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This issue of Electronics Digest has
been compiled from projects
published in Electronics Today In-
ternational. We have put together
a variety of projects including
some of a serious nature such as
the Watchdog Home Security
System and the Car Alarm and
some that are more geared

INTRODUCTION

towards the
electronics.

We also provide a PCB Service
to make your life a little easier. We
hope that you have fun construc-
ting all these projects — and that
electronics remains a source of
pleasure for you for many years to
come.
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HOME

SECURITY SYSTEM

Have you seen the price of meat these days? It's much too expensive to
keep a watchdog. Our ever-vigilant electronic version will protect your
valuables without creating ruinous butcher’s bills. Design by Ray
Marston. Development by Steve Ramsahadeo.

security system. When it is coupled to suitable input

sensors (window and doormounted security switches,
pressure mats, thermostats, panic buttons, and so on), and to an
output sound generator (alarm bell or siren), it gives excellent
protection against burglars and front-door thugs, as well as
acting as an automatic fire alarm unit.

The Watchdog is powered by a PP9style Ni<Cd battery,
whichis intended to be permanently tricklecharged by a simple
mains-powered charger unit. The Watchdog will operate for
about two weeks with mains power removed. Particular care
has been taken in the design of the entire home-=security project
to ensure that it has excellent reliability, with a high degree of
immunity against false alarms induced by lightning strikes and
radio interference. The system incorporates features such as
timer-controlled auto-turn-off of the main (external) alarm, a
builtin audiovisual alarm recorder, and automatic exit and
entry delays on the main burglar alarm system.

Operating Modes

The Watchdog has three basic operating modes selected
by a Yale-type keyswitch, these being ‘standby’, ‘reset’, and ‘on’.
When the unit is in the standby mode the basic burglar alarm
circuitry is disabled but the fire alarm and panic facilities are
fully armed: if a fire is detected by one or more of the
thermostats, or if one or more of the panic buttons are
momentarily closed, the external alarm bell or siren will be
immediately activated by the Watchdog’s built-in timer-
controlled relay. Simultaneously, the internal audio-visual
alarmrecorder will latch on, giving a permanent indication that
an alarm activation has occurred: after five minutes or so the
external alarm will automatically turn off, but the internal
alarm recorder will remain latched on until the key-switch is
moved to the reset position.

When the Watchdog is set to the on mode the fire and
panic alarm systems are immediately fully armed, as described
above, but the burglar alarm system is only semi-armed for the
first 50 s. This delay gives the owner time to check (from a built-
in LED) that none of the security sensor switches are active and
to then pass through armed doors and so on, without sounding
the main alarm. At the end of this 50 s delay the burglar alarm
system becomes fully armed, and the alarm then sounds and
self-latches (for a timer-controlled period) if any sensors are
subsequently activated. The burglar alarm system can be
temporarily disabled at any time for another 50 s period by
briefly operating a remote re-entry switch, which can take the
form of either a keyswitch or a concealed push-button switch,
thus enabling authorised persons to re-enter the building
without sounding the main alarm.

T he ETI Watchdog acts as the heart of a topquality home

4

Sensors And Alarms

The Watchdog can be used with a variety of types of anti-
burglary and fire-detecting input sensors, which can be coupled
into the system via terminal strips that are built into the unit. The
anti-burglary sensors can take the form of normally-open para-
llel-<connected devices such as pressure mats, and normally-
closed seriescorinected devices such as microswitches and
magnetically-activated reed relays mounted on doors and
windows. Fire protection can be obtained by wiring normally-
open thermostats in parallel, and thug protection can be
obtained by wiring normally-open panic (push-button) switches
in parallel.

The external alarm can be any electronechanical or
electronic siren or bell that is provided with its own power
supply and draws an operating current of less than 5 A; the
external alarm is activated by the contacts of relay RLA, which
is built into the Watchdog unit.

Construction

The Watchdog system consists of two independent units.
The main unit is intended to be wall-mounted and contains the
main electronics of the system, together with the key-switch,
LEDs, alarm-driving relay and the Ni<Cd battery. The second
unit is a simple mains-powered Ni-Cd tricklecharger and can be
mounted on a skirting board, close to a power socket, and
coupled to the main unit by a twin lead.

Construction of the main unit should present very few
problems, provided that the specified components are used and
that the usual care is taken to observe semiconductor polarities
and so on.

The Watchdog main unit and the trickle-charge unit.
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The ETI Watchdog Security System is keyswitch operated and has plenty of LEDs to iet you know exactly what's going on.

Start the construction by assembling all indicated
components on the PCB, as shown by the overlay, and then test-
fit the board into the specified case, together with the PP9style
Ni-Cd, taking care to ensure that clearance is available to give
access to the wall-mounting knock-out holes moulded into
each end of the case bottom.

Next, modify the top half of the case to accept the key-
switch and the seven LEDs, etc, and the lower half of the case to
accept the charger input socket and the PB-2720 transducer,
then complete the circuit interwiring, noting that current-
limiting resistors R11, R12 and R25 are wired directly in series
with LEDs 3, 4 and 7 respectively .

At this stage you can give the unit a brief functional check.
Switch to the standby mode and check that the alarm can be
activated by briefly shorting one of the N.O. thermostat or
panic-button inputs. Check that the main (external) alarm turns
off after a few minutes, but that the alarm recorder remains
permanently latched on and produces a pulsedtone audio
signal. Check that the recorder can be turned off by switchingto
reset. Similarly, check that the burglar alarm circuitry functions
as already described by switching to the on mode.

The charger circuit is so simple that its construction should
present absolutely no problems at all. Note, however, that Q2
must be mounted on a small heatsink. When construction is
complete switch the unit on, connect a DC current meter
directly across the unit’s output terminals, and check that a
current indication of roughly 70 mA is given. Finally, connect
the output of the charger to the charger socket on the main
Watchdog unit, switch on, and check that LED?7 (on the main
unit) illuminates.

Installation And Use

The installation of a home security system is a fairly major
undertaking, with many fine points to consider and ndividual
decisions to be made regarding the degree of protection that is
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required and the types of sensors that are to be used. In the next
few paragraphs we've outlined some very basic principles of
installation; however, it’s up to the individual reader towork out
the details of his own sensor and alarm generator networks, and
then couple these networks to the main Watchdog unit.

