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| EDITORIAL

BHello! And welcome toanother
edition of ‘Etectranics— The Maplin
Magazine'. Presented in this isstgis
part two of ihe fruly superb NICAM
Stereo TV Tuner Unit with details of an
astonishing special price deal forthe
complete kit! There's the start ofa -
much requested series on Audio
Frequency Induction Loop Sysiems.
By popular demand Bab Pentald
retums with more of his ingenious
Mini Circuits. Alan Simpson reporis
from the sludios of Sky TV; you may
evenwina Sky TV Satellite Systemiin
this issue's competition! The next part
in he series on radioteletyps isan
Audio Frequency Shiit Keying
Generalor. Graham Dixey takes us back
{0 Square One with the next instalment
of his beginners series. The SSM2015
microphone pre-amplifier will appeal
to anyone who uses low-impedance
microphiones. |f you have ever
wondered how computer data is stored
on disk, then read Compulersin the
Real World. In the near future projects
will be appearing which make use of
the TMS77C82 micro-contralier. Tony
Bricknell delves inside this extremely
llexible ‘self contained computer’ chip
and reveals ifs secrels. The concluding
pari of Switched Mode Power
Canversion deals with the remaining
converter topologies and locks at the
operation of a complete power supply.
And of course these's all he usual
regulars. So why not read on and
enjoy!

PROJECTS

BOB’S MINI
CIRCUITS

B Another collection of novel
experimenters circuits from
Robert Peniold.

7/NICAM STEREOD
TVTUNER UNIT

B Paritwo of 2 preject on
how {o build a fuli-funclion
siand-alone NICAM Stereo
TV Tuner Unit.

4 sstints

1 Dala File this issug
presents a high-quality very

|

SQUAREONE -

0 Pari three in this beginners
series loaks al resistance,
reactance and impedancs;
phase; ampliiier input and
outputimpedances; FET's,
test equipmentand aiso
piesentsa design for a bench
power supply unit.

-5k

25 COMPUTERS IN
THE REAL
WORLD

B Parl saven deals with
magnelic recording
principles; covering both
hard and floppy disk systems.

low nioise microphone pre- o Sl

amplifies.

AFSK
GENERATOR

1 Part four in the series on
receiving and transmitting
RTTY (radioteletypa).

4

TMS77C82
MICRO-
CONTROLLER

il Pari one infroducing the
Texas Instruments:
TMS7TC82 micre-
conroller.

.

SKY FLIES HIGH

B 0ut roving reporier takes a
{rip to the Sky TV Studios in
London and gives you the
opportunily fo win a

Sky TV satellite system!

J
J

AUDIO
FREQUENCY
INDUCTION
LOOP SYSTEMS

W Pari one in an authoritative
series aboul Audio
Frequency Induction Loop
Syslems, which deals with
boti the theory and praciice,
and also dispels same
commion myins.

4 SWITCHED
7 MODEPOWER
CONVERSION

BThe concluding part deals
with the push pull converter,
the half and full bridge
convererand looksata
mains operaled switch mode
power supply.
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Model Traffic Light

There have been numerous control
circuits for model traffic lights published
over the years, and virtually all of them are
based on logic circuits which comprise a
clock oscillator, a decoder circuit, and
LED drivers. This design is slightly
different, and is based on the ubiquitous
555 timer device (or four of them to be
more accurate). They are all operated in
the monostable mode, but together act as
a useful but little used form of oscillator.
This type of oscillator is known as the
“ring” type, because the monostables are
connected in a ring, with the output of one
driving the trigger input of the nexi. The
output from the final monostable is
connected back to the input of the first one
so as to complete the ring.

Probably the main reason that ring
oscillators are not used a great deal is that
they have a reputation for being unreli-
able. To produce oscillation, initially one
of the monostables must be triggered.
When its output pulse ceases it triggers
the next monostable, which in tum
triggers the next one when its output pulse
ends, and so on. Due to the feedback from
the last monostable to the first, continuous

From Robert Penfold

oscillation results, with one monostable at
a time producing an output pulse. The
reason for the lack of reliability in many
ring oscillator designs is that there is no
circuitry to ensure that one section, and
only one section, is triggered at switch-on.

This circuit uses all four 555's in the
standard monostable mode. The trigger
inputs are normally held high by 100k
resistors, and triggering occurs on the
falling edge of the pulse from the previous
stage due to the coupling via the 10nF
capacitors. At switch-on all the outputs are
low, which gives trigger pulses to all the

stages.- The problem with this parnicular
ring oscillator is therefore one of prevent-
ing three stages from triggering rather
than having to spur one stage into life. IC1
is allowed to trigger at switch-on, but R1
and C1 provide a negative reset pulse to
the other three stages which are therefore
held in an inactive state for a short while
after switch-on. This gives the d.c. levels
in the circuit time to stabilise before these
stages become active, and prevents
unwanted triggering.

An advantage of this circuit over the
more normal digital systems is that the

Traffic Lights.
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Circuit for Traffic Lights.
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duration of each phase of the simulation is
controlled by a separate C — R timing
network. The duration of each phase is
therefore individually controllable, and
can be set at any desired time (within
reason). The pulse duration of each
monostable is nominally 1.1 C R seconds
(with Cinmicrofarads and R in megohms).

A simple diode decoder circuit is
used to ensure that each output drives the

correct LED or LED's. IC1 controls the
“stop” phase, and drives red LED (D2). IC2
provides the next phase, and must
therefore drive the yellow LED (D5) as
well as the red LED, The next phase is the
“green” one, which is conirolled by IC3.
As this is the only stage that drives the
green LED (D8) there is no need for a gate
diode to be included here. The final phase
isthe “yellow” (or “amber”) one, and this is

governed by IC4. This stage drives the
yellow LED via gate diode (D7).

The current consumption of the unit is
quite high at about 35mA, and the use of a
fairly high capacity battery is recom-
mended. Alternatively, using low power
858's should enable the current consump-
tion to be brought down to only about
10mA (but will significantly increase the
cost of the umnit).

TRAFFIC LIGHT PARTS LIST

RESISTORS: All 0.6W 1% Metal Film SEMICONDUCTORS

Rl 4k7 1 (MIK) IC1,234 NE555 4 (QHBEW)
R238 1M8 2 (MIMEB) D1347 1N4148 4 (QL80B)
R3,6,9,12 100k 4 (MIOOK) Dz Smm Red LED 1 (WL2TE)
R4,7,10 5600 3 (MB80R) D5 5mm Yellow LED ~ N 1 (WL30H)
R5,11 M 2 (MIM) Ds 5mm Green LED 1 (WL28F)
CAPACITORS _ MISCELLANEOUS *

c1 100uF 10V Axial Elect 1 (FB48C)  S1 SPST Ultra-min Togglé 1 (FHI7F)
Cc28 10uF 50V Radial Elect 2 (LIOL) Bl 8 Volt (PPd size) 1 (FMOSF)
C3578 10nF Polyester 4 (BX70M) Battery Clip 1 (HF2TE)
c48 4. 7F 63V Radial Elect 2 (FF03D) DILIC Socket 8-pin 4 (BL17T)

EEoeTee———— T e e e

Electronic Joystick

Many popular home computers, in-
cluding virtually all Atari and Commodore
models, use a joystick of the standard
switch type having a 9 pin female D
connector. This type of joystick is
basically just four micro-switches and one
push-button type. Moving the stick up,
down, left, or right closes a difierent
micro-switch, with intermediate positions
closing the appropriate two switches, The
push-button switch is, of course, the
“firebutton”. This arrangement is well
suited to many computer games, butit can
be a bit awkward with others. For
example, racing car simulations often
have left and right stick movement for

steering, with backwards and forwards
movement giving acceleration and brak-
ing. With practice you can get used to an
arrangement of this type, but it always
tends to be something less than com-
pletely intuitive.

There have been many attempts at
improved joystick designs, and it is not too
difficult to devise your own arrangements.
It is by no means essential to use any form
of stick controller at all. Designs based on
five push-button switches, touch switches,
and even mercury switches have all been
used successfully. This joystick design is
intended mainly for use with racing car
simulations and similar software which
would benefit from have the side to side
and up/down controls separated. Control

is via two potentiometers, with a rotary
type being used for side to side (steering)
control, and a slider type providing
up/down (acceleration/braking) control.
The circuit consists of what are really
two identical stages, one for horizontal
conirol and the other for vertical conirol, If
we consider the stage based on ICI, this
consists of two operational amplifiers
connected as a form of window discrimi-
nator. VRI is the control potentiometer,
and it provides the input voltage to the
window discriminator. R1 to R3 form a
potential divider that sets the upper and
lower voltage limits of the window. With
VRI at a central setting, both outputs of
IC1 are low. Adjusting VRl for a
substantially higher wiper voltage so that
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Circuit for Electronic Joystick.
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the upper window voltage is exceeded,
results in the output of ICla going high.
TR2 is then switched on, pulling the “up”
input (pin 1) of the joystick port low.
Adjusting VR1 for a wiper voltage that is
below the lower window voltage sends
the output of IC1b high, switches on TR2,
and activates the “"down” input (pin 2) of
the joystick port. IC2 operates in an
identical circuit that drives the “left" and
“right” inputs, while S1 is the push-button
switch which drives the “firebutton” input.
Power for the unit is obtained from the
joystick port, and the current consumption
is only a few milliamps.

For any games controller to be a
success it is necessary to give careful
thought about the placement of the
controls. My experiments suggested that
results would be best using the two
potentiometers on a fairly large panel so
that they can be mounted several inches
apart. Mount the push-button switch
anywhere that puts it within easy reach
with one hand or the other. The two
potentiometers have a range of central
“off” settings, and the width of thisrange is
controlled by the value of R2 and R7. A
high value makes the unit difficuit touse as
the controls then have to be moved
through a large rotation range, making it

Electronic Joystick.

difficult to operate them rapidly. A low
value makes it easy to operate the controls
rapidly, but they can become excessively
fiddly, with it being difficult to locate and

leave the controls at the central “off” state.
A value of 1.5k is the one I found to be the
best compromise, but this value can be
altered to suit personal preferences.

RESISTORS: All0,6W 1% Metal Film
R1368 4k7

R2,7 1k5

R459,10 3k8

VR1 10k Lin Slider

VRZ 10k Lin Rotary
CAPACITORS

c1 10F 25V Axial Elect

bt e b DD e

ELECTRONIC JOYSTICK PARTS LIST

SEMICONDUCTORS
(M4ET) IC12 LM358N 1 (UJ34M)
(MIKS) TR1234  BC547 4 (0Q14Q)
(M3K9)
(FX33L) MISCELLANEQUS
(FW02C) si PushtoMake—ReleasetoBreak 1 (FHS1Y)
SK1 9.pin D Socket 1 (RKSIR)
DILIC Socket 8-pin 2 (BLITT)
(FB22Y)

Signal Tracer

What probably represents the most
useful low cost piece of test equipment for
checking linear circuits, apart from a
multimeter of course, is some form of
signal tracer. This is just a sensitive
amplifier driving a loudspeaker or head-
phones. It can be used to detect the signal
at various points in the equipment under
test, or perhaps more succinctly, it can be
used to detect its absence. The standard
method of fault finding using a signal
tracer is first to apply an input signal to the
faulty equipment (the normal signal
source is suitable, or the output from a
signal generator can be used). A check is
then made about half way along the signal
path to determine whether or not a
suitable signal is present there. If a signal
is detected, then further tests are made at
points in the main signal path working
towards the output. When a point that does
not provide a suitable signal is detected,
the fault is somewhere close to that point
in the circuit. If no signal is found at the
initial test point, then the fault must be at
some earlier stage in the circuit. Tests are
then made at various points along the the
A

main signal path, working towards the
input. Again, when an inappropriate
signal is detected, the fault is in a
component close to that point in the
circuit.

A signal tracer will often fail to
pinpoint the exact nature of the fault, and
voltage tests etc., using a multimeter, then

"

have to be used to find the exact problem.
A signal tracer will at least lead you quite
rapidly to the part of the circuit where the
fault is located. In some cases it willgive a
fairly clear indication of which component
is faulty. If a signal is present on one side
of a coupling capacitor but isabsent on the
other, then it is reasonably certain that the

IC1 = TLOBiCP IC2 = uAT41C .
o
C1 s2
22n 2 ca R7 On/0ff
= 2
ot g 100u 2u2 10k = _L &h
M 7| 220k L1 =™ 150p
— o —|—+
- av
100k Range | 407 /4 47u |
R3 SK1
10k Phenes
Earth
O
Circuit for Signal Tracer.
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coupling capacitor is faulty. Sometimes
the presence of a signal where there
should be none gives a clear indication of
the problem. For example, if a signal is
found across a decoupling capacitor, it is

highly likely that the capacitor is faulty or
not connected properly.

This signal tracer circuit has a threse
step attenuator at the input, providing
attenuations of about 0dB, 20dB, and 404dB.

T

- —

A normal volume control could be used
here if preferred, but the unit is designed
to be built as a probe type tool. Attenuator
switch S1 should be a miniature type, such
as a three position slider switch, so that it
can be easily fitted into a probe style case,
and will be gasy to operate. ICl acts as a
buffer stage at the input, and it provides
the unit with a suitably high input
impedance of about 1 megaohm. IC2
provides the voltage amplification, and
this is a standard inverting mode circuit
having about 40dB of voltage gain. C8
provides a small amount of high frequency
roll-off to aid good stability. The output is
intended for use with medium impedance
headphones of the type sold as replace-
ments for personal stereos, etc. These
should have the 'phones wired in series
(i.e. ignore the common earth lead and
make the connections to the other two
leads).

Power is obtained from a PP3 size 9
volt battery. This has an extremely long
operating life since the current consump-
tion of the circuit is only about 3mA. Inuse
the unit provides good sensitivity, and will
readily detect low level signals sueh as
those from a low impedance microphone,
At the other end of the dynamic range it

Signal Tracer. takes signals of seéveral volts peak to peak
to overload the unit,
C4 2u2F 100V PCElect 1 (FF02C)
SIGNALTRACER PARTS LIST o s 1 i
RESISTORS: All0.6W 1% Metal Oxide (e 150pF Ceramic Plate (WXS58N)
Rl M 1 (M1M) v
R2 100k 1 (MICOK) SEMICONDUCTORS
R37 10k 2 (MIOK) IC1 TLOBICP 1 (RATOM)
R43 10M 1 (M10M) IC2 pATRIC 1 (QL22Y)
R6 2k2 1 (M2K2)
R8 12k 1 (MI12K) MISCELLANEOUS
R9 220k 1 (M220K) 51 3-way Slider | (FvozC
s2 SPST Ultra-min Togg. : 1 (FHYTF)

CAPACITORS Bl 9 Volt (PP3 size) 1 (FK62S)
Cl 22nF Polyester 1 (BX72P) SK1 Stereo 3.5mm Jack Socket 1 (FE20W)
c2 100uF 10V Axial Elect 1 {FB48C) Battery Connector i * (HF28F)
C3 4nTF Polyester 1 (WW25D) DILIC Socket 8-pin 1 (BL1TT)
- o a &

Discrimineating

[ ] [ ]
Continvity Tester

With printed circuits tending to
become ever more complex and intricate,
the problem of short circuits between
adjacent tracks due to solder blobs and
splashes become increasingly acute.
Faults due to damaged or missing pieces
of track are more rare, but not unknown.
The odd break in the tracks is something
that can be difficult to aveid if you etch
your own printed circuits, with so many
contemporary designs calling for very
thin tracks. A continuity checker for
tracking down short circuits and track
breaks is an essential item for any
electronic project builder, and a multi-
meter switched to a medium resistance
range will work cuite well in this role. It is
less than perfect for this type of thing
though, and the main criticism is usually
that it is rather awkward to keasp looking
backwards and forwards between the test

August 1990  Maplin Magazing
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prods and the meter.

Many “improved” continuity tester
circuits have been published, and these
usually overcome this problem by using a
“beeper” to indicate continuity, rather
than some form of visual indicator. Some
designs, including this one, have one or
two other refinements. Although a multi-
meter can be a bit awkward to use as a
continuity tester, it has the advantage of
clearly showing the difference betweena
true short circuit, a somewhat higher
resistance such as a low value resistorora
forward biased semiconductor junction, a
higher resistance, and a total lack of
electrical conduction. Many continuity
tester circuits give little idea of the
resistance between the test points, and
often indicate continuity when there is a
low but significant resistance across the
test prods. Some are even activated if they
are connected across a forward biased
semiconductor junction.

This continuity tester circuit was
designed to be built as a probe type tool,
but could be built as a conventional unit if
preferred. It has the ability to differentiate
between a very low resistance, a higher
but still quite low resistance or a forward
biased junction, a higher resistance of
several kilohms, and a very high resist-
ance. These are indicated by a high
pitched "beep”, a medium pitched “beep”,
a low pitched “buzz”, and no output
(respectively). This gives more inform-
ation than the simple dual state indication
of most continuity testers, but does not
require the user to look away from the test
points.

The circuit is based on three
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10k 10k
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51
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15 Ll2k2 D123 = 1N4148 T 10n
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Circuit for Continuity Tester.

operational amplifiers (IC1) which are
used here as voltage comparators. Note
that the LM324N used for IC1 is actually a
quad device, but in this circuit one
amplifier is left unused. The non-inveriing
inputs are fed with different voltages from
a potential divider circuit, while the
inverting inputs are all fed with the same
voltage which comes from a second
divider circuit. This last voltage is the
highest one, and it results in all three
outputs going low. This mutes the audio
oscillator based on IC2 (which is a low
power 555 timer in the standard asiable
mode). Placing a decreasing resistance
across the input of the unit results in the
voltage to the inverting inputs decreasing.
As it goes below the reference voltages at
the non-inverting inputs, first IC1a"s output
goes high, then that of IC1b, and finally the

output of IClc goes high. As each output
goes high, it places a lower timing
resistance in circuit, and boosts the output
frequency of IC2. This gives the three
tones to indicate the three levels of
continuity. The three pitches are well
separated so that they are easily disting-
uished from one another even if you do not
have a very good sense of pitch.

The current consumption of the unit is
quite low at about 2.5mA to 3.5mA. An
ordinary PP3 size battery is perfectly
adequate as the power source. Note that
LS1 is not a moving coil loudspeaker, but
is a ceramic resonator. An uncased type
mounted behind a cutout or grille in the
case should be suitable. It will only give a
low volume output, but for an application
of this type a higher volume is undesir-
able.

DISCRIMINATING
CONTINUITY TESTER
PARTS LIST

RESISTORS: All 0.6W 1% Metal Film

R1,489 10k
R2 1k
R3 1512
R3 2k2
R6 IMB
RT 270k
RB 22k

CAPACITORS
Cl 4uTF 100V Axial 1 (FB18U)
c2 10nF Polyester 1 (BX70M)
SEMICONDUCTORS .
IC1 LM324N 1 {UF2sD)
IC2 TLC555CP 1 (RATEH)
3 (MIOK) D1,23 IN4148 3 (QLE0B)
1 (MIK)
1 (MI1SR) MISCELLANEOUS
1 (M2K2) S1 SPST Ultra-min Tegagle 1 (FHSTF)
1 (MIMB) Ls1 2Tmm Piezo Transducer 1 (QY13P)
1 (M270K) Bl 8Volt (PP3 size) 1 (FEB2S)
1 (M2ZK) Battery Connector 1 (HF28F)
DILIC Socket B-pin 1 (BL1TT)
DILIC Socket 14-pin 1 (BL18U)

Transistor Checker

The traditional transistor checker
design has a resistor to provide a
reference current to the base of the test
device, and a meter to monitor the
collector current. The current gain of a
transistor is equal to the collector current
divided by the base current, and therefore
the meter can easily be calibrated in terms
of d.c. current gain. As highly accurate
measurements are not usually required
with this type of equipment (most devices
are either fully serviceable or “dud” and
very low in gain), a low cost “tuning” or
“level” meter is often used as the basis of

L]

these units. This transistor checker uses
the alternative approach of a bargraph
display. This may seem a bit gimmicky,
but it is a practical approach in that this
type of display is physically much tougher
than any moving coil panel meter. There is
noreal risk of damage to the meter section
due to physical shock or electrical
overloads.

Two ranges are provided, with one
having a full scale value of 100 and a
resolution of 10, and the other havinga full
scale value of 1000 and a resolution of 100.
This enables both high and low gain
devices to be checked with reasonable
accuracy. The circuit is based on the

ever popular LM3914N bargraph display
driver. This can be used in the “bar” or
“dot” mode, and in this case it operates in -
the true bargraph mode. This gives a
clearer display than the “dot” mode, but at
the expense of a significantly higher
current consumption. The internal voltage
reference is used, and this sets the full
scale sensitivity at 1.2 volts, Inthiscaseitis
a current meter that is required rather than
a voltmeter. R7 is connected across the
input, and effectively converts the display
circuit to a current meter having a full
scale value of 10mA. R6 helps to keep the
current flow down to an acceptable level if
the test device is closed circuit. D11o D10
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are the bargraph LED's, and on the
prototype these are a proper bargraph
component. However, ten ordinary panel
LED's could be used here if preferred. R8
controls the LED current, and sets it at
about 6mA. The use of a reasonably
efficient display of LED's is recom-
mended.

Reference currents of about 10pA
and 100u A are provided at the base of the
test device by R3 or R4, with the desired
resistor being selected using range switch
S1. By taking this bias current from a
mid-supply tapping, the need for NPN/
PNP switching in the base circuit is
avoided. Initially, test the device with the
base unconnected so as to ensure that it
has insignificant leakage (i.e. no LED's
should switch on). Alternatively, add a
switch in the base lead so that base
current can be switched off to check the
leakage level, and turned on for current
gain measurement.

S52a provides NPN/PNP switching in
the emitter circuit, while S2b performs the
same function in the collector circuit.
There is a slight problem in that an NPN
test component will sink its collector
current, whereas the meter circuit re-
quires a current source. To overcome this
problem a current mirror comprised of
TR1 and TRZ is used to effectively convert
NPN test devices to current sources. R5
protects the current mirror against exces-
sive input currents.

The finished transistor checker re-

Transistor Check;‘/

quires no calibration, and is ready for
immediate use. The current consumption
is largely dependent on the number of
LED's that are switched on. The quiescent
consumption is about 7mA, but the supply
current can be close to 100mA with all ten
LED's activated. Four HP7 size cells in a
plastic holder make a good power source
for the unit, and will give many hours of
use despite the relatively high current
drain.

When using any simple transistor
tester you need to bear in mind that
current gain ranges in data sheets are
quoted at specific collector currents and
voltages. With this tester the collector
voltage is anything from little more than
zero to about 6 volts, and the collector
current is anything from zero to approx-

imately ten milliamps. What this means in
practice is that a test device which
measures as being just outside the
acceptable gain range is probably per-
fectly serviceable. The discrepancy is
probably due to the wrong collector
current/voltage being used, or a slight
lack of accuracy due to the component
tolerances of the tester itself. In the case of
power transistors, the indicated gain will
often be somewhat lower than the data
sheet would suggest. This is simply
because power devices normally have
their gain figures quoted at quite high
currents, but a simple tester of this type
can only use a moderate test current.
Fortunately, most “duds” are quite easy to
spot — they are usually either open circuit
or closed circuit.

D1 — D10 = Bargraph Display o/
0
9|8 |7 5|4 (3211 s3
R1 on/
2k2 7 \VA :/ off
12 |13 |14 16 |17 [18 |19 |20
~ 18 |17 |16 14|13 [12 | 11|10 - 5
220k B1
Ic1 .y
R4 LM3914N —_
22k PNP
S o RE 112
Ronge gg3 Oy NPN 100 1k ﬂ LR
Emitter —{ 1 _
R2 R7 R8 . 61
2k2 120 2'&2 T 10u
Circuit for Transistor Checker.
TRANSISTOR CHECKER SEMICONDUCTORS '
IC1 LM3914N 1 (WQ41U)
PARTS LIST TR1,2 BC359 2 (QQ18U)
D1-DI0 Red 10 Seg. Bargraph Display 1 (BY85V)
R.ESISTORSIMO.GW 1% Metal Film MISCELLANEOUS
g;*a %k ? (M2K2) o) SPDT Ultra-min Toggle 1 (FHS8G)
- o : (M220K) g DPDT Slider 1 (FH36P)
RS56 1000 2 Ma lmK)ODR 53 SPST Ultra-min Togale 1 (FHSTF)
o o 2 ( 1zch Bl 6 Volt (4 x HP7 size) 4 (FK53K)
(MIZOR)  sgy23 Transistor Socket 1 (WR25G)
Battery Holder (4 x AA) 1 (HF23G)
CAPACITORS Battery Connector 1 (HF28F)
Cl1 IU,ILF 50V PCElect 1 (FFO4E) DILIC Socket 18-pin 1 (HQT6H)
DILIC Socket 20-pin 1 (HQ7T))
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Resistance, Reactance
and Impedance

Figure 1 shows three passive
components, a resistor, a capacitor and
an inductor (coil). Each of these is able to
oppose the flow of current through them,
but it depends upon whether the current
is direct or alternating and, if the latter
two, what the frequency is.

Taking the resistor first of all, we say
that this component has the property of
‘resistance’, denoted by R and measured
in ohms (). Except for special cases,
resistance is generally assumed to be the
same whether the current is d.c. or a.c.

That is, if R = 1000 ohmsand V =
10V, thenI=V/R

: 5%1;000 Photo 1. Suggested front panel layout for the power supply unit.

whether Visd.c.orac, Notice that Xc is ‘inversely’ Finally, consider the case of a coil
(I=V/Ris Ohm's Law). proportional to frequency, so that the: (inductor). This is somewhat more

because this consists of two metal plates: ’being wound from many turns of copper

Now taking the case of a capacitor, h:gher :he frequency, me lowar the ‘complicated because practical coils,
separated by an insulator (the dielectric), ' T ‘wire, will have a d.c. resistance as well as

no direct current flows through it at all; xample .ﬁmpaun"' ”Ivah:a}mn!’ offering an opposition to a.c. However,
we say that the capacitor has a ‘blocking’ aa&mncyotmﬁz,wmhavaa | sometimes, the coil resistance is quite

action for d.c. There is an initial flow of ‘reactance of: small and can be neglected. For the
current, a short surge, when the direct (Note: 100nF = 100 10-°F) |z nt we will assume that that is the

voltage is first applied, but this merely Koo lltaxrrxmxlopxlﬂ'g) » . Note though that whatever the value
stores static energy within the capacitor ' & e, this'is the only opposition
o = 3978 ohms that the coil "f_remmd.c.msmummnﬂ
The same capacitor would havea | now to consider tion the
_mctanweqmltoonw%lwﬁhlﬂahwat gﬂ‘mtom
'4000Hz (397:9 ohms), but 10 times this
-va:noarm(aa-mohm). -

cunemlluweinom;direcﬁmuhalmm =

other as the a.c. reverses. lt_appaamttm L ‘
|.
v U U '
v v v
== . kA
R XL XC
- ¥ -y
27TfL 1
21T fC
= V.21 fC

| Figure 1. A resistor, capacitor and inductor all oppose the flow of current but in different ways.
mnﬂ mgzﬂm Angumunu
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may sometimes have particular
importance. Among these are:

1) Input impedance: more often
considered as just resistance, this is
measured between the input terminals of
the amplifier for a.c. signals only. In
general, the higher its value, the better.

2) Output impedance: also
considered as a resistance, this appears
between the output terminals for a.c.
signals only. It is usually desirable for this
1o be as small as possible,

Figure 4 illusirates the above ideas,
and can also be used to explain their
practical significance,

A source of voltage Vs (of amplitude
100mV RMS) has its own internal
resistance (as all practical sources do), in
this case, Rs = 600 ohms. The input
impedance, Ry, of the amplifier appears
to the signal as a 2000 ohm resistance.
The output of the amplifier is a voltags, i
Vo, (the signal voltage produced by
amplification of the input) in series with
the output impedance of the amplifier,
which is a resistance, Ro, of value 500
ohms. A resistive load of 2500 ohms is
connected across the output. The gain of
the amplifier is 80. The question is, ‘what
is the output voltage'?

It might be thought that, since output
= gain x input, that the answer would
simply be equaltc 40 x 0-1V = 4V.
(100mV = 0-1V). This is certainly not the
case, as can be shown.

For a start, the actual input to the
amplifier isn't 100mV at all. This is merely
what the signal source (playback head,
microphone, radio tuner, etc.) develops.
This voltage is divided between Rz and
Ry in direct proportion to their values.

! i ] 13 Y
j "i..-gH L
: : -_p
[ ; " 1
; L_» 3_20!
. r Qv
: ¥ |
- = -

Ei f:i 15v

o |
15v |

Photo 2. Component side view of circuit board. The heatsink used for IC3 need only be a plain
aluminium tab; the elaborate one shown here was just conveniently to hand.

