YELLOW [D| 3 [590|105| 125 2.1 |30 5| 60 |YY38R
D 590 | 105 | 80 2.1 |30_—55 60 |WL30H
D 590 | 105 | 70-0% 21 [30_—55| 50 |UK23A
D| 10 | 590 | 105 | 700° 21 |30 55| 50 |UK27E
ORANGE |D| 3 |625|105| 200 20 |30_—~5p 60 |WL34M
D| 5 |625|105| 200 20 |30 59| 60 |WL29G
BLUE C| 3 |470|105| 5.0° 30 |99 0| 20 |[CJ60Q
Cl 5 |470 (105 | 5.0* 30 |30 —qpo| 16 |ULSOW

100

200“

CJ58N

o 3 1.65° %0 60
p| 5 |660 100 200°* | 1.65** [30_—+Z,] 60 |cCJ54d
GREEN |D| 3 |565 |24 | 32 | 19 |7 57| 60 |CJ56L
D| 5 |565 |24 | 3:2** 19 |7 _~50 | 60 |UK49D
YELLOW |D| 3 |590 |29 | 32* | 18 |7 —55| 60 |CJ57M
D| 5 |590 |29 | 3.2°* 1-8** |7 459 | 60 |UKSOE
ORANGE |D| 3 |625|26 | 50* | 17" |7 50| 60 |CJ55K
D| 5 |625| 26 | 50 1.7** |7 450 | 60 |UK48C
IGH OUTF P
REDHgh) D] 3 |625|105| 50.0 2.0 |30 _—+z5| 60 |WLS3E
D| 5 |625|105| 800 20 |30 55| 60 |WLS4F
GREENMigh [D| 5 | 565 | 105 | 60-0° 22 |25 _—5,| 60 |CK40T
RED(Super) |D| 3 | 660 | 100 | 90.0° 17 |30 50| 60 |uKisU
'D| 5 | 660|100 | 100-0° 17 |30_—55| 60 |UK19V
GREEN{Supi|C| 5 | 565 | 105 | 300:0 22 |25 59| 30 |CK39N
RED(Ulra) |C| 3 |660 |100 | 500.0° 17 |30 _—59| 50 |UF72P
c| 5 |660 100 |10000*| 17 |30 55| 30 |UKSIF
RED(Hyper) |C| 5 | 660 | 100 | 350000 | 1.7 |30 55| 30 |UK20W

Notes: *1-=20mA. **-=2mA. maximum reverse volitage 5V@ 10u:A except blue LEDs 5V 30aA.

Table 2. LED Selection Guide.
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The two most common LED packages
are the T13/4 (5mm) standard and the
T1(3mm) miniature cylindrical iypes.
Larger cylindrical packages up to 10mm
in diameter are also available. For those
with more radical tastes rectangular,
square and triangular packages can be
obtained. However, before you get carried
away, remember that it is far easier to
drill a neat circular hole in a panel!

The remaining important parameters are
luminous intensity, maximum current
and viewing angle.

The luminous intensity or brighiness of
an LED or indeed any light source is mea-
sured in candelas (abbreviated to cd). Not
surprisingly the luminous intensity is
roughly proportional to the LED current
and so is normally quoted at a particular
current, often 20mA. The full data sheet
for the LED will probably include a graph
of luminous infensity versus current. A
tvpical specification might be 8med at
20mA, med being the abbreviation for
millicandela. Normally a maximum cur-
rent is specified for the LED above which
damage will occur. This sets a limit on the
increase in brighiness that can be
obiained by simply increasing the LED
current.

If brightness is essential then the only
alternative is to use an LED with a better
specification. In catalogues these are ofien
called high brighiness, super-bright or
high efficiency (HE) types and have light
outputs of up to a few candela! Whatever
the name, the principal is more light for
a given current or, in other words, greater
efficiency. Unfortunately this can only be
obtained by fighter manufacturing con-
trol or investment in new techniques both
of which result in increased cost.

When comparing the light output of
LEDs it is obviously important to make
sure that both are specified at the same
current. Another facior which can be even
more misleading is the viewing angle.

Not surprisingly the intensity of an LED
depends on the direction from which it is
viewed. An LED is brightest when viewed
along its axis and appears less bright the
larger the angle and direction of view
away from its axis. This information is
summarised on a data sheet in the form
of a graph of luminous intensity, relative
to the value on axis, versus angular dis-
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Figure 7. Typical characteristic curves for foward hia.-;ed LEDs.

voltage
3.0 £.0 )

placement from the axis as shown in
Figure 6. The single figure quoted for
luminous intensity is the maxinmm axial
value. The angle between the directions
where the intensity has fallen to half the
maximum value is known as the viewing
angle and is often included in the data in
a catalogue. Typical figures range from 5°
10 100°. There is at least ane manufac-
turer who uses a parameter known as the
‘full’ viewing angle. Although the defini-
tion of this angle is unclear. it appears to
be a lot larger than the viewing angle
defined above. Unfortunately it is often
mistakenly quoted in catalogues as the
viewing angle, This ean be very mislead-
ing when comparing LEDs from different
manufacturers,

The effect of viewing angle on luminous

intensity can be described fairly simplv.
An LED with a small viewing angle will
have its light output concentrated in a
narrow beam and so the luminous inten-
sity will be far greater than that for an
LED with a large viewing angle, even
though the amount of light might be iden-
tical. An LED with a small viewing angle
is accepiable or even desirable for some
applications but if used for. say, a panel
indicator it would be virtually invisible
when viewed from the side.

To a large extent the viewing angle is
determined by the epoxy package. The

Figure 6. Relative

luminous intensity

versus angular

displacement.
The graph represents

the data in polar

form on the left

and conventionally

on the right. The
viewing angle for
this LED is 45°,

60" 80 146D

+ =1
VS

h"\\
Vius @)

-
14
(2)

Figure 8. Circuits for operating LEDs.
(a) Using a d.c. supply.
(b) Using an a.c. supply.

curved end of the familiar round package
acts as a lens, and the viewing angle can
be varied over quite a wide range simply
by changing the curvature of this lens, or _
its distance from the chip. For even wider
viewing angles. a diffused epoxy is used
which scatiers the light in the same way
as a diffuser on a domestic lamp. Note
that both clear and diffused lenses can be
either tinted or uncoloured. This does
not affect the viewing angle but may
change the colour slightly. and more
importantly shows what colour the LED
will be when lit.

As with all semiconducior parameters
there is a large tolerance on the luminous
intensity. The figure quoted is usually the typ-
ical value. The full data sheet will show that
the minimum value could be as low as one
third of this. This could be significant if try-
ing to match the intensity of a row of LEDs.
Foriunately the response of the eye, like the
eat, is logarithmic and so a ratio of luminous
intensity of up to 2:1 is not noticeable.
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Current Limiting Resistor Chart

Supply 2mA SmA 10mA 20mA 30mA 40mA 50mA
Voltage (V) DC AC pe DC AC Dec AC DC AC DC AC DC AC
5 1.500 750 600 300 300 150 150 75 100 50 75 38 80 30
9 3500 | 1750 | 1400 700 700 350 350 175 233 117 175 88 140 70
12 5000 | 2,500 | 2.000 1.000 1,000 500 500 250 333 167 250 125 200 100
15 6.500 | 3.250 | 2.600 1.300 1.300 G630 630 325 433 217 325 163 260 130
18 8,000 | 4,000 | 3.200 1.600 1.600 800 800 400 533 267 400 200 320 160
24 11.000| 5500 | 4400 2,200 | 2200 | 1,100 1,100 550 733 367 550 275 410 220
36 17,000| 8500 | 6800 | 3.400| 3400 | 1700 | 1.700 850 1,133 567 850 425 630 340
115 56,500| 28250 22.600| 11.300| 11.300| 5650 | 5.650 | 2825 | 3.767 | 1.883 | 23835 1413 | 2.260 1.130
230 114.000| 57.000| 45,800 | 22,800| 22,800| 11.400| 11400| 5700 | 7.600 | 3800 | 5700 | 2,850 | 4560 | 2,280

The values given in the @able represent the value of resistor in Ohms that is required m provide the required series current at & particular voltage. Supply voltage
is given in the lefi-hand column, currents in the fop of the able, and Vr is taken (o be ZV.

=

Table 3. Current limiting resistor chart.

Some typical characteristic curves for for-
ward biased LEDs are shown in Figure
7. They behave in a similar manner o a
Zener diode with very little current flow
until a ‘knee’ or ‘avalanche’ voliage is
reached, after which current increases
rapidiy. Note that the analogy with Zener
diodes only applies to the electrical
behaviour. the mechanisms being com-
pletely different.

The knee’ or ‘avalanche’ voliage varies
with the colour of the LED, reflecting the
increase in bandgap. For red, yellow.
green and blue LEDs typical figures are
1-8V, 2-0V, 2-2V and 3-0V. Above this
‘kmee’ voltage LEDs behave as though
they have an internal resistance of a few
tens of ohms.

When reverse biased the LED again
behaves like a Zener diode with no eur-
rent flowing until a voltage of typically 5V
is reached, at which point the junction
breaks down. Further increase in voltage
will cause a large, potentially destructive
increase in current.

Due to the nature of their characteris-
tics LEDs cannot be simply connected to
a power supply in the same way as a fil-
ament lamp. Some means must be incor-
porated to limit the current through the
LED to the required value, the usual
method being a series resistor. Figure 8(a)
shows a snitable circuit for a DC supply.
The recommended current through the
LED can be found from the data sheet or
catalogue and is normally about 20mA
for a standard LED. The voltage across
the LED at this current is also often
quoted. Ifnot then a value of 3-0V for blue
LEDs and 2-0V for any other colour is a
good approximation. The value of resis-
tor R; is then given by the formula:

m:[@]
F

Vs is the supply voltage
Vr is the LED forward voliage
Ir is the LED forward current
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where:

A typical example would be for a red
LED rated at [7=20ma. driven from a
12V supply. The forward voltage of the
LED is stated as 2V. Using the equation
above just plug in the values to find the
minimum value of series resistance that
can be used.

Vs Ve _[12-2)_
Rl—{ A ]R;~[0'020]—5E}0§1 {min)

The necaresi preferred value fo this
would be 5602. The power rating of the
resistor should be at least:

P=FIR; or P=IFR;

In the above example where the resis-
tor required was found to be 5002 (5600
nearest preferred value), the resisior
must be able to withstand a power dissi-
pation of:

P=0-020°x500=0:2W

A '4W resistor would therefore be
adequate.

In the case of an AC supply the LED
must be protected from reverse voltages
that exceed the reverse voliage rating of
the LED, which is typically 5V, but may
be as low as 3V. Figure 8(b) is an accept-
able arrangement. The parallel diode D,
conducts on the half cycles when the LED
would otherwise he reverse biased. This
arrangement is preferable fo a series
diode as the leakage current of the pro-
tective diode could be the same order as
that of the LED, resulting in a significant
voltage drop across it.

Caleulation of resistor R; is now more
difficult. As the LED is only lit for
roughly half the time it must have a
higher intensity during the on time in
order to give an average brighiness com-
parable with the DC case. An approxi-
mate value for R; can be found by using
the equation:

_ | Vems—Vr
Ri= SOl ]

where: Vius is the RMS supply voltage
Vz is the DC value of the forward

voltage

Ir is the DC value of the forward
current

If, for example, you need to power an
LED from a 30V AC supply you would
require a series resistor of value:

302

R“[ 2:-:0'020]_7009

7000 is not a preferred value, so the
closest match to this would be 750€.

This equation is fairly accurate as long
as Vans is at least five times Vi, Alﬂ]ﬂl.lgl
the peak forward current may seem fo
exceed the maximum rated current of the
LED, no damage will result as the average
current is quite small. For further details
see the section on pulsed operation of
LEDs in part three of the series. The
power raiing of R1 is best estimated as:

Vins X Vaus (Vs

P= — oxiz }or P—[——Ri }

When reading values froni the table
always take the nearest preferred value,
larger than the calculated resistance.
Taking a smaller value may supply cur-
renis exceeding the maximum allowable
forward current for the LED. Lists of pre-
ferred values can be obtained from com-
ponent catalogues eic.

Next month we continue the discussion
with other types of LEDs including mul-
ticoloured, flashing and constant current
LEDs, together with LED bar, 7-segment
and alphanumeric displays.

LAA Warnes - Electronic Maierials.
JWilson, J. E B, Hawkes — Opfoelectronics.
Hewlett Packard — Opioelectronics
Designer’s Catalogue.

D. W, Tenquist, R. M. Whitile, J. Yarwood —
University Optics.
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The Internet For
Dummies

by John R. Levine & Carol Baroud|
The Intemst, also known asthe Nel, s
the world's largsst computer network,

o Net. In fack, Intemet is notrealiv a
retvwark but @ network of networds-

gll freely exchanging information. Intemet
is prebably the most open nstwork in

the world with tens of thoisands of
computers providing faclites that ae
avalable to amyune who has Net access.

Most netlvorks ae very restricthe in
what they aliow users o do, and reguire
specific amangements and passwords for
ea0h service, Mthouzh a few pay sevicss
egsi, and no doubt more will be added in
future, the vast maornty of Intemat
senices are fea for the taking

For the beginner to Intemet, who is
unsure how to take advantage of this
masshve network, this book proddes 2
vital reference that will enable the user o
swap e-mall, comversation, software, and
much mase from amound the world. The
friendly approach — as with &l books in
the Dummiss senies — will help the novice
cut the networking jargon and quickly get
10 the best resources the Intemethas to
offer,

Tre book & designad to be a reference
book. and is made up of sik pants —each
part is seff-contained and can be read
separzi=ly. A highly recommended book
from the Dummies senss that will be
imalusble to all Intemet users.

1593, 380 pages. 230 x 188mm,
ustrated,
Order As AN1TT

(Internet For Dummies) £17.99 NV

Principles of Transistor
Circuits
by 8. W. Amos
Althoush integrated crcults (ICs) hae
videspread sopiications, he role of
the dscrete trensstor i undiminished
whether used in busiding blocks or as
praciical solutions to design prohiems,
This is particulardy relevant when
apprecable power output of high
veiaSe S required.

For over thirty years, the author has
provided students ard enginesrs with an
authoniaine text on dscrete devices, that
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they could rely on, 10 keep them at the
forefont of ransistor cirowit desizn, The
boo¥ is wimitten in 2 dlear and detalied
way, and includes the very latest deviess
such as laser dindes, Trapatt diodes,
optocoupiers ard Gals transsiors, as
well as the Iatest techniguss for Ine
output stages and switch mode pover
suppies. This latest edition includes cirult
ampifiers, bidge output stages, diglectic
crcuits, SHE ampifiers in satelits
receivers, video clamps, picture
enhancement circuits, motor dive
circuits i vide recorders and camoordens

S‘WAMOS

Order As AN16S
(Principles Trans Cct) £17.95 NV

Understanding &
Servicing CD Players

by Ken Clements

Tree CD piaver has been around for somes
years now, but the actual senacing of
the plavers has tended to cause much
frustration. Many of the earfier madsls
had numerous tweaks, whereas e latest
made’s have hardly any. Mechanical
problems being parficulary difficut to
put night. CD players are nol necessanly
the beast that they can appear to be,
EqUInng & Cefian approach and an
element of confidenca,

The book provides a very readabls
understanding of CD technology, and wil
supplement the relevant senice manual
for the CD that requires senvicing. The tedt
takas a prodiem sobving approach with
numerncss examples, Groult dizgams
and Iine drawings. Enginsers who nesd
1D achieve a better understanding of CD
technology wel find this book an essential
tool for fault dagness, adjustment ard

repat. The profusely Musireted et covers
used wathin a CD player, and ghes a
thorough grounding in the basic principles
of CD technology. All the vanous seng
syslems are discussed as are the
decoder, system control and pawer

{echnicizns and engineers in mind, the
book wil also be invaluable to the audia
enthusisst, astis desiged tobe a
bench-side comparion and guide to
the prnciples imolved, in repainng and
adusting CD piayers.

(U/Stnd & Service CDs)  £25.00 NV

First Year Engineering:
Information Technology
& Systems

by D. C. Green

This book providss g comprshensie
introduction to probably the three mast
important topics covered by firstyear
students on {echnician courses. Students
©n courses leading 10 engneer status will
slsa find the book imalusble. The book
is designed to provide a fundamental
understandng of information technology
(M), microglectonic systems and

all the content of the BTEC First units
required for these topies. Also, these units
are a requirement for shudenis who wish
to continue with furthar study in elecrical,
electronic, communication and computer
engnesnng. The book will also sult those
wio are new {0 these subiects orwould
like 0 acquire a general introduction to
them.

The clear, concise text uses a Smple
no-matematical appmsch, end along
with 200 ine dravings and exerises,
produces a book that B easyto
understand and read. The fist fie
cihapiers cover the contents of the
Information Technalogy unit 28648 and
includes T, digtal computers, input/output
devices, software, IT in the office. The
following thves chaoters mest the

requirements of the Microeleconic
S:,msmﬂ&n‘.}saﬂm

the boox follows the requirements of
unit 28728 and inchudes information
Systems.

A highly recommendad book from
a well respected suthor who has spent
many years in related industries and
teaching.
16494, 2680 pazes. 245 x 188mm,
fustrated.
Order As AN1I9V

(Info Technology Systj ~ £10.99 NV

An Introduction to Light

in Electronics

by F. A. Wilson

Light & very much taken for granted by us
ail, yet most of us know very fitie shout it
- even The exparts are still stugging with
the many gaps in thelr knowledge. Notso
long ag0, it was befieved that since gt
trvelied through space there mustbe a
megium calied the efther. Todsy we are

a ftie wiser, we now tnow much more
sbout the electromagnstic wae, such a3
row o generate t, control itand use it,
yet when it comes to ight waves there
are stll soma g5ps in ow knowledss of
the compiete pocess, However, this book
5215 ot to improve our understanding
of what we do know, especally as tnow
mmmmmm
become a very important part in the

It might be feit that a study of
lght imvoives the madsr in detaded
been avoided and nothing more than an
understanding of basic mathematics is
required. The book has besn wiitten with
the elsctronics enthusiast in mind, but
sxpents wil find the text an enjoyeble and
refreshing fight read.
1994, 170 pages. 178 x 111mm,
fustrated,
Order As AN20N

(Intro To Light/Elect) ~ £4.95 NV
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HE original MAPSAT kit offered

a basic manually funed VHF

receiver wiith an 8-bit decoder,
and satellite passes had fo be
recorded onio audio iape and then
displayed on a monitor via the Frame
Store project. For those with the luxury
of a computer, the images could be
fed into a BBC or Amsirad computer,
in real time.

The kil is now nearly 9 years old,
and although it has served iis
purpose of providing a reasonably
priced expandable project. the time
has come {0 move on {o bigger and
better things.

MAPSAT2 is the dawn of a new era
in the simple, reasonably priced
reception of weaiher saiellite images.
The syslem consisis of: :

1. A fully synthesised VHF Weaiher
Satellite receiver offering many
‘new features and innovaiive
conirols over the old receiver.

2. An interface for converting signails.
from the receiver fo R5232 levels
so that a computer can inferpret
weather salellite images.

3. NESAT software o allow an IBM
compaiible computer {o display
and manipulate received images
and slore them on disk or
provide hard copies.

Figure 1 shows a block diagram
of the sysiem medules, and the way
they interact.

Construction

The receiver comes ready-built and
tested, and is housed in a purpose-
built case. The controls for ihe
receiver unit are easily accessible
from the front panel. and the
connections for gerials/inieriaces are
hidden from view on the back panels.
The interface unit is housed
in a similar box and usually resides
next to, or on top of, the main recsaiver
unit.

Powering the uniis is achieved by
plugging an IEC lead inio the back
of the receiver unil; an internal power
supply doss the rest. Fower for the
interface is derived from the receiver
by connecting the two wiih the lead
supplied. The same applies with
respect o the dala signal - a suitable
lead connecting ihe fwo uniis. Boih
unifs are rugged by design and
there are no adjusiments {o be made
inside, the cases should never nesd fo
be opened, unless refurned {or repair
fo the Maplin Service Deparimeni.

Installation

One of the main design concepis has
been that the unils should provide

a plug'n'play solution, requiring the
minimum of sefting up or adjusiment.
The first requirement for providing a
working sysiem is a good aerial. A
typical aerial to start with is the VHF
Satelliie Aerial Kii (LMGJA), presented
elsewhere in this issue. This iype of
aerlal provides a good all-round
(hemispherical) signal coverage
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In 1986 Maplin released the original MAPSAT project,
giving an amateur the ability to receive and display
weather saiellite images, beamed irom space back
down to earth. Requiring only moderate construction
skills the kit proved very popular and many people,
having built the MAPSAT receiver and decoder, then
went on to build the associated Down-Converter and
Aerial projects, allowing the system to be used for
receiving Meteosat series transmissions.




Polar

Metesosat

e

MAPSAT 2

Figure 1. Block diagram of the MAPSAT2 system. The receiver connecis directly to
the interface, which in tum connecis to a PC. A printer is optional but comes in very
useful if you need to record picture information, but have limited disk storage space.

MAPSAT 2

Rx. Interface

PC

Printer

(Figure 2), which allows a satellite o
be fracked from horizon io horizon,
and reqguires less seiting up, when
compared with a directional one.
Being a lighiweight design. a
"Turnstile’ gerial can easily be fitted
to a chimney mount or to a post if
required. Non-metallic objecis iend
to have liftle or no effect on ihe signal
reception so, as long as the aerial is
about 20 feet from any obstacles and
has a good line of sight for passing
satelliles, {here should be no
problems. Construction of the aerial
kit nermally takes in the region of an
hour, but if epoxy pottiing compound
{s-used it tends fo take about 24 hours
fo fully harden.

The length of coax used fo connect
the receiver lo the gerial can make
a big difference o the quality of
receplion. Keeping ihe length of the
cable fo less than 10 meires should
produce ideal resulis and keep losses
to a minimum. If you need longer
cable runs, dll is not lost, however,
because you might siill get away
with the exira less, or in the worst
case nesd (o use a preamp. A new
preamp kit (LT73&) published in
Electronics - Issue 81 (Sepiember 94),
idedl for this application, has been
dasigned and should you have
any problems with signal Ievel or
interference, ihis unit should cure
them. Powering the preamp is simple
because the MAPSAT2 receiver
supplies 12V DC via the coax, just
for such applications.

With the aerial in place and the
cable run installed, terminale the
coax in a suitable plug (FD85G is OK,
but discard the screw and solder the
inner o the connecicr centre pin, for
a gocd connection). Connect the lead
to the port marked POLAR. This is for
POLAR orbiting satellites as opposed
to METECR sateliites, which require
a directional anienna.

The last item of hardware that
needs to be connected is the
interface. As mentioned brieily earlier,
ihis is for converting the audio daia
signals from the receiverinioa
suitable R5232 ievel. The RS232
format signals can now be {ed into
a computer via the serial interface.
Software s supplied with the system
to allow an IBM compatible PC io
receive satellite images. Insialling the
software in a computer is a lancy-free
opsration, and reqguires that the user
is able to make a direciory and copy
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The specitications for the receiver and interiace are as [ollows;

Receiver Fower requiremenis:
Type:

Inpuits;

Final IFs;

Recelver coverage;
Out-of-band attenuation:
Tuning:

Ouipuis;

Dimenslons:;
Interface Type:
Input;
Inpui impedance;
Ouipui:
Power;

240V AC (nom.) <1A
Triple-conversion superhelerodyne
750 (Belling-Lee sockels)

10:695MHz. 455kHz

130 fo 140MHz

Better than 40dB

Seleclable 1kHz & 180kHz stepped
microprocessor'conirolled.

AF @ 1V Pl=-i{o-Pk inio 600Q

+12V DC on aerial socke} cenire pins
(May be changed o +24V DC if reqd.)
300 x 280 x 1065mm (W x D x H)

DSP (digital signal processor)
AF @ 1V Pk-to-Pk

4002

R5232 serial format

+12V DC at 60mA

o e g —,

Horizontal Plane

Figure 2. The VHF Crossed Dipole Aerial Kit (LMO0A), provides a good horizon to
horizon (hemispherical) signal coverage. Construction is simple and normally
takes about an hour, requiring only moderate consfruction skills.
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Left: Photo 1a. Taken
from the NOAA 9
satiellite, a high
resolution image of the
UK under a blanket of
cloud.

Left: Photo 1b. A typical
Meteosat image taken
using the new Down-
Converter available in
1995, Images taken
from Meteosat cover
the whole of Norihern
Europe, making them
one of the most

revealing ot all the
available images.

Below: Photo 1c. A side-
by-side image from
NOAA 9. Having both
infra-red and visible
light images means
that during the day
you can monitor both,
and at night infra-red
imaging can be used

in high resclution mode.
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a couple of {iles. The program is
supplied on a 3'zin. disk and
coniains the program files and a
sample animation segusnces from
Meteosat, showing cloud movement
(ses laier for deiails).

The program iiseli runs under
DOS and can be made o run under
Windows if required. Note that if you
intend running the program under
Windows you will probably need o
wriie a PIF telling Windows that you
nsed Video Memory s=i io High
Graphics, oiherwise ihe display will
not appear in the correct mode, i at
alll Running the program is simple,
just change to the NESAT direciory
and fype NESAT'. Although you will
be meti with a rather bland opening
screen, don'i be dismayed, the
high-resolution graphics have besn
saved for the real working paris of
the program..Ii is possible {o operaie
the program from the keybeard or by
mouse. Some problems have been
caused with incompatible mouse
drivers, 5o you should be awars that
if your compuier seizes up or crashes
whan you run the prograrm, it might
not be the programl.

You are now ready to go. . . except
there probably won't be a satelliie in
your area at this exact moment, now
that you need itl There s, however,

a demonstration that can be loaded,
and is ideal for ai least getiing some
images onio your screen. Using the
TAB key and cursor keys (or a mouse
if you have cne, and a driver), seleci
{he ANIMATION menu and {hen EDIT
ANIMATION. Select BACKGROUND
and highlighi ‘d2.bk1’, then OK.

Now repeat the first siep but this fime
select LOAD, 'd2.sgn’ and OK. The
animation sequence should now

be loaded up and just reqguires that
you select ANIMATION and RUN.

The screen should now display an
animation of Western Europe, part

of North Africa and the western end
of the Mediterranean. The coasilines
are outlined wilh dotied lines.and the
cloud can be seen asii rushes and
swirls fromn high pressurs o low
pressure arsas. Noie thai thess
piciures are of reduced resoluiion

in order o achieve a higher speed
of animation. The received piciures
will be of even higher quality, so it is
worth persevering and finding a
sateliite.

Having got fed up with the
animation, and pending a satellite
passing over, you dare now ready
o pick up your first live saiellite
transmission. Information on
operating the receiver, and gelling
ihe most ouf of ii, is all given in the
manuails accompanying the recsiver
and interface. Suffice fo say it is just
a matter of following the above
installation procedure, seiting up the
software {o receive and uning toa
passing satelliie.

The nexi viial piece of information
required, is when fhe saiellites’ orbit
and theilr frequencies. Various
‘Sharswars' programs ars availabls
for this, like SaiTrak 2-8 (=& laier).
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Carrier [illi
2.4kHz

Chonnel 1

L

Channel 1
Picture
information

Line sync pulses

Peagk |White

Channel 2
Picture
informotion

Line sync pulses
Channel 2

250 milliseconds

Figure 3. The APT Format signal. The line sync pulses at either side of the picture information give this format a distinctive
clip-clop sound. The 2-4kHz carrier can be seen, wiih the picture information modulated onto it.

=1

The Americans currently cperaie a
number of NOAA (National Oceanic
and Atmospheric Adminisiration)
scriellites. NOAA 9 is the oldest but still
gives good images sven though the
signal seems g liftle rough laisly. Also
NOAAs 10 io 12 orbit regularly, with
MNOAA 14 soon io be launched. There
was a NOAA 13 (brieily), but it got lost
soon aiter launch and has never
besen seen or heard of sincel All the
NOAAs fransmii on sither 137-500MHz
or 137-620MHz, and include a beacon
con 137-770MHz which cannot be

decoded but provides an indicaiion
that a satellite is passing over. The
NOAAs have a very distinctive clip-
clep sound with a 2-4kHz sub-carrier
and a high-piiched background
whistle. This is the sound of ithe APT
format signal, ses Figure 3.

The NOAA satsllites aciually
fransmit two fypes of images on
WEFAY, side by side. One image
iz visible light, (cbviously nof that
infermative during night hours!), and
an infra-red image giving indication
of temperaiures. Hot objecis are

shown as black, while warmer objecis
show up as being white. This makes
ihe seas look black during the
daytime, with the land showing up
as a lighter colour and the cloud
represenied by swirly whiie masses,
not too dissimilar to whai we ses
looking out of the window normally.
This colour scheme was obviously
adopied fo make the clouds stand
out against the darker sea and land
background, to make interpreting
the imagss g liftle easier. NOAAsS
sometimes {ransmit high-resolution

....