A complete home protection system should contain three
distinct types of sensor networks, these being designed to give
(1) fire protection, (2) anti-thug or panic protection, and (3) anti-
burglary protection. Fire protection can be obtained by
mounting normally-open thermostats close to the ceiling in
each room, then wiring all the thermostats in parallel and

The main unit contains the alarm sensing circuitry and the PP9 Ni-Cd
battery. Connections to the sensors depend on the application and none
are shown on this prototype — but all the necessary wiring can enter the
box through the two grommets in the lid. -

(93]



Watchdog

HOW IT WORKS

The circuitry of the main unit can be broken down into two distinct
sections, with the basic alarm circuitry plus alarm recorder to the
right of key switch SW1a, and the burglary-detection circuitry to
the left. The circuitry to the right of SW1a is permanently enabled
and can be activated at any time by the panic and fire inputs: the
burglary-detection circuitry is active only when the system is
turned fully on by SW1.

The operation of the basic alarm circuitry and the alarm
recorder is fairly simple. 1C2a-1C2b is a long-period monostable
{several minutes) and can be triggered by applying a high (logic 1)
signal to R13 via the D2-D3 OR gate; the mono can thus be
triggered by closing any of the fire-detecting thermostats or the
panic buttons, or by a high output from 1C1d. When the mono is
triggered, the output of 1C2b goes high for the duration of the
monostable period and thus drives RLA (and the external alarm)on
via Q1 fora preset period. Simultaneously, the output of 1C2a goes
low and causes special-purpose bistable 1C2¢-1C2d to self-latch
into a state in which the output of 1IC 2d goes low, driving LED6 (the
visual alarm recorder) on and activating the IC3-1C4 audible alarm
recorder circuitry. When the monostable turns off at the end of its
timed period the external alarm also turns off, but the audio-visual
alarm recorder remains active, giving a permanent indication that
an alarm action has occurred. The monostable and the recorder
can both be reset by briefly moving SW1 to the reset position.

The audible alarm recorder circuitry is quite simple. IC3a-1C3b
form a low-frequency astable, which is gated on by a low input
signal. 1C3¢-1IC3d form a high-frequency astable {a couple of
kilohertz) which is gated by the output of IC3b. The output of the
high-frequency astable is fed to acoustic transducer TX1 via
bridge-configured driver IC4. Thus, when the circuitry is activated
by a low input signal, an audible pulsed-tone signal is generated by
TX1.

The burglary-detection circuitry is designed around IC1 and is
active only when SW1 is switched to the on position. Here, the
N.O. and N.C. burglar-detecting security switches are wired in
such a way that a high voltage is normally applied to R3, but this
voltage goes low if any of the N.C. switches are opened or the N.O.

switches are closed. The R3 voltage is inverted by both IC1a and
IC1b, so that LED2 turnson and a high voltage is fed to one input of
IC1cif an intrusion occurs; C1 and R5-C2 filter the signals from R3,
to eliminate the effects of lightning-induced signals and transients.
The other input of IC1c¢ is controlled by the C3-R7 time-controlled
network, which causes IC1c to be effectively disabled for a minute
or so after SW1 is first moved to the on position or after the
optional re-entry switch is momentarily closed. The output of 1C1c¢
is inverted by 1IC1d and fed to the D2 input of the D2-D3 OR gate
where it can control the action of the main alarm circuitry.

Thus, when the burglar alarm circuit is first switched on by SW1
the IC1a-1C1b section is fully enabled, so that LED2 will turn on if
any of the security switches are incorrectly set, but 1IC1c-IC1d are
disabled by the C3-R7 network, so that the main alarm will not
activate under this condition. After a minute or so, however, the
1C1¢-1C1d section becomes fully enabled, so the main alarm will
sound instantly if any subsequent intrusion is detected.

Note that the main Watchdog unit is powered by a single PP9-
style Ni-Cd battery, which is intended to be permanently trickle-
charged by an external mains-powered charger circuit. Also note
that the circuit is provided with a total of seven LEDs, which give
visual indications of the existing operating mode, the presence of
sensor faultsjactions, the presence of the charger current, and the
record of an alarm action.

The charger circuit is very simple and is intended to apply a
permanent trickle-charge current of roughly 70 mA to the Ni-Cd
battery of the main Watchdog unit. Here, the mains voltage is
stepped down, ful' wave rectified and smoothed by T1-D9-D10-C8,
to provide roughly 13 V DC across C8. This voltage is used to power
the constant-current generator that is designed around ZD1-R26-
Q2-R27. ZD1 sets a standing voltage across emitter resistor R27,
which thus determines the emitter current of Q2: since the emitter
and collector currents of an active transistor are virtually
identical, the collector of Q2 effectively acts as a constant-current
source and is used to feed a trickle-charge current to the
Watchdog Ni-Cd via D8. LED7 (in the main unit) illuminates when
the charger is active.
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coupling them to the appropriate input of the Watchdog unit. ' '
Anti-thug or panic protection systems enable the owner to v
activate the alarm system manually if he is attacked by thugs Lo o_]

inside the house or suspects the presence of intruders in the

house. Protection can be obtained by mounting normally-open CONCEALED
push-button switches in readily accessible points near the front i

and rear doors and in the lounge and bedrooms and then wiring
all of the switches in parallel and coupling them to the
Watchdog unit.
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ERMOSTATS

BUYLINES

The piezo-electric transducer can be obtained from Ambit
International. Electrovalue are stockists for the PCB terminal
blocks. The 6 V relay, DC socket and key-switch are available from
Watford Electronics.

All the other semiconductor devices used in this project should
be available from advertisers in this issue eg Technomatic,
Greenweld etc. The Samos 002 case can be obtained from West
Hyde Developments.

Special-purpose security sensors, panic buttons and alarms are
available from specialist security companies such as Strathand
Security, 44 St Andrew’s Square, Glasgow G1 5PL.
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Fig.2 (Above) Circuit diagram of the trickle-charger.
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Burglary protection can be obtained either by using a
‘perimeter defence’ system that detects the intruder as soon as
he enters the building through a protected door or window, or
by using a ‘spot defence’ system that detects him only after
entry has been made (as he opens internal doors or treads on
concealed pressure mats), or by using a combination of the two
systems.