This implies that some of the available
signal is ‘lost” across Rs. This immediately
makes it clear why Ry should be as large
as possible, since the larger it is, the

gareater will be the proportion of the

signal appearing across it. The actual
value for the circuit shown is calculated
as follows:

Voltage appearing across Ry;; = Vg x
Ry /(Rs + Rpy)
= 0-1x 2000/ (600 % 2000)
=01x077
= 0077V (77mV)

VIN = 77mV

VouT = 2.57v

Rs = goon

S

\l

I

RN —» L

Signal ™ <—Rout Load
source ™ ©s  _ 5000n| LI L RL = 25000
100mV i
my
! €g
- T = 3.08V
=40
€s is shared between Ey €0 is shared between
Rs and RIN Amplifier RoUT and RL

Figure 4. The meaning of input and output impedance of an amplifier.

Gain

1007 -

—3dB point
(70.7% of maximum response)

Lo [
/
/
!

70.7% ———;’ __________
/

Low frequency
response of
capacitively

coupled amplifier

bandwidth

le— Practical —

Frequency

Figure 5. The meaning of input and output impedance of an amplifier.
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It is this value of volitage that is
amplified 40 times to give an output of 40
x 0077, = 3:08V.

Even this is not the output that
appears across the 2500 ohms load, R;,
because part of it is dropped across the
output impedance, Ry. The actual voltage
across R; is obtained by the same method
as was used to calculate the true input
voltage. Obviously, the smaller the value
of Ry, the larger will be the proportion of
available voltage obtained.

That is, output voltage across R;,
= 308 x 2500/(500 + 2500)
= 3:08 % 2500/3000
= 257V

This is well short of the 4V output
that might have been otherwise assumed,

3) Bandwidth: the gain of an amplifier
is never absolutely constant with
frequency, though it is possible to design
it so that it is reasonably so over a
particular range of frequencies, for any
given application. For example, the
normally accepted range of audio
frequencies for good quality
reproduction of music is usually
considered to lie between 20Hz and -
20kHz. Bandwidth is a msthod for stating
in specific terms the range of frequencies
for which the gain is more or less
constant within certain limits, These limits
are termed the —3dB points of response,
which are illustrated in Figure 5.

Just to jog the memory, a reduction of
—3dB corresponds to a fall from some
maximum value to 70:7% of this
maximum. For example, if the maximum
gain of an amplifier is 100 then, at the
—3dB points the gain is 70-7. There ‘may’
be two —3dB points on the response
characteristic of an amplifier, one at low
frequencies, one at high frequencies. The
word ‘may’ is emphasised because in the
case of many IC amplifiers, there isonly a
—3dB point at high frequencies. The
curves for both of these two cases are
included in Figure 5.
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Field Effect Transistors
(FETs)

These devices fall into two main
classes — IGFETs (Insulated Gate FETSs)
and JUGFETSs (JUnction Gate FETs). It is
the latter type that we shall consider
here. Known generally simply as FETSs,
these transistors are significantly
different in principle and application
from Bipolar Junction Transistors (BJTs).
They ars, of course, active devices and
are, therefore, capable of amplifying
signals. A simple form of FET amplifier is
shown in Figure 6.

This figure also shows the circuit
symbols for the two types, known as
N-channel and P-channel. As with NPN
and PNP bipolar transistors, the main
difference is in the polarity of the supply.
The latter, known as Vpp, is positive for
N-channel devices and negative in the
case of P-channel types. The three
electrodes are termed the DRAIN (D),
GATE (G) and SOURCE (8),
corresponding more or less with the
collector, base and emitter, respectively,
of the bipolar transistor.

The voltages and currents of
imporiance are shown in Figure 6 (b) and
the situation will be seen to be somewhat
simpler than for the BJT. There are just
two voltages and two currents. This
simplifies even further when it is realised
that the two currents are really one and

Photo 4. Oblique view of assembled board.

the same; it is just given a different name,
Ip or I5, according to which terminal it
enters or leaves, This is because there is
no gate current. Therefore, whatever
current enters the source terminal will
flow through the FET and leave at the
drain terminal. The two voltages shown
are Vpg, the drain-source voltage and
Vs, the gate-source voltage, whichhasa
particular imporiance. A voltage, Vpg,
does, of course, exist between drain and
gate, but is rarely of interest in
considering circuit operation.

For any type of transistor {o operate

+VoD

-
&

Rg

ov
FET Amplifier

—Ves

+ _

Vps —Vps

D —lip

+————= Qutput
- $ i

Isi Vgs

—ls I T
Y
N—Channel P—Channel
'Symbols"

Figure 6. A simple amplifier using a junction-gate FET.

satisfactorily as an amplifier, it must be
‘biased", This means that the correct value
of current is set up in the transistor. In the
case of a BT, it is done by makinga
particular value of current flow in the
base lead. In the case of a FET, it is
carried out by setting up a ‘bias voltage'
beiween the gate and source terminals.
For any given value of this voltage, Vs,
there is a corresponding value of drain
current, In. This relationship can be seen
in the ‘transfer characteristics' of Figure 7.

The transfer characteristic is a graph
of current I; against voltage —Vgs. Note
the minus sign. If a particular drain
current is required, all that it is necessary
to do is to project this value across to the
curve and down to the horizontal axis to
read ofi the corresponding value of
—Ves. An example is shown in Figure 7. Tt
might seem from this that there isa
negative voltage in the circuit. Well, there
isn't as such. What — Vs means is that the
gate is negative ‘relative to the source'.
Put another way, the source is ‘positive
with respect to the gate'. This is easy to
achieve in practice. Back to the circuit of
Figure 6.

The gate is connected to the 0V line
through the resistor Rg; we say itis
‘referred to OV', meaning that, as far as

‘l Ip (mA)

_VG; v

This value of /

—Vgs (BIAS) gives
This value of Ip

Figure 7. The transfer characteristic of a FET; this shows the relation

between gate bias voltage and drain current.
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Photo 3. Copper side view of circuit board. Note carefully the track

breaks required: there are just eight of them.
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The minus sign in the above
expression means that there is a phase
shift of 180° between the input and output
of the amplifier. It is a commonly used
mathematical convenience that shouldn't
be allowed to confuse anyone.

At this point it is worth returning to
the matter of input impedance. One of the
advantages of'the FET is its very high
value of this quantity. Whereas a similar
amplifier using a BJT might well have an
input impedance of only 2 — 3 kilohms,
the figure for a FET would be as many
Megohms. A FET amplifier can make a
useful first stage in many applications,
since its high input impedance will not
‘load’ the signal source. Two application
circuits are shown in Figure 8, Circuit (a)

- shows a simple electronic voltmeter with
Photo 5. Close-up of the bridge rectifier and +5V section. very high input impedance; circuit (b)
shows the first stage of an amplifier used

dc. is._co_ncemgd. the gate IS at zero volis. which is variously called the. ‘forwa;d for disk reproduction, This amplifier has
Now look at the source. This goes to 0V transconductance’ (symbol g..) or ‘mutual a particular frequency response known
through a resistor Rs and, because the conductance’ (symbol g,,). We shall use as a RIAA ‘equalising characteristic’
source current Is flows through this the latter. If we divide current by voltage, (RIAA = Radio Industry Association of
resistor, the source is ‘positive with which is what we have done here, we get America), The gain of the ampliﬁar Ba
-respect to 0V (and hence also positive ‘conductance’ (clearly the reciprocal of maximum at low frequencies and then
with respect to the gate) by a voltage resistance). The unit for conductance was falls with increasing frequenéy atype of
equal to Is x Rs. For the latier current we once the ‘mho’ (ohm written backwards!); response which is required wit.h
could justifiably substitute I5 instead, nowadays it is the Siemen (symbol S). If magnetié pick-ups.
since Is and I, are numerically equal. For we divide milliamps by volis (as we Inst ts fi
practical purposes, therefore, the volt usually do in a practical situation), we get m_en_ or
drop across R equals I; x Rs. Whichever milli-Siemens (mS). Note that ‘capital §' Measuring Amplifier
way we look at it, the object of making and avoid confusion with ms, which Perf -
the gate effectively negative with respect means milli-seconds, quite a different unit €riormance
to source, by the required amount, has altogether. There are three instruments of
been achieved. This quantity is called ‘mutual’ particular value in measuring the
It is easy to calculate the value of Rs because it is a ratio of an ‘output’ quantity performance of amplifiers (and other
once the value of I; and — Vs have been over an ‘input’ quantity. That gives usa circuits, of course). These are, the signal
obtained from the transfer characteristic. clue as to its usefulness, when we generator (SG), the electronic voltmeter
Suppose that for a drain current of 2mA remember that the gain of an amplifier is (EVM) and the cathode ray oscilloscope
the value of —3:6V isread off the — Vs output/input. In fact, g, is used to give the (CRO). A brief resumé of their main
scale. By Ohm's law, the value of Rs — voltage gain of a FET amplifier by the features is as follows:
VeI, which equals 3-6V/2mA or 1-8K. simple relation: Signal Generator
The transfer characteristic has Voltage gain Ay = —g,, xRy Instruments of this type are available
another useful function. The slope of this (where Ry is the value of the load resistor for generating test signals anywhere in
curve is ‘change of I;/change of V<, in the drain circuit), the audio and radio frequency spectra.
D.C.
_ Input T
T +15v
1 100k 15.6M |
r‘:’* 22k
2N3B19 g
a7 sgor| | BOOpPF | 2500pF ' Output
. i i
180k —
100uA = j
0.5V ' i o1 ‘ ) 2N3819 .
470k | 22 1 12v 100nF 100k
5v 2k2 ! f
— Input 1‘.‘
S0V Set F.S.D. T M D 22k D T 22uF
] |
Sk [] Bk8  Set.” o— . e
ZEro :
l Gain
= 30k in series
with 22k "‘2[‘]
Frequency
(a) (b)

Figure 8. Two applications for FETs: (a) a FET voltmeter (b} an RIAR equalised disk pre-amplifier,
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For the moment we shall just discuss the
audio-irequency type. The purpose of
such an instrument is to generate
sinewaves, of very low distortion levels,
over a wide range of frequencies.
Although referred to as an ‘audio’
generalor, the range covered isalways
well in excess of the range of normal
hearing. In the case of one particular
type, the coverage extends from 1Hz to
1MHz. The output level must also be
capable of wide variation, so as to be
able to provide signals of only a few
millivolts (for testing high gain amplifiers)
or several volts for testing power
amplifiers or even loudspeakers.

It is usual to make the selection of
either frequency or amplitude the
function of two controls. One is a coarse
control that selects the range; the other is
continuously variable within the range
selected. Following telecommunications
practice, the output impedance is usually
a constant value of 800 ohms. An essential
feature, common to all well designed
signal generators, is constancy of
amplitude when the frequency is varied.
This is achieved by an automatic
amplitude stabilisation circuit within the
oscillator itself.

A further facility that is often
included is the option of a square wave
output.

Electronic Voltmeter

The average multimeter is limited to
the range of voltages that it can
accurately measure. It is limited by
inadequate sensitivity when it is
necessary to measure very small signals,
those of the order of a few millivolis or
less, It is also limited by its restricted
bandwidth. In this respect, digital
multimeters tend to be rather better than
analogue meters. They are, after all,
elecironic by nature and some of them
can perform well over a fairly wide range
of amplitude and frequency. The
specification for the instrument should be
consulted to find out just what its
limitations are. The analogue multimeter,

signal 1
generator © 0 o

Alternative connection to
measure Input voltage

|
I :
J = F :
Audio o = : o) O !

Amplifier under test -

EV.M

o] C.R.O.

Y Input

Figure 9. Test bench set-up for measuring amplifier gain.

on the other hand, tends to draw far too
much current from the circuit under test
when the measurements are of a.c.
quantities. The a.c. ranges of such
instruments are really suitable for
measurements at power frequencies, e.g,
the mains supply, but also for reading the
secondary voltage of a mains
ransiormer.

For general use in conjunction with
the type of signal generator just
discussed, the electronic voltmeter with
analogue read-out tends to be the best
choice. Its input impedance of several
Megohms means that it doesn't draw any
significant current from the test point. lis
sensitivity means that it is, usually,
capable of measuring voltages downtoa
few microvolis, while its bandwidth up to
say 6MHz or more, frees it from the
frequency restrictions of the multimeter.
If there is a snag, it is that it tends to be
fairly expensive. However, it is possible
to construct one of a limited specification
oneself, that is still capable of doing much
useful work.

Cathode Ray Oscilloscope

After the acquisition of the basic
tools and a multimeter, this is the
instrument that the serious experimenter
should put high on their shopping list. It is
the most versatile instrument that one can
own and is capable of a very wide range
of applications indeed. Not only canitdo
the obvious, actually ‘observe’ the
waveform; it can measure its amplitude
and frequency as well. It can also
measure phase angles between two

Photo 6, Plan view of fully assembled and wired power supply. Note the use ofa P-clipasa

cable clamp and the wiring of the mains switch.
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waves, say two voltages or a voltage and
a current. It is the most expensive
purchase that one is likely to have to
make, but it isn't that expensive when its
usefulness is considered.

Virtually all oscilloscopes have at
least two traces; some nowadays have
three. Two trace 'scopes’ allow direct
comparison between two waves, a really
useful feature, The vertical direction of
the display is termed the ‘Y’ direction
while the horizontal direction is termed
X'. The direction mutually perpendicular
to these two directions is termed ‘Z. This
axis is straight down the centre of the
tube; on a ‘two dimensional’ oscilloscope,
the ‘Z' axis is displayed by modulating
beam intensity and, yes, it does have a
use too, sometimes!

Each of the Y" inputs has its own
amplifier, with variable gain, calibrated in
mV/cm or V/cm. The X' direction is also
known as the ‘timebase’. The spot of light,
generated by the electron beam hitting
the phosphor screen at the front of the
tube, is swept from left to right, then
rapidly returned to the left to start a new
sweep, and so on. The variable timebase
control is calibrated in ps/cm, ms/cm or
s/cm.

Associated with each 'Y’ amplifier is
a shift control: there is also one for the X'
direction. These allow the display to be
shifted around and positioned as
required. Other facilities, often less well
understood for some reason, are the
triggering (synchronising) conirols. The
purpose of these is simply to synchronise
the frequency of the waveform being
observed with the timebase frequency.
This ensures a steady display. The
problem that newcomers find confusing
arises because of the various options
(quite essential) that the instrument
maker has provided to ensure a rock
steady display under a variety of
conditions. This means it is necessary to
understand how to set several switches in
combination, perhaps a potentiometer as
well, in order to get a stationary frace on
the tube.

Figure 8 shows how to set up a test
bench for measuring the gainof an
amplifier. The signal generator supplies
the input to the circuit; its value would be
set up by using the EVM initially. The
latter instrument is then connected across
the output, as is one Y input of the CRO.
Measurements of the output voltage at
different frequencies can then be made
and the gain calculated knowing the
amplitude of the input voltage. This can
be repeated at various frequencies to see
how the amplifier gain varies overa
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particular frequency range. The purpose
of the CRO in this case is simply to ensure
that there is no significant distortion in the
output waveform.

Measurementis on audio amplifiers
could occupy a sizeable article in its own
right. This is nothing more than a brief
introduction to the subject.

The Project — a versatile
Power Supply

We can't do very much
experimenting in electronics without
suitable sources of d.c. voltage. While
most TTL digital circuits require only a
+8V supply at modest current and many
operational amplifiers will be happy with
a balanced +15V supply, a variety of
other circuits need anything from about
3V to 20V or more. This power supply
design caters for all of the above cases
and details are given for its construction.
IC regulators are used throughout, thus
minimising the component count and
cost. The complete circuit diagram for
this power supply is shown in Figure 10.

The circuit uses a miniature mains
transformer with a dual secondary
arrangement. These latter windings are
connectied to a bridae rectifier BR1 so as
to produce a pair of unregulated d.c.
ouiputs of equal value but opposite
polarity. These voltages appear across

AEA) AT S T E A AT

¥

SE N AT URE O P N AT T

suggested layout for the front panel. The
case specified will accommodate the
circuit components adequately. Some
flexibility has been left in the actual
physical arrangemenis of the unit. It is
siressed, however, that this project
should only be undertaken when the right
level of competence in soldering, etc.,
has been attained and/or supervisory
help from a more qualified personis
available. Particular care should be taken
with the mains wiring of the unit; the
mains cable should be securely anchored
to relieve stress on the transformer
connections.

Testing the
Completed Unit

When wiring is complete, a visual
check should be carried out to detect any
errors, bad joints, etc. Make sure that the
electrolytic capacitors are the right way
round and that the rectifier and
transformer are correctly connected.
Particular care always has to be taken in
the case of mains-operated equipment.
When satisfied that all ought to be well,
the time has come to switch on. If this act
produces nothing other than a comforting
silence, a voltmeter should be used to
check the outputs of the +5V and =15V
sections, Then the variable output should
be checked, giving an approximate

TN ATER S 2 R AR,

such items. Apart fromsaving
substantially on the cost of factory made
equipment, there is the satisfaction
aspect, as well as the increasing seli-
confidence.

Appendix

1, Energy Stored In A Capacitor:

The capacitor is able to store energy
in the form of'an electrostatic field
between its plates. While it is storing
energy, a voltage exists between its
terminals. The amount of stored energy is
calculated from:

The energy W (Joules) stored’in a
capacitor of C (Farads) with a terminal
voltage V (Volts) is given by:

W=(1/2)xCxV?

Exzample: a 10uF capacitor with a
terminal voltage of 20V is storing;
0-5x 10x 10 °x 20°
=0-5x 10~ x 400
= 2 m] (milli-Joules)

2. Energy Stored In An Inductor:

The inductor (coil) is able to store
energy in the form of an electromagnetic
field within its turns, While it is storing
energy, a current is flowing through it.
The amount of stored energy is
calculated from:

The energy W (Joules) stored in an
inductor of L (Henries) with a current of I

the large value electrolytic capacitors C1 range from 3 — 20V. The variable control (Amperes) flowing is given by:
and C2 respectively. The nominal values should, logically, produce an increasing W =052 Lx L2
of these voltages appear on the circuit for voltage as it is rotated clockwise. If all is =
reference. The positive d.c. output feeds well, the unit can be boxzed up, the Exzample: a 20H coil carrying a
all three regulators, while the negative terminals marked with Letraset to current of A is storing:
supply is used only for the 4195 regulator indicate the outputs and you now have 05220x%5°
in order to develop the — 15V output. your own ‘hand-built’ power supply ready =05x20x25
A stripboard design is given, asisa for use. Perhaps just the first of many = 250] (Joules)
4185
L L L200
~cour [ 1] 5] -vir sE——Joutrur 78105
awo[2] BT O T T
2 E——JLIMITiNG 1 2 (Red) _
~cous [ 3| s e f} —TY 1) g 1 l 0 +5V
v [5] BEY 100mA
L] =1 78L05 e = | 155 roey
! |3 I (Black)
ouT (2} Ni1)
commia) 4195 (Red)
O +15V 100mA
4 Ic2 5
| . 0 —15V 100mA
< e l ST ol 5 .L (Blue)
+ c4 caC6 mmC7
SRR Clig =8 100nF C5  mmqouF =3 10uF
l | 1A A/S 1000uF | | _ 100nF
240v | N l ooV
50Hz | i_il- R2 (Black)
E l . ?gao F 1200 [2
N D—-O-/O-—A—I J u 1R5
$1 11 [Gov —21V - s
L Ic3 0 (Red)
—— +3V to +20V
=m CB
== 270nF 3 4 S00maA
R3 RV1 ov
EO {1 - —0(Black)
820R 10k

Figure 10. Circuit diagram for the power supply project.
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POWER SUPPLY PARTS LIST

Resistors .

Rl 47 |(M4KT)
Ra 15R (MIRS)
R3 820R (MB20R)
RVI 10k lin. pot. (FW02C)
Ci2 1000,F 35V Axial Electrolytic  20ff  (FBS3E)
c3 10nF Disc Ceramic (BXUOR).
C45 100nF Disc Ceramic 2off  (BX03D)
Cs.7 10uF 25V Axial Electrolytic 2off  (FB22Y)
cs 220nF Disc Ceramic (JLO1B)
IC1 78105 (QL26D)
ic2 4185 (XX02C)
1c3 1200 (YY74R)
‘Transformer T1 0-15V; 0-15V 10VA (LY03D)
Bridge rectifier BR1 type W01 (QL38R)
Fuse IAAS (WRISV)
Knob : _ tosuit
4mm Socket, red 3off  (HFI3Q)
“4mm Socket, black 3off  (HFG9A)
4mm Socket, blue loff  (HFI0M)

In the December 89— January "90
lssue of *Electronics — The Maplin
Magazine we set the “Take Your Pick
Competition”. Entrants had to correctly
identify three evervday electronic
components and suggesta subject foran
article or feature that they would like'to be
included in the magazine. A choice offive
superb prizes were available for the winner
to “take their pick’ from. The prizes were.

a Triple Trace 20MHz Oscilloscope: a
6-Channel Mixing Desk: a Laser Tube, PSU
& Controller; a Remote Control Computer
Graphic Equaliser or a VHE FM 2m 45W
Transceiver.
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The correct answers were as follows:

1) 500 N Series Male Coaxial Connector.

2} 0.25\W Horizontal Mounting Garbon
Preset.

3) 2200uF 63V Snap-in Electrolytic
Capacitor.

The winner was 25 year old Lorne
Mason from ford, Essex, who correctly
identified the three components and gave the
following answer to the supplementary
question, [ would like to see an article on. ..
“The electronics behind electronic fuel
injection and management systems in cars.’
"This answer, was in the judges opinion, the
best suggestion. The editorial team are now

Presentation of the Oscilloscope to Lorne
Mason (left) by Maplin's Technical Author
Robert Ball.

searching the length and breadth of the
country to collate information for an article
on car electronic management systems,
watch this space!

Laorne has been-a Maplin customer
since 1980, he first became interested in
electronics some 8 years earlier at the age of
7. Apart from being a keen habbyist, he also
excelled at school and university; with
qualifications to the tune of 10 GCE 107
Levels, 2 GOCE ‘A’ Levels and a Bachelor of
Science Honours Degree. He currently
works as a Broadcast Engineer for the BBC
Waorld Service at Bush House in London,
where he maintains all manner of studio
electronics and transmission equipments
encompassing analogue, digital and radio’
frequency circuitry. Not surprisingly, Lorne
also holds a radio amateur's broadcasting
license. With his interest in radio, we
thought he would choose the VHF FM 2m
43W transceiver, but instead he chose the
Triple Trace 20MHz Oscilloscope; which he
said would be of great worth when designing
and building electronic devices.

Lorne has built quite a number of
Maplin kits, and when he got engaged to his
fiancée, Sarah, he threw a party with the
sound system built almost exclusively from
Maplin parts! The conerete lined
loudspeaker cabinets (which take two people
10 lift) are fitted with 12in 150W Big Cat
loudspeakers. 50WW bullet tweeters and
HPX2 high power erossovers. Perhapsa
future design for the magazine?
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Resumeé

In Part One of this article, a detailed
description of circuit operation was given.
In Part Two of this arficle we present full
constructional details for the NICAM
Stereo Tuner Accessory Kit which fogether
with the Decoder and TV Tuner Kits
build-up info the complete TV Tuner Unit.

PCB Assembly

For general information on seldering
and assembly fechniques please refer to
the ‘Consiructors Guide’ (stock code
XH79L) included in the Maplin kit. The
PCB's have a printed legend to assistyou in
correctly positioning each component, see
Figure 6. Removal of a misplaced item is
quite difficult so please double-check each
component type, value and its polarity
where appropriate, before soldering! The

NIC
SION

d
T, pDIN an
. ?’E\ﬁﬁo sockets

h-button
] “I'::cﬁon swﬂches

following instructions give some more

specific assembly information relative to

this kit:

Socket PCB

1) When fitting the PCB mounted sockets
SK1 to SKé make certain that they are
pushed down firmly on to the surface
of the board. _

2) After soldering in the thyristor, TH1,
bend it down so its metal tag is resting
on the PCB.

Switch PCB

1) When fitfing the IC socket, ensure that
the nofched end matches the block on
the PCB.

2) Following the instructions in Photos 1,
2 and 3 convert the locking action of
four of the 2-pole latch switches in to
momentary action.

3) With its two tapped M3 fixing holes
facing forward, fit a single laich

S
i

=

B o
J/-//'J'J'L_-'Jé.\tlc:i

ELEGTR

AM

case
* Voliuge;l
in
LD indicators

bracket to a locking action switch and
install it at S1. '

4) Repeat this assembly using @ moment-
ary action switch and install it ai 52.

5) Withthe two tapped M3 fixing holes of
the 6 way latch bracket facing
forward, install two locking action
switches at the S8 and S12 posilions,
see Figure 7. 5

6) DISCARD one of the 3 way latching
bars and the bridging piece, see
Figure 7.

7) Place the other 3 way latching bar
inside the 6 way latch bracket at the
S9, 10 and 11 positions, see Figure 7.

8) Nexl, install the switches, see Figure 7.

9) Position the leaf spring at the end
switch S11 and secure it by bendin
down the iwo fixing lugs, see Figure ;

10) Test the interlocking action of the
switches before fitfing the completed

Photo 1, Remove the retaining clip
keeping the spring-loaded plunger
pushed in. : '

16

Photo 2. Insert plastic non-latching
retainer.

Photo 3. Swﬂ:h ready fdr mounting
on é way bracket, ;
Maplin Magazine  August 1890
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Band fiuing lugs mRIEdt LELDDS
to held in position o
- Bmm %«— Flat
Cornponant
Net side
! required
~ | K
E Ill A
~ f Display
View showing 4-3_“:‘!“ Flat PCB
S 5.&?:?.?? ‘i'&di 11 Infra—red
Bridging M1 1 — phot};::mde
3| | e AT |l
ﬂ ﬂ Eﬁ; ] el L = ] -
Al Compenent
i | side
Momentary i : L
= | s RN
|‘ =—— info brocket
| | undar switchas i
I B r wo A P Figure 8. Mounting the LED's and
| (1] Infra-Red Photodiode.

\E{J \ .

Leaf sw‘:-“?ﬁ :}:i s?::g luigs ) :
=t amich_ A wpring Display PCB
:::ﬂl'fuﬁ'h?}i in position
i i _
£
Figure 7. 5-Way Switch Assembly.
Switch PCB
M3 it l Figure 10. Soldering the Display
B PCB to the Switch PCB. .
B-— M3, 6mm Bolt -
unit to the PCB.

11) Ensure that all the switches are down
firmly on the surface of the board
before soldering.

Display PCB

1) Examine the printed legend with care
as a dotted outline indicates when a .
component is fo be mounted on the
other side of the board. This applies to

Support bracket —— <—Display P.C.B

32 Latehbracket lhle Eollowmg components:
Click switches S3 to 57.
BBA 3/40:Boit ] | A i Double digit display DY1. .
'~ Red LED's LD1 to LD5.
Infra-red photodiode IR1. : .
Switch P.C.B i 2) When fitiing the IC sockets ensure that
WEER P eB T youinstall the T..ppro riate one at each
position, maiching the noich with the
BBAH‘:T/:hrWdBd—' u iy LMIS nut block on the board.
B " | M3, 6mm Bolt 3) DO NOT install IC2 until it is called for

/ - during the fesling procedure.
Tunek cose / G 4) Referring to the information provided

6BA washer in Figure 8, mount LD1 to LD5 and IR1.
5) When fitting the ‘Minicon’ connector
BA 16 bolt
S e PL1 ensure that its locking tag is facing
away from PP3 and PP9.
6) Fit six M3 nuts inside the switch
Figure 9. Fitting the Display PCB to the Switch PCB. brackets and six M3, émm bolis
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through the under-side of the switch
PCB, see Figure 9.

7) Position the display PCB so that the
numbered PP solder pads all line up
with the PP pads on the switch PCB.

8) Fasten the two boards together using
six M3 6mm bolts, see Figure 9.

9) Solder ihe PP pads together as shown
in Figure 10.

10) Position the display PCB support
bracket (stock code JR72P) at the
fixing hole near to S3 on the display
board.

11) Secure it with an M3 nut and an M3
6mm bolt, see Figure 9.

12) The other end of the support bracket is
secured using the 6BA hardware
during the final assembly procedure.

This complefes the assembly of the |
three PCB’s and you should now check
your work very carefully making sure that
all the solder joints are sound. It is also
very important that the solder side of the
circuit boards do not have any trimmed
component leads standing proud by more
than 3mm, as this may result in a short
circuit.

Wiring

Before commencing the wiring,
arrange outside of the case the accessory,
tuner and decoder PCB's into their final
working positions. A wiring diagram
showing all the interconnections is given in
Figure 11. An additional wiring chart is

provided in Table 2 which has differently
shaped symbols to indicate the type of
cable used for each connection. This
connection is made where the horizontal
row and verfical column crosses over the
symbol, i.e. socket PCB P1 to switch PCB P1
using ribbon cable.

