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WER

by Dave Goodman

Prototype Specifications:
Single Channel (mono)
power output stage

Power supply.  +£90VDC (180V) @ 7A
Rated Power output into 40 load.
(1) Peak Power 1.3 kW
(1300 Watts) PEAK
(2) RMS Power 775 Watts RMS
(3) Average Power 650 Watts RMS

Full Power

Bandwidth. 10Hz to 50kHz

Total Harmonic

Distortion. 0.2% @1kHz
(90% full power)

Slewing rate. 24V/us

Damping factor. 110 (49 load)

Input sensitivity. 775mV (0dB) into 30k}
for rated output.

The HP Mosfet amp is intended for
use in halls, auditoriums or wherever the
situation demands large scale audio
amplification. Loud speaker loads down
to a minimum of 3.5/4€) can be driven by
the amplifier at full power, before
protection circuitry, on the monitor
module, comes into effect. Mosfet devices
have the capacity to limit conduction with
increasing junction temperatures: mean-
ing that running the amplifier at full power
into loads of 1 to 20, will cause the
Mosfets to shut down all output signals,
although heavy loads like this can be
driven at reduced power levels. One
function of the Monitor module is
preventing the amplifier from delivering
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power continuously into a short circuit.
This situation can occur when loud
speaker connecting cables are shorted
together, rendering them liable to over-
heat very quickly with disastrous results!

Modular System

The complete system is made up from
four modules. Two modules form the
power amplifier: a Driver module and an
Output module both mounted onto the
Mosfet heatsink assembly; a Monitor
module and a Power Supply Module, both
of which are mounted separately, as can
be seen in Figure 1.

Driver Module

In the circuit diagram for the Driver
module shown in Figure 2, TR1 and TR3
form a differential pre-amp on the signal
input and feedback loop. R1, 2, 4 and C2,
3, 14 are low pass filtering components,
which limit incoming signals to below
100kHz, and help to reduce breakthrough
effects from local radio transmissions. TR2
is a constant current source supplying the
emitters of TR1 and TR3 via balancing

Mosfets
Heatsink

Audio
Signal

Opto O/P

Hout Driver

Output

Monitor

Module Feed Back

Module

Signal O/P Module

Loud ]

Speaker

Mosfets
Heatsink

L
PS.U.

+85VDC ]

+30vDC

15vDC

Module

Figure 1. Block diagram.

resistors R3 & R7, both of which reduce
offset differences caused by mismatch in
these transistors. RV2 also allows a small
amount of current control over the output
DC offset, and wave form symmetry at
higher signal frequencies. The differential
output, from TR1, drives directly-into TR6,
which along with current source TR4,
forms a voltage amplifier/driver stage. A
current of 0-013A (13mA) flows in this
stage: this is necessary for generating a
small biassing voltage on each Mosfet
gate, in the output stages. RV1 sets this
bias voltage level, which can be measured
as a potential difference across TR5
emitter and collector. With RV1 set fully
clockwise (minimum resistance) TR5 base

is effectively coupled to its collector and
the voltage across collector and emitter is
approximately 0-67V or +0-335V with
respect to the virtual earth output pin 9.
Rotating RV1 fully anticlockwise (max-
imum resistance) increases this voltage to
approximately 1-5V or £0-75V to pin 9.
Further details on setting the bias voltage
level, follows later on in the text.
Resistors R15 and R9 determine the
AC gain of the amplifier, which in this
case produce a gain of 70. Capacitor C7
has to be used to AC couple R9 to OV
otherwise TR5 would be pulled complete-
ly out of its operating mode! The value
chosen for C7 has been made quite large,
for improved low frequency response, and
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Figure 2. Driver PCB circuit.
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the inclusion of C6 overcomes the high
impedance presented by C7 at higher
frequencies. Zener diodes, ZD1 & ZD2,
prevent voltage levels in excess of 14V
from developing across the Gate & Source
of the Mosfets, which would otherwise
damage them permanently, even though
they are 200V devices! The two coupling
capacitors, C13 & C14, are used for
stability purposes. H F instability can be a
problem in Mosfet amplifiers, due to large
variations in gate capacitances between N
and P type devices, especially in class B
output stages such as this. The combina-
tion of these capacitors and the value
chosen for the 8 gate resistors ensure that
any instability, likely to occur, is kept to
an absolute minimum.

Output Module

Mosfet devices, as opposed to bipolar
transistors, have been used in this design
for several reasons: their excellent fre-
quency response, easy parallel connec-
tion and low driving power requirements
make them ideal for high power amplifier
kits, The output stage, Figure 3, shows
four ‘N’ type 2SK176 FET’s grouped in
parallel and four P’ type 25J56 FET’s also
grouped in parallel. The eight gate inputs
are effectively coupled together at the
driver module end, and due to the FET
enhancement mode transfer characteris-
tic, complex biasing is not required.
Enhancement type FET’s are basically
‘normally off’ devices which means that
when the gate voltage is at OV, no drain
current flows. Out of interest, the reverse
effect ‘depletion type’ device is normally
on and drain current flows even if the gate
is at OV! Thermal runaway, is an effect

4

exhibited by bipolar transistors due to
their positive temperature coefficient. This
situation occurs when the transistor is
allowed to overheat, which lowers the
junction resistance, thus increasing cur-
rent flow and hence, increases the
junction temperature. Fortunately, the
Mosfet has a negative temperature coeffi-
cient, the effect of which is quite opposite
to that of the bipolar device, and here the
drain/source resistance increases with
temperature. As the junction resistance
increases, current flow is reduced, the
junction temperature drops allowing cur-
rent to flow again. This series of events
happens at quite a slow pace; if it were
not so, then the Mosfet would be prone to
bursting into oscillation when heated.
With all this internal self protection, it
may be thought that output stage monitor-
ing is, therefore, unnecessary on this
module? In fact, the PCB tracks, speaker
connecting cables and even loudspeakers
used on a high voltage — high current —
system such as this one, need protecting.

Output Stage

Protection

TR1 to TR8 each have an associated
0-22Q resistor inserted between the
source lead and the common output rail.
When the output is connected to a load,
any current flowing in these stages —
whether AC or DC — generates a small
voltage across these resistors. The voltage
is connected via 4k7 and 1k8 resistive
potential dividers to an opto isolator, one
in each half of the output, where OP1
handles positive going and OP2 handles
negative going voltage transitions. An

input LED in the opto isolator conducts,
and a corresponding signal is derived from
the 10V supply on pin 5, and is presented
via either R22 or R23 to Pin 1 on TB2.
Choke L1 has been added at the final
output, and due to its small value
(approximately 5/10uH), offers a high
impedance to upper harmonics when
driving into a short circuit. Resistor R20
(actually mounted inside L1) dampens the
coil and hence any ringing effect is
prevented. The R/C filter Zobell circuits,
C5/R19 & C6/R21, help absorb any EMF
produced when driving the output into

28456
‘P’ type

{171

a

25K716
‘N’ type

Figure 4. Mosfet schematic.
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highly reactive circuits, such as combina-
tion speaker set ups and L/C crossover
systems. The actual circuit reference for
the two mosfet types is given in Figure 4.
A diode exists parasitically between
source and drain, which has very fast
switching and recovery characteristics,
and protects the FET from high level
voltage spikes that would otherwise
damage the substrate layers. Zener diodes
are also internally connected between
gate and source and these serve twofold
reasons: as a secondary backup to the
zeners fitted on the driver module, and to
protect the device from static breakdown
whilst being handled.

Monitor Module

The Monitor module, circuit shown
in Figure 5, has several functions:

(1) Power up delay — Relay switched
output delayed by approximately 10
seconds from when the main power is
applied. Allows the positive and
negative supply rails to settle down and
the amplifier to stabilise itself before
connecting the output to a load.

(2) Power off release — Immediate relay
switch off when the mains is removed.

. Requirements being the same as for (1).

(3) DC offset detection — Output stage
breakdown, causing supply rail voltage
to be presented to the load, is detected
and latches the O/P relay into an off
state. The main power must be
removed and re-applied to reset.

(4) Excessive signal clipping — If the
amplifier is allowed to be overdriven
by applying very high input signal
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levels, or very low impedance loads,
then the amplified signal peaks will be
clipped. Excessive clipping could dam-
age the PSU or loudspeakers, especial-
ly h.f. tweeters! The trip threshold is
presettable to allow for load variations
and operates as for (3).

(5) An external sensing input allows for a
0V signal level, or a resistance of less
than 1-2kQ, to trip the relay into a
temporary off state. Once the OV level
is removed/allowed to rise above
3VDC, or the resistance increases
above 1-5kQ), then the relay will
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OV A0S2YL
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-
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Monitor Module.
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re-operate again without resorting to a
power on reset. This input is useful for
heatsink or cabinet, temperature moni-
toring and could be used to switch a
cooling fan when required.

(6) Two LED indicators show when the
relay is operated and when it is
released while a third LED indicates for
DC offset conditions and peak signal
levels.

From initial power on the 16VDC
supply, from the PSU module, is regulated
by R13 and ZD1 and generates the + 10V
rail. This voltage level initially appears
across C2, before it begins to charge
through R10, and IC1 input {(pins 5 & 6).
IC1 pin 4 output is low, holding the two
connected gate input pins 8 & 1, low also.
Diodes D2 & D4 are reversed biassed, IC1
pin 11 output is high, and D3 conducts;
TR3 switches on and LED 2 — ‘relay
released’ — illuminates. TR4 conducts,
holding TR5 in an off state, thus the output
switching relay RL1 does not operate.
Once C2 has charged after several
seconds, IC1 pin 4 changes to a logic high
level. Should there be a signal present at
the input during this time, then the diode
pump circuit charges C1 to a point where
IC1 pin 2 reaches the same potential as
the adjacent input pin 1. The gate output
now flips low, D2 conducts via R9, {C1
pin 11 output goes high and IC1 pin 10
output latches low. D4 now conducts and
the relay remains released. To reset from a
latched situation, the mains supply must
be removed and re-applied — a necessary
step as this condition is an indication of a
fault in the Output module!

Iif signals are not present at time out,
then D3 is reverse biassed, TR3 switches
off, LED 2 extinguishes, TR4 switches off
and TR5 operates the relay RL1. Resistor
R16 limits the unregulated supply current
to RL1 and the small voltage drop is used
to drive LED 3 — ‘relay operated’ — while
RL1 is operating. Heavy duty, dual make
action contacts, connect TB6 terminals 1
& 2 together. The contacts are ‘dry’, i.e.
not electrically connected to supply rails
or any part of the circuit, and should be
wired between the amplifier output and
loudspeaker loads.

Power Supply Module

The fourth module in this project is
the PSU module, circuit shown in Figure
6. The module generates supplies for both
amplifier modules and ‘also for the
Monitor module. Four items shown in the
diagram are not fitted on the PCB, and
they are torroidal mains transformer T1,
bridge rectifier BR1 and capacitors C6 &
C7. The transformer being rated at 1KVA
is very large and heavy and will require
substantial fixing arrangements when
fitted into a cabinet. BR1 is also quite big
and must be bolted onto a metal heatsink
— not the Mosfet heatsink! The cabinet
base could well suit this need. Also, for
reasons of clarity, fusing arrangements
have been omitted here, and follows later
on in the article. T1, BR1, C6 & C7 are a
straightforward full wave bridge configur-
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ation, producing approximately +90VDC
at TB1.1, and —90VDC at TB1.3. The
actual DC rail voltages will vary between
85V and 95V depending on load,
component tolerances, and the mains
voltage. The lower voltage level of 85V
would be expected when running the
system at full power (6.5 to 7 amp average
current) accompanied by an increase in
100Hz ripple level. To prevent any supply
ripple from being injected into the front
end pre-amplifying stages, the high volta-
ge supply is split into two sections.
Capacitors C2 & C3 AC couple the
transformer secondary to ZD1 and DI.
ZD1, being a 15V zener, will clamp the
50Hz sine wave at 15V above the base
reference level of +90V and the resulting
105V is regulated by R1 and zeners ZD3
to ZD5. Final output voltage at TB3.1 is
approximately +85VDC, varying by only
a few volts under differing loads. The
same system is used to generate the
—85VDC rail at TB3.3. The amplifier
Driver module is supplied from the £85V
at TB3, the amplifier Output module is
supplied from +90V at TB1, and the
Monitor module is supplied from +15V at
TB2.

Driver Module
Assembly

Refer to Figure 7 and the Driver
module parts list; further information on
PCB assembly can be found in the
Constructors guide supplied with the kit.

Begin assembly by inserting all 12
veropins (P1 to P12) into the PCB, from
the solder side, push them down onto the
track pad with a hot soldering iron and
solder the heads. Locate and insert
resistors R1 to R15, noting that the 1W
types — R13 & R14 — are larger than the
others. Resistors R16-23 are not mounted
on the PCB and details regarding these

Driver and Output boards mounted on heatsink.

can be found under final assembly. Next,
carefully shape the leads on diodes D1 to
4, ZD1, ZD2 and insert these six
components into the PCB. Four links need
to be made from any spare wire or BTC
available and fitted on the PCB — link
positions are shown as a line on the
legend — the only link actually notated is
LK1! The box shaped legend passing
through TR5/6 position is not a link,
although a small link should be fitted at
the end of this legend, just below R14.
Mount capacitors C1 to C13. Note the
polarity symbols when fitting electrolytic
types and take care not to break off any
legs from polylayer capacitors. Insert
TR1-3 and TR4, mount TR4 with the
package front (stamped B718 or 25SB718)
facing in-board toward R13/C6, so that the
mounting tab is aligned correctly with the
legend. Mount both preset pot’s and fit
3-way terminal block, TB1, with the open
terminal end facing out toward the narrow
edge of the PCB. Solder all components
fitted so far and cut off all excess wire.
Refer to Figure 8 and make three chokes

(i)  Ferrite Bead

(i)
0-56

Finished choke

Figure 8. Ferrite bead chokes.
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from the ferrite beads and 24 SWG
(0.56mm EC wire); all that is needed is to
insert the wire through the bead and loop
it around once only. Insert two of these
chokes into the positions marked FB. The
remaining choke is fitted later on with
R16-23. Before fitting the remaining two
transistors, TR5/6, it is simpler to make the
assembly shown in Figure 9. Place a small
plastic bush into TR5 (B718), from the
front, and also the nylon bolt; position the
mica sheet behind TR5 as shown and offer
the sub-assembly up to the vaned heat-
sink, from the outside! From the inside of
the vaned heatsink, repeat the previous
procedure in reverse, starting with the
second mica sheet, TR6 (B758), plastic
bush, nylon washer and nylon nut. Tighten
the nut & bolt, straighten the transistors
and mount the whole assembly in line
with the legend. Keep the heatsink clear of
any components on the PCB and solder all
remaining joints. Fit the clip on heatsink
to TR4 and re-check all work done,
especially soldering; any dry joints or
short circuits could prove nasty when the
PSU is run up later on!

Output Module
Assembly

Refer to Figure 10 and the Output
module parts list. Begin construction by
making seven links, (see Figure 11), use
the 0.9mm tinned copper wire for this and
insulate each link with a suitable length of
heatshrink sleeve. Heatshrink should also
be fitted to one lead of each of the ten
0.220) wire wound resistors as shown.
Next construct coil L1 (see Figure 12). A
temporary former, such as a piece of
dowelling or an old retract pen body, of
approximately 10mm diameter is required
for the coil to be wound on, this is
removed afterwards. Use the 0.9mm
Enamelled Copper wire for this task,
straighten any twists or kinks in the wire
and keep each winding close up to the
previous turn while making the coil. 16
turns are made on the former, this is not

8

Fet wiring.

Underside of the heatsink.

critical but the coil body must be able to
fit between the mounting holes on the
PCB! Once finished, the end leads should
both be on the same side; scrape the
enamel from these leads before mounting
L1 onto the PCB. Insert nine veropins, P1
to P9, from the solder side of the PCB and
push them down onto the board with a
soldering iron. Locate and insert all twelve
‘min’ resistors into the PCB and the seven
links. Fit both opto isolators, OP1 & OP2
and the four polylayer capacitors. Insert
three terminal blocks TB1-3: the 3-way
block TB1 is orientated with the open
terminal side towards R1 & R4; 2-way
block TB2 is fitted with the open terminal
side facing the R22/23 side of the PCB;
2-way block TB3 also is also mounted
facing the same way as TB2. Solder all
components positioned thus far, to pre-
vent them from falling out. Now place
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Figure 12. Coil assembly.

resistor R20 inside coil L1, bend both
leads as shown in Figure 12(ii), and fit
both to the PCB. Finally, insert the ten,
previously prepared, 0.22() resistors as in
Figure 11(ii) and capacitors C3 & C4.
Solder all remaining components and
check over the work done. Cut off excess
wire ends and clean flux from the tracks;
pay particular attention to dry joints and
short circuits on this module.

Monitor Module
Assembly

With reference to the Monitor parts
list and Figure 13, make and insert a link
into the PCB in the position between R12
& R14, locate resistors R1 to R16 and fit
these on the PCB. Next insert diodes D1-5
and 10V zener ZD1. Take care not to
confuse diodes with the zener as package
styles are very similar! Fit the single
veropin, P1, from the solder side first and
push home with a soldering iron. The rest
of the module assembly is quite straight-
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forward, but
certain components like IC1 and C1/C2.
Mount terminal blocks TB1, 4 & 6 with
their open terminal sides facing out,
toward the edges of the PCB. LED’s 1-3
can be fitted straight onto the PCB, if
required, or the minicon latch plugs TB2,
3 & 5 could be used and the LED’s wired
to them via optional, 2 way minicon latch
sockets. Once all components have been
placed, solder each lead and remove
excess wire, etc. Relay RL1 must be
mounted with pins 1 & 2, stamped on the
base, inserted into the PCB holes marked
1 & 2. It is physically possible to fit RL1
either way around, as the terminal pin
positions are symmetrical; the relay will
only function in one of these positions, so
ensure that it is mounted correctly. Solder
RL1 and clean the tracks for inspection.

PSU Module
Assembly

Refer to the PSU parts list and Figure
14. Locate diodes D1 & D2, and zeners
ZD1, 2 and ZD3 to ZD8. These compo-
nents are very similar looking and will
require close scrutiny to identify them.
Mount all ten components onto the PCB
along with miniature bridge rectifier BR2.
Note that BR1 is NOT mounted on the
module, details on this appear later on.
Insert the four non-polarised capacitors
C2 to C5, which may be inserted either
way around, and the polarised capacitor
C1, which must be fitted in one particular

10

note the orientation of

Complete system.

position. Mount the six 3W resistors R1 to
R6, and the three terminal blocks, TB1 to
TB3. Position these blocks with the open
terminal side facing back towards the rear
side of the PCB. The two middle sized
cans, C8 & C9, are fitted on the PCB with
their terminal lugs inserted into the large
holes, and bent over the mounting pad to
secure for soldering. Take note of the
polarity symbols and colour reference on

these capacitors! Next, fit the fuse clips in-

positions FS1 & FS2. Lugs on the base of
each clip should be inserted through the
PCB and bent over the pad beneath. There
is a small tag, on the inside of the clip,
which is a ‘stop’ and prevents the fuse
from sliding out; fit the clips with the stop
orientated at each end of the fuse
mounting position, and insert both 80mA
fuses. Solder any remaining leads and cut
off excess wire ends, ready for cleaning
and inspection.
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Heatsink and
MOSFET Assembly

Figures 15 to 18 show eight positions
for Mosfets TR1 to TR8. It can be seen
from the base view diagram of a Mosfet,
that the drain & gate terminals are not
positioned centrally across the body, but
are offset to one side. Position the heatsink
extrusion with the base upwards and the
Mosfet drain/gate dritling offset to the right
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hand side (Figure 15). TR1 (25K176) now
becomes the first device, at the nearest
end, referred to as the ‘front’.

The Output module will be installed
on the right side of the heatsink (Figure 16)
and the Driver module fitted on the left
(Figure 18); both modules mount onto
threaded pillars which are also part of the
Mosfet mounting. Eleven pillars are
shown in Figure 15, and it can be seen
that every Mosfet has one pillar fitted on

i
|
!

the right hand side (under the Output
module), but only TR2, 5 & TR8 have
pillars fitted to both left & right hand sides.

A typical mounting arrangement for
Mosfets is shown in Figure 19. The
diagram refers directly to TR1, 3, 4, 6 &
TR7, i.e. Mosfets that do not have pillars
fitted at both ends; the remaining three
Mosfets only differ in that the 6BA nut is
replaced by a pillar, and an extra plastic
bush is fitted to insulate the mounting

11
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Figure 15. Putting pillars on the heatsink.

bolt-head from the Mosfet case.

(1) Fit a greaseless insulator, onto a
25K176 Mosfet, and mount the device
on the heatsink in position TR1.

(2) Place a shake washer onto a 6BA x 1in
bolt and insert the bolt through the
hole at the right hand side (nearest to
the D & G terminals) of the Mosfet,
insulator, and heatsink.

(3) Position a special plastic bush and 6BA
plain washer onto the bolt and fit a
6BA x 22mm long pillar.

(4) In the left hand side hole, insert a 6BA
x 1in bolt, & shake washer, through the
Mosfet, insulator & heatsink.

(5) Position a special plastic bush and 6BA
plain washer onto the bolt, and fit a
6BA nut.

Tighten up the nuts/pillars with a 6BA
box spanner, but do not over-do this as
bolt threads can easily be stripped off.
Ensure the Mosfet is mounted firmly on
the heatsink and test for short-circuits
between the Mosfet case (source) and the
heatsink. A resistance meter will be
required for this job; scrape away a small
area of adonising from one corner of the
heatsink, and connect one of the meter
probes here. Also, check for shorts on
both gate & drain terminals and if any are
found, strip down the assembly and
inspect the insulator. look for small
pieces of swarf that may have been

12
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compressed into the material and after

re-assembly, ensure the Mosfet drain &

gate terminals protrude centrally through
the heatsink holes and do not foul the
sides.

(6) Fit a greaseless insulator onto a 25K176
Mosfet, and mount the device on the
heatsink in position TR2.

(7) Repeat steps (2), (3), and (4).

(8) Position a special plastic bush and 6BA
plain washer onto the bolt, and this
time, fita 6BA x 22mm pillar instead of
the nut.

Repeat steps (1) to (5) for the

remaining two 25K176 Mosfets, TR3 &

TR4, and test each one for shorting to the

heatsink.

(9) Fit a greaseless insulator onto a 25)56
Mosfet, and mount the device on the
heatsink in position TR5.

(10) Repeat steps (7) & (8).

For mounting TR6 & TR7, follow
procedures (1) to (5) using the 2S)56
Mosfets, and for the final Mosfet, repeat
steps (6) to (8) for position TR8.

Test the Mosfets, as mentioned
previously, and re-check the completed
heatsink assembly with Figure 15.

20 swg
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Solder joint and
siide sleeve over
Orain Terminal

into Heatsink \

Solder wire

/ to pin

Soldered
joint

By

3":’ /Q

78 A

Mosfet

!f\ \_

Figure 17: Close-up detail 6f Mosfet connection.
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Figure 18. Mosfet gate wiring.
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Mounting Modules
onto the Heatsink

Left over from the Driver module
components were eight resistors, R16 to
R23. ‘Each resistor is connected to a
Mosfet gate and one of the pins, P4-7 and
P8, and P10-12. One pin, P9, at the
centre edge of the driver PCB is wired via
the remaining ferrite bead choke, to P1 on
the Output module (see Figure 20). Do not
wire these particular pins to the Mosfet!

Place a 10mm length of heatshrink
sleeving over one end of a 6804} resistor
lead and solder this lead to the gate
terminal of TR1, as shown in Figure 18;
this is now R16. Repeat the same
procedure on TR2-8, for resistors R17-23.
Push the sleeving over the solder joint and
onto the Mosfet gate terminal (Figure 17).
Solder droplets must not be atlowed to fall
down into the hole, while soldering,
otherwise the particular assembly will
have to be stripped down to remove it.

The eight drain terminals are wired in
similar fashion (see Figure 16) using
0.9mm tinned copper wire — NOT
resistors! Cut and straighten a manageable
length of wire, e.g. 100mm long, solder
one end to the Mosfet drain terminal, cut a
30mm length of heatshrink sleeving, fit it
onto the wire and slide it over the solder
joint, onto the terminal.
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Place the Output module in position
over the eight pillars, so that the screw
threads are visible through all eight
mounting holes in the PCB. Fit a 6BA x
1/4" screw, and shake washer, into each
mounting hole and tighten them down.
Wrap the extended drain wire, from TR1,
around pin 3 on the module and solder.in
position. Cut off excess wire ends and
connect the remaining seven drain termi-
nals, from TR2-8, to the PCB.

Place the Driver module in position
over the three pillars (Figure 18), so that
the screw threads are visible through all
three mounting holes in the PCB. Fit a
6BA x 1/4” screw, and shake washer, into
each mounting hole and tighten them
down. Now wrap the wire end, of resistor
R16, around pin 4 on the module and
solder in position. Cut off the excess wire
ends and connect the remaining seven
resistors, R17-23, as in the diagram.

Locate the third ferrite bead choke,
remove the enamel from each wire end,
and connect between pin 9 on the Driver
module, and pin 1 on the Output module
(see Figure 20).

Power Supply Wiring

Off board components, such as T1,
BR1, C6 and C7, are wired to the PSU
module as shown in Figure 21. Keep the

C6 and C7 as short as
possible and note polarity symbols! BR1
runs very hot, when in operation, and
therefore requires bolting to a heatsink
panel (not the Mosfet heatsink!). The six

wiring to BR1,

secondary wires from T1, require the
enamel insulation to be scraped off before
tinning. Do not apply the heat for too
long, while tinning the ends, as the outer
plastic insulation will melt back up the
wire. Once the PSU has been assembled
to Figure 21, test the various output
voltages before connecting to the Mosfet
amplifier.

Power Supply Testing

Note: high AC and DC voltages are
exposed in the power supply area. The
constructor is urged to take full safety
measures when taking measurements,
e.g. do not wear rings, bracelets, watches
or medallions; insulate the PCB tracks
from any surrounding components or
metallic objects. DO NOT under any
circumstances connect the PSU directly to
mains, use suitable fusing; better still, use
a safeblock type distribution connector.

Apply 240VAC mains to transformer
T1. If using a fused distribution block,
then anti-surge fuses are necessary. Initial
power up current is very high in this
circuit and a 240V, 5 amp, anti-surge
rating is recommended in the mains
primary. Connect a DC voltmeter, set to
read at least 100VDC, with the negative
probe to TB1 0V2 and positive probe to
TB1 +90V. Expected readings here
should be between +94 and +98VDC
approximately. Transfer the positive probe
to TB1 —90V and check for a similar
negative reading. Disconnect both probes
from TB1 and reconnect the negative
probe to TB3 0V1. Place the positive
probe on TB3 +85V and a reading
between +92 and +96VDC should be
expected. Transfer the positive probe to
TB3 —85V and check for a similar
negative reading. Finally, disconnect both
probes from TB3 and place the negative
probe on TB2 0V3 and the positive probe
on TB2 +15V. Expect readings between
+15 and +18VDC.

While the PSU is not connected to
the amplifier modules, voltage levels are
slightly higher than would otherwise be
the case. This means that the wirewound
resistors run hotter and therefore dissipate
more heat at this time. Although not a
problem, do not allow the PSU to run for
long periods in a disconnected state and
avoid contact with the resistors.

Monitor Module

Testing

Connect the PSU module TB2 (+15V
& 0V3) to TB4 on the Monitor module, see
Figure 20 and Figure 22. Temporarily wire
the three LED’s, LD1-3, noting that the
longest lead, of the two on each LED, is
the Anode. Connect a voltmeter, set to
read +20VDC or more on TB4, apply
mains to the PSU module and check the
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meter reads +15V approximately and
LD2 illuminates. After 7 to 10 seconds
time out has elapsed, relay RL1 should
operate. Check that the meter reading
reads approximately 14 to 15V, LD2 is off
and LD3 is now illuminated.

Connect the External input pin to any
of the OV rails. RL1 should release, LD3
extinguishes and LD2 illuminates. Re-
move the OV connection from P1, and
RL1 re-operates, LD3 re-illuminates and
LD2 extinguishes.

Connect the voltmeter between 0OV
and the wiper of RV1 (see Figure 5). With
a small screwdriver, turn RV1 wiper full
anti-clockwise (to the left), and check for a
voltage reading of +1 to +1-5V. Turn the
wiper full clockwise (to the right) and
check the voltage reads between +6 to
+6:5V. If any of these voltage readings
vary significantly, check the 10V supply
rail on pin 14 of IC1. The reading should
not vary by more than £0-5V from 10V.

To check the diode pump threshold
voltage, connect the voltmeter between
0V and pin 2 of ICT. With RV1 fully
clockwise the reading is approximately
0-7V, and 3V approximately when fully
_ anticlockwise. Adjusting RV1 should not
cause RL1 to operate or release and only
LD3 should be active, unless a signal is
present at the input of TB1 pin 1. Remove
the power and discharge the PSU rails as
before.
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Power Amplifier
Testing

Refer to Figure 20 and wire all four
modules as shown. Use the mains cable
supplied in the PSU kit for all supply
connections. When wiring the signal
output from TB on the Output module,
either TB3.1 or TB3.2 terminals can be
used. The same applies to the relay
contact output from TB6 on the Monitor
module. TB6.1 or TB6.2 can be used
either way around, as an input or an
output, as this connection is a dry relay
contact. Do keep in mind the safety
procedures before applying power to the
amplifier and do not connect a loud
speaker to the Monitor module, or Output
module, before testing the output.