The internal circuiiry of the MAPSAT2
receiver is neatly and logically armanged,
with a high level of integration.
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pictures on 1-7GHz, bul reception

of these signals would regquirs a
sophisiicated compuier tracking
sysiem, in order to [ollow the saiellile
pass.

The Russians operaie a similar
Wedaiher Saiellite sysiem using
METEOR saiellites. METEOR 2s transmit
a single picture, either visible light (by
day) or infra-red (by night). METEOR
3s transmit images in a similar
manner but have the ability to send
elther normal or high-definition

pictures. The fransmission format

for the images is similar fo the NOAA
saielliies bui the synchronisation
pulsses are ai 300Hz which producses
a distinctive 'buzz-buzz. . . sound.
METEOR fransmissions are usually
found on 137-300MHz, 137-400MHz
and 137-850MHz. A faciiity that will
be of greai use here is the scanning
operation. METEORs have a tendency
io change belweasn the three
frequencies, so if all thres are
programmed inte the receiver and

Inside the interiace

unit there is a flat-

pack IC, a digital

signal processor, that
does all the translation
from cudio o TTL leveals.
Another IC performs the
final translation of TTL
to RS232 levels.

On the back of the interface unit are the sockeis for power and audio
(from the MAPSAT2). A 25-way serial connecior for the RS232 levels is
also provided on the back of the interface unit.

it is set to scan mode it will look ai
each in turn until a saisliite becomes
available, at which point it will lock
to that frequency uniil the pass has
finished, and ii loses the signal. When
signal lock is lost the scan will begin
again.

Another satellite worthy of
mention is Meteosal, which orbiis the
=arth at a height of 36,000km
above the eguaior and is thersiore
geosiationary. Meieosat 5 constanily
moniiors the weaihar in our hemisphere,
and although its primery users are
World Weather Crganisaiions, ihe
transmission is in a similar format
to the polar orbiiing saielliies. As
MAPSAT2 siands, it cannoi pick up
fhese transmissions but with the
addition of a suitable down-converier,
in order o bring the 1-6GHz signals
into band, there are no probiems with
recsiving ine fransmission. In iact it
has already been done; look out for
the Down-Converier when it appears
as a project in 19951 To give you a
taste of what will be available Photo
1b shows a Meisosal infra-red image
of Northern Europe.

First Coniact

The fime has finally come o recsive
a live picture from space. By using
TRAKSAT 2.8, the next usable sateliite
pass can be calculaled, giving the
lecation and signal coverage of
each saiellife on a map of the world.
By supplying the current fimse you
can find out which satellites will

e available in your vicinity in the
near future, The first saielliie o come
within rangs was the NOAA 9, ses
Photo 1a. The image was received
at 09:55 GMT on 25th July 1994 using
high-resolution mede. In siandard
mode il is possible to recaive both the
visible gnd the infra-red piciures and
display them side by side, In high-
resolution mode, whichever iype

of imags is sslecied, it will expand

to 1ill the whole screen, therefore,
you cannot view both al the same
fime. You can, however, receive and

store the visual image and then

s FLACE FUSE CRLY
:::-}“._Dfﬁﬁ.m TYFE
A0 RATING

W=
VOO NTERFACL

The back of the MAPSAT2 receiver hosis the connectors for power, aerials
and the interiace unit. Power for the interface unit is also derived from the
MAPSAT2 receiver, keeping the arrangement simple and compact.
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repaat the procedure for the infra-red
imags.

On the achual image received
you can clearly make oui the major
land masses including the UK in the
cenire, a depression over ihe Allantic
and Ireland, Spain, France and
Scandinavia. Photo 1c shows a side-
by-side visible and infra-red image,
again from the NOAA ¢ saiellite, at
09:40 GMT on 26th July, and shows
ihe different information thai can be
represented by infra-red imaging.

Operdation

The proeof of the pudding, as with
most things, is in the eating. Using
the MAPSAT2 sstup after using the
original MAPSAT, is like a dream
come frue. Tuning is made simpie
with the aid of SEEK and SCAN
conirols, UP/DOWN frequency butions
for manually tuning, 1kHz and 100kHz
stepping: in {act the recaiver is similar
fc a digiial car radio with respect to
the ease of funing. A backlit green
multi-function LCD display constanily
shows the frequency, signal strengih
and current siate of signal lock. In
addiiion, and depending on the
current mode of opsration, ihe
display will also show othar
information like memory conients,
eic. With the old system, finding the
required signal was not always the
end of the siory as the frequency
tended o wander with time. This
could be due to the use of a down-
converier, Doppler shifi (frequency
increqases as the satellite moves
towards or decreasss gs it moves
away from the recaiver), or shift
caused by oiher phenomena, like
clouds or obstacles. The MAPSAT2
receiver overcomes these problems
because it Incorporates an AFC io
track the incorning signal and tune
to iis peak. Should the signal move
due o one of the above effects, or
disappedr, then the receiver begins
{0 search for {l. If the signal is lost for
a moment the AFC fries {o lock to the
negrest signal. The search is slow
enough o recapture signals after
interruptions of a normal duration
have eccurred. Interruptions longer
than the normal duration will send
the recaiver searching for a new
signal. Another innovative feaiure of
the receiver is a 20-memory storage
bank, which can be used for keeping
all your favouriie satsllife frequencies.
A siart and siop frequency can be
programmed info two special
memory locations to allow searches
over specific regions of the band
only, if required. When a number of
memories have besn programmed,
il is possible o scan the band for the
desired programmed frequencies.
This allows rapid location of saiellites
when they become available. A neat
feature is the ability fo look at the
frequency slored in a memory prior o
refrieving ii. This meamns that you can
€qasliv check memory conienis, or cue
up ancther frequency ready for use,
then by hitting the CALL bution ii

is pessible o immediaiely changs
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frequency. The firmware and controls
are easy lo uss, and are simple
enough that you will be able io use
the unit almoesi immediately; yat
sophisiicaied enough to provide

all the {eatures you might nead.

So regardiess of whether vou have
used MAPSAT original, orare a
newcomer o the hobby, iracking the
weather and forecasting it for yourself
can be an exciting pastimel MAPSAT2
follows in ihe icolsteps of ifs popular
predecessor, and considering the
advancementis in design and user
friendliness, this system is likely io
open the way ahead for anew
generaiion in Weather Satellite daia
reception.

Common Questions
and Answers about
Receiving Weather
Satellite Images

Below are some of the most frequenily
asked questions about saislliie
imaging and its associated
techniques.

Q. Do I need a licenca?

A. No, the Weather Saiellite
organisaiions transmif images ina
common format, known as WEFAX,
for use by educational and
amateur organisations, totally free
of charge. That includes us,

Q Do I need a computer to pradict
the saieliiie passes?

A. No. There are some exceilent
computer programs which may
be used to accurately predict a
satellite pass, but in this instance
it is not essential. The satellites orbit

mmsmuﬁomm.usadtormcamngummmoamf. Bt
muka!hlsueﬂnlidaalwhanusedwﬂhmamrﬂmm

about once every 90-100 minuies,
travelling aimosi direcily over the
Norih and South Poles. Due fo the
earth’s rolation, we only see’ the
saiellife 2 or 3 fimes, usually twice a
day and aiways at about the same
time, a.m. or p.m. The simplest way
to track a satellite is to listen uniil
you hear i as it comes up over the
horizon and then start "recording’.
The software leis you pick out the
part of the pass you want to see
later.

Q I have heard that EUMETSAT (the
EUropean METeorological SATellite
organisaiion) is going o encrypt
all of the images scon, does this
mean that I won't be able io
receive the images?

A. EUMETSAT have staied that they
have no iniention of encrypting
fhe WEFAX transmissions.

Q. I built the original MAPSAT receiver.
Can 1 use the new interface and
soliware with ii?

A. Yes, the interface will work with any
makXe of weaiher saiellife receiver
with an audio signal ocutput, but
you will need a higher audio
ouiput than the criginal MAPSAT
receiver provides. One of the smail
amp kits from Maplin will bridge
the gap, contact Maplin Customer
Technical Services Tel: (01702) 558001
ior deiails.

Q. I have heard that the original
MAPSAT receiver sufiers from oui-
of-band interference from paging
transmiiiers. Does the MAPSAT2
also suffer?

A. Not an easy answer here! The new
Teceiver is iechnically much better
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than the criginal and does not Remote Imaging Group: (AMBSAT UK is the UK 'branch’ of the
suffer from the same biccking Rary Godden, international Amateur Radio Saiellite
and cross-modulation problems, Membership S iary, organisation.)
buti there are two poinis io consider RIG-SUB :
here: PO Box 1 42 TRAKSAT 2.8 (Shareware program):
i ‘g‘:”;g;ﬁn?egﬁf Sguiclzom Rickmansworih, Paul E. Traufler,
3 Hertfordshire, WD3 4RQ. 111 Emerald Drive,

2. Faging systems n he UK ngw Harvest, AL. 35749, USA.

exiend o within the saiellife (RIG is a group dedicated o ail Tel 1 (:205)‘ 7266511 (Work)

band; alihough there are no weather satelliie enthusiasis.) ;Ll (205) 830-8450 (Home)

saielliies fransmiiting on the

same frequency, users living AMSAT UK: .

in close proximity to a paging Mr R Further Rec:dmg

; on Broadbenti, : ]

transmitter may sufier a AMSAT (UK) An Infroduction to Amaieur

degradation of the signals 94 Herong c;le Road Communicaiions Satellifes,

on a wedk pass. Wanstead Park : by Alan Pickard (WT24B).

& I wani io receive the Meteosal London: E12 SE:& This book gives an iniroduction
Geostationary saiellite images. ‘ {o the subject of Amateur Satellite
Can the MAPSAT2 receiver, Please enclose a 9 x éin. (or larger) Communications, and covers
interface and software do this? S.AE. with g 38p stamp. reception of weaiher saiellite daia.

A. Yes, with a suitable down-converier
and aerial. As [ write this article,
ihe new design is already under
viay for the-down:canverlar M2 MapSat 2 Receiver Order As AQ49D Price £399.99 D7
from the Mapilin R & D Lab! Waich MapSat 2 PC Interiace Order As AQS0E Price £99.99 12
Electronics for its launch, scon.

VHF Crossed Dipole Aerial Kit Order As LMOOA Price £16.99 B2

Further Information An Introduction fo Amateur

The following organisations can Communications Satellites Order As WT24B Price £3.95 NV

provide information, regular bulletins

and satellife tracking software for Please note that the receiver and interiace are only available in ready built form.

weaiher and other sateliifes.

| CAE RANGER‘ - PCB: DESIGN
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| . APPLICATIONS
L ®  Answering machine * Message pad <
L & Speech forfoys + Sound effects for models -
L o * Voice annunciator for the blind or the -
! L] . : . ®
o partially sighted + Novelty door bell/chime e
' 9000000000000 00000000000COOERS®
5 Ker-clonk...whine...whizz-bang!
'| Remember those old endless T
. tape message systems, and
) everytime that it got to the
end of the tape you would
‘ hear something resembling
| the sound of a man being
- hit with a wet fish, that is of
‘ course if you were lucky
enough to hear the message.
l Each time the message was
played it would wear a little
] more of the femomagnetic
material away, thus causing
" the sound fo be eventually
| completely unintelligible.
!

™ The messsge is clese... L
This is the ELEGTRONIC

RECORD/PLAYBACK MODULE |
it vses aoa-volsiile EEPROM
Techaology, precisely!

KIT AVAILABLE
(VF43W)
Price £29.99




'hon'phzlhlmk.mdmmeboadls
fequired faﬂ\emfapassbackro

with single-ended operation. and
ehﬁxa?&sii‘aeneedfmomcotpl‘ng
capaciior and separate oufput amplifier.

Digital address lines A5 fo A7 form
ine meihed of accessing up fo five
separate blecks of memory, thus
allowing five phrases or sounds fo be
stored and played back individually,
this function is set up with a rofary switch
SW3 (not supplied).

Power fo the board Is from either 6V
DC via D13 or 9 to 16V AC which Is
fullsvave reciified via D15 to D18 which
forn a bridge rectifier. With high and
low frequency decoupling supplied by
C1 and C20 respeciively, and cn he
ouiput side of regulater VR1 by C2 and
C19, the output after D14 is +5-4V DC.
Diode D13 provides profection against

The +5-4V DC supply is fed to pin
16 (VECA) for the analogue memory
sections of the 1SD1016 chip, with
associated decoupling capacitors
€3 and C17, and to pin 28 [VCC] ihe
digital clock and addressing side with
assoclated decoupling capacitors C4
-and C16. This helps fo keep any digital
clock noise out of ihe signal path thus
giving a ciear signal.

The remaining circuiiry is for confrol
purposes such as repeat, stop, next
start, record and sfart, here we can
‘see links JR, JC and JE; as already
mentioned, these links are for
cascading modules and so are used

to disable or enable repeaiing and
stopping.

A digital end of message marker
(EOM) Is inseried at ihe end of each
recorded message and is ouiput flom
pin 25, This Is passed via D5 to T6; ihus
LD2 iluminates when the memory has
been foially filed. The ECM signal also is
passed via C8 and R21 which integrate
the signal fo 17, in fum passing a signal
pulse fo T3.

The supply fo 13 and T2 is only
enabled when'ihe link JE is made.

Anciher feature of the project is that
it can be made to repeat in playback
mode, this is done by connecting he
'RPT’ pin to the 'SIRT pin.

Splitting the Memory

The memoy nomally lasis up fo 16
seconds, but it is possible fo split this up
info 5 segments. A 2-pole 6-way rotary
switch (FF74R — not supplied) can be
fifted to the SW3 posifion, and modifying
it for 5-way operation (see Figure 2D).
This then provides the facllity of selecting
five different recording blocks, which
could be useful for storing five different
sounds or messages. Wnen fitted,
smaller messages can be recorded in
ihe five areas. Care must be taken, as
e message wil spil over to the next
segment if the recording exceeds the
aliofted fime span. LEDZ2, fluminates when
The signal cuipuis from fhe board
may be temminaied to eiiher an 8Q loud

Specification speaker or line ouiput. It s important fo
Suppoly; 910 12VAC or 6V.DC remember that effectively ihe ouiput
(only 150A In standoy) flomn the IC Is matfched for 16Q; a 10Q
Dirnensions: 125 X 70 X 25mm pad resistor has been included on the
Recordng Time: 16 seconds per module PCB in order for an 8Q loud speaker to
be direcily connected.
Bank select
Power
I
= o0° 4 AUX in SP out
AN out O O AN in 0 o)
D
Address €
buffer c Analog
o storage
d array
'} f E
p
Mig— \_Dq—%{ Filter }%— Analog transceiver %—l Filter }e—l MUX P{Z m
1 (/]
II AGC |I
Device control Internal clock
P/R PD CE EOM
g
Rec mgde I R A
c s — |
o T L=dIN Y Record Mormal
R“\: ot B ~o—s—in LA
ast uni
ouT LI = N A&
Flip—flop -
P Start next unit out |_["
Silg‘réi Reset
9 Stop Repeat
Repeat from last unit
Figure 1. Block diagram of the Electronic Record/Playback Module.




A o 215-D18=1N4007 +V
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1IN3148 217 Repeat )
+V 47k
cis
AC 470nF
D104
IR inatasd
+0 v . OSTP
D12
svDe 1N4148 cio +V
-0 T O GND
+v 220nF 220k T4 .
JM : Using microphone input D8 {2=] BC547[IRI1E
JR & JE : Last unit or stand cione unit 1N414B 1N414B8 47k
LDT#Q‘\ JC : All units from cascode except last unit
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470R
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. 16 28
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JM_ ANOUT Py L) T2 01
—0——21 Al 1N4148
Ci3 5 LA
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EOM I~
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[l 47k 47k a7k I‘O‘UHF
ﬂ 2355 — 6 _ crmm
i -'-:3050 = sw2 wonFI
il
R1 SP—l1s 24|FD T Sl
10R
Figure 2a. Circuit diagram of the
Electronic Record/Playback Module.
e The board can be powered from 6V If you are new fo project consinuction,
= ring DC, eg.. 4 3 1-5V baiteries orviaa ¢ fo please refer to ihe Constructors’ Guide
\ / 12V (AC) O-1A fransformer from he mains. (XH79L) for hints and tips on seldering
- if the storage time available is not and conshiuctional fechnigques.
e i ( 1022\ 75\ long enough. cascading the boards Fit the resistors, shaping the wire leads
e /| (J Is possible. so that as one recording 1o sult the holes in the PCB. Next fit the
e\ \ P\ \L/:\C'— finishes playing, the next starts. diodes making sure that the band on
1@ | fhe diode Is located in the same
e, Lock Co 1 ti positicn as on the board. When fitfing
i % Wisher nsiruction LEDs, make sure that fhe shorest leg of
l

\,‘_'_Cul eysistz off
and toper end

Figure 2b. Preparing the opfional rotary
switch for insertion into the PCB.

Consituction s faiiy straightforward,
refer o ihe Paris List and to the circuit
diagram in Figure 2. Begin with fhe
smallest compenents firsi, working up
in size to the largest.

the LED Is posifioned in the hole nearest
io the fiat part on the PCB legend. Fit
ine capacitors next, make sure that the
electclyiics are fitied the comect way
round.

ACC
Start

On/OfF
K4400 . n/ K4400
Start ACO —J—o/n +
mecord +0r i Record
Playback @ SV —CH 4x1.5v "'_=— Piayback @
Mode GNDO | _T Mode
+VO
JE STRTOH
oL —  NXTO l —
SP RECO Repeat SP
AUX B STRO g =
o — RPT C ? ?

Figure 3a. The 6V DC
power supply option.

AC O 9..1EVAC§EEMDins
0:.1Af
svoc *2 —I
GNDO .
+V O
STRT O
NXTO l

RECO Repeat
e STPO
L1 RPT O

8 Chm

Figure 3b. The 9 to 12V
AC power supply option.
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4200 ACD ; Kas ACT
atart@ acO 2. 12vACC i smn© ACO 2. 12VACC ine
e +0 A cord — - +0 Q1A
Record &vDC Record sVDC
Slayback -0 Playback E] —o
Mods GNB O GND G
VO VO
s SwEob—mmmo JE STRTO
— NTOo $ NXTO oj
Mic sSP RECO Rep=ai RECO | Repeat
+ = AN AUX ~ STEC AN AUM + _ SIF0
S 0 O £l Rprchg—! f e O Ak RETO

LF
GNDC‘—I— 8 Ohm

Figure 4. Line level input.

330nF o

]
LLT {f]
1— GhD

Bowsr amplifier

Figure 5. External power amplifier.

Identify the two lypeas of fransistcr and
fit onfo the PCB, maiching ihe legend.
Preform the legs of the voliage regulator
and fit onto the PCB.

Insert ihe PCB pins info fhe relevant
holes.

Use compensant wire oficuis for the
links marked J' on the PCB, and if only
one mgedule is being used, fif links JR
and JE, refer 1o Figure 3a. Next identily
the two swiiches, fit the single pole
double throw toggle swiich fo position

K4400

Record
Playback @
Mode

Last unit

MIC SP
+ — AIN AUX + =
© © ¢ O 0 0O JR

Start@ ACO
evoc T 9

JE

ACO

€_o
GNDO
+VO
STRTO
NXT O
REC O
STPO-

RPT O-—|

Repeot

oo

K44Q00

Record
Playback @
Mode

Second unit

Start

MIC sP JC
+ — AIN AUX = —
O 0 0 0 0 O

ACO
ACO
BviC _ o
GND O
+V
STRT G-
NXT O
REC G-

S5TRC
RPTO

K4400

Record
Playback @
Mode

First unit

8 Ohm

Figure 4. Cascading the modules,

in order to exiend the playing time.
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SW1 marked Record Playback Mode',
and fhe push-io-make swiich 1o position
SW2, within the circle marked "Stari’.

Next fit the 28-pin DIL IC socket,
making sure fhati ihe creniation mark
on ine PCB maiches ihe noich on the
socket. Before soldering fne socket
make sure hat it is level on the PCB as
once it is soldered in position it will be
almaost impassible to remove without
damage. Fi ihe IC, making sure ihat
tne noich matches fhe legend and
the socket.

Options

If it is reguired fo split the availoble
memary info sections; then an opficnal
otary switch is required. In order for the
switch to b2 mounied onio fhe PCB,
e lcops on ihe rotary swiich need o
be cut off as shown in Figure 2b The
refaining washer with locating spigot will
also have fo be conecily repositioned,
as this modifies the switch positions, in
fhis case five are required instead of
the nomal six or welve:

Ensure that when mounting fhe swiich
fhat the cennections on he swiltch are
maiched with those on the PCB before
soldering In position.

Wiring Options
If the eleciiet micrephoneis fo be
used, fit ihe link JM, and connect ihe
miciophone insert across +MIC- as
shown in Figure 3a, nofing thaf the earin
side of the micrephone is connecied io
ine (). The miciophene can be placed
a short distance from the PCB using a
small length of scresned cable if
necessary. An 82 speaker is connected
to SR

If the Repeat’ facility is required then
a switch should be wired between RPT
and 'STRT" on fhe board.

The supply for this board opfion is from
4% 1-5V baiteries via an on/efi swiich.

Further Options

Rather than unning the board off
batteres, a mains versien is shown

in Figure 3b, with the 2 fo 12V AC
secondary connecied o positions ‘AC’
on fhe board. The mictaphone and
loudspeaker are connected as beiore.
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Another option is shown in Figure 4,
the difference is that heie is a line input
rather than a mictophone connected to
{-) and (AIN).

Figure 5 shows a single unif powered
from a mains powsr supply, and fhe use
of an extemal audio power amplifier. This
may be necessary fo boost he audio
output in some situations.

Cascading the Boards

rigure 6 shows the conneciions and links
when cascading the unifs. Link JM is only
required on the first board with fhe
microphone. Link JC needs fo be fitted
on the first and second units, and the
last unit must have baoih JR and JE fitted.
if the optional repeat switch is required,
then this must be fitted befwesen 'STRT
on he first unff, and to 'RPT on the third.
Note, that if more than five modules
are used in cascade with a fransformer

Operation

Recording

The operaticn of the clicuit is
sfraightforvard, connect an extemal
loudspeaker, or an exiemal power
amplifier as shown, connect up fhe
supply and switch on. Place ine swifch
o the Record’ setting (switch closed),
fhe LED LD1 will light up. Decide on what
you warit fo say, press the push switch
and falk info the microphone. The
recording will last as long as the bution
is pressed, or whan the madmum
recording fime has been reached, in

“this case LED LD2 will fight up. Finally

reset fhe swiich bacek fo the Play’
setiing.

Playback

Make sure that fhe switch 5 in the
‘Play’ position, both LEDs should be

stcp at ihe end of ihe recording. If
ihe Repeat’ option has been installed,
playoack is confinually repeated.

if you do noi like the recording, or you
wish o change the message, it is very
easy to repeai the above steps. There
is a fen year memory refenfion on the
ISD1016A, so the recording will not
vanish wiih the systemn switched off
or when the board is inaciive.

Applications

These days, voice annunciators have
become more common, such as in
cars lifis, clocks and radios. There are so
many applications for his project, some
that spring fo mind are message pads,
novelty door bells, answeting machines
for the phone or the door, toys, sound
effects for models, voice indicators for
the blind cr pariially sighited.

This might give you an idea as fo

supply, then the voltoge regulator of
he first module must be fiifed with a

exinguishad. Press the push swilch, |
but do not keep it pressed down. The

whetethis project can be used, and
in some cases fitted af a fraction of the

heatsink. message will start and automatically cost of ihe commeircial eqguivalent.

ELECTRONIC RECORD/PLAYBACK MODULE PARTS LIST
RESISTORS: All 0-25W 5% Mectal Bim 16,7 BC5578 2
Rl 10a 1 Vi L7BO&CV 1
R2.3 470Q 2 i1 I8D1016 i
i 1o ) MSCELLANEOLS
‘Rq = i > MIC Hechet Microphone 1
m.:}za M5 3 sW1 Single-pole Push-io-make-switch |

B Sw2 Single-pole Double-tryow Switch 1
R21-24 220k 4 ;
R25 4708 3 28-pin DIL IC Sockst 1

E Pins Single-snded PCB Pins 7
R256 M 1 sCR 1
R27.28 1M5 2
] OPTIONAL [Not in Kit)
CAPACITORS ctary Swite
ciCc9 100nF Monchithic Caramic 2 ZRole &-Way R Swieh Y. “(FR24R)
C10-12 220nF Monolithic Ceramic 3
C13.14 470nF Mondiithic Ceramic 2 The Maoplin 'Gel-You-Working” Senvice is avalabls for
Ci5 Au7F 50V Rodial Bechoitic 1 fris preject, see Conshucions’ Guide or curent
Cl&19 47uF 16V Radial Eleciiclyiic 4 Nopn Catalogue for deiails.
Ccz0 1000uF 25V Radial Eleciiolyiic i The above items (excluding Optional) are
SEMICONDUCTORS available in kit form only.
D1-14 TNATZE 14 Order As VF43W (Electronic Record/Playback
D15-18 1N4007 4 Moduile) Price £29.99 .
ID1.2 Red LED 5mm 2 Pizoss Note: Some parts, \-micl"ll are specific to this project
75 805478 5 {e.q., PCB|, are not avaikable separafsly.
DIARY DATES —
Every possible effort has been made | 7995 9to 11 April. European Computer Trade 10 to 13 September. PLASA — Light

to ensure that the information
presented hers is correct prior to
publication. To avoid disappointmant
due 1o late changes or amendments
pleasa coniact event organisations to
confirm details.

1104 December, Christmas Compuisr
Shopper Shaw, Grand Hall, Qlympia,
London. Tel (0181) 742 2828,

6 December. Opan Forum — Quastions
& Answers on ‘Anything Related to
Amateur Radio’, Sudbury and District
Radio Amateurs. Tel: (01787) 313212,

6 to 7 December. DSP — Digital Signal
Processing Exhibition, Ramada
Heafhwow, London. Tet (0181) 547 3355

6 to 8 December. Intemational Onfina/
CD-ROM Exhibition, Olympéa, London.
Tet (01865) 730275.

12 to 14 December. Digital Signa!
Processing for Communication Systems,
University of Wanwick, Warwick. Tel
(D1254) 63201 Ext 5822,

17 to 19 January. Guidoor Event & Live
Music Production, Wembley Centre,
London: Tek: (01203) 694393,

29 January to 1 February. Eurocpean
Lightshow Exhibition, Earls Court,
London. Tel (01952) 290905,

7 to 9 February. ISODN USER —
Integrated Communications Exhibition,
Oiympia; London. Tek: (01733) 384304,

14 to 16 February. SMARTCARD —
Intemational Smart Card Exhibiion and
Conferance, Olympia, Londen. Tei:
(01733) 394304,

1 to 2 March. Elecironic Books Infer-
national, Wembley Cantre, Londan. Tetl:
(0171) 576 0405.

7 to 8 March. Computers in Libariss,
Wembley Cenire, London. Tat: {0171)
976 0405.

16 to 19 March. Computer Shoppar
Show, NEC, Binmingham. Tel: (0181)
742 2B28.

Show, Businass Design Cenire, London.
Tek (0181) 742 2828.

22 April. Special Intemational Marconi
Day exhibition station at Puckpool Park
Wireless Museum, IOW. Tai: (01983)
567665,

8 May. Warking wartime CW shortwave
station to calabrate VE-Day at the
Fuckpool Park Wireless Mussum, IOW.
Tek: (01983) 567665.

16 to 18 May. Intemat Wadd, Wemiley
Centre, London. Tel: (0171) 876 0405.

14 to 15 June, Govemment Computing
& Infermation Management, Royal
Horticuitural Halls, London. Tek: (0171)
587 1551.

27 o 29 June. Networks Exhibition,
NEC, Birmingham. Tet (0181) 7422828,

2 September. Wight Wireless Rallsy at
the Arreton Manor Wirsless Mussum, near
Newport, IOW. Tat (01283) 557565,

and Sound Trade Show, Earls Court,
London. Tel (0171) 244 8433,

19 1o 21 September. Computers in
Manufacturing Exhibition, NEC,

Birmingham. Tel: (01632) 584455.

20 to 21 September. Electrical
Engineering Show, Hincklay Island
Haotel, Hinckley. Tei: (01732) 355530,

4 to 6 October. Electronic Data.
Exhibion, ICC, Bimingham. Tek: (0181)
742 2828.

12 to 13 October. Electrical Enginesar-
ing Show, Forte Post House Hotsl,
Basidon. Tek: (01732) 359990,

10 to 12 November. Dasign & Tech-
nology Education Exhibition, NEG,
Bimmingham. Tel: (01425) 272711.