The majority of interconnections run-
ning befween the PCB's are made using
different coloured groups of ribbon cable.
This simplifies the tracing of separate
connections, just in case there is a tault in
any given part of the completed unit. No
specific colour has been designated for
each ribben wire connection, it is entirely
up to you. Strip off from the main 10 way
group whichever number of wires are
required for each installation. The wire

m
[&]
[
ANc!S‘:.o,ioTryunfét Socket Switch Display ¥
Wiring Chart PCB PCB PCB 33
zZa
PL2
<0 anvnoocrer B 2N 08k A8 8 nho DRI RE RN
S o RS G T W T MM N i M )
P1 | 1Al 11 [ 1 | ] ] ] i I i I
Socket PCB P2 ! Al ] [ 11 [ [T i 1|
P32 1 i 1] BEEE |
1 | TS L] EIEEEREN | I
NICAM 2 | 1A | | | | | '
tuner PCB 3 1 | | 1 = T |
PO 4 I EEEERET ]
5 | 0] 11 ' [ T1 |
B | | | 11 Al i j | | |
1 | | | | | =
PRI, 11 . ] [ , o
1 | i | |
P3| O ] , i _
1 | | | E [ | :
PL4| 2 | | 1 (=] | |
3 | | | B I [| |
1 | | | | fe | | |
P o [T T { 1] . -
1 | [ 1al ] 11 T 11 -
NICAM | I | | Al I |
decoder PCB 1 I | | T T T [ 1al T11
2 | HEEEN [ | 1| [T
3 | | | | | 111 | | :
4 | ] | | | | | Al ] | i
P ! | a O
6 | | | | | Al | 1
7 | | I | | | |
B | | | | Al | |
1. | | | | | | |
2 ] ! i 11 | | | |
3 [ . 1] Iy 1 | r I |
4 [ | 11 A : |
Ple] s P11 |l i |
& 1 la 1]
7 111 LT
B | ! A |
i | ] =]
2 ] | I | O |
FA 3 ] i | E | ’
4 | O
1 18] 111 | ],
2 O | | |
G Il = - I
4 5] | I |
1 i A |
2 | A |
=1 I | | | | A
PL7 & [T | I ._ A
5 | | | | | A
6 | [ 11 | i | 1] 1all
Cables 0 Screen ) Audio B Screen ) RF (750)
screened screened
A Ribbon (Any colour) = Centre ) caoble = Centre ) cable

Table 2. Wiring Chart.
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Figure 11. Wiring.

connections to the main NICAM boards
are made using Minicon connectors
supplied in each kit and the method of
installing them is shown in the accompany-
ing instructions.

When using the screened cable it is
most important thai the outer braiding
should not be able to come into contact
with the centre conductor or anything else
on the PCB. From the funer kit (stock code
LPO9K), use the phono plug and a short
length (approximately 100mm) of mini-
alure coaxial cable to make up the aerial
input lead. Push the phono plug firmly into
the socket on the tuner module. DO NOT
wire to the coaxial TV aerial socket at this
fime.

Finally, install two 35mm lengths of
ribbon wire at P9 and P10 on the switch
PCB. DO NOT wire up the fuse holder until
it is called for during the final assembly
stage. This completes the wiring of the
PCB's and you should now check your
work very carefully making sure that all the
solder joints are sound.
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Final Assembly

The PCB’s are designed to fit info a
pre-drilled and printed case which is
included in the NICAM tuner accessory kif,
or is available separately using the Maplin
stock code XMB81C. Before installing the
wired-up boards you must complete the
following:

1) Remove the black painted lid from the

case.

2} Follow the instructions given in Figure
12, and cut the red display filter into
four pieces.

With a good quadlity glue (impact
adhesive) attach them to the inside
front of the case at the positions shown
in Figure 12.

Using a 6BA ¥isinch bolt with a
washer under its head, install the
hexagonal PCB spacers, see Figure 9.
Stick onto the base the four square
rubber feet.

Carefully position the PCB's inside the
case so that their fixing holes line up with

3)

4)

5)

the hexagonal spacers. Secure the boards
with the 6BA 34sinch bolts and washers.
DO NOT use a washer on the display
support brackel, see Figure 9. Referring fo
Figure 13, mount the TV aerial socket and
connect up the coaxial lead coming from
the tuner board, see Figure 11. The SCART
socket SK5 is held in position using the M3
hardware as shown in Figure 13.

Next install the fuse holder on fo the
back panel and solder its terminals fo the
wires coming from P9 and P10 on the
socket PCB, see Figure 11. DO NOT fit the
1A fuse until it is called for during the
testing stage.

Fit the five square white caps on to the
channel, tuning and store click switches S3
to S7. Findlly, push on the coloured
reciangular buttonsin the following order:
White — Audio Tune (52).

g?{ — NICAM/FM (S8) and UK/Cont

):

Grey — M1+M2 (59), M1 (510) and M2
(S11). .
Red — Power On/Off (S1).
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NICAM Tuner case, inside front

Figure 12. Fitting the Red Display Filter.

Testing and Using

In the following tesis it is assumed that
you have already successfully built, tested
and aligned the NICAM funer (stock code
LPO9K) and decoder (stock code LPO2C).
The DC tests for the accessory boards can
be made with a minimum of equipment.
You will need a multimeter and a regulated
+12V DC power supply capable of
providing at least 600mA (stock code
YZ21X). The readings were taken from the
prototype using a digital multimeter, some
of the readings you obtain may vary
slightly depending upon the type of meter
employed. Before commencing the tests
check the following:

1) Fuse FS1 is NOT fitted in the fuse
holder.

2) Power switch S1 is in its OFF position.

3] NICAM/FM (S8) and UK/Cont (S12)
are both OUT.

4) M1+M2 (S9) is pushed IN.

5) 1C1 on the switch board is installed.

6) RV onthe switch board is setfo ifs half
way position.

7) 1C3 and 4 on the display board are
both installed.

8) 1C2 on the display board is NOT fitted.

The first test is to ensure that there are
no shori circuits before you connect the DC
supply. Set your digital meter to read ohms
on its 2k(2 (Diode Test) range. With the red
lead on P10 and the black on P1 a reading
greater than 2k should be present. When
the test leads are swapped over a reading
of approximately 500() should be
observed. However, this test condition may
be reversed when using an anaclogue
multimeter. Repeat this test with the power
switch S1 pusﬁed in and with the probes
either either way round you should now
observe a reading of approximately
2500,

Next select a suitable range on your
meter that willaccommodate a 700mA DC
current reading. Before connecting the
meter do the following:

1) Check that no fuse is fitted in the
holder.

2) Checkthat the power switch S1 is OFF
{out position).
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3) Check that IC2 on the display PCB is
NOT fitted.

4) Remove the power plug PL1 for the
NICAM tuner board.

5) Remove the power plug PL1 for the
NICAM decoder board.

6} Check the polarify of your 12V DC
supply, posifive to the cenire pin of the
2.5mm plug.

Now connect the test leads to the
terminals on the fuse holder, red to the side
terminal (P?) and black to the end terminal
(P10). When the power is applied to SK1
no standing current should be registered
until the power switch S1 is pushed in.
When switched on an initial reading of
approximately 10mA should be observed
and as the following is reconnected this
current drain should increase:

1) Connect PL1 on the NICAM tuner
board, current reading approximately
230mA.

2) Connect PL1 on the NICAM decoder
boord, current reading approximately
425mA.

As the power fo the decoder PCB is
connected the FM LED, LD5, should light
up. Disconnect your multimeter and install
a one amp fuse in fo the holder.

MNow set your meter to read DC volis.
All voltages are positive with respect fo
ground, so connect your negative test lead
fo a convenient OV ground point on the
unit, i.e. PP2 on the switch/display PCB's.
With the power connecied and the unit
swiiched on ihe following approximate

readings should be present:

Circuit ref. Voltage (+V)
P1,4,6,24,25 — 30 0
P2,3,5,20,31,32,PP4,PP9 12
P7 0-4
P8 33
P9 45
P10,23 0:6
P11 ' 65
P12—15,18,PP5 5
P16 9-7
P17,19 and PP7 1-4
P21 103
P22 2:6

Adjust the preset resistor RV1 on the
switch PCB to obtain a voltage reading of
precisely +25V on TP1 and PP1.

Turn off the unit and install IC2 on the
display board making certain that all its
pins go into the socket and the pin one
marker is at the notched end. When
powered up channel number one should
be indicated by the double digit display
DY1. Keep the channel up ‘button (S4)
pressed in and every half second this
number should increase by one until it
reaches sixteen. The supply current will
increase from approximately 475mA to
537mA as more segments of the display
are used, i.e. numbers 8 and 16. Test the
channel down button (S3) and observe the
decreasing numbers which will flip back fo.
sixteen as channel one is passed.

Next, connect your digifal DC volt
meter fo P7 on the display board. Push in
the fune up bution (S6) and observe the
increasing positive voltage which should

Flush M3, 6mm bolt
co—ax socket |_
y and M3, 10mm bolt
C ! +— Case back—<

SK5
scart socket

faalll | =

% %’]

M3 nut

B —— pes

Figure 13. Fixing the Sockets to the Case.

21




VTP TP TIT I TSI

reach approximately +30V before drop-
ping back fo +0-4V. When the tune down
button (S5) is pressed the opposite
condition should occur. If you press the
store button, then that voltage present on
P7 will be assigned fo the currently
displayed channel number.

The best way fo fully test the tuning is
fo connect up your TV aerial, video
monitor and audic amplifier to the unit.
However, if your stereo equipment has a
SCART connector then only one multiway
inferconnecting lead is required, see Figure
14. The audio and video cables used to
make up the SCART lead must have
separate screening which connects to the
relevant common return pins.

As you tune through the TV stations
you should find the sirongest and clearest
picture for any given channel, then store it.
The audio signal is automatically muted
when the funing buttons are used.
However, this function can be overridden
by pushing in the audio tune switch 52. This
will not disable the interstation muting but
will allow you to listen to all the spurious
sounds as the stafion is tuned across. Why 2
Because if you are only using the unit with
an audio amplifier you would never know
if a TV station was being tuned through.

Once you have successfully tuned in
and stored all your local TV stations,
hopefully some with NICAM, test the
NICAM/FM switch S8. As this switch is
pushed in the NICAM LED, LD4, should go
out and the FM LED, LD5, should light up.

Audio Output left
Audio Output right
Audio Input left
Audio Input right
Audio common return

Il . la 3
1 ey = —= 1
6 = = = e 6
2 o e 2
4.

Audio Output left
Audio Output right
Audio Input left

Audio Input right

Video Output 19->_<419 Video Output
Video Input | 20 20 | Video Input
Video return | 17 <17 | Video return

4 Audio common retum

Function switching

Function return | 18

8 | Function switching

18 | Function return

Common return | 21 »21 | Common return
Scart
plug to plug
composite video and stereo audio
unused pins : 5, 7, 9—186

Figure 14, SCART Lead.

When receiving British TV siations, the FM
sound switch $12 should be in the UK
position (oul). However, if you are
fortunate enough to receive continental
TV, try selecting the Cont option.
Normally when receiving a NICAM
signal, the stereo LED LD1 will be on,
although the programmes sound frack can
still be in mono. The state of this LED and
the mono 1 and mono 2 LED's is controlled
by the engineering staff at the TV station.
Sometime in the future itis hoped that using
the two channel mone mode, bilingual
programmes can be made available.
When, or if, this happens your receiving
equipment must have the facility to select

one or other of the mono sound tracks.
When pushed in, the M1+M2 switch (S9)
will put the mono 1 signal on the left
channel and the mono 2 signal on the right.
The M1 switch (S10) puts the mono 1
signal on to both channels while the M2
switch (511) selecis the mono 2 signal.

Finally, to test the reverse polarity and
over volis protection circuit you must have
some spare one Amp 20mm fuses. If your
power supply has ifs own short circuit
protection then the fuse in the project may
not blow under ftest. This condition is
acceptable as it offers the same degree of
protection to the unit. Before commencing
the test, do the following:

MAPLIN’S TOP
TWENTY KITS

KT

V//4VICIPLINN

Do you Enjoy your work?
Or would you prefer to
Work at what you enjoy?

IT you are an electronics enthusiast and looking for an interesting
career with a furure, Maplin has the answer.

We currently have vacancies for

Vs

JUNIOR AND SENIOR
TECHNICAL SALES STAFF

At SOUTHAMPTON and our new store shortly
to open in BRIGHTON

These vacancies are being created as a result of the Maplin éxpansion
program and offer real prospects up to and including Branch

A knowledge of sales, although an asset, is not essential. But, to
become part of the team you do need to be self motivated and have a
cheerful personality. Applicants should also be smart and have 2
knowledge of electronic components.

We offer excellent working conditions and job security, plus a good
salary with commission and a realistic pension scheme.

THIS LAST ORDER DETAILSIN
MONTH DESCRIPTION OF KIT CODE PRICE PROJECTBOOK
1. (1) 4 Digital Watch FS18U £1.98 Catalogue
2. (3} o 150WMOSFETAmplifier  LW51F £19.95 BestofE&MM
3. (4] e CarBatteryMonitor LK42V 895 BestofE&MM
4. (2) < LiveWireDetector LKe3T £395 14 (XA14Q)

5 (8] e URProx.Detector LM13P £9.95 20 (XA20W)

6. (7] e Partylite LW93B £9.95 BestofE&MM
7. (9] e SirenSound Generator LMd42V £385 26 (XAZ6D)

8 (5) « MiniMetal Detector LM35Q £5.25 25 (XA25C)
9. (10) o TDA2822StereoPowerAmp LP0O3D £645 34 (XA34M)

10. (17) e CarBurglarAlarm LW78K £9.95 Comp2(XC02C)
1. (14) « 8WAmplifier LW36P £5.95 Catalogue
12. (13) « PWMMotorDriver LK54) £9.45 12 (XA12N)
13. (6] = WattWatcher LM57M £395 27 (XA27E) s
14. (18] e U/SonicCarAlarm LK755 £19.95 15 (XA15R) N .
15. (12) = 15WAmplifier YQ43W £645  Catalogue
16. (11) < LM386Kit LM76H £375 29 (XAZ9G)
17. (-] « URRemoteSwitch LMBIA £18.95 33 (XA33L)

18. (15) - Digital Playback LM85G £1495 31 (XA31J)
19. -} & StereoPre-Amp LMB8Y £5.25 33 (XA33L)

20. ] o 50WAmplifier LW350 £1845 Catalogue

Over 150 other kits also available. All kits supplied with instructions.

The descriptions above are necessarily short. Please ensure you know
exactly what the kit is and what it comprises before ordering, by checking the
appropriate Praject Book mentionedin the list above,
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Apply in writing enclosing CV to: David Snead, P.O. Box 3,

Rayleigh, Essex. Or for further information, ring 0702 534153,

Ifvouare seeking an interesting career in 2 Hi-Tech environment then
CONLACT us

NOW!
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1) Switch off the power (S1 out).

2) Disconnect the power supply from the
unit.

3) Check that a 1A fuse is fitted in the
holder.

4) Set your multimeter to read DC volis
and connect it to P2 on the switch PCB.

Now reconnect the power supply but
in the reverse polarity, i.e. negative to the
centre pin of SK1. No negative or positive

voltage should be registered by the meter
and on inspection you should find that the
1A fuse has blown.

To test the over volis protection circuit
you must have access to a bench power
supply which has a continuously variable
voltage output rated at 1A or more. With
your multimeter still connected to P2,
slowly advance the voltage and as you
reach approximately +15V the circuit
should fire, blowing the fuse.

I IGI TIPS IO TITIT I TP IT TSI I IS II V4

Future Development

In a future part of this series we will
present an infra-red remote control system
which will allow you to change channel
and adjust the audio level from the NICAM
tuner unit. Watch this space!
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NICAM TUNER ACCESSORY KIT MISCELLANEOUS
PARTS LIST chl 1ARF Choke ] (HWO4E)
| S g, 1 e
: % z Ceramic Resonator
E’fs{iT%“ég,“-ﬁ‘?’o‘k'“ Metal i p (MI0K) 5KI PCB 2.5mm DC Power Socket 1 (FKOSG)
L e st
4, ono ef”
E%;i""“’” %ﬁ 3 {;‘35&} SK5 PCB SCART Socket ] (FVB9W)
R7.12 2R2 2 (M2R2) PL1 PCB Latch Plug 1 2-way 1 {YW14Q)
RS 1R 1 (MIR] Co-ax Socket Flush_ ~ ] (HHO9K)
RO 180R i (M180R) DIL Socket 14-pin 2 (BL18U)
R10,22 1k5 2 (M1K5) DIL Socket 16-pin 1 (BL19V)
R11,32 27k 2 (M27K) DIL Socket 40-pin ] {HQ38R)
R13,48,49 47 3 (M4K7) 51,2,8-12 Loichswitch 2-pole 7 (FH67X)
R14,24 100R ) (M100R) Latchbracket Single 2 [FH755)
R15 6k8 1 [(M6K8] Latchbracket é-way 1 (FHBOB)
R17 82k i (M82K) Ret Laichbutton White 1 [FH64U)
R1B 56k 1 (M56K] Rct Latchbuiion Red 1 (FH&3T)
R19,20 33k 9 [M33K) Ret Latchbution Grey 5 (FH625)
R21 3k9 1 (M3K9) 53.7 Click Switch 5 (FF87U)
R23 3k3 1 (M3K3) Click Cap White 5 (FF94Q)
R26 12k i (M12K) FS1 Fuse 20mm 1A 2 [WRO3D)
R27 5ké 1 (M5Ké) S?f'usaho_lder 20 i (RX94E)
R28,43,4445 1k 4 (M1K) Display Filter Red 1 (FR34M)
R33 330R 1 (M330R) Ribbon Cable 10-way 1 Mtr [XRO4G)
R34-40 480R 7 (M68OR) Cable Twin 1 Mir (XR21X)
R41,42 10R 2 (M10R) NICAM Tuner Sol;kel PCB 1 (GE38R)
RV 4K7 Hor Encl Preset 1 (UH02C) NICAM Tuner SwitchPCB 1 (GE36P)
jesEEor 1L o
CAPACITORS ICAM Tuner Cose
C1,2,47,919, 100nF 16V Minidisc 11 [YR75S) Stick-on Fest Square 1 Pkt (FD759)
B Gy
C3 2200uF 16V PC Electrolytic 1 FF60Q <0 x6mm s
G5,6 Ioggg(:emmic Y 2 \ 6!.} lsobolt M35 10mm 1 Pkt (HY30H)
€8,30,31 220uF 16V PC Electrolyfic 3 (FF13P) Sanut i 2Pds  (BF58N)
10 10004F 16V PC Elecirolyfic | (FF17T) Spacer M3xVsin 1Pt (FG32K)
Cl1 1F 100V PC Elecirolytic 1 (FFO1B) Bolt 6BA % 31sin 4 Pkts {JR7Z1N)
Ci2 2200pF Polysiyrene ] (BX375) 6BAWasher. 4Pds  (BF22Y)
C1315 100nF Monores 2 (RA49D) Spacer §BAX V4in 2 Pkis (FD1OL)
E};}g 1004F 35V PC Electrolytic 2 ULV Constructors Guide 1 (XH79L)
1 220pF Ceromic 2 60Q = Wy
20 4n?FPPoiy Layer 1 mz{soi OPTIONAL [not in kit)
21,22 100nF Poly Layer 2 (WW41U) Mains Adaptor DC 12V 600mA 1 (YZ21X)
c23 150nF Poly Layer ] (WW43W) NICAM Tuner Kit ! (LPO9K)
C24 47pF Ceramic 1 WX52G) NICAM Decoder Kit 1 (LPO2C)
C25 47 uF 25V PC Electrolytic 1 (FFOBJ)
C26,27 10uF 50V PC Elecirolytic 2 (FFO4E) The above items, excluding Optional, are avalioble as a kit:
Order As LP18U (NICAM Accessory Kit) Price £69.95
SEMICONDUCTORS
g; }:3300? } é}ggé}; The following items are also available separately:
D345 1N4148 3 (QLBOB) Switch PCB Order As GE36P Price £8.45
2! BZVEBCI5 ! (QH18U) Display PCB Order As GE37S Price £10.95
Ll o red hotodiade ! toly Socket PCB Order As GE38R Price £3.25
TR2 2N3903 1 (QRI9N) NICAM Cose Order As XMB1C Price £19.95
THf C106D ] {QHEGH:I NICAM Bracket Order As JR72P Price £2.45
IC1 pA78540 1 {UF375) M491BB1 Order As UL60Q Price £9.45
Ic2 M491BR] 1 (UL60Q) 455kHz Resonator Order As UL61R Price 68p
IC3 741504 ] (YFO4E) 4m7H Choke Order As JM95D Price 60p
IC4 741511 ] (YFO9K)
RG1 LAT8LOSAWC 1 (QL24D) Now available; the Decoder kit, the TV Tuner kit and the Accessory kit
LD1-5 Mini LED Red 5 (WL32K] shown here, fogether in one super kit at an astonishing price:
DDI1 DD Display Type A 1 (BY&EW) Order As LP19V (NICAM Tuner System) Price £139.95
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A Concise
Introduction to
MS-DOS

by N. Kantaris

AllPC users who want togel the best
outof thelrcomputerin terms of
efficiency and productivity must learnits
PC/MS-DOS operating system. This
book will helpyou todojust thatinthe
shortestand most effective way.
Written with the busy ‘non-expert’in
mind, ithas anunderlying struciure
based ontheidea thal the things that
youmaosineed loknow firsiare
explainedfirst. However you nesd not
startal the beginning and go throughto
theendif you don't want to, more
experienceduserscangoloany
section.

The book provides enlightenmeant about
suchthings as whathappens whenihe
computeris first switched on, and the
files ituses asit’auto-bools’ frama
systemdisk, how touse 'EDLIN.COM’
towrite your own ‘CONFIG.SYS and
‘AUTOEXEC.BAT files (and also what
townite!), and how to organise your disk
storage using sub-directories. Covers
allversions of 3.x of both PC-DOS and
MS-DOS asimplemented by IBM and
othermanufaciurers of ‘compatibles’
including Amsirad. The menudriven,
graphicalinterface version4.0is also
mentioned. Since in reality your DOS
manual is litile more than areference
manual or memory jogger, this book is
essentialreading for making senseof
the manual and properly managing your
system's environment.
1989.80 pages. 198 x 128mm,
illustrated.

Order As W594C (Cnse intro MS-
DOS) Price £2.95 NV
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ThelLC.E. (In-Car
Entertainment)
Manual

A ‘Haynes’Manual
by Dave Pollard

The L.C.E. (In-Car Entertainment)
manualis acomplete Do-It-Yourselfer's
guidetochoosing and instaliing all
types of audio entertainmeant and
communication equipment. Agreat
many drivers will already have some
formof1.C.E. equipment butmay wish
toimprove fhe quality orrange of
facilities, forexample progressing fram
asimple monoradioloasterso
cassette/radio or CD player, oraddinga
graphic equaliser or 'sub-woofer’
speakersto the latter type of system.
The CB enthusiastis alsowellcatered
for, with detailed advice provided for
choosing the most suiable ‘rig' togather
with full installation instructions.
Valuablz informationis also provided
forfitting mobile ‘phoneor TV, and goes
sofar astoincludecaravans. Contents
include aglossary of termsrelating to
I.C.E., how loplan, prepare and pul
iogethara system, getting fogether
proper lools, conneclors, wireand
fuses, types of electrical connection,
choosing and fitting a radio/cassette,
graphic equaliser, power amplifier.
Choosing bestiypesof cassatiestouse
(notascbyious as you mightihink), and
proper careand storage of them,
including cassetie repairs. Howlo
selectand fita CB radio, and security of
equipment. An appendix provides a list
ofuseful names and addresses.

1989. 168 pages. 276 x 214mm
hard-cover, illustrated.

Order As VWS96E (The ICE Manual)
Price £10.95 NV

Anintroduction to
VHF/UHF for Radio
Amateurs

by l.D. Poole

Theincreaseinthe use of the VHF and
UHFbandsis nowoneof the largest
growth areas within amateur radio. In
fact, mostradio amateurs have
equipment foruse onthese bands,
either for local contacts or simply to
exploitsome of the many interesting
and challenging aspects of sodoing.
This book covers the essentials
required to gain the most from using the
VHF and UHF bands. As suchitwillbe
of use fo both the newcomer and the
moreexpeniancad enthusiast alike,
Topicsinclude propagation, the bands
and channels, aenials, recaivers,
transmitters, and a special chapteron
scanners. In addition, operation of
repaalers and mobiles isincluded
together with DXing and data modss,
and a section on packetradio.

1980. 110 pages. 178x 111mm,
illustrated.

Order As WS93B (Intro VHF/UHF
Radio) Price £3.50 NV

How to Expand,
Modify and Repair
PC’s and Compatibles
by R.A. Penfold

Notonly are PC's and compatibles very
expandable, butbefore longmany
usars actually wish to 1ake advantage of
that expandability and upgrade their PC
syslems. Some aspectsofihiscanbea
bitconfusing, butthis book provides
advice and guidance onthe popular
forms of internal PC expansion, and

shouid help to make things reasonably
straightiorward and painiess, and litle
knowiedge of computing or computer
hardwareis assumed. Allyounsedisio
haveandbe abletooperalea PCaf
some description. Topicsincludea PC
overview, memory upgrades, howto
add a hard drive, how to add anextra
fioppy drive, display adaptorsand
maonitors, fitting a maths co-processor,

~| keyboards, poris, mice and digitisers,

Allare coveredin detail withemphasis
on practical advice rather than theary.
.. Thefinal two chapters deal with
+ maintenance (inciuding the preventive
kind) and repairs and the increasingly
popular subjectof DIY PC's.
1980. 176 pages. 198 x 130mm,
lllusirated.

Order As WS95D (Mod & Repair PCs)
Price £4.95 NV

The Washing Machine
Manual

A ‘Haynes'Manual
by Graham Dixon

The householder'scomplete DIY guide
to plumbing-in, mainiaining and
repairing of automatic, front-loading
washingmachines, including the latest
typeof washer/dryer laundry cenlres’.
All popular makes and models
spanning atleasta decade are covered.
Inthe Haynes tradition detailed step-by-
stepinstructions are linked to
photographs and fault finding flow
charis, enabling the do-it-yourselfer o
diagnose and repair faults quickly,
saving maney on call-out charges and
mainlenance conlracts. Models
covered include those manufactured by
AEG, Aristan, Balay, Bauknecht,
Beekay, Bendix, Blomburg, Bosch,
Burco, Candy, Caravells, Cariton,
Creda, De Datrich, Electra, Electrolux,
Fagor, Frigidaire, Hirundo, Hoover,
Holpainl, Husgvarna, Indesit, Jackson,
Juno, Kelvinatar, Kenwood, Miele, Nefi,
Newpol, Philco, Philips, Prowoda,
Samet, Servis, Siemens, Smeg,
Zanussi, Zerowait. Several useful
chapters deal with stain removal, the
latestinformation on texiile care
labelling codes and jargon.

1988.136 pages. 276 x 214mm
hard-cover, illustrated.

Order As WS98G (Wash Machine
Manual) Price£10.95 NV
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Part 7 by Graham Dixey C.Eng., M.I.E.E.

Magnetic Recording
Principles and Methods

The basic principle of recording on
the surface of a disk, whether hard or
floppy, is similar to that of recording on
audio tape. A head, consisting of a small
coil on a ferro-magnetic armature, is
positioned either in contact with the
surface of the medium or very close toit.
This head, having a dual rele, is termed
the read/write head. During the ‘write’
operation it carries a current (I, in Figure 1)
soas to produce local areas of magnetisation
in the surface of the magnetic medium as
the latter passes beneath it. These are
known as ‘bit cells’, since each will store
one binary digit, or bit, of information.
Narturally, with up to eight million such
cells on some types of floppy disk, they are
rather small in size! During the ‘read
operation’, the head will, by induction,
pick up a minute voltage (Vg in Figure 1)
from one of these bit cells as it passes overit.

Recording Codes

There are a number of ways of storing
binary digits in the bit cells referred 1o.
These are illustrated in Figure 2, to which
the following notes refer.

(a) Return to Zero (RZ): A logic 1 is
represented by one magnetic state for part
of the cell, the rest being returned to zero
magnetisation. A logic 0 is represented by
‘no magnetisation’ throughout the cell.
The write head supplies a short current
pulse to writea ‘1",

(b) Return to Saturation (RS): A logic
1 is represented by one magnetic state for
part of the cell, the rest being returned to
the opposite magnetic state. A logic 0 is
represented by no change from the latter
state throughout the cell.