Once the complete system has been
wired correctly, adjust the presets on the
Driver module as follows: RV1 wiper set
fully: clockwise and RV2 wiper set
approximately half travel. Apply mains
power, and with a voltmeter set to read
100VDC or more, check the PSU voltage
on the Output module at TB1 for £88 to
+90VDC. Check for £94 to £96VDC on
the Driver module at TB1 as well and note’
the four supply rail polarities are correct.
Check for an offset voltage between TB3,
on the Output module, and-0V. The offset
voltage should be very small, less than
+0.01VvDC.

Turn off the power, wait for the PSU
capacitors to discharge and remove the
+V wire from TB3 (+85V) on the PSU
module. Place the test meter between the
+V wire and +85V terminal on TB3 and
choose a DC current range of 0-1A or so.
Re-apply mains power and check the
current reading is stable at 0-015A
+0-002A. The main bulk of this current is
drawn by the voltage amplifying stage, see
Figure 2, and any large variation from this
reading may well point to a fault
condition. Check resistors R13 & R14 are
not overheating, if this is the case!

Output Stage

Quiescent Current

Turn off the power. Again, wait for
the PSU capacitors to discharge, remove
the meter and re-connect the +V wire to
TB3 (+85V). Now disconnect the +V
wire from TB1 (+90V) on the PSU
module, and with the test meter set to 5A
DC, place the meter between this +V wire
and +90V terminal on TB1. Re-apply the
power and check for a current reading of
0-200A DC £0-05A; the reading will vary
from one amplifier to another. Turn RV1
on the Driver module anti-clockwise (left),
for a current reading of 0-4A. This is the
total current present in the Mosfet stage
and ideally would represent 0-1A flowing
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in each of the four output pairs (see Figure
3). As the Mosfets are not completely
matched, then for a fixed gate biassing
voltage, the quiescent current in each
Mosfet will be different. The volt drop
across each 0.22Q corresponds to the
device current and readings between
0-15V and 0:27V can be expected across
the 0-22Q source resistors.

Turn off the power and, once the PSU
capacitors have discharged, remove the
test meter and re-connect the +V wire to
TB1 (+90V) on the PSU module. By now
the heatsink should be getting very warm
and it will eventually be necessary to
place the fan onto the front of the heatsink
to cool the Mosfets. The fan should be
orientated so that it blows air down the
heatsink flutes, which exposes the un-
guarded fan blade. Be extremely careful of
the revolving blades and fit a wire guard to
prevent possible injury!

Final Testing

Off load tests should be performed
using an audio signal generator and
oscilloscope capable of displaying
200VAC. Connect the generator to the
amplifier AC input and screen (0V), and
connect the ‘scope probe between the
amplifier output and OV. Set the generator
for 1kHz sine wave, at an output level of
0dB (0-775V RMS), and the ’scope to
display a 200V signal. Turn on the power
and, after the monitor time out, check the
‘scope waveform for a sine wave of
approximately 153V peak to peak. When
using a test meter instead of a ’scope,
check the amplifier output on 200V AC
range, for a reading of 54V (RMS). Epsure
the bandwidth of the meter will extend to
1kHz; digital meters should be o.k., but
not all analogue movements respond
accurately up at this frequency! it should
be possible to increase the input signal
level still further, by 1-5 to 2dB, and view
the onset of clipping at the peaks of the
waveform. This occurs at about 180V
peak to peak. Increase the generator
autput frequency to 50kHz and view the
amplified waveform. The signal amplitude
will have dropped 3dB to 110V peak to
peak and if the frequency is still increased
to 100kHz, the signal level continues to
drop to approximately 90V peak to peak
(30V RMS) or —6dB. The wave form
symmetry can be modified slightly by
adjusting RV2 on the Driver module as
required. The effect of RV2 on the
waveform becomes more noticeable
when driving the output into a load, so
very little effect can be expected at this
time.

In Conclusion

No matter what specifications say,
the final proof of the amplifier’s perform-
ance comes from running the system and
listening to it. This is often the stage where
constructors suffer disappointment and
therefore is worthy of a few suggestions.
This amplification system is capable of
delivering peak power levels in excess of
1-3KW, or greater than 1300 Watts, intoa
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4Q) load! First, make sure your speaker
system is adequate to handle the power.
Remember that the speaker power rating
is much reduced when NOT mounted in a
cabinet of the correct design (or not in a
cabinet at all!). The signal input require-
ment, being 0dB, is suitable for connect-
ing to pre-amps or mixers with line
outputs, i.e. do not connect microphones,

OUTPUT PARTS LIST

RESISTORS: All 0.6W 1% Metal Film
R1,4,68,9,

13,14,16 4k7
R2,35,7.10,
11,12,15,19,
21 0.2202 TW Wirewound
Ri7,18 1k8
R20 1001 1W Carbon Film
R22,23 23k
CAPACITORS
Cl12 100nF Polylayer
C34 100uF 100V P.C. Electrolytic
C5,6 10nF Polylayer
SEMICONDUCTORS
OPL,2 Opto-Isolator
TRI-4 25K'176 Mosfet
TRS-8 25]86 Mosfet
MISCELLANEOUS
TB1 3 Way P.C. Terminal
TB3,3 2 Way P.C. Terminal
Veropins 2141
EC Wire 0.9mm 20 swg
TC Wire 0.9mm 20 swy
Heat Shrink CP24
HP Mosfet Output PCB
Heatsink drilled
Insulator T03
Threaded spacer
Plastic bush
Bolt 6BA lin
Bolt 6BA %in
Nut 8BA
Shake 6BA
Washer 6BA
Standard 120mim Fan
OPTIONAL :
Finger Guard 120mm

A complete Kkit, excluding Optional item, is available:

guitars, synthesisers, tape recorders, re-
cord player pick ups or tuners, directly to
the input. Suitable pre-amplification is
necessary for these sources of audio.
Fuses are not shown in the 90V DC supply
rails between PSU and Output module.
They can be fitted here, if required, actual
types of holder, etc. must be left to the
constructor, but remember to use slow

blow fuses (anti-surge) rated 6.3A, such as
RA13P, 20mm type. Keep all power
wiring from PSU to Driver & Output
modules as short as possible. If fitting the
assembly into a cabinet, arrange the fan to
be mounted into one of the sides and at
one end of the Mosfet heatsink. This
allows air to be drawn from outside and

blown directly across the Mosfets.

DRIVER PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
Rl 2k2 1 (M2K2)
8 (M4KD) R2 100k 1 (M100K)
R3,7 470} 2 (M47R)
R4 47k 1 (M4TK)
10 (10.22) R5,8 4k7 2 (M4KD)
2 (MI1KB) R6,9 4700 2 {M470R)
1 (C10R) R10 1k 1 (MIK)
2 {M22K) Rl 2200 1 (M320R)
Rl2 68k 1 (MB8BK)
R13,14 47} 1W Carbon Film 2 (C4ATR)
P (WW410) R1S 33k 1 (M33K)
2 (FDISR) R16-23 68002 8 {MB680R)
2 (WW3sG) RV1 220€1 Hor Encl. Preset 1 (UF98G)
RVz 470() Hor Encl. Preset 1 (UF99H)
3 (WL35Q) CAPACITORS
4 (FD18U} Cl 10uF 50V P.C. Electrolytic 1 (FFO4E)
4 (FD1gV) C2,14 47pF Ceramic 2 (WX53G)
C3 22pF Polystyrene 1 {BX24B)
C4,86 100n¥ Polylayer 3 (WW410)
1 (RK72P) C7 220uF 16V P.C. Electrolytic 1 (FF13P)
2 (FT38R) c8 10pF Ceramic 1 (WX44X)
1 Pkt (FL213D) C9,11 100uF 100V P.C, Electrolytic 2 (FD15R)
1 (BL26D) C10,12 100pF Polystyrene 1% 2 (BX46R)
1 (BL13P) Ci3 470pF Polystyrene 1% 1 (BXS3H)
1 (BPSTU)
1 {GD8IC) SEMICONDUCTORS
1 (XJoeW) D14 IN4148 4 (QLBOB)
8 (QY44X) TRI1-3 2SABT2A 3 (UF78S)
2Pkis  (JG20W) TR4,5 2SB718 2 (UF76H)
1Pkts (G21X) TRE 28D758 1 (UFTT)
2Pkts (BFOTH) ZD12 BZX61C12V 2 (QFSSK)
1Pkis (BFOSF)
1Pkt  (BFI8U) MISCELLANEOUS
3Pkts (BF26D) TB1 3 Way P.C. Terminal 1 (RK72P)
3Pkts (BF22Y) Veropins 2145 1Pkt (FL24B)
! (WYO08]) HP Mosfet Driver PCB 1 (GDBOB)
A/P Beads 3 (LB82S)
Heatsink Clip on TO220 1 (FG520)
1 (FS20W) Heatsink Vaned Plas. Pwr. 1 (FLSSN)
Kit (P) Plas 2 (WR23A)
Boit 8BA Nylon Yin 1 Pkt (BF155)
Nut 6BA Nylon 1Pkt (BF80B)
Washer 6BA Nylon 1Pkt BF84E)
EC Wire 0-86rum 24swg 1 (BL2SF)
TC Wire 0-58mm 24swg 1 (BL1SR)
Bolt 8BA Yin 1Pkt (BFOSF)
Shake 6BA 1Pkt (BFa2Y)

Order As LMSIF (HP Mosfet Output Kit) Price £99.95
The following items in the above kit are also available separately,
but are not shown in our 1988 catalogue:
OR22 TW Wirewound Order As L0.22 Price 35p

100uF 100V P.C. Electrolytic Order As FD15R Price 28p
H.P. Mosfet Output PCB Order As GD81C Price £4.50
Heatsink drilled Order As XJ66W Price £21.95
10 Pk Threaded Spacer Order As JG20W Price 60p
20 Pk Plastic Bush Order As JG21X Price 45p
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A complete kit is available.

Order As LM50E (HP Mosfet Driver Kit) Price £11.95
The following items in the above kit are also available separately,
but are not shown in our 1988 catalogue:
100xF 100V P.C. Electrolytic Order As FD15R Price 28p
HP Mosfet Driver PCB Order As GD80B Price £3.50
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' MONITOR PARTS LI

RESISTORS: All 0.6W 1% Metal Film

. R18,12 1k 3 (MIK)
R2,13 4700} 2 {M470R)
R3,4.14 4k7 3 (M4KD)
R59,11,15 10k 4 (MI0K)
R6 100k 3 (M100K)
RZ,17 2k2 3 (M2K2)
Ri0 470k H (M470K)
R16 1000 1 {MIO0R)
RVI 4k7 Hor. Encl. Preset 1 {UHO02C)
CAPACITORS
Cl 1uF 35V Tantalum 1 (WWeoQ)
C2 23uF 63V'P.C. Electrolytic 1 (FFOTH)
SEMICONDUCTORS
IC1 4093 1 (QWS3H)
TR1,3.4 BCS548 3 {QB73Q)
TR3 BCSS8 1 (QQI7TT)
TRS BC337 1 (QB68Y)
D18 1N4148 8§  (QL8OB)
D1 BZY88CioV 1 (QH14Q)
LD1,23 LED Red 3 (WL2TE)
MISCELLANEQUS
RL} Relay 16A 250VAC 12V 1 gc2zy)
TB1,4,6 2 Way P.C. Terminal 3 (FT38R)
TB2.3,5 Minicon Latch Plug 2W @ (RKB5V)

HP Mosfet Monitor PCB 1 (GD82D)
DIL Skt. 14 Pin 1 (BL18U)
Veropin 2145 1 Pkt {FL34B)
OPTIONAL
Latch Housing 2 way 3 {HB59P)
Minicon Terminal 18tp (YW25C)
7/0.2 Wire 10M Blk 1Pkt  (BLOOAY
7/0.2 Wire 10M Red 1Pkt  (BLOTH)

A complete kit, excluding Optional items, is available.
Order As LM52G (HP Mosfet Monitor Kit) Price £19.95
The following items in the above kit are also available separately,
but are not shown in our 1988 catalogue
16A 250V AC Relay 12V Order As JG22Y Price £12.95
HP Mosfet Monitor PCB Order As GD82D Price £3.50

PRIZE DRAW WINNERS

During 1987, Maplin ran prize draws in which the
winner could select as first prize either a fabulous
Ford Escort XR3i or a stunning Ford Sapphire GL.
The lucky winner is Mr W.L. Grint, from Norwich in
Norfolk. He has selected the Sapphire GL as his
prize, and was ‘over-the-moon’ when he heard the
news. He says that he has been a long-time
customer of Maplin’s and confesses that now he is
likely 1o remain so for the rest of his lifet The icing

on the cake is that this fabuious win has come at

just the right time, as his old Cortina is just about on
its last legs (wheels!). Maplin send him their
heartiest congratulations and wish him many
hours of happy, carefree motoring. In addition 500
other prizes of a highly decorative and functional
200 year calendar clock have been awarded to the
runners-up. The 500 people are listed below:

R. Oakton, Derby; P. Bunney, Broughton-in-
Furness; A.S. Foster, Helensburgh; M.J. Clay,
Kettering; A. Brown, Letchworth; G.D. Brunette,
Littlestone; Rev. W.H.C. Kingston, Honiton; A.
Martyn, Christchurch; K.H. Lockyer, Oxford; Mrs
8.C. Wilkinson, Eastboume; A.R. Sparkes. Mac-
clesfield; M. Taylor, Maidenhead; P.J. Turner,
Castietown; W.H. Hunt, Beccles; P. Dunderdale
Ballaugh; D.J. Weller, Here Bay; K.R. Maples-
den, Gillingham; K. Watson, Selsey; D.A. Good-
ger, Hastings; T.F. Roberts, Swindon; M.R. Oud-
ley, Oxford; M. Hodges, Crumlin; D. Wild, Saffron
Walden; M. Massingham, Fareham; J. Duff, Bel-
fast; P. Cummings, Coventry, M. Windsor-
Hampton, Huntingdon; A. Pape, Carlisle; C.
Downs, Cotwyn Bay; C. Hancock, Marazion; .
Scott, Tewkesbury; B. Hiley, Nottingham; C. Kelly
Betchworth; J. Key, Sutton-in-Ashfield; J.E.
Austin, Thorpe-on-Soken; T. Hutchinson, Lurgan;
R. Middleton, Bangor,D.R. Court, Wargrave; R.
Brain, Chulmleigh; D. Tabberer, Worcester; B.E.L.
Roberts, Skelmersdale; W.R. Swan, St. Andrews;
N. Sands, Chorley Wood; R. Thorley, Stoke-on-
Trent; C. Caton, Bolton; D. Froggatt, Manchester;
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B.P. Coley, Birmingham; E. Cheong, Liverpool; P.
Lane, Great Yarmouth; C.F. Cheuk, Redditch; P.
Burrows, Dovercourt; K. Marsh, Exeter; C. Street,
Redhill; P.D. Gacon, Bedford; D. Kelly, Ystrad-
Meurig; E. Abbott, Blackburn; K. Jupe, Attlebor-
ough; A.T. Chappell, Cardiff; RM. Wheatley,
Leeds; Mrs. U.K. Seldrup, Horsham; G.R. Bunting,
Wallasey; M. Dabhi, Cheltenham; A. Glover,
Daventry; R. Stone, Bradford; R.A. Gilingham,
Arundel; A.E. Russell, Meopham; C.S. Maidstone,
Maidstone; J. Huddleston, Caterham; A. Page,
Bournemouth; P. Cooke, Bury St.Edmonds; Cpt.
L.H. McBain, Tavistock; M. Drake, Callander; D.H.
Boulton, Thame; G. Harris, Wimbledon; D.F.
Carter, Brentwood; Mr. Weijman, Bramley; M.J.
McCarthy, South Norwood; R.B. Davies, Market
Harborough; P.J. Willlams, Anglesey; S. Woodley,
Cambridge; A. Twyman, Faversham; T.W. Wil-
liams, Powis; R. Pringle, Clacks; K. Waring,
Nottingham; S.E. Plumtree, Eastbourne; M.
Hooper, Staplefield; C.W. Williams, New Malden;
K.J. Williams, Llanelli; M. Calvert, Braintree; J.
Farmer, BFPO 29; D. Taylor, Leamington Spa;
F.R. MacDonald, Dorking; N. Meigh, Stoke-on-
Trent; J.A. Pollikett, Crawley;, J. Gabryliszyn,
Shipston-on-Stour; P. Cockayne, Cardiff; T.A.
Mossman, Penarth; C. Jones, Knutsford; D.J.
Lilley, Chelmsford; R. Alcock, Bristel; R.C. Mould,
Whetstone; D.G. Waller, Colwyn Bay; E.S. Tre-
near, Alfreton; J. Sommerville, Stonehouse; J.P.
Fowler, Dursley; N. Chescoe, Reading; K.W.
Smart, Derby; J. Cuthbertson, Beeston; A.M. Kay,
Wigan; P. Robbshaw, Aberdeen; B.F. Wilkinson,
Sheffieid; D.J. Otterbum, Berwick-upon-Tweed; D.
Glover, Bexleyheath; D. Crowe, Glasgow; G.A.
Parry, Pwliheli; D. Lewis, Holyhead; A.J. Turner,
Wokingham; B. Stobbs, Wallsend; W.D.L. Fairc-
lough, Chalfont St. Peter; T. Kuhn, Winkleigh; J.
Waller, Rugby; R. Cox, Felixstowe; Or. V. Marko-
vic, Vienna, Austiia; J.W. Dickin, Harlow; M.
Gormiey, Comber; R. Buswell, Woodbridge; J.R.
Gough, Earley; J.J.C. Monk, Walton-on-the-Naze;
L.C. Peterson, Tottenham; F. Fulcher, Aberga-
venny; W.R. Mitchell, Brentwood; . Parsons,

4

PSU PARTS LIST

R1,2 330€) 3W Metal Film 2 {W330R)
R3-6 6k8 3W Metal Film 4 (W6KS)
CAPACITORS
Cl 100u.F 25V P.C. Electrolytic 1 (FF11M)
C2-8 10u.F BOV Reversolytic 4 (FBOSG)
C8,7 10,000uF 100V Can Electrolytic 2 (FD168S)
C8,8 1,000uF 100V Can Electrolytic 2 (FF19V)
SEMICONDUCTORS
D12 1N4007 2 (QLT9L) §
ZD1.2 BZX81C15V 2 {OF37M)
ZD3-8 BZX61C30V 6 (QF840)
BR1 K04 1 (BH48C)
BR2 WOl 1 (QL38R)
MISCELLANEQUS
TB13 3 Way P.C. Terminal 2 (RK72P)
TB2 2 Way P.C. Terminal 1 (FT38R)
HP Mosfet PSU PCB 1 (GD78L)
Tl Transformer i {Xj6sv)
FS1,2 Fuse A/S 80mA 2 (RAG4E)
Fuse clips 4 (WH49D)
HD Mains Black 2Mtr  (XROSK)
OPTIONAL
Safefuse holder 20mm {RX96E)
Fuse A/S6.3A (RA13P)

Wk

A complete kit, excluding Optional Items, is available.
Order As LMS3H (HP Mosfet PSU kit) Price £89.95
e.l The following iterns in the above kit are also available separately,
but are not shown in our 1988 catalogue:
10,0001F 100V Can Electrolytic Order As FD16S Price £12.95
HP Mosfet Transformer Order As XJ65V Price £59.95
HP Mosfet PSU PCB Order As GDI9L Price £3.95

Note: These four kits will not be available until April 1988. ;

Ripley; P. Foster, Grantham; S. Wright, Leeds; M.
Burge, New Ollerton; F J. Hall, Wootton Bassett; J.
Chitty, Chelmsford; J. Tremaine, Lostwithiel, H.
Marshall, Liss; P. Nesbit, Edinburgh; R.E. Haynes,
Letchworth; P.L. Heaps, Chalfont St. Peter; S.M.
Hindley, Cropwell Bishop; Dr. R.D. Firn, York; J.
Waldron, St. Athan; J. Cunningham, Newry; A.
McNeill, Solihull; C. Covell, Canterbury, K.A,
Mason, Harlow; R.W. Hudson, Prudhoe; M.J.
Darwin, Sheffield; P.D. Sutton, Exeter; D. Hills,
Salisbury; G. Ma, Henley-on-Thames; J.K. Heaid,
Aberystwyth; M. Robinson, Slough; F.T. lbrahim,
liford; G.J. Wilson, St. Albans; P. Simpson, Hull;
W. Gwyther, Taunton; B. Bunnefl, Bristol; Mrs S.
Hammond, Yarm; M. Wright, Ipswich; E. Hayward,
South Harrow; L. Fisher, Canterbury; B. Veer,
Bath; G.K. McKay, St. Neots; J.N. Trumpeter,
Danbury; D.O. McFartane, Hexham; D. Smedley,
lkeston;G.N. Skelton, Bagshot; D. Mitchell, Perth;
P. Storey, Worksop; S. Marsh, Belper; A.S. Grant,
Macclesfield; M. Blair, Edinburgh, A. Ralston,
Leicester; C. Clatworthy, Swansea; S. Clogg,
Addlestone; R.J. Goodship, Cambridge; M.R.
Collingwood, Bishops Stortford; D.J. Kirby, Bir-
chington; P. Goacher, Rustington; Mrs M. Parnell,
Carshaiton; R.C. Blick, Bromsgrove; R.D. Ward,
Dorking; E.P. Benedek, Oldham; S. Howlett,
Teddington; D.R. Bradberry, Ballinamore; I. Ross,
Ballyclare; L.V. Treeby, Piymouth; P. Woodlock,
Kings Lynn; A.A. Finney, Tamworth; D. Jenkins,
Newcastle; F. Fleming, Tamworth; G. Moorfoot,
Spalding; S. Hibbs, Bristol; S. Wright, Burnham-
on-Sea; P.G.N. Hoar, Tadley; G. Miller, Morville;
R.J. Dodson, Bradford; K. Taylor, Hemet Hemp-
stead; L. Peters, Weymouth; A. McRae, Temple-
combe; K. Moody, Leeds; M.J. Evans, London; C.
Hewes, Nottingham; A.N. Pearce, Lincoln; K.E.
Adamson, Liverpool; M.P. Gill, Leeds; P. Keen,
Harrogate; A. Toney, Solihull; D.C. Bathurst, St.
Albans; D.M. Johnson, Leicester; R. Smediey,
Peterborough; J.W. Redfern, Haverfordwest; B.
Woodcock, Leek; W.E. Reynolds, Stoke-on-Trent;
S. Pitkin, Beccles; I. Parkinson, Stockport; A.M.
Ellis, Mitcham; D. Grant, Gosport; P.B. Thomas,

Hayes; AM. Stephens, Aylesbury; M. Moonan,
Wirral; A. Raybould, Highbury; G. Davison, Seve-
noaks; A. Latham, Ilkeston; R.R. Bacon, Hitchin;
M.W. Stracey, Worthing; A. Rees, Scotter; A. Neill,
Magherafelt; K.D. Lunn, Harrogate; G. Wesley,
Sheffield; J.K. lyengar, Chesham; S. Graham,
Edinburgh; W. Richards, Rhyl; P.J. Bishop,
Leominster; J. Merry, Cranham; D. Wright, likes-
ton; F.J. Rooke, Brighton; Mr. Paine, Darlington;
R.P. Skidmore, Exeter; S. McVey, Keighley; D.J.
Charles, Worcester; A.G. Seagrave, Croydon; D.
Griffiths, Ebbw Vale; R. Trump, Cambridge; J.B.
Leech, Lowestoft; A. Sawyer, Cosham; C.E. Tallis,
Leeds; O. Corlito, Cambridge; P.J. Richmond,
Harrogate; P. Richards, Holyhead; G. Boutton,
Chester; T.P. Wilson, Redcar; A.S. Hughes,
Holywell, B.L. Hensman, Kelghley; G. Jewell,
Norwich; P. Meinertzhagen, Sevenoaks; C.F.
Osborne, Weybridge; F. Gajraj, Cheam; E.W.
Lewis, Oxford; C.R. Doherty, London; N. Paterson,
Bournemouth; J.J. Trinder, Paisley; J. Malky, High
Wycombe; J.S. Woolley, Darlington; H.D. Taylor,
Coulsdon; T. Brittain, Sale; R. Startup, Eden-
bridge; D. Peers, Reading; N.V. Scambell, Yas-
mouth; A.H. Walker, York; J.B. Pye, West Drayton;
Derek Gaylard, Yeovil, G.T. Boakes, Sevenoaks;
Dr. J. Harwood, Windsor; L.P. Brown, Penkridge;
M.A. Preece, Bumley; T.D. Lane, Frome; F.W.
Smallwood, St. Austell; C.A. Chapman, Leicester;
Mrs D. Blandford, Coventry; P.S. Michaelis,
Orpington; D. Dickson, Forres; P. Beaumont,
Holywell; A. Gillespie, Bath; D.J. Sully,-Hayes; I.
Stewart, Pembroke Dock; C. Goddard, Thatcham;
P.G. Lake, Dartford; S.M. Bright, Hendon; M.
Colgan, Winsford; K.B. Bushell, Solihull; T. Haw-
kins, Camberley; B. Magorian, Downpatrick; A.B.
Baker, Maidstone; R. Brzozowski, Coventry; S.M.
Plumb, Watford; P Sheppard, Buckhurst Hilf; N.M.
Ferguson, Newtown; M. Shafig, Burton-on-Trent;
D.T. Beckett, Gosport; K.J. Dring, Bristol; A. Dunn,
Brierley Hill; P. O'Neill, St. Neots; R. Amponsah,
New Hendon; J. Shaw, Nottingham; M.D. Sum-
merfield, Crediton; C.J. Sheppard, Swansea;
M.J.H. Wright, Wareham; E.W.G. Allen, Horley;
Continued on Page 31.
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hen proposing to buy or

build a loudspeaker or

amplifier, most Maplin

Magazine readers will
naturally want to look at some
specifications. Does the average
specification prove helpful? Can you tell
whether the amplifier and loudspeaker will
work well together? Of course not! So we'd
better try to do something about it, now.

First of all, you will probably find it

best to forget all you know about the
subject, and start again, because that is
what professional designers have had to do
over the last twenty years or so, as the
emphasis has swung from small amplifiers
and sensitive loudspeakers to large
amplifiers and low sensitivity speakers.
Naturally, there was a good reason for this
change; most modemn loudspeakers
outperform, in terms of sound quality,
those of twenty years ago by a very large
factor. The following discussion is
restricted to moving-coil loudspeakers,
because electrostatic and piezoelectric
loudspeakers present different problems
which need separate treatment.

Voltage or power?

The first thing that we have to realise
is that a loudspeaker is a voltage-operated
device, and not a power-operated device.
By that, I mean that the output sound
pressure (which our ears interpret as the
loudness of the sound) is proportional to the
input voltage and not to the input power.
This distinction would not be important if
neither the impedance nor the directional
response of the loudspeaker varied with
frequency, because then the sound output
power would be proportional to the square
of the axial sound pressure, and the input
power would be uniformly proportional to
the square of the input voltage. But for all
practical loudspeakers, even for a single
drive-unit, varying impedance and varying
directional response are the rule. So the
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first thing we have to understand is that the
amplifier must keep the voltage across the
loudspeaker terminals independent of
frequency, even though the impedance of
the loudspeaker varies. This means that the
amplifier must have a low oufput source
impedance.

Where did the
power go?

The next thing to consider is that, in
spite of being a voltage-operated device,
the loudspeaker definitely does consume
power. If V is the rms input voltage, and R
is the resistive part of the impedance, the
power consumed is V2/R, and may be
upwards of 100W. This means that the
amplifier must be capable of delivering
sufficient power into the variable impedance
of the loudspeaker at all frequencies,
because if it cannot do this, gross distortion
will occur. ‘Sufficient power’ means enough
to maintain the required input voltage that
produces the required loudness. Obviously
this varies greatly from a personal stereo
player to a disco rig!

So what happens to this power? Only
about 1% or less appears as sound power
and is radiated away. The other 99%+ just
heats up the voice-coils of the drive units!
Please make no mistake, this is literally
true, apart from some small losses in
crossover network components, if any. The
ratio of sound power output to electrical
power input is the efficiency of the
loudspeaker, but it is NOT a characteristic
that is very useful to consider for household
loudspeakers: it is rather more important
for sound reinforcement loudspeakers but is
still not of major importance. Part of this is
due to the problem of frequency-
dependent, non-resistive impedance, which
is usually ‘swept under the carpet’ in
efficiency calculations by assuming that the
impedance is resistive and equal to the
‘rated value’ (which will be explained later).

AN SIS LSS

Hot under the collar!

The heating of the loudspeaker voice-
coil produced by the input power has a
number of consequences, none of which is
good. The resistance of the wire rises, at
0.4% per degree C if the wire is copper.
This may not appear much but the
temperature rise may be 100 deg.C, giving
a 40% increase which is dependent on both
programme content and time. This is
because the heating effect depends on the
signal voltage and frequency and the cooling
due to conduction, convention and radiation
is progressive with time when the heating
effect falls (see Figure 1). So this adds a
further degree of variation to the impedance
of the loudspeaker.