Selected doors and windows are easily protected with a
reed-relay/magnet combination: the magnet is installed in the
door or the opening window, opposite a reedrelay installed in
the frame, so that the relay is normally closed but opens when
the dcor/window is opened. All the relays are then wired in
series and connected to the appropriate input of the Watchdog
unit, so that the alarm activates when any of the protected
doors/windows are openad.

Pressure mats come in a variety of sizes and are easily
hidden under rugs and carpets. They are usually normally-open
devices, so any number can be wired in parallel and fed to the
appropriate input of Watchdog.

Modus Operandi

When planning the installation, the house-owner must try
tothink like aburglar. Normally, the burglar enters ahouse from
an easy access point that is obscured from the view of the
neighbours, ie a back door or window. Often, he breaks in using
tools ‘borrowed’ from the owner’s shed or garage, so these two
places should be included in the owner's defence system.
Invariably, the burglar’s first action on entering the property is
tosecure a rapid escape route, ie toopen the back door. He then
starts hunting for stealable goodies.

Once you've designed and installed your own sensor
systems you can couple them up to the main Watchdog unit,
which should be mounted in a central part of the house, such as
on alanding or at the foot of the stairs, so that it can be operated
with maximum convenience. The external alarm generator,

v
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Watchdog oo

complete with its own power supply arrangement, can then be
coupled to the output of the unit so that it activates when relay
RLA closes.

If you decide to mount a re-entry switch on the front door
of the house (so that you can enter the building without
activating the alarm), take care to conceal its wiring. If required,
a number of re-entry switches can be wired in parallel so that,
for example, the system can be temporarily disabled from
either the front door or the main bedroom.

The alarm system is very simple to use. The panic and fire
alarm side of the circuit is permanently enabled and can be
operated at any time. The anti-burglar section is enabled only
when the main key switch is set to the on position. If LED2 lights
at the moment of turn-on it means that part of the burglary
sensor system is either open or closed when it should not be,
possibly due to an open door or a chair resting on a pressure
mat, for example. The fault must be rectified before the system
is put to full use.

If you leave the house or pass through a protected area
after turning the system on, remember to use the re-entry
facility before returning to the unit, or you'll sound the alarm
and annoy the neighbours.

LED2 LEDY
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ANODE ANODE ANQDE SW1b {RESET}

SWia {ON)

[©] ) ruermostars
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Fig.3 Overlay for the main board. Note that R11,12 and 25 are mounted
off-board.
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Details of the keyswitch wiring. The off-
board resistors can also be seen.

[
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H -
PARTS LIST

Resistors (all 4 W, 5%

R1,13,18,19 10k

R2,23 1M0

R3 56k

R4,6,11,12,14 820R

RS 100k

R7 470k

R8,9 ak7

R10 47R

R15 4M7

R16,24 22k

R17,22,25 1k0

R20 18R

R21 12k

R26 2k2

R27 22R

Capacitors

C1,2 100n ceramic

3 220u 16 V axial electrolytic

c4 100u 10 V tantalum

C5 100u 16 V electrolytic (PCB type)

Cé 220n polycarbonate

C7 10n polycarbonate

c8 470 40 V axial electrolytic

Semiconductors

1C1 40938

1C2,3 40018

1C4 40118

Q1 8C109

Q2 TIP32A

D1,4,89,10 1N4001

D2,3,5,6,7 1N4148

D1 BZY#8 2V7

LED1,4,7 0.125” green LED

LED2,3,5.6 0.125” red LED

Miscellaneous

T 909 @ 75 mA

Sw1 two-pole six-way wafer key switch

SK1 DC socket and plug

$K2,3 4 mm sockets (and plugs)

X1 piezo-electric transducer

RLA 6 V DPCO, PCB-mounting

PCB-mounting terminal blocks; Verocase (order code

202-21031G); case for charger unit (order code Samos 002).

seasy |
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The Advertising Standards Authority. W .
i an advertisement is wrong,we're here to put it right.
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PEST CONTROL

If 1 could talk to the animals. . . I'd tell ‘em to go away. Get the
message across with this harmless little gadget. Design and
development by Phil Walker.

for all the local neighbourhood cats,

dogs, hedgehogs, rats, voles,
aardvarks and other small furry
creatures? If so, this device should
protect your seedlings, kiddies’ sandpit
or dustbin from their attentions until
you can make a more permanent
arrangement. It is harmless to the
animals themselves, being merely
annoying rather than painful.

Ouir first design involved
frequency-shifting a tape of Barry
Manilow up into the ultrasonic range
so that only animals could hear it, but
it was felt that this would lay us open
to prosecution by the RSPCA.
Consequently a second approach was
adopted.

Many people have noticed that,
when they operate the ultrasonic
remote controls on their TVs or hi-fis,
their household pets will protest loudly
and leave the vicinity rapidly. We have
designed this little device to capitalise
on the phenomenon, in reponse to our
readers requests for a gadget capable

I s your garden the main attraction
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of protecting precious plants without
the need for violence!

The ‘Allez<Cat’ consists of two
basic parts: the first is an oscillator
tuned to 40 kHz while the second is a
voltage doubler and pulse generator.
The pulses are about 10 milliseconds
long and occur two to three times a
second. This is done to reduce batterv
drain and increase the annoyance
factor (for a cat, dog, hedgehog . . .).
The voltage doubling action increases
the available output power for a given
battery voltage.

The whole device (apart from the
battery) fits into a small plastic box and
can use 6 V or 9 V batteries such as a
PP1 or PP9, as convenient. If it is to be
used out of doors, some form of
protection from rain or other water
should be provided as the transducer
isn’t waterproof.

Construction

The device is constructed in a
small plastic box which is modified to
clip onto a PP9 or similar battery using

the battery connectors. The assembly
of the PCB should offer no problems
provided that care is taken with the
polarity of capacitors and diodes. Do
not fit the transducer to the board at
this stage.