(c) Bipolar Return 1o Zero (BRZ): A
logic 1 is represented by one magnetic state
(e.g. a Nortlrpole) for part of the cell; a
logic 0 is represented by the opposite
magnetic state (South pole), also for part of
a cell. In both cases, for the rest of the cell

the magnetisation is zero.

(d) Non-Return to Zero (NRZ): A
logic 1 is represented by one magnetic
state, a logic 0 by the other magneric state.
In both cases the whole of the cell is
magnetised.

(e) Non-Return to Zero 1 or Non-
Return to Zero Invert (NRZID): A logic 1 is
represented by a change in the magnetic
flux (in either direction) at the beginning
of the bit cell, while logic 0 is represented
by no change.

(f) Frequency Modulation (FM): At
the beginning of every bit cell thereisa
ilux change; for a logic | there is also a flux
change at the middle of each cell, while for
a logic 0 there is no flux change at the
middle of the cell. This is the method
commonly used for ‘single-density’
recording.

(g) Modified Frequency Modulation
(MFM): The logic I and 0 states are
defined exactly as for the case of FM. The
difference lies in the fact that there is only
a flux change at the beginning of a bit cell
if both the previous and present bits are
logic 0's. This is the method used for
‘double density’ recording.

(h) Phase Encoding (PE): A logic 1 is
represented by a ‘change in the flux
direction’; a logic 0 is then represented by
a change of flux in the opposite direction.

The reader may be interested (and
amazed!) 1o discover that there are several
other codes for disk recording, but this
review should suffice to give an idea of the
various techniques.

Floppy Disks and Floppy
Disk Systems

Floppy disks, also known sometimes
as “diskettes’, are a convenient mass
storage medium for the microcomputer.
They are often referred 1o as ‘backing
store’, meaning that they are additional 1o
the storage provided internally by the
RAM area of computer memery. Not only
can the user employ floppy disks to store
his own programs and data, but much
commercial software, including a large
amount in the public domain, is available
in this medium also. The speed with which
this data can be accessed is quite adequate
for the majority of applications. The price
of disks has reduced substantially during
recent vears, another factor in their favour.

\ i
Bit -

cells Base

{c) The write operotion

(5) The read ocperation
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Figure 1. Action of the read/write head in writing or reading

data in ‘bit cells’.
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Figure 2. Some of the large variety of codes used in disk

recording (see text).
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Photo 1. The three current ‘standard’ disks: left
to right, 3%%in.; 5%4in. and the less popular 3in.

If there is one problem with floppy
disks it is the perennial one of ‘standards’.
The original floppy disks were quite large,
about eight inches in diameter. Following
this was the size that itself became virtually
a standard, certainly among the smaller
users, the 3%in, standard, an increasingly
large number of users now opt for the ‘new
standard’ of 3%2in. disks. Indeed, some
PC’s have both sizes of drive unit fitted so
that either disk can be accepted. There are
also ways in which data can be transferred
between the two standards. The capacity
of the 3'4in. disk is comparable to thavof
the larger size, having up to 1 Megabyie of
total storage on the two sides. The smaller
disk is more robust, being protected in &
hard plastic sleeve, unlike the thin card
sleeve of the larger disk. The price has also
fallen 1o a comparable level.

Irrespective of the size of disk
considered, the principle is the same. The
“disk’ itself is made of a thin, flexible
plastic, the surface of which is coared with
a magnetic material in which the dara is
recorded by means of a read/write head
that bears lightly on the surface. This disk,
when it is being accessed in the drive unir,
rotates within its protective sleeve ata
speed of 300 rev/min. Cut out of this sleeve
are two ‘windows’. One of these is a radial
slot that provides the required access to the
magnetic surface for the read/write head;
the other is a small index hole which
provides a positional reference or datum
point. In the case of the 5V4in. disks, these
windows are permanently open, hence the
need for a paper pocket into which the disk
is placed when not in use. In the case of the
smaller disks, these windows are protected
by spring-loaded metal shutters that open

leftis the write protect hole.
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Phato 2. The shutter of the 3in. disk has been partially operated to show
the disk access slot partly.open; the actual disk siirface is clearly seen. At
the bottom is the indéx hole, just opening. The small hole {arrowed) top

automatically when the disk is placed in
the drive. The position of the index hole is
identified by an optical device.

In the same way that audio and video
cassettes can be protected from ‘recording
over' by breaking out a tab, the absence or
presence of which a sensor in the machine
will detect, computer disks can be ‘write
protected’ either by a small patch placed
over the write-protect notch at the side of
the disk. in the case of 5V4in., or by
moving a small plastc slide, that opens or
closes a small circular hole, in the case of
the smaller disks.

Variations in disks, apart from their
size, include whether they are single or
double-sided and whether single or double
density. The data is recorded in the form
of concentric tracks, of which there are
usually either 40 or 80. The outermost
track is generally called ‘track O°. The two
sides of a 5%in. disk may be accessed by
independent heads, so avoiding the
necessity for turning the disk over in use.
By contrast, drives using the 3in. standard
are invariably single-sided, so that to
access the alternative side, the disk must
be physically removed from the drive,
‘flipped’ over and re-inserted.

As already stated, the magnetic
recording surface is divided into
concentric tracks; up to 80. A further
division is made; radially into segments,
producing sectors which each typically has
a storage capacity of either 256 or 512
bytes. Each of these sectors is identified by
address information stored at their
intersecdons. This sub-division of the
surface into small, individual storage areas
has no physical reality. Tt exists only
because of the magnetic pattern

‘imprinted’ on the disk surface by a
process known as ‘formatting”. A new disk
has to be put through this process before
being used for the first time. Thus, when it
1s then put into service, the magnetic
pattern is recognised and the alloted
positions of the sectors identified. This
arrangement of tracks and sectors is
illustrated in Figure 3.

A 5Viin. disk, formatted for 80 tracks
per side, has a track packing density of 96
tracks per inch (96 T.P.L.). Thus, only the
outer area of the disk is actually used for
the recording of data, otherwise the sectors
near the centre of the disk would become
unreasonably small and cramped. The two
sides of a disk may be known as sides 0 and
1. Consecutively numbering all tracks on
both sides of the disk would give the
following arrangement.

On side 0: tracks 0 (outermost) to 79
(innermost).

On side 1: tracks 80 (innermost) to
159 (outermost).

A 5%in. disk will be formatted 10
have either 40 or 80 wracks per side with 10
sectors per track. Assume that each sector
holds 256 bytes of data so that, with an 80
track, single-density recording, the roral
capacity will be: 256 x80x10x 2 =
400K-bytes. Using double-density
recording the capacity becomes $00K-
bytes, naturally,

Files and Directories

Programs and data stored on disks are
held in blocks whose size, in K-bytes,
depends upon the size of the program or
data file. Each block has its own unique
track/sector start address and a ‘filename’.
The lartter is usually restricted to a

Spindle
drive

Figure 3. Typical arrangement of tracks and sectors on a formatted disk.
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Figure 4. Simple mechanical cencept of a floppy disk drive unit.

smaximum of eight alpha-numeric
characters. The term ‘file” is, thus, quite
general for anvrecorded block of data,
regardless of its nanire or-funcion. To
keep track of the names and locations, a
directory is created on the disk. usually in
'the outermost tracks. This directory has a
limited capacity, thus restricting the
number of files that can be held on disk,
regardless of the capacity of the disk or the
size of the individual files.

When a READ operation is initiated
for a specified file, the directory is first
searched for a file of that name. If no such
file exists in the directory an error message
is displayed. If the file does exist, then the
lecation and number of sectors comprising
the file are read from the informarion held
in'the directory and the transfer begins.

When a WRITE operation 1akes
place, the newfile is recorded at the next
free sector onwards, and its name and
other details are written into the directory.
In the event that a file of that name already
exists, the original file may be modified to
include a *.BAK’ suffix to the end of its file
name, and in this original form will still
exist while the new version is added to the
disk.

The operarion of deliberately erasing
a file, say by issuing the ERA command,
does not actually affect the recorded data
at all. It merely erases the entry for that file
in the directory, so allowing further files to
over-write the original file space. Only
then is the original data lost. The use of a
disk editor, after erasing a file bur prior to
actually over-writing it, will allow the file
to be recovered by replacing the directory
entry.

The Floppy Disk
Drive Unit

The drive houses both the mechanical
funcrions and the electronics required 1o
rotate the disk and access the data via the
movable read/write head. The head
assembly moves radially across the disk
surface, actuated by a head positioning
‘worm strew arrangement, endless loop
belt or’some such that is driven by a
stepper motor. In this way the head is
accurately positioned above the required
track, while the sectors are identified, as
the disk rotates, by their positions relative
to the index hole mentioned previously.
The position of the latter is sensed
optically by a photo-cell. The basic form of
a floppy disk drive unit is shown in
Figure 4.

The drive elecironics must perform a
number of tasks.

(a) Move the head to the required
track.

(b) Load the head and set up for
either reading or writing.

(c) Generate or recognise various
control signals, such as those that identify
Track 0 and the location of the index hole.

(d) Drive the spindle motor at an
accurate rotational speed.

During a data transier there are three
identifiable operations, namely:

fa) Head positioning.

(b) Read/write control.

(c) The actual data transfer.

As already stated the head is
positioned by a stepper motor. This type
of motor moves in specific increments of

Figure 5. Schematic for a floppy disk controller IC.

‘so many degrees’ for each applied pulse.
The program that controls this motor
must, therefore, generate a specific
number of pulses in order to cause the
stepper motor to rotate through a
particular angle. The positioning
mechanism converts this rotation into the
required linear movement of the head
across the tracks of the disk to the one that
has been selected. The head is then
‘loaded’ onto the disk, that isivislowered
onto its surface. Once loaded, the rack
number is read to'verify position, by
comparison with the track register:

Reference to'the other two operations
will be made later.

The Disk Drive Interface
Interfacing a-microprocessor to adisk
drive unit is performed by means 6f'a
dedicated control IC and interface unit. A
typical floppy disk controller IC is shown
in Figure 5.
Software sends 1o the controller IC
the required track and sector address: The
IC then sers the Head Direction and Head
Step signals so as to position the read/write
head correctly. The pulse generated by the
index hale, referred 1o previously, is used
to'determine theé carrect angular excitation
and, hence; the required sector. When'the
headis correctly positioned at the reqlired
sector/track address, the Head Load signal.
is ‘set’ and the head is then lowered onto
the disk surface. The Read/Write signal
determines the direction of data transfer.
Data is, of course; writien to, or read
from, the disk in serial form, bit by bit.
Another of the functions of the controller

Photo 3. A 5¥%in. disk drive unit with the cover removed.
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Photo 4. Close-up of the double-sided head assembly for the 5Y4in. drive
lower head surface is clearly seen. The detail of the unit.
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1C is to perform serial-parallel conversion
(during the READ operation) and parallel-
serial conversion during the WRITE
operation. When the disk drive is first
switched on, the read/write head sets itself
to the Track 0 position; at this time, the
Track 0 signal is used to reset the IC’s
track register.

There are essentially two ways of
transferring data between the computer
memory and disk drive unit. One way is to
use normal input/output techniques, the
transfers, byte by byte, being handled bv a
software program. This tends to be slow
because of the numbers of instructions that
have 10 be executed during transfers of
substantial amounts of data.

The favoured method, that avoids the
above disadvantages, is known as Direct
Memory Access (DMA). In this method,
the transfer of a specified block of dara is
initiated by software but a hardware
device, called a Floppy Disk Controller
(FDC) IC, takes over. This handles the
transfer itself without any further software
intervention. Figure 6 illustrates the basic
idea behind the DMA methed, showing
how the CPU is bypassed during transfers.

The FDC provides the necessary
interface berween the CPU and the disk
drive, converting the software commands
issued by the Disk Operating System
(DOS) into the electrical signals needed 10

Address Bus
] l
Data write Data Byte address |
(serial) 4 = >,
- l : Hold
= i Flappy —
S disk > | cru Floppy
] = cantroller Hold A DMA RAM
drive T e s
' Data Byte
Data Bus.

Figure 6. A Direct Memory Access (DMA) system in use, showing how the CPU is effectively

bypassed.

pulses moves the read/write head to the
required track, in a particular direction. If
moving outwards, the Track 0 signal is
used to terminate the movement when this
track is reached.

(c) Read/Write: the controller ‘loads’
the head onro the disk surface. allows a
‘settling time’ before the transfer
commences and generates a signal to select
either the read or write mode.

Photo 5. A Scagate Technology 20M-byte hard disk unit with scaled case removed. Only two
double-sided platters with one head per surface are needed. Disk size is SViin.

control the drive. Special purpose IC’s,
such as Intel’s 8272 exist for this purpose.
It is possible to have what is known as an
‘intelligent floppy disk interface’, which
has its own on-board CPU, such as a Z80.

Basic Functions of a
Floppy Disk Controller

These are as follows:

(a) Select drive: one controller may
look after a maximum of four drives, with
the ability to select any one on receipt of
the appropriate command.

(b) Seek track: a sequence of step
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(d) Dara separation: as recorded, the
dara 1o/from disk is a serial bit stream of
mixed data and clock pulses. The actual
data must be separated from the clock
pulses and then converted to parallel form:

(e) Error detection: in any serial data
path, such as that berween memory and
disk drive, there is always the possibility of
data being ‘corrupted’, that i individual
bits inverting their binary values. Clearly
the received data will then beincorrect but
unless this factis detected in some way, it
could be accepred as being valid. Writing
to disk is normally error checked by

 reading during the next revolution of the

o

disk. After, say, 10 such attempis have
failed to produce valid data, an error
message should be displayed that may even
identify the faulty sector.

Errors may be caused by electrical
noise that, if temporary, will eventually
allow a successful transfer; this is known as
a 'soft’” error. Hard errors are usually
permanent and may.be caused by physical
contamination of the disk surface. Error
checking is usually performed by a
sophisticated checksum method known as
the Cyclic Redundancy Check (CRC).

Operation of the Floppy

Disk Controller

Taking the WRITE operation as an
example (data being ‘written’ from
. computer memory 1o disk), the role of the

software is to:
" (a) Supply the floppy disk cantroller
1C with the start address (in an area of the
compuiter RAM memory known as the
DMA area) of the data block to be
transferred.

(b) Supply the corresponding start
address on the disk where the data is 1o be
stored; this takes the form of track/sector
information. Also required is the number
of sectors needed for the storage.

On receipr of this information, the
FDC IC takes over. Iis first function is to
locate the specified track/sector address.
Upon doing so, it generates and sends a
HOLD signal to the CPU. The latter
completes its current instruction and
responds with a HOLDA (HOLD
Acknowledge) signal. The FDC takes over
direct control of both the data and address
buses and carries out the data transfer.
Unlike the normal input/output transfers
- between CPU and peripherals, which use
-the Accumulator (A-register) as a ‘transit
area’ for the input/output ports, the CPU
is completely bypassed in DMA transfers.
This speeds up the transfer rate
enormously, for the reasons already stated.

Hard Disk Systems

"Hard disks, also known as
‘Winchesters’, are of rigid construction,
hence the name: The disks are usually
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made from aluminium, coated with a
magnetic material such as ferric oxide or
chromium oxide. The special
aerodvnamically shaped head is known as a
‘flving head’, and fly heights of 0.5-3.0
microns are usual. (A micron is a millionth
part of a metre.) The heads can be
designed to take off from, and land on the
disk surface, this feature being
characteristic of Winchester drives. The
disk surface is lubricated to minimise the
risk of damage. The complete system is
hermetically sealed to provide a totally
dust free environment.

Unlike the floppy disk, which is only
rotated during access times, the hard disk
assembly rotates continuously, at a speed
of 3600 rev/min. Because of their bulk and
consegquent inertia, it can take anything up
to a minute for hard disks to reach their
full operating speed.

Hard disk systems may use either
fixed or moving -heads. Fixed head disks
have one read/write head per track, an
extravagance that is compensated for by
the much reduced access time and the
saving made by notrequiring a positional
motor drive. A moving head assembly uses
one read/write head per disk surface, thus
requiring a positional motor for accessing
the required track on a surface, in exactly
the same manner as for floppy disk
svstems.

Advantages of hard disks over
floppies are:

(a) A much greater storage capacity. A
20M-byte system is now considered quite
modest while, for those who can afford
them, hard disk units offering 180M-bytes
or even 320M-bytes are now available.

(b) A faster access time, by a factor of
10:1, compared with floppy disks.

(¢) System software is augomatically
loaded when the system is switched on,
giving immediate access to application
software such as word processors,
databases, etc.

Narurally; there are different sizes of
hard disk, according to capacity, but the
user may be less aware of this due to the
fact that the hard disk unit is housed
within the main computer casing. There is
even a SYin. standard, which is capable of
giving a capacity of up to 40M-bytes of
storage. Large capacity Winchesters are of
‘multi-platter’ construction. The 22M-
byte disk assembly shown in Figure 7 has
four double-sided platters, thus requiring
eight read/write heads altogether. Each
platter has 320 tracks per side with 17
sectors per track, each sector having a
capacity of 512 bytes. Using this data, the
calculation for the roral storage capacity is:
Total capacity in K-bytes = 8x320x 17 x
0.5 = 21760K-bytes, (312 bytes =
0.5K-bytes), which equals 22M-bytes
approximately.

There is a standard connector
interface for Winchesters, the details being
given in Figure 8.

The next part in this series will
attempt to explain the principles of stepper
motors, as well as the methods of driving
and using them and some of their most
useful applications.
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Photo 6. Close-up of the head assembly of the hard disk drive.

Four
double—sided <
platters

Data transfer rate
- 5Mb/s

\- L

320 tracks/side
17 sectors/track
512 bytes/sector

Spindle motor
3600 Rev/Min.

| Eight
__ - Read/Write
heads

Figure 7. The layout of heads and platter for one form of 22M-byte hard disk drive. "

Controller

P.S.U.

- +5Y

+5V return
+12V
+12V

- Frame ground

-~ Drive select (4 lines) ———————>
Head select (3 lines) ————————-—>
Step ==—=——=—=o>
Direction Lo =
Track 000 e =
Seek complete (e
Index el
RGI‘.‘Idy_ e ——————
Off track (option) ————= >
Write gate —_——>
Write fault e
MFM write data LSSy
MFM read data e
Drive selected e

J3 Connector

Figure 8. Standard interface connections for a Winchester (hard disk) drive system.
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CarFax

What is the connection between the
worids: most prestigious sports car
race, a small engineering firm in
Somerset and a fax machine?

The historic Le Mans 24-hour motor
race has seen some of the most
exquisite examples of engineering ever
10 put a wheel on the road. One of the
best loved cars, which achieved a
string of wins in the 1980s was the
Ford GT40. Since only a handiul of
these incredible machines ware ever

produced, a fhriving industry has built
up over the last faw years to produce
replicas using the onginal body
moulds.

One such constructor is the special-
ised enginesring company “The Gar-
age” located in Somersel. And the fax
connection? Well, The Garage' owner
received a faxed enguiry from Ger-
many for a Ford replica costing some
£40,000.

Hubble Bubbie Goes
Into Space

The success of the Hubble Space
Telescops is being closely moniforad
by the European Space Tribology
Laboratory. The solar amay ‘wings’
which provide the Hubble with iis
power, are displayed by a complex sst
of mechanisms, described by NASA as
a technological miracle. The 12 tonne,
railway-camage sized telescope was
lifted from Cape Canaveral on board
the NASA Space Shutlle Discovery
back in April. One day into space it was
litted out of the hold by robotic arm and
reizased. The huge S5kW solar rays
(wings) which provide slectricity from
suniight were then deployed from
eifhar side of the telescope bedy. This
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means that the Hubble is now a free
flying, seif-powered spacscrait ready
for its 15 year mission.

The Hubble Space Telescope is a
2.4 metre diameter reflecting telescope
of extraordinary power and accuracy.
In its 350 mile orbit, free from the
distortion of the earth's atmosphers, it
will allow astronomers 1o see further
intc the universe and thersfare further
back in time, to around 15 billion years,
which cosmologisis believe will reveal
the origins of the Big Bang. Dstails;
AEA Technology 0925-31244.

Windy City

More down-to-earth is the £240m
Europgan Wind-tunnel being built in
Colegne, West Germany. The tunnel
will provide aircraft and eguipment
designers with more acturate asrody-
namic test data than currently avail-
able. Scheduled to be completed in
1992, the unit which Is a joint coopera-
tion between the UK, France, West
Germany and the Nestherands, will
simulate the entire cruising-spesd
range of civil aircraft.

Getting a Job In
Electronics

Chartered electronic and electrical
engineers are very much in the fast
ahead job lane. According to ths
Institute of Electrical Engineers, salar-
ies have risen by 10%: over the past
year o give an average salary of
£25,000. Best pay bets are in broad-
casting, telecommunications and the
armed forces.

Meanwhile, the Department of Trads
and Indusiry has announced a
“Women into IT" campaign, aimed at
encouraging more women (o develop
information technology skills. The gov-
emment is making available some
£500.000 of public funds to the cause
but whather the funds will go lowards
bolstering the average salary of
women in electronics which is some
£8,000 less than their male coll=aguss,
is nol revealed. Details: DTl 071-215-
5000.

Don’t Blame Us —
Biame the Computer

Itjust had to happen! A student living in
the Isle of Wight has received a pall tax
demand for — wait for it -
£3,864,081:55. When quaried, a com-
puler preduced nole suggesied that
the amount should be paid in monthly
instalments.

A computer error was also blamed
after a chap waiting for 2 bus in
Maidstone was handsd a poll tax"
demand by a passing postman. It was
addressed to “The Occupier, Bus Slop,
High Strest”.

Sky and BT Scorein
World Cup

In ease you have been in orbit for the
past six weeks, the world has been
focussing its undivided atiention on the
World Football Cup contest taking
place in Haly. All 532 malches have
been screened by Sky's Eurospont
channel and if that is not snough,
British Telecom Inlernational operated
a free of charge access (you only pay
for the cost of the call) to zn
intermational database “lalia 807, giv-
Ing pre and post match coverage. The
dalabase menu includes matches and
results, players and managers, stadia
and cities, goals scored, plus a Worla
Cup history of facts and records.
Details: BT 071-492-2625, Sky 071-
782-3000.

High Power Desktop
Compuiing

‘_'-'u-l—‘- L At
P e

Described by the company as “the
world's most powesful desktop person-
al computer”, the recently announced
Compag Deskpro 486/25 is based on
the new Intel 486 microprocessor and

Extended Industry Standard
Architecture. Designed lor advanced,
computer-intensive applications, the
Compag 48625 delivers 15 MIPS
(million instructions per second) of
computing power up to three times the
parformance of 25MHz 386-based
systems. In applications such as
computer-aided design, software en-
ginesring, dalabase managemant,
financial modelling, or for networking
and multi-user configurations, the sys-
tem is described as delivering worksta-
tion power to the desktep PC environ-
ment with full compatibility with indus-

. well
~ competition even further”.

try standards. The suggested resale
price is £10.485. Details: 081-332-
3000.

Post Office Set to
Siamp on British
Telecom

The review of the British Talecom/
Mercury duopoly in UK telecom-
munications gets under way in Novem-
bar — some seven years after Mercury
gol its icence. It is expected says Dr
Paul Matthewson of telecoms consul-
tancy Applied Network Research, that
the governmant will extend the numbar
of licensas and at the same time, allow
8T to carry TV signals over iis netwark.
In fact the lobbying has already started
with the Post Office, British Rail, Racal
and the US company Sprint being likely
contenders.

Whether the UK can in fact supporta
third or even fourth national telephone
company is of course a debatable
point. Butas Paul comments, “Marcury
has'nol made a dramalic compstitive
impact except perhaps for large City of
Londen users. Further licensing could
serve o dilute the national

Already moving along IT lines is
British Rail Telecoms whose 10,000
mile telecoms network which runs
alongside its tracks, is seen as making
the organisation a front runner. Alsa a
front runner as consultancy PA point
oul, is the Post Office which has set up
a new company called National Net-
work. Initially the company will be
selling spare capacity on its private
lelecom network which cumenlly has
25,000 users operating out of 200
locations and an annual capacity for
12M telephone calls. Not surprisingly
ine contending services are being
tagged in the industry as "Post-IT™ and
"Missed-IT".

Don’t Phone Home

Meanwhile, Chris Buckley of The PA
Consullancy has produced figures
which highlight the seemingly random
method which BT adopis over its UK
phone charges. If you live in London,
and make a call to a village in the north
of Scotiand, the call will cost you 17
pence per minute during & weekday. If
you live in Scotland, more than about
35 miles from the same village, the call
will cost the same. kg

BT telephons charging says Chris is
based upon charging areas. Only go
over two ‘charging area boundaries’
hawever at your peril. These are the
lines, drawn on the map by BT, and
kept secrel, that decide which calls are
local and which are at higher rates. The
strange aspact is that if you are near
the edge of a charging area you might
find that some calls at 5 pance a
minute, go to places further away than
some al 12 pence a minute.

International calls are even maore
illegical. If you call Edinburgh from
London, it cosis 14 pence a minute
during a weekday. A call frem London
to Calals, however costs 43 pance a
minute. Overall Chris believes that
BTs UK charges are good value,
However medium-distance calls are
not 50 good. The cansultancy believes
that there are several ways of impro-
ving the situation:-
* Users should be told how calls are
chargad.
* Telephone directories should pro-
vide more information.
* The introduction of more competi-
tion.

BT Under Fire

As if British Telecom does not have
encugh preblems what with the possi-
bility of further national telephone

Maplin Magazine August 1980



operators being licensed, the corpora-
tion Is now under fire over both ils
intemnational and national telephone
charges. Calls for the breaking-up of
the ‘international phone cartel have
surfaced after a report in the Financial
Times that BT has a profit margin of
nearly 603 on intemational calls.

Now the UK telecoms regulatory
guango, OFTEL has woken up and
commenced an investigation into the
matter. The autharity admits that in
most cases, intermational calls are
significantly above cost and that it is.all
too easy lor telephone operalors 1D
make a high level of profits. However,
more positive help for the public is
promised by The Commission of The
European Community, who noting the
OFTEL report, is launching iis own
investigation of alleged profiteering by
the international telephone authorilies.
Commission vice-president Sir Leon
Brittan has commented that the Com-
mission has to ensure that consumers
benefit from an intemational telephane
charging system which allows ganuine
compatition betwsen the telscom-
munication eparators.

Meanwhile, independent manage-
ment consultancy Sterlings of Norih
Lenden point out that nearly 25 of all
UK phone users belisve they have
been overcharged in the past twelve
months. As a TMA survey confirms, the
average BT subscriber has been
overcharged mote than 13 times in the
past year and even Mercury subseri-
bers report being overcharged once or
twice.

BT Reverses the
Charges

British Telscoms response to these
claims was prediciably robust. The
claims that its charges are amongst the
highest in the world is nonsanse. Atrue
comparison needs to look at the overall
‘baske!’ of charges and typical usags.
On that basis, BT charges fall about
mid-way in an international league
tahle,

But just in case the charge is praven
and BT have to reduce lariffs, the
cofporation has reduced the eight days
a year when special concessionary day
rates apply to just three, concentrated
exclusively over the Christmas and
New Year period.

Computers gef on
their Knees

Again it just had to happen. A UK
company, Limwood Technology for
Mission Lid., has developed a rangs of
ecclesiastical software. Apart from a
database of sermons, the package will
suggest suitable seasonable hymns
and maintain stock control. No mention
of robatic clergy, yel.

Thanks for the
Memory

Panasonic have deveioped a range of
credit-card sized memory cards which
offer high-speed access, resistance (o
static electricity, mechamical strength,
low power consumption and long-life
memory back-up. Memory cards have
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a wide range of applications in the area
of office automation, sales automation,
communications, factory automation,
electrical appliances, health moniloring
and educational equipment from stor-
ing word-processed text to medical
records.

The Panasonic memaory cards in-
carporate full 25kV eleclrosiatic protec-
tion which prevenis the memory from
being damaged by the harmful effects
of static. The insertion/withdrawal life-
time is rated at 10,000 times while high
performance poly-carbon monofluride
Lithium batleries and low back-up
powsr consumpticn, give an estimated
ten years of use al normmal tempera-
tures. Details: 0344-853259.

Geifing ithe Message

Voice messaging, one of the fastest
growing areas of communications has
been given a major boost by Millicom
Cellular (UK). Operating on both the
Celinet and Vodafone networks, Call-
bank is a new personalised cellular
answering and messaging service
which allows incoming calls being
diverted o another telephone number
when regquired. Details: 071-757-5000.

Get Me Bucharest

Judging by recent figures, comparnies
such as Millicom are on 1o a good
thing. According to figures compiled by
consultancy Applied Network He-
search the Eurgpaan telephona market
is set to grow by nsariy 403 per annum
for the next five years — equivalent to
some 34m units. While ANR expect the
overall value of sales in the UK to
decline, the emerging Eastem Euro-
pean market, such as Homania, will
show a dramatic leap. Not surprisingly
major consultancies such as ANR, PA
and Andersen are already establishing
contacts behind what was until a few
months ago, the iron curtain.