The second effect of the heating is to
cause the voice-coil to expand. If it grows
too big, it will scrape on the pole-pieces of
the magnet and the wire will be broken or
torn off. Clearly, this is a catastrophic
failure. Even if the expansion is controlled,
the heat will cause degradation of the
material of the voice-coil former and any
adhesives used in the coil or to attach it to
the cone, and these will eventually fail. This
represents a longer-term ‘wear-out’
mechanism.

-

Signal on Signal off

|

Temperature

Time

Figure 1. Heating and cooling of a voice coil:
steady signal.
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Shake, rattle and roll

Our list of disasters is not over yet.
The voice-coil moves in and out in response
to the signal, but it cannot move very far. If
it goes into the magnet structure too far it
will hit something, e.g. the dust cover will
hit the pole tip. If it goes out too far, it may
tear away from the cone, and if it doesn’t do
that, once the coil is driven out of the
magnet gap, the thermal resistance is likely
to rise considerably, thus increasing the
heating, as the cooling effect of the pole tip
is lost, so rapid failure due to high
temperature is most probable.

Finally, we have the coil and cone
vibrating to produce the sound, and this
vibration itself tends to wear out the
materials. Cones can split at the edge and
adhesives can fail. The leads bringing the
signal to the voice-coil are particularly
vulnerable as they tend to vibrate a lot, and
may even resonate at some frequencies.
The vibration will eventually cause metal-
fatigue and the leads will break. These
effects are long-term, ‘wear-out’
mechanisms. The vibration may also cause
fasteners to loosen, and joints in the
enclosure of the loudspeaker to fail. The
heat produced by the voice coils is
eventually absorbed by the enclosure and
any lining materials, which may be damaged
in the long term in this way also.

Short-term performance

We can now see what the factors are
that really control the short-term
performance of the loudspeaker. They are
the permissible maximum voice-coil
temperature and the maximum coil
excursion. The first of these is not very
useful alone, because you also need to know
the relation between input voltage, time and
temperature, which would allow you to
decide whether your proposed operating
conditions (in terms of maximum input
voltage and input frequency range) are
satisfactory (see Figure 2). The second
characteristic, however, the maximum
excursion, is directly useful as its value can
be plugged into some of the design

equations developed by Dr. Richard Small
(Refs. 1 and 2).

Making a lot of DIN

In the long term, we can see three
wear-out mechanisms, which can be lumped
together for testing a design. Testing is
essential because theoretical design for
long-term reliability is very complex and
depends on empirical factors, i.e. it is
something of an art. The spectacular nature
of the test procedure, and the spectdcular
failures it provoked when first introduced,
are responsible for the fame (notoriety!) of
the German standard in which it was first
published, DIN 45573 Part 2. The test
consists of applying a high-level, weighted
and peak-amplitude limited, noise signal to
the loudspeaker for 100 hours, after which
time it is allowed to recover for 100 hours
and must then meet its short-term
performance specifications. Naturally, the
test creates a great deal of noise and has to
be carried out at a series of increasing input
voltages until the final test is not passed. So
it is expensive and difficult to do. But it
must be realised that, far from being the
ultimate test of fidelity or anything, this is
nothing more than a LONG-TERM LIFE
TEST! Of course, the DIN standard does
include other tests that are more important
in terms of sound quality.

The subject of maximum excursion is
dealt with in another, even more famous,
DIN standard, DIN 45500 Part 7. (It should
be explained that most DIN standards are
issued in a number of Parts. In the case if
DIN 45500, the Parts deal with different
items of high fidelity equipment; Part 4, for
instance, deals with tape recorders). While
it is clearly possible to design from theory
for a given maximum excursion, a test
procedure is also necessary. The DIN
standard requires the application of 2
second bursts of sine wave signal at any
frequency from 250Hz down to the lower
limiting frequency (where the response is
8dB down when measured under half-space
conditions, i.e. with the loudspeaker sunk
flush into a large unobstructed plane
surface). The signal voltage is increased

Coil temp. 70°C

1904 Bass driver
Coil temp. 100°C
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Figure 2. Input voltage/time/voice coil temperature curves for

different drive units.
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until the loudspeaker rattles.

These DIN standards only apply in
Germany, and are being brought into
agreement with IEC international
standards, which are also being adopted by
the British Standards Institution (BSI). The
measuring methods for loudspeakers are
included in IEC 268-5, which is under
revision at present, and the new version
will become British Standard BS6840 Part 5
(and DIN IEC268-5, replacing DIN 45573).
However, this new standard does not
include a DIN-type test for maximum
excursion, as this is regarded as a
destructive test. Manufacturers are
expected to determine maximum excursion
by measuring the distortion produced by
the loudspeaker as the excursion is
increased. The international performance
standard for high fidelity loudspeakers,
replacing DIN45500 Part 7 outside
Germany, is IEC581-7, equivalent to
BS5942 Part 7. It should be understood that
this standard defines the lowest acceptable
performance, not some unattainable ideal.

New standard tests

The new revised IEC 268-5 deals with
the voice-coil temperature issue by
introducing two maximum input voltage
ratings, one based on the maximum
permitted sinusoidal input voltage for 1
second, and the other the maximum
permitted input voltage for 1 minute, the
input signal being a weighted noise signal
(different from the DIN 45573 signal),
known as the ‘simulated programme signal’.
These effectively give two points on the
input voltage/time/temperature curve, and
the curve can be approximated by two
straight lines on a logarithmic plot, one
where V?/t is constant, and one where V is
constant, for constant temperature (see
Figure 2). Alternatively, of course, the
manufacturer could publish the whole
curve.

A further measurement in the [EC
standard relates to the maximum
permissible sine-wave voltage input for a
specified time period, normally 1 hour. This
deals with long term heating effects, and
the manufacturer of a multi-unit
loudspeaker system may well quote
different values for different frequencies,
because the long-term average level of
programme signals falls off considerably at
high frequencies. It is important to realise,
however, that the short-term average level
(measured with constant percentage
bandwidth) does NOT fall at high
frequencies so that, in a bi- or tri-amplified
system with equally sensitive drive units,
you need the same amplifier specification
for each drive unit if they cover the same
number of octaves.

Moving closer to
the amplifier

We now have those characteristics
which affect the voice-coil and cone sorted
out, and can pass on to the interface with
the amplifier. Considering first an individual
drive-unit, the voice coil clearly has
resistance, even at DC, and because it is a
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coil, it also has inductance. These would
still be there even if the coil was not free to
vibrate, but it is, and the movement of the
coil in the magnetic field produced by the
permanent magnet of the drive-unit induces
a back-e.m.{. into the coil. This is quite
inevitable, but I recently read a review in a
‘hi-fi’ magazine where it was clearly implied
that better loudspeakers did not produce a
back-e.m.f.! However, it is usual to
consider, not the back-e.m.{. itself, which
depends on the excursion, but the effective
impedance that it introduces into the
voice-colil circuit, which is largely
independent of excursion. This impedance
is called the ‘motional impedance’, and can
be represented in a simplified form as a
frequency-dependent resistance in series
with a damped parallel-tuned circuit. The
tuned circuit resonates at the resonance
frequency of the drive-unit, which is not
constant but depends on the enclosure in
which the unit is mounted, and the
impedance at resonance may be ten times
the DC resistance of the coil. The
frequency-dependent resistance actually
represents the radiation of sound power,
but the efficiency is so low that the
resistance is usually negligible! (See Figure
3(a)).

Rated impedance

How, then, can we handle this
effective impedance which may vary over a
ten-to-one ratio? (See Figure 3(b)). Well by
ignoring most of the variation. It turns out
(and if it didn’t, the moving-coil driver
wouldn’t be much use) that the rise in
impedance at resonance does not
necessarily result in either a rise or a fall in
the frequency response (sound pressure
level/input voltage), and that constant input
voltage can give a substantially constant
sound-pressure level, independent of
frequency. This wouldn’t happen if the cone
vibrated in one piece at all frequencies, but
in fact it effectively gets smaller as the
frequency rises, and this ‘break-up’ effect
greatly widens the bandwidth of the unit. So
what manufacturers do is to measure the
impedance at the frequency where it
reaches its minimum value (see Figure
3(c)), which occurs above the resonance
frequency but within the working frequency
range of the unit, assume that this
impedance is purely resistive (which is
likely to be true), add a bit in case the
sample is on the low side of the tolerance
spread, and call the result the ‘rated
impedance’. You can now see that efficiency
figures based on this rated impedance are
fairly meaningless.

Sensitivity, and how
not to state it!

However, the rated impedance is
important for interfacing with the amplifier,
and the other major characteristic that we
need is the sensitivity, expressed in terms
of sound pressure in pascals (newtons per
square metre) per volt of input, or, more
usually, as sound pressure level in decibels
referred to 20uPa at 1 volt input. We also
have to say how far away from the
drive-unit the sound pressure is to be
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Figure 3(a). Electrical equivalent circuit of a drive unit, showing
typical values for an 8 ohm full-range drive unit.
Impedance/ frequency curve of a full -range drive unit.
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Figure 3(b). Real (resistive) and imaginary (reactive) components
of the impedance of a (simulated) full-range drive unit.
measured, and this is standardised at 1 Transient impedance

metre for household and some sound
reinforcement loudspeakers, and 3m for
larger, especially directional, loudspeakers.
The reference level of 20uPa is based on
that being the standard threshold of hearing
at 1kHz, i.e. the quietest 1kHz sound the
average person can hear. Unfortunately,
sensitivity is often quoted as so many dB
PER WATT at 1 metre, or even worse, as
so many dB per watt per metre! This is
because the people who have brochures
printed are ‘salesmen’, and they don’t have
to bother to understand what they are
selling in order to sell it. The implication is
that if you get, say, 90dB(20uPa) at 1IW
input at 1 metre, then you will get 9000dB
with 10W input at 10 metres! The correct
way to do the calculation is to express
10W/1W in decibels, i.e. +10dB, and
1m/10m in decibles as if metres were volls,
i.e. —20dB, so the true answer is 90 + 10
— 20 = 80dB (20u.Pa), often written as
80dBSPL. This result applies in free air, of
course, not in a room where reverberation
would increase the level considerably.

Unfortunately there is still a snag.
When we build two or more drive units into
a loudspeaker system with a crossover
network, the impedance characteristic is
made more complicated (see Figure 4). The
crossover network introduces its own
humps and bumps into the picture, and
while these do not, in a correct design,
result in uneven frequency response, the
transient behaviour is much more complex.
Ordinary sine-wave testing will not show
this, but Dr. Matti Otala (Ref. 3) has
produced some dramatic results using
special test signals, showing current
demands corresponding to an impedance as
low as one-fifth of the steady-state
impedance in some cases. The problem is
caused by capacitors being charged and
discharged, and possibly series resonance
effects, in the crossover network. Note
that, unlike interstage coupling capacitorsin
an amplifier, which should be large enough
never to charge or discharge significantly
even at the lowest signal frequency,
capacitors in crossover networks do charge
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impedance modulus/frequency curve of the full-range drive unit. amplifier specifications quote power output
7 in (abs) I when we have seen that the loudspeake; 1S
a voltage-operated device. The answer is,
l ] l basically, some shallow thinking a long time
90 ' e ago. The power matters, just as the
E Lt horse-power of a car matters, but what gets
g I pZ Y you from A to B is the speed: compare a hot
3 /J/ ) E Fiesta with a tow-truck, for example. What
70 i 4 60 we are interested in is the rated output
= // / 3 voltage, specified at the rated value of total
60 f 140 harmonic distortion (not some ridiculousty
: / 2 Ao / 3 low value like 0.005%!), and the rated
50 T AT 20 minimum load impedance. The latter tells
S / ; us what current the amplifier will deliver,
40 ,/ 0 and thus how it might cope with any
3 /1 z 3 transient impedance effects in a given
30- ‘ /| / ~20 loudspeaker system. If only it was as simple
1
i 1z / / 3 : as that!
20 Vi i-40 .
: ) 111 LA : RMS and Music
1013 - These horrible terms are associated
E E with power ratings, and if everyone goes
0 -80 over to voltage ratings they may disappear.
3 3 Curiously, the ‘RMS’ term is actually more
-10-1 -100 correct when applied to voltage, but it still
doesn’t represent what is intended to be
meant, which is ‘continuous sinusoidal’. It
§§Ei§§§§§§§E§§§E§§j§§§:§§§~§§§o happens this way; WhiChever'way you
IO I N S il measure the output power with a sine wave
i ~ signal, the result depends in some way on
iz Fhg the equation:
Figure 3(c). Modulus (Z) and phase-angle () of the impedance of W= V—2
the (simulated) drive unit. i R
S i e R e =i I The result gives the true power if V is
20.0 +——— T — the r.m.s. value of the output voltage, but
17.9 | 4 you can get a figure twice as big either by
16-0 N J \ using a sine-wave signal and measuring the
14.2 I \ . | / \ : ‘ peak voltage instead of the r.m.s., or by
Tt | ! ! / |8 ] using a square-wave signal, for which the
z s \ N / \ N two values are equal. Some American
Ohm N T \ manufacturers couldn’t resist the
U2y \ /A" T X‘ JAR temptation, and started to talk about ‘peak
9-0 - ﬁ—f— B = power’, twice as big as real power. This
8-0 \% ! . -/ i Y\‘ f/ happened long ago, in the days of valves
71 === (tubes).
6.4 | | When transistor amplifiers were
. T } 14 introduced, a further complication arose.
20 50 100 200 500 1k 2k 5k 10k 20k Most valve arnpﬁﬁers were Class A, and
Hz thus drew constant current from their
power supplies, but most transistor
Figure 4. Impedance/frequenqy curve ofa :?-way loudspeaker amplifiers were Class B, and the current
system. Note that the Z scale is logarithmic. demand of a Class B amplifier is nearly
and discharge. Mr. Peter Baxandall (Ref. 4) depends on how well the manufacturer has g;?::tslﬁg;{;%(t)}llti Z;g?;llsagptlg: Sﬁi,};gi
has recently shown that, on normal done his job; the user can’t do much about it R CTEases AN taRNon ca e s dp et e
programme signals, the current demands of except to adjust the crossover network to Tosmfn thé power supply. However, there is
several types of loudspeaker rarely exceed provide some equalisation. But this is not always a fat capacitor in the power ;mit, 2l
that measured with a swept sine-wave input, easy to do: some irregularities seem to the energy stored in this tends to maintain
so a standard test on these lines is being ‘shout through’ all attempts at equalisation. the power supply voltage for a short period
studied. However, it is necessary to take In any case, you need to be able to measure ifi thesfaca-a e ca I, e e
this effect into account in designing and the frequency response, which is far from for a brief period (usually only tens of
specifying amplifiers. easy. ’I‘h(;l diret;tiodn'i responsefdtipenqi . milliseconds) you can get more power from
very much on the dimensions of the unit in - - <
F requency and relation to the wavelength of the sound. It’s ?é:tﬁndghcgg;h?g&h c:;x: ?::;ﬁlést?ul-ﬁﬁvgvsgf
directional responses no good looking for an omnidirectional 10cm power by hooking in an external stabilised
For open-back drive units (unlike Wiaster, ngry dlrect'lonal 40cm sealed-box power supply of the right voltage and
sealed dome tweeters and mid-range units), s ol g R iR B b measuring the resulting maximum
the low frequency response depends very considerable variation between different (distortion-limited) output voltage with the
much on the free-air resonant frequency, designs, although it may be difficult to get sine-wave signal. This power is called
the Q of the resonant system, and the information on many products. ‘music power’, and, if the power supply is
characteristics (principally the volume if . wips well-designed, it does give a little extra beef
there is no reflex loading) of the enclosure. F. Inally ) the amPIIﬁ er for short peaks of signal. In the USA, the
The rest of the frequency response You may well be wondering why ratio of music power to continuous sine-
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wave power is expressed in decibels as
‘dynamic headroom’ (not you, Max!), but
this sounds so much like a hype that the
term hasn’t really caught on elsewhere.

Now, if you are trying to sell
ghetto-blasters, you want to claim as much
output power as possible because it
impresses the punters, so you measure (or
perhaps guess) the music power, double it
for peak power and then add the two
channels together. The result is called Peak
Music Power Output (PMPO), and ought to
be measured in ‘fibs’. Of course, if
everybody does it, the only sufferer is the
truth!

Short-term and long-

term output voltages

There is a new (revised) international
standard for amplifier measurements, [EC
268-1 (BS6840 Part 1), and this includes
measurements designed to take account of
the variation of maximum output voltage
with time, and to correlate with the 1
second and 1 minute measurements on
loudspeakers. These characteristics are
new, and it will take time for manufacturers
to begin to quote them in specifications, but
they ought to be introduced as soon as
possible. These measurements are made
with the amplifier driven into hard clipping
(if possible). By comparing the
corresponding values for an amplifier and a
loudspeaker, according to rules given in yet
another standard (IEC 268-15, BS6840 Part
15), it can be seen whether the loudspeaker
is at risk from the amplifier or not. Note
that the manufacturer is required to state
values which no sample of the amplifier will
EXCEED, because this is the safe
condition. In a recent amplifier test, I found
a continuous, unclipped output voltage 20%
higher than the rated value, and a lot of
words in the manual about burning out
loudspeakers! What a strange state of
things.

Amplifier protection
circuits

We saw early on in this discussion that
the amplifier has to have a low output
source impedance. There is a lot of
nonsense talked about this being necessary
to ‘damp’ the loudspeaker Q, and there
might have been something in this when

amplifiers did not have lots of negative
feedback. However, they now do, and the
result is that the output source impedance
of any reasonable amplifier is much lower
than the voice-coil resistance. As far as
damping is concerned, these resistances
are in series, so there is no point in striving
for milliohms of output source resistance
when there is a 4 ohm voice-coil in series
with it! The low source impedance is
necessary to prevent impedance variations
of the loudspeaker affecting the amplifier
output voltage and hence the effective
frequency response of the loudspeaker.

The low source impedance also means
that if you put a low impedance, such as a
short-circuit, across the amplifier output
terminals, the amplifier will still try to
maintain the output voltage constant. A
very large current will flow through the
short-circuit, and through the output
transistors, which will probably melt. With
bipolar output transistors there are other
problems. Because the loudspeaker
impedance is not resistive, there is a phase
difference between the current through the
transistors and the voltage across them.
Apart from causing extra heating, this
phase shift may carry the operating point of
a transistor into an area where ‘second
breakdown’ occurs, and the transistor will
fail. There is no space here to go into a full
explanation of second-breakdown: to avoid
it you have to study the transistor data
sheets, in particular the SOAR (Safe
Operating ARed) graphs.

In order to prevent these failures,
manufacturers of amplifiers fit protection
circuits which detect unsafe combinations of
transistor voltage and current and shut
down the amplifier or attenuate the input
signal. Unfortunately, these circuits
themselves can cause problems. To begin
with, their action is not easy to test, and
Mr. Peter Baxandall (Ref. 4) has developed
a new method of doing this, which has
already proved its worth and is being
progressed as an international standard.
Details, perhaps, in a later article. The
most important thing is that if the protection
operates due to the amplifier being unable
to deliver the required combination of
instantaneous voltage and current to the
loudspeaker, the reproduction will be badly
distorted for a brief period. Such effects
may be difficult to track down. So we need

f
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Figure 5. Maximum output voltage available from an amplifier
versus time from applying a 1kHz tone-burst at t = 1ms.

March 1988 Maplin Magazine

MAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

to know the maximum voltage and current
capability of the amplifier (from the above
test), and the corresponding demands of
the loudspeaker (from the Baxandall swept
sine-wave test), and to see how they fit
together.

A matching set of
specifications

In an ideal world we should be able to
match up meaningful loudspeaker and

amplifier specifications, as shown in
Table 1.

Loudspeaker Amplifier
Sensitivity Rated output voltage
(These two will give the SPL achievabie)
Rated impedance ~ Min. rated load

impedance
Maximum voice-coil (No corresponding
excursion value)

(This is for checking that the above SPL can
be achieved in the designed enclosure)
‘Max. short-term  Max. short-term
input voltage output voltage

Max long-term input Max. long-term
voltage output voltage

Max. life-test input Rated output voltage
voltage

Dynamic voltage ~ Max. voltage and
and current demand current capability
(These last two are the new Baxandall

| tests)

. -

Table 1. Specifications.

Fry your tweeter with a
Iow-power amplifier

If you turn up the wick on your
amplifier and overload it, the output voltage
waveform will be clipped, and the high-
frequency content of the signal will be
increased. Think of all those harmonics
marching off into the low r.f. range! Now
apply this distorted spectrum to a
loudspeaker system where the
manufacturer has carefully balanced the
voice-coil temperatures on the basis of

- normal programme spectra. Your clipped

signal will put far more energy into the
tweeter than it should get, and it may well
burn up. Now replace your overloaded
amplifier with one of higher ouiput,
producing the output voltage you were aiming
at, but which does not clip. Since there is no
excess high-frequency energy in this case,
the tweeter will survive! Paradoxes like this
point up the reasons why this subject should
be more thoroughly understood.
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SIMPLE MELODY
GENERATOR

by Chris Barlow

* Simple construction
* Small size
* 4 different versions

Specification of prototype

64 Note ROM Memory

Tone Generator Range : C4 to C6

Operating Voltage : 1.3V to 15V

Stand-By Supply Current : 1A at 1.3V
Reverse Polarity Protection

Output : Piezo Sounder or 8Q2 Loudspeaker
External Amplifier Output : 1V Square Wave at
10kQ

introduction

The UM66 series of CMOS LSl chips are
designed for use in door bell, telephone and
toy applications. The 64 note Read Only
Memory (ROM) is programmed for the
musical performance by the manufacturer.
Four chips are available as follows:

Type 1: Amedley of Jingle Bells, Santa
Claus is Coming to Town, and We
Wish You A Merry Christmas

Type 2: Happy Birthday to You

Type3: Wedding March

Type 4: Love Me Tender, Love Me True

Be sure to order the correct kit code for the
desired melody.

Pause
64 kHz Tone Output Output

Generator Control Bufter O
>
$655545352S1S0

Staccato

Scale ROM

b5b4b3b2
352433322130 =
: - rogram
Oscillator Meiody ROM Counter
bibg
4 End
Tempo » Timing and —
| ERYEIMIROM ] Option Control g Mode
>
P3P2P1Pg T3TaTTo MzMaM{Mo
Ly A
Beat Tempo | | )
Generator Generator Options

Figure 1. Block diagram.

Maplin Magazine March 1988



UMG66 How it Works

The UM66 melody generator chipis a
compact module containing a logic controlled
tone generator, see Figure 1. The osciliator
runs at 64kHz and its accuracy affects the
quality of the music. lts output is used as a
time base for the tone and beat generators.

The tone generator is a programmed
divider, its range of scales is from ‘C4’ to ‘C6’
and is controlled by the scale ROM. The beat
generator is also a programmed divider,
controlled by the rhythm ROM. Its output then
passes to the tempo generator before entering
the timing and control circuits. This produces
two main signals, one is fed to the program
counter and the other to the output control
circuit. A power on reset signal is also
generated for the oscillator and program
counter. This ensures that the melody begins
from the first note each time power is applied
to the chip. The tempo options T0 to T3 and
the control options M0 to M3 are set at the
time of manufacture.

The program counter steps through the
memory addresses of the melody ROM until
the END signal is fed back to the timing and
ocontrol stage. Four of the six bits of data from
the melody ROM are used to control the scale
and the remaining two are used by the rhythm
circuit. The melody play option that MAPLIN
have chosen is as follows: After connecting
the power, the tune will play once and stop.
The voltage supply to the chip must be
removed then re-applied to retrigger it.

The output control stage acts as a sound
gate, turning on and off under the command of
the timing circuit. The output buffer can supply
1.5mA of drive current, enough for a piezo
sounder to be driven directly by the chip.

All this hi-tech circuitry is contained in a
three pin plastic package, looking more like a
transistor than a complex CMOS LSl ¢hip, see
Figure 2.

Voo
o/p Vss

View from befow

Figure 2. Pin configuration.

Circvit Description

As can be seen from the circuit diagram in
Figure 3 only a few additional components are
required to complete the project. The DC
supply entering the circuit must have the
correct polarity, otherwise damage will occur
to the semiconductors. To prevent this, a
diode, D1, has to have the positive supply
voltage applied to its anode before the DC
power can pass to the rest of the circuit.

The maximum operating voltage that can
be applied to pins 2 and 3 of the UM66, IC1, is
3.3 volts. Over voltage protection is provided
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Figure 3. Circuit.

-

Figure 4. Track and layout of the PCB.

by ZD1 a 3.3 volt zener diode and R1 a 1k}
resistor to limit the supply current. The chip
reset condition occurs when a momentary
short circuit is switched between the reset
pads. The melody output on pin 1 of IC1 is fed
to the base of TR1 via R2, a 10k{Q resistor.

An NPN silicon transistor, TR1, is used to
provide sufficient drive current for a piezo
sounder or low impedance loudspeaker.
Because of the high impedance of the piezo
sounder a 1k{ collector load resistor, R3,
must be included. An amplifier output is
provided by taking the square wave signal at
the collector of TR1 through C3, a 470nF
capacitor to R4 and R5. C4 is a 10nF capacitor
that then removes any high frequency signals
and D2/D3 limit the output to approximately 1
volt peak to peak. This signal can now be fed
to an additional amplifier if higher sound levels
are required.

PCB Assembly

The PCB is a single-sided fibre glass type
and a component overlay is shown in Figure 4.
Removal of a misplaced component is quite
difficult, so please double-check each
component type, value and its polarity where
appropriate, before soldering! For further
information on component identification and
soldering techniques please refer to the
constructor's guide which is included in the kit.
The sequence in which the components are
fitted is not critical. However, it is easier to
start with the smaller components. When
installing IC1, TR1, C3 and C4 you should lay
them flat on the PCB as shown in Figure 6.

The circuit shown in Figure 3 is for use on
a voltage supply of 2V to 15V and has reverse

polarity protection. However, the circuit can be
adapted for use over different voltages and
lower stand-by currents. The following options
are possible:

1: Operating voltage, 1.3V to 3.3V no reverse
polarity protection and low stand-by
current. Replace D1 with a wire link and
remove ZD1.

2: Operating voltage, 2V to 4V reverse
polarity protection and low stand-by
current. Remove ZD1.

3: Operating voltage, 1.3V to 15V no reverse
polarity. Replace D1 with a wire link.

4: Using a piezo sounder R3 must be fitted.

5: When using a loudspeaker R3 can be
omitted.

This completes the assembly of the PCB
and you should now check your work very
carefully ensuring that all the solder joints are
sound. It is also important that the bottom,
track side, of the circuit board does not have
any trimmed component leads standing proud
by more than 1mm.

L ]

Wiring

Carefully follow the wiring shown in
Figure 5. The piezo sounder, BZ1, may have
different coloured leads but may be connected
either way to the PCB. The retrigger switch
and amplifier screened cable are optional. The
retrigger switch must be a non-locking push to
make type and the length of the amplifier
cable should be no more than three metres. A
self-adhesive pad is then mounted to the back
of the sounder. Do not fit the PCB to the back
of the sounder until the testing stage is
successfully completed.
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Quickstick pad

/ Plezo sounder

% }< Xms

+V Supply

Retrigger switch

Non -locking, Push to make
}——o0 h

=V Supply

Screened cable
to amplifier

/‘:7 1853
i

Screen

Track side of P.C.B.

PCB C1

Quickstick pad Piezo sounder

Figure 5. Wiring.

L]
Testing

All the tests can be made with an
electronic digital, or analogue moving coil,
multimeter. The circuit was as shown in Figure
3, 2V to 15V operation and a piezo sounder.
The following test results were obtained from
the prototype using a digital multimeter and a
9V PP3 battery.

The first test is to ensure that there are n
short circuits before you connect the battery.
Set your multimeter to read OHMS on its
resistance range and connect the probes to
the supply cables. The reading obtained with
the probes either way round should be greate
than 1000Q). Some multimeters will provide

Usage

The operating voltage and stand-by
current are set during the assembly of the
PCB. You must determine the option most
suited for your application. The sound level
from the unit can be increased by using a low

Figure 6. Fixing the PCB.

impedance loudspeaker, such as the 8Q 768
type (WF57M). A high efficiency hom speaker
(XQ73Q) will give a further increase in sound
level from the basic unit. However, if louder
volumes are required then an amplifier can be
used to achieve the desired sound level.