Please send details of events for
inclusion in ‘Diary Dates' to: The
News Editor, Electronics — The
Maplin Msgazma. P.0. Box 3,
Rayleigh, Essex, SS6 8LA.
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TECHNICAL
INFORMATION
SERVICES

76 Church Street, Larkhall, Lanarks, ML9 1HE
Tel: (0698) 883334 Fax: (0698) 884825
Technical Help Line (0698) 888343

We have the World’s Largest
Selection of:

SERVICE MANUALS
CIRCUIT DIAGRAMS

We also have 100s of Titles on TVs,
VCRs, Satellites, Midi Systems,
Computers, Test Equipment, etc...
Please Phone or Send an SAE for FREE
QUOTE & CATALOGUE of Publications

PCB and SCHEMATIC C.A.D.

EASY-PC £98

VAT & P+F
e
Tt «Runs on .
iy =, U2 .=. | PC/XT/AT/286/386 with
= gm 2y Hercules CGA, EGA or
= VGA and many
s o — e ——  emulations.
= = -Des:g]n Single sided,
L2 95 L. =. | Double sided and
ey T = . Multilayer boards.
i e m_ﬁ.a*_—ﬂ.gag:;__m-;l_wﬁ =*.|eUse Surface Mount
e i) components.

sStandard output includes
Dot Matrix / Laser / Inkjet
rinters, Pen Plotters
Dhﬁto-piot!ers and NG
rill.

\| eAward winning EASY-PC
8l -is in use in over 18,000
installations in 80
Countries World-Wide.

eSuperbly Easy to use.

Options - 500 piece Surface Mount library - £48.00
1000 piece symbol library - £38.00. Gerber Import facility - £98.00

For full info’ please phone, fax or write to: LR

Number One Systems Ltd. I
Ref: MAP, Harding Way, Somersham Road,
St. lves, Huntingdon, CAMBS, England, PE17 4WR
Telephone:- 0480 461778 (7 lines) Fax: 0480 494042
International:- +44 480 61778 Credit Cards Welcome

AWARD
1559

ATTENTION!.. . ATTENTION!...ATTENTION!... ATTENTION!

r 1 Ohizning comoonenis  AtuDess UAE Megrsrransan Lri Pabistn St Nrber2. Heng Koog Tet +48 1702 541550 335
lhll’ol{l WI i o Te 4871 2 e Misits &rad Poor, LA Para, Anes Blecimnes Compeny, o 351
and kifs for e profecls. mac comr 2 Teetr CAN Sevices, CAM Cerdre,  Batkar F-10. Pakssn 13D Prime Manson Far +44 1702 =ﬁ§~: _
3 in Eleclroni Of G Bioed, Teb+82 51 251130 Mo 1 Femmng Foxd, Expt catsioo= and pricng
J TE featured ” s ey Gorme GEM 03 M Fax 5251 222313 Visnches, borg Korg detais 2re 2 Akt Fom T
{‘ Il ﬁmmm P‘g g;‘f‘?_fm Tet =55 434 650 Singaporn & Matmyss Teb+B53 E31 4116 st distisions
TRERAQ e»*er;r'_iﬂ‘ief_z*?"'m Bena Leberon Eae T FechrLon Secronics & P28 412 3 .
counines and regons; Teb 4351 1 44309 Giraltar Trading, 3 = iz
(" l;l{s‘u‘b - ot Dot =3 Orrler rderrational &Kru:3ee7ﬁf.g...—__ Codintries and Regions _f_/gC !:0 tt Y
Algcan go Madsn, P (. 8o 225, Fict Lis=d _’IJ-—!
b 5| Mididie E2stem Region South Alrica = 83.99 kich Town, Gt - ‘i-Gﬁ*A‘l“E_._ Exid Deparment. EL ECTROMNICS
{ Unied Arsb Emirses Masin Scom Alea (P L2, T a0 oo bab i P Smrere  Mirin Bctrorics pié.
41 V] 0 (Bzhrain, Kuwait, Oman, P.O. Bax 1545, Sormersat West r;;f%’:?'é-'- ey =E R, e P %

Cuatar) Bepubic & Sou Alca.
Mepin Moda East Comgany, TeE 2T 24515124
POB=4IS Hamden S==t, Fax <7 24512507

Far Ezssiam Region
Pakistan

THE WORLD'S
POSITIVE FORCE
IN ELECTHONICS!

FO. Box 3, Bayvisigh,
Es=eq SSGEA
England.

Tek G5 7415918
Far<£5 8411228

AUDIO

TASCAM &4 MULTI-TRACK RECORDER,
£730. Bandam 88-way 1U pstchway,

unesad £153 DENON PRALS00 remots

contrel preamplifier, s new £180. ADCOM

E0+E0W fiereo slave amplifiar, £200.

Tek K=l (015953) 883533,

DYNAUDIO DRIVERS, top quality

4 x 1TWI5 Woolers, 2 x ESOTEC Twesters,

£3) each Free cabinets and networks i

booght together, Ao 2 « 1TWISKL

Tel: {0181) 502 0153 for details,

COMPUTERS

COMMODORE 84 MIDI UTILITTES; fiter,
resl-ime/storage analyser, channelicer, data
filer. £17. For detailed information. send
SAFE wo:D. Wilksms, 12 CIIdFafge ﬁa‘;
Skirizngh, N. Hurnberside, HU11

VARIOUS

TWO 48-NOTE EEYBOARDS, 13-notc
pedal hoard and swell pedal from dismantied
MES 53 organ Ofers. Tel (0825) 762182,
MINIATURE 12V FILAMENT BULBS,
(4mm diameter) with 250mm lﬁ-:.*_‘r%t'sd'ned_
15p each or 10 for £1. Send chequa/P.O. to:
M. Emight, 10 Deded Road, Mancetier, Ather-
stona, Warks , CVE IPA
TOPWARD 1021 SCOPE. 20MH= Fius
probe kit znd service manual £]120omna.
Tek: (D181) 638 2484. (Croydon, S-!:a.r!hl.ﬂrd‘.‘n}.
GIANT CLEAROUT! I d enqinests

CLASSIFIED

wﬁ!puhbzhumsn;aﬂmmngmsasm:z
Wh Tomveafairshare o

i= easyi
&:q:hmﬂ&ymndmmlﬁemh
incepital letters, ona postoard or sealad-

down envelops. Then send {t, with any
mrypamwmgﬁadsﬂc*mn.

Es-The
P.O. Box3, Em@ﬁﬁl&ﬂd‘mx

il e

WANTED

COMPUTER ~ Radio Shack TES B0 Modsl [Tl
Instrocton el and cronlt dizsgram

Tal: (01637) 874189

OSCILLOSCOPE, 20MHrx mnst have probes
=nd instroction marua] o old valve models
please). Tel (01433) 365289, (Worfalk area).

2 CHANNEL OSCILLOSCOPE. Mustbem
good working conditon. Tel: (D1785) 528353,
OPERATING DNSTRUCTIONS and/or
circuit dizgram for Blecrosame 50

collecrion of new capacitors, resistors, test
Qe=r and matsTs, available for sale.

Yo rescomable offer refused Tel Duncan
(D1258) 720576, (Grangemouth area).
OSCILLOSCOPE, advance 40hFH: dual rane,

dusl tEnshase Frrellant condition with

complets manuals. £250. Tel: (D1443) 207037.

ombined cassetts recorder/dids projecinr
changer, (probahiy & pulse changs wiit).
Contact: . Graham, 27 Mumsyshsil Road,
Scxne, Perth, PFHZ 60P.
ANY SAGE AUDIO EQUIPNENT.
Espedalty SUPFERMOSS 200 (woriang or not)
Tel: Toeny Bricknall (G1702) 554155 Ext. 244
{wroik) or (D1T0Z) 231427 (homs).
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WD{:DGQB MO‘DEL 45B VALVE TESTERS
marmsl Tel: A
WIEI.Em".zn (Ol'&'(."-—..‘,‘l 554155 Ext. 247 during
(ofEce hoars),
INFORMATION OR ENOWLEDGE on
Sugden ‘Connotssenr” dise cuiming latha,
Alsn, books and sricles-on disccutting
required Contact Mr, Bird, 54 Wesley Road,
london, E10 GJF or Tel: (0181) 558 6770,
PCH BOARD, (Mspkn arder cods GEIGD)
wranted urgenily. This i= the hoard that
goes with the sfw recsiverarcait in
EBectronice Tsene No: 23 (Vol. 8). Contsct:
John Robls, 1 hEars Count Farm Cottzges,
Misrs Coort Road, Rainkam, Eent, MES EFf.
Tel: (D1634) 233058,
BAIRD FLATPLATE NEON TUBE, Galzxy
/Y, wartime f=dio Timss, RIOE2TIES.
Tk (01883) 557665, (Isle-of Wight).

BBS CORNER
EPPLE CRACHERS, Fir=ilsss Cliemt BES,
mainky for AppleMac and PO peors. Band rate
24E-hit/s to 14-4E-hit/s, G datahits, no
parity, | stop bit. Tl (D1288) 781318/780724.
MECTEL METRO/ICONEK. Fir=siClass
CHent B6S, AippleMse and PC osers. E-msil
on Intemss for Tegictorad vsers.
Bsud rat= 24K-Bit/s 10 M-4E-bivs Bdas
hits, mo parity, | stop bit Teb: (01B1) B43 E17
(Meiro) or (01602) 455144 (Joonsx).

CLUB CORNER

CRYSTAL PALACE & DISTRICT RADIO
CILUB. heat= on the third Samwrday of each
menih st Al Ssints Chooch Parish Room=,
Beulah Hill, 1ondnn SEI9. Defails from

Wil Taylor, (GZDSC). Tel- (01B1) 659 5732,
MODEL RATLWEY ENTHUSIAST? How
zhout joining ‘MERG', the Modal Eachonic
Ratlway Group. For more detafie contars

M. Bz Tomer, Tresswrer MERG,

38 Narth Drive, i Eent BRS SPO.
THE LIRCOLXN SHORT WAVE CLUB

mests evely Wedn=sday might at the City
Engineers’ Club, Waterside Scuth, Linceln

at Spm. Al welcome, Fusther datails from
Pam, (G45TO) (Secretary) Tel: (U1427) 788358,
SOUTHEND & DISTRICT REDIO
SOCIETY mes!s =1 tha Rochewsy Cenme,
Rochinmd, Fssex every Frday at Bpm.

Fot furthor datsiie, contaer ¥ jonsen, (GIHOO)
P.O. Box 85, Rayl=igh, Essex 555 BNZ
WIERAL AMATEUR RADIO SOCIETY
mEsts 3t tha Ivy Farm, Arrowe Park Read
Birkenhesd every Toesday evesing, and
formaily on the the 1=t and 3rd Wednesday
of every month Detsite & Seed (GEFOQ),
31 Wathen Avenue, Bebingion WinlIE3SNE
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FILTERS

Part 4: Band-pass and

Notch Filters, Including
‘Tuned Circuits

J. M. Woodgate B.Sc.(Eng), C.Eng, M.LE.E., MA.E.S., FInst.S.C.E.

In this series, Part 1 dealt with low-pass filters, on
which also can be based the design of high-pass filters,
covered in Part 2, and band-pass or band-stop filters,
covered in Part 3. Before moving on to notch filters,
there is one type of band-pass filter that could not be
covered in Part 3, but which is attractive for simple,
and even some more critical, projects. This Part also
deals with tuned circuits, which can be used as notch
filters and as band-pass filters.

Multiple-Feedback Active
Band-Pass (MFBP) Filter

The circuit of Figure 35 can be shown to
produce a band-pass frequency response.
The maximum band-pass Q is limited by
the open-loop gain A, of the op amp:

Qe << ’_&@_
2

so that the very high open-loop gain of the
TLE2027 (CP86T), at 153dB or 44-7 million,
will provide a maximum band-pass Q of
about 500 if we take ‘< <'to mean ‘less than
one ninth of . The more common op amps
with open-loop gains of around 100dB (100
thousand) provide maximum Q values of
about 20.

The design equations for the component
values are:

__ R
fa= 4Q° —2A.
where:

@, is 27 times the centre-frequency of the
band-pass response,

Qs is the band-pass @, the ratio of the
centre-frequency to the —3dB bandwidth,
A. is the required gain of the filter at its
cenftre-frequency.

The value of the two equal capacitors C
can be chosen lo obtain convenient values
of resistors. Clearly, the centre-frequency
gain of the filter cannot exceed 2@Q7, uniil
Maplin stock negative resistors for use

Figure 35. Mulfiple feedback band-pass filter
section.

in the R; position! This circuit has the
advantage that its characteristics can be
adjusted quite easily:

® the cenfre-frequency gain can be set hy
adiust'mg H;
@ the Q can be set by adjusting A,

Since hoth of these operations may affect
the centre-frequency, the final operation is:

@ the centre-frequency can be set by adjust-
ing As.

A Practical Example
Band-pass filters with a bandwidth of
s octave are very often used in audio
measurements and electroacoustics.
The response shapes of these filters are
standardised in IEC225 and BS2475. For
this example, we will design a filter with a
centre-fFequency £, of 1kHz.

First we determine the bandwidth in
Hertz. The pass-band on each side of the
cenire frequency is ¥ octave, which is a
frequency ratio of 2 = 1-12246. So the
—3dB frequencies are 1122-46Hz and
1000/1-12246 = 890-90Hz. The overall
bandwidth is thus 231:6Hz. We should
selecta Butterworth filter, because we want
aflattop to the band-pass response, with no
‘rabbit’s ears’. The standard specification
requires the stopband response to be
below—13dB at 800Hz and 1250Hz, so using
the formula given in Part 3, the arder n of
the filler is given by:

nz= 0-05a
logA.

where ais the required stopband attenu-
ation and A, is the shape factor, the ratio of
the bandwidth at attenuation a to the band-
width at —3dB. The result is that n must
exceed 2-25, but clearly it must be a whole
number, so we choose n = 3. This means
that we shall need three ‘sections’ like
Figure 35.

The next step requires that we know
Lhe positions of the poles of the filier in
the complex plane. In general, this is a
tedious mathematical problem, but for
Butterworth filters it requires only a little
complex number theory, to wit, de Moivre's
Theorem. The positions of the poles of an
n-th order Butterworth low-pass filter are
the n-th roots of -1, which are given by the
formula:

(cusm jsinm)
n’' n

R= 2Q Figure 386. "z-octuve band-pass filter for where r takes integer values from 0 to
T wC 1kHz. n—1.1n this case, N = 3, so the poles are at
C
il
Rz
Ry C 25k04
- .
R3
" R3 P in 307
L Out
i
O O All copacitors: €=33nF, matched to *1% in pairs. Al op—amps: 741.
Figure 35. Figure 35.
40 Electronics — The Mapin Magazine  January 1995



-1, 0) and =12 = jv3/2). The other value
we need is the band-pass Q, Qu, which
is 10002316 = 4-318.

The two complex pales (the ones with j
in) result in two filter sections with the
same @, but different centre-frequencies.
The teal pole at (-1, 0) resulls in a single
filter section with a different @Q, centred at
the centre-frequency of the whole filter. To
calculate the filter sections realising the
complex poles, we follow a procedure
using ‘intermediate variables' so as to avoid
very complex equations. Intermediate vari-
ables are just assigned letter svmbols for
the calculation and do not necessarily have
any particular physical significance.

To find the section Q, Q.. we define the
complex pole positions as [« %), and
we found above that « = 12 and 8 =372,
We go on to evaluate the intermediate
variables:

C = o + B* = 1 for any Butterworth filter.

2 1
D="=—=102316
Qh Qb
E= ¢ +4 = 40536

2

G= \,'E=—4Dl = 4-0270

and, at last!
E+G
Q. =\7p —8670

To find the centre-frequencies /o, fox:

_ aQ.
Q}I

W= M+ \[Mz— 1) = 1-0918

M

= 1-0039

Ja = fW=1091-8Hz

- S—
S =W 915-9Hz

To find the characteristics of the section
to realise the real pole, for which a = 1:

Q.= Q,=4318
x

fo= f, = 1000Hz

We need three sections in cascade, and
an overall gain of 1. We can simply set the
gain of the real-pole section to 1. The gains
A- of the complex-pole sections are higher
at their centre-frequencies than the gains
As at the centre-frequency of the whole
filter. The equation is:

= z.j_r‘.'_él
A=A, \1+ Q. 7 fn]

and we want A, = 1. This gives A. = 1-825
i5-23dB) for each section (the values diifer
in the fourth decimal place, and, for
another filter specification, ceuld be much
more different).

We now have all the information neces-
sary to design the whole filter, and the
resulting circuit values are shown in Figure
36. Since the value of the capacitors can be
chosen to give convenient resistor values,
33nF was chosen in this case. This is par-
ticularly atiractive, because a full set of
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Figure 37.

Figure 38,

¥:-octave filters covers the frequency range
from 20Hz 1o 20kHz, with extensions down
to 2Hz and up 1o 160kHz if you can afford
them. We can change the cenire-frequency
simply by changing the capacitor value, and
we find that 20Hz requires 1-651F and
20kHz requires 1-65nF, which are quite
practical. Indeed the value of 16-5uF for 2Hz
is reasonable, but 206pF for the 160kHz
filter is rather small for reliable design. For
such a frequency, however, wide-band op
amps would also be esseniial. The odd
resistor values can be made up from two
1% tolerance preferred-value components
in series or parallel.

It is worth noting that the exact values of
the capacitors are not so critical, as long as
they are matched in pairs. For example, a
pair of capacitors that measure 34-5n[ can
be used if all the resistor values for that
section are divided by 34-5/33. With 741 op
amps, a practical circuil showed slightly
low @ and section gain values, although the
overall response was within the standard
specification limits. Figure 37 shows the
theoretical and practical results. Each sec-
tion of the filter is tuned up with its preset
resistor to its correct centre-frequency;,
using an X-Y oscilloscope display to set the
phase-shift from input to output to zero.
The gain and —3dB bandwidth can then be
measured and tweaked if necessary, before
connecting the sections in cascade and
checking the overall gain and response
shape. The practical results shown in
Figure 37 were ablained without this final
tweaking.

Noich Filters

Notch filters, or null networks or traps, are
usually used in order to remove a specific
frequency from a signal (such as the fun-
damental in a distortion detector), without
bothering too much about the precise
attenuation that other freguencies suffer.
They can be less complex than band-stop

Figure 37. Target response (thin) curve of
the Ys;-octave band-pass filier and the actual
respanse (thick) measured before final
tweaking. Figure 38, Parallel-tuned notch
filter or frap.

filters (see Part 3), but have limitations in
consequence. The most obvious is wide
bandwidth at -3dB, which means that
other signals may be undesirably attenu-
ated.

The Parallel-Tuned Trap

The basic circuit for this is shown in Figure
38. Since the impedance of a parallel-tuned
circuit is high at resonance, this trap works
best between low source and load imped-
ances. The attenuation at the resonant fre-
quency depends on the Q of the resonant
circuit, which usually means the Q of the
inductor, since the capacitor Q is much
higher.

The notch frequency f; is given by the

usual resonant-circuit equation:
1
2n4LC

o

while the —3dB bandwidth £ is given by:

1

= R+ RIC

1 have put these equations in the order
they are usually found in textbooks, but
vour design starts with the second one! Tf
you start with the first one, you can't choose
C to get the bandwidth right. The attenu-
ation A, in decibels at any frequency £, is
given by:

A =10 log ._M

[fﬁ_f\'F

The attenuation A. at the notch fre--
quency is given by:

A,=20log (%+1}

where Q. is the Q of the inductor (sur-
prise!) and @, is the band-reject Q, £./f
For example, a filter to reject 4-5kHz, with
a-3dB bandwidth of 500Hz and Q; = 100,
has a notch ‘depth’ of just under 22dB.
Reducing the bandwidth to 250Hz reduces
the notch depth to 16-3dB for the same Q.
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a) At any frequency

b) Tuned fo resonaonce

C L
Rs
_,_.ll__
L 2C 2C
1 o— —0 o—-—"—T—|
@ wu] Re Re
c
T : -
O o— a) Centre—tapped inducter b) ‘Capacitive tap’
Figure 39, Figure 40.
L/2 L/2 R4/2  Ry/2 il
300 im2
—~L/4 -Ry/4

10k u@! I Eé:)

Figure 41, Figure 42,
points in these equivalent circuits are physi-
o cally unreachable, but the negative resist-
ance can be cancelled out by means of an
=10 ordinary resistor in series with the centre
= tap, so that a signal at the notch frequency
=1—20 = — is completely short-circuited. This tech-
= 1 = e nique is called ‘resistance compensation’.
= -30 =~ et
g b in 2 = .
= b 7 Another Practical
2 / Example
& -50 I happen to have a high Q 12mH inductor,
o bifilar wound so that itis accurately centre-
—50 tapped. This resonates with 58-3nF at
19kHz, so making a trap for the 19kHz pilot
-70 tone used in FM stereo radio. Figure 42
18940 18360 18GBC° 19000 19020 18040 18060 13080 19100 shows the test circuit, where the source
and load resistances just happen to be con-
e 43, venient values for the oscillator and volt-
meter used for the measurements. Figure
, 2 43 shows the frequency response in just
The Series-Tuned Trap Migwre 38 Secus twneduoih Wiy of thup, the immediate \*imfll'lit_v of the nl?:ltch. and;.*nu

You may well not be surprised to find that
this rap works best hetween high source
and load impedances. Figure 39 shows the
basic circuit, and using the same symbols
as for the parallel-tuned trap, we find:

_ R.A.
5 =5 LR.+ Ry
and
C=toes
amflL

The response shape and the Q. require-
ment for a given notch depth are the same
as for the parallel trap.

The Bridged-T Circuit

This is a very interesting and useful circuit,
because it can theoretically give infinite
attenuation at the noich frequency, and it
does this by synthesising a negative resist-
ance in a passive circuit. The two versions
are shown in Figure 40: the centre-tapped
inductor is convenient if you can wind your
own, while the “capacitive tap’ version uses
a standard inductor but requires two
matched capacitors for the best perform-
ance. The resistor A: is ofien made a pre-
set, to maximise the notch depth. If very
high attentuation is required, it is essential

42

Figure 40, Bridged-T notch filters; a, centre-
tapped inductor; b, ‘capacitive trap’.

Figure 41. Equivalent circuifs of a cenire-
tapped inductor; a, af any frequency; b,
tuned to resonance.

Figure 42. Practical bridged-T circuit set up
for measurements.

Figure 43. Close-in response curve of the
19kHz bridged-T filter shown in Figure 42.

to use high-quality components and to lake
inta account, for example, temperature
coeflicients, nol only of the main value of
the component but, for example, of the
capacitor losses (Q or tano).

It is easier to see how the negative resisl-
ance arises if we look at the tapped induc-
tor. If the inductance measured between
the end is L, that measured from one end
to the cenire tap is LA, since the induc-
tance is proporional to the square of the
number of turns. fwe resonate this induc-
tor at angular frequency @, with a parallel
capacitor, the impedance of the whole
tuned circuit is a resistance equal to @,L Q.
at resonance. However, from one end to
the centre tap there appears a resistance of
only one quarter of this, which can only be
explained if the equivalent circuit of the
tapped inductor includes a negative induc-
tance, which tunes to give a negative resist-
ance as shown in Figure 41. The T-junction

can see how sharp it is. Although over GodB
atienuation was obtained at the exact
nming frequency of 19019Hz, the attenu-
ation at 19000Hz was only a little oter 30dB.
In fact, it was possible to get 75dB attenua-
tion by very careful adjustment of the pre-
set resistor, but even breathing on the
circuit changed the value considerably!
Without the compensating resistor, that is,
just using the circuit as a parallel tuned
trap, the notch depth was only 10:6dB.

"This circuit can be very practicable even
for volume producton. It was used for the
3-5MHz sound trap in Ferguson and
Kolster-Brandes 405-line television sets, for
example, with a preset inductor for tuning
and a fixed (5% tolerance, in the days when
that was special!) compensating resistor.

The name of this eircuit and the concept
of adjusting something for a precise null
may remind you of bridge circuits. In fact,
it is possible to show that the bridged-T is
equivalent to a bridge circuit, but with the
advaniage that there is a common terminal
for input and output, so that a balanced
source or load is not required.

The Parallel-T Circuit

This is another circuit equivalent to a
bridge, but it uses only resistors and capaci-
tors. It must be driven from a low imped-
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ance source and requires a high imped-
ance load. The circuit is shown in Figure
44, and for predictable results the compo-
nents must be well matched. It is normal
practice to match up four resistors and
four capacitors and to use iwo companents
in parallel in each shunt arm. The compo-
nent values are related to the notch fre-
quency by:

T .
/o= ZzRC

To tune the notch frequency, it is neces-
sary to vary all three components of the
same tvpe, which is usually very incon-
venient. The band-pass Q has the very low
value of ', so that the —3dB bandwidth is
4f- We can find the -3dB frequencies f; and
/- as follows. The response is svimmetrical
on a logarithmic frequency scale so that:

fHfa=fs

and we know that:

F=f+4f

so, substituting for £ in the first equation:

fi""' 4 fo—f=

which leads to:

Fi=12 x5

The two roots, in fact, are the values of f;
and £ and are 02367, and 4236 /... (If vou
solve the equations for /= instead, you get
one value as—0-2365,. We met negative fre-
quencies in Part 1: the negative sign can be
ignored in almost all cases without causing
any problem.) This means that a filter with
a notch at 1kHz has 3dB attenuation at
236Hz and 236Hz, which is a very soggy
notch indeed.

It is possible to sharpen up the notch by
using the parallel-T in a positive feedback
configuration with an op amp, and this
technique is used in distortion meters.
However, the problem of having three vari-
able components to tune the beast
remains. Besides, to get a negligibly low
attenuation at the second harmonic fre-
quency (io measure the distoriion accu-
ratelyl, the circuit requires not only much
positive feedback but also careful compo-
nent layout to minimise stray capacitance,
especially from input to output.

Tuned Circuits
We have already looked at tuned circuits as
notch filters, but they are mostly used as
band-pass filters, and almost always in the
parallel configuration.

Figure 45 shows a single-tuned circuit in
a band-pass filter configuration. The source
and load impedances must be much
higher than the resonantimpedance of the
tuned circuit, otherwise one or hoth damp
the circuit and thus widen the bandwidth.

Figure 44, Parallel-T notch filter.

Figure 45, Parallel-tuned circuit a band-pass
filter with matched source and load
impedances.

Figure 46. Equivalent circuit of the parallel-
tuned band-pass filter at resonance.

Figure 47. Insertion loss and Q ratio as functions
af the resonant 1o load impedance ratio.
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This means that even at the peakin the fre-
quency response, the filler has significant
insertion loss. It is possible to allow for
some loading effect in the design process.
We musinot blame the tuned circuitfor all
the losses. There is a basic insertion loss
due to the source and load impedances,
which is a minimum of 6dB when the
impedances are equal (Maximum Power
Theorem). In this analysis, we assume that
the source and load impedances are purely
resistive, because any reactive companenis
are ‘tuned out’ when the tuned circuit is
adjusted to the correct resonant frequency.
The design equations are:

1
C _
2rnRf.
and
1
L= anrfzC

where A is the total parallel resistance in
the circuit of Figure 45, that is, the parallel
combination of A. A and the resonant
impedance of the wned cireuit, which is
2nf.LQ,. f is the required —3dB band-
width, /5 is the centre-frequency of the pass
band and @, isthe Qofthe inductor. At the
centre (resonance) frequency, the equiva-
lent cireuit is as shown in Figure 46, rom
which we can determine the insertion loss.
Because all the componentis are in parallel.
this is a case where the calculation is
easier if we work with a current generator
and conductances rather than a voltage
generator and resistances. Referring to the
guantities marked on the circuil diagram.
Figure 46, we find, for the normal case
where the source and load are matched

lthat jS. G, —_— G; i

SRR /e A\ N O N
Power in G =G = (G=+GL+G,I X G
L, =G
T 2GL + GyF

since G. = G,. In the absence of the tuned
circuit, the power in G would be [.° /4G,
so the insertion loss /L is the ratio of these:

IL = L
2G, + Gi¥
By substituting resistance values for the
reciprocals of conductances, that is, A; =
VG and R: = /G we can get the inser-
tion loss in more familiar terms:

4R
1R+ 4RR.+ RS

IL=

and, since this is a power loss, the value in
decibels is ten times the logarithm of /L
Figure 47 shows how the insertion loss and
the ratio of unloaded to loaded Q vary with *
the ratio of resonant impedance A; to the
load impedance A.. Note that this applies
only to the case where the source and load
are matched for maximum power transfer.