Just how long it will be belore the
Eastarn Europsan users will be com-
plaining about their new telephone
services remains o be sesn. But
apparently 90% of UK companies are
suffering from inefficient telephone
systems. According to a2 Datapulse
Survey, average callers will wait just 35
seconds before hanging-up, while one
in 15 calls are lost while being routed to
an exiension. No doutl the likes of
Philips, one of the UK's major switch-
board equipment suppliers, will be
loosing littie time getting in fouch with
the management of those troubled
company exchanges.

Satellite Wars

Mo issue of "News Report” would be
complete without an update on satellite
TV. Already Sky, the Europsan oper-
ator, is claiming over 500,000 subscri-
bars for its Sky Movie Channel— a total
ocnly held back apparently by the
culstanding delivery time-scales of
systems and decoders.

British Satefiite Broadcasting, the
‘authorised’ UK TV channel operator,
finally got its service ofi the ground in
May, with five programme channels:
Movies: Sporis: Entertainment; Current
Affairs and The Power Station dedi-
cated o young viewers. Worth walch-
ing out for is the BSB 'Computer
Channsl’, a weekly IT current affairs
programma which is being mastar-
minded by ex-editor of "Which Compu-
ter?’ Clive Couldwell.

BSB conversion equipment prices
range from £350 fo £390 to buy or
typically E12.99 per month to rent a
satellite antenna, sat-top recaiver box
and remote conirol. As is the situation
with Sky, there is also a subseription
charge for the Movie channel.

The Sky ASTRA sateliite system has
of course, the advaniage of carrying
not just 4 UK-based channels, but a
host of European channels, plus Sky
Radio — a 24-hour non-stop stereo
popular music station which is broad-
cast on a Sky One sub-carrier.

Sky Goes Green ~

A transparent glass salellite dish
designed to overcome snvironmental
cbiections 1o unsightly metal and
fibreglass alternalives, has been de”
veloped for Sky by electronics com-
pany Zeta Services. Il is made from
Amourplate metal impregnated glass
that has the same raflective qualities to
microwaves as standard metal dishes.

Sky is also bringing environmental
comfort to apartment blocks with a
single communual antenna which can
be used to relay satelliie channels
around an entire block or housing
estale.

Meanwhile, recognising the growth
in demand for sateliite broadcasting,
the DTl is bidding for a further 5
channels for Direct Broadcasling by
Satellite (the system used by BSB) to
the UK.

Trusting Times

Good news for the Maplin sales team,
is the industry repori forecasting that
the sale of test equipment is set lo
jump by 715z over the next couple of
years. A Frost and Sullivan Report
points out that the radic and TV
industries will remain the largest con-
sumer of EMUMFI test equipment and

facifiies, closely followed by lele-
comms and fhe aulomobile indusiries.

Meanwhile, testing, or rather the lack
of it would seem to be the root cause
for the Japanese Ministry of Interna-
tional Trade and Industry lo issue
warning noles to itls manulacturers.
Apparenlly so many functions are
being packed into laplop computers
and television sets thal they are
suffering from smoking, or even small
fires. The Ministry is calling for tighter
safety and quality control, Or possibly
to incorporate smaill smoke deteclorsin
lhair equipmant.

Cray Seis a Fast Pace

Whether smoke detaclors were nig-
gered is not revealed but in a recent
induslry speed chalienge, Cray Rs-
search has been named as manufac-
turer of the world’s fastest computer.
The Cray performed some 3.500 times
faster than the industry benchmark, the
DEC Vax 117780, beating the competi-
tion from Hitachi, NEC and Fujitsu in
total execution.

Meanwhile, the DEC PDP-11 mini-
computer, the forerunner of the Vax
computer, is celebraling its twentieth
binhday. The PDP-11 which defined
the minicomputer market, became
irrevocably linked with OEMs and
brought compulers and computing

closer to a gensration of users,
university students, scientists and
technicians., Thers are now approx-
imalely 600,000 PDP-11s in the market
and the family, says DEC will continue
to evolve to meel exisling user de-
mand. Details: 0734-868711.

Picture Caption
, BB ;

Just what on earth is going on here?
Isit:

* An adult Lego s&l.

* A mad cow detector.

* Another fisndish challenge for con-
tenders of Channel 4 series, The
Crystal Maze'.

or evan

* A satellite TV viewer installing a
fiimnet decoder; “No one told me that
unscrambling the new Sky TV movie

channel would ba so difficuit!”

Well, actually it is a scientist at the
AT&T Bell Laboratories adjusting a
companent in the world's first digital
optical processor. The optical proces-
sor, which makes use of Ifight
(photons), as opposed o electrons; 10
process information, may eventually
enable computers to operate 1,000
times faster than their electronic coun-
terparis today.
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fyou reallv want to step into the
office of the future, then a visit to
_the new SKY TV offices close by
| London's Heathrow airpert would
be well worthwhile. Here every desk
not only has a computer terminal, but
is within zapping distance of wall to
wall TV screens. SKY TV, owned by
News International of Rupert Murdoch
fame, opened for business last year,
comfortably beating by twelve months
the rival BSB operation.

Sky has already recruited overone
thousand staff whose role, says Fiona
:Walers, Director of Press and Publicity,
is to handle programme production,
engineering, scheduling, advertising
sales and marketing, press and public-
ity and administration. And that num-
ber excludes the growing army hand-
ling subseriptions based up in Scot-
land plus of course, the numerous
independent production teams and
performers who are sub-contracted.
Sky produces a wide range of chil-
dren's programmes, magazine shows,
news features and sports program-
ming in-house as well as commission-
ing work from an extensive range of
British Independent Production Com-
panies.

Sky broadcast four ‘programme
channels; SKY ONE, the entertainment
channel; SKY NEWS, the 24-hour news
channel; SKY MOVIES, the pay-TV film
channel; and EUROSPORT, which will
be screening live, all 64 rounds of the
World Cup football competition in
Italy. Then almost as a bonus, the
station broadcasts SKY RADIO, a
24-hour non-stop stereo, classic and
contemporary hits, music station. Us-
ing the SKY ONE subcarrier, the
service is available to all home aerial
dIsh owners Teletext has nm been

Getting the Hessagﬁ-

SKY TV programmes are sent by
land-line direct from SKY’s office or
contractors studies direct to BTl's
uplink satellite ground-station in East
London for onward transmission to the
Astra satellite hovermg some 22,300
miles above the Earth. The signals are
then beamed down to your receiving
antenna (dish), all in the space of a
second. All SKY transmissions are in
the PAL-D format used by the existing
terrestrial BBC, ITV and Channel 4
services., But the traditional single
sound channel technology has been
improved ta provide for multiple
sound channels allowing for example,
Eurosport to broadcast simultanecusly.
in English, German and Dutch..

But SKY viewers also get a further
major bonus. Their satellite carrier
Astra, beams down no less than 16

channels, most of which are in English

and perhaps more to the financial

point, free. SKY channels apart, Astra

broadcasts a WH Smith ‘Lifestyle’
channel, a Childrens Channel owned
by BT, Thames and Central Indepen-
dent TV, and MUSIC TV (MTV),
modestly described as being the
world's premier 24-hour youth enter-
tainment channel. As MTV's Debbie
Woodcock says, “we broadcast from
our Norih-London studios, all contem-
porary musical tastes from Hip-Hop to
Heavy Metal™.

Still uncertain about taking' the
Astra plunge? Well scheduled to be
fully operational next year, Astra 2 will

provide even more viewing choice
including three British-owned stations.

So, who says we don't want more TV
channels? Certainly not the 5.2m plus
regular Sky viewers in some 1.5m

homes in the UK and Eire. As Fiona

points out, Pan-European Sky Euros-
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\ : ."_ - Sky News engineering crew. p
: sy staff in front of the Sky HQ.¥

‘port Channel

Star Wars

Just in case you are wondering

where the alte" native. satellite chanr;el-'

fits in, the answerqmust
Not only are they competin §
vigorous Sky TV organisa

largely the same base of prog :mr'nes,ﬁ
but with an incompatible satellite
carrier. BSB who were awarded the

monopoly access to the more powerful

Direct Broadcasting Syslem uses the:

Marcopolo | satellite.

‘The rivalry between Sky and BSB
is for real. BSB even tried to have lhe:

!aw amended to preglude media

traffic within the UK.

Sate!llte TV for the uulnmated is
about as different as is The Miss
Saigon musical from The Sound of |

broadeasts to 20m
homes in 22 countries. Even the Sky
‘Movie channel (£10 per monlh) has.
‘712,000 paying customers so far.

rom operating a TV station..
Huwever ‘Marcopolo does carry the
new BSB subsidiary. DataVision service
which transmits data and graphics

“minute quota j - week,
are there as and when you '-feel

=

It’s a Scramble

paid-up subscribers can watch the
P y—oniv Movie channel. The Sky
. ypt system has been de
veloped in hou: features
.de.cal;!er'whiu _p!ug&u_ n-thé_s_ eilne:

-manths to ensure that:p]?‘an-ng -.halh
.dlfﬁcuILQnd' c

nomically unviable.
plsvstarr- _elies ‘ona

! 1 _and

‘access, the “smart *card autua’l&s the
decoder to reassemble the vide: :
‘authorised viewers. The audio si

left ‘clear’ (i.e. unsorarﬁbled} ]nten—
-tlunallv, Succasswe \udeu line; are cut
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MTV technician at work.

at randomly selected points and
transposed.

The key to the scrambling sequ-
enece and other control datais transmit-
ted during the vertical blanking interval
of the scrambled television signal and
received by the subscribers’ decoder.
The microprocessor in the smart card
employs public key cryptography to
conlinuously prove its authority to
access pay television channels. Having
established its authority, the smart
card employs a second security algor-
ithm instructing the decoder about
rearrangement of the scrambled video
signal.

Sky Goes Green

The latest Astra receiving dish
fealures a see-through perforated
construction, which says Fiona, will
make the dish almost invisible. Highly
efficient, the glass-based dish will be
far less obtrusive than even conven-
tional TV aerials. In contrast, BSB make
use of a Squarial, or small parabolic
dishes. All satellite systems need a
receiver box which serves to decode
the satellite signal into high quality
sound and pictures for your TV set.

The cost of setting up a SKY
satellite system is about £200 for the
basic dish and receiver (E250 for

remote control) plus the installation
‘costs which are normally under £80. Or
there lis' a: special SKY package of
£23.50 amonth which includes satellite
dish, receiver and remote control,
decoder (for Sky Movies), installation,
maintenance and the film premium

subscription.

Until now, TV development has
been a long-drawn out affair- BBC 1

went live back in 1945 and was joined |
tenyears later by ITV. Afurther ten year

period saw BBC2 arriving on the sereen
followedtwenty years later by Channel
4. However, the next ten years saw
much progress and now we have some

17 UK-based terrestrial and satellite
channels available in the UK. With Sky

foreeasting over fifty available TV
channels by 1992/1993 and nine mil-
lion subseribers by the end of the

decade for the Astra satellites alone,
perhaps it is just as well that those

dishes are going green.

MTV ‘ident".

Win a SKY TV Satellite
System!

~ This month, the Maplin ‘Win a ..
Competition"is really flying high. Just

-answer correctly the four questions
-and the first name drawn out of the
-editor’s hat (I don't ‘wear a hat! - Ed.),

wins a ready-to-view SKY satellite

system. This includes Amstrad black

mesh 60cm Astra sateliite dish and
integrated receiver/Sky decoder. The

'mesh dishis ‘environmentally friendly’

{you won't fall out with the neigh-

bours) and the decoder for the SKY

MOVIES channel is built into the
satellite receiver, as one compact unit.
The prize includes installation (value

£329 for dish, plus approximately £60
mstailallon} Subscription to Movie
Channel is not included. The first

ruRner-up prize is a behind the scenes
tour for two of SKY's Headquarters in
Isleworth, Middlesex. And for the
second runner-up, a tour for two of the

MTV 24-hour pop music station in

North London and a chance to meet a
pop celebrity. So don't delay. Closing
date is 31st October 1990.

Post your entry to SKY TV. CON-
TEST, The Editor, ‘ELECTRONICS —
THE MAFLIN MAGAZINE® P.O. Box 3,
Rayleigh, Essex, SS6 8LR. Orzapp your
entry by FAX on (0702) 553935, don't

forget to mark the fax SKY TV

CONTEST.

1 Norman Tebbit is a regular
SKY TV current affairs com-
mentator. He is perhaps best
known as:

(a)A member of The Stranglers

pop group.

(b)An advisor to the Poll Tax
protest movement.

(c) An advisor to the
unemployed on cycling.

(d)A world aerobic champion.

2 Which artist would you not
normally expect to be specially
featured on MTV — Europe's
only 24-hour stereo music
channel?

(a) Madonna.
(b)Michael Jackson.
(c) The Rolling Stones.
(d)Gracie Fields.

3 The ASTRA satellite was
blasted into space by which
rocket?

(a) Ariane.

(b)Sputnik IV.

(c) The Cape Canaveral.
(d)The Eurostat.

4 In the future will SKY TV be
regulated by:

(a) OFTEL.

(b)The DTI.

(c) Edwina Currie.

(d)The Independent Television
Commission.
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Microphone Amplifier

Part 1

Recelver

Telecoil or

magneticantenna

Figure 1. Block diagram of an audio-frequency induction-loop system (AFILS),

Introduction and Design

Audio-frequency induction loop sys-
tems (AFILS) have been used for many
years as @ way of improving communica-
tion with hearing-aid users, and are
increasingly being used for other purposes,
with staff in shops, etc. They are
interesting in several respects, not the least
of which is that they demonstrate immedi-
ale practical applications for some ‘stan-
dard resulis’ from school physics (1eachers
please note).

Inaccurate and Unreliable

Unfortunaiely, a great deal of inaccu-
rate material about loop systems has
appeared in print, so one of the objects of
this series of articles is 1o demonstrate the
correct theory and design procedures. In
addition, details of a loop-svstem ampli-
fier, suitable for home use, or in a small
office or commitiee-room, will be given,
together with designs for a receiver for a
loop communication system, and a low-
cost field-strength meter for measuring the
performance of a system,

Another widespread problem  has
been that generally loop systems have been
very unreliable (as any hearing-aid user
frequenting theatres will testify), This is
being remedied by the preparation, under
the aegis of the British Standards Institu-
ton, of a ‘Code of Practice’, which not
only deals with design methods but also
installation, maintenance, provision of
_ information (signs for the hearing-aid
“users and operator’s guides for staff) and
the training of swfl, together with
recommendations for correct use of the
sysiem 10 ensure the safety of the public.
Most of this is concerned with AFILS in
public buildings, of course, but parts of it
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arc applicable 10 household and office
systems as well. It will soon be necessary,
also, for loop systems above a certain size
1o be certified as not being likely 10 cause
clectromagnetic interference, by com-
plving with a specification, not vet

finalised, 1o be issued by the Department
of Trade and Industry. This is unlikely 10
aflect small houschold systems unless
interference actually oceurs, for instance,
the author recently found a small sysiem
SMHz, for

which was oscillating at
example!

Amplifier

Earphone or
loudspeaker

What is an AFILS?

An audio-frequency induction-loop
system consists of four parts (Figure 1),
First comes a source of audio signals,
which is usually a microphone. Second is
an amplifier, which causes an audio-
frequency current o flow in the third
item, a loop (or loops), of wire, The fourth
item is a receiver, which is sensitive to the
magnetic field produced by the current
flowing in the loop (Figure 2), and which
produces a sound output which the user

Figure 2, Pictorial view of the magnetic field (‘lines of force!) in a plane through one axis of a
rectangular loop, NOTES: A. In the plane of the loop the direction of the field is perpendicular to
the plane. B. In the blank areas surrounding each conductor, the lines of force continue to crowd
together, representing a stronger field. C. At certain points (such as X, X), above and below each
conductor, the direction of the ficld is parallel to the plane of the loop. Normally, at these points, a
hearing aid produces no output. For normal listening heights, the points are outside the perimeter

of the loop.
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aid has a switch, marked ‘M — T (or ‘M —
MT — T"), which selects the input either

M

T Sl

?'ﬁf{'ﬁ KISXES zgut THOo Y X from the microphone in the aid or from the
&:,; (XS ¥ EREEEEEE) R telecoil, (or both, if *MT® is provided).
REOL K e —-10H &) This facility was originally intended to
i X 9 YT &o. ! | help with the use of the telephone: the coil
e XS5 dB oo TR 4 X N picks up the magnetic field produced by
Irx/"‘;\,_ T b % 50° the telephone earpiece., or even the

‘induction coil’ of old-style telephones.
Some modern telephones do not produce
enough (or any) magnetic field, and special
versions of these have to be made for use
by people with impaired hearing. In other
applications of AFILS, where the receiver
sERE need not be so small, a much Iless
expensive ‘magnetic antenna’, consisting
of a few turns of wire forming a coil a few
: : centimelres square, can be used.
! B The loop itself exists in two basic
5% Egy | forms. In ‘ticket office systems’ (which are
=, also used in such places as banks and post
offices), the loop consists of one or more
. coils of wire, arranged so as to give a
TR i predominantly vertical magnetic field in
e HE . CATHA the region of the ticket window. For
17 - i example, a horizontal coil may be placed
% ; i under the counter on the customer’s side.
: y The field has to be more or less vertical
IR EanpnunEE s 1 because the coil in the hearing aid is more
) = f ! > X or less vertical (depending on the shape
T T LT s ! -and stance of the user). However, the loss
due to the directional response characteris-
tic of the telecoil is only 3dB at 457 (Figure
3}, so exact alignment is unnecessary.
The other sort of loop is intended w©
produce a magnetic field that can be
L picked up anywhere in a room. A cable
T AR < | may be run around the room at ceiling
TN height, above the ceiling or on or below the
] : ! floor. If the ceiling is very high, the cable
TN : < ' may be installed at a lower level. Exceprin
: certain special cases which will be ex-
plained, such a loop should consist of one
[urii.

, Owverspill .
. s’ If the loop runs around the walls of
LS oo Y T the room, its magnetic field extends well
ian s e S Sas _ s ees s e L auRl outside the room, which may be an
REEEA=Es : ; advantage in a house (Grandpa can still
l;'_‘—,:'.: mEmmmEm=Zis hear the television while he is in the
L.—,— e 117 — kitchen), but a disadvantage in a block of
EEmESL eSS S committee rooms, or a home for elderly
B et S eNE kA people, where people in adjacent rooms
5 17 should not be able 1o receive the signals. It
is not possible to remove this ‘overspill’
entirely, but it can be greatly reduced by
- several means. The simplest technique is
a2 e : 1o install the loop under the floor covering
AT iRansaenE 3 ; or on the ceiling, and make it as small as
ENSANETS o pntly will give the necessary coverage in the
room. For example, no-one is likely to
AL ! X listen with the hearing-aid next to the wall,
S N T s ) so the loop need be no closer than 1m or so
R zumansssspusasit 1o the wall. In a typical room, this leads to
a loop 2m x 3m. Directly above the loop
wire, the magnetic field direction is
horizontal, so that a normal hearing aid
registers a null, but even a small

]

T Yy Y,
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1

|

i\

T
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=t

Figure 3a. Directional response of a hearing aid telecoil, plotted on a linear amplitude axis.
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Figure 3b. Directional response of a hearing aid telecoil, plotted with amplitude in decibels
(logarithmic axis).

can hear. In *"AFILS for assisted hearing’,
the receiver is a hearing aid. Although
some aids have no facility for use with an
AFILS, most of them are fitted with a
‘telecoil’, several thousand turns of ex-
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tremely fine wire wound on a tiny rod of
high-permeability allov. The magnetic
field produced by the loop induces a small
voltage in the coil, which is amplified and
fed to the earpiece of the aid. The hearing

movement either way restores a usable
signal level, and in practice the null seems
to be hardly noticed. There are more
complex methods of reducing overspill:
one is to use two groups of small loops, one
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Figure 4, Example of the ‘comb filtered’ frequency response given by an AFILS with overspill
reduction achicved by using two loops fed by equal currents with 10ms time-delay between them.
The cffect of comb-filtering with such closely-spaced null's is nearly inaudible. The apparent
unevenness in the pattern above 1kHz is due to aliasing between the frequency sweep rate and the
rate of change of response, in spite of the use of a slow sweep speed.

group being fed with a signal delayed by
10ms or so. It can be shown that this
technique reduces the field strength
outside the area of the loops, with a null
every 100Hz (Figure 4). You would
imagine thar this would be absolutely
unusable, but in fact the effect of this sort
of filtering is nearly inaudible!

The Loop Field

It is the current T" in the loop which
produces the magnetic field. The field
sirength H, at the centre of the loop is
important in design. For a (single-turn)
circular loop of radius ‘r’, the reladon is
fairly well-known:
H, = Var.
If I is in amps and r is in metres, H is in
amps per metre, which we now have to
write ‘Am ™",

The equation for a rectangular loop ‘a
x b’ is less familiar:

H, = 2IV(a? + b2)rab.

We can simplify this a bit by noting
that V(a2 + b2}, is the length of the
diagona of the rectangle, and we can
calculate it once and call it ‘d’, so that H,
= 2Id/7ab. For much of the work, we can
deal with square loops, where b = aand d
= aV?2, giving H, = 2V2Tra.

In the plane of the loop, the field
strength varies greatly over the area of the
loop, rising to very large values indeed
near the wire (Figure 5). We are interested
in the vertical component of the field, and
this rises to peaks just inside and just
outside the loop, being zero exactly art the
wire. The horizontal component is huge at
the wire and zero in the centre of the loop.
Luckily, if we put the wire at floor or
ceiling level, the hearing aid is in a plane,
the listening plane, which is on average
about 1.2m away from the plane of the
loop. There are four cases to consider, the
behind-the-ear or body-worn aid, and the
user standing or sitting. (If the user is lying
down, the telecoil axis is normally nearly

AR

horizontal and the aid responds to the
horizontal component of the field.) This
separation smooths out the variation of
field strength over the loop area, and it can
be neglected for small household systems.
However, an increase in loop current is
necessary to produce the required field
strength.

The field strength actually required is
basically established by an international
standard, IEC118-4, of which the British
version is BS6083-4. This stipulates a
time-averaged field strength of 0.1Am ! at
the centre of the listening plane, and a
permitied variaton of =3dB over the
coyerage area (which extends outside the
projection of the loop on to the listening
plane because of overspill). It also allows a
variation with frequency of =3dB between
100Hz and 5kHz, relative to the value at
1kHz. This is all very well as far as it goes,
but it does not go far enough. It draws
attention to the fact that signal peaks must
produce much stronger fields than the
average, but expresses this as a capability
for producing 0.4Am~' averaged over
0.125s, a type of measurement which is
highly unusunal. It does nor give anv
requirements for distortion, nor for signal-
to-noise ratio. Published scientific papers
are of little help in seutling the two latter
questions, but practical experience indi-
cates that 3% total harmonic distortion (of
low order) is the maximum tolerable, as is
a signal-to-noise ratio of 26dB A-weighted
measured at the output of a hearing aid (or
equivalent).

The problem of measuring the levels
of programme signals is complex, but the
people who have been forced to produce a
workable solution are the broadcasters, so
that they do not over-modulate their
iransmitiers. They have developed the
Peak Programme Meter (PPM), 1wwo
versions of which are standardised in
IEC268-10 (BS5428-9, o be replaced by
BS6840-10). This meter has a defined
attack-time, so that it does not respond o
very short transients which may be clipped
without audible effect, and a slow fall-
time, so that the operator can see the effect
of peaks without being driven crazy by a

g : T[Fostiens of less = g g— - ! _P:m'uons'?r' loop, conductors : :
= T 11 S -5 7 T T e -
£ 10 7Ty g —10 1+ '_*/’“‘\: 1|
g -5 JAWANY e 15— 4 M W
£ -20 BB g _2p | LA R TN | )
= 25 YWis ! % gl | LAA TAAT AN T
o Py 111511 o = | | L '] VN | |
s 3 FIX s 30— T — 1Tl ,l.‘-\. - —
| & =35 "‘-\ : = 351 - - 2, L : 1A A
2 _4 ! | & gl ! HEEP ) - ]
] i = — 3 —

% —45 |—— %‘\ 1 E —45 : 7 / 1T i 1 T
g -50 b G . g —so | 1 L7 | : S —

-s5 ! hd || E _s5 a1 L INON
g S "1.\_ | ¥ 11 | |l O
= =0l I BEEE 2 w0 3" -— 7 . — =
2 -85 i BROEE 3 -85t : a4 T
r - N . 413 | | I e N | |- N
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Distance from centre/loop width Distance from centre/icop width

Figure 5a. Variation across the median of a square loop of the
perpendicular (full line) and co-planar (dotted line) components of the
magnetic field at a normalised listening heighth, = 1. (h, = 22/a,z =
distance between loop and listening planes.) The direction of the

co-planar component is along the median, and the field strengths are
referred to the field strength at the centre of the loop and in its plane as 0dB.

August 1980 Maplin Magazine

its plane as 0dB.

Figure 5b. Variation across the dizgonal of a square loop of the
perpendicular (full line) and co-planar (dotted line) components of the
magnetic field at a normalised listening height h, = 1 (h, = 2z/a). The
direction of the co-planar component is along the diagonal, and the ficld
strengths are referred to the field strength at the centre of the loop and in

a7
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pointer jumping all over the scale. There is
stll a problem in translating an average
level into a PPM level, but, in the present
case, equating a 0.125s average field
strength of 0.4Am™' 1o a PPM level
corresponding to 0.56A! is sufficiently
accurate. It is important to establish this
maximum required value of field strength,
because it determines the amplifier output
specification. Note that the ratio of these
values is nor the rato of peak to r.m.s.: the
PPM is itself calibrated in r.m.s. values
and the ratio in fact represents the
‘smoothing’ action of the averaging pro-
CEss.
The standard value of magnetic field
sirength was established more than 10
years ago, and was (o a significant extent a
compromise between the achievement of a
good signal-to-noise ratio in public build-
ings, especially theatres, where there are
often interfering magnetic fields produced
by fluorescent lighting, lift motors etc.,
and the avoidance of strong fields,
including overspill, which could cause
interference with telephone and other
equipment, and annovance [0 passing
hearing-aid users. Recent work reported in
technical papers by a number of scientists
and engineers has shown that, provided
magnetic interference is not a problem, as
is usually true for household systems, the
average field strength can be reduced by 3

.

o 5dB, under which conditions the
hearing-aid user often does not need 1
adjust the gain control of the hearing aid
when switching from normal conversation-
al use (“M’ position) to AFILS use (‘°T" or
*MT’ position), which is very convenient
for the user. This reduction can be quite
important in the design of the system, as it
considerably reduces the requirements for
the amplifier. For what follows, I shall
assume a reduction of 4dB, so that the
average field strength is 63mAm™', and
the maximum is 350mAm=".

Driving the Loop

Now that we know the magnetic field
strength requirement, we can calculate the
current required for any size of loop, by
rearranging the appropriate equation for
H, in terms of I. For example, our 2 x 3m
loop requires;
I = 7abH,2d
Tx2x3x0352V(22+33)
0.21A

i

However, we have to correct for the

difference between the field strength at the
centre of the loop plane and that at the
1.2m distance of the listening plane from
the loop plane. The equation for this
carrection is very complicated, so I have
written a& program to calculate values
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(Table 1), and this gives a correction of
approximately 2.5 times, so we end up
with a requirement for 2.3A. How many
volts must the amplifier produce to push
this current round the loop? The answer,
of course, is given by the impedance of the
loop (V =IZ)."

The loop of wire has resistance of
course, but unfortunately it also has
inductance; it is a single-turn coil. Even
more unfortunately, it happens that the
inductance is likely to be large enough 1
matter, unless we are careful: it is liable to
raise the impedance sufficiently at high
frequencies to prevent the frequency
response requirements of BS6083-4 (£3dB
from 100Hz w 5kHz) being met. The
amplifier, having a flat frequency re-
sponse, applies the same voltage to the
loop at all frequencies, so the current level
is reduced by 3dB at the frequency f,
where the resistance and inductive react-
ance are equal:

R = 27f,LL

To meet BS6083-4, {, should be at
least SkHz. In order to prevent possible
interference, especially due to harmonics
at low r.f. should the amplifier be
overloaded arany time, the —3dB frequen-
cy should not be significantly above SkHz,
either.