SIMPLE MELODY GENERATOR

PARTS LIST

RESISTORS: All 0.6W 1% Metal Film

sufficient current to power the melody R1,3 1k 2 (MIK)
generator during this test. R2,4,5 10k 3 (M10K)
Next monitor the supply current, set youi
meter to read DC mA and place it in the CAPACITORS
positive line to the PCB. When the battery is Cl 470nF 16V Minelect 1 (YY30H)
connected the unit should start to play its c2 10nF 63V Ceramic . (WXTI)
melody and a current reading of
approximately 9mA should be seen. When th ?ngCQNDUCToﬁRDiss Type 1 1 (UI40T)
tune ends the current reading should drop to or UM66 Type 2 1 UJ410)
approximately 4mA. If the retrigger switch is or UM66 Type 3 % (Up42v)
pressed the current will increase to or UMBS TYpe 4 1 (Ul43W)
approximately 8mA, when the switch is ZD1 BZY88C3V3 1 (QHO02C)
released the melody should start again. D1 1N4001 1 (QL73Q)
This completes the testing of the simple D23 1N4148 2 (QLBOB)
melody generator. Finally. secure the track TRl BCS48 1 (QBZ3Q)
:lr?;a vs?r: ::T: ;ﬁitg the quick stick pad as MISCELLANEOUS
: Simple Melody PCB 1 (GDT5S)
Piezo Sounder 1 (FMS9P)
Quickstick Pad 18tp (HB22Y)
Constructor's Guide 1 (XH78L)
OPTIONAL
Miniature Loudspeaker i (WFSTM)
Push Switch (FHBSP)
Sin. Hom Speaker 1 XQ13Q)

Four complete Kkits, excluding optional items,
are available for this project:

Simple Melody Generator (V1) Kit (LM43W) Price £2.50
Simple Melody Generator (V2) Kit (LM44X) Price £2.50
Simple Melody Generator (V3) Kit (LM45Y) Price £2.50
Simple Melody Generator (V4) Kit (LM46A) Price £2.50

Note: each kit contains the appropriate IC.

The following item used in the above kits is also
available separately, and is not shown in our 1988 catalogue.

Simple Melody PCB Order As GD175S Price 50p
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Part 2

Introduction

If you actually wired up the ‘three-
gate’ circuits of Figure 6, in Part One of this
series, you will now know that circuit 6(a)
was the OR function in disguise and 6(b)
was the AND function. It would be
perfectly reasonable to ask why anyone
would go to the trouble to use three gates
to implement a function for which a single
gate already exists. Well it isn’t quite as
silly as it seems. You will have noticed that
the two input gates, in both cases, had
their inputs strapped and acted as
inverters. Thus, the inputs to the final gate
are just the inversions of A and B. It so
happens that in many practical circuits
these inversions already exist (we shall
meet actual examples of this later on) so
that it isn't always necessary to provide
separate inverters as here. What these
NAND and NOR ‘implementations’ should
show is that ‘the NAND gate provides the
OR function for inverted inputs’ and ‘the
NOR gate provides the AND function’ in a
similar fashion. By using this fact it
becomes possible to design quite com-
plex logic circuits that use almost exclu-
sively either NAND or NOR logic. This
usually reduces the chip count and makes
economic sense as well.

Figure 1 shows these implementa-
tions assuming now that the inversions of
A and B are available and also introduces
an important theorem, known as ‘de
Morgan’s theorem'. This is nothing more
than an algebraic statement of what has
already been demonstrated in practice.
Note that it has two forms, one for each
type of circuit.

@l >
@l >

=l P

(a) (b)

F=AB=A+B F=A+B=AB
(De Morgan’s Theorem) (De Morgan's Theorem)

Figure la. The OR function with NAND logic.
Figure 1b. The AND function with NOR logic.
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Two More Useful
Gate Functions

The OR function is"sometimes refer-
red to as ‘inclusive-OR’, for the reason that,
not only is the output of the gate equal to
ONE when A OR B is ONE but also
‘includes’ the case when A and B are
BOTH ONE. _

There is another OR function known
as Exclusive-OR; no prizes for guessing
what this one does! The truth table of
Figure 2(a) shows the answer. The output
Flis only ONE for the two cases when A or
B = 1 separately and ‘excludes’ the case
when they are both ONE. This fact is quite
nicely expressed in the Boolean algebraic
statement:

Fl="AB + AB

Notice that the two terms on the
right-hand side represent the second and
third lines of the truth table, respectively.

If the XOR function (as it is sometimes
written) corresponds to the second and
third lines of the truth table, it is
reasonable to suppose there might be
another function that corresponds to the

A | B | F1 A| B | F2
o|lofo oo f 1
o | 11 o|11]o
1 o 1 lofo
1 1 (o] 1 1 1
(a) {b)
A | |
. 4%
Fi1
{XOR)
B
=
F2
(c) (EQV)

Figure 2. Truth tables for (a) XOR and
(b) EQV functions and (c) a possible
implementation.

by Graham Dixey C.Eng., M.L.LE.R.E.

first and fourth lines. As a Boolean
statement these are:

F2="AB+ AB

Is there any obvious inference that
can be drawn from this, any apparent
identity between inputs and output? Yes!
The output is ONE whenever both inputs
are the same, either both ONE or both
ZERO. It is, therefore, expressing
EQUIVALENCE (EQV), and that is what it
is called. What is the relation between this
and the XOR function?

This can be answered by the applica-
tion of pure logic, namely, that each
occupies half the total possibilities of the
truth table and one half is NOT the other!
Still not clear? It just means that XOR is the
inverse of EQV. EQV is sometimes known
as XNOR (Exclusive NOR). This is output
F2 in the truth table of Figure 2(b). Now
why not prove to yourself the truth of these
relations by breadboarding them and
examining the input/output relationship?

Figure 2(c) shows how to implement
the XOR function using four two-input
NAND gates (i.e. a single 7400 chip).
Connect switches to inputs A and B to
provide the four combinations of logic
levels and an LED to the output F1 to see
which combinations give a logic 1 output;
they should agree with the truth table for
the XOR function. Having satisfied your-
self on this point, follow F1 with an inverter
to give output F2, which should be the
EQV function. The choice of inverter is
yours. Either press another 7400 into
service, using one NAND gate with its
inputs strapped, or use one ready made
inverter out of the 7404 hex inverter chip.
Pin-outs for these appeared in the last
issue.

More Complex Circuils
- Addition and
Subtraction

The truth tables of Figure 3 describe
the performance of circuits known as the
‘half adder’ and the ‘full adder’ respecti-
vely. To understand what these titles

a1



A B8 S || Co A B | Ci S | Co A—— Hat —S
0 olofolo
Om)-9 o 0 g— | Adder Co
‘o1 [1]o olo|1][1]o
1 o1 ]o o|l1]of1]o e
11 ]o] o1 [1v]o]
(a) 1 {ofof1 o
Y=o R ER OIS BA—" Full ——S
1 1 0 o1 ) Adder Co
1 1 101 ] Ci —
(d)
(b)

Figure 3. Truth tables for (a) half adder and (b) full adder. Block forms are shown in (c) and (d).

mean, consider what possible results we
get by adding just two binary digits. Here
they are.

——0 0O
+ + + +
—_—0 == O

o
— O

0

The first three sums should be
obvious; the last is NOT saying that one
plus one equals ten! The term 10 is, of
course, binary 2 and the ‘1’ represents a
‘carry out’ of the first column into the
second column. Thus when adding two
bits together called, for example, A and B,
we must allow for two outputs, the ‘sum §'
and the ‘carry out Co’. The block of Figure
3(c) represents this case.

Now consider what must be allowed

for if, when we are adding together two
inputs, A and B, we also have to include a 1
‘carried’ from a previous column of
addition. Easy isn't it? All we have to do is
include an extra input which will be used
for the ‘carry in' from the previous
addition. This can be represented by Ci
and is shown in the block of Figure 3(d).

Thus, Figures 3(c) and 3(d) represent
the circuits for a half adder and full adder
respectively. It is quite easy to see how the
half adder can be implemented merely by
looking at the columns for § and Co and
writing down the Boolean expressions
from them. Notice that the S column is
nothing more than the XOR function
recently met, while the Co column is even
easier, being just the AND of A and B. The
circuit of a half adder is shown in Figure
4(a) and its derivation from XOR com-

&
\

(a)

A Coq
=1 Half oy
B | Adder [ St

Half Co2
G | Adder |3

1

(b)

Figure 4. (a) 5 NAND half adder circuit. (b) A full adder constructed from two half adders plus

an OR gate.
8-Bit-Sum
Carry Out
~ {9th Bit )
Aa [ 16[ ] B4 "
s3 [] ] sa
A3 [ Jca
B3 [: :] co c4a Cco Ca
7483 7483
+sv [] Jov
B2 A1 iah Bi i
[: : - High Bits -1 Low Bits
a2 []8 9] s1 Of 8-Bit Inputs, A and B
(a) (b)

Figure 5. (a) Pin out of 7483 four bit full addez. (b) Connecting two 7483s to add eight bit numbers.
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bined with AND is obvious. Notice that it
hasn't been necessary to use an actual
AND gate. It is only necessary to invert the
output of Gate 1 to get it.

You might think that two halves would
make a whole but a full adder actually
consists of two half adders PLUS an OR
gate! I'm not going to prove this; we
(meaning you really!) are supposed to be
experimenting, sO you can prove it to
yourself on the bench. The circuit is shown
in Figure 4(b). Each half adder can be
made up from a 7400 chip plus one
inverter, as in Figure 4(a). This inverter
could be a NAND gate with inputs
strapped, or taken from a' 7404 hex
inverter. To complete the full adder is
going to need. another chip, whichever
way you go. Either use one OR gate out ofa
7432 chip (easier to wire) or use three
NAND gates (wired as already described
for the OR function) from a 7400 chip. To
prove the operation of either circuit,
connect switches to the inputs (thus the full
adder will need three) and LEDs to the
outputs.

Of course it would be very tedious if
the only way to obtain an adder, half or full,
was to connect up a number of gates,
especially when adding more than two
bits together, as would usually be the case.
Fortunately, this work has been done for
us and this is where MSI comes in. MSI?
This stands for Medium Scale Integration
and is a level of integration in ICs that
produces a range of moderately complex,
and extremely useful, circuit functions.

The TTL four-bit full adder 7483 is
shown in pin-out form in Figure 5(a). The
two numbers are A and B, the order of
columns, from most significant to least
significant, being A4 A3 A2 Al : B4 B3 B2
Bl. The sum of each column is, respec-
tively, S4 S3 S2 S1. The terminal C4 is the
carry out in the event that the total sum
exceeds the maximum for four bits,
namely 1111 (binary) = 18 (denary). So if
one performs the addition 1000 + 1000 (8
+ 8 = 16), a carry will result since the
answer is 10000. This carry appears at pin
C4.

1000
+1000
10000

T
Carry out (C4)

There is another pin marked C0. This
is used when two 7483s are cascaded in
order to perform an 8-bit sum; otherwise it
should be connected to 0V. All that one
has to do is connect C4 of the ‘low order
four bits’ to CO of the ‘high order four bits’.
The addition of two 8-bit numbers in this
way is shown in Figure 5(b). One of the
7483s adds the lower four bits of each
input number, A and B; the higher four bits
are handled by the other 7483. The two full
adders are linked by the ‘carry out’ from
the low bits addition. The two four-bit
sums ‘run alongside each other’ to give an
8-bit parallel output. A carry can occur if
the sum of the two inputs A and B exceeds
the capacity of eight bits; a final carry out
is therefore provided. This is known as
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‘parallel addition’, since all bits are added
at once. Note the convention for the
number of wires on each ‘bus’, a slash
through it with the number of wires written
alongside.

Decoders

In general terms a decoder is a logic
circuit that converts one code to another.
An example of this is the conversion of a
BCD number (Binary Coded Decimal) into
seven segment code to drive a seven
segment display. Another conversion that
is perhaps less obvious is when address
lines in a computer are decoded in order
to access a certain area of memory. The
decoder looks at some of the address
lines and works out which of ‘n’ memory
chips is the one required. Using logic in
this way is quite straightforward.

Suppose, as in Figure 6(a), there are
four memory chips. Any one of these will
be selected if the pin marked CE (Chip
Enable) is taken low. What is needed is a
logic circuit with four outputs, one to drive
each of the CE pins. Only one output is
allowed to go low at any instant, otherwise
more than one memory chip will be
selected. The question is, what are the
inputs to this circuit? The answer is, as
many inputs as will give a number of
combinations equal to the number of
outputs required.

The truth table of Figure 6(b) descri-
bes the circuit. The rule for this was given
in Part One but is repeated here. The

number of combinations equals 2" where
‘n' equals the number of inputs. Thus, we
have 2" = 4, from which n = 2. This
example assumes that address line A10
and All have been used.

This type of decoder is known as a ‘2
to 4 line decoder’ or, alternatively, asa ‘1l of
4 decoder'. It is quite easy to implement,
its circuit being shown in Figure 7. It uses
four 3-input NAND gates and three
inverters, including the one required for
its own CE input. It is worth noting that this
circuit diagram includes a convention that
is sometimes found and may be confusing
at first sight. The inverter for CE has its
inversion ‘bubble’ at the input instead of
the usual position at the output. However,
it in no way differs from the other
inverters. It is drawn in this way to indicate
that its ‘input must be low to produce a
logic 1 output’. Thus it emphasises that the
logic level at this input for normal
operation is a logic low. This bubble is
commonly shown at the actual chip pins in
circuit drawings. It applies to a variety of
logic chips, as well as flip-flops, memories
and other microprocessor oriented chips.

It is recommended that you wire up
this circuit.as good experience in handling
and investigating logic circuits. You will
need two 7410s (triple 3-input NAND
gates) and a 7404 (hex inverter). The pin-
out for a 7410 is shown in Figure 8, where
will also be found the pin-out for the
74LS139. The latter is a chip which houses
two of the types of decoder just descri-

RAM O RAM 1 RAM 2 RAM 3
= ||l ||l ]|l& | |
0f 1] 21 3
A
Address lines 222
to be Line
decoded A0 Becader
C_E —J'
(a)
RAM
A
M1 Mo o L = & Selected
0] 0 (o] 1 1 1 (o]
0 1 1 o] 1 1 il
1 [} 1 1 (o] 1 2
1 1 1 1 1 (0] 3
(b)

Figure 6. (a) Using a 2 - 4 line decoder to
select ‘1 of 4’ RAM chips. (b) Truth table for
2 - 4 decoder with CE taken ‘low’.
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bed. So, if you don't feel like wiring up the
circuit of Figure 7-you can pop a 74LS139
into your breadboard and check that out
instead.

To test the above circuit, three input
switches and four LED indicators will be
needed (you can use your logic probe for
the latter if you wish). You should note that,
if the CE input is held high, the other two
inputs will have no effect; in fact all four
outputs will be high irrespective of the
values of these inputs.

Naturally, there has to be provision
for decoding a larger number of memory
chips than four. Other decoders exist such
as the ‘3 to 8 line decoder’ and the ‘4 to 16
line decoder'.

BCD fo Seven

Segment Decoders

Another quite different type of
decoder worth knowing something about
is used to provide the correct codes for
driving seven segment displays from BCD
inputs. A BCD code is a 4-bit code that
encodes the denary numbers 0 to 8 with
the equivalent groups 0000 to 1001, the
remaining 4-bit groups 1010 to 1111 being
invalid. The actual seven segment codes
required depend upon whether the parti-
cular display is ‘common-cathode’ or
‘common-anode’, one set of codes being
the exact inverse of the other.

In a common cathode display the
cathodes of all segments are strapped

0 2 3
CE o -l‘f>
Aqq 0— I
A0 o
L~
|7
Figure 1. Logic diagram for 2 - 4 line decoder.
N 1 - 16
1 14 Enable [] +5V
E j +5V j
a1 =
A Gp—1] Enable
E =5 Select
—B Al—
I: ___] Select
CHqvyo BF—1{]
O ]
O . .x vt | | Yop— 7
Outputs -
[:—c Y2 Yip—{]
[: j Data
Outputs
[C—aY3 y2p—{]
g, P =~ ]
o [, .
7410
7415139

Figure 8. Pin outs for 7410 and 74LS139.
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COMMON -ANODE COMMON-CATHODE
Denary BCD a b c d e f g a b c d e f g
] 0000 0 (0] 0 0 0 0 1 1 1 1 1 1 1 0
1 0001 1 0 0 1 1 1 1 0 1 1 0 0 (0] 0
2 0010 0 0 1 0 0 1 0 1 1 0 1 1 0 1
3 0011 0 o] 0 (0] 1 1 0 1 1 1 1 0 0 1
4 0100 1 0 0] 1 1 0 0 0 1 1 0 (0] 1 1
5! 0101 0 1 0] 0 1 0 0 1 0 1 1 0 1 1
6 0110 0 1 0 0 0 0 0] 1 0 1 1 1 1 1
7 o111 0 0] 0 1 1 1 1 1 1 1 0 0 0 0
8 1000 0 o] 0 0 0 o] 0 1 1 1 1 1 1 1
9 1001 0 0 (0] 1 1 0 0 1 1 1 0 0 1 1
(a)
7447
ot bl
2 ] +5v
a a1 ]t
Ltamp
f b Test E\ j 9
g Out [: ] a
Blank

e c in [] b

d 18) E j c

(b) ‘q E j d

ov e

L: 8 9 u
(c)

Figure 9. (a) Table of logic levels required to drive both common anode and common cathode
displays from BCD input. (b) Segment identification. (c) Pin out for 7447 BCD seven segment

decodeyr/driver (common anode displays).

E |7__ {Discharge)

(Control Voltage) __ 5 Comparator 1

R
{ Threshold ) 6 o
TR2 l/ s 6__{>_3_(Output)

j Buffer

VREF

(Reset) _4

(Trigger ) __2|

Comparator 2

Figure 10. Pin out and internal details of 555 timer chip.
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together and taken to 0V; the anodes are
energised by external drive circuits to
illuminate the required segments. In the
common anode type of display it is the
anodes that are strapped (to +5V) and the
cathodes that are driven. Thus, in common
cathode displays, a segment must be
taken to logic 1 to energise it and in
common anode it has to be taken to
logic 0.

Figure 9 shows the identification of
segments, the tables for driving both
types of display and the pin-out for the
7447 BCD to seven segment decoder
driver. The pins for driving the segments a
to g and the 8421 BCD input are readily
identified but some other pins may need
some explanation.

For example, the terminal marked
LAMP TEST must usually be takento +5V;
when it is taken to logic 0 all segments are
driven at once, hence the name.
Two terminals are marked BLANK, IN and
OUT. These are provided when it is
required to blank ‘leading zeros' in a
display. For example, if a 4-digit
voltmeter is to display 2.3V; what is not
wanted is 002.3 but 2.3, the leading
zeros being suppressed or blanked. A low
on the blanking input will extinguish
the zero character; when this happens a
low also appears on blanking out,
which can be sent to the next most
significant display to blank that as well.
If a logic low is deliberately applied to the
blanking OUTPUT the display is
extinguished for ALL characters. This
leads to a crafty way of controlling
display brightness.

If a squarewave, of equal mark/space
ratio, is applied to the blanking out
pin, the display will be off for half the time,
thus reducing its brightness. If
the mark/space ratio is made variable a
wide range of brightness can be
obtained. The frequency of the squarewa-
ve must be high enough to avoid flicker,
say in excess of 50Hz.

When this chip is used to drive seven
segment LED displays (as opposed to
incandescent or fluorescent types) series
resistors of about 330 ohms must be
connected between each segment output
and the actual segment of the display.

The 555 Timer Chip

This is loosely referred to as a ‘timer’
chip because it performs certain
time-related events. One of these is to act
as an astable muiltivibrator, that
is as a generator of squarewaves. Other
ways of using the 555 will be met
during the series. It is worth introducing
the 585 now as it will be used in
Part Three for generating clock pulses for
sequential circuits. Also, if
anyone feels like trying out the variable
mark/space method of controlling
display brightness just described, this
device will be found suitable for the
job.

The pin-out and some internal details
are shown in Figure 10. The essential
functions provided by the chip can be
described by taking each pin in turn.
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Trigger Texrminal (Pin 2) rising voltage across a charging
When a negative-going trigger pulse capacitor) is applied to this pin, at some
is applied to this input, at some point point it will pass through the

it will pass through the reference voltage
Voo/3, causing the output of
Comparator 2 to SET the flip-flop; the
output of the 555 then goes HIGH.

Output Terminal (Pin 3)

The output can be used to ‘sink’ (logic
LOW output) or ‘source’ (logic HIGH
output) a current of up to 200mA. For
sinking the load is connected between
pin 3 and +V(, while for sourcing the
load is connected between pin 3 and
ov.

Reset Terminal (Pin 4)

This permits the 555 to be disabled by
taking this pin low. In normal
operation - it should be connected to
+Vee. In the disabled state the
signals at the trigger input are over-
ridden.

Control Voltage Terminal (Pin 5)

It is possible to connect a separate
source of voltage to this terminal to
change the threshold voltages. Otherwise
it is normally connected to pin 1 (0V) viaa
10nF capacitor.

Threshold Texminal (Pin 6)
If a positive-going voltage (e.g. the

reference voltage 2/3 V¢, causing the
output of Comparator 1 to reset
the flip-flop. The 555 output then goes
LOW.

Discharge Terminal (Pin 7)

At the end of the timed period the
transistor connected to this terminal
switches into the conducting state. This
discharges the timing capacitor prior to
another timing cycle commencing.

Using the 555 as a
Variable Mark/Space

Generator

Figure 11 shows the 555 connected as
an astable multivibrator, that is as a circuit
that generates continuous square waves.
For a fixed mark/space ratio, it is usual to
wire a resistor between pin 7 and +Vcc,
and another between pin 7 and pins 2, 6
(strapped). The relative values of these
determine the mark/space ratio and their
total value together with the capacitor
between pins 2, 6 and 0V determines the
frequency. In the circuit shown the
frequency should be about 100Hz with a
mark/space variation between 1:5 5:1.

+5V
2k2 -
555
10k % a
oardl
2k2 2
6 g——o .”.ﬂ.
r_L:+ Output

1uF 1 '_|5
T S
| 10nF ov

Figure 11. The 555 used as a variable mark/
space ratio pulse generator.

Conclusion

There should be enough ‘meat’ in this
article to give you something to think
about and to experiment with between
now and the next issue. The diagrams
should help with the practical side. Next
time we shall be looking at ‘sequential’
circuits, that is those that use the ubi-
quitous flip-flops to form a variety of
counters and registers.

'MAPLIN’S TO
TWENTY KITS

THIS LAST ORDER KIT DETAILS IN
MONTH DESCRIPTION OF KIT CODE PRICE PROJECT BOOK
1 (-) = Digital Watch FS18U £2.00 Catalogue
2 (-} « CarBattery Monitor LK42v £595  Best of E&MM
3 {1} e Live Wire Detector LK63T £3.95 14 (XA14Q)
4, (3) =« 150W Mosfet Amplifier LW51F £19.95 Bestof E&MM
5. (2) e U/SonicCarAlarm LK75S £17.95 15 (XA15R)

6. ({4) e Partylite LW93B £9.95 Bestof E&MM
7 (-} e Frequency Meter Adaptor  LK20W £7.95 9 (XAOQSK)
8 (9} & I/RProx. Detector LM13P £9.95 20 (XA20W)
9. () e Digital Cap. Meter LM28F £24.95 23 (XA23A)

10. (6) e CarBurglar Alarm LW78K £7.95 4 (XAO4E)

11. {(10) e 8W Amplifier LW36P £5.95 Catalogue

12. {7) e Ultrasonicintruder Detector LWB3E £11.95 4 (XAO04E)

13. (5) e PWM Motor Driver LKb4J £9.95 12 (XA12N)

14, (8) e VHS Video Alarm LM27E £11.95 24 (XA24B)

15. (15} 4% 15W Ampilifier YQ43W £5.95 Catalogue

16. (12) @ 27MHz Receiver LK56L £8.95 13 (XA13P)

17. (16} = Stepper Motor and Driver LK76H £16.95 18 (XA18U)

18. {-) & Noise Gate LK43W £9.95 Bestof E&MM

19. (17} e 50W Amplifier LW35Q £17.95 Catalogue

20. {14) e 27MHzTransmitter LKB5K £7.95 13 {XA13P}

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 Project Book mentioned in the list above - see inside back cover
for details.
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ter; P. Hussey, Marlborough; P. Kent, Royton; S.R.
Bell, Chesterfield; N.L. Vara, Peterborough; C.J.
Maryan, Potters Bar; Mrs. M. Linklater, Peterhead;
D.J. Speakman, Braintree; A.E. Smith, Haywards
Heath; K Bisher, Edinburgh; D.B. Murray, ‘Man-
chester; M. Tyrer, Merseyside; D.C. Mitchell,
Glasgow; C. Vinall, Haywards Heath; S.J. Gow,
Aberdeen; R.l. Bell, Basingstoke; D.J. Qcock,
Tunbridge Wells; G. Moris, Dover; A.J. Sharp,
Devizes; D. Piper, Coulsdon; P. Bradbeer, Kirk-
caldy; A. Tovey, Cardiff; M. Ball, Sunderland; F.W.
Andrew, Newbury; J.A.G. Simpson, Amesbury;
K.E. Clarke, Pontefract; C.D. Blount, Barnsley; M.
Wragg, Sheffield; P. Townson, Ryde; H.V. Sher-
man, Woodridge; S. Corbishley, Lichfield, F.
Wood, Malvern; J.L. Griffiths, Thirsk; J. Sterry,
Hull; R. Seabrook, Bury St. Edmunds; P. Boe,
Skutvik, Norway: G. Tickle, Danbury; P. Ellison,
Birmingham; D.H. Polzin, Grantham; C. Martin,
Emsworth; R. Pedlow, Portadown; S.C. Mawson,
Stockton-on-Tees; C. Comrie, Egremont; N.P.
Hayles, Ryde; A.F.W. Coulson, Musselburgh; R.
Harrison, Burrow-in-Furness; K.J. Winskill, Liver-
pool; K. Gibson, Bradford; R. White, Yeovil; R.W.
Gamer, Skelmersdale; J. Schofield, Cowes; J.T.
Halliwell, Liverpool; A. Hayward, Witlenhall; A.C.
Dutfield, Woodtford; K. Jenkinson, Huntingdon; P.
Woolaston, Leicester; M.P. Attwood, Martock; C L.
Bagnall, Knutsford; S.J. Clarke, Saffron Walden;

D.W. Pellow, Bristol; H.P. Richens, Bognor Regis;
S. George, Great Yarmouth; R.L. Riches, Canter-
bury; S.W. Addington, Bideford; A.-W. Downs,
Birmingham; D.C. Wood, W. Horsley; C. Wood,
Manchester; S. Adams, Bangor; D. Wakem,
Devizes; P.W. Wilberforce, Argyll; SSGT. JR.
Gadsdon, BFPQ 107; 1.G. Smith, Driffield; K. Ginn,
Swanley; M. Grech-Marguerat, Bedford; I. Rillie,
Solihull; R.M. Wilson, Nantwich; A. Middleton,
Swindon; KJ. Down, Chard; J.L. Day, Preston;
R.M. Mittard, Falkirk; P.V.J. Davey, Herne Hill, T.C.
Johnson, Loughborough; K. Osborn, Bury St.
Edmunds; C.A. Brown, Reading; C.W. Pickett,
London; J. Meston, Newbury; B.D. Powley, Wirral;
S. Solly, Wokingham; M.A. Remde, Keighley; D.C.
Woodnott, Faversham; N.F. Harris, Burton-on-
Trent; G.B. Lamminman, Welwyn Garden City;
M.J. Whitbread, Sawbridgeworth; P. Watts, Exe-
ter; T.J. Beer, Winchester; R.H. Thomas, Salis-
bury; H.J. Webb, Croydon; O.J. Fairgrieve, [sle of
Lewis; K. Farooq, Stockton-on-Tees; A. Chung,
Bury St. Edmunds; J.R. Bradford, Blackpool; P.S.
Hayes, Reading; J.W. Hillyer, Stamford; D.G.
Martin, Cheltenham; A. Cockerton, Fleet; P.J.
Miller, Worthing; A. Chomyn, Nottingham; A. Hunt,
lpswich; C. Hosking, Penzance; D. Waldram,
Derby; M. Spencer, Farnham; P. McGeechan,
Glasgow; A.J. Daykin, Ivybridge; F.S. Lantsbury,
Towcester; E.H. Potts, Leicester; F.J. Pearson,
Morecombe; M. Hodge, Stevenage; H. Westwood,
Pontefract; M. Johnston, Polegate; J. Tyrrell,
Llandrindod Wells; M. Arends, Hitchin; K. Walkin-
shaw, Folkestone; Mrs M. Edgar, Carlisle; A.R.
Carpenter, Wokingham; G.A. Betts, Peterbor-
ough; G.S. Coates, Chester Le Street; A. Otter,
Nottingham; R.M. White, Sidmouth; C.J. Williams,
Whitstable, A. Beales, Ingatestone; H. Morton,
New Mitton; G. Richards, Dereham; B. Moore,
Strabane; H.F. Robson, Lincoln; E.C. Woosnam,
Stamford; I. Brede, Loughton; T.K. Ng, lpswich; D.
Lusey, Richmond; B, Hollingworth, Stapleford;
W.R. Francis, Carmarthen; M Cobbett, Woking;
G.L. Meacham, Crawley; N. Chapman, Dunstable;
R.V. Wright, Epping; B.l. Hall, Maidstone; M.
Johnston, Buckingham; H.C. Woods, Chatham;
L.J. Aston, Ealing; S.H. Mirza, Birmingham; T.J.
Jones, Worcester; Langridge, Welwyn Garden City.
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600D NEWS FROM MAPLIN
~ NO PRICE CHANGES THIS QUARTER
ALL CATALOGUE PRICES HELD

1988 CATALOGUE PRICE CHANGES

The price changes shown in this list are valid from 15th February 1988 to 14th May 1988. Prices charged will be those ruling on the day of despatch.