Cascaded, Isolated
Single-Tuned Circuits

If we make a chain of amplifying stages,
each including a single-tuned circuit as a
band-pass filier, the overall response has
some interesiing properties:
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@ For a given overall bandwidth, the indi-
vidual tuned circuits require a wider band-
width, inf contrast to the case of the
Ys-octave filter, which was ‘stagger-tuned’,
and required higher section Qvalues than
the overall value.

@ It can be shown that the response to
pulse waveforms is very good: the response
to a step has no overshoot or ringing and
the response to an impulse does not ring,
@ The design, manufacture, alignment and
testing of a number of identical amplifier
stages, using the same coils and tuned 1o
the same frequency, is particularly simple.
® However, the overall response shape is
very broad at high attenuations. One sec-
tion gives 20dB attenuation at one tenth of
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Figurs 49, Nesmalizad frequency &terence (fifa—7-7f)

or ten times the centre-frequency, but two
stages give only 33dB, while four stages give
only 52dB. This is even soggier than for
Bessel filters.

These factors made the ‘synchronously-
tuned’ amplifier ideal for early radar (made
during the Second World War) and tele-
vision receivers, the latter being ‘straight’
sets with several slages of amplification at
45MHz, using EF50 or SP61 valves itubes).

AM transistor radios also used, uniil ten
years ago, a three stage IF amplifier of this
fype, comprising a self-oscillating mixer
and two IF stages, and some still do. This is
for a different reason. It is not possible to
obtain the apparent maximum gain
(mutual conductance times collector out-
put impedance divided hy 2 for the
matched load case) from the tvpe of tran-
sistor used in these applications, because
the collector-base feedback capacitance
causes oscillaion. The same effect (Miller
effect) occurs with triode valves. At the same
time, we want the bandwidth of the ampli-
fier to be defined by the relatively pre-
dictable inductor @ rather than by the
rather variable output and input imped-
ances of the transistors, especially since the
amplifier requires automatic gain control
AGC) to combat fading, and overload on
strong signals. AGC works in these circuits
by varying the DC collectar current, which
changes the input and output impedances.

We can satisfy all these requirements by
making the resonant impedance of the
tuned circuit low enough to produce the
insertion loss required to give sufficient stab-
ilitv. Typically, the gain is set at a quarter or
a third of the apparent maximum gain, so
that even a hot’ device is not even near
enough to oscillation to produce a distor-
tion of the band-pass response shape. in
order to keep battery consumpiion low, the
DC collector currents are keptlow {too low,
in my opinion: ypically they are set at 1mA,
whereas much hetter performance can be
obtained for an extra milliamp or two,
which is negligible compared with the con-
sumption of the audio stages). This means
that the muiual conductance is only about
39ms, so three adequately-stable stages give

Coupling type Coupling coefiicient k
Mutual inductance ML

Top capacitance Cy/IC+ C)

Top inductance AL + Ly

Bottom capacitance CI(C+ Gy

Bottom inductance L/l + Ly)

Link MMs/L L

Figure 48. Types of coupling between two
tuned eireuits.

Figure 49. Response curves of dauble-tuned
coupled circuits, for five values of coupling
factor q.

~

only just enough gain to make the receiver
acceptably sensitive. In order to get suf-
ficient selectivily, the tuned circuits must
have unloaded Q values, at 468kHz in
Britain, of the order of 100, which, with size
and cost limitations, means using ferrite
pots.

Tuned Coupled Circuits

A full treatment of this subject needs a
book, and several have been written, many
horribly mathematical. The opportunities
in this subject for generating huge equa-
tions are surpassed only, perhaps, by those
offered by the T-equivalent circuit of the
bipolar transister. We shall restrict our
studies 1o double-tuned circuits in which
the twa circuits have identical inductance,
capacitance and Q@ values, and Figure 48
shows the possible ways of coupling them.
For most modern coil constructions,
mutual inductive coupling is not practi-
cable, but it is the only form which pro-
duces a precisely symmetrical band-pass
response. However, if the ratio of band-
width to centre-frequency {the band-pass
Q) is 10 or more, all types of coupling give

only a minimum amount of asymmetry.
For a given 3dB bandwidth, a double-
tuned filter has only half the resonant
impedance of the corresponding single-
tuned filter, which explains why double-
tuned filters are now not used in transistor
AM radios — remember that IF gain is at
best only adequate. The response shape of
the double-tuned filter depends on a vari-
able which can be calculated from the
basic component values as follows. The
variable, coupling factor, is related to the
degree of coupling between the two uned
eircuits and to their (equal) unloaded Q
values Q.. It used to be given the symbol
Q;, but now the symbol g seems favoured,
so we will use it. The degree of coupling is
expressed by the quantity & the coupling
coefficient, whase value for the different
types of coupling is given in the Table, (lefi).
The coupling factor is then given by g =
kQ... g= 1 gives a maximally-lat band-pass
response, which is normally what is
required, while g > 1 results in the appear-
ance of a dip in the response at the centre-
frequency and ‘rabbit’s ears’ at the edges of
the pass band. To plot these responses, we
Continued an page 46.
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DIGITAL SIGNAL PROCESSING

This month, we use the DSP Workbench program to examine various filters and their responses.

DSP Workbench (DSPWB)

The basic building blocks, described previously,
can be arranged in many ways to produce
filtering effecis. Figure 14 shows the arrange-
ment used by the DSP Workbench program.
DSPWAB allows the number of delay units, n,
to be varied, n>0. To define your own filter,
enter the number of delay units required, and
the multipliers p(0) to pin) and q(1) to g(n).
When tested on a 486DX based PC, the
response was reasonable, but on a 286
various stages may take several seconds.
Decreasing the sequence length (option 2) will
speed things up.

Impulse

Run DSPWB, and choose option 1 to define
a filter. When asked the order required enter
1, for one delay unit. For p(0) enter 7, and for
p(1), (1) enter 0,0. The result is a “filter” in
which the output is equal to the input, or
yin}=x[nl. This can be written

yinl _ 1 or hin] = 1 where hin] = yinl
xin] x[n}

hin) is called the transfer funciion.

Asthe filter is just a straight conneciion, choos-
ing option 3 will display a step, an impulse, the
frequency spectrum of an impulse, and a
phase shift graph. The phase response shows
how the phases of various frequency compo-
nents are shifted. As this is worked out using
inverse tan, the result ranges from +Pi/2
(+90°) to —PI/2 radians (—90%). We shall
ignore the phase response for the time being.

Apart from the phase graph, the axes are
automatically scaled for the best resolution.
The vertical divisions are drawn every hall and
the harizontal at every sample point. If the ver-
tical signal becomes large, orif a long sequence
is used, the result will be the same as filling the
screen with grey — if you wait that long!

The frequency axis ranges from 0 to /2.
If the frequency response is plotted above £/2,
it is a mirror image about /2, due to the
aliasing effect.

Filters

Find the responses of the low-pass filter from
part 2. The order should be set to 1 and
pl0)=05, p(1)=0-3, q(1)=0 (for brevity this
will be written (1; 0-5; 0-5, 0) from here on).
This filter has a gain of 1; multiplying the p
values by 2, giving (1; 1; 1, 0), resuls in a
filter with a gain of 2. Option 4 allows a user
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Figure 14. General form of filter used by DSP Waorkbench program.

defined sequence to be filtered. The default is
an exponential sawtooth wave, which can be
changed by modifying the data statements,
as commented in the listing.

What will happen if p(1) is changed from 1
to — 12 The filter response is reversed, produc-

a(1)

Figure 15. Simple IIR filter,

ing a high-pass filter. Change the custom
Puence o

DATA 0,0,1,1,1,2,2,2, 0,0,1,1,1,2,2,2,
001,1,1,2,2,2,0,01,1,1,2,2,2

This filter is also sometimes called a differ-
entiator, as it produces a peak for every ‘edge’.
The peak is equal in size and sign to the change
in input, similar to the mathematical differen-
tiation function.

Enter the values (4; 0-0625; 0-25, 0; 0-375,
0; 0-25, D; 0-0625, 0). This is a fourth-order
low-pass filter; notice how the frequency
response falls faster than the fist-order filter.
Entering the values (2; 0-5; 0, 0; —05, 0) pro-
duces a band-pass filter response. Again, if p(2)
is negated, the response is ‘reversed’, resulting
in a band-stop response.

IIR Filters

The above filters have their g multipliers set to
zero, i.e. there is no feedback. They are known
as FIR (Finite Impulse Response) filters as the

>111

=111 ' <11l

Figure 16. lIR outputs for various values of q(1).
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Figure 17. Example of a pole-zero diagram.

impulse response will decay to zero in a finite
time, determined by the number of delay
units:

IR {Infinite IR) filters have feedback, so the
impulse response can be infinitely long. When
experimenting, any values can be used when
an FiR filter is being used. Figure 15 shows a
first-order recursive filter. Set p(0)=1, p(1)=0,
and try various values of (1) from —1-1 to
+1-1. Figure 16 shows the impulse responses
for various values of p(1); the value at t=01is 1
on all of the graphs. If the absolute value is
greater than 1 (written |p(1)|>1), then the
output will increase to infinity, and the system
is said to be unstable. When p(1j=—1, we
have an f5/2Hz oscillator. With |p(1)| <1, the
output decays towards zero; the smaller the
value the faster the decay. Systems with this
response are said to be Bounded Input
(produces a) Bounded Output (BIBO) stable,
and this is a desirable characteristic. When
q(1)=1 we have an integrator; it sums the area
under the input waveform, as does the math-
ematical integration funciion.

Experiment with various values of order, and
p & q. Which values cause unstable filters?
Unfortunately, to answer this some math-
ematics are required.

210110111011 1>

110111011001 ))))

Z-Domain and Transfer
Functions

Transfer functions, mentioned previously, are
used to represent filter functions mathemat-
ically.

The output of Figure 15, for example, is
yin]=paxinl+q:iyin—1] (M

Instead of using the rather copious xin] no-
tation, z " will be used as a ‘tag’ to denote the
place in the list, for example:

x[0]+3x[1]+2x[2]+...+xInl+... becomes
2437+ 277

or XZ)=1+3z"+2z°+._ 477+, asz'=1.

IfXZ=1+z""+ .47z "+ is passed through
a delay block, the output will be
z '+, 477"+, which is the same as multi-
plying the sequence X(z) by z . If Xiz) is passed
through a delay block, the output will be
z'X(z}, so (1) becomes

Y@ =pXzie'+qiyz '>Ylzl=pX@+qiYZz

which can be rearranged to give the transfer
function Hiz) (=Yiz)/X&)):

| b
(= qiz") Yi) = pX(@) = Hid) =
@ PoX 0—qiz)

The general filter transfer function is

Y& pZrpz't.tpaz” PR

HE@=—— =

X2 1+giz'+..+quz” Q2
where Piz) and Q(z) are polynomial equations
in z. The values of z for which Pz}=0 are
called the ‘zeroes’, as Hiz) is zero at these
points. When Q(z)=0, H(z) becomes large,
and these points are called ‘poles’. The solu-
tions may have a facior of v—1. Numbers of
this form are called complex numbers.

Not So Complex Numbers
Before continuing, a brief intreduction/review
of complex numbers is necessary, see the ref-
erences [1] and (2] for more details.

Complex numbers have the general form
a+ib. ais the real part, numbers used in every-
day lite. The imaginary part, ib, is a real num-
ber multiplied by —1, e.g., 10i, where i={=1.
j is sometimes used instead of i to avoid
confusion with current. The basic rules and
notations are:

i X i=—1 ii=1
{a+ib)(c+id)={ac—db)+ifad+bc)
la+ib| =@ +b called the modulus

argla+ib) = tan”’ b this is the areument
g g

e“=cosz + isinz
(@a+ib)* = a—ib thisis called the conjugate

Poles or zeroes with imaginary parts oceur in
conjugate pairs, i.e. if a+ib is a solution, a—ib
is also a solution. It is useful because
fa—ib)(a+ib) = a’+b?, which is real.

Pole-Zero Diagram

The poles and zeroes can be ploited on a dia-
gram with the real components along the x
axis, and imaginary along the y axis (see Figure
17). The unit circle is a circle of 1 unit radius,
with its centre at (0,0).

We can now return to the stability problem.
Ifany of the poles lie outside the unit circle the
system will be unstable; the further from the
unit circle, the faster the output will grow.

Next month, we see how the pole-zero dia-
gram can help us design filters. A simple 2D
filtering program will also be presented.

References

[1] Bostack L., and Chandler S., Mathematic
— The Core Course for A-Level, Stanley Thomes,
1987, pp.532-563.

(2] Bajpai, Calus, and Fairley, Maths for
Engineers and Scientists Vol.7, Wiley & Sans,
1990, pp.479-531.

FILTERS - Continued from page 44.

need a special form of variable to express
the frequency, and we met one form of half
of it in the equation for A,, the gain of one
section of the Y5-octave filter at its own
centre-frequency. This variable, which with
stunning originality we will call X, is given

It can then be shown that the response
curve lvoltage gain in decibels) is given by:

A=10] (1—,8)("+ x* ]

=Wlog |\ or y TiE T ar
where § is a 'shape factor’ equal to
21g7 — 1Vig* + 1), and is zero for the flar
topped response. Figure 49 shows the
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response obtained with different values of
q. and readers of Part 3 will perhaps notice
that T have cracked the problem of plotting
the curves with the log of normalized fre-
quency difference (that funny variable x as
x-axis: the graph plotter won't do it but the
drafting program will.

Helical Filters

Having mentioned these in passing, it
wauld be as well io close this Part with a
few more informative words on the subject
Helical filters employ helical resonators
instead of inductors, as they can provide
very high @ values at frequencies above
100MHz or so. A helical resonator is a cross
between a screened coil and a coaxial line,
and consists normally of a metal tube or
can, with one end open, containing a coil,

one end of which is normally connected to
the closed end of the can. At some fre-
quency, the free end of the coil and the can
‘look like' the terminals of a short-circuited
quarter-wave line, and thus present a very
high resistive impedance. Below this reso-
nant frequency, the component appears
inductive, and can be represented by a
series-tuned LC circuit of very high Q.
Helical resonators can be used in all sorts
offillers in the 100MHz to 1-8GHz frequency
range, but because of the connection to the
can, it is normally necessary for one ter-
minal to be earthed.

Next Time

Next time, I hope to look at more precise
active filter circuits, using special ‘con-
tinuous-time’ li.e. analogue!} ICs. {E|
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Technology of Yesteryear
Electronics in its widest sense has come
a long way in the last century and a half.
Not a very profound thought perhaps,
but prompted by a visit in the summer
to Osbome House, the Isle of Wight get-
away-from-it-all retreat of Queen Victoria
and Prince Albert. Now open to the
public, this particular visit was amanged
by and for a party of electronic engineers
(some like PC more or less retired) and
their ladies (wives, spouses, companions
or pariners). The house itself, of which
we saw only a part, did not make much
impression on either PC or his missus,
apart that is from the remarkable Indian
Room. However, the grounds were of
more interest, and pariiculariy some
of the other buildings therein.

Apparently, the Prince was intent
upon instilling a commendable habit
of sel-discipline and work in the royal
children. To this end, there was
constructed in the grounds a Swiss
Cottage, complete with kitchen, dining
room, bedroom etc., in which the
children were trained to be able to look
afier guests entirely by their own efforts,
bereft of the senvices of cooks, maids,
butlers and what-have-you. Most of the
rooms are now as they were then, and
one of them houses an exhibition of
topical items from the time. In particular,
in 1870 the Anglo-Mediterranean
Telegraph Company invested £440,000
in a praject for the construction of
telegraph cable to India via Egypt and
Aden. The almost instantaneous passing
of messages over such a vast distance
was seen as of inestimable value in
maintaining the British Empire and
Commonwealth, and the exhibition
includes samples of the various types of
amoured cable used on the link’s single
circuit, which was capable of sustaining
only slow speed Morse. A far cry from
today’s technology where Gigabytes
of installed capacity send data fiying
over mynads of circuits worldwide, with
(optical fibre) terrestrial cables coming
back into favour as less vulnerable than
communications satellites.

Also in the grounds at Osbome,
adjacent 1o the Swiss Cotlage, there
is another wooden building, which is
a Museum containing many of the
arefacts that Victoria and Albert
collected. The most interesting of these
to PC was the original Morse-inked paper
tape, received at the Newfoundland
Telegraph Station, of the first translantic
telegraph message. This was sent by
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Queen Victoria to the then US President,
16th August 1858, | suppose he

replied promptly; otherwise how would
she and all the important bystanders
know that this newfangled contraption
really worked? Presumably it wasn't really
the first message: there must surely have
been some test messages before getiing
ihe Queen and the President involved,
even given the Victorians' well-known
supreme confidence in their technology.
Even so, Osborne is definitely worth a
visit by anyone interested in the history

of electronics (or in gardens, architecture,
ete. ete.).

Green Power (of the Electrical
Varlety)

PC is always interested in a more
environmentally acceptable face of
technology, and an item in the IEE
Review caught his eye recently. In the
late 'B0s, a lot of research went into
nying to develop a method of electricity
generation which avoided the need for

a separale steam-raising boiler, with the
inefficiency attendant upon the Rankine
cycle. One hopeful contender was MHD
(magneto-hydrodynamic generation), but
little ever came of it. The item mentioned
above describes current work in Japan on
a fuel cell using atmospheric oxygen and
a phosphoric acid electroljte. With an
efficiency in the range 35 to 45%, it
hardly betters steam powered stations,
but being entirely silent it can be located
practically anywhere. This means that its
waste heat (it operaies at around 200°C)
can be used in a CHP scheme.
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Combined heat and power schemes aim
1o use waste heat from the generator for
process heat in industry, or space heating
or whatever. Molten-carbonate fuel cells
operate at efficiencies in the range
50 to 60% but their higher operating
temperature of 650 to 1000°C makes
design more complicated. On the other
hand, in a CHP schermne, they can supply
higher grade process heat. This news
item was headed, appropriately, “Look,
no turbines™

Funny Talk
My competition of some months ago,
conceming politically comrect speech,
brought in some amusing contributions.
One such, pointed out that the term

1 ‘poitically comrect’ is itself not politically
cormect — it should be ‘differentially
cognate with reality’. However, the Editor
and | had no difficulty in agreeing that the
following conftribution is the undisputed
winner:-

‘My Wife' Banned

University staff have been told they can
no longer say “This is my wite” when
introducing spouses. The word ‘my’
indicates possession and is
discriminatory, according to an 11-page
brochure at the University of Central
Lancashire. Companions should always
be introduiced by their full name and the
1,500 staff have been wamed they could
face disciplinary action if they breach
guidelines. From the Huddersfield Daily
Examiner, 17th March 1994.

The repori does not say whether wives
are permitted to refer to “my husband”.
If they are this is clearly a case of
discrimination against men, whilst if
they are not, it makes no allowance for
couples who have taken conventional
mamage vows whereby each agrees o
own (and be owned by) the other. One
wonders who is responsible for dreaming
up such silliness.

Anyway, thank you M.A.C. of
Huddersfield for sending in this gem of
lunacy, and | declare you the outright
winner of the competition. So look out,
for your free year's subscription to the
Maplin Magazine.

Yours sincerely,

puist 4

The opinions expressed by the author are not necessariy
thasa of the publsher or the editor.
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Special Precaution

Due to Beryilium Oxide being present N
in the SD1272 Power transisior, it is advisable

to be pariicularly careful when fixing and handling
the device.

Do not under any circumsiances break open
the case of this device since Beryilium Oxide is
highly toxic,

- A

FEATURES

% Boosts RF output power to 30W plus
# Automatic switching

# Easy to fit and use in mobiles

APPLICATIONS

# Use in conjunction with hand-helds

# Use in conjunction with low power
base stations

KIT AVAILABLE
(RU36P)

Price £3995p1

* Please note that the box

shown is not supplied in the kit
and must be purchased separately.

Text by Robin Hall c4pvs

These days, most radio amateurs
who are active on 2m will probably
have a low powered FM hand-held
transceiver. This project is for those
operators who need to boost the
output power on 2m of such a rig.

Please noie that a current radio amateur licence,
either Class A or B is required before iransmissions
can be made on the 2m VHF band.

Electronics — The Mapin Magazine  January 1995
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Figure 1. Block diagram of the PA-1 2-Metre RF Power
Amplifier, with the TR-1 RF Activated T-R Swiich.
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reprogramming by a main dealer aier ‘
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accide tMsmmm?)thmmml i
ety =+ X
A I is essential o uss g sulfably rated fuss in ine to this project,
Right: Close-up of For the electrical connections, uss suilably raied wire able to carry
the assembled TR-1 merequjredmmantummydoublm!oﬂwmmwyto
RF Activated T-R Switch procesd, consult a quaiified aqulomotive elecirician.
YPICALLY most 2m hand-held i and the colleciors then fall to zero
ransceivers operate on low Specification potential. This in turn effeciively

RF power (1 to 3W), this is mainly
due fo the baiitery pack supplied, and
to the power dissipation in the power
amplifier stage (PA). Ii is becoming
more common {o use a hand-held
fransceiver or 'handy falkie’ in a
mobile situation using an external
mobile antenna, and some form of
hands-iree microphone; or in the
horne, where the handy talkie serves
a secondary rig such as for packet
radio. The problem is that the power
is rather low for these applications.
The PA-1 2m Amplifier is an ideal
project io be buill in order o boost
this power fo 30W plus (the exact
output power is dependent on the
output power of the iransceiver).

Circuit Description
Figure 1 shows the block diagram of
the PA-1 and TR-1. The power o the
circuitry is derived from an exiernal
12V nominal (13-8V DC) power supply
able fo supply at least 5A, supplying
both the power amplifier PA-1 and
the transmii/receive board TR-1.

A suitable transmiitier/receiver
or fransceiver is coupled fo the
RF IN" sockel. With the relay in its
de-energised state the connection
is through the RF OUT socket, which
is then connecied fo an aerial or
a suitable dummy load.
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DC Power:
Current consumptiion
Suiesecent: SmA

12 {014V DC

Operating; AR

Ouipui power: 10 {0 35W
Input Power

for full cuipui: 8W

The PA-1 amplifier ai this siage is in
iis quiesceni state, along with the TR-1
swiich. On the action of {ransmitting,
the TR-1 circuit senses the RF energy
and the relay changes siate. and a
path is then made for ihe RF energy
o be fransferred o the RF input of
the main PA-1 PCB. Refer io Figure 2a
‘which shows the RF inpui coupled o
ihe main ampilifier device Ql (5D1272)
via the input passband componenis
Cl1, C2 and L1. The DC power being
oblained ihrough L3. The ouiput is
then passed through another filier
network consisting of L2, C4 and C3.

A detailed drawing of the RF
sensing circuii of TR-1 and the
asseciaied relay is shown in Figure
2b. The RF energy is filtered by Cl, R1
and R2 and reciified to a DC voltage
by D1 and D2. The NPN transistors
Ql and @2 which are coupled
a Darlington pair are normaliy
swiiched off, but when DC is applied
from D1 io the base of Q1, the
fransistor conducts as doss Q2

supplies the negative to ihe relay
which is connecied {o the 12V supply
and then switches over thus enabling
the RF energy to be transierred via
the PA-1 ampilifier, and then out fo the
aerial.

The power iransier charactieristic
of the amplifier is shown in Figure 3.
As can be seen, for 1W in, 10W out, for
2W in, 20W out and for 3W in 30W oul.
There is a moximum drive level of 8W,
with a maximum output of between
35 and 40W, this depends on a
number of iactors, not least the
build-quality of the project and
the DC supply voliage.

Figure 4 shows ihe fypical output
to be expected at 145MHz. and the
harmonics which are present. Again
this is dependent on the way the
circuit has been bulli and how clean
the signal from the fransmitter or -
ifransceiver is.

Construction

There are fwo boards o be construcied
in this project, the consiruction deiails
will be given for each.

Assembly of the PA-1 PCB
Important note: Reifer {o ihe case
drilling deidails as it is essential that
the RF power {ransistor is mounied to
the Diecast box, before it is soldered fo
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the PCB. Il is very easy o damage the
fransistor case and break the leads.
Also note that all the componentis are
soldered onio ihe copper side of the
PA-1 PCB, and conventionally on the
TR-1 PCB.

It is a good idea to sort out and
identify the componenis before
soldering them in place. In the PA-1
kit there are a number of coils io be
assembled, leads {o be prepared,
and capacitors that require their
leads o be prepared for ihe
mounting fo the PCB.

The legend and track for the PA-1
main PCB are shown in Figure 8q,
with the legend and irack for ihe TR-1
PCB shown in for the PA-1 main PCBin
Figure 5b.

Ii you are new io project building,
refer io ithe Consiructors’ Guide (order
separately as XH79L) for helpiul

Figure 2a. Circuit diagram
of the PA-1 2 Meire RF

Power Amplifier.

D.C. GND

INO—

and offboard components.

2b. TR-1 RF Activated T-R Swiich, with LEDs,

Relay
/( >
i ‘[]
RF OUT
O 50239
|| Pl —
AMP
RF IN
O BNC
— GND

practical advice on how to solder,
component identification and the
like.

As the components are soldered
direcily onto the copper track on the
PA-1 PCB, the leads on a number of
components have (o be shapad o {it.

Figure éa, shows the moedification
to the two mica compression trimmer
capacitors and Figure 6b o the two
round irimmer capacitors. Figure

6c shows the modiifications o be
made to leads of the ceramic
capacitors.

There are four induciors io be
made, L1, 1.2, 1.3 and RFCI. For L1,
cut a 1in. lengih of 1-0237mm finned
copper wire and form ii as shown in
Figure 7a. Nexi, use another length
of 1-0237mm tinned copper wire 1o
make L2, a I-turn Ysin. diameter coil
as shown in the side view of Figure

7b (a good former is a Smm drill),
and expand the coil by :in., fop
view. Leave *in. of wire free ai each
end.

Using 1-0237mm enamelled wire,
wind a 5-turn coil for L3. The inside
diameter being '4in. (again using a
Smm drill as a {ormetr), the side-view s
shown In Figure 7c, the turns should be
close wound, as shown in ithe top view.
Again leave Y4dn. of wire free ai each

fransfer characteristic.

INPUT POWER W

Figure 3. PA-1 2 Meire RF Power Amplifier input and ouiput power
, Figure 4. PA-1 2 Meire Power Amplifier power bandwidth.
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Figure 5a. PA-1 2-Metre Power Amplifier PCB frack
and legend ©Copyright 1994 Ramsey Elecironics.
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Figure éa. Preforming C1

and C3, mica compression
capacitors.

G

Figure éb. Preforming the
small trimmer preset
capacitors.

Figure éc. Preforming the
ceramic capacitor leads.

L1 from 1" of bare wire

= N

Figure 7a. Preforming L1.

= JO\

L2 Top view L2 Side wview

Figure 7b. Preforming L2.

sF01

Figure 7d. Lacing 5-tums of
wire through the RF choke.

Figure 5b. PA-1 2-Metre Power Amplifier TR switch PCB

frack and legend ©Copyright 1994 Ramsey Electronics.

J

The inductors, frimmers and capacitors ready for fitting onio the PCB.
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Rear of box

Figure 8. Box drilling details.
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Figure 9. Front panel label.

end, remove the enamel with a knife
or sandpaper, and iin the bare ends.
The radio frequency choke (RFC1),
consisis of a {errite bead with six
holes, and is consiructed by passing
5 turns of the 0-510mm bare wire
through each hole as shown in Figure
7d. Make sure that when pulling the
wire through, that the enamel is not

scraped off. Trim the ends to 'sn. and
bend as required for installation.
Before insialiing the componenis
onto the PCB, position the RF power
iransisior onto the PCB as shown {n
Figure 5a, and mark out how far iis
leads exiend iowards the input and
ouiput pads. It is imporiant to noie the
orientation of the fransistor’s collector

13.8V BC

Inline
fuss

1
o~ N
= 9
Iy z4 | ouT '_:I'_l
e |
“ites i[=

2M AMP

GND

.|]_|

RY

TT

Figure 10. Amplifier wiring diagram.

lead, ihis has a 45° cut io help ideniity
ithe lead.

Sestting the RF power transistor aside,
now install the components onio the
PCB, starting with the compression
trimmer capacitors C1 and C3 and
ithen ihe bypass capaciior C7. Next
install the round {rimmer capacitors
C2 and C4. Next fil the three colls
starting with L1 to L3 and then RFC1.

Assembly of the TR-1 PCB

The componenis are mounted onto
ihe PCB in the normal manner. Refer io
the circuit in Figure 2b, and the legend
and irack in Figure 5b. Fit the resistors
and correcily orieniaie and {if the
semiconduciors. Nexi fit ihe capaciiors
making sure oif the orieniaiion of the
elecirolytic capaciior. Next il the
optional pins on ihe PCB, thesa are {or
the connections to the power supply,
aerial, and the relay.