Loop Resistance and
Table of the function H,/Hz = V((1+g°}g*+gh®+ 1))g+h)(1+gh’)/(g(g’+ 2gh*+ 1)) from Current Ratmgs
h=0to h = 1 for values of g from 1.0 to 6.5. H,/Hz is equal to the ratio by which the laap The resistance ‘R’ depends on the
current must be increased to compensate for the distance between the loop plane and the length of wire °‘k’, the area of the
listening plane. conductor(s) *A’ and the resistivity of the
g=1000 g=1500 g=2000 g=2500 g=3000 g=3.500 material ‘p’ (Greek letter ‘rho’). The basic
formula is:
h H.,Hz H_ Hz H,Hz H,Hz H_H=z H_Hz
R = pk/A
0.000 1.000 1.000 1.000 1.000 1.000 1.000
3 v - .
e Mmoo e e Fo cnpr v st 0 sy o
0.300 1114 1.134 1.171 1.213 1.258 1.303 normal ambient temperature (the current
0.400 1.206 1.239 1.304 1.378 1.456 1.536 heats the wire a bit), p = 18n{lm. Wire
0.500 1.326 1.377 1.47 1.589 L.709 1.832 areas are often specified, but must be
0.600 1.477 1.548 1.685 1.846 2.017 2.191 converted from square millimeires 1o
0.700 1.663 1.755 1.937 2.150 2.378 2.613 square metres for use in the equation!
0.800 1.884 2.001 2.231 2.503 2.795 3.097 When they are not specified. they can be
0.900 2.145 2.288 2.570 2.506 3.268 3644 calculared. For example, Maplin L/C wire
1.000 2.449 2,619 2,958 3.363 3.801 4256 BL46A (black) has 10 strands of 0.1mm
copper. Each Zs_lfand has an area of 7 x
= — - —s53 _ _ {(0.1/2) x 1077} = 7.85 x 100 'm", so the
g=4.000 g=—4.500 g=5.000 g=5500 g=6.000 g=6.500 Nl in is 785 102 One 3 o 3
h H,Hz H_Hz H,Hz H,Hz H_/Hz H,/Hz loop uses 10m of wire, so the resistance is
18 x 1077 x 10/(7.85 x 107%) = 2.290). Can
0.000 1.600 1.000 1.000 1.000 1.000 1.000 we put 2.3A through this wire? According
0.100 1.039 1.044 1.049 1.054 1.059 1.064 to the Catalogue specification, it is rated at
0.200 L.155 1.176 1.196 1.216 1.236 1.256 0.5A, so we can't. However, these current
om bl e B | e cmen vie o vl
0.500 1.956 5,081 2,206 2239 2.457 5553 based on an ambient temperature of 70°C,
0.600 2.369 2.547 2.726 2.506 3.086 3.266 and: when used as an induction loop the
0.700 2.851 3.092 3.334 3.577 3.821 4.065 wires are operating at about 26°C ambient.
0.800 3.404 3715 4.029 4.344 4.660 4.977 Consequently, they will carry much more
0.900 4.028 4.417 4.810 5.205 5.603 6.001 current without overheating. Furth-
1.000 4.724 5.198 5.678 6.162 6.648 7.136 ermore, the 2.3A is the maximum current,
and we know that the average current is
Fi _ o i ; C i 5.6 times smaller, i.e. 0.41A, which is
ﬂ;is]i- i:alculan!,: |-111— 2; ¥ 3}:, where 'z j_sthe dzsfaj:icc bctfm?en the planes and *a’ and ‘b’ are within the rating of the Wlire, an)'wgy.
¢ lengths of the sides of the loop. g = b/a, the aspect ratio. Normally, I would not advise exceeding

the published ratings of any sort of

Table 1.
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component, not even wire, but this is a
special case, and I have checked by
experiment what happens. To get a
worst-case condition, I twisted together
two 2m lengths of wire, joined them
together at one end and drew the twisted
pair into 2m of plastic trunking. I then
measured the resistance between the open
ends before and immediately after passing
3A through the wire for long enough for
the temperature to stabilise. The tempera-
ture rise can be calculated from:

R =R, (1 + «t)

Where R, is the resistance at tempera-
ture t, R, is the resistance at the initial
temperature and « is the temperature
coefficient of the resistivity of copper. 3.93
x 107 (more school physics!). Rear-
ranging:

t=(R, - R)aR,

To get an accurate value of t, you
need very accurate measurements of
resistance, because the change in resist-
ance is very small. In the present case, the
temperature rise was less than 10K (or
10°C), so the wire was easily coping with
3A.

Inductance of the Loop

You might well wonder why we are
bothering to look at passing large currents
through thin wires. This becomes some-
what clearer when we look at the
inductance of the loop. A number of weird
and wonderful formulae for the inductance
of a single rectangular turn appear in
books, but for audio frequencies and thin
non-magnetic conductors in air the accu-
rate equation is:

L = (/) {b In(2a/d) + a In(2b/s)}

Where u, is the permeability of space,
47 x 107"Hm ', a and b are the lengths of
the sides and ¢ (Greek ‘phi’) is the
diameter of the wire, all in metres. (‘In’ is
the abbreviation for ‘natural logarithm’,
which used to be written ‘log.’.) This
equation is difficult to handle, but it
happens that it can be greatly simplified
for AFILS, where a and b are very much
larger than e. Firstly, calculation shows
that the inductance hardly varies with the
ratio b/a (the ‘aspect ratio’ of the rectangle,
for which the symbol vy, Greek ‘gamma’, is
used) over the practical range from vy =
/1210 y = 12, and if we put b = a:

L = 2a (p/m) In(2a/p)

Secondly, for the loop and wire sizes
used in AFILS, In(2a/g) is always very

nearly 10, so, substituting numerical
values:
L=8x10"%

Or, even more simply, the inductance
in microhenries is equal to twice the
perimeter of the loop in metres. Quite a
simplification!

Using this equation, the inductance of
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our 2 x 3m loop is 20uH, which has an
impedance of 0.63() at SkHz. This is very
comfortably below the resistance of the
loop, 2.290) as we saw above, but thar is
because I chose a thin wire (perhaps the
thinnest that is strong enough to use) on
purpose. A 2 x 3m loop of 16/0.2 wire, for
instance, has a resistance of 0.36(1, much
less than the inductive reactance at SkHz,
and such a loop would not meet the
frequency response requirement, the cur-
rent level being 3dB down, relative to its
value at low frequencies, at only 2.9kHz.

Maximum Wire Size for
Voltage-Driven Loops

Consider the equations for resistance,
inductance and bandwidth together.

R = 25f,L
R = pk/A
L=28x107°

For a square loop, k = 4a, so we can
substitute:

4pa/A = l6maf, x 10°8

Putting in the numerical value of p (18 x
10~?) and simplifying:

A = 1.432 x 1071,

Surprisingly, this result is indepen-
dent of the size of the loop (a cancels in the
equation), and it is also valid for
rectangular loops. If f2 = S5kHz, A = 0.29
x 107°m?, or 0.29mm’. This is the area of
the standard 1/0.6mm equipment wire,
but single-strand wire is nor ideal for
loops, on mechanical grounds. The area of
7/0.2mm stranded wire is 0.22mm?, which
gives a bandwidth of 6.6kHz (if there are
no other high-frequency losses in the
system, of course), and is perhaps the best
choice, This wire has been found to carry
8A maximum in loop applications, and is
the thickest wire that can be used for
single-turn voltage-driven loops of any
size, without needing equalisation (treble
boost) in the system. The need for a
thinner wire occurs when a small loop is
required, and the 7/0.2 wire would give too
low a load resistance for the amplifier. For
example, our 2 x 3m loop would have a
resistance of only 0.83Q) (the same as the
inductive reactance ar 6.6kHz), which is
lower than the minimum permissible load
resistance for most amplifiers. This ex-
plains the remainder of the concern for
passing large currents through thin wires.

Largest Voltage-Driven
Loop

Since we now know that the thickest
wire we can use will carry 8A, we can goon
to find the size of loop that needs 8A, and
this is the largest single-turn loop that can
be voltage-driven without equalisation.
Rearranging the field-strength equation
for a square loop again:

a=2V2l/sH.s

AN

Where ‘s’ is the correction factor for
the 1.2m (usually) distance between the
listening plane and the loop plane.
Unfortunately, ‘s’ depends in a compli-
cated way on ‘a’, so it is not easy to solve
this equation. However, if ‘a’ turns out to
be large compared with 1.2m, so that ‘s’ is
nearly 1, we can get a good approximarion
by assuming ‘s = 1'. If we take our
reduced average value for H,, Ii.e.
63mAm~', and 8A as the average current
rather than the maximum, we get ‘a =
114m’. Mind you, it requires no mean
amplifier to drive such a big loop! The
maximum current is 8 x 5.6 = 44.8A, and
the resistance of 456m of 7/0.2mm wire is
37.3(). This requires an output voliage
capability of 1671V (!), and the maximum
power dissipated in the loop is nearly
75kW. The amplifier power rating would
have to exceed this. The average power is
‘only’ I’'R = 64 x 37.3 = 2.4kW, the rest
being needed as ‘overhead’ because of the
low peak-to-mean ratio of speech signals.

It probably wouldn’t be a good idea to
use such a large loop, not least because the
overspill would be quite strong for over
100m outside the loop in every direction.
Also, the amplifier would be very expen-
sive and bulky, and the electromagnetic
forces on the loop wire could even be
strong enough to break it in certain
circumstances. Such a large area (which
may be required to be covered, e.g. a
cathedral or exhibition hall) would normal-
ly use several loops and amplifiers.

More Turns

It has been suggested that the way to
cover large areas without using huge
amplifiers is to use loops with many turns.
This isn’t such a good idea as it seems. The
trouble is that, while the resistance of a
loop of ‘N’ turns has ‘N’ times the
resistance of a single turn, it.has (nearly)
‘N? times the inductance. The result is
that pure voltage drive requires an
impracticably thin wire to achieve the
5kHz bandwidth. Even with equalisation,
the voltage required to drive the necessary
current through large loops at high
frequencies is very large indeed, and even
our big single turn required nearly 1.7kV!
For loops of a more modest size, the
provision of equalisation can permit the
resistance to be made negligible compared
with the inductive reactance at 5kHz. Such
a loop dissipates very little actual power,
bur the amplifier must still be capable of
driving the required current through the
inductive reactance. Compared with a-
voltage-driveable loop, the voliage re-
quired is reduced by a factar of V2, which
can be helpful. It means a reduction by
half of the required ‘power rating’ of the
amplifier: more on this larter,

Things to Come

Next tume we shall look at the
practical details of the household loop
amplifier and system, and perhaps the use
of equalisers and current-drive amplifiers.
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FEATURES

* Low Noise

* Low Distortion

* Differential Inputs
* High Slew Rate
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APPLICATIONS

* Balanced Microphone
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* Balanced Line Drivers
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Parameter Conditions Min Typ Max
Power Supply
Voltage (DC) +12V =15V =17V
Supply Current +15V 12mA: 16mA
Total Harmonic Output Voltage = TV RMS,
Distortion (THD) Gain = 1000, Frequency = 1kHz 0.007% 0.01%
OQutput Voltage = TV RMS,
Gain = 100, Frequency = 1kHz 0.007% 0.01%
Output Voltage = 7V RMS,
Gain = 10, Frequency = 1kHz 0.01% 0.015%
Output Current Source 15SmA 25mA
Sink 8mA 14mA
Bandwidth (—3dB) Gain = 10 1MHz
Gain = 100 700kHz
Gain = 1000 ~150kHz
Output Voltage Swing 2k load +=10.5V +=12.5V
Slew Rate 6V/us
Common Mode Input .50M
Impedance
Differential Mode Gain= 10 20M
Input Impedance Gain = 100 5M
Gain = 1000 0.5M
Common Mode =4V =5V
Voltage Range
Above specification for =15V power supply, Temperature = 25 deg C.

‘Table 1.8SM2015 typical electrical characteristics.

ﬁg‘ura 2showsa typical
‘application circuit for the
‘SSM2016. Overall frequency

typical values range from 15pF
to 30pF for C1 and 5pF to 15pF
for C2.

. The bandwidth of the
'SSM2015 is dependant on gain
.-and the value of the bias

currents, —3dB bandwidths up
to IMHz are possibla

The SSM2015 inputs are
completely floating and to
‘prevent the input voltage from
excesdmg the common mode
range, it is necessary o
provide a DC connectiontoa
suitable point in the circuit
(usually 0V). A common

methudol‘anhiavmgtlﬁsisto

connect one side of the input
transducer to 0V. Another
method is to let the transducer
float and connect each input to
the 0V line using resistors; the
value of these should be kept
as low as possible for noise
immunity purposes and in
praclwe rnsy be any va!ueup
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s aicn b oot | e iar power supphes tote moduls, | APPlications
shown in Figure 5. equipment. Zener diodes, ZD1 If the phantom power facility is The preamplifier module

Presets RV1 and RV2
provide adjustable gain. The
overall gain of the
preamplifier is adjusted by
RV1 and may be szt between
approxzimately 10 and 50.
Maximum gain is achieved
when RV1 is set to the fully
anti-clockwise position. RV2
allows fine adjustment of the
gain of IC2b either side of 0 so
that this can be matched to the
gain of IC2a for correct
balancing. If no test equipment
is available, RV2 should be set
to the centre of its travel;
although this does not
necessarily provide optimum
matching of the two output
levels, a reasonable degree of
balance should be obtained.
Balanced inputs are connected
to PT (+1i/p), PB(OV) and P9(—1/
p). Ii a single ended output is
required this may either be
taken between P13(o/p) and
P14(0V) or between P15(o/p)
and P16(0V). For balanced
operation, output connections
are made to P13(o/p), P14(0V)
and P15(o/p). Note that the
output at P13 is 180 degrees
out of phase with the output
at P15.

Additional facility is
provided to allow a low
current power supplyup toa
maximum of 60V to be
coupled onto the input lead for
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- ZD4 provide input protection
for the SSM2015 from any
voltage transients that may
occur when connecting

not required, then the
components used in this part
of the circuit (R1, R2, R3 and
C3) need not be fitted.

may be used in a wide range
of applications but is
particularly useful when
interfacing balanced
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Figure 5, Wiring diagram.

Supply Voltage =12Vto £1TVDC
Supply Current (Quiescent) 20mdA at =15V
Total Harmonic Distortion (THD) measured at 1kHz Less than 0.02%
Gain: RV1 set to minimum gain 21.0dB

RV1 set to maximum gain 33.5dB
Maximum input voltage (for 3V RMS output, gain set 180mV RMS
to maximum, = 15V power supply)
Mazximum input voltage (for 9V RMS output, gain set B00mV RMS

PCB dimensions

to minimum, = 15V power supply)

43mm x 89mm

Table 2. Specification of prototype module.

Out of phasa signal

* In phassa signal
Balanced line

Balanced line

Figure 6. Standard XLR and jack

connections for balanced line.

transducers (microphones) to
single ended equipment.
Balanced connections are
normally made using XLR
connectors and the standard
wiring format for this type of
connector is shown in Figure
8. Stereo jack connectors may
also be used and typical
connections for these are also
shown. Finally, three
additional pins P10(+V),
P11(0V) and P12(—V) are
included for low current
(500mA maximum) power
supply connections to
auxiliary equipment; the pins
are connected electrically via
tracks on the PCB to P1, P2 and
P3.

Table 2 shows the
specification of the prototype
preamplifier.

SSM2015 MICROPHONE
PREAMPLIFIER

PARTS LIST

Resistors: Al 0.6W 136 Metal Film

Rl 100R

R23 B8k

R4,56,7,10 10k

RB 33k

RS 470R

R11,17 S80R

R12.16 820R

RI3 330R

R14 15R

R15 27k

RV1 Hor Encl Preset 2k2

RV2 Hor Encl Preset 100k
Capacitors

Cl2 220,.F 35V PC Electrolytic
c3 47uF 63V PCElectrolytic

(MI100R)
(MBSBK)
(MI0K)
(M33K)

(M470R)

(MBE0R)

(MB20R)

(M3S0R)
{MI5R)
(M27K)

(UHOIB)

(UHO5G)

t—'_l—-h--t—-a—-Nb)t—-r—lUlM-—-

(L22Y)
(FFO3K)

= b3

C4.5,11
C8,7
Cc89
Cl10,12

Semiconduciors
IC1

1c2

ZD1-4

Miscellaneous
Pl-16

1uF Poly Layer 3 (WW853H)
100nF Polyester 2 (BXT76H)
15pF Ceramic 2 (WX4BR)
47pF Ceramic 2 (WX52G)
SSM2018 1 (ULIES)
NESS32 1 {UH35Q)
BZX61CoVa 4 . (QF48C)
Pin2148 ) Ipkt (FL24B)
DIL Socket 8-Pin 1 (BL17T)
DIL Socket 14-Pin 1 (BL18U)
PC Board € (GE®3T)
Constructors Guide 1 (XHT78L)

All the above items are available in a kit:
Order As LP42V (8SM2015 Mic Preamp Kit) Price £10.95

The following item is also available separately:
SSM2015 PCB Order As GEG3T Price £2.25
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Figure 12. A Push-Pull Converter.

Resumé

In part two we dealt with the flyback
regulator and the boost regulator, and we
also looked at the operation of the forward
converter and the fluback converter. In part
three we will, in conclusion, examine the
operation of the push pull converter, and
briefly, the half bridge and the full bridge
converters. We will then take a look at a
complete switched mode power supply and
its control circuitry.

Push Pull Converter

Figure 12 shows the circuit for a
push-pull converter. The main differences
between this and anything we have looked
at previously are the addition of a second
switching transistor, and a transformer with
both a centre tapped primary and secon-
dary. This circuit belongs to the feed
forward converter family, as energy is
transferred to the output capacitor during
the conduction period of the switching
transistors. When TR1 switches on, current
flows through the ‘upper half of T1's
primary and the magnetic field in T1
expands. The expanding magnetic field in
T1 induces a voltage across T1 secondary,
the polarity is such that D2 is forward biased
and D1 reverse biased. D2 conducts and
charges the output capacitor C2 via L1. L1
and C2 form an LC filter network. When
TR1 turmns off, the magnetic field in T1
collapses, and after a period of dead time
(dependent on the duty cycle of the PWM
drive signal), TR2 conducts, current flows
44

through the ‘lower’ half of T1's primary and
the magnetic field in T1 expands. Now the
direction of the magnetic flux is opposite to
that produced when TR1 conducted. The
expanding magnetic field induces a voltage
across T1 secondary, the polarity is such
that D1 is forward biased and D2 reverse
biased. D1 conducts and charges the output
capacitor C2 via L1. After a period of dead
time, TR1 conducts and the cycle repeats.

There are two imporiant considera-
tions with the push pull converter: 1. Both
fransisiors must not conduct simultaneous-
ly, as this would effectively short circuit the
supply. Which means that the conduction
time of each transistor must not exceed half
of the total period for one complete cycle,
otherwise conduction will overlap. 2. The
magnefic behaviour of the circuit must be
uniform, otherwise the fransformer may
saturate, and this would cause destruction
of TR1 and TR2. This requires that the
individual conduction times of TR1 and
TR2 be exactly equal and the two halves of
the centre-tapped transformer primary be
magnetically identical. These criteria must
be satisfied by the control and drive circuit
and the transformer.

The output voltage Vout equals the
average of the waveform applied to the LC
filter.

Voui=Vinx(n2/nl)x«a

where:

n2 = secondary tums on T1 beiween one
end and the centre tap (i.e. 2 the total
number of turns)

Figure 13. Current Waveforms in a Push-Pull
Converter.

nl = primary turmns on T1 between one end
and centre tap (i.e. V2 the total number of
turns)

a = (Tontg; + Tongee) / 7

T= 1/ f

Note:

Tong; =Tonge < 05x7  +

7 = Total period for one compﬂete eycle
where both TR1 and TR2 have conducted.

The control circuit monitors Vout and
conitols the duty cucle of the drive
waveform to TR1 and TR2.

If Vin increases, the control circuit will
reduce the duty cycle accordingly, so as to
maintain a constant output. Likewise if the
load is reduced and Vout rises the control
circuit will act in the same way. Conversely,
a decrease in Vin or increase in load, will
cause the duty cycle to be increased. Figure
13 shows associated waveiorms from the
push pull converter.

Half Bridge and
Full Bridge

Figure 14a shows the circuit for the half
bridge converter and Figure 14b the circuit
for the full bridge converter. Briefly, these
circuifs are similar to the push pull circuit,
except that a centre tapped primarv is not
raquired. The reversal of the magnetic field
is achieved by reversing the direction of
current flow through the primary winding.
Half and full bridge converters will be found
in very high power applications.

Maplin Magazine August 1390
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Figure 14b. A Full Bridge Converter.

For the half bridge circuit, the output
voltage Vout equals the average of the
waveform applied to the LC filter.

Vout= (Vin/2)x (n2/nl) x «

where:

n2 = secondary tums on T1 between one
end and centre tap (ie. V2 the total number
of tums)

nl = primary tums on T1

a = (Tonmp; + Tonra) / 7

s=1/f

Note: Tontg; = Tonme =05 x7

The behaviour of the Control Circuit,
which monitors Vout, and provides drive to
TR1, is identical to that of the push-pull
converter.

For the full bridge circuit, the output
voltage Vout equals the average of the
waveform applied to the LC filter.
Vout=Vinx (n2/nl) xa
where:
n2 = secondarv turns on T1 between one
end and the centre tap (ie. V2 the total
number of tums)
nl = primary tums on T1

a= (Tontr; + Tonggz) / 7

== 1.f f

Note:

Tong: = Tonre <05 x 7

7 = Total period for one complete cycle
where both TR1 and TR2 have conducted.

Diagonal pairs of tansisiors will
alternately conduct, thus achieving current
reversal in the transformer primany. This
can be illustrated as follows — with TR1 and
TR4 conducting, current flow will be
‘downwards’ through the transformer prim-
ary, and with TR2 and TR3 conduciing,
current flow will be ‘upwards’ through the
transformer primary.

The conirol circuit monitors Vout and
controls the duty cycle of the drive
waveform to TR1, TR2, TR3 and TR4.

The Control Circuit gperates in the
same way as for the half bridge and push
pull converters, except that four transistors
are being driven instead of fwo.

Mains Operated Switched

Mode Forward Converter

Having dealt with the main circuit
configurations of switched mode regulators
and switched mode converters, a complete
power supply can be considered, albeit in
slightly simplified form.

Figure 15a shows a circuit diagram for
the power stages of a step down switched
mode power supply and Figure 15b shows
a simplified conirol circuit. Figure 15c
illustrates operation in block diagram form.
This power supply is of the forward
converter type and is often referred to as an
‘off-line’ SMPS as input power is derived
‘off the mains line’. Dealing with the power
stages first: The input to the power supply is
240V AC mains, this is fed via FL1, an
electro-magnetic and radio-frequency in-
terference filter, to on/off switch S1. The AC
mains is then fed via fuse FS1 to the bridge
rectifier BR1 and reservoir capacitor C1.
The DC potential across C1 will be in the
order of 340V. Resistor R1 may at first seem
to be a curious addition to the circuit, butits
role is vital. Rl is a low value resistor
(approximately 2 to 4 ohms) and its
purpose is to limit the supply surge current
at switch-on caused by C1 charging; thus
reducing the stress on BR1 and C1 itself.
TR1, a high voliage MOSFET power:

AC fB
FL1 s1 T 02
FS1 Rl L1 F52 -
Lo —ofo— 2 - =
I P
EMI & : X/ - !
RFI ! 13 /N S |
FILTER 1 |
| X =
9 RL
i i
N o— ——o)/:: _E‘I;I I
. o |
E o T 1 av
= (B ' =
av

Figure 15a. Circuit Diagram of Power Stage in an Off-Line SMPS.
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transistor, is used as a high speed swiich to
drive pulses of current through transformer
T1. The frequency of operation for TR1 will
normally be in the range of 25 to 250kHz,
depending on the application. R2 and C2
form a snubber network to reduce spikes
and switching noise. T1 is a ferrite cored,
high frequency transformer. D2 is the
rectifier diode and D3 is the flywheel diode.
L1 servesas an energy storage inductor and
forms part of the LC filier combination
L1/C3. C3 is the output capacitor.
Regulation is achieved by monitoring the
output voltage at the point marked ‘FB’ and
adjusting the pulse width of the drive
waveiorm to TR1. Fuse FS2 serves as
overload and short circuit protection. Very
often FS2 will be replaced with an electronic
protection circuit that will shut down the
power supply in the event of an overload or
short circuit.

Control Circuitry

Driving the power stages and taking
care of regulation is the control circuit
shown in Figure 15b, which shows a
simplified circuit to illustrate the fun-
damentals of operation. The control circuit
itself requires power to operate, and this is
provided by the block designated ‘Aux.
Supply’. The auxiliary supply may take
several forms, and in this instance it derives
its power from the 240V AC mains supply
input to provide the low voltage auxiliary
supply. The circuitry required to perform
the control functions will normally be in the
form of an integrated circuit. In Figure 15b
the blocks labelled with a letter (‘2" to ‘m’)
are contained in an integrated circuit, whilst
the other discrete components are external
to the device. Block ‘&’ is a highly stable
oscillator which produces a sawtooth
waveform, timing components R1 and C1
set the operating frequency. A stable
reference voltage (VREF) is provided by
block 'b’, this is used by the error amplifier
and other circuitry. Control of the output
pulse width is under control of the Dead
Time Control Comparator, ‘c’, and the
Pulse Width Modulator (PWM) Compara-
tor, ‘e’. These two comparators each

compare a confrol voltage with the
sawtooth oscillator waveform. The cutput
of the two comparators is ORed together,
‘f', before being fed to the output conirol
circuitry. The Dead Time Control Compa-
rator is used to provide a ‘soft start’; this
brings the output of the power supply up to
its working level over a short period of time
(50ms) after switch on. This reduces siress
on the components in the power stages at
swiich-on. The time constant for the ‘soft
start’ is provided by R2 and C2. The Error
Amplifier, ‘d’, is responsible for comparing
the output voltage of the power supply with
a reference. If the output volitage tries to
deviate from its correct value, because of
changes in either load and/or line voltage,
the error amplifier output changes to
maintain the comrect output voltage. The
voltage at the output of the power supply is
monifored at the point marked ‘FB’ on
Figure 15a, this voltage is coupled to the
error amplifier circuiiry via an Opto Isolator
(Figure 15b). The Opto solator is required
to maintain isolation between the low
voltage output and the live power stages.
The opto isolation circuitry has been shown
as a block for clarity. The output from the
Opto Isolator is fed to the non-inverting
input of the Error Amplifier via a potential
divider, R6 and R9, where it is compared to
the reference voliage provided by another
potential divider, R3, R4 and RV1. RV1
serves to adjust the output voltage of the
power supply to the required level. C3
decouples the reference voltage. The gain
of the error amplifier is set by the network of
components, R5, R8, C4 and R7. The error
amplifier is essentially a non-inverting
operational amplifier circuit with the low
frequency gain being set by R5 and R8.

Error Amplifier LF Gain = 1 + (R8 /R5)

The combination of inductive and
capacitive components in the power stages
will cause phase shift, and at certain
frequencies it is a possibility that the
feedback loop could become unstable and
break into oscillation, which is, to say the
least, highly undesirable! The answer to this
is to provide frequency/phase compensa-

tion: this is provided by C4 and R7. As the
frequency rises, the gain of the amplifier is
reduced, thus ensuring stabilitv. The gain of
the error amplifier at a given frequency is
thus:

(where f is the frequency)

Impedance of frequency compensation
network: )

Xe=1/2xax fxC4)

Z = VI(R7 + X

Total Feedback Impedance:
Z2f=(ZxR8B)/(Z + R8)

Error amplifier Gain at Frequency f =1 +
(Zf/ R5)

The integrated circuit used in this
example has -fwo outputs, and can be
‘programmed’ to use these for either
push-pull or single ended applications.
Selection of the required mode is achieved
by taking the inputs of the two AND gates
(h) and (i) to either VREF for push-pull or
OV for single ended. When in push-pull
mode, the frequency of the drive signal is
half that of the oscillator, this is due to the
action of bistable (g). The bistable ensures
that the two output transistors (l) and (m)
never conduct together and that the duty
cycle of each drive signal never exceeds
50%. The 50% maximum is a requirement
in this type of forward converter power
supply. For this reason the push-pull mode
is selected, even though only one output
transistor (1) is used. NOR gates (j) and (k)
steer the PWM drive signal to the ouiput
transistor under the control of the bistable
outputs. R11 provides an emitter load for
the output transistor.

Winding It Up

In part three we have looked at the
push pull converter, and the half bridge and
full bridge converters. We also examined a
complete power supply and its conirol
circuitry; thus concluding this short serieson
the principles of switched mode power
conversion. The series has only briefly
scratched the surface of this fascinating area
of electronics, leaving practical design and
new developments completely untouched.
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Figure 15b. Circuit Diagram of Control Circuitry in an Off-Line SMPS.
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Figure 15c. Block Diagram of an Off-Line SMPS.