Key
: . DIS Discontinued.
' ' 20. . i
For further details please see 'Prices’ on catalogue page TEMP) T oneter o in SIVBINERIE
Price Changes ’ _ : FEB Out of stock; new stock expected in month shown.
Although prices have been held some items have been discontinued since t An additional £5.50 carriage charge must be added.
the publication of the 1988 catalogue and these are listed below. NV Indicates that item is zero rated for VAT purposes.
A complete Price List is also available free of charge — order as XF08J. * See ‘Amendments To Catalogue’. Note that not all
items that require amendments are shown in this list.
1988 : VAT 1988 VAT 1388 VAT 1988 VAT 1988 VAT
Catatogue Inclusive  Catalogue Inclusive  Catalogue Inclusive  Catalogue Inclusive  Catalogue Inclusive
Page No. Price  Page No. Price  Page No. Price  Page No. Price  Page No. Price
AUDIO, VIDEO & COMPUTERS | Page 30 - KNOBS PCB EQUIPMENT o - ors
Page 55 WP13P - Easy Prog Ateri Micr.............. DIS Page 195 Page 23?
gg:‘;h %?(tf‘r;()s(sgguv-c COMMUNICATIONS HBA40OT Knob K45..............o..ccceic.... DIS %:ggv Em g:s:l[z'_ SPEAKERS & SOUNDERS
RK42V  PCBOOS Pacl Page 425

Page 61 Page 128 YU40TmIOEekoegDD FQOIK  Nameplate Bell Push... ... DIS
YK9IF  Minibox 10.............. -1 YM95D Traveler Clock Radio... ... DIS

= Page 427
BOOKS HEATHKIT OPTO-ELECTRICAL SEMICONDUCTORS YWSTM oIS
Page 79 Page 193 Page 224 Page 324 Page 436
WPAIU Projin Microalect............. TEMP HK93B 1MA-100-10 DC Probe HBOIK LDR RPY58A ... L L B OIS | ¥P72P Extendispeakers................. DIS

NEW ITEMS PRICE LIST

The following is a list of all items introduced
since our 1988 catalogue, excluding new items
in this issue.

BOOKS
WP18K Intro Antenna Theory.
Price £2.95 NV

WPIIL Build Robot 2nd Edition.

Price £10.35 NV
WP80B Electronics for E& E. Price £9.95 NV
WP81C Video Handbook Price £30.00 NV
WP82D Electronics Price £4.95 NV

PROJECTS & MODULES

GD60Q Appliance Tester PCB Price £1.98
GD63T Mini Metal Detector PCB Price 20p
GD68Y Temp Mod Relay PCB Price £2.50
GD69A Temp Mod Ser/Par PCB  Price £5.95
GDI0M 12V Rapid Charger PCB

Price £2.95
GD11N Slow Charger PCB Price 98p
GD12P D/Party Controller PCB Price £2.95
GD123Q D/Party Triac PCB Price £1.98
JC24B Mini Metal Detector Box Price £1.20
JC25C 100uH Search Coil Price 45p

JG18U Appliance Tester Front Panel

Price £2.95
JG19V Rapid Charger Front Trim

Price £3.50
LM35Q Mini Metal Detector Kit (PCB not
included) Price £4.95
LMB36P Converter Kit Price £14.95
LMB317S Relay Card Kit Price £71.50
LM38R Appliance Tester Kit Price £15.95
LMB39N Slow Charger Kit Price £5.95
LMA40T 12V Rapid Charger Kit  Price £19.95
LM41U Disco Partylite Kit Price £17.95

AMENDMENTS TO 1988 CATALOGUE

Cordless Phone (Page 130). The range of our
cordless phone, YM81C, is 100m not 200m.

Light Fittings (Page 170). Lampholder FQ02C and
batten holder LB63T are approved to BS 5042, BS52 is
now withdrawn.

Guitar Amp (Page 205). A strap is not provided with
Guitar Armp YP4SD.

Gold Contact Wire (Page 230). Due to a change by
the supplier, this product is now supplied in 1 yard
lengths, not 1 metre lengths.

Ultrasonic Intruder Detector (Page 245). The pcb’s
for this kit are: GBOOA (Ultrasonic Xvr PCB) Price
£1.95 and GBO1B (Ultrasonic IF PCB) Price £1.95.
Spectrum RS232 Interface (Page 294). The pictures
for this and the VIC 20 Talkback have been
transposed.
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Chassis 1V%4in. Fuseholder (Page 300). A new style is
now being supplied. Dimensions are 53mm long x
18mm high x 12mm wide, and a solder or screw
connection is available.

R-C Network (Page 301). Due to a change by the
supplier, the contact suppressor is now made up
from a 1200} resistor (+30%) and a 0.1uF (+20%)
capacitor.

Door Guard Battery (Page 307). The order code for
the recommended battery for use by ‘Door Guard’
should be FK67X and not FK64U.

2764 EPROM (Page 412). The Vpp of this device is
+12.5V not +21V.

Fan (Page 423). Standard fan WY08J's cable has no
earth connection and should only be used inside
equipment that is suitably insulated or earthed.

CORRIGENDA

Vol. 3 No. 9. Oric Talkback. L1 has been omitted
from the Parts List. It is a 100uH choke, code WH41U.

Vol. 5 No. 20. VR Proximity Detector. The second
paragraph under the heading ‘Pyroelectrics’, the first

' sentence mentioning the gate resistance Rg is shown

in Figure 4 not 2.

Vol. 7 No. 25. Bob’s Mini Circuits. In the Parts List for
the Pulsed Speed Controller, the code for IC2, the
CA3140E, should be QH29G. Also in the Parts List for
the Train Controller, the code for PB1, 2 and 3 should
be FH59P.
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ORDER COUPON |

CUSIOMEI NO ...t
NEME . .5 30 B o o) oo Pt st e e At R S
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ONLY £3.40

FOR A WHOLE YEAR’S SUBSCRIPTION
TO ‘ELECTRONICS - THE MAPLIN MAGAZINFE’

* Every issue sent to you as soon as it’s printed, post free.

* Packed with interesting and novel projects that you can
build with all components easily obtainable.

* Many features on electronics subjects to keep you up-to-
date with latest developments.

* More pages to read than monthly magazines.

* And much, much cheaper too. Many of the monthlies are
now £1.30 or more per issue!

BUYING A SUBSCRIPTIONIS THE
BEST WAY TO BUY ‘ELECTRONICS’

‘Electronics’ is different from any other electronics magazine

for two reasons:

1. It's quarterly, so it's hard to remember when a new issue is due out both
for you and your newsagent.

2. We don'’t carry any advertising, which means that having lots of copies
sitting on the newstands waiting for casual sales is of no advantage to us.
The newsagent will normally have plenty in stock of those magazines which
advertise because in almost all cases, he can return them if they are not sold
- so he doesn’t pay for them.

‘Electronics’ has no advertisers to pay for unsold copies, nor does it need to
have an impressively large circulation, so the newsagent must buy all of his
delivery of ‘Electronics’ and cannot return those he doesn’t sell. Therefore,
he may not want to take stock of too many. Before you know where you

are, ‘Electronics’ has sold out! "
That's why you'll need to place a firm order with your newsagent to be sure {§
of obtaining each new issue. Better still, place the order directly with us by
sending £3.40 now and we will send you every issue for a year, post free.
Despite having very few casual sales, ‘Electronics’ sells more copies in the
U.K. than any other electronics magazine!

BIGGEST
CIRCULATION
IN THE U.K.

Publication dates as follows:

XA27E lIssue 27 13th May 1988 Price 85p NV
XA28F Issue 28 12th August 1988 Price 85p NV
XA29G Issue 29 11th November 1988 Price 85p NV-
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MULTI-TUNE

108

(GENERE

% Easy to build S
* Minimum of tools and test gear required e N
* No setting-up required L

* No musical knowledge required
* On-board power amplifiexr
* Audio output to external amplifier

% Automatic switch off at end of tune for

power saving

% Variable envelope for piano to organ

type sounds

* Variable volume and pitch/speed
* Two control switch inputs
* Transistor switched voltage output

by Chris Barlow

Specification of Prototype
Integrated circuit : UM34811A low-

power CMOS LSI
Operating voltage : 1.5V to 4.5V
Supply current  : 150mA at 4.5V
Stand-by supply
current : 2.5uA at 4.5V
Transistor switched
supply output : 1.5Vto 12V
Output current  : 200mA at
12V maximum
Memory : masked Read Only
Memory (ROM) 512
words by 7 bits

Number of tunes : 16

1: Twinkle, twinkle, little star

2: Cuckoo waltz (1)

3: Eency Weency spider

4: Lullaby

5: Santa lucia

6: Oh my darling clementine -

7: Are you sleeping

8: Rock-a-bye baby

9: London bridge is falling down

March 1988 Maplin Magazine

10: Little brown jug

11: Butterfly

12: Long long ago

13: Cuckoo waltz (2)

14: Mary had a little lamb

15: The train is running fast

16: Dream of home and mother

Master Oscillator

tuning range : 50kHz to 175kHz

Tone generator : logic controlled
divider

Amplifier output : 8Q loudspeaker
External amplifier

output : 1V square wave
at 10kQ

Printed circuit

board (PCB) : single-sided

fibre glass

PCB dimensions : 70mm x 68mm

Iintroduction

The UM34811A is a low-cost, low-
power CMOS LSI chip designed for use

in door bell and music box applications.
Inside the chip is a pre-programmed
memory containing 312 notes and is
capable of generating 16 different tunes.
To trigger the unit two pulse generator
circuits have been incorporated. A bell
push, mercury tilt, pressure mat or
microswitch can be used to start the tune
playing. The comprehensive control
facilities enable the playing of all tunes
repeatedly or stopping at the end of each
tune. Three preset resistors on the PCB
control the volume, pitch and envelope.
An on-board amplifier capable of driving
a small loudspeaker is included in the
design. However, provision has been
made for an external amplifier if louder
volumes are required. In the following
article the operation of the UM34811A
chip and the rest of the circuit will be
described. In addition, the PCB assembly
and testing procedure should ensure the
successful completion of the project.
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How the chip works

The UM34811A multi-tune chipisa
compact module containing a logic
controlled note generator, see Figure 1.
All this hi-tech circuitry is contained in a
small 16 pin plastic package, see Figure 2.

The output of the oscillator circuit is
used as a clock by the rhythm generator
and as the master frequency for the tone
generator. To produce the correct tonal
range and tempo the oscillator should run
at approximately 100kHz. This frequency
is set by an external resistor on pin 14 and
a capacitor on pin 13, see Figure 3. An
additional resistor in series with the
inverter input on pin 15 will reduce
frequency drift if a variation in supply
voltage should occur. When in the
stand-by condition the operation of the
oscillator is inhibited. This will happen at
the end of the tune if the auto-stop mode
is selected, or if the chip enable pin (CE
pin 2) is connected to ground (—V).

The tone generator is a programmed
divider, its range of scales is from ‘C4’ to
‘C6' and is controlled by some of the
output data from the melody ROM. The
remaining bits of data are used to control
the rhythm generator. Part of this circuit
is a programmed divider similar to the
tone generator. In addition the rhythm
generator receives control signals from
the timbre and tempo select circuits. This
results in two output signals from the
rhythm unit. One is used by the timbre
generator and the other by the program
counter in the melody ROM circuit.

The melody ROM stores the data
patterns of the 16 tunes. It is the
combined function of the control, address
selector and program counter to select a
block of memory and step through it. The

control circuit has four inputs used to
select the mode of operation. The chip
enable (CE) pin, if connected to the
positive supply, will allow the chip to run.
If connected to the negative supply the
chip is put into its stand-by mode. The
auto-stop (AS) pin, if connected to the
positive supply, will repeat the tunie. If
connected to the negative supply the tune
will stop automatically at the end of its
memory block. The long play (LP) pin, if
connected to the positive supply, will
only play one tune. If connected to the
negative supply all the tunes will be
played. Finally, if the tune select (SL) pin
has a positive going pulse applied to it
the tune will change to the next memory
block.

The modulator stage acts as a sound
gate, turning on and off under the
command of the timbre generator. The
duration of the timbre signal sets the
length of each note to be played. The
on/off transition time, or envelope is set by
an external resistor and capacitor-on the
ENV pin. Proper selection of charge and
discharge times will produce envelopes
from piano to organ type sounds. The
output from the modulator on the MTO
pin can not drive a loudspeaker directly.
A pre-amplifier and push pull driver
stage have been included inside the chip.
This reduces the number of external
components in the power amplifier
required to drive the loudspeaker,

Circuit description

The positive DC supply entering the
unit is applied to P3 and the negative to
Pl. Any electrical noise on the supply rail
is suppressed by the decoupling

0SC1 0SC2 0sC3

l

IENV

MODULATOR

OSCILLATOR TONE
CIRCUIT GENERATOR
CONTROL MELODY ROM

CIRCUIT 512 WORDS x 7 BITS

|——e MTO

TMT1

PRE —=0P1

AMPLIFIER OP2

CE AS LP SL

TIMBRE &
TEMPO SELECT

RHYTHM
GENERATOR

TIMBRE
GENERATOR

capacitors, C3 and C5. Transistors TR5
and TR6 provide the switched supply
output on P6, P7. This circuit is controlled
by the output flag on pin 1 of IC1, which is
low when a tune is being played. When
this occurs TR5 turns on and a bias
voltage is fed via R16 to the base of TR,
which acts as an open collector switch.
The voltage source can be either the
main 4.5V supply, or a secondary supply
of between 1.5V to 12V. If an inductive
load such as a small motor, or relay cail is
used, the high reverse voltage spikes that
are generated could destroy TR6. To
prevent this a high voltage diode, D6 is
used in the collector circuit.

The frequency of the oscillator
inside IC1 is set by the value of C8, R8
and RV3. Resistor R9 is connected to the
inverting input of the oscillator to
increase frequency stability. So the unit
can be triggered from a number of
different switches, two pulse generator
circuits have been included in the design.
The output of TR1 is normally low, but
when S2 is pressed it pulses high for
approximately 10ms. When S! is pressed
the normally high output of TR2 goes low
for approximately 2ms.

The modulator envelope timing is set
by the value of C6, a 4.7uF capacitor, and
resistors R7 and RV}. The modulator
output signal on pin 9 is then connected
to the volume control RV2 and fed via C9,
R10 to the pre-ampilifier input. The push
pull drive output on pins 10 and 11 of IC1
are directly connected to the bases of
TR3, TR4. This NPN, PNP transistor
configuration is used to provide sufficient
output for a small loudspeaker. Thereisa
DC bias at the junction of the collectors
where the speaker is to be connected.

\/
= o ®
CE| 2 15| 0SC1
LP E 14] osc 2

SL| 4 EOSCS

NC| 6 1| O/p 2
ENV ]| 7 10| O/P 1
vss| 8 9 | MTO

Viewed From Above
UM34811A

Figure 1. Block diagram.
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This voltage is fed back via R12 to pin 12
of IC1, ensuring that the operation of the
pre-amp and driver stages are properly
set. However, to prevent any DC current
flow in the speaker, a capacitor, C13 is
used to couple the output. The three
capacitors, C10, Cl1 and C12 are uséd to
reduce the level of any high frequency
clock signals in the output stage. An
external amplifier output is provided by
taking the signal at C13 through C14, a
470nF capacitor, to R11 and R15. C15, a

10nF capacitor, then removes any high
frequency signals and D4, DS limit the
output to approximately one volt peak to
peak. This square wave signal on P26 can
now be fed to an additional amplifier if
higher sound levels are required.

PCB assembly

The PCB is a single-sided fibre glass
type, chosen for maximum reliability and
stability. It has a printed legend to assist

you in correctly positioning each item,
see Figure 4. However, removal of a
misplaced component is quite difficult so
please double-check each component
type, value and its polarity where
appropriate, before soldering! The
sequence in which the components are
fitted is not critical. However, it is easier
to start with the smaller components.
When installing the electrolytic
capacitors the positive lead must go to
the plus sign (+) on the legend. On some
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Figure 4. Track and layout of the PCB.
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capacitors the polarity is designated by a
negative symbol (—), in which case the
lead nearest this symbol goes away from
the positive sign on the legend. When
fitting the semiconductors you must
carefully match the case to the outline
shown. The diodes all have a band at one
end to identify the cathode connection.
Be sure to position them accordingly. For
further information on component
identification and soldering techniques
please refer to the Constructors’ Guide
included in the kit. This completes the
assembly of the PCB‘and you should now
check your work very carefully, ensuring
that all the solder joints are sound. It is
also important that the bottom, track side
of the circuit board does not have any
trimmed component leads standing
proud by more than 2mm.

o

Wiring

Included in the kit of parts are two
lengths of hook-up wire, one red and cne”
black. Position the unit and carefully
follow the test wiring as shown in Figure
5. Install the five links, numbered 2 to 6
ensuring that they connect to the
appropriate pin numbers. Next fit the
power supply cables, positive (RED) to
pin P3 and negative (BLACK) to pin P1.
DO NOT fit the battery until it is called for
during the testing procedure. When
handling the loudspeaker, be careful not
to damage the paper cone, or the
terminals on the back. The loudspeaker
is connected to the PCB at pins P27 and
P28, disregard any polarity markings that

may be on the terminals of the
loudspeaker. Next install the two non-
locking push to make switches, S1 is
connected to pins P19, P20 and switch S2
is connected to pins P22, P24. This
completes the test wiring, the screened
cable at P25, P26 and the voltage output
wires at P6, P7 are optional.

[ ]
Testing

All the tests'can be made with an
electronic digital, or analogue moving
coil, multimeter. The following test results
were obtained from the prototype using a
digital multimeter and a type 126, 4.5 volt
battery as the power supply. Before
commencing the tests, set the three
preset resistors to their half way
positions.

The first test is to ensure that there
are no short circuits before you connect
the battery. Set your multimeter to read
OHMS on its resistance range and
connect the probes to the supply cables.

The reading obtained with the probes
either way round should be greater than
100€). Some multimeters will provide
sufficient current to power the multi-tune
generator during this test.

Next monitor the supply current, set
your meter to read DC mA and place it in
the positive line to the PCB. When the
battery is connected, the unit may start to
play a tune and a current reading of
approximately 130mA should be seen.
After the tune stops the current reading
should eventually drop to approximately
2.5uA. If switch S1 is then pressed the
same tune should be played. However, if
switch S2 is pressed then the next tune in
the memory will be played. Using a small
screwdriver, or flat blade trimming tool,
adjust RV1, RV2 and RV3, observing their
effect on the tune being played. With the
envelope control RV1 set fully clockwise
the notes will be of short duration
(STACCATO). At the other extreme, fully
anticlockwise, the notes will tend to run
into each other. The sound level from the
loudspeaker will be at minimum when
RV2 is set fully anticlockwise and
maximum when fully clockwise. Finally, if
the pitcl/speed control is set fully
anticlockwise, the frequency of the notes
will be low and the tempo will be slow.
The other extreme, fully clockwise, the
notes are high pitched and played
rapidly.

Remove the meter and set it to read
DC volts. Place its negative probe on P7,
the —V output and connect its positive
probe to P6, the +V output pin.
Reconnect the battery and press S1,

Smalil Motor

=]

Max Current 200mA

(FH59P)

Non Locking Push To Make Switch

4.5V Battery

RV3 @ )
Pitch/ = Links
Speed ¥ LK2 P4 —P5s
- LK3 P12—P13
3 LK4 P16—P17
LK5 P9 —P21
— i LK6 P14—P23
o IC
o P9G LKS5 1
1
o P2 ks
P13~ Pi4
© Loudspeak
P16 oudspeaker
PI70%7© RV1 rRvz |28 (YWS3H)
o Envelope Volume P27\ + g
——OP19 < =
L ©P20
& LK6
HEL ——— P26
& D

E:j\ Screen

Screened Cable
To Amplitier

Figure 5. Test Wiring.
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observe the voltage reading which

should be very close to the batteries
potential. When the tune stops this

reading should fall to approximately |
+0.6V, with no load connected. To test

this output under load conditions, a low
voltage filament bulb, or small motor is
temporarily placed across P6 and P7.

When a6V 100mA bulb is used, a current |
reading of approximately 80mA should

be seen and the output voltage should !

remain close to the battery potential. At
the end of the tune the bulb should go out

and the voltage reading will drop to O0V. If l

using a small motor ensure that it does not
draw more than 200mA, otherwise
damage may occur in the transistor
switching stage. The motor used on the
prototype was the miniature YG12N and
with no mechanical load on the shaft it
drew approximately 80mA. Remove your
meter and temporary load from P6 and
P7. This completes the testing of the
multi-tune generator and it is now ready
for use.

Using the project

The type of battery you use will be
determined by the available space in
your particular application. You can use
one 4.5 volt pack, such as the EVER
READY 126, 1289, or AD28. Alternatively,
three 1.5 volt C or D type cells can be
used in series to produce a 4.5V supply. If

NOTE LINK 2 MUST BE REMOVED.
Using this dual voltage system will allow
you to use 12 volt operated bulbs, motors,
or relays, but remember notto exceed
the 200mA maximum power load.

The switches used to trigger the unit
can vary from a simple bell push to a
mercury tilt switch or pressure mat. It can
be connected to the unit using up to 100

| metres of inexpensive ZIP wire. The
multi-tune generator play option can be
changed by altering the links on the PCB,
see Figure 7. A high efficiency horm
speaker (XQ73Q) will give an increase in
the sound level from the basic unit.
However, if greater volumes are required
then a power amplifier can be connected
to the signal output pins, see Figure 5.

Voltage Qutput Supply
1.5V -12V Battery

+

Max Current 200mA
1.5-12VBulb
1.5-12V Motor

o

=

T

|
1
N— =
1.5-12V Relay
com o
‘ oo{ °
\
N\

e

Muiti-Tune Module Supply
4.5V Battery

-9 (2% =

Figure 6. Dual voltage system.

using a battery eliminator ensure that it is Pla Qg oA 0 Sk Link LE Lipk " Siwitch
Play present tune then stop. P9 - P21 P14 - P23 P12 - P13 P16 - P17 Sl
a 4'5\17 e it Wpeéggga;’lgff Play next tune then stop. P9-P21 Pl4-P23 PI2-PI3  PI6- P17 s2
SURE FIRGACTS NI - ihe Play all tunes then stop. P9-P21  Pl4-P23 Pl2-Pll  PI6- P17 Sl
transistor switched voltage output on P6 Play all tunes continuously. ~ P9-P21  Pl4-PI15 P12-P1l  PI6-P18 +V supply
and P7 can be fed from a second battery
of between 1.5V to 12V, see Figure 6. = S NN e 1 -
Figure 7. Play options.
MULTI-TUNE GENERATOR TRS aN2319 1 (QRUM)
p ms LIST IC1 UMB34811A 1 (UF44%)
: MISCELLANEOUS _
§ﬁ‘§"‘°‘“ . oiszv e 3 MID Multi-Tune Generator P.CB 1 (GDS3E)
11,13,18 10k 8 (M10K) o ?&m‘ 16 pin 1 BLISV)
RO 470k 1 (M470K) Z‘;&eslgmm .
R10,14 100k 2 (M100K) LO- (YWS3H)
R12 330k 1 (M330K) S1.2 PushSwitch‘ 2 (FH58P)
RI6 3700 1 (MBT70R) Hook-Up Wire Red 1Pkt (BLOTH)
RV123 100k Hor Encl Preset 3 (UH06G) Hook-Up Wire Black 1Pkt (BLOOK)
OPTIONAL
CAPACITORS \ : _
Cl1.259 100nF Mini Disc 4 (YRT55) gpws*m ?sl‘eq ggggg;
c3 220uF 10V Axial Electrolytic 1 (FB60Q) B:fmgﬁ*e‘ Loty oD
Cé4 22uF 16V Mini Electrolytic 1 (YY36P) ot e DR R
C6 4u7F 100V Axial Electrolytic 1 (FBISU)  Microswi Shseih - Rofte GETNG
C7,14 470nF 63V Mini Electrolytic 2 (YY30H) mmmepr MaM"IWV ' e o
c8 47pF Polystyrene 1 BX26D) 3 m th s : eq ((mm e
Cl10 100pF Polystyrene 1 (BX28F) MES B H id 1
Cit 47nF Mini Disc 1 (YR74R) > _aﬁe;‘&- older 2 (RXSGIST)
C12 InF Ceramic 1 (WX88Y) Miniature Motor (YG12N)
ci3 1004F 25V PC Electrolytic 1 (FFLIM)
Cl8 10nF Ceramic 1 (WX1T)
A complete kit of all parts, excluding Optional items, is available:
SEMICONDUCTORS Order As LM47B (Multi-Tune Generator Kit) Price £8.95
D1234,5 1N4148 5 (QLS0B) The following item used in the above kit is also
D8 IN4007 1 (QL79L) available separately, and is not shown in our 1988 catalogue.
gg;ﬁ ggg;gb 'b; Egg‘;gg; Multi-Tune Generator PCB Order As GD83E Price £2.50
TR3 2N3053 1 (QR23A) gl '
TR4 BC161 1 (QB4SD)
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Exploning

by Graham Dixey C. Eng., M..LE.R.E. Part2

Introducing the
TRF Receiver

The most obvious limitation of
the simple crystal set is its lack of
output. It needs a very good aerial
and earth system in order to get
enough signal to drive an earphone
of any sort, without any amplification
being used. Strange as it may seem,
we are now worse off in this way
than in earlier days. In the heyday of
the crystal set; indeed for several
decades afterwards into the 1950s at
least, it was quite easy to buy a pair
of high impedance moving-coil head-
phones. These days no one seems to
use them, which is a shame, for they
were far more sensitive than the
modern crystal earpiece, the main
merits of the latter being small size
and low cost. This means that, for any
form of serious listening, amplifica-
tion at either audio or radio frequen-
cies, or both, will be necessary.

In the 1940s the components
available to the radio experimenter
were much the same as those that
could be had just pre-war. The
natural progression was to build a
crystal set, then to add a stage of
audio amplification, to make a ‘one

valver’, progressing to a ‘three valve
design’ if you felt really ambitious!
The latter would usually have the
following line-up (shown in

Figure 1).

(1) Radio-frequency amplifier
(2) Detector
(3) Audio-frequency amplifier

The detector used would not
normally be of the diode type, it
being found more advantageous to
use one with some gain of its own,
such as the ‘leaky grid’ or ‘anode
bend’ types. For the average experi-
menter this line-up offered a com-
bination of fair performance, low cost
and reasonable ease of setting up
(compared with a superhet).

Today the ‘'Tuned Radio Fre-
quency’ (TRF or ‘straight’) type of
receiver still can offer a simple
unfussy design, quite suitable for
listening on local or regional wave-
lengths. If only one tuned circuit is
used there is actually no alignment to
do, except for ‘trimming’ it to match a
calibrated dial, but this is hardly a

priority anyway.

Selectivity
This is defined as the ability of

the receiver to discriminate between
the frequency of the required station
and that of stations on frequencies
close to it. Figure 2 compares the
response of two tuned circuits, one
with reasonably high selectivity, the
other with low selectivity. Notice that
the ratio of ‘'wanted/unwanted’ signal
is much greater for circuit (a) than for
circuit (b). It will, therefore, give
much greater amplification for the
former than for the latter. If several
tuned circuits are used in a receiver
the selectivity improves even further.
In fact the more tuned ciruits, the
better the receiver’s ability to reject
unwanted stations. Interference
caused by stations on adjacent fre-
quencies is known, logically enough,
as ‘adjacent channel interference’.

It would seem that all that is
necessary to get good selectivity is to
use several stages of amplification
with tuned inputs and outputs.
However, this causes further prob-
lems because the tuning of all the
circuits has to vary in step, not nearly
as easy as it seems. It is also possible
to get the situation where the gain is
relatively low at one end of the
waveband and so high at the other
that the receiver becomes unstable.

Circuit (a) \
Amplitude of
A Response wanted signal
‘ Sirahh (&) Amplitude of
R.F. Amplifier Detector A.F. Amplifier Ls = — .__l/’unwanted signal
| B
= -
| -
fo ”\\Frequency
| Wanted Unwanted
station station
]

Figure 1. Typical line-up for T.R.F. or ‘Straight’ receiver.
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Figure 2. The response of a high selectivity circuit (a) compared with

that of a low selectivity circuit (b). The ratio of wanted/unwanted signal
is clearly greater for circuit (a).
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A Practical TRF Receiver

The receiver presented here,
whose circuit appears in Figure 3 and
is shown in Photograph 1, uses only a
single tuned circuit. Nonetheless,
this is loosely coupled to the receiver
input so as to obtain good selectivity.
The tuning coil is wound on a length
of ferrite rod, using standard equip-
ment wire. A two-turn coupling coil
is'wound at one end. The ideal
tuning capacitor is a 300pF type and
if you either have, or can afford, one
of the large ‘mica dielectric’ or air-
spaced types, then these are nice to
use and have a standard 1/4” shaft,
which makes fitting a knob easy.
However, the performance of the
receiver is not in the least impaired
by using the quite inexpensive AM
tuning capacitor specified, except as
follows.