Box Preparation

Asuitable case for the project is the
LH73Q diecast box. This has o be
prepared to accept the mounting of
the RF power iransistor, as well as the
sockels the relay and swiich. Figure 8
shows the drilling delails of the
optional diecast box, which should be
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Figure 11. Exploded assembly
of the unit (note the TR-1 PCB
has been omitied for clarity).
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wiring diagram.
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Figure 12. Typical installation Ta 13-8V BC

supply
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drilled, filed and cleaned of all meial
particles, For further support it is
suggesied thai the PCB be drilled in
the positions indicated, and fastened
o the box with two nuls and bolis,
Figure 9 shows a suitable front
panel label, which should be
phoiocopied or cut out and fixed in
position belore {filting ihe swilich and
LED. Ii is a gocd idea to protect the
labe! from damage bu covering it
in clear adhesive film, e.g. Fablon.
Because ihe case is pari of the
heaisink for the power fransisior, fi is
noi necessary o have an exiernal
heaisink.

Final Assembly

Note: With the PCB in posiiion

this procedurs must be {ollowed
impiicitly, carefuily mount the RF
power iransisfor. Do not overtighten
ihe lock-nut. Fii the two bolis through
the box and PCB, and hold in position
by two nuis. When you are happy
that the PCB and power {ransistor are
in position, solder the four leads on
Q1 the RF power iransisior to the PCB.

Finally fit the two capaciiors C5 and
Cé as shown in Figure 5a, making
sure that the leads are kepi short.

The wiring diagram for ihe PA-1
is shown in Figure 10. This shows the
inierconnection of the two PCBs, the
changeover relay, the coaxial and
power connections. The RF inputi is
via a BNC sockel, and the aerial
connection via a 80239 socketi, on
the rear of the box. The 12V power is
connecied via suitably raied exiernal
fuse and wire, which is held in
position by a sirain relief grommet.
Pass the wire through ihe sirain relief
grommel, if will be necessary io use
a palr of pliers 1o fit the two halves
togather and position it through the
hole provided in ihe box. Selder the
wires directly fo the PCB, ensuring
correct polarity. The power {o the TR-1
PCB, swilch and LED is supplied by
smaller diameter wire. Solder fwo
10cm lengths black and red wire
to the same position as the larger
diameter wire, these will be soldered
io the swiich on the froni panel.

Fii boith RF sockeis, and solder the
earth iags o the ground on the PCB.
exiending the BNC earth {ag if
necessary. Fit the relay inio the box,
and hold in position with fwoe nuis
and bolis. With a spare oiicut from
ihe 1-0237mm wire conneci pins 1 and
4 fogether. Next cut four lengihs of ’
500 coax and {rim and conneci up
as shown in Figure 10, to the PCB and
relay, and from the asrial connectors
io the relay.

Nexi with wire offculs, connect the
two power connections 13 and 14
to the TR-1. These connections alsc
hold the TR-1 PCB in position. Solder
anothear offcut of wire and pass
through the PCB and solder onio
the ground on the PA-1 PCB. With a
suitable short length of wire, connect
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The assembled PA-1 and TR-1 PCBs
fitted into the box.

R
2 METER RF POWE
AMPLIFIER KT

Ramssy Blectronics Modal Ho.

The TR-1 and PA-1 kits as supplied.

TE) memy = AT T
mmon ts Aamasy FX sarus 7o o
2t plormamen cane, whic | T

the RF IN on the TR-1 PCB io pin Qon
the relay.

Fit the swilch and the light emifiing
dicde (LED) to the froni panel (ihe
LED on the leff). Connect the LED
with the smalier red and black wire
(use heaishrink slesving on the wire
conneciions to prevent short circuits),
and connect fo the swilch, on the same
connections solder the wires from
the power inpul. Finally connect ihe
GND and (+) on the TR-1 PCB o the
swiich.

Setting Up
It is especidily imporiant ihat all the
connections are thoroughly checked

4

beiore testing the unit. So visually
check, to make sure ihat there are not
any obvious misiakes, remember you
only have one RF power fransisior.

With a multimeter set to ohms, or
a continuily issier, check thai there
is a fhrough conneciion from the
RF sockets; also check the earth
connections.

As mosi amaieur radio enthusiasts
have test eguipment such
VSWR/Power meter, 30 to 50W, 500
dummy load; these should be used
in testing the ampilifier, along with the
corract 50Q cables and conneciors.

A 2m fransmiiier or iransceiver
providing up {0 5W RF power is
required as well as an exiernal 12V

DC Nominal (e.g., 13-8V DC) power
supply, 5A minimum.
Connect a 50Q comdal cable from

the agerial ouiput on the rig o the
amplifier input (the mgjorify of hand-
helds now have g BNC socket as
standard) and conneci a 50Q coaxial
cable from the amplifier cufputioa
suitable dummy load or aerial. Next
connect the exiernal supply to ihe
amplifier. As can be seen, the DC
voltage is applied io the amplifier

all the time, this is possible as it is
operating in Class C, and only draws
current when RF drive is gppiled. With
the rig on receive there should not be
a significant increase in the current,
if there is, switch off immediately and
investigale the cause.

With the swiich on the amplifier set
to bypass, swilch on ihe hand-held.
Next set the transmilierio 1 or 1-5W
(nc more than 5W) and then press the
PTT. The VSWR meier or watimeter will
indicaie the power oul. if thereisa
problem, then (i will either show as
very little power, or no power at all,
dekey the fransmitter at once and
investigate the cause if this is the
case.

If all is well, proceed to the final
tuning. Adjust the rimmers C1 and
C3 fully clockwise, and key up the
transmitier. Next fune C2 on the RF
input, this has the most significant
conirol over the driving of the RF
power iransisior Q1. After the power
output has been peaked, readjust
C3 and C4 for maximum ouipul, and
then readjust C1 and C2 as required.
The amplifier should produce at least
8 io 10 iimes power gain, for example
1-5Win for 15W out.

Operation

Disconnect the dummy load, and
connect a suitlable 2m VHF aerial.
Next tune ground the 2m band and
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locate any stations that are on. Once
a station has been located swiich the
bypass switch 1o on, there should not
be any difference in ihe received
signal. After checking all is well at
this stage, select a frequency, such
the calling channel and give a test
call. If someone comes back, invite

you will re-establish contact. Once
this has been done, check the low
power with the amplifier off, and
then with it on. If an VSWR/Power
meter has been included in the aerial
lead. then swilching beiween low and
high power will show on the meter, as
well as the standing wave ratio (SWR).

amplifier in a vehicle, please read
the Safety Warning at ihe beginning
of this ariicle.

Acknowledgment

Thanks are due to Walers & Stanton
of Hockley for supplying the PA-1 2m

them fo QSY to another frequency off Afterwards thank your coniact, 30W amplifier and the TR-1 transmii
the calling channel, and hopefully If you are going o fit the power and receive switch.
PARTS LISTS
PA-1 2-METRE RF POWER AMPLIFIER OPTIONAL PARTS LIST
cazacrons e o
C1,3 100pF Mica Compression Trimmer 2 :
UHF Round Socket 1 (BW84F)
C2,4 - 60pF Variable Trimmer 2
BNC Round Socket 500 1 (HH18U)
C56 A7pF Ceramic Disc 2
o7 10nF Ce ic Di 1 BNC Piug 500 2 (HH17T)
T Ulira Miniature Toeggle Switch 1 (FHY9H)
SEMICONDUCTORS Shck-pn Feet Larg_e . 1 Pki (FW38R)
Ql  SDI272RF Power Transistor 1 SO0 Coguil Cally As Rea (.GEo1t)
304 High Current Wire Red AsReq. (XR59P)
INDUCTORS 30A High Current Wire Black AsReq. (XR57TM)
L1,2 1.0237mm Tinned Copper Wire 1 TAA Book-up Wite Red AsReq. (BLO7H)
13 10237 . 1-4A Hook-up Wire Black AsReg. (BLOOA)
mm Enamelled Copper Wire 1 2
: Hegal-Shrinkable Sleaving
RFC1 0510mm Enamelled CopperWire 1 Type CP24 1PKt (BF88V)
RECEGS €y Rt el FoalEus ] In-line 1'in. Fuseholder 1 ®X51F)
6-3A 1'4in. Fuse 1 {uJjasv)
o . Stratin Relief Grommet 1Pk (LRA7B)
Aluminium Alloy Diecast Box
(DCN5005) 1 (YNSOE)
TR-1 RF-ACTIVATED T-R SWITCH Single-ended PCB pin :
RESISTORS 1mm (0-04in.) 1Pkt (FL24B)
RI-3 10k 3 M3 x 12mm Steel Bolt 1 Pki (JY23A)
M3 Sieel Nut 1 Pki (JD6IR)
CAPACITORS M3 Shakeproof Washer 1 Pkt (BF44X)
Cl 510 33pF 1
c2 10nF Ceramic Disc 1 The Maplin ‘GeiYou-Working’ Service is available
Cc3 100 to 220uF Electrolytic 1 for this project, see Constructors’ Guide or
current Maplin Catalogue for defails.
SEMICONDUCTORS The above items (excluding Opfional) are available
Q1,2 2N3904 2 in kit form only.
DI1-D3 IN914/1N4148 3 Order As RU36P (PA-1 2-Metre Power Amplifier) Price £39.9501
- Order As RU37S (TR-1 RF-sensed Relay) Price £14.95
mswgs 1 Please Noie: Some paris, which are speciiic {o this
12V Relay 1 project (e.g., PCB), are not available separaiely.

There are more terrific projects
and features heading your way in
next month’s super issue of
FElecoronics — The Maplin Magazine,
including:

PROJECTS

MODEL TRAIN SIGNAL
LIGHTS

After innumerable requests from
readers for more mode] train projects, a

simple 2, 3 or 4 aspect signal light
systemn for single direction or dual track
svstens will be presented. Different
signal aspects may be required for
different applications and simations, so
thie ahility to select 8 number of aspects
with a single PCB link i1s included
in the desipn.

UNIVERSAL TIMER

MODULE

A general-purpose, easy to build
(monostable) timer module, suitable
for a wide range of simple timing and
control applications. An ideal be-
ginners’ project.

NEWTON VALVE

PREAMPLIFIER PART 3
Parts 1 and 2 of this superb Hi-Fi pro-
ject described the Phono Preamplifier
Module and the Power Supply Unit for
a complete stereo valve preamplifier. In
Part 3 the remaining Tone Control
Module is featured, which completes
the system.
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GUITAR HEADPHONE
AMPLIFIER

An eleciric guimr produces very linde
sound on is own if it is net plugged iIno
an amplifier. With this in mind we've
designed a low-cost, batterny-operated
practice amplifier that deves a pair of
headphones, and offers a realistic dis-
tortion effect. One advantage of this is

that it is possible to practise without |

annoying the family or neighbours!

SILENCE

FEATURES

Special features include: An informarive
look at Perceprual Coding for Digital
Audio — as used in the Sony MiniDisc
(MD) and the Philips Digital Compact
Cassenie (DCC) formars, fumire use in
Digital Audio Broadcasung (DAB),
and other digitzl audio applications.
The secrets of the Arecibo Observarory,
the world’s largest ground based radio
telescope, are revealed'in an in-depih
feature by Douglas Clarkson. Also
starting next month is a fascinating new _
series, mking an historical look at elec-
tronics and the piongers w which we afl
owe so much.

Al this, plus all your favounite regulars as
oall!

Reserve a copy at your newsagents or
take out a subscription NOW o avoid
disappoinmment!
ELECTRONICS - THE
MAPLIN MAGAZINE

BRITAIN'S BEST SELLING
ELECTRONICS MAGAZINE.
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PART 6

utomatic

uipment

Getting to
s know,

It used to be that the testing of electronic appliances was
just a case of measuring a few independent analogue
measurand parameters, such as voltage and current ampli-
wde, frequency and time relationships etc,, at a small
number of points. Generally the parameters could be
measured one at a time, withourt any problem,

Typical modern electronic appliances, on the other
hand, are of a microprocessor-based system nature, and
demand testing of a large number of digital and analogue
measurand parameters at a corresponding large number
of points, Additionally, the parameters are often so inter-
dependent that their values only have significance when
monitored in relation with each othen Thus, measure-
ments must be taken simultaneously,

“Trends in electronic test equipment naturally reflect this
change, Figure | illustrates the general move from single
tme, single measurand test instruments to multi-time,
multi-measurand instruments. Simple analogue and digi-
tal meters represent the basic equipment, capable of per-
forming a single measurement at a single time. The
oscilloscope extends the measurement by performing it
over a period of ime. Dual- and four-trace oscilloscopes
allow a small number of measurements to be made over
this period of dme. Logic analysers take this facility two
stages further, first, by allowing a large number of
measurements to be made over the single period of time,
and second, with recent developments in logic analysis, by
allowing a large number of measurements to be made
over a number of time periods. In all these instances, the
user effectively controls the functions of the test instru-
fmient.

However; the wends do not stop there, As electronic
appliances become ever more complex and as manufac-

turers attempt to build in greater levels of reliability, so the
test instruments used must themselves become even
more complex, The limits suggested by Figure | are not,
in fact, test equipment limitations but human limitations,
It becomes increasingly difficult to correlate ail the infor-
mation regarding the many measurements which modermn
test equipment is capable of mking and, in many instances,
is even impossible. For this reason much modern test
equipment is microprocessor controlled.

An instrument, say, an oscilloscope, with micropro-
cessor control includes many different functions which,
opposed to a conventional oscilloscope, are automatic,
Functions such as timebase and X amplitude may be auto-

| matically controlled: the microprocessor controlled oscil-

loscope is an example of an automatic test instrument,
Most modemn automatic test instruments are program-
mable, that is, they feature an interface which allows their
internal microprocessor (and therefore their measure-
ment functions) to be controlled by an external computer.
Most, if not all, the measurement facilities of an automatic
test instrument may be set by a computer via this inter-
face, and measurements taken are similarly relayed back
to the computer for correlation and display. When a com-
puter is used to control one or more programmable auto-
matic test instruments the resultant system is what we
know as automatic test equipment (ATE), This difference
is important; automatic test instruments are devices
capable of performing and displaying measurements
autonomously or in a system; automatic test equipment
is a complete measurement system, consisting of one or
more automnatic test instruments and a computer con-
wroller,

Such automatic test equipment requires Computer con-
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trol to ensure correct operation, record the measure-
ments, and correlate the vast amounts of measurement
data, presenting it in a form readily understood by the
human user. In effect, the user no longer directly controls
the test equipment (although the user must still program
the computer which does control it), and most, if not all,
functions are automatic.

Measurements are not limited by the user; any num-
ber of different measurements can be performed in any
number of time periods, For example, the user of an ana-
logue voltmeter has great difficulty in taking and record-
ing even one measurement a second. Programmed
automatic test equipment could take, record and display
as many as one thousand measurements in the same time.
Alternatively, automatic test equipment could take and
record one measurement every second for the next
thousand days — non-stop and accurately (without food,
drink or sleep!).

There are two basic methods of creating automatic test
equipment. First, a unique device may be designed and
made, specifically for the purpose. Figure 2 shows an
example of such a device, capable of =king a number of
measurements of voltage and current, while counting
events, measuring frequency, distortion and frequency
response, and monitoring signals on a data bus, Qutput
from the device to the system under test is a swept
sinewvave signal, Control of the various measuring facilities
is provided by the microprocessor-based heart of the
device, which in turn is controlled by programmed instruc-
tions from the user. This type of automatic test equipment
is, in fact, a computer system complete with the necess-
ary input and output units to allow measurements of the
various parameters of the system under test. Recording
of the values of these parameters and the format of the
correlated information again depends on the user's pro-
grammed instructions, and is displayed either on a moni-

tor or hard-copied onto paper with a printer.
The second method of creating automatic test equip-
ment is to use a microprocessor-based personal com- |
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puter, and use it to control general-purpose test equip

ment such as meters, universal counter timers, logic
analysers, signal generators etc,, as if they were periph-
eral devices, as illustrated in Figure 3. In this method each
piece of test equipment performs the measurements jt is
told to do by the computer on the system which is being
monitored; then relays the readings to the computer,
which records and displays the correlated data. again on
a monitor or printed onto papen As in the first method,
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Figure 1. Suitable test
equipment, such as the
analogue digital meter,
oscilloscope, dual-trace
oscilloscope with trace delay
digital storage oscilloscope
and logic analyser.

Figure 2. This shows an
example of a device, capable
of taking a number of
measurements of yoltage
and current, while counting
events, measuring frequency
distortion and frequency
response, and monitonng
signals on a data bus.




Above: Figure 3. Using a
iicroproprocessor-based
personal computer to control
general-purpose test
equipment such as meters,
universal counter timers,
logic analysers, signal
generators.

Abave right: Figure 4.
Linking a number of
nstruments to a common
data and control bus, and
controlled by a personal
computes,

Below: Typical spring contact
probes (CSP);

(a) Concave type (UL99H),
(b) Convex type (UMODDA),

the user controls the overall system operation with pro-
grammed instructions.

From these descriptions it is faifly obvious what the
main differences berween the two methods are: the first
is a custom-built device, which is likely to be quite expen-
sive in terms of initial capital outlay, can only be used to
test one particular system, and will most probably be used
to test electronic appliances which are manufactured in
vast quarntities; the second is a custom-builtsystem, which
is still very expensive, but can easily be adapted to suit
othen test applications, so will most probably be used to
test electronic appliances which are manufactured in quite
small quantities (with the knowledge that the system can
also be adapted to suit other applications, as and when
necessary). In practice even the first method can usually
be adapted, as a modular design approach is often used
which allows the user to change measurement modules
to suit other applications, and the two methods are sim-
plified representations of extremes of automatic test
equipment design philosophy. The philosophy, of course,
is simply one of having a variety of test instruments which
are controlled by a computer which, in tum, is controlled
by a user’s program to suit the test application.

If a number of instruments are to be controlled by a
computer, it makes sense if each instrument’s interface
links to a common data and control bus, as in Figure 4. A
bus structure makes the system very flexible as extra
instruments can be added with litde fuss. When auto-
matic test equipment began to be constructed the first
commeon bus was the general-purpose interface bus
(GPIB), which was developed into the European stan-
dard |IEC625; also known as BS6146 in the UK and
IEEE488 in the USA. More recently, its place has been
taken by the faster and more capable VXlbus (a devel-
opment of an existing computer, bus — YMEbus). Most
manufacturers conform now to VXlbus, although many
others do exist.

Fixtures

Between automatic test equipment, and the unit under
test (usually an assembled and soldered PCB, before pack-
aging in its housing) some form of fixture needs to be
used, Fixtures adapt any particular automatic test equip-
ment system, allowing it to be used with any product.

Generally, fixtures are designed to allow tested prod-
ucts to be connected and disconnected from the auto-
matic test equipment system rapidly and easily. Thus, after
each individual product is tested it may be removed and
the next product installed in the minimum of time. In
high-volume production areas, mechanical, robotic han-
dlers are often used to install PCBs into fixtures, remove
them, and install the following boards. Consequently one
of the aims of fixture design must be to make installation
and removal of tested boards as straightforward as poss-
ible,

Typically fixtures have large numbers of probes sited in
a flat surface, and each probe is positioned to locate a point
on the printed circuit board corresponding to a required
circuit node, As the board is pressed onto the fixture the
probes make electrical contact. For obvious reasons such
fixtures are known as bed-of-nails fixtures and, typically,
use spring-loaded probes which allow a measure of
mechanical compliance while ensuring electrical con-
tactability. Vacuum-actuared bed-of-nails fixtures (where
an air pressure reduction on one side of the board holds
it in position) are most commmon. Generally, test point
probes are matrixed on fixed centres of 2-54mm (0:lin.),
though sometimes a dloser grid of |1:91mm (0:075in.) or
1:227mm (0:05in,) centres are used (occasionally centres
of 0:63mm — 0:025in. — are used to provide fixtures for
small substrates of extremely high component densities),

Probes

Typical probes used in such fixares are known as spring
contact test probes, and one is illustrated in Figure 5, com-
prising a barrel, a plunger and a spring. The barrel is
crimped to prevent the plunger from coming out.
Working travels of probes are between about |:2mm
(0:05in.) and 8mm (0:0lin.), and probes are selected
according to PCBs being tested,

Metals used in probe parts vary. Plungers are most
often of heat-treated beryllium copper, tumed to an accu-
racy of =5um (0:0002in,). These are then electroless

| nickel-plated, then gold-plated, Occasionally, rhodium

plating is used instead of gold, giving a harder finish; desir-
able for some applications.

Barrels and receptacles are drawn from nickel silver,
often preplated or alloyed with gold, although phosphor
bronze or beryllium copper are sometimes used where
stronger parts are needed.

Spring material depends more closely on requirements;
beryllium copper is used for lowest electrical resistance,
stainless steel for high-temperature applications, while
music wire is used fon highest spring force.

Receptacles

Probes are used with receptacles which are permanently
mounted into the fixture; a probe pushing simply into a
receptacle, as shown in Figure 6. Receptacles are perma-
nently positioned and wired into a fixture, and various
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wiring termination styles (push-fit, solder, crimp, wire-
wrap and so on) are used to suit specific applications.
Such a push-in arrangement allows probes to be changed
without trouble of rewiring or disturbing a fixture. One
or more detent crimps in the receptacle side holds the
probe into position while a fixture is in use and allows elec-
trical contact between probe and receptadle.
Receptades are generally held in place by internal press-
rings in the wall, which collapse as they are pushed into a
fixture hole, This fitting method requires a fixture plate of
sufficient thickness. Alternatively, where plates are too
thin, fixture holes may be slightly larger;, and press-rings
are then used as a simple shoulder to prevent it falling
through the fixture. In such cases receptacles should

always be glued in position.

Test Strategies

Of course, mounting the PCB in its fixture is just a
mechanical task. More importantis the electrical test con-
sequently undertaken. First, most PCBs consist of many
(sometimes many hundreds of) individual components;
each of which needs to be tested. Second, the whole PCB
needs to be tested as a complete product.
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These two test strategies are often followed separately,
but sometimes can be carried out on single automatic
test equipment. The first is known as in-dircuit testing,
and is where the bed-of-nails fixture really helps. By hav-
ing access to internal parts of the circuit via the probes, it
is possible to individually test each component to check it
works properly. Tests are often carried out serially (each
component at a time), but some equipment is capable of
carrying out several tests in parallel. If any particular, test
fails, the component at fault is immediately known. In-
circuit testers (ICTs) are often also known as manufactur-
ing defects analysers (MDAs), simply because component
failure is a manufacturing defect.

Testing the complete PCB as a whole product is known
as functional testing. While not giving an indication of the
particular component which is at fault, it tends to be a
more rapid test.

Combinational testing is where the automatic test equip-
ment is capable of performing both in-circuit and func-
tional tests together.

Design for Testability

These basic test strategies are not, on their own, able to
solve all test problems if products are complex and minia-
turised circuits, where access to all drcuit nodes is imposs-
ible. Very large scale integrated (VLSI) products and,
spedifically, surface mount component (SMC) assemblies
which both may feature extremely dense circuits do not
always allow total nodal access with test point probes, This
trend towards miniaturisation using such assembly meth-
ods is accelerating, too; a fact which will cause more prob-
lems as time progresses, Already it has been determined
that, while in-circuit testing of small scale integration (5S1)
to medium scale integration (MSI) detects nearly all poss-
ible faults, only around 85% of faults in LS|, and somewhat
less than 75% of VLS| faults may be detected by in-circuit
means. Also, programming requirements and test times
both rapidly become excessive as products increase in

P-series PCB Test Jig
system contact

(c) Concave type (UMOIB).
(d) Convex type (UM02C),
(e) Toothed type (UMO3D).
(f) A square pin projection
receptacle for holding

probes (UMOSF),

Figure 5. A typical spring
contact test probe.

Figure 6, A probe used

in a permanently mounted
fixture.

Figure 7. A scan test
integrated circuit, with
test clock (TCK), test mode
select (TMS), test data in
(TDI) and test data out
(TDO).
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IC1—4 are scon test integroted circuits

Virtual test
channels

| 700

Direct test
channels

I »|Direct test
[ channels

~
Virtual test
channels

IC5—7 @re non—scan test integrated circuits

Figure 8, Scan test ICs
alongside non-scan test ICs.

Figure 9, A TTL driver with
its truth table,

Right: Figure 10,
(a) A simple output
waveform from a driver.
{(b) An output from a
formatted driver.

Far right: Figure 11.
(a) A simple comparative

an exclusive OR gate.

circuit density and complexity, with a consequent and
dramatic cost difference.

With this in mind manufacturers and designers are um-
ing their attention, on a wyider scale, to building certain
features into their products to allow following test stages
to be undertaken more easily and, even more important,
with greater effect and more cheaply. In the main, these
features are intended to allow partitioning of tested circuits
into smaller functional blocks.

Generally, inclusion of such features is called design for
testability (DFT) which, by the fact of its virtue in aiding
product testing, is a form of test strategy in its own right.

Data

Enable

Scan Test

Scan testing is just one example of design for testability,
which uses spedial ICs capable of being switched into a test
mode. These have a test mode in which internal input and
output latches are all connected together to form a shift
register, known as the scan register. Scan in input and scan
out output pin connections, directly to and from the
register; are also provided, and scan tests on individual ICs
are often called internal scan tests.

Scan testing an |C with a scan register can merely entail
scanning a test patiern vector into the register, returning
to normal operation for a defined number of cycles
(usually one) then re-establishing test mode and scanning
out the resultant vector from the register: Other test pat-
tern veciors may be scanned in and out to test individual

functions of the IC, but the overall process is as simple
as this single test stage shows.

Scan input and output pin connections of ICs within a
whole product may be linked together; forming a com-
plete scan register around the circuit. Because of this, a
circuit design using scan test devices is also known as a
boundary scan design. With boundary scan design a com-
plete cirauit's test process can, in effect, be as simple as
scanning in a single input vector and abserving the output
vector. Vector output pattern immediately allows deter-
mination of faults, isolating particular ICs where faults have
occurred. In practice, many vectors need to be scanned
in and out if sequential logic elements are in circuit,

A scan test IC is shown in Figure 7. Four connections
to the [C are common and so it forms what is known as
a four-wire testability bus. Two control signals: test clock
(TCK) and test mode select (TMS), together with scan
register in and out connections test data in (TDI) and test
data out (TDO), make up the bus. A simple connection
of one integrated circuit's TDO output to the following

| ‘one’s TDI input allows test information to be scanned

through both,

Scan test design is useful because its very presence
effectively breaks up a dircuit into device-sized partitions
during test. Direct physical access to deyices, with nodal
test point probes for in-circuit test strategies, is not
required. This means device-level testing of miniaturised
products, in the form of VLSI circuit and SMC assemblies,
is immediately catered for and easily undertaken if all
devices in assemblies are scan test devices,

Built-in Self-test

Scan test techniques can reduce requirements of complex
test patterns generated by automatic test equipment, but
does not eliminate them. For this reason, integrated dir-
cuit designers are currently proposing a number of addi-
tions of internal tests for |Cs. Such tests are called built-in
self-tests (BISTs) and many schemes are already available,
following many methods.

One of the most common built-in self-test methods,
incorporated into several schemes, uses two linear feed-
back shift registers (LFSRs) in addition to main functional
circuits within an IC. First linear feedback shift register gen-
erates a sequence of test pattern vectors which is applied
to the main functional circuits, while second generates a
signature from the resultant output. Basic signature analy-
sis procedures within the automatic test equipment com-
pares these signatures with expected results to verify
cofrect operation or detect if an IC is faulry.

In such ICs with built-in self-test, these linear feedback
shift registers will normally double as scan registers for use
in scan test. Coupled with scan test, signatures are nat-
urally routed as test pattern vectors directly to the auto-
matic test equipment.

Mixed Test Requirements

From the automatic test equipment point of view, most
test requirements for the foreseeable fuwre are going o
have to deal with tested circuits comprising IC devices of
scan test, conventional and, perhaps, built-in self-test
designs. Coupled with these ICs will be non-integrated
active and passive components such as resistors, capaci-
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Muitiplexer.

tors, coils, and semiconductors like transistors and diodes.
Although scan test strategies provide a means of simplify-
ing test procedures for dense scan test design circuits,
which would otherwise not be able to accommodate in- |
circuit bed-of-nails fixture probes, it is not immediately
apparent how dense mixed boards of scan test, conven-
tional, and built-in self-test designs will benefit.

Fortunately, however, techniques are currently being
developed which use scan register output vectors to allow
observation of non-scan test components.