Mount the switch on the lid of the
box using two short bolts. The large
grommet should fit fairly loosely into
the large hole in the lid and the
transducer may be pushed into its
centre using reasonable care. (Push in
from the rear and avoid pressing the
mesh front). Attach some thin single
strand wire to its pins, and put the lid
on one side for the time being.

Assemble the battery connectors
to the side of the box as shown in Fig.
1, remembering to attach wires about
2” long to the solder tags first. The
small grommet is cut in half (ie into
two discs), each half being sandwiched
between the battery connector and the
case. This gives a steadier mounting, as
the rear of the connectors is bowed
slightly. Attach the wire from one
connector to its proper hole on the



PCB. Then attach another short length
of wire to the other supply hole on the
PCB.

Bolt the PCB to the lid of the box
using the spacers and ensure that the
wires to the transducer are soldered to
the proper holes on the board. Connect
the two remaining wires to the switch
and assemble the two halves of the box
with self-tapping screws (these are
provided with the box). You are now
ready to control the migratory habits of
the animal kingdom.

HOW IT WORKS

IC1-R6-R7-R8-C4 together with TX1 form a
power oscillator which drives TX1 at its reso-
nant frequency of 40 kHz for maximum effi-
ciency. Q1,Q2 and their associated com-
ponents form a standard multivibrator
oscillator with a low natural frequency. R5
and Q3 form an electronic switch which
applies the negative spikes occurring at the
junction of C3, R3 and D2 to IC1. This means
that the power supply to IC1 consists of short
spikes of up to twice the battery voltage. The
duration of the spikes depends on the current
drawn by IC1, since this current flow alters the
mark/space ratio of the multivibrator from a
square wave to a series of widely spaced
pulses. The repetition rate of these pulses is
determined by C2 and its associated timing
resistors.

The Allez-cat PCB easily fits
into a small Vero potting
box, with the battery
connectors bolted through
the side of the case (above).
The whole project then clips
directly onto a PP9 battery
(left).

Fig.1. (right) Constructional
details of the battery
terminals.

Fig.2. (below) Component
overlay for the Allez-cat
pest control project.

10
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Pest Control

PARTS LIST BUYLINES

Resistors (all 4W, 5%)
R1,6 1k0 8;’2 gg:ggl No problems with any of the parts for this pro-
R2,34,5 10k D1.2 1N4148 ject, with the possible exception of the ultra-
R7 100R v sonic transmitter. The catch is that most mail
R8 10R . order companies sell these in matching pairs,
gd\;/s:ellaneousminiamre rockerror slide but for this application we don't need the
Capacitors switch receiver. A quick chat with Watford Elec-
C1,23 100u tantalum ™ 40 kHz ultrasonic tronics established that they are prepared to
C4 10n polycarbonate transmitter ‘ oblige with single transducers, so direct your
PCB (see Buylines); PP9 battery; pair of PP9 enquires thence. PCBs', as ever, are available
battery connectors; two solder tags; fixing from us at the price listed on page 81.
hardware; grommets; case (Vero 75-1469L).
r«/o ’ * — - —
sw1 2 o
R1 R2 R3 R4 o .
1k0 10k 10k 10k 6
/ 3,4,5,7,
10, 11,12 ™1
1+
__i ! } ) R6 R7
- B1 c2 1k0 100R
— ) 100u Q2 >
+ D1 D2
c1 +1 (02:1 R8
== 1000 | 10n 10R
! T
Q1 100u »
“ - - * "\ a3
NOTE: R5
IC1 1S LM380 10k
Q1,2 ARE BC107
Fig.3. Circuit diagram Q3 1S BC182L
of the Allez-cat. D1,2 ARE 1N4148

HEMMINGS

DEPT. @

16 BRAND ST
HITCHIN
HERTS.SG5 1JE

Tel: (0462) 33031

ELECTRONICS AND
MICROCOMPUTERS

Shop open Mon.-Set. 9 8.m.-5.30 p.m.

Ciosed Tuesday afternoons

Professional quality slectronic components, brand new and fully guarantsed. Mall
order by return of post. Cash/ChequePOs or Banker's Dratt with order, psyabie to
Hemmings Electronics Ltd. Official orders from schools, colleges and universities
welcoms. Trade and export enquiry welcome. P.&P. add 45p to all orders under £10.
Telaphone your Access orders, using our 24-hr. Ansaphone service. Pleass send SAE

for full price list.

VAT - All prices axclusive of VAT — Please add 15% to total cost including P.&P.
No VAT on export orders or books.

'COMPUTER | Y2 0750
00p

ICs | Av-5-1013A
350p 300p

MC1488  55p
MC1a89  55p

38
29

280ACTC 300p
ZBOADART
750

> | MEMORIES

Static RAM
2114L-200nS

95p
6116P3-150n5

390p
6116LP3-150n.
s 450p

Dynami¢ RAM
4116-200nS
0 130p
4164-200 nS
2 500p
Eprom
2708.450ns
240p
2716-450nS
10p
2532-450nS

380p
2232-450nS

3309
2764-2850nS

495p
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PCB TRANSFERS
Make your own Printed Circuit
Boards with Alftac Resist PCB
Transfers
W Draw your artwork on 0.1

nd

w Transfer to copper board
using carbon paper

W Burmish the Alfac transters to
the board using a spatula
using carbon marks 10 assist
in accurate alignment

W Use Alfac chemical eraset to
correct mistakes

W Etch in Ferric Chioride

EC900/1 0.1 Edge Connector

EC902/1 0 156 " Edge Connector

EC908 0 063" Pads

EC9100.094" Pads

€C9110.189°" Pads

EC9400.016" Lines

EC9410.031

EC9420.039

EC9430.049

Lines
Lines
Lines
Lines
Lines.

ines

Lines
€C950/1 0.031  30° Bends
EC951/20.061 " 90° Bends
£C951/1 0.031° 30°. 45°. 60"
Bends
EC952/2 0.061
HBends
EC960/1 TO-5 Transisiof Pads
EC993/1iCPads
EC997/1 IC Pads with tracks be.
tween pads
5identical sheets in sealed pack