The shaft is tapped with a metric
M2.5 thread so fitting a knob calls for
alittle ingenuity (the thumbwheel
type is normally used in commercial
designs). This is a two-gang unit, i.e.
two variable capacitors that vary in
step with each other, with a common
terminal in a plastic case. One section
is called the aerial’ or ‘antenna’
section (capacity 141.6pF) and the
other is known as the ‘oscillator’
section (capacity 59.2pF). These refer-
ences relate to its use in superhet
receiver circuits. The best way to use
it in this case is to connect these two
sections in parallel. This still falls
short of the specified 300pF but, if
you can’t pull in your favourite
station, it is possible to wind a bit
more inductance on the coil, or add
some capacitance in parallel with the
tuned circuit. Either of these steps
will lower the minimum available
resonant frequency. However, this
will be at the expense of stations at

IVIODAASS

j’hoto 1. The assembled T.R.F. receiver shows clearly the simplicity of the basic design.

the top end of the medium wave-
band.

Now consider the line-up of the
receiver of Figure 3. Following the
aerial tuned circuit is one stage of RF
amplification, whose load comprises
aseries RL combination of 2.7k and
10mH. The latter is responsible for
the high gain of this stage, since its
reactance is high at radio frequencies.
This high impedance collector load
for TR1 is obtained without incurring
a large d.c. volt drop, since the
‘impedance’ to the direct current
drawn by the stage is merely that of
the 2.7k resistor. The r.f. signal
developed across the collector load of
TR1 is coupled to the detector

through capacitor C2.

The detector is a diode detector,
the diode being D1, its output is
developed across the volume control,
RV1, the residual r.f. being filtered
out by the 820pF capacitor C3.
Although a silicon diode has been
used, its higher forward turnover
voltage has been compensated for by
forward bias through the 470k series
resistor R3.

The audio section is fairly con-
ventional using a driver TR2 and a
complementary output stage, TR3/
TR4. The output transistors are not, of
course, power types, merely a suit-
able NPN/PNP combination that
gives adequate power for personal

R4
’ = ¢ 0 +9V
180R P7 R
R2 LS51
2K7 P6
ke C4
478K

1;:H 1N4148
v = TR4 6
P1 RE BCi82L | 1@8uF -

i | 3S§F 01 180R
vl ‘= L1 ) 1 IN414B | 1N4148
AM- TUNE - Py i A1 D3
P2
P4 47NF RVI (5
> o 16K 10UF
TR 820PF ™. i
BC182L
PS
o @v
| = R7 Pg
P3
v 1M

Figure 3. T.R.F. receiver circuit,
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listening coupled with economical
use of a PP3 battery. This is not to say
that the audio output is weak, far
from it. It provides a very comfortable
listening level. The output impe-
dance of the stage is somewhat
higher than usual, so a 64 ohm
speaker is used. Temperature com-
pensated bias is provided for the
output stage by R6, D2 and D3, these
diodes also being given some for-
ward bias by the collector current

of TR2.

A Schools Project

That’s about all there is to the
theory. The receiver was conceived as
a simple design that could be guaran-
teed to work even if the constructor
had no previous radio experience,
and to work very well at that! The
design is due to the sterling efforts of
a colleague, Richard Godbolt, who
has proved its worth by using it as a
class project many times now, always
with successful results. It can, there-
fore, be recommended for use in
schools as a suitable project under the
G.C.S.E. Electronics syllabus, orin

_ any school where radio and electro-
nics at an introductory level is part of
the curriculum. In order to increase
the certainty of success, a PCB has
been made available for the project
and, although, there is no kit of parts
as such, all components listed are
available from Maplin.

The Ferrite Rod Aerial

A coil of normal equipment wire
is close wound onto a length of ferrite
rod (see Parts List for details of rod
required). If a 300pF tuning capacitor
is available, the correct number of
turns is 50, with a coupling coil of 2
turns wound over one end of the
main winding. With the smaller
tuning capacitor specified (both sec-
tions wired in parallel as mentioned
earlier), it would be better to wind on
a larger number of turns, say 70 to 80,
although even with only 50 turns it
will be possible to pull in several
medium wave stations. With the
larger number of turns it might be
better to wind the aerial coil from
enanielled copper wire, say 24 to 30
swg; it’s not critical, just as long as
you can get the required number of
turns on the length of rod. Photo-
graphs 2 and 3 show the construction
of the original 50 turn coil. The ends
of the windings are secured witha
turn or two of PVC tape.

General Construction
and Testing

Assuming you're using the PCB
available from Maplin, it's simply a
matter of identifying the com-
ponents, bending the leads neatly to
drop through the holes in the board,
soldering them in place quickly and

42

Photo 2. The tuning coil is wound from ordinary equipment wire.To get the connections at the

same end, a length of wire is first taped ‘along’ the length of the rod and the coil wound back

over it.

Photo 3. The winding of the main tuning coil completed. The coupling coil would be added

next, being just two turns of wire, wound over one end of the main winding and secured with

tape.

neatly and snipping off the surplus
lead lengths. To quote the obvious,
check that the electrolytic capacitors
and diodes are the right way round
and that the right transistors go into
the correct places. There are three
BC182s and one BC212. The transistor
leads are actually in line as supplied
but need to be adjusted to fit the
triangular arrangement of holes in
the PCB. The orientation of the
transistors is clearly shown in Figure
4 and in Photograph 4.

If you decide to build the circuit
up without the benefit of a custom
PCB, there’s nothing critical about
the layout. It can follow the circuit
diagram more or less, but it would be
better to use plain board drilled to
take push-through pins for the com-
ponents rather than stripboard,
which s best forgotten about at r.f.

Either way, when the circuit is
finished and a visual check has been

carried out on all solder joints, and
the position and polarity of compo-
nents has been given another quick
check, then connect up the 9V supply
and hear your set burst into life. Even
if the receiver’s off tune, with the
volume fairly well up, you may well
hear a faint, but heartening, sign of
evidence that all is well. Tuning the
receiver should soon find a good,
strong station. Ferrite rod aerials are
directional so if a station seems weak
on first tuning it in, rotate the aerial
in the horizontal plane to see if the
signal improves.

Assuming that you are one of the
rare unlucky ones, a little fault
finding will be called for.

Easiest checks to carry out are
d.c. measurements, assuming that
you can’t immediately spot a wiring
fault or incorrect component place-
ment. The potentials to expect in the
circuit are as follows.
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Figure 4. Track and overlay of P.C.B.
Collector of TR1 = 3.8V.
Collector of TR2 = 3.3V.
Common emitter junction of TR3/TR4
(mid-point) = 4.5V.
These are approximate only and
some variation should be expected,
as long as it is not exceptionally
different.
Wildly incorrect values at the
mid-point could be due to collector to
emitter shorts or open-circuits, R7 of
the incorrect value or open circuit, or
a fault in the chain of components in
TR3’s collector circuit.
But the chances are that all will
be well and that you will now have a
receiver that is not just a novelty but
a practical and useful acquisition,
which might get you thinking about
a case for it. Next time we shall be
looking at a miniature receiver using
one of the available r.f. ICs. See you ) o
then! Photo 4. Component placement on the printed circuit board.
TRF RECEIVER o
TR1,2,4 BC182L 3 (QBSSK)
PARTS LISY TR3 BC212L 1 (QB60Q)
D123 IN4148 3 (QL8OB)
Resistors: All 0.6W 1% Metal Film
R13 470k 2 (M470K) Miscellaneous
R2 2k7 1 (M2K7) L1,2 Ferrite Rod 810 1 (YG20W)
R4 10061 1 (M100R) L3 10mH Choke 1 (HX19V)
RS 4K7 i (M4KT) LS} 64 ohm Speaker 1 (WFSIM)
R6 18041 1 (M180R) Printed Circuit Board 1 (GD14R)
R 1M 1 (M1M) PP3 Battery Clip 1 (HF28F)
RV1 10k Lin Pot 1 (FW02C) EC Wire 28swg 1 (BL38N)
Bell Wire Black 1 (BLESC)
Capacitors
Cl 47nF Polyester 1 (BX74R) d
Cc2 33nF Polyester 1 (BX73Q)
C3 820pF Ceramic 1 (WX67X) The following item is available, but is not shown
C48 10uF 25V Axial Electrolytic 2 (FB22Y) in the 1988 catalogue:
C8 100uF 28V Axial Electrolytic 1 (FB48C) TRF Receiver PCB Order As GD74R Price £2.95
VCi AM Varitune 1 (FT78K)
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By Chris Barlow

% Low cost
* Easy to build

* Minimum of tools and test gear required

* No setting-up required

* Low power consumption
* Wide range of applications
* Audio output to external amplifier

Specification of Prototype
Integrated circuit : UM3561 low-power

CMOS LSI
Memory : masked Read Only
Memory (ROM) 256
words by 8 bits
Tone generator  : logic controlled
divider
Four sound
patterns : 1 Police siren

2 Fire engine siren

3 Ambulance siren

4 Machine gun
Operating voltage : 2.4V to 15V

temperatures. Three siren and one other
sound effect are generated and provision
has been made for an external amplifier if
louder volumes are required. In the
following article the operation of the
UM3561 chip and the rest of the circuit
will be described. In addition, the PCB
assembly and testing procedure should

correct tonal range and rate of change for a
siren sound the oscillator must run at
approximately 106kHz. This frequency is
set by an external resistor placed across the

Supply current 9mA;t 9ty (I:;ezo ensure the successful completion of the 0OSC1 and OSC2 pins of the chip, see
BB c8ese polarity rotseocl;%ner itted) project. Figure 2. If the value of this resistor is
Butput p pre Piezo sounder or reduced theutirequencf%' of the osc1llz;1to; will

: 0 increase until a cut off point is reached.

. 8(2/64(} loudspeaker How the Chtp works The tone generatoli(;s a programmed
External amplifier 1 The UM3561 siren sound generator is divider, controlled by the 8 bits of data
gutpnt G Vlf)cl;:;)are R a compact module containing a logic from the ROM. This binary data gives 256
B arisicin bichr at controll?d tone generator, see Figure 1. steps of divisjon of the master frequency.
teﬁl eratﬁre . 10°C to 60°C The osc1l}ato_r is used as a clock for the The Fhange in frequency of each step is
Storzge 3 control circuit and as the master frequency re.lanvely s_mall, soan incrementgl count
Pritperature . ~55°C to 125°C for the tone generator. To produce the will result in a continuous sweeping sound.
Printed Circuit
Board (PCB) : single-sided
fibre glass 0SC 1——= Oscillator Control Address

PCB dimensions : 34x 31mm 0SC 2 —={ Circuit Circuit Gonmer
Introduction SEL1—=

1 SEL 2 —={ Selector ROM

The UM3561 is a low-cost, low-power

CMOS LSI chip designed for use in toy U
and model applications. However, the s
sounds produced could be used as an audio ———= Output
warning signal in security, or e ol
environmental monitoring systems. To

accommodate this the unit is designed to
operate over a wide range of voltage and

Figure 1. Block diagram.
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SOUND .

Viewed from above

\/
sa.zE 8 |osc 2
Vss - 2 7 [osc1
OUTPUTE 6 |SEL1
we[7] =] voo +
UM3561

NC = No Connection

Figure 2. Pin configuration.

This data pattern is just one of the four
stored in the chips memory. It is the
combined function of the selector, control,
and address counter circuits that selects a
block of memory and then steps through it.

The selector circuit has two inputs
SEL1, SEL.2, see Figure 2. SEL1is a tri-
state control pin and can be connected to
+V or =V to select the desired block of
memory. SEL2 incorporates an internal
pull down resistor and it selects a different
block when it is taken to +V. However,
SEL1 and SEL2 should not be used at the
same time. The four following options are
possible:

1: No connection to SEL.1 or SEL2 the
sound effect will be the police siren.

2: SEL1 connected to +V and no
connection to SEL2 the sound effect will
be the fire engine siren.

3: SEL1 connected to —V and no
connection to SEL2 the sound effect will
be the ambulance siren.

4: No connection to SEL.1 and SEL2
connected to +V the sound effect will be
the machine gun sound.

Having selected the desired start
address of memory the control and address

counter will step through until the end of
that block is reached. At which point the
cycle is repeated, thus producing a
continuous output. A power on reset
circuit ensures that the control and address
counter start up at the beginning of the
cycle when the supply is connected.

The output waveform of the siren
generator is a square wave and its
amplitude is close to that of the supply
potential. The output can supply 3mA of
drive current, sufficient for a piezo
sounder but not enough for a loudspeaker.
Only a few additional components are
required to provide loudspeaker drive,
over voltage and reverse polarity
protection, see Figure 3.

Circuit description

The DC supply entering the unit
must have the correct polarity, otherwise
damage will occur to the semiconductors.
To prevent this, a diode, D1, has to have
the positive supply voltage applied to its
anode before the DC power can pass to the
rest of the circuit. The maximum
operating voltage that should be applied to
the supply input pins of the UM3561 is

ov
40 l
Signal Vo2 o3 ZF .
Qutput 2 x 1IN4148 T
50
?gk 1c1
c B UM3561
= s 2 2 2 1 SEL 2
+
I 470nF 10k R6 240k
LS e R2 63V ne-Y 8
~ 1k 5 7
' _5)
L___—Llﬁ_w R4 10k 4 & SEL 1
+V OuT
—o08
oy IN mA
O 0
1c(;uF l c4
i wr Y zp1
+VIN + R1 1k +[ 63v | 3v3
10—D—— =}
1N4001

Figure 3. Circuit.
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3.6V. Over voltage protection is provided
by ZD1 a 3.3 volt zener diode and R1 a
1kQ resistor to limit the supply current.
Electrical noise on the supply rail is
suppressed by the decoupling capacitors,
C1 and C4. The square wave output on pin
3 of IC1 is fed to the base of TR1 viaR4, a
10k} resistor.

An NPN silicon transistor TR1 is
used to provide sufficient drive current for
a piezo sounder or low impedance
loudspeaker. Because of the high
impedance of the piezo sounder, a 1k}
collector load resistor R3 must be
included. An amplifier output is provided
by taking the signal at the collector of TR1
through C3, a 470nF capacitor, to R4 and
R5. C4, a 10nf capacitor, then removes any
high frequency signals and D2, D3 limit
the output to approximately 1 volt peak to
peak. This signal can now be fed to an
additional amplifier if higher sound levels
are required.

PCB assembly

The PCB is a single-sided fibre glass
type and the component overlay and track
are shown in Figure 4. Removal of a
misplaced component is quite difficult, so
please double-check each component type,
value and its polarity where appropriate,
before soldering! The sequence in which
the components are fitted is not critical.
However, it is easier to start with the
smaller components. When installing the
electrolytic capacitors the positive lead
must go to the plus sign (+) on the legend.
However, on some capacitors the polarity
is designated by a negative symbol (—), in
which case the lead nearest this symbol
goes away from the positive sign on the
legend. When fitting the semiconductors
you must carefully match the case to the
outline shown. The diodes all have a band
at one end to identify the cathode
connection. Be sure to position them
accordingly. For further information on
component identification and soldering
techniques please refer to the constructors
guide included in the kit. This completes
the assembly of the PCB and you should
now check your work very carefully



Figure 4. Track and layout of the PCB.

ensuring that all the solder joints are
sound. It is also very important that the
bottom, track side of the circuit board does
not have any trimmed component leads
standing proud by more than 1mm.

Wiring

Carefully follow the wiring shown in

Figure 5. Do not fit the sound effect link
until it is called for during the testing
stage. The piezo sounder BZ1 may have
different coloured leads but may be
connected either way to the PCB. This
completes the wiring of the generator
PCB, the amplifier screened cable is
optional. Finally a self-adhesive pad is
mounted to the back of the sounder. Do

GENERATOR

not fit the PCB to the sounder until the
testing stage is successfully completed.

Testing the

siren sound generator

All the tests can be made with an
electronic digital, or analogue moving coil,
multimeter. The following test results
were obtained from the prototype using a
digital multimeter and a 9V PP3 battery as
the power supply.

The first test is to ensure that there
are no short circuits before you connect the
battery. Set your multimeter to read
OHMS on its resistance range and connect
the probes to the supply cables. The
reading obtained with the probes either
way round should be greater than 1000€)
(1k(2). Some multimeters will provide
sufficient current to power the siren sound
generator during this test.

Next monitor the supply current, set
your meter to read DC mA and place it in
the positive line to the PCB. When the
battery is connected, the unit should
produce the police siren sound effect
(rapid sweeping tone) and a current
reading of approximately 9mA should be
seen. If the power supply is reversed then
no sound output or current should be
observed.

Disconnect the supply before fitting
or altering the sound effect link. Select in
turn each sound effect using link 1, 2 or 3.

Sound effect 1: Police siren, rapid
sweeping tone. No link fitted.

Sound effect 2: Fire engine siren, slow
sweeping tone. Link 1 fitted.

Sound effect 3: Ambulance siren, two
alternating tones. Link 2 fitted.

Sound effect 4: Machine gun, bursts of
pulsed tone. Link 3 fitted.

This completes the testing of the siren
sound generator. Finally secure the piezo
sounder to the track side of the PCB using
the quick stick pad as shown in Figure 6.

SOUND EFFECT LINKS

Police  Fire Engine  Ambulance

hee- o
" B e =

No Link Link 3

NOTE :- DO NOT FIT MORE THAN ONE LINK

Machine Gun

Screen

Screened cable
to amplifier

Piezo sounder

Quickstick pad

Figure5. Wiring.
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- GENERATOR

Using the siren
oy €2 C1ca sound generator
) Having selected the desired sound
c3 ’ effect the unit can now be installed into
veropin—__| your toy or model. If you have the
_ amv ) OV g available space the sound level from the
PCBLpr -~ - ~— unit can be increased by using a low
= e i /l/ — impedance loudspeaker, such as the 8Q
768 type (WFS7M). When used as an
Piezo sounder — audio warning signal, a high efficiency
horn speaker (XQ73Q) will give a further
increase in sound level from the basic unit.
l However, if greater volume levels are
= required then a power amplifier can be
Figure 6. Fixing the PCB. connected to the signal output pins.
SIREN SOUND GENERATOR
PARTS LIST il )
Siren Sound PCB 1 (GD76H)
RESISTORS: Ali 0.6W 1% Metal Film Pin 2145 1Pkt (FL24B)
R1,2 1k 2 (MIK) Piezo Sounder 1 (FMS9P)
R3,4,8 10k 3 (M10K) Quick Stick Pad 1Stp (HB22Y)
R6 240k 1 (M240K) Contructors Guide 1 (XHT9L)
CAPACITORS OPTIONAL .
Cl1 10pF 16V Minelect 1 (YY34M) Hi-Z Loudspeaker 64R 1 (WFS7TM)
c2 470nF 63V Minelect 1 (YY30H) Sin. Horn Speaker 1 (XQ73Q)
c3 10nF Ceramic 1 (WXTT)
C4 1uF 63V Minelect 1 (YY31))
A complete kit, excluding Optional items, is available.
ng{vﬁCONDUCI‘O‘;Rl\SaSSSI 1 (U45Y) Order As LM4ZY (Siren .Sound Gen K.i.t)'Price £3.50
TRI BCS48 1 (QBRT3Q) ) The following 1tgm in the aboye kit is also
D1 1N40G1 1 (QL73Q) avaxlabl.e separately, but is not shown in our '1988 catalogue:
D23 IN4148 2 (QL8OB) Siren Sound PCB Order As GD76H Price £1.20
ZD1 BZY88C3V3 1 (QHO02C)
» ® - o
»
» o e - o o o
Professional Headphones €D Headphones
Comfortable to 5 Superb stereo headphones
wear afl-black with samarium
finish stereo £ cobalt mylar
headphone with AW speakers and ONL
high velocity |\ Compact Disk 95
mylar dome | compatability. g“ A'
drive units and Stylish gold 965V
samarium coloured
cobalt magnets headband and
providing padded earpieces’
virtually for ultimate
distortionless listening ™ 3\
top-flight hi-fi pleasure. 7
performance. \

New high quality infra-red link allows you to freely move about the
room with your own favourite headphones on. No cumbersome

trailing wires! Simply plug the transmitter into the headphone socket

on your amplifier and your headphones into the receiver unit which
clips onto a shirt pocket or belt. You will still enjoy superb stereo

quality, but be free to move around whilst staying within sight of the
transmitter up to 30 feet away! Receiver has separate left and right
volume controls and requires 3 AAA ni-cad batteries. Pack of 3 (SC19V)
available, only £3.95. Charger/power supply for transmitter supplied.

All prices include VAT. All items subject o availability.

Y/ VI DL Zh?,',,'i‘i,’ifs'u"..?n'ﬂi'i' Rood Evdington, Brminham. 302
ELECTRONICS oucester Road, Bristal. 159-161 King Street, Hammersmith,

London 8 Oxford Road, Manchester. 46-48 Bevois Valley Road,
Southampton. 282-284 London Road, Sauthend-an-Sea.
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[Order Coupon  Sendto P.O. Box 3, Rayleigh, Essex SS6 8LR

| M T Desenplion Code T Price
Infra-red Stereophone System YPE3T I
CD Headphones YPE5V

i Professional Headphones YP6EW o
Pack of 3 ni-cad AAA batterles SCisv

- Add Carriage 50p

Name

fres Total _n

Post Code

| authonse you to detit my Credit Card account for the cost of goods despatehed

cearcaano LI L T TTTTTTTTTTTTT]

AccessiAmex/Visas

Delete as required.
H ordering by Creddt Card piease sign

Expiry date of Credit Card EO0726
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It is often much cheaper to buy a
special-purpose power amplifier IC than
to build a similar circuit from individual
components. Suppose, for example, that
you need something that will deliver §
watts into an 8 ohm speaker. You would
need:

2 medium—poWer 25 volt 3 amp

transistors @ £1.00
2 small heatsinks @ £1.00
2 driver transistors @ 10p
3 amplifier transistors @ 60p
2 diodes, resistors,

small capacitors @ 50p
1 2200uF electrolytic @ £1.00

The components alone would cost
nearly £5, and the circuit must be built

by J.K. Hearfield

and tested before it could be used. An
integrated amplifier would cost perhaps
half as much, or even less, and would fit
into a much smaller space.

Integrated power amplifier devices
currently available can handle power
levels from a few hundred milliwatts to
more than 20 watts, and as Figure 1
illustrates, they cost only about as much
as the output transistors in a discrete-
component design.

Power Output, Supply
Voltage and Load

The first step in choosing a suitable
device is to decide the supply voltage it
will need. To deliver an output power of

10 }

® = Power into 4R

X = Power into 8R

- =g +——— - +
—— e e
s 1 e 3 e
——— T = 1 1| 6 1 | A
IR O A | ek e T 1T
- - - g 1 1
|
e _,-{-F[_-— A ._r._r_
! T * | |
% | 1 k
1 T ¥ ) iy et 5 i I
— — ?—-1——— — i ——‘—0—1‘1{ =)
= - — 5 s B
0| " T L ]
INE— N [ L i _{_L_L .k i I
| . i : !li'l |
4 I 1 |
T 1 [Fj l
01 i | | H..J = L watts
-
3 B ™ o e 7 8

Figure 1. Power amplifier IC’s in the Maplin catalogue.
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P watts into a load of R ohms, the
amplifier output voltage must be:

V = SQR (P x R) volts rms,
which implies an output voltage swing of:

V=2x1414xSQR (P x R) volts
peak-to-peak.

For example, to deliver 2 watts into 8
ohms would need a swing of:

V=2x1414xSQR (2 x8)

or V = 11.3 volts peak-to-peak.

The supply voltage must be
greater than this, because the minimum
voltage across the output transistors
should not be less than a few volts even
under maximum drive. A suitable value
of supply voltage in this case would
therefore be 16 to 18 volts. A higher
supply voltage will give lower distortion
at maximum output, but at the expense of
greater power dissipation.

The graphs of Figure 2 show the
minimum value of supply voltage needed
to achieve a given power level in a given
load. The graphs assume the output
transistors are just saturating on signal
peaks, so it would be prudent to increase
this minimum figure by two or three volts
if low distortion is important.

Typical Devices

The LM 380 is a straightforward low-
cost power-amplifier-on-a-chip which
has been in production now for several
years. The circuit shown in Figure 3-is
recognisably that of a power amplifier:
a differential input stage, with inputs
referenced to ground, followed by a
driver stage with compensation capac-
itor, feeding a pair of quasi-complement-
ary output transistors with current-
limiting emitter resistors. The circuit's
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“

e voltage gain is set to 80 (34dB) by the
Power internal feedback, which also fixes the
Output quiescent output voltage at half the
(Watts) supply voltage. A simple intercom circuit
L Sl —+ based on the LM380 is given in Figure 4.
! I i L This device is capable of delivering
i I ol 4+ at least 2.5 watts into an 8 ohm load with
R \M | an 18 volt supply rail. It comes in a
I - |L | standard 14-pin DIL package.
! Y — The TDA 1520 is rather more recent.

5 G 4’{ i — Though similar in concept to the LM380,
! ' \,/00“ it includes on-chip protection circuitry to
{ - | | cope with both thermal overload and
T _W T / AT T T2 T difficult reactive loads. The device can
_J___ | /-Vr vah ‘ | . deliver a power level in excess of 20

=t

]

20

10

REL

w H~ WO
D]
i
——

n

watts into a 4 ohm load with very low
noise and distortion.

A typical application circuit is shown
in Figure 5. Both gain and input resis-
tance are set by external components, as
. in an operational amplifier circuit; in this
case the voltage gain is:

02 A = 20k/680 = 29, or about 30dB.

i
| | |
| \ | | !LLLJ | J ! ! T Some devices include both pre-
2 1

. i : Supply Voltage amplifier and power amplifier within the
05 6 18 20 22 24 26 28 30 ppy(v) & b b

\

\
\
\

7 7l
05
0-4 Z, AP
0-3 /

same package. An example is the TDA
1010, which is designed as a 6 watt car
radio amplifier. The internal circuitry
; s e - - J (Figure 6) is quite complex, but the
Figure 2. Minimum supply voltage requirements. application circuit (Figure 7) needs few
external components.

Bridge Output
+Supply Configuration

L ad ) - e The quiescent (that is, no-signal)

Q J) output voltage of a power amplifier is

1\ designed to set halfway between the

positive supply rail and earth. If the load

is then connected between the output

25k | and earth, as it usually is, a blocking

Bypass W4 capacitor must be included in series with

L it solely to remove this DC offset, see

25k Vi Output Figure 8.

1k 25k ! 8 The capacitor’s value must be suffi-

-1 ciently high for its impedance to be small

ORS compared to the load at all but the lowest

Input {+) signal frequency. For example, the

=—r2 capacitor needed to allow signals down

oloput -) 10pF | to 20Hz into a 4 ohm load would have to
< 11 be at least:

150k 150k I o= 1
(2x3.1416 x 20 x 4)
7 0—

Ground Grouna & 34.5:10. or C = 2000uF, and a 2200uF component
would be used.

- N » The so-called bridge or BTL
Figure 3. LM380 internal circuit. (bridge-tied load) configuration removes
the need for a blocking capacitor whilst
. at the same time doubling the voltage
swing across the load. Figure 9 illustrates
the idea. Instead of returning the load to
earth, it is connected to the output of
another amplifier. If the quiescent output
voltages of both amplifiers are identical,
the quiescent voltage across the load is
zero. The second amplifier is however
fed by a signal which is 180 degrees out
of phase with that feeding the first, so as
the voltage at one side of the load swings
positive, that on the other side swings
negative.

This circuit depends critically on the
Figure 4. Simple intercom circuit. assumption that the quiescent output
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Thermal Protection

1

1uF

220pF

+

i

20k 680R

et

+V o

10uF

_'

100nF oe

2R7

— 100nF 150u

5

<] |II

=

Figure 5. Typical application circuit for TDA1520.

voltage of each amplifier is the same,.and
remains the same at all operating
temperatures. In practice, this means that
both amplifiers should be fabricated on
the same chip.

Bridge-type amplifiers find part-
icular application in areas where the
maximum supply voltage is restricted -
for example, in battery-powered equip-
ment. A 4 watt car radio audio amplifier
circuit using an LM377 is shown in
Figure 10.

Layout

All high-gain wideband amplifiers
must be constructed in such a way that as
little as possible of the output signal finds
its way back to the input. The unwanted
coupling may be by any of several paths,
and each one must be broken.

Keep the input as far as possible
from the output, and screen the input
wiring if necessary. The risk of unwanted
pickup is higher if the input leads are
long or if the amplifier has a high input
impedance. High-frequency pickup can
usually be cured by adding a small
capacitor (of say 220pF) directly across
the amplifier input pins.

i

:j[_
L=

~

VN

e

L% 0]

© o——f

Figure 6. TDA1010 internal circuit.

Input

(10mv)

27nF

Tone

180nFT

330k
=
i pe
100nF 100nF s 680UF
Ll i i
5 3 4 100uF ’7[7’
Pre Amp \(—‘—Jﬂ—
2
= +
Power| 160nF o 1000uF
Amp

-~
-
(=]
(=]
I:
' E
[s2]
=
=]
£
=1

4R7

ol

Figure 7. Complete mono audio amplifier of a car radio.
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Keep the power supply wires well
away from the input, to prevent the large
and spiky power supply currents from
being inductively coupled back. Twist
the power supply wires together, and run
them away from the board at right angles
to it for at least an inch or so.