Figure B shows a potential PCB arrangement, with scan
test |Cs alongside non-scan test components. The very

l
1
1

fact an interface occurs between the two component
types means access is possible to signals around the non-
scan test components. In effect, signals at each interface
between scan test components and non-scan test com-
ponents may be held by scan registers on the scan test
components, and scanned out to the automatic test equip-
ment system. Thus dusters of non-scan test components
are isolated with these virtual test channels, and may be
tested by standard means,

Partitioning
One of the key concepts of testability in automatic test |
equipment systems is isolation of tested circuit devices or
parts from the remainder of a circuit. This is known as par-
titioning and, as parts within an isolated partition are often
known as a dluster; of parts the process is often called clus-
ter testing, Partitioning is exaremely useful because those
parts within a cluster are viewed as if they are by them-
selves — not in the total dircuit. Tests may be performed
on the dluster as if it is an isolated circuit. Thus, a cluster
is checked for operation and verified, prior to considera-
tion as part of the whole drcuit

Partitioning relies on the ability of the automatic test
equipment system to electrically isolate a partition from
its surrounding circuit. How this is done depends largely
on whether a digital dircuit or an analogue circuit is being
tested.

Digital Testing

An automatic test equipment system for testing digital cir-
cuits typically contains a set of parallel digital drivers, out- |
puts of which are used to stimulate the tested circuitina
defined way. Results of these stimuli are monitored using |
a set of digital receivers. '

Drivers are usually three-state devices; allowing high
states and low states to be driven, as well as an undriven
high impedance state, Often high and low state voltages
are of standard TTL levels, although programmable state
voltages are available. A possible driver is shown in Figure
9 along with its truth table. '

A simple output waveform from such a driver is shown
in Figure |0a, where the output is in an undefined state
(one of its three possible states), then is driven high as a
test process begins,

Often, howeyer, such an output is too simple and some
kind of formatted output is required. Figure |10b shows out-
putofa formatted driver where a number of distinct stages |
occur in an output signal; (1) the test process begins, at
which time driven output is in an undefined state; (2) out-
put is driven high; (3) output is driven low; (4) output |
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returns high. Effectively the driver’s output is modulated
by data from the automatic test equipment system's con-
trolling program. This example shows modulated data in
a surround by complement to zero (SBC-0) format. Other
format alternatives include surround by complement to one
(SBC-1), surround by high impedance (SBZ), return to one
(RTO), retum to zero (RTZ), and non-return to zero (NRZ).

Formatted drivers are used in automatic test equipment
systems to impose stresses on a circuit’s input timing speci-
fication. TTo this end, driver formats of an automatic test
equipment system are often programmable and switch-
able by the controlling program. To further enhance this
facility automatic test equipment systems often allow rise
and fall times of drivers to be specified under program
control. Thus, formats and rise/fall times may be varied
either before or during tests.

Impeosition of timing stresses has a dual function. First,
devices in the tested circuit are stressed to their timing
limits. Second, these stresses are imposed at a much
lower speed (hence a much lower clock rate is used) than
would normally be possible.

Where a fixed logical state output is required of a
driver, pull-up or pull-down resistors are usually pro-
vided, switched to suit high state o low state.

Digital receivers used in automatic test equipment sys-
tems are combinations of basic comparators (of an ana-

| logue nawre, incidentally) coupled with logic gates to

determine whether received data is as expected. Figure
I'1a shows such a simple receiver. A comparator com-
pares the received data voltage with a defined reference
voltage, giving a result which is combined with the
expected data in an exclusive OR gate, When data
received is the same as data expected gate output is low.
However, when received and expected data are not the
same, gate output is high, indicating error:

Error results may be used in several ways, generally
depending on automatic test equipment system designer’s
ingenuity. For example, by further gating the error signal
from the exclusive OR gate, as shown in Figure 1 1b, it is
possible to define one or more windows during which a

Far left: Figure 12. Drivers

and receivers interfaced via

multiplexed circuits to the
circuit under test,

Left: Figure 13, (a) A node
forcing and backdriving
configuration,

PLCC test probe
block from Peak.
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Above: Figure 13,

(b) Comparison of node
forced and backdriven
signals,

Above Right: Figure 14
Operational amplifier
operating in inverting
mode,

Below: Figure 15,

(a) Test circuit where the
tested component Ry is
located in the measurement
amplifier's input circuit.

(b) A similar test circuit,
where the tested
component Ry is located in
the measurement amplifier’s
feedback loop.

circuit's response to driven stimulus is sampled. Then,
by varying sampling delays and periods under program
control, circuit response times such as data set up time,
data hold time, propagation delays and so on may be
measured,

Drivers and receivers are usually interfaced with a
tested circuit via a multiplexing arrangement, illustrated in
Figure 12 This allows a greater number of test probe
Access points (i.e pins) on the tested board, So, automatic
test equipment with say, |00 driver/receivers may have a
multiplexing ratio of 4.1, allowing up to 400 test probes.
Effectively each driver/receiver has four test probes to
stimulate and monitor Sequentially switching between
test probes is therefore necessary,

Such multiplexing can give automatic test equipment a
cost advantage when compared with others having a
lower multiplexing ratio. However, multiplexed automatic
test equipment may not allow a sufficiently large number
of test points for a given application to be measured simul-
taneously in real-time. Following the example just given
of 400 test probes multiplexed to 100 driver/receivers, a
single integrated circuit with over 100 pins simply canpot
be monitored in real-time,

Switching between driver/receivers and test probes is
usually performed with electromechanical relays, which
feature a very low on resistance Relays, however, place
a limiting factor on multiplexing rate, Semiconductor
switches which could operate at significantly higher rates
have a much higher on-yesistance, which would affect
measurements taken so aren't often used Some auto-
matic test equipment, however, features both relay and
semiconductor multiplexing Here, relays are used for
accurate, but slow. measurements: while semiconductor
switches are used for stimple measurements (such as open
and short tests) where speed is required but not accuracy,

Electrical Isolation

Where individual devices or parts in a tested digital circuit
are to be tested they may be effectively electrically iso-
lated from the remainder of the dircuit, for short periods
of tme at least, by forcing outputs of preceding circuit
devices to required logic states | precautions are taken
this may be done with no damage

Circuit devices are effectively overwhelmed by this
technique, so control of following cicuit parts may be
assumed by the automaric test equipment system, rather
than by the tested circuit. Inputs to the selected dircuit part
are controlled solely by the automatic test equipment sys-
tem and, in essence, the circuit part acts as if it is discon-
nected from the whole circuit. It is this concept which
allows in-circuit and combinational testers to partition
tested circuits into clusters or individual devices.

Forcing outputs in such a process is known as overdiiv-
ing and two different modes of operation are necessary,

|

First, if an output is high and is forced low the process is
called node forcing. Second, a low output forced high is
known as backdriving, Component loading when node
forcing is considerably lower than when backdriving.
Figure |3a illustrates use of node forcing and backdriving,
where two of an integrated circuit’s output stages are
overdriven by signals from automatic test equipment.
Graphs of node forced and backdriven signals are com-
pared in Figure |3b. Current out of an output stage dur-
ing node forcing is seen to be much lower than current
in during backdriving. Node forcing is made further irrel-
evant when you consider its effect: forcing a high output
low is the same as simply applying a short circuit on the
output, which most if not all modem integrated circuit
devices are designed to handle, anyway.

Overdriving preceding circuit parts to control a fol-
lowing circuit part does not always, guarantee absolute
control, Where output of the contralled circuit part is
commoned with other circuit part outputs, those other
circuit parts may affect operation of following circuit parts,
so must be controlled too, Such a situation often arises
where digital feedback loops around counters are in a cir-
cuit. Typically, digital guarding is used, simply injecting fixed
logic states at vital points in the circuit part, to stabilise fol-
lowing circuit parts thus ensuring a known state,

Overdriving is carried out using high current pulses of
low energy and short duration. Two specific types of
pulses are used; short pulses used to overdrive data bits,
clocks and reset signals; longer: pulses used to overdrive
device enable, set and clear signals.

Analogue Testing

Analogue testing techniques follow, broadly at least, simi-
lar considerations as digital testing techniques. Analogue
tests are normally performed using a sensor arrangement
based around an operational amplifier (although imped-
ance bridge techniques are occasionally used), Generally,
non-inverting amplifier input is connected directly to
ground potential, shown in Figure |4, where feedback
from output to inverting input exists, which means the
operational amplifier amplifies in inverting mode. In such
a cireuit, given ideal conditions, two operational amplifier
properties are useful:
@ input resistance is infinite — put another way, no current
flows into the operational amplifier; therefore output volt-
age Vo is independent of output load. Instead, current
from the tested circuit | flows through the feedback resis-
tor Re
® voltages at each operational amplifier input are equal;
inverting input is said to be at virtual earth,

Output voltage of the circuit is given by:

Vo=Ix%Rs

Thus measurement of output valtage gives direct indi-
cation of tested circuit analogue parameters.

Two test circuits are derived from that in Figure 14,
in which the tested component is located in either the
measurement amplifier's input circuit or feedback
circuit, shown in Figures 15a and |15b,

Voltage Forcing

Figure |5a shows a circuit in which a resistor Ry is tested
by applying a voltage Vr across it, which by Ohm's Law
creates a current It through it

—Vi
h_RT

which causes an output voltage from the measurement
amplifier circuit:
Vo = hxRe = YIXRE

T

So, the tested resistor value is:
— VT % Re
Ri= Vo

Inverting this gives; . Yo
Rr ~ VixRr
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which shows measured output voltage to be proportional
to the testad resistor’s admittance, so this measurement
circuit is commeonly called an admittance measurement
circuit, Sometimes, because a known voltage is applied
across the tested resistor, it is called a voltage forcing
measurement circuit,

Current Forcing

Figure 15b shows a similar circuit, in which a resistor Ry
is positioned in the measurement amplifier's feedback
loop. A voltage Vr applied to a reference resistor R
causes a current It through the feedback resistor; causing
an output voltage; Yo = lr X Ry:
But, as lr = Vi/Rg, them:
V‘r o RT
Vo =
14

and so tested resistor value is:

_ VoxRg
Rt s

As measured output voltage s effectively proportional
to impedance of tested components, this measurement
circuit is commonly known as an impedance measurement
circuit. Sometimes, because a known current is forced
through a known resistor; it is called a current forcing mea-
surement circuit.

Electrical Isolation

In simple two terminal measurements, sometimes known
as a two-wire measurements, shown so far, it is usual to
apply a voltage to a tested impedance and measure resul-
tant current through it using an operational amplifier.
Accuracy of measurement relies totally on there being no
additional current into or out of the operational amplifier
measurement circuit, VWhere components are measured
in isolation out of circuit this is possible, but in most cases
components are in circuit — so other voltages and currents
exist which will cause incorrect measurements of com-
ponent values,

Circuits used in automatic test equipment systems to
counteract other in-circuit voltages and currents, effec-
tively allowing individual components within a circuit to be
electrically isolated from the remainder — rely on a prin-
ciple of nulling currents around the tested component by
connecting all surrounding nodes to the same potential,
allowing the measurement dircuit to make an accurate
measurement. There are many forms of such isolating
dircuits, all known as guarding circuits.

A simple guarding circuit is shown in Figure 16 to illus-

" trate the guarding principle. Tested resistor Ry is shown
in parallel with two other resistors Rl and R2, together
forming a network. Effectively, there are three nodes in
the tested network: A, known as the force node or the
stimulus nede as voltage from the automatic test equip-
ment internal measurement circuit's voltage is forced onto
or stimulates that point; B, known as the sense node or
the measurement node as current through the test resis-
tor Ry is sensed from or measured at that point; C, known
as the guard node as the guard earth voltage is applied to
that point,

Node B is connected to the inverting input of the oper-
ational amplifier; so is at virtual earth, Node C is con-
nected directly to earth. Consequently; in theory at least,
no current flows through resistor Rl. Node A is con-
nected to the measurement dircuit's voltage source so
current through the tested resistor Ry is sensed by the
operational amplifier, giving a ttue measurement within
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| limits. Current through resistor R2 does not affect

measurement acCuracy.

As this circuit has three connections between
measurement circuit and tested component circuit, it is
known as a three terminal measurement circuit or three-
wire measurement circuit.

Limits imposed on measurement accuracy are defined
by what is known as guard ratio, which is the ratio between
current flowing in the guard path (between ground node
and sense node — through what is termed the interfering
resistor; resistor Rl in this example) to current flowing in
the measurement path (between force node and sense
node — through the tested resistor). From this definition,
it doesn't take a genius to calculate the guard ratio is given
simply by the ratio of tested resistor value to interfering
resistor value (R:R1).

Three-terminal measurement circuits are only accu-
rate with a guard ratio of no higher than about 100:1,
which means a tested component with an interfering com-
ponent of less than about a hundredth of its value cannot
be measured accurately, Thus if an interfering resistor has
a value of 10042, resistors of more than |0k{2 cannot be
accurately measured.

Where higher guard ratios are required of measure-
ment circuits, the answer is usually to resort to additional
and separate sense connections at tested network nodes
— to allow compensation of voltages dropped along one
or more of force, sense and guard node connections. To
this end, four terminal measurement also known as four-wire
measurement uses a separate sense connection to the
guard node, Similarly, five terminal measurement also
known as five-wire measurement has separate sense con-
nections to force node and sense node. Finally, six ter-
minal measurement also known as six-wire measurement
uses separate sense connections to each of the three
nodes,

Six terminal measurement gives guard ratios of 10000;1,
much improved over - that of three terminal measure-
ment, However, every node participating in six terminal
measurement requires two operational amplifier
measurement circuits, and two test point probes.

Figure 16. A simple guarding
circuit.
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KIT AVAILABLE
(LT75S)
Price £44.99:2

Design by Mike Holmes
and John Mosely
Text by Mike Holmes

Earlier in this issue Part One
described the RIAA Phono
Module of the ‘Newton' all-valve
preamplifier This part describes
the Power Supply Unit.

To reiterate, a word of warning before

yOu start.

©YOU MUST only use parts from the
kit, and build it strictly according to
the instructions.

®YOU MUST install the amplifier
module PCBs in a fully enclosed and
earthed chassis. The Phono Module
Kit includes a 4 x B x 25 inch
chassis, into which both this and
the Tone Control PCB can be fitted
if desired. Such a chassis must be
physically joined to the PSU so that
the supply cabling can pass directly
betwesn them.

@YOU MUST take particular care
with wiring up the HT power supply,
chassis earth and common signal

The assembled

earth connections. Follow the
Power Supply accompanying wiring diagrams
Unit - implicitly.
A ®YDU MUST NOT attempt to make
I

your own PCBs - yau can try
= = ‘hardwiring’ in the good old
- fashioned way with tag boards
and the like, IF YOU HAVE THE
RELEVANT EXPERIENCE,
otherwise always use the
ready-made PCB that
includes a salder resist
layer as an aid to insulation
and user safety,

9

FEATURES

* Simple PCB construction
* 7T — filcered HT line

* AC and DC heater supplies
* UK and US mains compatible

il s ! RATING

PROJECT
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The Power Supply
Unit
In Figure 1 of Part One, it can be seen
that, derived from the mains input,
the PSU module produces three
different outputs. These are the main
HT supply common to all valve circuits,
a conventional B-:3V AC heater supply,
which will be used by the phono
maodule's line driver and the tone
control module, and a special 12:6V
regulated DC heater supply specifically
for the phono preamplifier valves anly.
(See also Tables 1, 2 and 3.)

Figure 1 shows the complete
PSU pircuit diagram. Many of the
components are contained on the
single PCB, except a couple that are
‘hardwired’ to T1 (TS1 & C11), and

The assembled

PSU PCB.
the choke L1.
Optional switched/unswitched C1—4r-__._ _____ —i I _T:EE,&;;O_- |
mains outlets 100nF x 4|, ‘gg‘% [ | 1
= = oo e & I | |
oz d =as0llE 7 Ti | | |
L uJI Lu qu Llll{lj | | |
T T cs '
LYL90 L 23 L2 21 2 x 120v ;
SK1 F1 1A IO ik R1 ['I].Lc7 _ rov
-
= o TS J_%;é P3 L1 150R 100R 220n $p11
\::8 L 6.3V R4 — | AC
MN| o 0 v ik
- ®rlC 1.54] 150R | Heater
Ele S1 &
529 $P12
& I
P15 ,
Vo rrrd
RG1 I
L7812CP I
LP13
12.6V
I DC
& | Hegter
| : P14
| Sy N R e S J
Figure 1. PSU circuit diagram.

Mains transformer T1 has a 'dual-
standard' primary voltage capability,
depending on how its two primary
windings are configured. Hence the
PSU can be buift for the UK/European
mains standard of 220 to 240V AC
(nominally 230V AC) 50Hz, or for the
USA/MNorth American mains standard
of 110 to 120V AC (nominally 115V
AC) B0Hz. Mains power enters the
PSU chassis via SK1, a fused and
filtcered Euro-style mains inlet socket,
and is switched by double-pale neon
switch S1. Optional Euro-facility mains
outlets may be added, connected on
one side or the other of S1 depending
on whether unswitched or switched
outlets to ancillary equipment are
required. With the choke in place there
may be space on the rear pansl of the
chassis for up to four such sockets,
howeven, DO NOT attempt to install
these if you have had no experience
of fitting them or you are at all unsure
of your proficiency at mains wiring!

If you do use them then also use the
protective insulating ‘boots’ (see
optional Parts List).

At T1 primary there is also included
a voltage transient or ‘spike’
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suppressor, TS1, and a 220nF
polypropylene capacitor C11. These,
together with the filtered mains inlet,
may seem like ‘overkill' but having
experienced excessively noisy mains

| feel they are not out of place. (The
prototype even has a second filter
block following the inlet filcer)

On the secondary side, the 250V
AC winding feeds a bridge rectifier block
BR1, which includes noise suppression
capacitors C1 to C4, developing
unregulated DC HT on the main
reservoir C5. All these components
are on the PCB, but a break is made
at this point to include the choke, L1,
the output side of which goes to CB;
together these two form an integrator
or LC low-pass filcer to minimise the
100Hz ripple voltage.

Return of the LF
Choke

For non-critical audio usage (that is, it
iS not a test instrument, for examplel
HT ‘stabilisers’ are not strictly
necessary, and if there is sufficient
supply decoupling then any level
fluctuations manifest themseives as

very slowly changing transitions at the
output, at a subsonic level below the
AF range. If signal coupling capacitors
are just small enough in value then not
even much of this will be seen at the
output.

Hence, it is only really necessary to
reduce the ripple, which can be quite
a nuisance, but at the same time not
lose any more HT level than we can
help, it being rather hard to come by
as it'is, given the unavoidable lossas
in the transformen

In the valve heyday, a typical supply
electrolytic was the ‘double-plate’
type, effectively two capacitors in one
can sharing a common negative side,
and between the anodes a choke was
connected. The arrangement was very
common and employed LF chokes in
large numbers. In Figure 1, the HT
supply from C5 is carried to CG via
the choke L1; the choke is chassis
mounted and connected in circuit by
wire to PCB pins P7 and PB. If the
100Hz ripple (a rounded, ramp shaped
waveform) on €5 is 10 to 12V peak
(typical), then it is reduced to the
order of approximately 70mV - at
least <100mV - after passing



Transformer core material:
Primary windings:
Secondary windings:
HT volcage:

HT current:

Heater #1 volcage:
Heater #1 current:
Heater #2 voltage:
Heater #2 current:
Mechanical fittings:
Fixing centres:

Overall dimensions:
*Not available simultaneously.

Choke core material:

Lamination distribution:

Specific inductance:

Maximum DC (wire rating):

0OC resistance:

DC volcage drop:

Mechanical ficting:

Fixing centres:

Overall dimensions excluding lugs:

Low-field grain-oriented steel
2 % 115V [dual UK/US standard)
3

350V max.*

100mA max.™

8-3V

1-5A max.

15V

1-5A max.

4-bolt top cover and frame
B64-5 x 52mm (4 off]

80 x B6 x 70mm high

Electrical stesal

Insulated 'E’ and ‘' groups

7 to 10H nominal @ 50mA DC
100mA

150Q spprox.

7-5V @ 50mA

2-hole 'clamp’ type

67 to 75mm (M4 ar 4BA)

B0 x 52 x 49mm high

Table 1. Specification of PSU transformer and choke.

Input volcage:
Primary side protection:

HT output valtage:

HT output current:

HT ripple:

HT reservoir discharge method:
Heservoir discharge time:

HT protection:

AC heater supply:

0OC heater supply:

230 to 240V AC @ 50Hz, or 115 to 120V
@ B0OHz

500mA (UK or 1A [US) ‘guick-blow’
fuse, inline filcer and noise suppressian
<300 to 350V max (dependent on load)
up to 50mA nominal, 100mA max.
<100mV peak @ 50mA

Leakage resistor

1 minute approx.

100mA 'guick-blow’ fuse

5-3V @ 1:5A max

12-:6Y @ 500mA max.

Tahle 2. Specification of Power Supply Module.

PSU Module

Pin No. Function

P1 250V AC in #1

P2 250V AC in #2

P3 B6-3V AC in #1

P4 B8-3V AC in #2

P5 18V AC in #1

PG 18V AC in #2

P7 HT stage 1 out to L1

PB L1 in to HT stage 2

P3 +350V DC HT output
P10 HT OV and AC heater commaon OVE
P11 B-3V AC heater #1

P12 B-3V AC heater #2

P13 +12-8V OC heater output
P14 DC heater OV (=)

P15 Chassis earth

Table 3. PSU Module PCB pin designations.

through L1 to C&. This is a8 reduction
factor of 100 times [40dB) minimum,
yet, with a 50mA drain from C8, the
total voltage drop across L1 is only
7-5V DC.

Now much less noisy, the HT at C8
is available fraom pin P8 via protective
fuse F2, housed in a covered, PCB
mounting fuseholder FH1. R2is a
safety resistor ensuring that the HT
line is discharged in the absence of a
load or if F2 goes open circuit. The HT
supply common earth is at P10, and

85

this point is connected to chassis or
mains earth at P15 via R1 and C7.
R1 is a ‘hum-loop block’ if other audio
equipment connected to the ‘Newton’
shares a mains earth with a signal
earth via the mains lead and the
screens of audio leads, the loop being
completed at the PSU module. R1
is of sufficiently low value to blow F2
should a short circuit occur in the HT
supply connections.

The B8-3V AC heater supply is
available at pins P11 and P12. A

winding centre-tap is emulated by
resistors A3 & R4, tying it to OV
(P10). The heater supply thus forms
two opposing, equal and opposite
waveforms of 315V each balanced
either side of OV When the heater
supply wires are formed into twisted
pairs, the opposing electric fields
cancel, and these technigues reduce
hum injection inta sensitive areas to
a8 minimum.

Even this may not be quite
enough for the very sensitive phono
preamplifier stages, so a better
approach is adopted, exploiting
a modern regulator IC. The valve
heaters can be operated in series,
so a smoothed and regulated 12:6V
OC supply is provided by BR2, C8,
RG1, C8 & C10, from a 15V AC
winding of T1. Designed for 12V, the
output of RG1 is raised to 12:68V
by inserting diode D1 in its common
(OV] connectian. This supply is seif-
contained and electrically isolated fram
the others, meant to behave, as far
as is possible, like a noise-free battery
connected to the phono module only.
More details about this will emerge
later on.

WARNING! Before proceeding with
any kind of work on this circuit, take
heed - high vaoltages CAN KILL!
MNEVER touch any high-voltage part
of the circuit with either fingers or
uninsulated tools unless the power
is OFF! While power is on, you should
only touch any part of a circuit with
an insulated test probe when reguirad.
Every time you switch off, adopt the
following industrisl safsty procedure,
known by the acranym 'SIDE’, which
spells out the following steps:

SWITCH OFF — Switch off the main
PSU front panel rocker switch, and
switch off at the mains outlet wall
socket.

ISOLATE — Pull the mains lsad out

of the mains inlet socket at the back
of the PSU. .
DISCHARGE - Discharge the main
line HT reservoir capacitor to zero
valts (NOT with a screwdriver!).
EARTH — Earth the main line HT to
chassis OV with a leakage resistar
to prevant any electrolytics recovering
a charge from their own dielectric
absorption.

In the design of the PSU ‘discharging’
and ‘earthing’ is autamatically taken
care of by R2 in the PSU circuit. Please
note that it may take the resistor up
to ane minute to completely discharge
the unloaded HT to OV. To make doubly
sure, you MUST test the main line HT
with a multimeter set to high OC volts
before touching any part of any circuit.
This shall nereon be referred to as
‘the SIDE procedurs’. DON'T CUT
CORNERS!

PSU Construction

More detailed instructions are
provided in the leaflet CXV10L), the
PCB is assembled with reference to
Figure 2, the PCB legend Figure 2
and the Parts List.
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Figure 2. PSU PCB legend.

Drilled Chassis.

Regulator IC RG1 is & type having
a plastic mounting tab instead of a
metal ane. This will make assemhly
into the chassis much easier as there
is no need for & mica insulating kit.
While the metal tab would be at
earth potential if it were used, and not
need an insulating kit anyway, for the
reasons discussed earlier the DC
heater supply must remain electrically
isalated from the chassis. This is
mentioned in case you were thinking

of substituting RG1 with a different
device.

Double-check the PCB for the quality
of solder joints and correct orientation
of components. Once the PCB is
installed in the chassis it will be quite
awkward to remove again to carrect
errars! The PCB includes a solder
resist on the track side. After
removing fiux with a PCB cleaner, track
side solder joints should be coverad
with a canfarmal coating to help the
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Figure 3. PSU chassis
drilling details.
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solder resist prevent creepage,

or tracking, between points of high
potential difference. Some areas
are at the full HT line potential.

Preparing the
Chassis

Cutting and drilling details are given
in Figure 3. All holes are made in the
main body of the 8 x Bin. aluminium
chassis; the removable lid will become
the bottom, not the top!

Assembling the
Chassis

With all holes prepared. begin by
maounting T1 with reference to Figure
4. To comply with Class 1 requirements
for mains powered equipment, we
must ensure that the top cover of T1
is satisfactorily earthed to the chassis
metalwork on fitting. It is not sufficient
to rely on a metal-to-metal contact.
One boit should have its fibre washer
replaced with an M5 shakeproof
washer Also place the rectangular
stesl frame over the lower side of

the former, carefully manosuvring it
over the solder tags, until it seats
onto the core.

Suppaorting the chassis on its side
with T1 in situ (don't let it move!),
place three of the fibre washers, plain
washers, shakeproof washers and
nuts (supplied in a plastic bag with
the transformer) only onto those bolts
alsa having fibre washers at the tap,
and tighten lightly. For the bolt having
the shakeproof washer at the tap,
replace its fibre and plain washers,
then add the M5 solder-tag washer
beneath the shakeproof washer
and nut. This should be one of the
two bolts near the centre of the
chassis. Eventuslly an earth strap will
connect this to the chassis; by having
shakeproof washers at the top and
bottom, this bolt will ensure that
the top cover is electrically earthed.

This dong, install the mains
rocker switch by pressing it inta
its rectangular cut-out (all terminals
orientated towards what will be the

67
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Figure 4. Mounting the mains transformer.

washer

Preamplifier PSU.

Front and rear view of the completed Newton

top of the chassis) then the fused
Euro mains inlet socket at the rear
(fuse tray towards what will be the
bottom of the chassis). Secure in
place with two M3 x 10mm bolts,
shakeproof washers and nuts.

Mount the four M4 x 14mm
threaded spacers to the inside of the
chassis if not already in place, using
the two M4 x 10mm screws through
the top panel. _

Mount the choke to the rear corner
of the top panel using M4 x 10mm
bolts, shakeproof washers and nuts
as in Figure 5. The finished PCB can be
installed onto its four mounting pillars.
In so doing, carefully bend out the
ieads of RG1 so that it is flat against
the inside of the front panel. Its fixing
hole should be lined up with the M3
clearance hole drilled in the front
panel; if this is not possible file out or
re-drill the chassis hole until they do

line up. If a separate aluminium front |

The PSU PCB fitted
into the chassis

panel is fitted, this should be drilled
at this position accurately. RG1 is
retained with a countersunk M3
screw, shakeproof washer and nut;
the separately fitted frant panel
should have a countersunk haole such
that the screw head is flush with the
surface. Thereafter it can be hidden
with filler and paint or a stick-on front
pane! label. DO NOT over-tighten!
The PCB is secured with four

M4 x Bmm bolts to the pillars.

Mains Wiring

Complete the mains side wiring with
reference to Figure 8a. Prepare a
23cm length of green/yellow power
connection wire with a '/zin. push-on
connectar crimped on ane stripped
end (no insulating sleeve required),
and push the connector onto the

'fsin. earth terminal of SK1.
Prepare one blue and one brown

15cm length of power wire with
insulated '/sin. push-on connectors
at each end, and include the insulating
boot for SK1. Prepare a furcher
blue and brown pair, 12cm long, with
insulated connectors at one end of
each only.