195

]P' 45*, 60°

P
Individual sheets 45p
Spatula AR4 for burnishing  45p
Alfac knife 18
Spare Blades {pack of 10)
Alfac Chemical Eraser
Alfac Precision Grids® Polyester
film, matt linish 0.14mm
thickness. 20 hnes/in
Ad 100p; A 195p

Double Sided Fibreglass Board
1716 thickness. 10z Copper

5 x4 35p:5 x8° 60p
Dalo Etch Resist Pen 85p
Fereic Chloride Crystals Dissolve
0 1/2 Litre Water 85p

0p
280p
40p

LIQUID CRYSTAL
DISPLAY MODULES

PCIM127 Frequency Counter 5
Diglts, 0 35°%M SW, MW, MH:
KH: Annunciators, Sample and
Hold Capabitity. Reset Capability.»
25 Selectable IF Offsets
Prescaler Available
Incandescent Backlighting
QOption Supply Voltage Sv.
QOperating Current dmA  1715p
PCIM 176 Digrtal Voltmeter, 3 12
digits. 0.5" and Decimal
Point, 200mV Full Scale Input.
True Ditferential Inout
Guaranteed 'O’ Reading. Single
9v Operation, Pow:r
Consumption 20mw. Accuracy
15%, «/ 1 Count,
Temperature drift 30ppm/C. Low
Battery Indicator. Incandescent |
Backlnﬂming 1950p
Both Modules are supplied with
adsta sheet.

TEMPERATURE METER |

A fulty self.contained digital tem-

perature meter. battery operated

with an LCD display

# Temperaiure range 0-99.9°C

#Accuracy 0a0°C &

» 40-70°C -~

* 70-999°C

#Battery 9v alksline. Lifetime

approx. 1 year

# External temperature probe

£€20.5%

OJ©© 0 @

The Complete Printed Circuit Workshop

FULL HOBBYBOARD
CATALOGUE & PRICE LIST

Supplies all your PCB needs including Draughting Aids, Process Materials, Hand
Tools, Hardware, Instrument Cases etc. Also introducing a choice of PC
Prototyping Systems and the Daylight Fototool System for precision
photography (no datkroom) and superb label/panel-making. PLUS 2 pages of
Add-ons which give your home computer useful “real world” applications and
offer fascinating program/hardware development.

Newly Published Full Catalogue - price £1.50
(Refundable with 1st order over £10)

Easy Add-ons for 2X Spectrum & ACE

17 exciting electronlc projects to build and run your own micro.

® LIGHT PEN ©® WEATHER STATION 53

@ PICTURE DIGITISER @ + OTHER EXCITING & \/‘fﬂ'
@ KEY PAD INTERESTING PROJECTS

@ MODEL CONTROLLER

Anewly refeased book by well known author Owen Bishop, published by Bernard
Babani, describes in detail 17 projects to build {using low cost materials) to bring
your micro into the real world.

Themost complex component {the DECODER} is supplied in kit form ready to assemble with all
components and plated through PCB

Order ref HB/2000 “EASY ADD-ONS” BOOK + DECODER KIT £24.00
Drder ref HB/2001 “EASY ADD-ONS” BOOKONLY _ £3.00
Order ref HB/2002 DECODER KIT ONLY ~ £22.00
Order ref HB/2003 DECODE R PCB ONLY _£8.00

Please state computer when ordering.

Prices inclusive of VAT & carriage

adivision of

KELAN ENGINEERING Ltd
Hookstone Park
Harrogate, N. Yorks

A
|

shop

(A

complete P.C.B. work
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At last — an enlarger timer
designed for the photographer
by a photographer. Design and
| development by Tony Alston.

ost enlarger timers use either

potentiometers or rotary

switches for time period
selection; however, both these methods
suffer from some drawbacks. First the
potentiometers, although inexpensive,
are generally difficult to line up with a
timing mark especially under darkroom
conditions, and also tend to wear out
after long usage. The rotary switch
overcomes the alignment problem but
the timing period range is normally
limited to the number of click stop
positions — mostly 12 ways, maximum
18 ways. The ETI Enlarger Timer does
not suffer from either of these
problems; it uses only eight toggle
switches in conjunction with the 2240
programmable timer IC to offer a wide
range of accurate and easily selected
timing periods ranging from one
second to 4 minutes 15 seconds in one-
second steps.

This flexibility is due to the
programmable eight bit counter,
oscillator and control flip/flop featured
within the timer IC. Having set the time
base to 1 s using PR1, R4 and C2, each
single switch (SW1-8) will give the basic
timing periods of 1,2,4,8,16,32,64 and
128 s; by switching in more than one
switch, any combination of timing
periods can be achieved as previously
mentioned.

Construction

As can be seen from the
photographs, all switches and push-
buttons are mounted on the front
panel together with the LED indicator.
Suitable mains input and output
sockets such as Bulgin miniature mains
type are mounted on the rear case
panel, input nearest the transformer,
output (for the enlarger) by the PCB.
The PCB design will enable an easier
and neater assembly, but make sure to
orientate components D1-D5, Q1, IC1,
C2, C3 and LED1 as shown in the
overlay diagram. Note that C2 must be

12

a tantalum bead type.

Once all the components are
mounted on the PCB and the switches,
LED1, sockets and transformer are
wired to the board, make sure that the
panel assembly does not foul the
transformer or the relay when fitted to
the case.

Setting Up

This couldn’t be easier; having
checked all connections, connect the
timer to the mains and the enlarger to
the unit. First put switches SW1-8 and
SW10 in the off positions, put SW9
(onjoff switch) in the on position,
operate focus switch SW10 and the
enlarger lamp will light. Switch SW10
to the off position. Adjustment to the
timing range can now be made; switch
SW1 only (1 s switch) to on and adjust

HOW IT WORKS

PR1 to give a timing period of 1 s fter
PB1 (starti) is pushed — a stopwatch or
digital watch is ideal for this.

Using The Timer

Switch on SW9 (on/off switch) and
power will be applied to the circuitry.
SW10 can be used for focusing the
enlarger; cancel SW10 once this is
done. Select the timing period required
using a combination of SW1-8, push
PB1 and the enlarger lamp timing cycle
will commence; after this period the
timer will stop/reset. LED1 will be on
during timing period as a visual
indication. If cancellation of a timing
period is needed press PB2 which will
abort and reset the timer. If any
interference from RLA/2 is experienced,
fit a 100n 600 V capacitor as marked
on the circuit and overlay diagrams (C4).

| The heart of the ETI Enlarger Timer is the
2240 programmable timer IC which
features a time base oscillator, program-
mable eight bit counter and a control flip-
flop that can be used in monostable or
astable mode. Here it is used in the
monostable mode.