Arrange the tracking so that all
currents flowing to the circuit earth point
do so via separate paths. In particular, it
is most important to ensure that the load
current does not share a track with the
input current. Remember that just 100mA
of load current flowing in 0.1 ohm of track
represents 10mV. If this unwanted ‘signal’
appears in series with your input signal
the effect on the output will be unpredict-
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Voltage across
load.
/

¢]
v v
Supply
v >—{|/ ik
(Supply/2)
Figure 8. Blocking capacitor.
+ +
Supply
Quiescent Voltage across
load
o o / /-

Supply

l ==

Figure 9. Bridge-tied load.

Vg= 14V

#
250uF @

470nF 10k

g | N

Figure 10. 4W bridge amplifier.

able. Often, the output signal is just
noisier and more distorted than it should
be, leading to the false conclusion that
the amplifier device is sub-standard.
Sometimes the whole circuit oscillates at
a high frequency, perhaps in bursts,
perhaps only when a load is connected.

Decouple the power supply ade-

March 1988 Maplin Magazine

quately. A large electrolytic is needed to
act as an energy store for the large
current peaks delivered to the load, but
this is not enough by itself. Don't forget
that power supply track has inductance
as well as resistance, so mount suitable
decoupling capacitors physically close to
the device pins. The same argument

applies to
components.

Capacitive Loads

Most power amplifiers do not like
driving capacitive loads, mainly because
of the very low impedance such loads
present at high frequencies. A load
capacitance of up to 0.1uF or so should
not cause problems in practice, but if the
amplifier is required to deliver energy
into a much larger capacitance the
amplifier must be at least partially
isolated from this load. The usual
technique is to add a small resistor (of a
few ohms) in series with the amplifier
output. The resistor may have a small
inductor (of a few uH) connected
across it.

Output Transistor
Protection

Like any other power transistors,
those in a power amplifier IC can be
damaged by excessive voltage, current,
or power. In most applications it is
enough to follow the manufacturer's
recommendations regarding supply volt-
age, load impedance and heatsinking,
but some types of load do cause
problems. Reactive loads such as motors
(or transformers) may drdw large
currents at the same time as high
voltages appear across the output tran-
sistors. Worse, the load may attempt to
swing the output voltage beyond the
power supply limits. Many modern
amplifier devices automatically limit the
output current to a safe value, but an
excessive output voltage will usually
degrade or destroy the device. The
solution in this case is to limit the output
voltage variation by means of diodes
connected between the output and the
supply rails.

]
Heatsinking

Power amplifiers tend not to be very
efficient. For example, when an LM380
running from an 18 volt supply is
delivering 2 watts into an 8 ohm load, the
LM380 itself is dissipating more than 2
watts of heat (Figure 11). The heatsink
used must be big enough to maintain the
device junction temperature at some-
thing less than the manufacturer's quoted
maximum figure of 150 degrees C: as
usual, the lower the operating temper-
ature, the longer the device life. In this
case, Figure 12 shows that 2 square
inches of PCB copper will be adequte at
ambient temperatures of 60 degrees C
and below.

Amplifiers designed for higher-
power applications are usually housed in
packages of inherently low thermal
resistance which can easily be bolted to
standard heatsinks. The size and type of
heatsink needed for a particular job can
be calculated as follows:

Total thermal resistance =
Max junction temp — Max ambient temp
Device power dissipation

the output compensation
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Heatsink thermal resistance = dissipate 10 watts in ambient temper-
Total thermal Package thermal atures up to 60 degrees C, thg rnax.imum
resistance - resistance thermal resistance from the junction to

the ambient air can be:

The thermal resistance of the pack-
age is about 4 degC/w, so the heatsink
must be 5 degC/w or less. The Maplin
EHP TO-220 heatsink (4 degC/w) would
be quite suitable.

‘For example, if a power amplifier 150 — 60 _ 9°C/watt
device in a TO-220 package must 10
= LM380 power dissipation (Watts)
LLM380 Power 10— Infini 1 G ,l
dissipation (Watts) 9 :;Lg/tsvg‘etatsmk ‘\ ’
4
\1\
e |
3 e \
éﬁ\ | \
ol 22V // i = i
207 1~ el =75
18V?/ 21 2 :}%
- N - . . ‘
= distort
' 113\\/, /p—ﬁ;, v : f i 30°C/watt heatsink _
12V—_F= > 10% | 4176 sq. in.of PCB. \
distortion —\\
tevel | 4sq.in.of PCB. e
2sq.in.of BCB '\\ N
() ” — i T ———F
1 2 3 4 S 24 0-4 sq.in.of RCB. —
Power Output (Watts) — —
info- 8R load | No heatsink T
- T + - - — -
g 10 20 30 40 50 60 70
] Ambient temperature ( °C)
Figure 11. LM380 power dissipation. Figure 12. Heatsinking.
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Metronomes are commonly used in
music, to help musicians keep time. The
traditional metronome is based on an
oscillating arm that swings from side to side
and ticks as it goes. The speed (or tempo) of
movement is adjusted by sliding a small
counter balance weight up the arm, to slow the
tempo, or down the arm to speed up the
tempo. Various electronic metronomes use
LED’s and sounders to indicate the tempo, as
indeed does this design. They have the
advantage of being robustly transportable,
compact, and in this version the facility to set
time signatures with an appropriate note
duration indication.

The module is housed in a small plasti¢
box, with enough room for a small 9V battery,
and a self adhesive front panel to finish.

Circuit Description

With reference to Figures 1 & 2, the clock
oscillator determines the tempo or speed by
varying RV2. Note generator |C2 is a 4017
positive edge triggered decade counter with
ten decoded, active high outputs. Each output
is active in turn for one clock pulse and the first
pulse in a sequence, QO sets the latch IC1, via
D3, and LD1 illuminates via TR3 turning on.
The remaining nine outputs, Q1-9, are
individually selected by the note length
multiplexer IC3, which resets the latch (see
Figure 3) and extinguishes LD1. In this way,
ten different pulse lengths (0 to 9),
corresponding to note periods, can be
selected by a 4 bit binary code from IC4
display and multiplex selector. IC4 is a dual
BCD counter clocked by the divide by 10
output pulse from IC2, via push switch S2.
With S2 held operated, a BCD code advances
one count on the A-D bus, for every clock
pulse, and steps the note period display driver
IC7 and the note length multiplexer IC3. With
S1 operated, the beat display driver and beat
multiplexer codes are advanced over a
separate A-D bus, in similar fashion. Beat
counter IC5 & IC9 are connected together in
cascade, and clocked from the latch/beat
pulse to produce 15 sequential pulses
although only nine are used, the selected
pulse output to D9 resets IC5 and pin 3 goes
high for the duration of the latch/beat pulse.
LD2 illuminates signifying the first beat - or
accent - in the sequence, or bar. For every
note beat the tone oscillator is enabled from
D1 and produces a tone, determined by the
position of preset RV1, which drives the piezo
buzzer via TR1. As the accent pulse is
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by Dave Goodman

* Audio & visual beat and accent indication

* Variable tempo from slow (adagio) to fast (presto)

* Programmable time signature on 7 segment displays
* Powered from 5V to 12VDC

| Note g : Beat
| Latch * Counter
Clock =] Note ! § Tone
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MPX =] LD2
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Figure 1. Block diagram.
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Figure 4. Layout of PCB.
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sequential with the beat pulse, the oscillator
frequency drops by D2 conducting through
R3, which changes the C2/RV1 charging
characteristic. Thus the audible effect is one of
aregular beep of the same pitch for each beat
and a beep at a lower pitch on the down beat
to accentuate a new bar.

Construction

Refer to Figure 4, the parts list and
constructors guide. ldentify and insert
resistors R1 to R19, and diodes D1 to D9. Fit
the 22k preset RV1 and capacitors C1 to C8
noting lead orientation on polarised types C3
& C4. Next, insert BC548 transistors TR1 to
TR3 and solder all components fitted at this
time. Cut off the excess wire leads and insert
nine IC sockets, bend a few terminals on each
socket over the track pad to prevent the
socket from falling out and solder all remaining
components. Clean any flux from the track
areas and inspect for short circuits and dry
joints before continuing.

Two sockets for DY1 & DY2 are mounted
on the solder side of the PCB, as shown in
Figures 5 & 6, and the socket terminals are
soldered on the component side of the PCB.
LED's LD1 & LD2 are also inserted from this
side and positioned 10mm above the board
(Figure 5) and soldered on the component
side of the PCB. Insert the two seven segment
displays, decimal points to the bottom, into
their sockets on the PCB solder side, ensuring
all 10 leads enter the socket correctly.

Solder both piezo buzzer leads to pins 3
& 4 and stick BZ1 to the solder side of the
PCB, beneath LD1, using the adhesive
quick-stick pad. Cut seven lengths of hook up
wire 100mm long and connect the tempo
control RV2 to pins 1 & 2 as shown. Connect 2
wires to each of switches S1 & S2, insert the
wires through each hole in the PCB on the
solder side and solder S1 to pins 5 & 6, S2 to
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pins 7 & 8. The final length of wire is
connected between the positive supply, pin
10, and display enable pin 9, shown as a link
in Figure 6. If the fink is omitted, the
metronome still functions, but the seven
segment displays will not be on.

Box Drilling Details

Figure 7 details the dimensions for drilling
the box lid. The lid is shown from the front
(outside) view and two 7-5mm holes are drilled
for S$1/2, two 5-5mm holes for LD1/2, a
10-5mm hole for RV2 and a 3-2mm hole to let
the audio out. Four 3-2mm holes are required
for mounting the PCB pillars onto, and two
rectangular slots are required for the displays.
Measure, mark off and drill the lid from the
outside, drill the display slots 10mm diameter
and file both holes out to 15mm x 10mm. The
adhesive panel is now fixed in position over
the centre of the lid and a piece of red fiiter can
be cut and glued over the display cut outs as
required.

No provision has been made for fitting the
two switches, S3 & S4, on the lid as both are
optional items and may not be used. The
same applies to a power on/off switch. This too
is.optional and should be fitted as required.

L ]

Testing

Connect a 9VDC supply with positive to
pin 10 and negative to pin 11. Link display pins
9 & 10, if not done previously, and apply
power. The supply could be between 5 and
12VDC, but nominally 9V at 15mA with
displays disabled or 9V at 50mA with displays
enabled. A PP3 type battery could be used,
butif the time signature displays are left on
continuously, then a PP3 will not last very
long: a few hours at most! Alternatively, a
mains battery eliminator could be used
instead of a battery and unregulated versions
are best used with the 6VDC option selected.
Set the tempo control RV2 at half travel and
check the two displays. Numbers displayed
are random at first power up and could be 0, 1
or 2 in both displays at this time. Press beats
per bar switch S1 and hold operated; the
beats per bar display count advances with
each beat/flash of LD1. Release S1 and press
S2; the note period display advances with
each beat. Press both S1 & S2 at the same
time and both displays advance together.
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When the tempo is increased, or decreased
by RV2, the display advance rate increases or
decreases to suit. Set both displays to 0 and
beat LED LD1 illuminates continuously while
the buzzer sounds continuously. Press the set
note switch S2 for 1 on the note display DY2.
The buzzer should pulse, as should LD1, with
along ‘on’ to short ‘off' ratio. Eventually, LD2
will flash and the buzzer pitch will drop. Start
counting each beat now, from ‘1’, and on the
‘17’ count the pitch should drop again, with
LD2 pulsing. Step the note display from 1 to 2,
observe the beat LED and listen to the tone
again. This time the ‘on’ to ‘off' ratio is slightly
less than before. Check each note length
setting from 2 to 9 and the note length
becomes shorter at each setting, as does the
tone length. Leave the note length display set
to 9 and adjust the beats per bar display for 1.
After the previous sequence has finished, the
tone drops, the accent LED flashes and the
beat LED stays on permanently. Step the
beats per bar display from 1 to 2 (both display
2 over 9), the beat LED flashes on the higher
pitch and both the accent & beat LED’s flash
on the lower pitch. Step the beats per bar
display from 3 to 9 checking the count from the
first accent pulse up to (but not including) the
next accent pulse, corresponds to this display.
The continuous pulsing tone may wear on
the nerves after a while. Try adjusting preset
RV1 for a different tone and/or change R3.
Removing this resistor results in the beat and
accent tones being the same, whereas the
accent tone only can be altered by changing
R3 for values between 220() and 2k2. A
toggle switch, shown as S3 in Figure 6, could
be fitted in series with one lead of BZ1, to
switch it in or out of service when required.

Final Assembly

Fix four threaded pillars onto each hole at
each corner of the PCB. The pillar is mounted
on the solder side of the board and fixed with a
6BA x Vsin bolt as detailed in Figure 8. Insert
the previously wired RV2 into the lid, from the
inside, and also, S1 & $2; secure in place with
the nuts and washers supplied. Offer the
module up to the lid and place four 6BA x Yain
counter sunk screws into the lid and PCB
pillars and tighten gently, see Figure 9. Fit any
extra switches to either the lid or box and
insert the module/lid assembly into the box.
Secure with four box lid screws.

Time Signatures

As can be appreciated, time signatures
do not have a 0 value which can be displayed
on this metronome. To give a brief explanation
of the signature, the bottom number relates to
the type of note, or note length/duration, and
the top number tells how many of these note
types are in a bar.

A musician has to appreciate timing and
‘counting time’ becomes relative to the tempo
and note. Each note type has aname and a
count time, examples of some of these are:

Semibreve (whole note .............. W 1)
Minim (half note
Crotchet (quarter note ....cuv.......

" Quaver (eighth note .......
Semiquaver (sixteenth note ......
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Relating these notes to more usual time
signatures, we have:

2/2  2minimsin abar

2/4  2crotchetsin a bar
3/4  3crotchetsina bar
4/4  4crotchets in a bar (common time)

3/8  3quaversina bar

6/8 2dotted crotchets (6 quavers) in a bar
9/8 3 dotted crotchets (9 quavers) in a bar
12/8 4 dotted crotchets (12 quavers) in a bar

There are also music terms to describe
the tempo of a piece of music. The term tempo
does not only refer to the speed or pace that a
piece of music should be played at, but
introduces certain qualities such as: maestoso
(majestically), brioso (vigorous) and
scherzando (playfully). The metronome does
not reflect these qualities in use, instead such
terms as: adagio (slow), allegro (fast) and
presto (very fast) apply and the qualities are
left to the user!

Continued on Page 61.
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The T-9000 ‘Fine Arts’ RDS hi-fi tuner.

In 1968 I attended a liaison meeting
between Working Party A of the Euro-
pean Broadcasting Union (EBU) and
European receiver manufacturers. We
discussed, among other things, the
increasing problems (even then) of
tuning radios; how you find the station
you want and how, when you have tuned
in a station, you know which one it is. I
ended my report of the meeting (to the
British radio industry) with the conclusion
that we would continue to have problems
finding the programmes we want ‘unless
the broadcasters would code them'.
Nineteen years later, after 10 years of
basic development work, such a system
is being introduced, not only in Britain but
also in other countries.

The Radio Data System

and its forerunners

Some years ago, both the BBC and
the German broadcasters developed
analogue systems for broadcasting to car
radios. The German ‘ARI' (Auto Rundfunk
Information — Broadcast information for
motorists) system, which works on the
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VHF/FM band, has been introduced in
some parts of Germany. The information
capacity is rather limited and all the
information is not available simultaneous-
ly. The BBC system, called ‘CARFAX,
would have operated on a special
frequency at the low end of the MF band,
but agreement could not be reached on
making such a frequency available, so
the service was not introduced. It would
have operated on a similar principle to
cellular radio, with a series of ‘cells’ of
synchronised transmitters. Some IBA
stations experimented with AR], but there
were then not so many FM car radios in
Britain, and the siting of transmitters is far
from ideal for broadcasting to cars. For
example, there is a long stretch of the
M20 which receives a very high field
strength from the Wrotham transmitter,
and a very high-performance receiver is
required in order to receive any other
station in this area.

Even while these systems were
being developed, it was becoming clear
that in due course a digital system could
be introduced, because with LSI circuits,
receivers could be made at a realistic
cost to sell in sufficient volume. Most of

the development work on the new system
was carried out by the BBC and the
Swedish broadcasting authority (Telever-
ket), with a very great deal of evaluation
and testing by other members of the EBU.
The EBU published a technical specifica-
tion of an agreed European system (EBU
Tech. 3244) in 1984, and international
agreement was reached on the system in
1986, through the CCIR (Comite Consulta-
tif International de Radio), resulting in
CCIR Recommendation 643. So your RDS
receiver will work in any country in the
world that has an RDS service, won't it?
Well, yes, except, of course, Japan and
Australia, where VHF/FM broadcasting is
on different bands! But do you plan to
take your car there?

RDS at home and away

While broadcasting to cars is a major
application of RDS, it is very useful in the
home radio, too. The only way to find
your way through the maze of local radio
stations is with one of those little books of
frequencies available (free!) from the
BBC and IBA and an accurately calibrated
receiver, preferably with a digital fre-
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Figure 1. Spectrum of f.m. stereo signals with RDS and ARI added.

quency display. With the average port-
able it is a hopeless task. Not only this;
you need to know about traffic hold-ups
and incidents BEFORE you start on a car
journey; otherwise you may pick the
wrong route immediately you start. In
fact, RDS can give you much more
information about the programme you are
listening to, and what is available on other
stations, than you are ever likely to need
in a car. There is so much data capacity
that about half is simply ‘reserved for
future expansion’. As experience is
gained with the system, the best uses of
this spare capacity will become clear.
RDS is not the same as the closed
user-group text transmission systems
being introduced on the London IBA
transmissions. These operate on a diffe-
rent principle, and a transmitter may not
be able to carry RDS as well as these data
channels; RDS and ARI are, however,
with care at the transmitter, compatible.

How it works

The data is carried on a 57kHz
sub-carrier which is inherently suppres-
sed by the system of modulation em-
ployed. The sub-carrier is phase-locked
to the 19kHz stereo pilot-tone, and may
be in quadrature or in-phase, depending
on whether ARI is also in use or not. On
mono broadcasts the sub-carrier free-
runs, but with only a 6Hz tolerance on
frequency. The spectrum of a stereo
broadcast signal with RDS and ARI added
is shown in Figure 1. The injection level of
the unmodulated sub-carrier is set to
correspond to 2kHz deviation of the main
carrier, but receivers should accept
values from 1kHz to 7.5kHz. When ARl is
in use, the RDS deviation should be
1.2kHz.

The modulation system is quadrature
phase-shift keying, which can also be
described as suppressed-carrier ampli-
tude modulation of differential biphase-
coded, band-limited data signals. We can
break this condensed description down
into its component parts to see more
clearly what is happening.

Data rate, format

and processing

The basic binary data rate is 1187.5
bit/s, obtained by dividing the sub-carrier
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frequency by 48. This relationship is
helpful in receiver design, not least
because it eliminates the possibility of
asynchronous interference between
parts of the circuit. The data is made up
of 16 bit words, each accompanied by a
10 bit checkword, making up a 26 bit
‘block’. In this way, each block can be
decoded quite independently, in princi-
ple, of any other. Four blocks are
combined in to 104 bit ‘groups’. In all
cases, the most significant bit is transmit-
ted first.

The 10 bit checkword consists of a
10 bit cyclic redundancy check (CRC),
added to which is a 10 bit offset word to
provide synchronisation at the receiver.
The CRC allows the receiver to detect
and possibly correct most of the errors
which occur due to reception difficulties.
The error-checking in the receiver is
designed so that in one of its possible
modes it can be very sensitive to
slippage of block synchronisation. Blocks
within a group have different offset words
for identification. The first five bits of the
second block of each group are reserved
for specifying the application of the
group. Because each block can, in
principle, be decoded independently,
data for which access time is critical can
be transmitted very often, in the same
place in each group, and decoded
directly whereas that which is only
required occasionally can be sent less
often, and its application determined by
reference to the five application bits in
the second block of the group. This is
clearly a most efficient way of using the
channel capacity.

Before applying the data stream to
the modulator, it is differentially encoded.
This means that the coder output changes
state only when the input bit is 1:

Input (at time t) Output
0 Q (-1
1 Q-1

This truth table can be implemented
simply with a D type flip-flop and an
exclusive OR gate, which is quite easy to
do.

The differentially coded data still
consists of a stream of 1's and 0’s. These
are converted into biphase symbols by
means of a double-frequency clock,
some logic and a lowpass filter. The

result is a ‘1’ symbol which consists of a
positive-going, rounded pulse followed
by a similar negative-going pulse, and a
‘0’ symbol which has the negative-going
pulse first, see Figure 2. When a data
stream of this nature is applied to a
double sideband suppressed carrier
amplitude modulator, the resultant signal
spectrum has zero energy at the carrier
frequency, and very little energy close to
that frequency. This is the part of the
spectrum occupied by ARI signals, and
the low RDS energy in this region allows
compatible, simultaneous operation of
both services.

What can RDS do?

The services that the full RDS system
can provide are very comprehensive:
indeed, some of them have not been fully
worked out yet. The services which have
been standardised are as follows:

Rutomatic tuning and re-tuning

PI: programme identification.
O
~td td
0’
~td td
td = 842-1us

Figure 2. Biphase coded symbols.
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PS: programme service name.

AF: alternative frequencies carrying
the same programme.

TP: traffic programme identification.

PTY: programme type.

General functions

TA: traffic announcement identifier.
DI: decoder identification.

M/S: music/speech switch.

PIN: programme item number.

RT: radio teletext.

ON: other networks.

TDC: transparent data channel.

IH: in-house applications.

CT: data and time.

It is not necessary for each RDS
station to include all of these services in
its transmissions, and receivers must be
designed not to misbehave when any
service is absent.

PI: Programme identification

This is a 16 bit word, the first four
being a code for the country of origin of
the broadcast, then 4 bits indicating the
service area (local, regional or national)
and 8 bits for individual station identifica-
tion, allowing up to 255 stations in a
network. This word is for the receiver to
use to find a specified programme.

PS: Programme service name

This consists of eight ISO646 charac-
ters giving the programme name in
user-friendly form (such as ‘BBC R 1’).
ISO646 is an international standard,
embracing ASCII codes for Roman letters
and Arabic numerals, but extended to

 include accented letters, Greek and

Cyrillic characters. The PS can be
displayed on the receiver panel.

AF: Alternative frequencies

In order to ensure that the receiver is
tuned to the strongest available signal
carrying the wanted programme (without
having it continuously search the band),
altermative frequencies may be stored in
RAM in the receiver, so that they can be
looked up quickly by the control proces-
sor. These frequencies may be outside
the VHF band, because automatic band-
switching in the receiver is perfectly
feasible if the VHF receiver is kept
operating to update the RDS information
while a programme on another band is
being listened to.

TP: Traffic programme identification

This flag allows car or household
receivers to be retuned automatically to
the local traffic information station.

PTY: Programme type

This word allows the user to select
programmes by general type (‘News’ or
‘Jazz’), rather than specifically. This
information could also be displayed on
the receiver.

TA: Traffic announcement identifier

This single bit flag indicates that a
traffic announcement is being broadcast,
and allows automatic over-ride of another
programme to reproduce it.

DI: Decoder identification
This is a 4 bit word which allows the
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automatic insertion in the receiver of a
specified standard decoder for noise
reduction, surround-sound or whatever. It
remains to be seen whether non-techni-
cal issues will hinder the development of
this very desirable feature, but previous
history is not encouraging! Still, at least
the possibility has been acknowledged,
and the bits are there.

M/S: Music/speech switch

In spite of all the Peak Programme
Meters, dynamic compressors and pre-
emphasis, if is still not possible to satisfy
all listeners in respect of subjective
loudness balance between music and
speech. I doubt whether this feature will
solve the problem, but it does allow the
receiver to have two volume controls, one
for music and one for speech. My
pessimism is founded on the belief that
the listener’s preferred balance is strong-
ly subjective, and varies from time to
time. For instance, I quite like Sosa
marches, and react positively to one
following, at a clearly higher sound level,
a continuity announcement. But not at 7.00
on Monday morning! In fact, I want 3dB
less output from the radio in the morning,
irrespective of programme.

PIN: Programme item number

This can be used to tell how far the
programme has gone, and for educatio-
nal broadcasting it allows programme-
controlled automatic recording.

RT: Radio teletext

This is the most glamorous feature: a
64 character display of text on the radio.
This could show newsflashes, sports
results, emergency messages (using a
speech synthesiser rather than a visual
display for in-car use) and titles of
musical items. However, it is unlikely that
a full text service will be introduced until
there are a considerable number of
receivers in the field.

ON: Other networks

These data allow retuning for news
broadcasts, or to preserve the type of
programme that one wants to listen to.

TDC: Transparent data channel

Transparent means that the user of
the receiver can be unaware of the
existence of this feature unless he needs
it. Data, such as telesoftware, could be
downloaded through a connector on the
receiver to a computer or other DP unit.
Steps are already in hand to standardise
such a connector and the signal charac-
teristics internationally.

IH: In-house applications

This is data for the broadcasters’
own use. I wonder what they will do with
it.
CT: Clock time and data

The radio can display either UTC
(formerly GMT) or local time/zone time,
and the date. All leap year days and leap
seconds can be automatically included.

Group type codes

The 5 bits allocated for the group

type code are split into a 4 bit ‘A-word’
and a ‘B-flag’. This flag allows two
different versions of each group to be
sent. Only seven of the sixteen A-words
have their meaning defined at present,
the others being reserved for future
expansion. In terms of the decimal values
of the A-words, code 0 means basic
tuning information, code 2 means
Radiotext and code 15 means fast tuning
information.

The CCIR recommends repetition
rates for the data ranging from 11 times a
second for PI, PTY and TP to once every
5 seconds for RT. AF data should be
transmitted serially every 4 seconds:
there may be up to 25 alternative
frequencies listed, so the list may take
100 seconds to send.

Receiver manufacturers have been
working with IC designers to develop
suitable low-priced devices for decoding
and processing RDS signals. The
achievement of low prices, of course,
depends on making enough sales to pay
for the vast costs of developing ls.i.
devices. Some of the techniques used in
experimental receivers are described
below: commercial receivers may well
use different techniques.

The stages of signal processing in
the RDS section of a receiver are:

Demodulation of the 57kHz (suppressed)
carrier.

Decoding the biphase symbols.
Regenerating the bit-rate clock.

Group and block synchronisation.

Error detection and correction.
Decoding address and message codes.
Implementing instructions for automated
operation.

Storing and/or displaying data.

Demodulating
the sub-carrier

There are several ways of doing this,
but one of the simplest is called a
‘differential demodulator’. Effectively this
multiplies the received signal with a
delayed version of itself. In order to do
this, any ARI or other signals close to
57kHz have to be filtered out. This filter
can be made with another delay device,
as shown in Figure 3.

Symbol decoder

The biphase symbols may be de-
coded by means of an integrate-and-
dump circuit, as shown in Figure 4. The
inverting amplifier and switch convert the
skew-symmetrical (pure AC) biphase
signals into two positive pulses for a ‘l’, or
two negative pulses for a ‘0’. The result is
integrated over one bit-period, and the
integrator is reset after the voltage at its
output has been measured. This voltage
represents the differentially-encoded
data, which can be converted to normal
data by means of a D type flip-flop, just as
it was encoded at the transmitter. This
circuit, and the following sections, re-
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quire a bit-rate clock to be recovered
from the data signal.

Biphase
t 2-4kHz |Symbols A
Multiplex ARI Notch Filter | F:’{{‘;’a,ss " R.egeneralmg the
Signal 57kHz N
pikre, T bit-rate clock .

Filter Deiay There is always a zero-crossing at
the centre of every biphase symbol, but
4 there is a zero-crossing at the start of a
Clock Limiter symbol only if the previous data symbol
and the current one are the same. It is

possible to use this property of the signal
to control a variable-ratio digital divider
Ditferential Demodulator operating on the 57kHz recovered sub-
carrier signal. This allows a certain
flexibility in the ratio of the sub-carrier
frequency and the bit-rate, which can be
helpful at the transmitter.

Figure 3. Differential demodulator with delay line filter for ARI rejection,

Clock Group and block

Recovery Clock ® ®
synchronisation
"_ ________ o It is possible, and very practical, to
! | do this, and all the subsequent proces-
| N sing, by means of a standard 8 bit
I microprocessor. In fact, using one of the
: —— faster devices, all processing except the
| ¢ initial demodulation can be carried out in
Data this way.
Biphase -[ o The synchronisation is carried out
Symbols i using the checkwords and the etror-
CLK correction procedure: in synch mode
ipolar C t: Integrate and Dum Slicer N Y
Blpeffr Covvaptes % P * error-correction itself does not take
place, instead the error-correction is
Ditferential used only to synchronise the processor
ecaden with the data. This process is very
difficult to describe, but basically the
Figure 4. Biphase symbol decoder. offset words are chosen so that for each
V';:;::M Stereo Complementory Surround Audio 3 [(
— A noise - sound -
receiver decoder ducti A amplifiers
front-end reduction ecoder -
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Figure 5. Block diagram of a possible future design of RDS receiver.
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number of bit-periods of synch slippage
a unique bit-sequence (‘syndrome’) is
produced by the error-correction: it is
thus easy to use this data to drive the
data decoder into synchronism quickly.

If the full 5 bit burst error-correction
capability of the system were employed
(after synchronisation had been
achieved), too many undetected errors
could occur, so it is normally arranged
that 1 or 2 bit errors are corrected, and
blocks containing more errors are simply
discarded.