Referring to Figure Sa, connect
the Live and Neutral terminals of the
Euro mains inlet socket SK1 with the
lower (as you see them from the
hattom of the chassis) Live and Neutral
terminals of the rocker swicch SW1
(not the central pair), using the brown
and blue 15cm leads. Also push the
greenfyellow earth lead from the earth
terminal of SK1 through the boot, and
cover all connections of SK1 with the
boot. The boot should be stretched
over the rear end of the metal body of
SK1, and may need persuading with a
thin-bladed screwdriver or similar, and
perhaps a lictle lubricant. (It may be a
good ides to press the boot onto SK1

|
|

s NUET
M4

Shakeproof |
Washer

Saaee |
1]

Shakeproof
Wasner
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M4 Not
LW,

|

|

1

ML Scraw

Figure 5. Mounting the choke on the chassis.
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85 S00n as you receive the kit to
‘train’ it into the right shape before
final assemhbly) Likewise connect the
brown and blue 12cm leads to the
central terminals of SW1.

Transformer Primary
Connections

The primaries of T1 are wired according

to the country of use, that is for

UK/European or USA/MNorth American

operation:

® For UK/European use, join the centre
two primary tags on T1 with a single
short length of power wire, as shown
in Figure Ba.

® For USAMNorth American use,
connect the primaries in parallel
using two shart lengths of power
wire as in Figure Bb.

Simuitanzously hardwire the yellow
220nF polypropylens capscitor C11.,
with the transient suppressor TS1,
across the outer pair of primary tags,
locating them as shown in Figure Sa
lor Figure 8b). Both should have
their leads sleeved with insulation
stripped from power connection
wire:
® For use in the UK/Europs,

TS1 should be the 250V type.

For use in the USAMNorth America,

TS1 should be the 130V type.

Strip and solder the loose ends
of the 12cm leads from SW1 to the
same outer mains primary solder tags
of T1; trim lengths to suit.

Earth Wiring

Solder an M3 solder-tag washer
to the loose end of the gresnlyellow
wire from SK1. Prepare 18 and Gcm
lengths of greenfyellow power wire
with M3 solder-tag washers at ane
end only. Prepars a 20cm length of
greenfyellow power wire with M3
solder-tag washers at both ends.
Caonnect all four wires ta the
common earthing point on the rear
panel using an M3 x 10mm baolt and
nut. Two shakeproof washers should
be situasted on either side of the stack
of four solder tags, that is at the
chassis surface and beneath the nut.
The 'free’ earthing strap is to connect
the PSU and the preamplifier chassis
together electrically via the

Figure 6b. Configuring for US/
North American mains standard.

Figure 6a. PSU mains side wiring
including configuration of T1
primaries for UK/European
mains standard.

interconnecting grommet when they
are joined, and is attached to each via
dedicated fixings, using M3 x 10mm
bolts, shakeproof washers and nuts
at each tag washen
Finally install the fuse F1 into the
fuseholder tray of SK1 (the tray is
released by squeszing the clips at
either sidel, the value of which is
according to the country of use:
® For UK/European use, fit the FS00mA
ceramic fuse.
® For USA/MNorth American usg, fit the
F1A ceramic fuse.

Secondary Side Wiring

Referring to Figure 7, connect six
lengths of brawn, stranded hook-up
wire to the secondary tags of T1
(approximately 4cm long). Cover each
tag with a '/zin. length of red, heat-
resistant sleeving. Connect to the
PCB as follows: the 15V pair to P5 &
PB; 6-3V pair to P3 & P4; 250V pair
to P1 & P2

Connect the choke tags to P7 & PB

with brown hook-up wire, with heat-
Continued on page 71.

Figure 7. PSU secondary
side wiring.
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Circuit Maker is a forum for readers’ circuits, ideas and tips. The circuits

and information presented here must be considered as a basis for your own
experimentation, no warranty is given for suitability in particular applications,
reliabilify or circuit operation. Maplin cannot suppeort, in any way, the information
presented here. However, where possible, we will endeavour to check that
information presented, is correct and that circuits will function as stated.

If you would like your ideas to be considered for inclusion in Circuit Maker,

please mark your submission ‘Circuit Maker’ and send it to:

The Editor, Electronics — The Maplin Magazine, PO. Box 3, Rayleigh, Essex, S56 8LR.

Enhancement to the
Car Co Li
Extender Kit L

by A. N. Piggott

.OrR some fime now [ have been fit-
) DanE]f flashing LEDs to the dash-

boards of cars owned by family and
friends, in order to provide a visual deter-
rent to casual or opportunist thieves.
Hopefully this will persuade the would-be
thiel that there is an alarm system fitted
to the vehicle,

The basic idea is to connect the anode
of the LED to a permanently live source,
and the cathode to a connection which

lar the ignition override part of it, I re-
alised that it would be possible to com-
bine this kit with the flashing LED.
providing two useful gadgets in one. (The
extra components are listed in the modi-
Ged parts list.)

Figure 1 shows the Car Courtesy
Extender circuit with a high-brighiness,
5mm red flashing LED added (UK36P).
The LED is actually driven by iis own
internal IC timer, which includes a con-
stant current supply feed so that the
device maintains constant brightness.
Diode D3. a 1N4148. is added to prevent
the LED being reversed when the ignition
is on and the doors are opened.

As an additional safety feature the
power for the LED comes from the lower

switched (earth side) of the courtesy light
bulb which means that, in the event of the
LED wiring short circuiting. the current
flow would be limiied to the normal
bulb operating current. As described in
the original article, R2 in Figure 1
determines the maximum time delay
(when the ignition is off) by charging
C1, and the wattade of the courtesy
lamp affects the time. Figure 2 shows
the time delays given at various
values of R2 for 5, 10, 15, and 20W
lamps.

The diode and LED combination can
be simply connecied across pins P1 & P2
{see Figure 3). For the LED to be opéera-
tional the ignition must be off. the doors
closed and the courtesy light itself must
be off after the delay. In practice the LED
will flash dimly when the light delay cir-
cuit is operational with the ignition off,
returning to full brightness as the cour-
tesy light is extinguished. Figures 4 and
5 show the wiring arrangements for both
negatively and positively switched cour-
tesy lights.

I have now built and fitted several of
these to various cars, so far with excellent
resulits. However, when carrying out any
form of electrical work on a vehicle, always
make sure yvou disconnect the batiery
and never work inside the engine com-

partment while the engine is rnunning! [§
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Figure 1. Circuit diagram with flashing LED added. Figure 2. Graph of R2 against time delay for various wattage courtesy lamps.

would only become live with the ignition
on. With the ignition switched off. the
LED would have the potental of 12V DC
across i, and the current will drain
through the car’s elecirical components,
causing the LED to flash. Alternatively
with the ignition swiiched on. the LED
would have the same 12V DC at both
leads and not operate.

When 1 first came across the Car
Courtesy Light Extender, and in particu-

w = LiohT | oo
« JxienDer| =
cy 30 7
e RZ2 1 2
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Figure 3. PCB legend and track.
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Figure 4. Connection for vehicles with negative switched courtesy light.
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Figure 5. Connection for vehicles with positive switched courtesy light.
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COURTESY LIGHT PARTS LIST

RESISTORS: All 0-6W 1% Metal Film OPTIONAL (Not in Kit)

R1,3 4k7 2 (M4K7) D3 1N4148 1 (QL8OB)

R2 560k 1  (MB560K) LEDI 5mm Red Hi-Bright Flashing

CAPACITORS LED 1 (UK36P)

Black Hook-Up Wire (10m) 1 Pk (FA26D)

Cl 47uF 16V Minelect 1 (YY37S) Red Hook.Up %ﬁm (10m) I Pl (FAS3L)

SEMICONDUCTORS

TR1 TIP122 1 (WQ73Q)

TR2 MPSA14 1 (QH60Q) The above items, excluding Optional,

D12 IN4148 2 (QLBOB) are available as a kit.

MISCELLANEOUS Order As LP66W %‘C.?cuértggy‘llg.ight Extender Kit)

P1:2.3 1mm PCB Pins 1 Pkt (FL24B) !
PCB 1 (GES81C) The following items are available separately.
Miniature Box and Base 1 (JX56L) Courtesy Light PCB Order As GES1C 99p
Instruction Leaflet 1 (XK96E) Miniature Box and Base Order As JX56L 69p
Consiructors' Guide 1 (XH79L)

NEWTON STEREO VALVE PREAMPLIFIER PSU — Continued from page 69.

resistant sleeving over the choke
solder tags. With this the PSU is
camplete.

Testing The PSU

With the chassis still upside down
and the bottom cover off, plug a Euro
mains lead into SK1, switch on at the
mains socket and switch on the front
panel rocker SW1. The red neon lamp
should light and the transformer may
be heard to hum slightly.

Sst a multimeter to its highest (i.e.,
500 to 1000V) AC voltage range, and
with insulated probes check for 250V
AC (approximately) at T1 secondary

output pins P1, P2 on the PCB.
Remove probes. Switch to 10V AC
range or equivalent, and check heater
supply output across pins P11 & P12,
it should be B-3V between both pins,
and 3-15V between either and the
comman earth 'OVE' P10 on the PCB.

Switch to a high DC volts range
(500 to 1000V), and test the main
line HT output against 'OVE' [black
probe to P10, red probe ta P3). It
should be approximately 350V DC.
(In use the HT level is reduced, due to
internal winding resistance in the T1
HT secondary, to approximately 300V)
Remaove probes.

Switch off at the front panel. Stand

by with-the multimeter probes and
recheck the HT level. It should be
falling; this proves that the safety
discharge resistor R2 is working.

If you need to sort out a prablem,
carry out the complete SIDE procedure
BEFORE TOUCHING ANYTHING! It

will take nearly @ minute for the HT to
completely discharge, in the absence
of any other load.

If all is well after the abaove tests,
switch off at the mains sockset and
remove the mains lead. Apply bath
the Mains Warning and High Voltage
Warning labels to the bottom caven,
and temporarily fit it to the chassis
with four of the self-tapping scraws.

NEWTON VALVE PREAMP PSU PARTS LIST -
RESISTORS All 0'BW 185 Metal Film Red Heat-Resistant Sieaving im  (BL7OM)
A1 1000 1 (M100R) Single Ended 1mm PCB Pin 1Pk (FL24E)
R2 470k 1 (M470:0 M3 x 10mm Stesl Bolt 1Pke  UY22Y)
R34 1500 2 (M150R) M3 x 180mm Countersunk Baoit 1Pke  (LRS7MI
M3 Stesl Nut 1Pk (JDB1R
CAPACITORS M3 Shakeproof Washer 1Pkc (BF44X
C1,2.3.4 High Volcage Disc Ceramic M4 Stesl Nut 1P (JOBDQ
10nF 500V 4 (BX15R) M4 x 10mm Steel Boit 1RE Y140
C5.8 Radial Electrolyvic 47uF 50V 2 WLieL M4 x Bmm Stee! Bolt 1Pk WY18A
c78 Mylan Film 220nF 2 (WWB3E M4 x 14mm Threaded Spacer 1Pkt (FE38N]
c8 Radisl Electrolytic 1000uF 35V 1 [FF18LI M5 Solder Tag 1Pke  TLRG28)
Ci10 Radisl Electrolytic 470uF 35V 1 [FF1E3) M3 Solder Tag 1 Pke  (LRB4AU)
c11 Polypropylene 220nF 1000V M4 Shakeproof Washar 1Pkc  (BF4SW)
(Class A/Y] 1 (FAZZY] PCB 1 (GH3BG)
Instruction Leaflst 1 Dvi10L
SEMICONDUCTORS Constructors’ Guids 1 XH78L)
01 BAX1E 1 (GQB286G] :
RG1 L7812CP 1 {CR1863) OPTIONAL (Not in Kit)
BR1.2 wo4 2 (@L40m Euro Outiet As RB=g. (HL42\V1
insulating Caver for Euro Outlet As Reg. [UKBSA)
MISCELLANEOUS
151 Transient Suppressor 250V AG 1 (HW13F The Maplin ‘Get-You-Working' Service is available for
151 Transient Suppressor 130V AC 1 [EP753] this project, see Constructors’ Guide or current
L_1 10H 100mA Cnoke {ST28F] Maplin Catalogue for details.
Ti 118V/230V to 350V/15V/E-3V The above items (excluding Optional) are
Transformer . 1 [ST25C6) available as kits, which offers a saving .
FS51 F500mA 20mm Ceramic Fuse 1Pkt (DAOSF over buying the parts separately.
FS1 F1A 20mm Ceramic Fuss 1Pkt [(DADBG] Order As LT75S [(Newton PSU K-]tl
FS2 F100mA El}lmm Giass Fuse 1 (WRO0A) Price £44.998a
51 g?l E';Sdebhf'ﬁ'gnanand] E‘?;Evft ch ‘: {(\%}%f\% Please Note: Where ‘package’ quantities are stated
SK1 Fu:ed inlet/Filtan : 1 (KRSGH) in the Parts List [e.qg., packet, strip, reel, etc.), the
Gover For Fusad Inlet/Fican 1 LKE7X exact quantity required to build the project will
o 3 A be supplied in the kit.
Aluminium Chassis ACBE 1 XBEBY] i
"/sin. Push-on Receptacle 1Pkt (HF10D The following new items [which are included in the kit)
'fsin. Push-on Receptacie Covers 1Pkt [FEBaV) are also available separately, but are not shown in
S:5mm Grommet 1Pkt (JXB31 the 1895 Maplin Catalogue.
Mains Warning Label 1 (WH480) . Newton PSU PCB Order As GHO986G
HV Warning Labsl 1 {DMBBK) Price £2.49
BA Green/Yellow Wire im XR3ER) 10H 100mA Choke Order As ST28F Price £5.08
gﬁ gfﬁr ﬁr‘e m %‘%} 115/230V to 350V/15V/B-3V Transformer
3 4A Brom Wirs (10 1Bk BLE0) Order As ST29G Price £19.99az2
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Marny a good transistor radio has had to be thrown into the rub-
bish bin aiter developing a faull. Unfortunaiely, servicing costs
these days mean that il i5 not usually economical to have a radio
repaired, particularly if il was nol very expensive, However,
wilh a little expertise and ‘know-how' il is oiten guite easy o
fix them and put an extra lease of life into an old radio.
Somelimes il may only lake a [ew minutes to effect a repair,
other times it may lake longer, Bul, either way, it will save some
cash by saving the cosl of the repair or a neéw radio, and il is
worth having a go because there is nothing o lose. This month's
article concludes withadvice on practical faull-finding methods,

PAIRING

Faull-Finding Methods
When lault-linding in a radio progresses
beyond looking for the very simple [aults
il 15 necessary to adopt a logical and
systematic approach. Fust ol all the radio
should be checked to ensure that power is
getting through -~ obviously if there 1s
some form of output from the speaker,
power is present on the radio. Then. the
audip amplifier should be checked, then
the 1F stages one by one and finally the REF
stages and local oscillator 11 this sort of
logic is used then the faulty stage should
soon be located.

signal Tracing

The quickest way of lracing a lault is to
inject a signal into various parts ol the
radio to determine which stages work,
The ideal strument (o use is a signal
generator. Obviously for testing audio
circuits this should'be capable of covering
frequencies down to 250Hz or less. Then
for testing the RF and IF stages of an AM
radio/it should be capable of generating
signals between 100kHz and about
1:5MHz. On top of this it should be
possible to amplitude modulate the RE
signal with an audio tone so that the
signalican be heard. Similarly for an FM
radio, a generatoy, covenng 10:7MHz a5
well as the FM bands is required, and it
should be possible to apply frequency
modulation. Unforiunalely not everyone
has access toall this equipment; and soit
i5 necessary 1o improvise. Fortupately, this
15 not tooudifficull i most cases

2
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The first place (o inject a signal is into
the audio amplifier The easiest, and
hepee best, place Lo try firstis on the wiper
of the volume control. A tone of about
250Kz and a few millivolls 1s besl, and
this should produce an audible signal at
the output,

If a signal generator is not to hand a
simple screwdriver can be used. If the
melal shaft'is held whilst it is touched onto
the wiper connection then a click and
some mains hum or other pick-up should
be heard. But beware - this approach
should not be used if the radio is con-

necied to the mains, because some of the
circuitry may be at mains or half mains
poiential!

If this test produces an output the fault
lies in the RE or IE stages. If not then a
signal can be injecied onio the base of
each of the audio transistors. When doing
this with a signal generator check that it
15’ AC coupled otherwise the DC resistance
of the generator will disrupt the bias
arrangements of the amplifier If there is
any doubt, orifitis DC coupled; a capaci-
tor should be used between the gener-
ator and the circuit as shown in Eigure 9.
Obviously, as the signal is injecied nearer
to the output the level of the generator
will have tobe increased. This also means
that the screwdriver method is less likely
to work.

If the audio amplifier is fpund to work
then a signal will have to be injected into
the IF stages. Hor this the generator
should he set to 465kHz or thereabouls,
and it should be modulated with an audio
tone. Again, if a generator is not to hand
then a serewdriver gan be touched on the
various paris of the circuit.,

The circuit should be tested progressing
back stage by stage from the audio input:
The first check should be performed on
the 'RF! side of the detector diode, then on
the output of the last stage, then its input
and 50 forth along the IF amplifier

Again, ensure that the output of this
generator is AC coupled. If nol, inseri a
capacitor in the output test lead to ensure
the DC conditions of the circuit are not
disturbed.

Next it 1s necessary to check the oper-
ation of the local oscillator: This is best
done by using another working radio
placed next to the faully one so that its
local oscillator signal can be picked up.
Generally the logal osecillator will run on
the high side of the indicated frequency,
1.e,, indicated frequency plus the inter-
mediate frequency. If the second receiver
is funed to approximately the correct
frequency, and then the faully one is tuned
around, then it is easy to/identify any
signals picked up from the faulty one,

Alter this, any RF and mixer stages
should be tested. Normally in an AM
radio the oscillator, mixer and RF stage
arg all combined into one, so if the oscil-

An ANM/FM modulated
funciion generatar, capahle
oi five waveforms and a
frequency range exiending
irom 0-1Hz to 2MHz.
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Figure 9. AC coupling a signal generator.

Vv
/,:!f the capacitor is

I slectrolytic the polarity
4/ depends on the following

i stage

Voltage is generally
V/2 if the load R4
is resistive

ypically 1 to 2 wvolts
It the capacitor is
electrolytic the polarity
depends on the previous
stage

Figure 10. A basic transistor amplifier stage with bias resistors.
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lator works the basic conditions [or the
stage must be correct and any problems
with'it are likely to be more minon

Localing the Component

Having located the faulty stage in the
radio the next step is to locate the offend-
ing component and replace it In order to
doithis il is necessary to know where to
probe and whal readings should be
expected.

The first step is to make some DC
checks around the defective stage using a
test metern Often, bul not always, this will
lead o the delective component, as it is
sometimes possible for a eircuil to not
operate correctly whilst still having the
correct DC condilions.

Figure 10'shows the basis ol a typical
transistor stage, R1 and R2 provide the
base bias voltage. R4 i5 the collegtor load
and R3 provides a measure of DC negative
[eedback. This is needed o ensure the
gircuil operates correctly over a wide
temperature range and a wide spread ol
gircuil tolerances.

The first check 15 lo ensure that the
supply voltage is present for the particu-
lar stage in' question: Having done this
the collectorn base and emilten connections
can be probed.

Iithe collector load is a ¢oil as inan |F
amplifier then the voltage will he the
same, or very nearly the same, as the
supply valtage. Howevar il the load is
resislive then the voltage measured here
should be aboul hall the supply.

The emitter voltage will gencrally be
about a volt or o above ground. Finally,
the base voltage should be about 06V
higher than the emitter voltage if the
transistor is silicon: Howevern il il as
germanium then itwill be about 02 or 03\,

I these conditions are not met then it
could be for a number ol reasons: For
example, il the base junction of the tran:
sistor has blown then'itis possible that no
aurrent wotild be Howing in the colleciorn
cmitter cironit. This would mean that there
would be no veltage across the
emitter resistor and the colleetonwould be
atithe same potentialias the supply.

Another possibility could be that the
collector and emitter are shorted intern-
ally: [fthis happens then the collector and
emitter will' obviously be at exactly the
same potentialy Howevarn beware, very
similar conditions occur i the transisior 1S
turned hard on

Although transistors are alten the
reason [ora cirauil failing they are by no
maoans the only one. Resislors lafl
occasionally, espeaiallyif they dissipate a
lot ol heal, They are also quile easy 1o
lncate inmosticases, as thoy will' contiol
the DO Bias conditions, and il they il the
resulls will e very gasy Lo delect witli o
multimeten

More difficull o detect will'he the
aellects of o falling capaciton (Lo addition
1o this thesy can il i a nimber of differont
ways. For example, electrolytic capacitons
will aften becoma leaky as thay becoino
ald) espeaially t they are nol used [op o
while ) This coulddrastically altar the bins
conditions Wi was used o couple ang
Slagetothe nextoribitwas used 1o hypss
the amittanresistorn

Continued on e 19
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High Speed LAN

Two industry leaders, Texas Instru-
ments and Compag Computer Carp-
oration, have joined together to
develep a new networking architecture
capable of high speeds and fiexible
enough to accommodate different pro-
tocols. This new technology, known as
ThunderLAN, is designed to provide
nelworking customers a clear path to

100 to 200M-bitfs networking from
existing local area network (LAN) envi-
ronmenis. This new archilecture; which
supports either of the high-speed
Ethernet slandards (100 Base-T
or 100 VG-AnyLan) increases perfor-
mance up to ten times over that of
existing LAN  implemeniafions.
Contact: Texas Instruments, Tel:
(01234) 223511,

Radiation Hard ASICS

Actel Corporation and Loral Federal
Systems, have announced an agres-
ment 1o jointly develop the first radiation-
hardened, non-volatile field-program-
mable gale amrays (FPGAS).

The new davices will give dasigners
waorking on military/aerospace applica-
tions which require high radiation toler-

ance access o high-capacity, high-per-
formance FPGAS for the first time.

Engineers will b able to easily replace
larpe numbers of separats infegrated dr-
cuits in their systems with just ona Actal
davice. This will enabla the production of
systems that are smaller and Bohiar than
was. possible before. Contact: Actel
Eurcpe, Tel: (01255) 29209,
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Alliance of Voice and
Data

An industry wide communications spec-
ification, Digital Simultanecus Veice and
Daiz (DSVD), has been daveloped o
enabla PC users to talk and share appli-
cafions over a single telaphone lins
using a V.34 medem. Contact: Intel, Tel:
(01793) 636000,

Variable Gain Amplifiers
for Video

The EL4451 and EL4452 are 3 new
generation of cost conscious variahle
galn amplifiers, which include a high
perflormance output amplifier, in a
monolithic design. These wideband,
two-quadrant muitiplier/gain. control
amplifiers offer wide bandwidth and
excellent linzanty, and are designed for
varizbls fillers, faders, level controls, and
automatic gain conirol circuits operating
with a signal bandwidth of up to 7TOMHz.
Contact: Elaniec, Tel: (0171) 482 4596,

; roﬁ lf._::_.;c I- = @ Deatabses
Fisheries Monitors Fishing
Vessels by Satellite Boundary Scan Testing
Smith System Enginsering has been | fishing vessels which vill be fited with | at System Level

appointed by the United Kingdom
Fisheries Departments to act as prime
contractor for a nine month tral of a satel-
lite-based tracking system for monitoring
the position of fishing vasssls. The UK
trial is one of a set of paraliel trials being
undertaken by EU member states, as
required by Arficle 3 of the EC Fisheries
Control Regulation, Council Regulation
(EEC) 2847/23, which came into cpera-
tion on 1 January 1594. The purpose of
the trials is to evaluate the use of slec-
tronic tracking systems for monitoring the
movements of fishing vessels.

The trial will become opearational in
October and involves some 20 voluntear

Global Posifioning System receiversand
Data Transmission syslems enabling
automatic data transfer to Central
Tracking and Monitoring Stations in
London and Edinburgh via satellite.

Tne Council of Eurcpean Ministers is
required io decids before 1 January 1986,
to what extent, and when 3 continucus
position monitoring system, efther land or
saleliite-based, should be installed on the
Community’s fishing fizet. In reaching iis
dacision the Council will take into con-
sidaration the results of the pis! projests
being camied out by all the Member
States. Contact Smith System Engineer-
ing, Tek (01483) 442000,

Advanced
Subcarrier Lock
The RCE120 is a highly integrated
chroma subcamer regenarator ior NTSC
or PAL signal decoding, which isabls to
function with sithar a2 burst or CW sub-
camier input: locked to the subcamiar or
fres-running. The wide burst-gate gan-
eratar enables the phase comparator
function during tha back porch intsrval,
The single chip design incorporates
burst phase dstector, burst gate gener-
ator, burst amplitude detector,voltage
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references, two samplehold amplifiers,
loop lock detectors and sampiing pulse
generator and stesring logic. It adaplsto
incomrect burst amplituds and position,
providing rapid signal locking and 2 long
fime constant to enable noise averaging.
A lock detector measures the subcarier
phase enor and indicates the phase-fock
status of the floop. TEsculput canslso be
used to control the speed (handwidth) of
the loop filter. Contact Microslectronics
Technology, Tel: (01844) 278781.

Improved Vocals

The CIC Voica Recognition Sysiam Il
can convert speech into electrical sig-
nals by using a microphone and a sps-
cial interiace board that codes the
signals, 50 that they may bs undersioad
by the voice recognition program.

All other software applications on
the PC confinue to run as nomal while
the Vioice Recognition 11l System runs
in the background. Prices star from
£5B80+VAT. Contact: CIC Computers,
Tek (0181) 813 B217.

A new Addressable Scan Port’ davice
that parmits the individual testing of as
many as 1,021 boards insialled in a
system was announced by Texas
Instruments at the 25th annual Inter-
national Test Conferance in Washingion
BC eariier this month. The Addrassabls
Scan Port is the industry’s first device
to aliow the application of IEEE 11491
boundary sean chip-and board-level test

patterns fhroughout an entire system
without re-formatfing.

Faor system designers implementing
in-system test and maintenance for
improved system up-iime and refiability,
such as high-end computsrs and
telecommunications equipment, TI's
Addressable Scan Port offers a way to
distribuie IEEE 11481 fest access
across a backplana without additional
logic. Conlact: Texas Instrumenis, Tek
(01234) 223511,

Research Collaboration
Benefits the Nation
Gavermment funded research should be
a national asset, exploited by both civil
and defence sectors, said Professor Sir
David Davies last month in his Inaugural
Address as President of the Institution of
Electrical Engineers (IEE).

Sir David, who is Chief Scientific
Advisar, Ministry of Dsafence, was
addressing an audience of over 500
senjor anginears, industnalists, acads-
mics and civil servants at the |IEE head-
quarners in London.

“The ftradifional view that defenca
research creales advanced technology
which may produce spin-off for civil use
is ons-sided’, said the |EE Presidant.

“The growth of technology in the civil
area is likaly to influsnce defence think-
ing dramatically and lead o an improved
defence capability al lowsr cost”

Sir David welcomed the recent restrue-
turing of the UK Rasearch Councils
and the saiting up of the Tachnolagy
Foresight Frogmmme, in which the MoD
is playing a significant part: He also wel-
comed the establishment of Dual Use
Technology Centres by the Dafence
Ressarch Agency (DRA).

Sir David ended his |[EE Prasidential
Address with a look atthe UK Foresight
Progamma which will, for the first time,
enable Govemment and industry to plan

their research programmes against a
background of views from a broadly
based range of sources.

“This will strangthen the davalopmant
of genaric iechnologles and aid collabo-
ration. It will also enhance the growing
appreciation in defence that many of
thair technologias averlap strongly with
the civil markst and that defance has at
least as much to gain from civilspinin as .
the civil market doss from dafenca spin-
ofi.” Contact: IEE, Tel: (0171) 240 1871.
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Apple Profits Up

Net profits at Apple shot up in the foutth
quarier [o & record USS114-7m, from
US$2-7m in the year-sarfier pariod.
Apple say this is dus to sales of com-
pufers containing fis new PowarPG chip.
Contact: Apple; Tel: (0800) 127 753.

AT&T Announce 26,000
Gate FPGA

AT&T Microelectronics has announced
the 26,000-gate ATT2C26 FPGA,
claimed to be the industry’s largast
monolithic device. Like the recently inftro-
duced ATT2C15, the 2C26 is based on
& haif-micron, thres level metal CMOS
process.

Bath the 2615 and the 2C26 deliver
ciock rates of up to 150MHz, and mest
tie PCl bus specification with 2 pin-to-
pin, clock-to-out delay of less than 11ns.
Using PREP benchmarks as a raler-
ence, the 2C26 delivars an averags
capacity of 104 instances and an aver-
age benchmark speed of 50MHz.
Contact: AT&AT Microslecironics, Tel:
(+44) 734 324 299,

Clear Future for UK in
Electronics

The headlines over the past month say
it 2ll. Massive invesiments by NEC,
Molorola and GEC. A high chanceofa
nuge fabrication plant from AMD, and a
possible one from Mitsubishi. People
have doubled the UK's future in
Electrenics — particulariy in fabrication.
Today, the answer is cbvious.