Indeed a complete series could be devoted
to one regulator or converter topology
alone! In the near future it is intended to
present some practical designs for switched
mode power supplies; watch this space!

Feedback

If you have any comments, sugges-
tions or project ideas regarding particular

References

applications for switch mode power sup-
plies then please write io ‘SMPS, Eleciro-
nics - The Maplin Magazine, P.O. Box 3,
Rayleigh, Essex, SS6 SLR.’

SGS Power Supply Application manu-
al. Motorola Power MOSFET Transistar
Databook. Unitrode Semiconductor Data-

book. Unitrode Applications Handbook.
Transformer Core Selection for SMPS,
Mullard.- Soft Femites — Properties and
Applications, E.C. Snelling. Switchmode —
A Designer's Guide, Motorola. SMPS —
Technology and Components, Siemens.
Texas Instruments Linear Circuits Data-
book. Analogue Electronics Handbook,
T.H. Collins.

VARIOUS

GOULD DIGITAL STORAGE SCOPE
£450, Colour Bar Generator £30, Philips
Timer/Counter 120MHz £150, Function
Generalor £70. All as new. Tel 0784
255448 eves.

DENCO G.P. COILS Ranges 2-34-5,
blue-yellow-red. 12 coils £18, carriags
extra. Seon Smyth, De Porres’, 67 East
Princes Strest, Helensburgh G284 TDG.
Tel: (436 71181

3 SLIGHTLY USED Emi 240V 120mm
fansat £4.50 each or £12 the lot.

Tel 0543 451857,

FOR SALE (ex-equipment) 24V
Mechanical Counters £5. Tagged
NiCads AA £0.85, C £1.80, Attractive
seven segment displays 1 inch high, 4
digit £5, 5 digit £5. Add £2 P & P. Send
cheques to . Edwards, Aitkenmoor,
Annanwater, Moffat DG10 8LS.
PHILIPS VR2022 VIDEO 2000
RECORDER little used. in parfect
Instruction Book and spare casseties
£120. 2 VCR 97 6 inch Cathode Ray
Tubes, 1 VCR 517 6 inch Cathode Ray
Tube, with bases and MR screens. Best
offer secures, will separate. Various
valves, old and modem. Details on
requesl. Tel: Banbury 238708,
MAPLIN NICAM DECODER BOARD
fully working, will sell for £80 for quick
sale. G.]. Eida, 14 Hurstwood Avenue,
Bexley, Eent DAS 3PH. Tel: 0322 522315,
MAPLIN DIGITAL MULTI-TRAIN
CONTROLLER unused, Maplin
Workshop tested. Plus 2 train receiver
kits, one made and tested. £35.

Tel: 0225 420644,

GIANT CLEAROUT! Components,
boards, terminals, disk drives —
everything must go! Tel: 0785 41837,
FLUKE 85 MULTIMETER 3.75 digit,
auto-ranging, analogue/digital — 11
functions, 40 ranges. As new, £85 ono.
Maplin M205 Sweep Function
Gensrator 0.2Hz - 2MHz C/'W BNC lead
and S00HM ‘T piece. Asnew, £100
o.nc. Tel: 0661 36434.

CLEARING 74LS TTL CMCS 404950
and EPROM's. 1,000 chips all less than
half norma! price. Phone (0702) 216478
or send SAE {or list to: 21 North Street,
Grest Wakenng, Essex S330EL
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CLASSIFIED

If you would like to place an
advenissment in this section, here's
your chance to tell Maplin's 200,000
customers what you wan! to buy ar
sell, or tell them about your club’s
activities - absolutely free of
charge. We will publish as many
adventisements as we have space
for. To give a fair share of the
limited space, we will print 30
woids ires of charge. Thereafter
the charge is 10p per word. Please
note that only private individuals
will be permitted to advenise.
Commercial or trade advertising is

stricily prohibited in the Maplin
Magarine.

Flease print all advertisementsin
beold capital letters. Box numbers
are availahle a1 £1.50 each Please
sand replies to Box Numbers to the
address below. Please send your
advertisement with any payment
necessary to: Classifieds, Maplin
Mag,, P.O. Box 3, Rayleigh, Essex
SS6 BLR.

For the next issus your
advertisement must be in our hands
by lst August 1220,

MUSICAL

MAPLIN ‘MATINEE’ ELECTRONIC
ORGAN proiessionally built, 2
keyboards, pedals, rhythms, drawbar
voicing, rotorsound, ste. Circuit data for
easy maintenance, roll 1op cabinet,
bench. Offers around £150. Tel: Woking
773520,

GOOD HOME WANTED for Maplin
MESS3 organ. 2 x61-note manuals,
drawbars, etc. In home-made cabinet.
Offers or willing 1o swap. Buyer
collects. Tel: Redditch (05327) 23385,

COMPUTERS

CORONA PPC 21 complete business
set-up inc. Epson PEORA printer, and
keyboard + loads of disks’'manuals
(inc. Multimate and Symphony). Bought
from abroad hence 115V/60Hz - UE
ransformer included. Offers. Tel: Mike
Hughes, 0628 54357 eves.

ACORN ELECTRON with manuals and
connecting leads. Includes £160 of
software. Joystick and interface, plus
complete set of accompanying ‘Input’
magazines (worth £50). £100 o.no.

Tel: 0234 T11T04.

Z80 CMOS 5.1L0.1C's for sale (UJG1R).
In ariginal unopened packaging, only
£4 each (Maplin's price £7). Tel: Rolion
0234 T66087.

ONE ASCII KEYBOARD parallel
output, 58 keys. Never been used, still
boxed. £100 o.no. Tel: 0703 330019
SINCLAIR ZX PRINTER requires
replacement styli, offers. Tel: lan on 031
3392183.

MICROLINK MULTI-SPEED, (V2L22/
23), leads, PSU, PCWE8512, 2xFDD,
512KRAM, DMNLQ printer, RS232/C,
RTC, PD and commercial W, also

£110 worth of blank discs, 30 8000+
mags, AMX mouse, games, books. Call
Liverpoal 051 931 4271 ar 051 524 5310.
FOR SALE Master Compact, 2nd drive,
joystick, digimouse, comal ROM,
printer lead. Software includes
Artroom, Exile, Elite and more. Sall the
lot for £360 o.n.o. Tel: (081) 508 7648
eves.

FOR SALE Interak Z80 Computer
system, home buili, fully expandahle,
very solid, OPM+, 2 x 3.5 inch disk
drives, 2 Basics, Pascal, Assembler, lots
of extras £450. Mel Saunders, T
Drumcliff Road, Thurnby Lodge,
Lsicester LES 2LH.

WANTED

MODEM AND SOFTWARE
‘WANTED {or BBC Medel B. Must be
under £35 but in good condition. Tel:
0754 67890 afier 4pm.

1 WOULD LIKE to hear from any radio
contrel model builders. ['want to build a
boat, and especially need to hear from
people who have used the Maplin radio
control kits, speed control, ete. It would
seem possible to control servos and
speed controllers, etc., by using pulses
produced by FOR/NEXT LOOPS from a
compiiter, anyone done it? Any ideas,
etc. Please write to Mel Saunders, 7
Drumcliff Road, Thumby Lodae,
Leicester LES 2LH.

HEY YOU! Have you got any Can
machines or disco lighting effect units
for =ale? If 30, send details to: Dafydd
Rees, 14 Bank Buildings, Llandsilo,
Dyied SA108 6BU.

CIRCUITS WANTED infarmation for
Siemens 0-25MHz 1est set ©
D+G+W202l. Advance PSU ype
DC358. Philips digital multimeter
PM2513A. Levell testmeter type TMIL
Contact: Mr Perry, 216 Maripoal Lane,
Kidderminster DY11 5DL

DISCIPLE INTERFACE V3B DOS or
Plus D, must bs complete with
handbook and DOS software tape/3.5
inch dise, and in perfect order. Contact:
Mr M Parry, 216 Maripool Lane,
Kidderminster, DY11 5DL.

WANTED, MUSIC 5005000 (BBC B)
with software and mamual{s). Also
Brother M1003/Cantronics GLP tractor
feed. Must be cheap owing to imited
budget. Tel: (0734) 67820.

WANTED, MO&3 TOP-OCTAVE
GENERATOR CHIP (dizcontinued
item). K. Vickers, 58 Elmside, Exster,
Devon EX4 6LR.

BACK ISSUES OF ELEKTOR
ELECTRONICS WANTED Nos 10510
137. Send price and surface mail cost
to: Mr Anda Chang, [L Wayang 20,
Bandung 40262, Jawa-Barat, Indonesia.
EFROM PROGRAMMER WANTED
must be capable of programming 2716
EPROM's. Tel: Tim on 0538 373625; or
write 1o Bocase Farm, Brigstock,
Eenering NN14 3HZ

BEGINNER TO ELECTRONICS
REQUIRES components for nothing ar
a small price. Will pay for postage and
packing. Mr Dean, Blenheim, Walton
Lane, Bosham, Nr Chichester, W.Sussex
PO188QF.
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AFS

GENERAT 0

* Crystal Cantrolled Osc:lfator-

* On-board Voltage Regulator
* No Alignment Required
* Simple Testing

r Sqtgre wayg puw p :M:rrmaj and Inverse TTL
16.0MHz Data Input: TTL High (Mark) 1
976.6Hz lo rzsmz (255 steps) i TTL Low ( (Space) _
0.28% Maximum Nommmeverselnpm,\ FTL High (Normal)
Fixed Level 800mV RMS (60012 load) - TTL. IOMIRWEHQJ
Variable Level 300mV RMS (6001 load) | DC Powerloput: ~ +8.3Vto 14V
4% THD . Curnent Drainal 12V; 43!#4;

by Chris Barlow G8LVK

Photo 1.
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Switch SD1

ON
AENANANGY

123456781

’ 11000011

!
11000011 |

o  Switch SD2

v HEEANARG

Hz OFF1234586781 |
5 | oot110101 |

[ oicoioor |

0 | 10000110 |
' 11001010

ON
4

| iioo00ii |

Frequency calculation.

Exampie 1 : XT1 = 16MHz or 18000000Hz

SD1 11000011 or Binary 195+1 = 196

XT1 SD1 = B81632.6Hz +B4 = 1276Hz Space.
Example 2 : XT1 16MHz or 16000000Hz

SD2 = 00110101 or Binary 172+1 = 173

XT1 SD2 = 924B85.6Hz +64 = 1445Hz Mark.

Table 1. RTTY AFSK irequencies

Introduction

The transmission of Radioteletype
(RTTY) using Audio Frequency Shiit
Keying (AFSK) requires the accurate
generation of two tones. This is achieved
by using digital circuitry locked to a
crystal controlled clock with the
frequency of the tones set by two 8-way
dual-in-line switches. These tones
represent the logic conditions high or low,
commonly referred to as mark and space
tones. The frequency difference (shift) of
the tones can vary considerably, but, in
practice three are used; 170Hz, 425Hz

Figure 1. Block diagram
August 1830 Maplin Magazine

and 850Hz. The AFSK generator has the

ahility to be set to any of these shifts by
using the information given in Table 1.

Circuit Description

In addition to the circuit shown in
Figure 2, a block diagram is detailed in
Figure 1. This should assist vou when
following the circuit description or fault
finding in the completed unit.

The DC power for the circuit is
applied to PL1, negative (OV) to pin T and
positive to pin 2. This supply must be
within the range of 8.5V to 14V and have

the correct polarity, otherwise damage
will occur to the semiconductors and
polarised components. The input voltage
(+V1) is decoupled by C6, C7 and further
decoupling is provided at regular intervals
throughout the rest of the circuit. All the
digital IC’s are supplied from the +5V rail
(+V2) produced by RG1.

The timing signals used in the circuit
are derived from a master clock, IC1,
referenced to a 16MHz quariz crystal
XT1. Because of the basic high accuracy
of this crystal no trimming capacitor is.
required and its operating frequency is set
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Figure 2. Gircuil diagram
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Figure 3. Diode switching

by C29. Two buffered 16MHz clock
outputs appear at TP1 and TP2 which
provide the timing signals for the
programmable dividers |C2 and IC3.

The division code for IC2 and 3 is set
by the 8-way dual-in-line switches SD1
(SPACE) and SD2 (MARK), or by the
external control provided by PL2 (SPACE)
and PL3 (MARK), see Table 1 and Figure
3. The 16MHz clock can be divided by
any number from 2 to 256, this resulis in
the generation of two independent
frequencies in the range of 62.5kHz
(divide by 256) to 8MHz (divide by 2).

The two frequencies are then fed to
IC4 which is used to select the mark or
space signal controlled by the data input
stage IC5. This IC contains four exclusive
NOR gates, one is used to select the
normal or reverse tone condition. If the
data input on PL5 pin 3 is high then the
mark signal is selected. However, if PL5
pin4 is taken low then the space signal is
switched through and the reverse logic
condition will apply to PL5 pin 3. Two of
the remaining gates are used to drive the
LED’s LD1 (SPACE) and LD2 (MARK)
providing a visual indication of data
entering the AFSK generatar.

Data controlled signals leave IC4 and
enter the 7-stage ripple counter IC6 which
has a number of fixed divided outputs.
The divide by 64 output produces the final
frequencies 976.6Hz to 125kHz asa TTL
square wave on PL4 pin 2 and an inverted
signal from the fourth stage of IC5 appears
on pin 3. The divide by 2 output of IC6
produces frequencies from 31.25kHz to
4MHz which are fed to the digital to
analogue (D/A) converter IC7 and IC8.

IC7 is a 12-stage ripple counterand
IC8 is a quad exclusive OR gate. This
configuration produces 16 digital codes,
which are sequentially generated at the
rate of the incoming signal (31.25kHz to
4MHz). Four bits of the counter feed one
input of each OR gate with the fifth
counter bit feeding the other input of all
four gates. It is the logic state of this fifth
bit that determines whether or not the four
bits are to be inverted. The four bit code is
converted into an analogue tone by using
the resistor ladder R11 to 14. Each hali
cycle is constructed from 16 digital steps
and as the four bits are inverted the other

August 1990 Maplin Magazine

half cycle is generated. This has the efiect
of dividing the incoming signal by 32
producing the final frequencies 976.6Hz
to 125kHz which are fed ta the low pass
filter 1C9.

The frequency response of the low
pass filter is shown in Figure 4 and ascan
be seen the 6dB roll off point is at
approximately 3.3kHz. The output of IC9
is fed to PL7 pin 3 with RV1 providing an
attenuated output on pin 2.

PCB Assembly

The PCB is a double-sided, plated
through hole type, chosen for maximum
reliability and mechanical stability.
However, removal of a misplaced
component is quite difficult with this kind
of board sa please double-check each
component type, value and its polarity
where appropriate, before soldering! The
PCB has a printed legend to assist you in
carrectly positioning each item, see
Figure 5.

The sequence in which the
components are fitted is not critical.
However, the following instructions will

be of use.in making these tasks as
straightforward as passible, It is usually
easier to start with the smaller
components, such as the resistors and
after fitting the preset RV1 set it to the half
way position. When installing the two SIL
resistor networks RN1 and RN2 ensure
that the end with the dot is positioned
close to the circuit reference markings
(RNT, RN2), see Photograph 1.

Next mount the ceramic,
polystyrene, polylayer and electrolytic
capacitors. The polarity for the electralytic
capacitors isshown by a plus sign (+)
matching that on the PCB legend.
However, on most capacitors the polarity
is designated by a negative symbol (=), in
which case the lead nearest this symbol
goes away from the posilive sign on the
legend. When fitting the crystal XT1
ensure that you don'’t over heat it, while
making sure that itis firmly on the surface
of the board.

When fitting the IC sockets ensure
that you install the appropriate one at
each position, matching the notch with
the black on the legend. Do notinstall IC
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e

Figure 5. Layout of the PCB

sockets at SD1, SD2 and do not fitthe IC's
until they are called for during the testing:
procedure. Fit the eight-way DIL switches
at SD1 and SD2.

Finally install the voltage regulator
RG1, matching its case to its outline on
the legend. This completes the assembly
of the circuit board and you should now
check your work very carefully making
sure that all the solder joints are sound. It
is also VERY IMPORTANT that the solder
side of the PCB does not have any
trimmed component leads standing proud
by more than 3mm, as this may resultin a
short circuit. Further information on
soldering and assembly technigues can be
found in the 'Constructors Guide’
included in the kit.

Final Assembly

No specific box has been designated
for the project as your finished RTTY unit
could contain several different PCB's.
However, the single board prototype fitted
nicely in to an instrument case type 3501,
stock code YN32K.

The choice of connectors for the
audio, power and data lines is entirely up

Section

soger 2227727222772

conductor

2
%
Clamp ST
Insulation Locking
' tab

Figure 6. Fitting and inserting the
Minicon terminais
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to you. However, itis good practice not to
use the same type of connector for two or
more different functions, i.e. DATA and
POWER input.

CAUTION, when installing the PCB
-assembly remember to use some form of
spacer between its soldered side and the
inside surface of the case, this is vital if
you are using a metal chassis or box.

Onice you have completed the
mechanical assembly of the unit you
should check your work very carefully
before proceeding to the wiring stage.

Wiring

The wire connections to the PCB are

made using ‘Minicon’ connectors and the
method of installing them is shown in
Figure 6. No specific colour has been
designated for each wire connection,
however the use of coloured hook-up wire
will make it easier to trace separate
connections to off-board components, just
in case there is a fault in any part of the
circuit. A wiring diagram showing all the
interconnections is given in Figure 7.

Testing

The DC tests can be made with a
minimum of equipment. You will need a
multimeteér and a regulated +12V DC
power supply capable of providing at least
100mA. The readings were taken from the
prototype using a digital multimeter, some
of the readings you obtain may vary
slightly depending upon the type of meter
employed. Before commencing the tests
double check that none of the IC’s have
been fitted and all the switches of SDT,
SD2 are set to the OFF position.

The first test is to eénsure that there are
no short circuits before you connect the
DC supply. Set your multimeter to read
OHMS on its resistance range and
connect the test probes to pins 1 and 2 of
PL1. With the probes either way round a
reading greater than 802 should be
obtained.

Next monitor the supply current, set
your meter to read DC mA and place itin
the positive line of the power supply (pin 2
of PL1). When the supply is tumed on a
current reading of approximately 8mA
should be registered. Switch off the unit
and remove your multimeter from the DC
power line. Setthe meter to read DC volts.
Connect its positive test lead to pin 16 of
1C3 and its negative lead topin 1 of PL1. If
all is well a reading of approximately +5V
should be obtained. Turn oif the supply
and install the IC's making certain that all
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the pins go into their sockets and the pin
one marker is at the-notched end. Power
up the unit and ohserve the current
reading which should now be
approximately 40mA with LD2 on. This
completes the DC testing of the AFSK
generator, now disconnect the multimeter
from the unit.
To test the logic input for data and
normal/reverse tones try the following:
1. Link pins 2 and 3 of PL5. LD1 (SPACE)
ON and LD2 (MARK) OFF.
2. Remove link. LD1 (SPACE) OFF and
LD2 (MARK) ON.
3. Link pins 1 and 4 of PL5. LD (SPACE)
ON and LD2 (MARK) OFF.
4. Link pins 2 and 3 of PL5. LD1 (SPACE)
OFFand LD2 (MARK) ON.
5. Remove all links.

To complete the testing of the unit
vou will need a frequency counter and an
oscilloscope to take the following
readings.

1. With the ground leads of the probes to
pin 1 of PL7 connect your frequency

counter and oscilloscope to pin 3.

. Set SD1 and SD2 for the 1KHz tone
system with a 170Hz shift, see Table 1.

(e

3. The frequency counter should read
1445Hz and the oscilloscope should
display a sine wave of approximately
3.5V peak to peak.

4. Link pins 2 and 3 of PL5. Counter
should now read 1276Hz. Remove
link.

5. Move the oscilloscope probe to pin 2
of PL7 and set RV1 far maximum
output (fully clockwise).

6. The oscilloscope should now display
a sine wave of approximately 1.3V
peak to peak.

. As RV1 is turned anticlockwise this
signal should reduce.

8. Move the oscilloscope prabe to pin 2
or 3 of PL4.

9. The scope should display a square
wave at 5V peak to peak.

10. Repeat step 2 for all the tane shifts,

see Table 1.
This completes the testing of the

AFSK generator, now disconnect all test

equipment from the unit.

g

The AFSK Generator PCB.

Using the AFSK Generator

As can be seen from Figure 8 the
AFSK generator is just part of the complete
RTTY system. The demodulator (stock
code LM95D) which appeared in the June
to July 89 issue of the magazine is
required to convert the received audio
tones into serial TTL data. An aptional
audio bandpass filter (stock code LM93D)
can be added to help reject interfering
signals, see the August to september 89
issue. The slow 45 or 50 baud five bit data
used by RTTY is not found on all
computers that have a serial /'O port. To
convert this somewhat antiquated format
in to one more accepiable to modern day
computers the serial format translator
(stock code LM94C) must be employed,
signals, see the August to September 89
magazine. |i your computer has an RS232
serial port then you will also require the
TTL/RS232 converter (stock code LM755)
which appeared in the April to May 89
issue of the magazine. When each stage

has been constructed and tested they can
be put together and With the RTTY
software (stock code JR40T) runningon a
IBM PC or clone computer the system is
complete.

Amateur radio AFSK transmissions
are used on the VHF and UHF bands with
the 1kHz tone system set to 170Hz shifi,
see Table 1. If you are using the
microphone input of your transmitter then
you should use the variable level sine
wave output (PL7 pin 2). The preset level
control RV1 should then be adjusted to
give a fully modulated FM signal from
your transmitter. IMPORTANT! when
using the external division control inputs
PL2 and PL3, you must set all the switches
of SD1 and SD2 to the OFF position.

If you would like to learn more about
RTTY, | would recommend contacting the
British Amateur Radio Teledata Group
(BARTG), ¢/o Mrs. Pat Beedie, GW6MO),
Ffynnanlas, Salem, Llandeilo, Dyfed
SAT97NP.

o RX [LMg3D] [LMa5D] [LMa4c] [LM75S] [ur40T]
Aarial. ‘Asrial Optional ‘audio AFSK Serial format TIL/RS232 RITY pragram
: Receiver bandpass filter  demodulator ~_ translator converter SW1
{ ss8 I_%_l Audio 45/50,5 bit |- +10 i
AM =] —~_ = to = to =51 o { = FR
FM =it ie Digital | 1200, 8 bit| o —10} e 1
= g ) X0
G e
Transmitter generator TXD ¥ L P 1
- Computers
= B e 3
= : ' ] Level : RS232
M Audio _ Baud rate : 1200
Data bits : 8
Stop bit : 2
Pa 1 None

Figure 8. The complete system.
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AFSK GENERATOR PARTS LIST Semiconductors
e S
Resistors: All 1% 0:6W Metal Film (Unless specified) :(C“ll ;::f{:{jmu} l !C{;:P\::
Ic4 74HCO0 | (UBOOA)
R1,2.21 2k2 3 (M2K2) & = YGE (LUBZIN
R3,4,23,24 1k 4 (MIK) IE;; —fﬁt;?;; 4 ; ﬁ"}'@;
| R9,10 4700 2 {(M470R} ic8 1070BE i OX26D)
-_ - z \ A=D
Ril 27k 1 IMZZK] Ic9 AF41C 1 (1 22Y
_ R12 i3k 1 (M13K) pl e s
. R13 220k : (M220K) LDI f\\{n! LED Green 1 t\'\IL“{ il_',.
.: R14 8ok ] 'l\‘-iéjk; LD2 Mm_r LE_[E Red_ 1 i‘f'\'l. %_;‘I\I
.i R15,16 23k 2 {(M22K} ?S ] 5 e i. 3 -2:'-.0"
R17 ok : L S| 1,2 DIL Switch SPST OCTL 2 (XX27E
'; RiH 18k l (M18k) XT1 16MHz Cr\stal_ 1 iL?i”'_ﬁll
R19.22 10k < 1'-\-11(]}(.: DIL %ﬂd;:*l ﬁ-Per 1 (BLT7T)
I R ][.)"" 6800 ; 1-\I1.L15UR' DIL EL}Eki—‘l I-I-an 5 {BL18U)
| RIS 39001 ] T UR; DIL Socket 16-Pin 3 (BL19V)
| R;(') - 1-)“” ; f.I\‘l"’?l'lR‘ PL1 Minicon Latch 2:-Way - i -TR}‘{(JJ\'I
RN i’,_’ 3:;\ 511, Resicior Nefwark E JIR:’:_‘]]:: EE: :hmum Lak? 10-Way ;. I\tht]-flﬂ.\\l
RVI 2200 Hor.Encl. Preset i (LF98G) - OOV AT LY o
PL4.; Minicon Lateh 3-\Vay 2 BXY6E)
Lo sa it
ST — Housing 3-Way 2 (BANH
= LI S : il LTCH Housing 4-Way 2 (MB58N)
G IEF Cera:'ni{ 1 (WX68Y) LIS HOWInE ) 3 Way ; ) IHE-‘C
C4,7,9-16,23,24 100nF Minidisc 12 (YR75S) a1 T
€5,26 224F 16V Minelect 2 (YY36P) LED Clip 3mm ) (YY39N)
(6 100uF 16V Minelect I (RAS5K) Construetors Guide T WI'.!'-'-C_ILI
Cs 47uF 16V Minelect 1 YY375) = '
€17 4An7F Polylaver 1 WW2sDd) =
Cl8 47nf Polylayer 1 {WW37S) ]
€19 3n3F Polylayer 1 MWW25C) The parts listed above are available as a kit
c20 10nF Polylaver 1 (WW29G6) but is not shown in our 1990 catalogue:
c21 i (J.’ﬁ\")\\!.ﬂﬂif,‘CI 1 YY31)) Order As LP13P (AFSK Generalor) Price £19.95
c22 6n8F Polylaver 1 (WW27E) The iollowing items are also available separately:
@25 2204 F 10V Minelect 1 {JLOGG) AFSK Generator PCB Order As GE24B Price £5.95 .
£27.28 2n2F Ceramic 2 \WX72P) 74HC40103 Order As UL57N Price £1.48
29 27pF Ceramic 1 (WX49D) J

The nelssueof Electromcs w:II contain

A free ‘cure’ for
Indigestion...

Take six consecutive helpings of Electronics the Maplin magazine, starting with the
October/November issue. Read thoroughly the contents, then remove your ‘free’
copy of D'I'G-E'S'T, a new 32 page supplement (only available with Electronics).

Packed full of articles and hints, items new and old, D-I-G-E'S'T is sure to be your cure
for all ills.

Great colour pages of the latest Maplin goodies, and of course the opportunity to
collect the series of six, and in effect, build-up your own Maplin ‘catalogue’
absolutely free! It's enough to give our competition heart-burn.
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ORDER GOUPON
1, ELECTRONICS

P.O. Box 3, Rayleigh, Essex §S6 8LR.
Telephons, Credit Card Sales (0702) 554161; Enguiries (0702) 552911.

A di¥stent post=i oo & COTRCEY £hown on the rerdy fasd eovelopes
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TMSZ7C82

) A4 Timer 1| Timer 2

1. 1

INT 3 INT 1

RESEI‘—-———:—- Lo s : = t
N 1 —e———— L L2 Timer 3 '
control INT 2 i |
lNT 3 —- _l_ I | - ]
]l 1 Serial I/G port }
| . RAM |
| 256 bytes TX RX SCLKL} | )
‘ 1/~ 8 170 lines/
{ ')_ Fort A ] SCLK/RX f'unctiqna_>
| \—l i v
| | P
| = T8 Output lines/TX/
== —| Pt B 1" imer outputs
8—Bit Peripheral/memory T1ouUT Foour b | ’
} ICRPU CE?.. ? control <: '—’| T j :
| : : |
| |
| |
| |
| |
| |
| |
| |
|

et .aﬁ?“ﬂ“s ™ Port ¢ KB 1/0 lines >
XTAL i Oscillator K bytes | ¥ v
Mode . N Port o KT B /0 Tines )
control — i —

Figure 1. Block diagram of the 77C82.

Features:

+ CMOS technology

* Low power ‘sleep’ modes

# 8K on-chip eraseable EPROM

# 256 byte on-chip RAM

#* 32 /O pins

#* On-chip serial port

# Three on-chip timers/event counters

Applications:

* Security systems

* Rutodialers

* Robotics

* Bar-code readers

* Trip computer for motor vehicles




Supply Voltage
Oscillator frequency at 5V + 10%
CLKIN duty cycle
Proegramming Supply Voltage (MC pin)
Operating Temperamre
Supply Current,
Operating Mode Vec=5V, {=6MHz
Vec=5V, i=4MHz
Vee=5V, {=1MH=
Wake-up Modes
On-chip EPROM
Internzl RAM
Interrupt Leyels:
External
Total
Timers/event counters:
21-bit
10-bit
VO lines:
Bidirectional
Qutput only
Additional features

.
i -
b gy @ E
o

e

=

B e b

Table 1. Key features and electrical characteristics of the 77C82.