®
implementing
[ ]

commands, storing
and displaying data

A block diagram of a complete
stereo receiver is shown in Figure §. This
receiver has two tuners, one to produce
the audio signals and one to look for
better (usually stronger) signals and
traffic broadcasts. The majority of RDS
processing uses an 8 bit microprocessor,
and AF, ON and user data are stored in
RAM. User input to the RDS system is by
means of a keypad. The display is split
into two parts: that for the radio functions
being separated from the Radiotext
display so that it does not distract the
person reading the latter.

Where can you
buy one?

The RDS service is now operating on
all the FM transmitters serving England,
and will be extended north and west
during 1988. Many receivers, however,
are not scheduled for release until late
next year in this country, although, like
the Grundig hi-fi tuner, they are on sale in
Germany now. While the BBC are doing
their best to provide information on the
service and on receivers, the information
from manufacturers is sparse: Philips, for
instance, suggested that only the head
office in Eindhoven could answer ques-
tions on RDS! It was hoped that a sample
receiver could be made available so that
this article could have included a
‘mini-review’ and some practical results,
but none of the manufacturers contacted
could oblige.

RDS is the first sign to the general
public of the impact of information
technology on the second oldest means
of true mass communication. While the
British public has traditionally been
regarded, with justification, as conserva-
tive and suspicious of new technology, it

seems likely that the computer-literate
generation will respond very positively to
RDS, and will demand it, not on up-
market radios but on ghetto and yuppie-
blasters not too different in price from the
present offerings, and will demand it
sooner than the industry is geared to
provide.
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Technical No. 204 p. 50-58 April 1984
Brussels.

4. Recommendation 643. CCIR XVIth
Plenary Assembly, Dubrovnik 1986, Volu-
me 10. CCIR Geneva 1987.

5. BBC Radio: Radio Data System. BBC
RDS Secretariat. London 1987.

6. A.G. Lyner. Experimental radio data
system (RDS): a survey of reception
reliability in the UK. BBC Research Report
RD1987/17.

Continued from Page 56.

PROGRAMMABLE METRONOME MISCELLANEOUS
SL2 HQ Push Switch 2 (YR67X)
PARTS LIST B21 Min Piezo Sounder 1 (FM59P)
RESISTORS: All 0.6W 1% Metal Film ggm ﬁgx g %}933))
B 7 (M10K) DIL Socket 24 Pin 2 (BL2OW)
Y Metronome PCB 1 (GDSIR)
223 4820“(2 i a%gg Spacer Threaded 6BA x %in. 1Pk (LRIZP)
RS 1k 1 MIB) Bolt 6BA Vain. 1Pk {BFOBF)
R78 4T 2 (M4TE) Boit 6BA Vsin. Csk 1Pk (LRS6L)
Ril 14 1k8 3 (MIKS) RV2 47k Pot Lin 1 (FWO4E)

: Box ABS MB3 1 (LH22Y)
R12,13,18 22k 3 (M22K) = 1 Ko
R16,17 4700 2 (M470R) PFMW Rwed Stick on : gn )
RV1 22k Hor Preset 1 (UHUME) 4 e, : (ﬂxomm)

Constructors Guide 1 (XH79L)
g:mcrroas 1uF Polylayer 1 (WWS3H) ggwkm& Pad i Sp  (HB2Y)
ca 470nF Polylayer 1 (WW4SD) 2 Wire 10m White (BLOSK)
c3 1uF 35V Tantalum i (WW60Q) -

Cé 100uF 16V Minelect 1 (RASSK) OPTIONAL , =
C8,6,18 100nF Minidisc ¢ (YR78S) 834 SPST Ultra-Min Toggle ] (FHOTF)
SEMICONDUCTORS

Icl 40108 ! (QW“U) A complete kit of parts, excluding Optional items, is available:
K259 4017 3 (QXO09K) Order As LM49D (Metronome Kit) Price £29.95 i
1C38 4061 2 (QW4av) The following items are also available separately, ;
1A 4518 1 (QX32K) but are not shown in our 1988 catalogue: -
lce1 4811 2 (Qx3ip Metronome PCB Order As GDGIR Price £1.95
TRI 23 BC548 3 (QB730) Metronome Front Panel Order As JG23A Price £1.50 “
D1-§ 1N4148 9 (QLBOB)

tDL3 LED Red Hi Bright 2 (WLS4F)

DY1L2 Display 7 Seg Red Type ¢ 2
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CLANSIFIED

VARIOUS FOR SALE

Heathkit laboratory oscilloscope, 5in.
screen, single beam, 10MHz 10mW,
excellent condition. Tel: 01 748 1410.
Components for sale! Capacitors,
semiconductors, opto-electrical,
connectors, switches, fuses, cable, etc.
Send an S.A.E. to Adrian Bhagat, 10
Meynell Walk, Peterborough, Cambs
PE3 6RR. Also send your list of
components please.

Woodworker magazines 1920 - 1985,
various for sale or exchange for
oscilloscope, or similar. Please send an
S.AE. for details. D. Hine, Glenrue, 6
Butt Lane Close, Hinckley,
Leicestershire LE10 1LF.

Datong Morse Tutor, model D70.
Good condition, £35. Morse key, £1.50.
Please Tel: 0823 432909 (Somerset)
before 9.30pm.

Heathkit AO-1U A.F. Generator, £27.
Nombrex C/R bridge, £22. Tech grid
dip meter, £18. Range doubler 50k
ohm/volt multimeter, £12. Phonosonics
spring line reverb unit, £17. Eagle FF11
graphic equaliser, £29. Tel: 0502 66026.
Teletext: Texas XM11 module £12.
Mullard VM6101 module, plus local
keyboard chip and data, £30. S100
Tarbell blank cards £15 each, 4
available. Highest quality. Prices
include postage. Porthtowan 890688.
300 copies (approx) of Practical
Electronics and Electronics Today, plus
odd copies wireless magazines. Any
reasonable offers? N. Mitchell, 9
Castleton Road, Nottingham SE9 4BY.
Collector’s Items: Early Siemens
signal generator (c. 1930); WW2
receiver R1155; Old Solartron
oscilloscope (1950's). Details on
request (SAE). M. A. Priestley, 32
Bankpark Grove, Tranent, E. Lothian
EH33 1AU.

Constructed Maplin burglar alarm kit
LWSIM. Plus constructed break
contact kit and panic button kit, all with
instruction leaflets. £58 ONO. Tel:
Melbourne (03316) 2378, Derbyshire.
Radio control pick-up, scratch built
with Maplin's receiver and speed
controller with working side, head,
reversing and indicator lights (all
buibs). Sell to best offer. Phone for
details: 01 593 8522.

Dual, model train, pulsed speed
controllers, with cases, (unmade kits).
Mains powered £10. 12V DC powered
£7.50. Phone 0327 78827 or write to W.
Adams, 45 Fraser Close, Daventry,
Northants NN11 5HD.

Collectors Item. Marconi radiogram,
early 1930's, solid wood cabinet, floor
standing, complete and working. £35,
could deliver reasonable distance. Ring
031 229 0067 (Edinburgh).

Dawe laboratory stroboscope, model
1209D. 0 to 18000 flashes per minute.
Facility for external triggering
(photography applications) and output
for counter. Self contained and
portable, near new condition. £70 ono.
Tel: Rushden (0933) 50119.

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

strictly prohibited in the Maplin
Magazine. Please print all
advertisements in bold capital
letters. Box numbers are available
at £1.50 each. Please send 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 8LR.

For the next issue your
advertisement must be in our hands
by 8th April 1988.

Systime 512 computer. 6.6 + 6.6Mb,
l/disc, two terminals, printer,
‘Burroughs’ word processor, manuals,
software. Believed working. Quick sale,
offers? Also Akai VT700 professional
V.TR, believed working. Offers? Tel:
Silas on (09666) 495, after 6pm.

Bryans 26000, A3 analogue XY/t
plotter with various accessories. £135
ono. Phone: Childs 0322 521722,
evenings.

Tandberg series 3000 reel/reel stereo
tape deck. Vertical or horizontal
operation. Complete with carrying
case, dust cover and 8 professional
quality tapes (if required). vgc £55 ono.
Wireless World stereo Dolby noise
reduction unit complete with
calibration tape; suitable for above tape
deck, vgc £25 ono. Tel: Leuchars (033
483) 8035,

Mixed components. Hundreds of new
and old components, IC's, resistors,
capacitors, opto’s, transistors, etc.
Please send all requests to G Fennell,
Hadyn House, Church Street,
Hemswell, Gainsborough, Lincs DN21
SUN.

Cheap Electronic Kit New and old
electronics as a kit. 100's of microchips,
Ies, trans, caps, and lots more. Just
contact: Gary Fennell, Hadyn House,
Church Street, Hemswell,
Gainsborough, Lincs.

Maplin 15W Amplifier Kit built,
tested & mounted in aluminium chassis,
£7 inc. p & p. Also copper clad board at
giveaway prices; Mike, Portsmouth
(0705) 694637.

COMPUTERS FOR SALE

Soroc VDU. Serial port will connect to
anything. Baud rates 110 to 19200,
integral keyboard with manual, £25.
Ring Mr. Mcluckie on 04747 5951
daytime (Longfield, Kent).

Room Electron, plus 1, View, Sheet
(caadriges) data recorder, 12in. B/'W
TV, books worth £7. All for £225 ono.
Can sell individually, buyer collects
after Spm. Tel: 061 236 2332
(Manchester).

Neos Mouse for Commodore. Brand
new, unwanted gift with ‘cheese’ art
program disk, for Commodore 64/128,
£15. Also music maker keyboard for
C64, £5. Fareham (0329) 235370.

BBC ‘B’ software on tape. Music,
peeko computer, membership
manager, £4.50 each. Welcome £3.99.
Games: Airline, mined out, £2.99 each.
Starship command £3.99. Tel: Hatfield
(07072) 60791.

Spectrum 48K computer plus interface,
Maplin speech synth, 18 programs and
joystick, £78. Fidelity sensory 8 chess

" challenger, £39. Tel: 0502 66026.

Disks, 25 DSDD, 5.25in. 96tpi, brand
new, only £20. 500 sheets A4 T0grm
micro-perforated listing paper, £11. M.
J. Edmonds, Richings, East End,
Fairford, Glos. GL7 4AP.

Amstrad CPC464 with monitor, colour
modulator, books and magazines,
speech synthesiser, £140. 70 software
titles, games and serious (worth £260),
£80. Both for £200. Tel: 0293 518104.
Commodore printex/disk drive. MPS-
801 printer with Z4 typestyles, C1541
disk drive. Suits any Corunodore
computer. With disks, paper, etc. 1
year old, as new. £180 the lot! Will split.
Fareham (0329) 235370.

First Byte switched joystick interface
for Electron, boxed with conversion
tape. Used twice, excellent condition.
Contact Peter Davey, 10 Westleigh
Drive, Sonning Cormumnon, Reading,
Berks RG4 9LB. Tel: 0734 722457.

CLUBS

Radiation monitors? Will Sellafield,
Trawsfynnydd, Hinkley, blow again?
Will they tell you? Have you gota
monitor and a Class A licence? Do you
want a Downwinders’ Doomwatch?
NOT Raynet. Contact Box No. 7,
Electronics, The Maplin Magazine, P.O.
Box 3, Rayleigh, Essex, SS6 8LR.

MUSICAL FOR SALE

M112 polyphonic sound generator
chip. Ordered in error. Unused (still in
packaging). £25 ono. Wanted: any info
on Maplin Matinee organ. Hereford
0432 383956.

Akai 636 reel to reel tape deck with
remote control, excellent condition.
£350 ono. Phone 0256 475952.
MIDItations is a cassette of easy-
listening synthesiser music performed
and arranged by David Howard using
MIDI.-Available for £3.50 (inc. P & P}
from: MIDhations, 9 Cavendish Drive,
Leytonstone, London E11 1DN.

Maplin organ complete to MESSS.
80W amplifier and speakers. Solid
wood console. Full working order with
diagrams and springline. Cost in
excess of £750, Serious offers? Must
sell, need space. Tel: 0277 821534.
Garrard 301, 3 speed transcription
motor. Black strobe turntable. Good
condition. Original packing. £50 ono.
Phone Southampton (0703) 466506,
Casio PT31 digital display keyboard,
2.8 octave keyboard, 7 voices, 18 beats,
18 tempos. 13 transposes, 12 préset
chords with 8 different types.
Automatic chords, memory. Fareham
(0329) 235370. £45.

1982 Matinee Organ plus stool, little
used, as new. Original component book
etc. Two adjustments needed. £300
o.n.o. Tel: 0272 694599.

WANTED

Pioneer $X525, amp/tuner or printed
boards with components, working or
not, any condition considered. Write to
Alex Palfrey, Commerce House,
Brockdish, Diss, Norfolk, IP21 4]Y.
Beginner wants copies of Television
magazine: 1970 onwards, must be
consecutive. Also radio and television
servicing books, the red hardbacks,
state price. Contact 44A Caersalem
Terrace, Llanelli, SA15 1AY.

Wanted 12V to 240V AC inverter up
to 800W intermittent rating.
Alternatively inverter transformer to
this rating. D. Lillington, Farm Cottage,
Merstone, LO.W. Ring 0983 529347.
Wanted service manual and/or circuit
diagram for Heathkit oscilloscope
model 10-18U. Please phone 0732
359376 or write to D. Terry, 4 Hadlow
Road, Tonbridge, Kent TN9 INU.
Wanted circuit diagram for high gain
585.5.B. AM/TM CB radio. Contact Alec,
898 Middleton Road, Chadderton,
Oldham, OL9 9SB.

Wanted oscilloscope, cheap, good
working order. Also ‘Electronics’ issues
1t0 8. V. Thomley, 10 Greenbank,
Ulverston, Cumbria. Tel: 0229 54250.
Wanted IBM ‘golfball’ printer
mechanism, etc., suitable for Maplin
driver and ASCII centronics facility.
Phone (091) 2525355.

Wanted dead or alive, barograph and
temperature recorders, G2LV. South
Molton (07695) 2495.

Information required on initialising a
Brother EP44 printer with a 48K
Spectrum using a transform ZXLPRINT
Ml interface. McAllister, 48 Daneswell
Drive, Moreton, Wirral, Merseyside.
Wanted Heathkit COA-2600/4 timing
light with built in advance meter, for
connecting to Heathkit CO-2600 ignition
analyser. Contact M. Mills, 34 Girton
Road, Sydenham, London, SE26 SDH or
Tel: 01 676 9005,

Wanted Oric Atmos microdrive and
Oric printer. Preferably with data. Also
any information on user groups still in
existence. Tel: Tom on 0772 617305
after 6pm.
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DID YOU MISS THESE ISSUES!

Project Book 1 Universal Timer. Programmable
mains controller. Combo-Amplifier. 120W
MOSFET power amp. Temperature Gauge. 10°C -
100°C, LED readout. Pass The Bomb! Pass-The-
Parcel with a difference. Six easy-to-build
Projects on Veroboard. Car batt. monitor; Colour
snap game; CMOS Logic Probe; Peak Level
meter; Games timer; Multi-colour pendant.
Order As XA01B (Maplin Project Boolk No. 1)
Price 85p NV.

Project Book 2 Digital Multi-Train Controlier.
Controls up to 14 model trains. Home Security
System. Six independant channels. Digital MPG
Meter. With large LED display, a must for more
economical motoring.

Order As XA02C {(Maplin Project Book No. 2)
Price 85p NV.

Project Book 3 ZX81 Keyboard. 43 keys, plugs
directly into ZX81 with no soldering. Stereo 25W
MOSFET Amp. 25W r.m.s per channel; Disc,
Tape, Tuner & Aux. Radar Intruder detector. 20
metres range, may be used with our security
system. Remote Control for Train Controller.
Remote control by infra-red, radio or wire.

Order As XA03D (Maplin Project Book No. 3)
Price 85p NVV.

Project Book 4 Telephone Exchange. Up to 32
extensions on 2-wire lines. Remote Control for
Amplifier. Volume, balance and tone controlled
via infra-red link. Frequency Counter. 8 digit
DFM, 10Hz - 600MHz range. Ultrasonic Intruder
Detector. Areas up to 400 square feet can be
covered.

Order As XA04E-(Maplin Project Book No. 4)
Price 85p NV.

Project Book 5 Modem. 300 baud transmission
speed over normal telephone lines. Inverter.
240V AC 60W from 12V car battery. ZX81 Sound
Generator. 3 tone generators fully controlled
from BASIC. Central Heating Controller.
Optimised performance with this advanced
system. External Horn Timer. Exterior intruder
alarm. Panic Button. Add on to our Home
Security System. Model Train Projects. Add on to
our Multi-Train Controller. Interfacing Micro
processors. How to use parallel /0 ports, with
circuits.

Order As XA05F (Maplin Project Book No. 5)
Price 85p NV.

Project Book 6 VIC20 & ZX81 Talkbacks.
Speech synthesis projects. Scratch Filter.
Tunable active circuit ‘reclaims’ scratched
records. Bridging Module. Converts two 75W
MOSFET amps to one 400W full bridge amplifier.
Moisture Meter. Finds damp in walls and floors.
ZX81 TV Sound and Normal/Inverse Video. TV
sound and inverse video direct. Four Simple
Veroboard Projects. Portable Stereo Amp; Sine
Generator; Headphone Enhancer and Stylus
Organ.

Order As XA06G (Maplin Project Book No. 6)
Price 85p NV.

Project Book 7 CMOS Crystal Calibrator. For
amateur radio receiver calibration. DX’er’s Audio
Processor. Improved sound from Comm-
unications Receivers. Enlarger Timer. An
accurate timer for the darkroom. Sweep
Oscillator. Displays AF frequency response on an
oscilloscope screen. VIC20 and ZX81 Interfaces.
RS232 compatable.

Order As XA07H (Maplin Project Book No. 7)
Price 85p NV.

Project Book 8 Spectrum Modem/RS232
Interface. 2400 baud self contained operating
system. Synchime. Simulates bells, gongs and
other chiming sounds. Dragon 32 R$232/Modem
Interface. Plugs into ROM expansion port.
Codelock. Programmable electronic lock. CMOS
Logic Probe. Digital display shows logic states.
Minilab Power Supply. Versatile unit for the test
bench. Dragon 32 I/O Ports. Two 8-bit ports.
Doorbell for The Deaf. Flashing lamp attracts
attention.

Order As XA08J (Maplin Project Book No. 8)
Price 85p NV.

Project Book 9 Spectrum Keyboard. 47 full
travel keys. VIC Extendiboard. Three expansion
ports, one switchable. Oric Talkback. Speech
synthesiser for the Oric 1. TDA7000 FM Radio.
Complete FM receiver on a chip. ZX81 High
Resolution Graphics. 256 x 192 fine pixel display.
Nine Projects! Personal Stereo Dynamic Noise
Limiter; Logic Pulser; TTL/RS232 Converter;

Pseudo Stereo AM Radio; and more.
Order As XA09K {(Maplin Project Book No. 9)
Price 85p NV.

Project Book 10 Spectrum Easyload. Helps
cassette loading with the Spectrum. 80m
Receiver. Simple SSB direct conversion receiver.
Fluorescent Tube Driver. 8W 12V for camping
and caravanning. Auto-Waa. Automatic waa-waa
effects unit. Digi-Tel Expansion. Expands Maplin
Telephone Exchange to 32 extensions. Oric 1
Modem Interface. Adapts the Oric 1 to the Maplin
Modem. Dragon 32 Extendiport. Makes the
Dragon’s cartridge socket more accessible.
Order As XA10L (Maplin Project Book No. 10)
Price 85p NV.

Project Book 11 Mapmix. Six channel audio
mixer. Xenon Tube Driver. Xenon flash tube
module with strobe. Enlarger Exposure Meter.
Simple inexpensive tool for the darkroom.

8 Channel Fiuid Detector. Check/control fluid
level in up to 8 containers. Servo & Driver
Module. Servo mechanism with driver module
kit. Mk # Noise Reduction Unit. Improves signal/
noise ratio of tape recordings. Cautious Ni-Cad
Charger. Controlled charging of ni-cad cells.
Motherboard for The BBC Micro. Gives easy
access to ports.

Order As XA11M (Maplin Project Book No. 11)
Price 85p NV.

Project Book 12 RTTY Unit. The TU1000
receives/transmits Radio Teletype; connects to
computer via R$232. Computadrum. Use your
computer as a drum synthesiser. Light Pen. Draw
onto the TV screen or select menu options. PWM
Motor Drive. Reversible model motor driver for
6Vand 12V,

Order As XA12N (Maplin Project Book No. 12)
Price 85p NV.

Project Book 13 Explosive Gas Alarm.
Flammable gas detector. Flash Meter. Get your
exposure right when using your flash gun.
Musical Announcer. A doorbell with a difference.
Mains Controller. An add-on for the 8-Channel
Fluid detector.

Order As XA13P (Maplin Project Book No. 13)
Price 85p NV.

Project Book 14 Live Wire Detector. Invaluable
aid for the handyman. Trundle. The line follower
robot as featured on Channel 4. 4-Channel PWM
Controller. Digital control of motors and servos.
Display Driver Module. How to use our LED
bargraph display ICs. Control-A-Train. Full inertia
control of model trains. Spectrum /O Controller.
Buffered 2-way 8-bit data bus and 8 control lines.
Order As XA14Q (Maplin Project Book No: 14)
Price 85p NV.

Project Book 15 Z80 CPU Module. Expandable
CPU based controller. Sharp MZ-80K Serial
Interface. Get into communications with this
project. Ultrasonic Car Alarm. Stop car thieves.
Active Crossover. includes matched output
power amplifiers. Guitar Equaliser. Specifically
for six string electric guitatrs. Fabulous Five. A
selection of interesting circuits.

Order As XA15R(Maplin Project Book No. 15)
Price 85p NV.

Project Book 16 Floodlight Controller. Both
power supply and mains switching unit for the
Infra-red Intruder Detector Kit. Spectrum
Parallel/Serial Interface. Provides 8-bit I/P and
O/P parallel or serial transfer with programmable
UART. Mains Tx/Rx Data Communications
System. Sends or receives data via the mains
wiring. 16-Channel Logic IC Tester.
Simultaneously displays logic states for any logic
IC of up to 16 pin-outs on your oscilloscope.
Order As XA16S (Maplin Project Book No. 16)
Price 85p NV.

Project Book 17 Video Digitiser. Interface a TV
camera to your computer. Mixing It. A
comprehensive range of audio amplifier
modules. Hobbyist's Temperature Controller.
General purpose electronic mains power
thermostat. ASCIl Keyboard. Professional
computer keyboard with standard ASCIl output.
Play Along Mixer. Play along to your favourite
records and tapes on your own instrument.
Order As XA17T (Maplin Project Book 17)

Price 85p NV,

Project Book 18 Weather Satellite Receiver.
Display regional weather systems on your TV or
monitor. Mixing It Part 2. Mono/stereo Hi-Z mic

input, mixer and line amplifiers; VU/headphone
driver. Stepper Motor Driver. How to build and
start using the Stepper Motor Kit featured in the
Catalogue. Amstrad Expansion System. The
Maplin Amstrad External ROM Card System for
the CPC 464, CPC 664 and 6128. Sealed Lead Acid
Battery Charger. Special high stability output
with automatic trickle charge mode for sealed
lead acid batteries. Fantastic Five. Veroboard
projects comprising HF tremelo unit, crystal
checker, clap switch, low-Z ohmmeter, snooze
timer.

‘Order As XA18U (Maplin Project Book 18)

Price 85p NV.

Electronics Issue 19 Active Aerial and Aerial
Tuning Unit. Get more from SW. Amstrad
Expansion System. 6 x 8-bit parallel I/O card and
PSU. ADA Digital Echo. RAM based low cost echo
machine. Mixing It. Mixer Modules’ PSU.

Order As XA19V (Maplin Magazine Volume 5
Issue 19) Price 75p NV.

Project Book 20 Weather Satellite Decoder.
Displays output from Satellite Receiver on TV or
monitor. Infra Red Proximity Detector. Short
range heat or movement detector. Fibre-Optic
Link. Sends AF signals over up to 20m of fibre-
optic cable. Low-Z Microphone Pre-amp. For 200-
6002 mics plus gain adjustment.

Order As XA20W (Maplin Project Book 20)

Price 85p NV.

Electronics Issue 21 6 Channel Burglar Alarm.
Develop a complete security system. Six Circuits.
Bass Fuzz, Voice-Over Unit, Noise Gate, Envelope
Tremolo, RTTY Decoder and Scratch & Rumble
Filter on veroboard. Notch Filter. AF processor
for communications receivers. 12V Public
Address System. 10W per channel from car
battery. Tungsten Lamp Controller. AC phase
control for mains lamps.

Order As XA21X (Maplin Magazine Volume 6
Issue 21) Price 85p NV.

Electronics Issue 22 MIDI Interfacing
Technigues. Connect MIDI instruments to the
VIC20 or CBM64. Hi-Fi Speakers & Enclosures.
Two high quality loudspeaker cabinet designs.
Keypad for Z80 CPU. At last a keypad I/F & ROM
for the Z80 CPU kit. 472 Digit Counter. Versatile
basic counter module to 442 digits. Weather
Satellite Down Converter Part 1. Aerial & freq.
converter for MAPSAT Receiver to tune into the
Meteosat satellite. Mini Circuits. Veroboard
Audio Level Tester, Sound Triggered Flash, In-
Circuit Resistance Meter, /R Audio Isolator.
Order As XA22Y (Maplin Magazine Volume 6
Issue 22) Price 85p NV.

Electronics Issue 23 MAPSAT Frame Store #1.
Z80B CPU controller. Servo Tester. Proportional
servo tester. Weather Satellite Down Converter
Part 2. Channel Switching Unit. Capacitance
Tester. 6 ranges, 3 digit display. More Mini
Circuits. Movement alarm, Stepper Motor Driver,
Pink Noise Generator, Optical Port Data Link,
‘Metal Pedal’.

Order As XA23A (Maplin Magazine Volume 6
Issue 23) Price 85p NV.

Electronics Issue 24 Nuclear Radiation
Monitor. Alpha, Beta, Gamma & X-ray gieger
counter. VHF Pre-Amp Module. MAPSAT VHF
pre-amp. External Horn Programmable Timer
Update. Modifying the module for use with other
than the Maplin Home Security System. MAPSAT
Frame Store #2. The Video Graphics Card. VHS
Video Alarm. Battery powered portable
movement alarm built into a VHS Video Cassette.
Order As XA24B (Maplin Magazine Volume 6
Issue 24) Price 85p NV.

Electronics Issue 25 Track side Rapid Charger.
Model radio control car ni-cad battery pack
charger using 12V car battery as power source.
Slow Charger. Mains powered trickle charger for
model cars. Temperature Module Expansion.
Relay switch board and serial to parallel
converter add-ons. Disco Partylite. High quality, 3
channel party lights. Mini Metal Detector. Detects
ferrous and some non-ferrous metals such as
iron wall board nails or brass screws. Tester for
Electrical Domestic Appliances. Check the safety
of any new appliance before you plug it into the
mains. Bob’s Mini Circuits. A pulsed speed
controller, atrain controller & an electronic lock.
Order As XA25C (Maplin Magazine Volume 7
Issue 25) Price 85p NV.




The Dollar has fallen...

and so have our Prices!!
coL D MULTIMETERS-OUTSTANDING VALUE FOR MONEY!

BUY NOW, THE TIME IS RIGHT!
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Protessional ; : Versatile Hobby
Has ollthe rangs! Wide Range Measures temperature [deal for beginners. Pocket

With battery tester. : Rugged, general purpose.
YI09K £3485 and capacitance. YI76H £695° : Al orice [
£2795 MO et YP23A £6.95 VI0AG 2645 ode VAT

50p towards
postage. All

items subject to
availability.
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Precision S Practical 4% Digif %
High sensitvity : Includes Superb Comprehensive
onAC ﬁ) Ufs(:l{i?:ngmg femperature ;ﬁ; T:;ei:a(ked multifeatured range of Puh b
rent& opseng probe. ng mulfimeter. features. sy

: digital with transistor meter. digital.
resistance. YI79L £6495 YIBIC £6995 YIT8K £3995~
; tester. YMG3T £28-
YiB08 £3995 £5495 ester. £59 05 £2845 £35.95 YITT) £2695°

Yil0L $4195
£35.95 YMédU 4485 : £25.95 £21.95

MORDER NOW AND GET A FREE CARRYING CASE WITH YOUR METER (WORTH UP TO £3.95)
Maplih ELECTRONICS Pick up a copy of our 1988 catalogue

from any branch of WHSMITH for just

P.0.Box 3, Rayleigh, Essex. Telephone Sales (0702) 554161. £1.60. Or fo receive your copy by post
send £1.60 + 40p p&p io our P.O. Box h X .
Shops at: Birmingham. Sutton New Road, Erdington. Tel: 021 384 8411, A ’ _ We're passing
Bristol. 302 Gloucester Rocd. Tel: 0272 23201 4. address. Ifyou live outside the UK. ; onadr excianaa
London. 159-161 King Street, Hommersmith W6. Tel: 01 748 0926. please send £2.75 or 12 Infernational nang
Manchester. 8 Oxford Rood. Tel: 061 236 0281. Reply Coupons. rate saving
Southampton. 46-48 Bevois Volley Rood. Tel: 0703 225831. } fo you!
Southend-on-Sea. 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702 554000. =

Low Cost
Enthusiasts