On application of a positive pulse to
pin 11 (trigger) via PB1 and R1, the timing
cycle is started. The trigger input activates
the time base oscillator, enables the
counter section and sets the counter out-
puts low from their normally high state.
This switches on Q1 and activates RLA for
the time duration as set by the SW1-8 com-
bination. The timing sequence is completed
when a positive pulse is applied to pin 10
(reset) via R3 from the output bus, disabling
the time base and counter sections and
returning the counter outputs to a high
state.

The duration of the timing cycle T is
given as:

T, = nT = nRCseconds

(Rinohms, Cin farads}
where T (= RC) is the time base period as
set by the timing components at pin 13
(PR1. R4 and C2) and n is an integer in the
range of 1 <n <255 as determined by the
combination of counter outputs (pins 1-8)
via SW1-8 to the output bus. The time base

as set by PR1, R4 and C2is 1s.

The binary-counter outputs are the
open collector type and can be shorted
together to the common pull-up resistor R6.
Thus the time delays associated with each
counter input can be added together; for ex-
ample, if pin 6 is connected by SWé6 to the
output bus the duration of the timing cycle,
To is 32T. (T is 1 s as previously stated).
Similarly, if pins 1,5, and 6 are all connected
to'the output bus via their appropriate swit-
ches SW1, SW5 and SWé the total time
delay is 49T (1 + 16 + 32). In this manner the
timing cycle can be programmed to be from
1sto 255 s (four minutes 15 s} in 1 s steps by
proper choice of switches SW1-8.

The enlarger lamp is powered from the
AC outlet socket and receivesits currentvia
the RLA/2 contacts for the duration of the
selected timing period. An LED is incot-
porated as a visual indicator; it is switched
on by RLA/1 and remains on for the timing
period. Manual cancellation is provided for
by PB2 which applies a positive pulse to pin
10; this can be used at any point in the tim-
ing period. SW10, the focusing switch, over-
rides the RLA/2 contact regardless the out-
put state of 1C1 thus enabling the enlarger
to be focused.

The power supply tonsists of T1,
D2-D5 and C3 which provides smoothing.
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Enlarger Timer

PARTS LIST

BUYLINES

Resistors (all 4W, 5%) Q1 2N3702 Most of the components used in this project
R1,2,6 10k 1N4148 can be easily obtained for component
R3 47k D2-5 1N4001 retailers or mail order firms. IC1isavailable
R4 33k LED1 0.2” red LED from Technomatic and the relay is from
R5 22k . Watford Electronics. The case we used is
R7 1k5 Miscellaneous . from Tandy, order no. 270-627; and if you
Bttt PB1,2 momentary action push- don’t want to make your own PCB from the
ng" fome, er22l( At aTone hroitzondsl button foil pattern at the back of the magazine,
resemtlma UrESioRizon 2 SW1-8 SPST “:"“"“"e toggle then take a look at the advert for our PCB
p SW9 SPST 240 V 3 A miniature Service on page 91.
Capacitors rocker
. . SW10 SPST 240 V 3 A toggle
c1 10n disc ceramic RLA 12V DPDT PCB-mounti
C2 22u 16 V tantalum 205R coil (see B Io: )mg,
Cc3 1000u 25 V axial electrolytic cotliseeBuyInes
ca 100n 600 V mixed dielectric Transformer (12 V, 250 mA or similar); AC
outlet socket (Bulgin type); PCB (see
Semiconductors Buylines); mains lead; case to suit (see
IC1 uA2240CP Buylines).
TO ENLARGER EROM
LAmP FrOM Swa (Left) Inside the
prototype, showing
the neat layout and
: tidy wiring.
COMMON
o o z “e 2enes
Jo 2
- - PN PB1
— FF > sws
T L E * o @E E T C1 sw?
= )( + 4 SW6
RLA [ SW5
SW10 PR1 o
s <l .(H) swa
e © o) sw3
o sw2
8 SWi
| PB2
o c3 8 P81
LEDII L!D1
ANODE CATHODE
Fig. 1 Component overlay of the ETI Enlarger Timer.
3o 5,
1
x
RLA !
§R2 - LED1
L :?Lnr 16 PRI
e 11 22k
9 RG
PB2 i1 - 10k S
ABORT S R?
= r— = S k6
l1 T2 |3 la F» ls l7 ls s |12
A A * / f
[ LSS _as
SW1 Isw2 Isw3 jswa [SW5 [SW6 |Sw?
/‘ (S)V':II?OFF l ] l 1 i ] [ l g L ‘Q Q1 r{
- L : - r - >
_[ i ~ BLA
e | I'—— C1 c2
W [ ]:On 'IZ-ZU
I s
L] >
> W - '
SW10 RLA = ‘ -4
c FOCUS <
Zeovns =_= {SEE TexT) S T
’—.\ : - +
>‘ ICT IS uA2240CP o2
. die o
& D2-5 ARE 1N4001
\T’ LEDT 1S 0.2 RED LED
EC

Fig. 2 Complete circuit diagram of the timer. C4 may be necessary to suppress switching noise from the relay contacts.
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PHONE BELL SHIFTER

If you want to customise your phone without
incurring a visit from the British Telecom
heavies clutching their wirecutters, then this is
the project for you. Design by Ray Marston.
Development by Steve Ramsahadeo.

A unique feature of our Phone Bell and the output speaker) are built into a

Shifter project is that it uses a
micropower signalsampling technique
to detect the presence of a ringing
signal and then automatically switch
the unit into the full-power mode.
Because of this technique, the unit
draws a quiescent current of a mere
7 uA, thus giving up to two years of
continuous operation from a single
PP9 supply battery.

single Verobox, which also houses the
PP9 supply battery, and construction
should present very few problems.