SINGLE-CHIP PERIPHERAL-
ro MODE EXPANSION MODE
8O pins
A4=A%SCIK
Pori A AS=A5RID
AG=ABEC2
AT=RATECI
B output pins
Pon B B3=B3TXD
BI1=BVTIOUT
BO=BO/T20UT
Pont C B I'O pins
Pori D 8O pins
Total 'O 8 output pins 2 output pins
Pins 24 1'0 pins 16 /O pins
Avazilable
Total 8 address/dats
Memory None (mul
Pins 4 memor

FULL-EXPANSION MICROPROCESSOR

0 e

Table 2. TMS77C82 port configuration.

SINGLE-CHIP PERIPHERAL

IO Pins:
Bidirectional 24
Output only 8

Expansion Bus:
Address only lines 0

Multiplexed AddressData lines 0

Control lines 0
Memory Space:

RAM 258

EPROM 8192

Internal Peripheral File 28

Extemnal Peripheral File 0

Extermnal Memory 0

EXPANSION PROCESSOR

(=2]

om

5 o

Table 3. /O pins & memory space available in each mode.
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The TMS77C82 is a member of the
TMS7000 family of 8-bit microcomputers
from Texas Instruments. The 77C82
incorporates: a central processing unit
(CPU), 256 byte RAM register file, 8K byte
EPROM, 32 CMOS compatible /O pins,
serial communication port, two 16-bit
timers with 5-bit prescale, one 8-bit timer
with 2-bit prescale, 6 interrupt levels, and
external bus interface logic, all on a single
40-pin chip! .

Figure 1 shows the block diagram of
the device and Table 1 shows its key
features and elecirical characteristics.
The TMS77C82 can be programmed like
any 27C64 EPROM on a wide variety of
PROM programmers with the aid of an
adaptor socket. The microcomputer also
contains an EPROM integrity feature
called the R bit, which may be used to
disable all external access to the EPROM.

The 16-bit timers, with their associ-
ated 5-bit prescale, 16-bit capture latch,
and timer outputs, simplify A/D conver-
sions, puise width measurements and
other time-critical application designs.
For real-time applications where accura-
cy over long periods is essential, the
Timer 1 output may be cascaded into the
Timer 2 input to effectively form one 42-bit
timer.

Where power consumption is critical,
the TMS77C82 can idle selectable sec-
tions of the microcomputer (e.g. Timer 1,
Timer 2, or UART) and use power only
where needed. Also, the entire processor
can be halted while retaining the 256 bytes
of internal RAM.

With all these facilities on a single
chip, the TMS77C82 is able to replace
large quantities of logic IC's, resulting in
greater flexibility of use, smaller PCB’s,
lower cost etc. Many complex projects
previdusly ‘scrapped’ because of their
complexity, cost and size can now be
retrieved from the rubbish bin and
redesigned using the TMST7C82.

On-Chip RAM and
Registers -

The 77CB2 has a 64K byte maximum
memory address space. On-chip and
off-chip memory address space varies
according to the particular mode
selected.

On-chip RAM is called the Register
File. The 256 bytes of RAM are treated as
registers RO-R255, These are located in
lower memory from >0000 to >00FF. The
first two registers, RO and Rl, are also
referred to as Register A and Register B,
respectively. Several instructions use
Register A or B implicitly as either the
source or destination register to save
memory and increase execution speed.

The Peripheral File is mapped into
locations >0100 to >01FF, which are
referred to as P0O— P255. These peripheral
file locations contain the 8-bit registers,
used for interrupt control, parallel IO
ports, timer control, memory-expansion
control, and serial port control.

The Stack Pointer is an 8-bit CPU
register that contains the address in
memory of the last used stack location.
Most CPU's need to have access toanarea
of RAM which f(acilitates temporary
storage of data. This area of RAM is called
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SINGLE-CHIP L L s MICROPROCESSOR

=0000
REGISTER FILE
0
S0 ON-CHIP PERIPHERALS (TIMERS, INTERRUPTS, 'O PORTS, SERIAL PORT)
=>011C
PERIPHERAL EXPANSION

0200 NOT

AVAILABLE MEMORY
o EXPANSION

ON-CHIP PROGRAM EPROM. 8K BYTES

>FFFF

SINGLE-CHIP PERIPHERAL FULL

EXPANSION | EXPANSION MICROPROCESSOR

Table 4. Memory map for each expansion mode.

PERIPHERAL FULL MICRO

SINGLE-CHIP | 'pypaANSION | EXPANSION | PROCESSOR

P0 | >0100 IOCNTO /O Control register 0

Pl | >0101 IOCNT2 V'O Conitrol register 2

P2 | =0102 IOCNT1 /O Control register 1

P3 | =0103 = Reserved
P4 | =0104 APORT Port A Data
P53 | =0105 ADDR Port A Data-Direction Register
P68 | >01086 BPORT Port B data | *
PT | =0107 = Reserved
P8 | >0108 CPORT Pont C Data
Port C Data-Dir-
P3 | =0108 CDDR ection Register Peripheral Expansion

P10 | >010A DPORT Port D Data
Pl1| >010B DDDR Port D Data Direction Register

Pl2 | =010C | TIMSDATA | Timer 1 MSB decrementer reload register/MSB readout latch

P13 | =010D | TILSDATA | Timer 1 LSB reload register/LSB decrementer value

Pl4 | >010E TICTLI Timer 1 control register 'MSB readout laich

P15 | >010F TICTLO Timer | control register VLSB capture latch value

P16 | =0110 | T2MSDATA | Timer 2 MSB decrementer reload register/MSB readout latch

P17 | >0111 | T2LSDATA | Timer 2 LSB reload register/LSB decrementer value

P18 | =0112 T2CTL1 Timer 2 control register I/MSB readout latch

Pi19 | >0113 T2CTLO Timer 2 control register (V1.SB capture latch value

P20 | >0114 SMODE Serial port mode control register

P21 | =0115 SCTLO Serial port control register 0

P22 | >0116 SSTAT Serial port Status Register

P23 | =0117| T3DATA Timer 3 reload register/decrementer value

P24 | >0118 SCTLI Serial port control register 1

P25 | >0119 RXBUF Receiver buifer

P26 | >011A TXBUF Transmitter buffer

P27-| >011B- Reserved

B35 | >0123

P36-| >0124- Not available Peripheral Expansion
P255| >0IFF

T In expansion modes, Port B is referenced in a special manner.
Table 5. Peripheral memory map for each expansion mode.

spuin~  EXTERNAL IS — VECTOR FERDDRESS
INTERRUPT INTERNAL SOURCE PRIORITY MSB 1SB
RESET E RESET pinlow Immediate >FFFE >FFFF
(highest priority)
INT1 E INT1 pinactivet Priority 1 >FFFC >FFFD
INT2 E1 Timer/Event counter 1 Priority 2 >FFFA >FFFB
countdown past 0
INT3 E INT3 pinactivet Priority 3 >FFF8 >FFF3
INT4 I RX Buffer Loaded,
or TX Priority 4 >FFFB >FFF1
Buffer Empty, or Timer
3 countdown past 0
INTS E1 Timer/Event
counter 2 Priority 8§ >FFF4 >FFF8
countdown thru 0

T The external interrupts on the TMSTTCB82 device can be programmed for level and sense detection.

Table 6. Interrupt summary.
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the ‘Stack’. The stack operates on a last-in,
first-out (LIFO) basis and is physically
located in the on-chip RAM.

The Status Register is an 8-bit CPU
register that contains three conditional
status bits — carry (C), sign (N), zero (Z) —
and a global interrupt enable bit (I). The C,
N, and Z bits are used for arithmetic
operations, bit rotating, and conditional
branching. During reset all bits in the
status register are cleared. During other
interrupts, the status register is saved on
the stack and can be accessed via the
PUSHST and POPST instructions.

On-Chip General
Purpose 1/O Ports

The TMS77CB2 has 32 IO pins
organised as four 8-bit parallel ports
AB,C, and D.

Port A

Is a fully bidirectional O port.
However, pins ASRXD and A4/SCLK
serve as the serial dala receive pin and
serial clock, respectively, when the serial
port is used. Pins A6/EC2 and AT/EC] may
be used to clock the on-chip timer/event
counters; Timer 2 and Timer 1, respec-
tively.

Port B

In Single-Chip mode, Port C is an
8-bit output pori. Pin B3 is also the serial
output line (TXD) for the serial port.

In all other memory modes, Port B is
split into two parts. The lower nibble (pins
BO — B3) are general-purpose output-only
pins. The most significant nibble (pins B4 -
BT) contains the bus control signals:
ALATCH, W, ENABLE, and CLKOUT.

PortC

In Single-Chip mode, Port C is an
B-bit bidirectional I'O port. Any of its eight
pins may be individually programmed as
an input or output line. In all other
memory modes, Port C becomes a
multiplexed address/data port for the
off-chip memory bus. In this case, Port C
provides the least significant byte of a
16-bit address, followed by eight bits of
read or write data.

PortD

In Single Chip or Peripheral-
Expansion mode, Port D is an B8-bit
bidirectional I'O port. Any of its eight pins
may be individually programmed as an
input or oufput line under software
control.

In Full Expansion and Micro-
processor modes, Port D becomes a
multiplexed address/data port for the
off-chip memory bus. In this case, Port D
provides the most significant byte of a-
16-bit address,

Table 2 summarises the above
information.

Memory Modes

The TMS77C82 can address up to 84K
bytes, Four memory modes can be
selected by a combination of software and
hardware, allowing the optimisation of the
on-chip versus ofi-chip memory for each
application. These modes are Single-
Chip, Peripheral Expansion, Full Expan-
sion, and Microprocessor, The Mode
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Figure 2. Operating frequency range.

Control (MC) input pin forces the 77C82
into Microprocessor mode when set to
Vee. If the MC pin is held at Ve, the
remaining memory modes can be
selected by bits 6 and 7 of the Peripheral
File /'O Control Register P0. Table 3 shows
the number of I/O pins, and the amount of
external address space available in each
of the different modes. Table 4 shows the
memory map and Table 5, the Paripheral
Memory Map for each expansion mode.

System Clock Options

The internal state cycle period is
derived from either a crystal or an
external clock source. The internal clock
then divides the external clock source
frequency by two to produce the internal
state frequency. For example, a SMHz
crystal produces an internal frequency of
2.5MHz, which drives a 400ns machine
cycle. Figure 2 shows the operating
frequency range of the 77C82, and Figure
3 shows typical operating current versus
oscillator frequency.

CMOS Low Power
Modes, Interrupts and

System Reset

The TMS77C82 CMOS microcontrol-
ler can be programmed to enter low-
power modes of operation when the IDLE
instruction is executed. An enabled
interrupt must be executed to allow the
device to return to normal operation. The
T7C82 device has the ability to disable the
onboard timers and UART (serial port)
during wake-up mode, further reducing
total power consumption. One non-
maskable interrupt pin is provided,
RESET. This signal has the highest priority
in the interrupt hierarchy. In addition to
this, five separate maskable interrupts
exist that can be triggered from as many
as seven sources, Each intermupt has a
specific priority level; if two or more
internipts occur simultaneously, they are
serviced according to priority — highest
first. Table 6 summarises the intermupts.

Programmable Timey/

Event Counters

The TMS7ICB2 features three on-
chip fimers with individual start/stop
August 1930 Maplin Magazine

Figure 3. Operating current versus oscillator frequency.
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CPU

fT_L
i SMODE
ili SCTLO
£, SSTAT

T3DATA
SCTL1

TIMER
=3

w

—3= INT 4

> A4/SCLK

A

% RXBUF (| RXSHF [e—| RX [s———— A5/RXD
i) _ — e—sclk |
5, TXBUF | >| TxSHF]—-| ™% > 83/70

Note: The INT4 sources are
effectively wire — ORed
together to generate only one
INT4 Input.

The SCLK sources are wired
together to generate only one
SCLK Input.

Figure 6. Serial port block diagram.
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i
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in Singls—Chip mode. RXD

Notes : The CLKOUT signal iz not available

Sample saved
clkout = tef(C).

PARAMETER YR | uNm
1d(CL—SL) CLKOUT low to SCLK low 1/4%(C) ns
tg(CL—TD) CLKOUT low to naw TXD data 1/4%c{C) -5
td(RD—CL) RXD data volld befors CLKOUT low 1/4%e(C) ns
td(RD) RXD data valid time 1/21(C) ns

External serigl clock

VA VAVAWAWAWAN
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The CLKOUT signal is not available
in Single—Chip mode.

SCLK sampled: if SCLK = 1 then 0, fall transition found.
SCLK sampied: if SCLK = O then 1, rise transition found.

Sample saved

! PARAMETER e | unir
td(RD-CL) RXD datc volid befors CLKOUT low 1/4te(C) ns
td(RD) RXD data valid time 1/2%(C) ns

t4(sS8-TD) Stort of SCLK somple to new TX0 doto| 3 1/4%c(C) | na

t4(SE—TD) End of SCLK sample to new TXD data | 2 1/4%c(C) | ns

td(CL—S) CLKOUT low to SCLK tronsition te(c) ns

Figure 1. Serial port clock timing diagrams.
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control bits. Timer 1 (shown in Figure 4)
and Timer 2 (shown in Figure 5) consist of
a 16-bit readable decrementer with a
18-bit reload register, a 16-bit capture
latch, and a 5-bit prescaler with a 5-bit
reload register. Timer 3 consists of an 8-bit
readable decrementer with an 8-bit
reload register and a 2-bit prescaler witha
2-bit reload register. Timer 3 can be used
as a general purpose timer or as a baud
rate generaior for the serial port.

Event Counter (EC)
Mode

When Timer 1 or Timer 2is in the EC
mode, pins A7 and A6 are the decremen-
ter clock source for Timer 1 and Timer 2,
respectively. The maximum clock fre-
quency on AT or A6 in the EC mode must
not be greater than {../4. The minimum
pulse width must not be less than 1.25
machine cycles. Each positive (ransition
decrements the count chain. -

Timeyx Output Function

A timer output function exists on both
Timer 1 and Timer 2 that allows the Bl and
B0 outputs, respectively, to be toggled
every time the timer decrements through
zero.

When operating in the timer output
mode, the B0 and/or Bl output cannot be
changed by writing to the B port data
register. The timer output feature is
independent of INT2 and INT5 and,
therefore, will operate with INT2 and INTS
enabled or disabled. Also, if the timer is
active during the IDLE instruction, the
timer output feature will continue to
operate.

Serial Port

The 7IC82 contains a serial por,
greatly enhancing its I'O and communica-
tion capability. Including a hardware
serial port on chip saves ROM code and
allows much higher transmission rates
than could be achieved through software.
The fuil-duplex serial port consists of a
receiver (RX), transmitter (TX), and a third
timer (T3), The functional operation of the
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serial port is configured through software
initialisation.

The serial port provides Universal
Synchronous Asynchronous Receiver/
Transmitter (USART) communications:

Asynchronous mode. Interfaces
with many standard devices such as
terminals and printers using RS232C
formats,

Isosynchronous mode. Permits very
high transmission rates and requires a
synchronising clock signal between the
receiver and transmitter.

Serial YO mode. Can be used to
expand IO lines and to communicate with
peripheral devices requiring a non-UART
serial input such as A-to-D converters,
display drivers, and shift registers.

The serial port also has two multi-
processor protocols, compatible with the
Motorola 6801 and Intel 8051. These
protocols allow efficient data transfer
between multiple processors. They are
implemented using isosynchronous or
standard asynchronous formats.

The serial port is controlled and
accessed through registers in the
Peripheral File: These registers are listed
in Table 7. Figure 6 contains a block
diagram of the serial port registers and
functional blocks.

Timer 3

Timer 3 can be used as a general
purpocse timer or as the clock generator
for the serial port. The Timer 3 clock
source is an intermal signal with the
frequency equal to {,_/4. Timer 3 consists
of a 2-bit prescaler and an 8-bit counter.
These are automatically reloaded from a
2-bit and an 8-bit reload register when-
ever a register decrements through zero.

Each time the timer decrements
through zero, the Timer 3 flag and the INT4
flag are set. Timer 3 and its flags are not
affected by the serial port software reset.
Therefore, Timer 3 can be used indepen-
dently of the serial port.

When using Timer 3 as the serial port
clock source, the reload pulse output of
Timer 3 goes to the serial port via a
divide-by-two circuit, producing an equal
mark-space ratio internal SCLK, The baud
rate generated by Timer 3 is user-
programmable and is determined by the

REGISTER
TMS77C82 NAME TYPE FUNCTION
P20 SMODE FIRST WRITE Serial Port Mode
P2l SCTLO READ/WRITE Senal Port Control 0
P22 SSTAT READ Serial PortStatus
P23 T3DATA READ/WRITE Timer 3 Data
P24 SCTL1 READ/WRITE Sernial Port Control 1
P25 RXBUF READ Receiver Buifer
P28 TXBUF WRITE Transmission Buffer
Table 7. Serial port registers. ’
P24 0
! 2
A Prescoler 750 | ] 3 5‘—_‘7"“— fose
relood register | (R | | e
2-8it !
SCTLL.7
H prascaler (T3RUN)
Pa3| g -
——= I SCTLO.1
B=8it —L o | Underfiow =
reicad register I l # (SCLKER) I
: ; ]
: P23 sCiL1.8 lpo
; a-sit (CK) ol i
f decrementer s | 1
Interncl bus ! | s ‘? ISer‘fnl port
I 1
!_ Relood pulse v ﬁ!
520
\— Sat T3FLG. SCTL1.3
L o—‘ Set INT4 fiag (IOCNT1.1)
SCTLY.2 2
(T3ENB) —

Figure 8. Timer 3 block diagram.

value of the 2-bit prescaler and the 8-bit
timer reload registers.

The equations for determining the
output baud rates for both the asynchro-
nous and isosynchronous modes are:

A synchronous Baud Rate =
foee SCLK
64(PRR+1)(TRR+1) 8
Isosynchronous Baud Rate =
foic

B(PRR+1)(TRR+ 1)
where: ... = frequency of the crystal or
external system clock
TRR = Timer 3 decrementer re-
load register (P23)
PRR = Timer 3 prescale reload
register (P24)

It

SCLK

SCLK = Serial clock either input
or output from the SCLK pin

The baud rate for the serial 'O mode
is determined with the same equation
used to determine the isosynchronous
baud rate.

Figure 7 shows the serial port clock
timing diagrams, and Figure 8 shows the
block diagram of Timer 3.

Next Time

Inthe second part of this article we
shall delve into the instruction set for the
chipand also give details onthe
construction of an adaptor socket so that
the TMS77C82 can be programmed by
most PROM programmers.

» Do you have difficulty in getting hold of your copy of ‘Electronics - The Maplin Magazine'?
b Does your Newsagent always sell out before you can get your copy?

» Are you fed up with braving the onslaught of wind, rain and keep fit fanatics in your ceaseless
quest to find a copy of your favourite electronics magazine?

» Do you say to your family and friends, “I'm just going outside, | may be gone a little while . . ."?
b Does your dog hide when you return empty handed?
» Do you resort to reading the Beano, Dandy, Viz or other well known ‘comics™?

A b 4

Then why not ask your friendly local newsagent to reserve
or deliver every issue of ‘Electronics — The Maplin

Magazine'?
Heres How':

b4

Beor Vowsag? 4
Please reserve/deliver (delete as applicable) each issue
of ‘Electronics — The Maplin Magazine for me.

NoE. = = 1

Address .

Fill out the coupon left, hand it to your newsagent and

you need never miss an issue of 'Electronics — The Maplin

Magazine'
J;/éfﬁ LFIH .

August 1990 Maplin Magazins

Signature

'‘Eleclronics - The Maplin Magazine'is published bi-monthly and is

ited through your wholesaler by: United Magazine Distributon Lid

1.Benwell Road, London N7 7AX. Tel: 01-700 4600.
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wews!

A readers forum for youf views and comments. If you want to contribute, write to the Editor,
‘Electronics — The Maplin Magazine’, P.0. Box 3, Rayleigh, Essex, SS6 8LR.

Beginners Should be
Encouraged to Think
Dear Editor, -
I think Mr Biggs' criticisms (June-
July '90 issue) are totally
unwarranted. This course is
obviously aimed al the beginner
who is just as abviously being
encouraged to think for himself.
There are no diagrams showing
circuit track cuts in the veroboard
or location of components with
their polarities, so those who
make up the projects included in
the course, must use the
theoretical diagram and make up
their own boards. Even the most
experienced electronic “whizzes"
have lo refer to pin out diagrams,
for transistors, chips elc. As an
ex-tutor, all | can say to you is this.
Pupils must be given every
encouragement to think for
themselves. There are among us
people who are happy to build
projects of other designs, who will
happily and religiously follow
directions given by others. Also,
there are people who will be
molivated by the course to learn
maore and more, who will be
impatient for the next part, and will
be learning from other books and
tapping the knowledge of the
more experienced. These are the
future of electronics. These
people do not need the obvious
explained. The course is good, the
mag excellent. Keep up the good
work. Finally, | must agree with
the writer you haven't identified. |
too look forward to ‘Bob's’
contributions again.

H. C. Thomas, Doncaster.

You need look no further than
page 2 far the return of Bob's Mini
Circuits.

Car Tachometer

Dear Sir,

It was interesling to see the re-run
of the Car Tachometer in the
April-May edition. With the
increasing number of cars being
fitted with electronic ignition, what
a pity it has not been allered to
suit. Perhaps this is a project that
you might consider for a future
edition.

L. R. Hayes, Coulsdon, Surrey.

We have been aware of the
prablem of connecting the
tachomeler to cars with electronic
ignition for some time, but
unfortunately there is no simple
solutionmodification which is
guaranteed to work with
absolutely every electronic
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This issue Mr R. J. Irvine from

STAR LETTER

Renfrewshire receives the Star Lefter
Award of a £5 Maplin Gift Token for his
letter on the SP0256 Speech Synihesiser.

Speechless!

Dear Sir,

1 write to point out a passible error
in the Speech Synthesiser project.
published in the FEB-MAR ‘90
issue of ‘Electronics’. The errorin
the ariicle is on page 49 of the
magazine where the power supply
for the project is being discussed.
The article states that a +5V
regulated supply should be used.
I this is the case, then once the
0.7V has been dropped across the
protection diode D1, then only
4.3V is available for supply to the
SP0256 chip. The minimum
working voltage for this chipis

L. 8. 8. 0. 8. 8.8 & & ¢

ignition system in use today. The
mechanical contact breaker
arrangement is virtually standard
across all makes of cars, but
electronic ignition systems vary an
incredible amount, therefore
making a universal solution a
virfually impossible iask. For
example some systems just
‘replace’ the contact breakers with
an ‘electronic equivalent circuit’
and so apply 12V to the ignition
coil while other systems work on
more advanced principles and
apply HUNDREDS of volts to the
PRIMARY of the ignition coil to
provide improved ignition and
combustion. If any readers are
experienced with car ignition
systems and have any ideas we
will welcome any ideas that you
may have.

Stuck at Square One
Dear Sir,

Having been interested in getting
slarted with electronics and
project building for a while | was
pleased to see the initial ‘Square
One’ aricle in April-May issue. |
went out and purchased the
necessary components and tools
and set to work. First the 3V
power supply — no problems,
worked immediately. However

e
quoied at 4.6V! The discrepancy
of 0.3V, certainly on the board that
I built, caused the chip to perform
erratically and break down after
saying a few allophones. |
remedied the fault by just
removing the diode and replacing
it with a wire link and was careful
with how | connected the power
supply.

Thank you for bringing this to our
aitention, a corrigenda has been
included on the contents page.
Interesiingly all of the prototypes
functioned without problems;
however your point is perfectly
valid.

L2 0. 0 0 8 & & & ¢

having completed the 555 pulser’
flasher project | could not getit to
work. Not having had the
necessary experience | had no
way of knowing what was wrang.
Then | remembered the Maplin
Get You Working Service —but no
joy as they only service projects
on Maplin PCB's. This brings me
to the million dollar question —how
does a person in my position get
these projects working?

Simon Ferrari, Macclesfield,
Cheshire.

The following points apply to any
circuit that doesn't work, but 1
have tailored the advice to help
you get the pulser/flasher working.
Check for bad (dry) solder joints
and short circuits caused by stray
whiskers or blobs of solder. Check
that the necessary breaks in the
sirip-board have been made. itis
easy to miss one completely or
leave a tiny piece of copper in
place when breaking the tracks
with the frack cutting fool. Check
that the circuit you have built
follows the circuit exactly, e.g. one
end of R4 connecis to the base of
TR1 and the otherend to IC1 pin 3
and R3. Check for correct
component orientation; IC1, TR1,
LED and C1. Check that the

correct value componenis have

been fitted (watch those resistor
colour codes!). itis also possible
that a component may have been
damaged by overhealing whilst
soldering. Remember just one
misiake can stop the eircuit from
warking; be very thorough when
checking things. If you have a
multimeter, you can check to seg

_that vallages are actually present

al the appropriate points in the
circuit. However this relies on you
knowing what voitage should be
present in the first place! (cafch
22). You (and other readers) may
not like the next comment but it is
true: you will learn more about
electronics from projects and
circuits that don't work first time,
than the ones that do work first
time! The reason being that you
will have to investigate how the
circuit operates and therefore
work out what voltage should be
where and why components are
particular values. Happy hunting!

Citizen Band Bits

Dear Sir,

Would it be possible for Maplin to
stock Citizens Band Radio
components (1.C.'s, transistors,
spare leads, conneclars, eic.)
togethar with some test
equipment (VSWRH. PWR,
Modulation etc. meters) and kits,
projects, circuits elc. for these
meters. In fact, anything to do with
C.B. radio. Looking forward to
your reply and the nextissue of
“Electronics™ which | thoroughly
enjoy, although some projects are
a little advanced for me.

K. Thomas, Falmouth,
Cornwall.

Although we do not sfock all of the
items you mention we do stock
some of them (page numbers
refer to 1980 caialogue): AF
co-axial cable, page 130: UHF
conneclors, page 190; CB
accessories, page 152; RF power
meler, page 523; power/lSWR
meier kit, page 215. Many of the
ICs used in CB equipment are
very specialised and invariably
each modsz! of CB will use
different IC's (Murphy's Law),
therefore it would be impractical
for us to supply such IC's.
However we do stock many of the
commonly used IC's such as
audio power amplifiers, Op-amps,
efc. To obiain spares for a
particuiar GB (or any other item of
consumer equipment) it is
prabably best to contact the
manufacturer or one of their
nominated spares agencies.
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A COMPLETELY NEW DIMENSION IN SOUND QUALITY!

DECODER .\ v}
* Fully tested and aligned A e

* Ready to installinto almosi
any modern colour TV set

The Maplin NICAM 728 Decoder converts the =
additional digital code presentinthe TV signalto |
ahigh quality stereo soundtrack with a quality
similar to that of Compact Disc.

This fully working system is based upon /s .
the Toshiba NICAM chip set, and comes
ready assembled.

TCumently being transmitted from Crystal Patacs, Emisy Moor
"Weroe, "Winter Hal, “*Mandipand ™ "Black Hal.
Upgrades almost any modern colour TV set -
no need to purchase a new TV setor VCR!

" FromAgr, *"From May,

""FromJuneg accorcing 1o 1BA soheguis. :

Features * Reverts to FM audioif

* Single +12V power NICAM s not present
requirement * High Quality Optimum

* Automatic audio Performance without
-switching (Mono- any additional IC's This price available to trade only, ring 0702
Stereo-Bilingual) * NICAM mode 554171 and quote AMOOA special 250 off deal

* British Design indicators reference: Elecironics.

Trade: 10ff—£113, 100ff—£75, 50 off —£69.50,
| "2500ff—-£60 plus VAT each.

~.\ Normal Retail Price £129.95 (Inc. VAT) each

_\ (Order Code AMO0A)

Intal avaizhilty Emited — book your crders row!

A4St EER, ELECTRONICS

CREDIT CAHD HOTLINE

Issues 34,35& 36 ofthe
Maplin Magazine contain
full details of the NICAM

decoderandt i N
S AT T = T
Order codes: BESESS DAy DESPATCH

XA34M price £1.00,
XA35Q price £1.20,
XA36P price £1.20.

0702 554161

i ALL PRICES INCLUDE VAT.
* Build- It-yourseIlNICAM decoderln kit form; All items subject to availability. all items will be on sale in our shops in
Birmingham, Bristol, Leeds, Hammersmith, Edgware, Manchester, Noltingham,
orderas LP02C £99.95 Newcastle-upon-Tyne, Reading, Southampton and Soulhend-on-Sea
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