® Tha giant Samsung Group of South
Korea is to spend £450m on building a
factory complex in Cleveland, in the
north-gast England, to produce elecironic
goods ranging from semiconductors and
PCs o microwave ovens. Around 3.000
jobs will be created. Contact: Samsung,
Tel: (D181) 391 01685.

® GEC Plessy Semiconductors is to
invest USS160m in an expansion of its
Roborough wafer-fabrication plant. Output
will be quadrupled by the naw 200mm
wafer investment. Contact: GEC Plessy
Semiconductors, Tek (01752) 633000.

@ NEC has ofiicially announced an
investmeant of USSB00m in a new plant
al Livingston. The new site will cover 35
hectaras and includs 25 000 square
melres of clean room. The main prod-
ucis will be 16 and 64M-bit DRAM fol-
lowed by ASICs and microprocessor.
Contack NEC, Tel: (0181) 833 8111,

BT Price Deals Beat
Mercury

Residential cusiomers can get a better
price daal frem BT than they would from
competitor Mercury Communications,
according fo an independent review
published last month.
The report confimns that overall BT beats
Mercury for typical residential cusiomes.
Coopers & Lybrand, management
consultants, evaluated the analysis and
verified the conclusion of tha report and
are satisfied with its accuracy.
Comgaring the bast pricing and dis-
count packages of both companies
where call chargss fotal st least €60 ina
quarter, it shows that overall bilis can be
betwsen 1-3% and 2-6% lower with BT.
BT customers would be better off by
£1-56 par quarter if they spend bstween
£60 and £80 a quarier on phone calls, and
about £2-45 per quarter if call charges
were betwesn E80 and £100 per quarier.
Contact: BT, Tel: (B171) 356 5369,

Pneumatic Cassette
Receiver Offers Low-
Cost Test Fixturing

Psak has added a pneumalically oper-
ated low-profile cassette receivertoits
range of fixtures designed to interface
priniad-circuit boards with aulomatic test
systems.

Tha new unit is based on Peak's cas-
selie concep!, which uses a series of
cassettes which plug into a base unit.
This approach offers flexibiiity and cost
savings to customers who iest a vanely
of differant boards by eliminating the
need to purchase a different fixture
for each board. Contact: Paak Test
Services, Tel: (0191) 387 1923.

Approved Modem under
£100

Blectronic Frontier has announced a new
range of BABT approved modams stari-
ing at under £100, chieaper than many of
the non-aporoved modams on sale. The
14.4 Frontier XL Intemal modem,
compiets with card, Winfax Lite, Dasfax
Lite and Comit for both Windows and
DOS will retail for £92+VAT. Contact:
El=ctronic Frontier, Tel: (01734) 810600.

Carrera Offer Internet Ready Notebooks

Carrera T announced the most
fully featured notebook PCs yet avail-
able. The new machines offer usars a
unique Intemst-ready capability with mul-
timedia options for maximum fiexibility.
Camera’s new rangs of nolebooks are
upgradable fo Intel's 486 DX4/100
processors and incorporate local bus
disk and videc architecture for Windows
and graphics performance. Through its
relationship with ‘easynel’, the UK's
rewest Internst provider, Carrera will be
bundling access software and a US

.

Robotics Worldport PCMCIA modem for
plug and play Intemat or fax capability.

Each machine is shipped with a
Trackpoint, a removable hard drive, a
PCMCIA Type Il siot and on-board
sound as standard. Al systems are fully
upgradabls and can be supplied with up
to 32Mb of RAM and 600Mb of hard disk
space. A TFT Screen, second battery
and docking station are among the other
options available. Prices for the nole-
books start at £888. Conlzct: Carrera,
Tel: (0171) 8300 486.

Aggressive Pricing for
Scanners

Logitech, has siashed the prices of ifs
range of hand-held and deskiop scan-
ners by as much as 25%. All models
include Casre’s Optical Characler
Recognition (OCR) soffware which
allows users to recognise and convert
text from an image format to a text form
o that it can be used directly, just ke text
entered from the keyboard. In addition,
Logitech’s range of scanners support the
TWAIN protocol for direct image support
within Windaws software applications.
Coniact: Logitech, Tel: (01344) B94300.

New Colour Sereen

NEC has launched the first 24cm ana-
logue LCD display. The natural colour
screen has a standard RGB input, so it
can be used io replace existing Cathoda
Ray Tuhes (CAT).

Sophisticated conirol circuitry claims a
number of cther benefits including low
pawer consumption (11W), infinite
colours as opposed fo 4,096 for tradi-
tional digital displays and brghiness lev-
els. Traditional LCDs have digital control
circuils so that each pixel has a finite
number of brightness levals. Contact:
NEC, Tel: (0181) 23 B111.
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Intel Overdrive
Processor
The Intel DX4™ OverDrive™ processor
is Intel's fastest member of the
OverDrive processor family. The new
CPU upgrade featuras ‘spead tripling’
technology and is available in both 75
and 100MHz versions. Ints! has also
reduced the prices of the curent
IntelDX2™ and IntelSX2™ QverDrive
processois by up o 40%.

The new IntelDX4™ QverDrive™ pro-
cessaris designad fo upgrade Inteld488

January 1985 Elecironics — The Maplin Magazine

SX™ and DX CPU-based systems. An
Intel486 5X CPU-based sysiem cur-
rently runming at 3aMHz with an iICOMP
index rating of 138, for example would
operale at 100MHz intemally and have
an iICOMP index of 435 after being
upgraded with the IntalDX4™ Over-
Drive™ processor. The iCOMP index is
a relative parformance rating for Intel’s
family of microprocessors, based on
eight technical periormance categories.

An upgraded 25MHz version of the
same system would run at 75MHz inter-

nally and have an iCOMP index rating of
313. This translates to an overall perior-
nmlcel_anﬁsl of sbout 100% for all PC

applications.

The InteiDX4™ OverDrive™ processar
operates intemally at 3-3V yet is com-
pafibie with 5V systems via a built-in veit-
age reguiator. I includes an integrated
fioating point unit and incorporates
a larger 16K on-chip cache, doubls
that of the IntelSX2™ and IntelDX2™
OverDrive™ processors. Contact: Intel
Corporation, Tel: (01793) 696000,
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Text by Bob Kirsch e
and Dennis Butcher | o

HF
Crossed Dipole

A very important part of any
radio communication system
is the aerial and, although
here are many different types,
the easiest to use for weather
satellite work on the VHF
band is a crossed dipole
aerial. Since such an aerial
has a horizontally polarised
omunidirectional polar pattern
it means that, once in place,
it is not necessary to align the
aerial to the satellites passing
overhead.

A highly recommended
accessory to boost the received
signal, is the VHF/UHF preamp
as covered in Electronics
Issue 81. The VHF/UHF preamp
is easily fitted, and of course
can be used with the MAPSAT2
Receiver, or any other type of
receiver that covers the VHF/UHF
specirum. The preamp should
be mounted on the mast itself.

Construction

All the paris for the consiruction of
ihe VHF crossed dipole aerial are
provided in the kil, with the exception
of a wooden broom handle for the
suppori pole. This iiem should be
available from most hardware
stores. The brcom handle, if not
already varnished or painied,
should receive such freaiment

before the consiruciion of the
aerial begins.

Prepare the squarsed end of
the broom handle according

io the delails shown. (see
Figure 1). Weather-proofed
as described above and set
aside untiil later. Carsiully
drill all holes in the plastic

box, referring to Figure 2.

It is imporiant {o ensure the
correct posifioning of each
of the iour holes in the box,
which must be in the exact
cenire, flush with the ‘floor’
of the box 1o ensure the four
aerial elemenis will be properly
positioned at right-angles o
eqach other. The rods MUST be

a tight fif in the holes, as the box
will laier be filled with o liquid resin
potting compound.

There are two tvpss of coaxial cable
provided in the kil. The longer lengih
(usuaily brown) has an impedance
of 75Q and the shorier lengih (usualiy
black) 500, cut io size, Prepars the
ends wiih references to Figure 3.

(s The remaining length of 75Q cabls

A = 4 forms the main aerial feeder, one
end of which should be prepared

%E}% in a similar manner io ihe ends of
ihe loops shown in Figure 3. Join
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the three lengths of coax fegether,
referring to Figure 4:

Ensure that there are no simy
sirands of the braided screen, which
‘could come into contact with any
of the cenire conduelors, causing
shori circuiis. If necessary Iemove
problem sirands with side cutters. Drill
a small piloi hole in the cenire of the
prepared end of the broom handle;
and atiach the plastic box to this
using a suitable wood-screw (see
Figure 5), then roiate the pole until
ihe preparad flats are facing, and
parallel wiih, the sides of the box.
Make sure thai the broom handle is
vertical in relation to the base of the
aerial's box.

Arl'cmge for Yourseli a icmge clear
working area with plenty of space’

1o move around in, and place the
above assembly upside'down, with.
the support pole vertical and the box
at the boliom. Place ona !Icn suﬂctce
(alevel flocr is ideal);

Plug beih ends ofieach of the four
aluminium rods using the eight %in.
blanking plugs supplied. Each rod
has a small hole drilled near one end
for attaching a solder tag, Insertthis
end of the rod into the box -and'roiaie
if necessary to ensure that the'small
hole faces uppermosi. The rod should
be a reasonably tight fit in the box.
Repeat the procedure for all reds,
positioning them with reference io

Pigures 5and 6. Notelhcﬂ theyshmﬂd
buit against the squared endioffhe
supperl pole. bul must not touch each

~otherl

Aﬂqch and pnsit[on the four solder
tags as shown in Figure 6, using the
selftapping screws provided. Now
solder the ends of the previously
prepared cables carefully (o the tags
(ithe sequence is indicaled in Figures
4 and 6), making sure that each
leltered lermination correcily goss
o the correspondingly leliered solder
tag. Carefully check these terminations
and make sure that the rods are nol
touching each other. Use an chmmeter
or continuity tester {o check for
continuity right ihrough from the

Figure 1. Non-metallic pole (broom
handle), showing one end prepared for
the aerial rods to butt against.

Non—metallic pole

Squgare end of pole for
rods to buit agaoinst

Cut hole in lid
to clesor pole
aond cable

Holes level with
inside of box

) 4 holes
(2in. dio.
fit on all Tods)

Figure 2. The gerial box drilling delails.

to be tlight

o
s A

Inside the box showing the pole, rods and coax in pomﬁon
before using the potting compound.
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coaxial feeder o the actual agerial
elemenis, and that there are no.
short circuils between screen and
conducior aleng the way. Ensure

that all solder joints aresolid. It will
be impossible o correct any misiakes
or put right any problems once {he
assembiy is sealed in resin.

Secure the cable as shown in
Figure 7, making sure the tapsd
junction between the feeder coax
and the free end of the 5002 loop will
be below the level of the resin when
the box is filled.

Mix ihe resin, referring io the
insiructions supplied with the pack,
and slowly {ill the box to the level
as shown in Figure 7. Check aill
terminations are cavered. Be careful
that no resin enters the box lid
securing holes. Check all reds are
pesitioned correcily, supporting
them where necessary while the
resin hardens. Leave the gssembly

Prepaoration of coox

for loops
it
I i9 19
: _— e
50 50
470

All dimension in mm

Figure 3. Preparation of the coax
for the loops.

0 B2

87 Tape

togeth er: )
SOR

=
Cenducieors =z L=

Screens
Feeder coox
Saolder together

and insulate from
each other
with iops

Figure 4. Forming
the coaxial loops.

N

for approximately 12 hours {or the
resin curing process ic be compleied.

When the compound has
hardened, aitach the box lid and
secure fhe cables o the broom
handle or support as shown in
Figure 7. The geridal is now ready
for installation.

Standard 75Q low-loss coaxis used
as a down lead. Use stendard Belling
1es type VHF gerial conneciors (not
supplied) to join the feeder to the
down lead, but prolect these from
the weather if the cerial is to be
used in an exposed position; self-
amalgamating iape s idedl for this
purpose, At ihe other end of the
cable, fit the coax plug supplied; this
plugs into SKT4 on the back of ihe
MAFSATZ Receiver unit. The aerial
should be insiailed gs high as
possible, and as {ar away from any
other aerials, buildings or large metal
objects as is practical.

<>
ﬂ“ M Pole M r
¥
4
# i ¢
1 = 3
oy T 5 o
F Rod 5 Rod
L A F.ri
Screw %~

Plug ends of all four rods with
hole plugs before potting

Figure 5. Locating the pole into the box, fixing with a wood-
screw, and plugging the rod ends with grommets.

Plan view locking
agiong pole into
box, showing rods
and tags for
soldering coax.

——

The VHF crossed

- dipole aerial sited
atop an existing
aerial mast.

After sscuring
= lid te box

secure fesader
coox and —a
loops to pols
with tiewrops
as required.

_f@
Self taop
Screws ~

A

& 3 Lid
(ii! i N

Push rods up to

Level of resin
to cover all
ends of coox

square on pole. -caoble
Rods must not p
touch sach other. a0
1 |
Tight fit ’
| in holes ¢
U | g E%}.
A J, el
| i ? )‘
- L - l‘
e T U.r - ra
Figure 6. Plan view of box showing rods and iags for
soldering coax. Figure 7. VHF aerial final assembly.
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AERIAL PARTS LIST

MISCELLANEOUS

ABS Box MB3

Aerial Red

%:in. Hole Plug

High Quality Coax Plug
No.2 x s in. Seli-Tapper
8BA Solder Tag

750 Brown Low-Loss Coax
500 Black Low C Cable
Potting Compound 250g
Tie-Wrap 203/2-5

Black PVC Tape 20m
Instruction Leaflet
Constructors’ Guide

PL4

OPTIONAL (Not in Kif)

Weoden Pole lin. dia. 1
) Wood Screw 1
4 (YM5BN) The Mapiin ‘Gai-YouWorking Service is available for
1 Pkt (JX61IR) this project, see Consiruciors’ Guide or current Maplin
1 (FD85G) Catalogus-for deigils.
1Pkt (BF&64T) The above items (excluding Optional) are available
1 Pki (Lan_C) as a kif, which offers a saving over buying the
5m HR293) se ¥
Im (XZR19V) Order As LMOOA (MAPSAT Aerial Kit) Price £16.99 B2
é grp;gg _ Plegss No{e_: Where pcrckage_qucmmles are siated
1 (FMB4F) in the Paris List (2.g., packe!,_ sirip, reel, eic.), the exact
i (XT94C) quamnitity required {o bl_.zﬁd the_project will be
1 (KH79L) supplied in the kif.

REPATRING RADIOS - Continued from page 73.

Capacitors can also fail open circuit.
[f this happened to one which was used to
couple one stage to the next then it would
have the effect of completely stopping
the signal. Again if one was used for an
emilter bypass capacitor then it would
cause the gain of the circuit to be reduced.

Component Testing

Having located and removed the suspect
component it is worth checking it out of
circuit to confirm whether it is faulty or
not.

Resistors are obviously sasy to check as
all test meters have resistance ranges.
Usually if resistors fail they will become
open circuif, although they can, on occa-
sions, change their value if they have been
subjected to heat.

Capacitor testing is a little more difficult,
unless one owns one of the newer digital
meters with a capacitance range. If one
does not then all is not lost. Fortunately it
is possible to give capacitors over a few
microfarads a very rudimentary sort of
test. If the suspect capacitor is placed
across the multimeter on a high ohms
range then the meter needle will deflect
for a short while as the capacitor charges
up. For very large value capacitors it may
take even a few minutes for this to hap-
pen, whereas for small values the deflec-
tions will be very short. It is also found that
for electrolytics there will be a small
amount of leakage with the leads con-
nected in one sense. This is perfectly nor-
mal provided that it is not too high.
Unfortunately it is not possible to set down
exact values for these measurements as
they will vary from one meter to ancther.

It is possible to give transistors a fairly
good test using a siandard meter on its
ohms range. By looking at the construc-
tion of a transistor it can be seen that it can
be represented as two baclcto back diodes
as in Figure 11. This can be fested quite
simply by connecting one of the meter
leads to the base, and the other to the
collector and then the emitter. Then the
leads should be reversed and the test
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“wasts Aodenny PGO15

‘,; EICHISE] CaraciTow
LI ETIEE CSRRITTING

An LCD capacitance meler, providing
measurements over a very wide range.

N AV
AV AN
a) NPN & b) PNFP o

Figure 11. Representation of a
transistor for lesting with a test meter.

repeated. It should bhe found that the
meter should conduct with the leads
connected in one sense but not the other
A final test should be made by checking
ithe resistance between the collector and
the emitier This sheuld appear as an open

circull for most modern transisters,
although some germanium transistors and
particularly power transistors will have a
slightly lower resistance.

When transistors have a collector emifter
failure it is usually a virtual short creuit.
Typically the resistance will be just an chm
or two. However, there isstill likelytobe a
diode junction between the base and the
shoried collecior emitier circuit.

Sometimes it is not feasible to check out
a component. In this case the only real
course leit open is to substitute a good
known component. This is obviously not
the best way of fault-finding because it
can lead to components being swapped
several fimes with the resultant possi-
bility of damage to the board.

Safety

Whatever repairs are performed on a
radio, great care should be taken if it is
mains driven. Even with the power swiich
turned off, many radios still have mains
power in them. A favourite trick is to allow
the mains transformer to remain connecied
all the time, and only switch the low voli-
age side of the drcuit. Occasionally very
old radios may use a dropper resistor to
reduce any voltages from the 240V mains.
This was particularly common in valve
televisions, and it meant that the
circuit was connecied directly to the
mains. Sometimes the chassis could be
live! So the message is that if the radio is
mains powered be very carefuil.

Final Thoughts

Many good radios which are discarded
could have been repaired guite easily with
a hiffle work. Even if they have seen betier
years they could siill be mended and used
in the workshop to provide many further
years of service. Often they only need a
few minuies' atiention. Sometimes they
will obviously need more, but it can stll
give a great sense of achievement to fix
a radio which had been destined for the
rubbish heap.
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A new eolumn for Electronics — The
Maplin Magazing: to whe! cur readers’
appetites for the Information
Superhighway we give you news and
views about the Intemsl

One of the hardest things to learn
when you first start on the Intemet is that
there’s no one application which does
everything for you. There may ba in the
future, but that's just a very shady may
be, bacause the Intemet itself is still
developing at a fantasfic rate of knots,
and zll davelopers within the Intemst
have their own ideas about the way
forward.

z # =—— Leper's Schemaw:s
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Still, that's great, because it means
that we; the users of the Intemet will
always have something new to be
playing (oops, | mean working) with.
What is definite though, is that you need
a ranga of tools, ufilities and programs
to do the job. Over the coming menths
we'll be describing all the utilities and
what they're for. The first is TGP/P.

TCPIIP stands for Transmission
Control Profecoliintems! Protocol. It's
efiectively a defined procedure of
communications betwesn compulers on
the Intemet — a language which all
compulers follow. In effect, to gat onto

['i-!g werd J
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the Internal, your computer has to foliow
the protocol too. Actually, there are
other protocols (nolably Unix fo Unix
CoPy, or UUCP) used on the Intemet,
but these are largely imelevant to you
Iogging on as a client. TCP/P is the
important one. It's this which splits up all
the data flowing around the Intemst into
small packeis of biis, and encodes each
packat with the addresses of both its
source and destination. Think of TCPIP
as an automatic envelops marker which
marks a seqguence of letiers you're
sending with the postcods of the persen
you're writing to, along with your
pesicode and the order in which it's
sent. Now, if any of the letters get lost.
it can always come back te yeu for
resending. Once all the envelopes (OK,
packets) are received at the other
computer, they can all be joined
together in sequence to rebuild the
original file. Neat, huh?

TCPIIP ufilitizss are available for all
major computer platiorms: PG, Mac,
Atan 5T, Amiga and Unix. You'll need a
version for your computer. It's invisibls to
you as a user, but it needs 1o be there
to st you get en the Intemet.

An intaresting development likely to
becoms available early this year is an
upgrading of FirstClass to support

=1

TCP/P. FirstClass s a cilent'zservermall .|

system used by over 600 bulletin boards
waordwide to provide a graphical front-
end 1o their services. This means that
anyone with a bog-standard Internet
connection can access any of those
bulletin beards which have a real-ime
link to the Intemet. Thus, you can dial-
up your usual Intemsat providar using
your usual connection uliities, and from
thare jump o any connected FirsiCiass
boards by running FirstClass Client —
just as you jump to World Wide Web,
say, using your fayounite Web browser.
We'll keep you posted on this, becauss
FirsiClass is a cracker of a sysiamas it
stands. The abifity to jump wordwids will
be a cool feature.

Rumours abound too; that the next
version of Microsoft Windows will have
integral TCP/IP suppari. The new
version Is scheduled for release about
the middle of 1995, a fact which is
reflected in its proposed name —
Windows 95 — previously codenamed
either Windows 4 (the current version is
3.1, gfter all) or more eryptically Chicago,
Whean you think about it Microsoft would
ba gressiy negligent if TCPIP support
was missed oul. Yes, you can get
TCPAP utilities from third-parties along
with third-party programs, but a solution
which is inlegral 1o the operating system
on a PC could be infinitely more suitabls,

Site Survey

— the month's destination
Each month we take a guick look at an
Intemnet destinatdon which tekles our
fancy. If you have any you think we
should check-our, drop us an esmail at
Site_Survey @maplin.demon.co.uk
— We can't guaraniee a personal reply to
every ¢-mail, but vou never know —you
Ay $€¢ YOur name in print.

This month we look after mpsic freaks.
Located on the Wordd Wide Web
(http/ferww.oulufimusic.html) is the
Virtual Music Library, where you can
access a multitude of musical

information on the Intemet. From
vour Waorld Wide Web browser, hit
the hyperdink w musteal mseruments,
progroms and gadgers, for example, to
get a list of circuit diagrams (well, OK
they're called schemarics) of guitar
effects pedals and girmoes. Hiv the
hyperlink you want and vour
requested circunt is downloaded to
vour computer. Also on the library is
information on literally scores of
armists and groups around the world.
It’s a nice site and if you're a2 modem
music lover will take up literally hours
of your time.

DID
YOU MISS
THESE
PROJECTS?
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|c1}

Dréef as: [T49A, £39.99. Details in Slectronics No, 84,
Dscomber 1994 [KARAF).

B0

Ths idestl companion for gommes of of kinds et requie o scoe
to ba kept Points con be added or whbirosted in units; tens or
teridredsond decred 1o zero ot fhe prees of a single bisinn, (Cose
nct inchidad i kit)

Ordzr ns: LTARY, £24,99. Daiails in Electronics Na. 84,
Decernber 1594 (XAB4F).

cudo. Al sitable b oher incr sysiams recuiring o 35V,
00, unregulated spply generosd from the aor's 12V sy,
Order o5 VF3ER, £66.99 B Denks in E»E-cﬂ'aﬂ Mo: B4,
December 1994 (XA84F)

AY/NIGHT THERMOSTAT

May heafing conirollers offer only o sngle fixed tEmpercies
sefing ond On or OF fiming. This ingenicus, compost famasisd
alsa comprises o fimer oflowing different mperaiure seffings for
day or night, fo be ouinmaieally selacied Requires only o simpls
% 12Y AC supply.

Crder o VRGP, £49.99. Datoils in Elacironics No. 84,
Decamber 1574 (XARSF).
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PSYCHEDELIC WAH WAH PEDAL

F‘m.ﬁmeéai&’wn‘ﬂm{-\e 70s with iis superb ‘Ps
sechnalogy Woh Woh Pedal. The bt inchudes o reacy-mode oot
ool ond is idand bor eleciric guitors ond Gher i instrumenss.
Croer oz T43W, £34.99 83, Dedals in Fachronics No. 82,
Ociober 1594 [XASZD).

YOUMISS
THESE
PROJECTS?

INDUCTANCE/CAPACITANCE
METER ADAPTOR

Add inducianze and copediones rongss o your basic digiial
musimeter. This dlever unit prockces a DC vologe proporfondl B
the induciance or copacitee under g, which ean be menured
by your exsting mefer. |Case it inciuded in kit
Crder as: RU3SR, £39.95. Details in Eecironics No. 82,
Ocloter 1574 [X{ABZD]).

To ofer r"cr-.-.-l‘_! h
Gu{t:

Maplin: The Positive Force In Electronics

All s abied o avollchildy. Prices induds VAT

LOUDSPEAKER PROTECTOR
Help profect your valuonls high-gowe loudspenlers from being
domaged by DC voSogss produced by o fosfy omplifier. This unit
eondondly monitors the input bo the speoker ond “dixonneds’ it f
o D voltoge is delscied.

Crdsr as: V44X, £9.49. Details in Elactronics No. 82,
Ociober 1994 [XABZD)

INTELLIGENT CAR INTERIOR
LIGHT CONTROLLER

Aidd the comenienca of His nieligent’ davics to your cor. bt
cnly keens the intrier fght on for 20 seconds ferme docris sha,
bt ofso ks it off if the ignifion & swikched on belore the ®
seconds elapse. Plus, it tumns off the inferior ight ofier ten minids
if & dor is oceidentally left cpen, avoiding droining tis by,
(Case notinchudded in kit)

Order o3 LTE5V, £9,99. Dekails in Elzcironics Mo. 82,
COcicber 1974 (XA52D)]

2 METRE FM RECEIVER

An inexpensiie 2 Mete frequency modulalion [FM) recefver. el
b e newromes jud siorfng o, o for the dedicoted enhusion
wha wank i maniter o local frequency wiilst keeging more
scphisienied ecuipment free (Case not induded i ki)

Order os: (F21X, £31.95. Delails in Hacronice MNo. 83;
November 1594 [XA33E),

STEAM Wl-llSl'LE/ 2-TONE DiESEL HORN

A mutt for sericus mods! troin enthesiass! Thes separoie iriger
inpusts oliow either or both scunds o be played. This kitreally doss
inchuda everying - even the whitds and hom unds e upr
plizd on EFROM

Crdar az: T61R, £14.99. Dataills in Elactronics
MNovermber 1994 [XARIE]

No. 83,

\ : 2

418MHz ENCODED FM TRANSMITTER
A DT erproved bonsmifier which con be mricoded witione  over
4,000 dferent cndes The ronemitier con be tiggered by o dos
ing swikch coniod, which con be simgly o pudibition, or anegr
aive going putsed ouiput from offer equipment, 2.g. tha Tekchons
Bell Repecder kit ITA7X. Appliccfion: incisde remcteconirol wire: |
less security ysizms posien, helo bufions, ond much more.

Order as- LTB7U, £26.99. Deknils in Flaciranics No B3,
MNovember 1994 (XAS3E]

4] BMHz ENCODED FM RECEIVER

A DTl gpgroved receiver for use with the 4180z Encoded B

Tronsmifier: Thetecerverwil only respond 1o a bonumiser w22 with
e some o

When o comecty eoded signal is detecied by e recsier, o ED
Iights ond o plezn soundser epercies. Fiffing o rely [net sunchiad)
in place of fhe piezo somder allows the receiver 1 opermie cher
deciriced eipmet for remcie wonirel oppbasfions. (Cose it
induded in kit)

Order gs: LTEEY, £39.99. Damils in Flcironics No. 83,
MNovember 1994 [XAS3E).

400W MONO/STEREQ AMPLIFIER

A carmpoct anel robust amplfie with o bow hormaenic disorion of
coly 0003% of 1kHz B aom be configured o &fhera sereo
omplifier producing 100W rms per channdd intn 40 peclers o
o3 @ bridged meno erplfier producing Z00W s o a gngle
AD speaker Todod messic cutmt is £00W. Power supply volioge is
23010235V DC for 40 speckers or miono, and 240 o245V DC
For BU) speckers. (Speaker not indudad in kit

Ord= ox VEADT, £59.99 H10. Betods in Beoronis No. 83,
November 1994 [XAR3E)

TELEPHONE BELL REPEATER
=

Faguining ro dirsd connedtion ko e ilachone sysiem, iz unit
picks up the ringing soond ond repeas itelsewtizre vian remaigly
wired pezo sgundes, Alsmavely e repecier con be connecsd
1o =4 1BMHz2 Encodad FM Tronsmisier and Recsives, 1T87U ond
LTEBV, & produce o ‘wirgless iglephons pooer. (Boxncd included
in ks }

COrdzr s LT67X, £10.99. Betails in Electronics No, 83,
Movember 1594 (XABIE]
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John Menzies in Scotland ONLY,

1
Eason & Son in . Ireland ONLY, and Maplin stores nationwide. The Maplin
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