A number of high value resistors are
used in the circuit, so extra care should
be taken to ensure that moisture and
contaminated grease are not allowed
to shunt down the effective values of
these components, when PCB
construction is complete and the

circuit has been tested, the board
should be given a coating of varnish to
prevent the ingress ot moisture,

When the PCB construction is
complete, fit the PCB and the PP9
battery into the recommended
Verobox and complete the interwiring
to RV1, SW1 and the input and output
sockets. Fit the specified speaker in a
second Verobox and then connect it to
the input of the main unit.

To set the unit up initially, simply

The Phone Bell Shifter project is
provided with two preset pots plus a
normal volume control, and is simple
to set up and use. The acoustic pickup
transducer (which forms the input of
the unit) is simply placed underneath
the telephone body (below the bells)
and the sensitivity of the unit is then
initially adjusted by one preset to give
the desired trigger action when the
phone rings: once this pot has been
initially set, it requires no subsequent

day British telephone system is

that all bell-type phones
generate virtually identical ringing
sounds, thereby creating all sorts of
problems. In the home, for example,
while watching TV you'll often hear a
phone ring and instantly leap to your

a major problem with the present-

feet to answer the call, only to find that  adjustment. adjust sensitivity control PR1 so that
the ringing sound comes frc‘)m a phone the unit's alarm activates when the

in the TV programme. Similarly, when . phone bells ring, and then adjust PR2
you are relaxing in the garden on a ConStrUChon so that the alarm volume does not fall

to zero when the main volume control
is turned fully down.

All of the major electronics of this
project (except the input transducer

summer’s day, or when you have
wandered into a neighbouring office at
work, you'll often hear a distant phone
ring and will not know if the call is RV1
intended for you or a neighbour. - R6 g o
The ET! Phone Bell Shifter project LS e ¢
is designed to overcome these 2 1 2
identification problems by giving your 1 |
phone its own distinctive sound. The R1
project consists of a sophisticated five
IC circuit; its input is provided by an
inexpensive transducer, acoustically R14 D2 +
coupled to the phone body to detect — - 0
the ringing of the phone bells, and its ! = 6
output is taken to an external 15R “ ‘
speaker from a built-in alarm-tone i
generator. A distinctive pulsed-tone
alarm sound is generated which is ov
synchronous with the detected phone !
bell signal. The speaker is connected to gy 1(0v)
the output of the unit using twin flex,
and can either be placed near the
phone (so that the unit acts as a phone
identifier) or can be placed at a remote
location (so that the unit acts as a
phone bell extender).

R3

D1

R12 1

R13 R11
e SW1 &

SK2(+Ve)

RV1 RVI1 SK2{-Ve)

WIPER
Fig. 1 Component overlay.
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Phone Bell Shifte

N Swt

Fig. 2 Circuit diagram for the Phone Bell
Shifter.

NOTE
1€1,2 ARE CA3140
1IC3'1S 40018

IC4 1S 400708

1C5 1S 40118
Q115 8C100

Q215 VNBBAF
D1-3 ARE 1N4148
D4,5 ARE 1N4001

R8
10m

11,14 38

R20

ON

$K2 Ls)

15R
o

HOW IT WORKS

First ignore the effects of the signal-sampling
circuitry and assume that Q1 is replaced by a
short-circuit, so that supply power is con-
tinuously applied to 1C1 and 1C2.

The acoustic pickup device used in the
circuit is a PB-2720 transducer, which is
placed under the phone body, below the bells.
This transducer has a poor low frequency
response, but is quite sensitive to the high fre-
quency (3 to 5 kHz) overtones of the phone
bell. The output of the transducer is applied
directly to the input of non-inverting variable-
gain amplifier 1C1.

Although the input of IC1 is DC-
grounded by R1-R2, the CA3140 op-amp used
in this position is able to respond to input
signals all the way down to 0 V: consequently,
the output of this op-amp (pin 6) corresponds
to an amplified but positively half-wave rec-
tified version of the input signal. This signal is
fed to the input of norrinverting voltage com-
parator 1C2, which is reference-biased at
about 3 V by R6-R7.

Thus, the overall action of the IC1-1C2
circuitis such that the output of IC2is normal-
ly low, but changes into a series of 3-5 kHz
square waves in the presence of bell-ring input
signals. These square wave signals are pro-
cessed by the R13-D2-R14-C2 dual-time-
constant integrating network, so that a high
DC voltage (6 V) is developed across C2 in the
presence of a true ring signal, and this voltage
is used to activate the IC5 alarm-tone
generator circuitry. Note that, because of the
integrating action of D2-R14-C2, the input
signal must be sustained for greater than
50 ms to initiate a high switching actionin IC5,
so the circuit has excellent immunity to tran-
sient signals caused by physically banging the
telephone body or PB-2720 transducer
Similarly, because of the actions of R13-C2,
the 1C5 alarm circuit does not turn off until
several hundred milliseconds after the bell-
ring input has been removed, and thus gives a
single continuous action from a double (ring-
ring) input signal.

The 1C5 oscillator circuitry is quite sim-

ple. 1C5a-IC5b is a low-frequency gated
astable (about 6 Hz), with its output fed to the
input of 1 kHz gated astable 1C5¢-1C5d. The
output of the 1 kHz astable is fed to the input
of VFET Q2 via volume control pot RV1, and
Q2 uses the external 15R speaker as its drain
load. In the absence of an input signal (from
C2) the two astables and Q2 are cut off and the
circuit consumes virtually zero standby cur-
rent: in the presence of a high signal from C2
the low frequency astable activates and pulses
the 1 kHz astable on and off at a 6 Hz rate,

thereby producing a pulsed tone in the 15R
speaker.

Note that the supply to the major sec-
tions of the Phone Bell Shifter circuitry is
decoupled from speaker/Q2 transients by D4
and Cé6.

In this circuit, 1IC5 and Q2 consume vir-
tually zero quiescent current, but the 1C1-1C2
ring detector stages would, if continuously
powered from a 9 V supply, consume a quies-
cent current of about 4 mA and would thus
flatten a PP9 battery in less than two days of
continuous running. To overcome this pro-
blem and vastly extend the battery life, we use
a signal-sampling technique in which a
micropower oscillator network (1IC4-1C3-Q1}is
used to feed pulses of supply power to the 1C1-
1C2 ring detector circuit and simultaneously
check the output of the detector for signs of
such a signal; if a signal is detected, the cir-
cuitry then applies full power to 1C1-1C2, so
that the signal can be fully processed. The
sampling pulses are only 160 us wide and are
repeated every 180 ms; consequently the
mean power consumption of the detector cir-
cuit is reduced by a factor of 1125, to a mere
3.5 uA. The micropower oscillator network
also consumes a running current of 3.5 uA so
the total quiescent current of the entire Phone
Bell Shifter circuit works out at 7 uA, thus giv-
ing up to two years of continuous running
from a single PP9 supply battery.

IC4 is a special-purpose micropower
oscillator circuit, designed around a 4007UB
dual complementary pair plus inverter CMOS
chip: a full description of this oscillator was
given in the October edition of Designer's
Notebook. The output pulses of 1C4 are fed to
one input of the 1C3a-1C3b OR gate and then
passed on to emitter follower Q1, which con-
sequently connects supply power to the IC1-
IC2 ring detector circuitry for 160 us once
every 180 ms. Simultaneously, the output of
1C2 is peak-detected (inspected) during the
sampling period and the resulting signals (if
any) are stored in C1 and fed to the second in-
put of the 1C3 OR gate. Consequently, if a bell-
ring signal is absent during the sampling
period, the output of 1C2 will be low and zero
voltage will appear across C1, so another sam-
ple pulse will be applied 180 ms later. If, on
the other hand, a bell-ring signal is present
during tha sampling period, the output of 1C2
will switch high and store a high voltage on C1,
thereby taking the second input of the IC3 OR
gate high. This causes Q1 to turn fully on, so
that the supply is semi-permanently con
nected to 1C1-1C2 and the input signals may be
fully processed.

PARTS LIST

Resistors (all 4W, 5%)

Q

(]
R1 47k
R2 10k
R3,18 100k
R4 120R
R5,12,14,20 22k
R6 56k
R7,9,15 33k
R8,10 10M
R11,13,17  1M0
R16 220k
R19 68k

Potentiometers

RV1 22k logarithmic

PR1 2k2 miniature horizontal
preset

PR2 22k miniature horizontal
preset

Capacitors

C1,35 10n ceramic

C2 2u2 16 V tantalum

c4 100n ceramic

(¢ 100u 16 V PCB electrolytic

Semiconductors

1C1,2 CA3140

1C3 40018

1C4 40078

IC5 40118
BC109

Q2 VNG66AF

D1,23 1N4148

D4,5 1N4001

Miscellaneous

SW1 SPST miniature toggle

LS1 15R 2 W, 5” x 3” elliptical
speaker

S$K1,2 phono socket

X1 PB-2720

Case for electronics (Verobox order no.
202-21391A; case for speaker (order no.
202-21030K).

BUYLINES —

LS1 might prove a little difficult to obtain from
your local component emporium, but Wat-
ford Electronics have agreed to supply the
speaker on request. The VMOS transistor (Q2)
is available from Electrovalue, and Ambit In-
ternational are stockists for the PB-2720. The
PCB can be obtained from our PCB Service —
see page 91 for details.
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Play it again (and again, and again), SAM! -
When you feel like working off your
aggressions, try to zap the nasties as
they fly past. Design and

development by Phil Walker.

he ET! Sound Track is an
I ‘arcade’ game you can carry

in your pocket. It requires no
special displays as all the cues are
sounds. The object of the game is to
intercept all 15 of the attackers with
your own armament. In order to do
this you have to judge the best
moment to fire from the simulated
sound of the attacker. It is made
more realistic by the fact that both
volume and frequency changes due
to Doppler shift are included. As the
game progresses the speed of the
attack increases to prevent you
getting too used to one pace. Also
there are three levels of skill which
determine how difficult it is to hit
the attackers at all.

At the end of the game, if

enough of the attackers have been
intercepted, an LED will light up to
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give an assessment
of your performance.
As an option, an aiming
cantrol can be fitted, if
space permits, which will
allow multiple shots if you are
quick enough. To start the game,
press the reset button and wait for
the first attack. Now it’s up to you.
Bear in mind that your shots are
effective only at the end of the
shooting noise and while the target
light is on.

The Circuit

The circuit for this project uses
standard op-amps, CMOS counters
and gates and a special sound
effects IC. This allows us to make
fairly realistic sounds to simulate an
object flying past, some sort of
weapon being fired and an

explosion if a successful
interception has been made. In
order to make the completed
project hand-held, the PCB is fairly
crowded but quite a lot has been
put onto it.

The heart of the system is a
voltage controlled oscillator
operating at a frequency of less than
0.2 Hz. This provides two outputs;
one is an asymmetrical triangle wave
which controls the attack sound
effect and simulates the position of
the target while the other output is
a logic signal to drive the score
counters. The VCO frequency is
modified by the attack counter such
that the attacks proceed more
rapidly as the game progresses.

The fire control section of the
circuit produces two signals. The
first of these is a long pulse which
causes the shooting sound to be
made by the sound generator. The
second, immediately after, is a short
pulse which enables the hit
detector. If at the same time the
ramp from the VCO is within the
limits of the window discriminator
in the hit detector, then a HIT will
be registered and the HIT counter
updated. At the same time the
sound generator will be switched to
provide an explosion effect.

The sound select logic and
analogue control switching (in the
absence of any other demand) will
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Sound Track

assume an attack sequence and
configure the sound generator to
give a mixture of white noise and a
tone. As the ramp voltage from the
VCO falls, simulationg an attack, the
volume will increase to a maximum
and then decrease again.
Simultaneously, as the volume
reaches its peak, the pitch of the
tone will decrease rapidly and
stablise at a lower level to simulate
Doppler shift. While the ramp
voltage returns to its starting level
the sound generator is inhibited.

If either shooting or explosion
effects are demanded, these will
take precedence over the attack
sound. The explosion is produced
by envelope-shaping the white noise
source in the chip while the
shooting sound is given by an audio
frequency VCO, frequency-
modulated by a much lower
frequency triangle wave.

The display given by the LEDs is
to give some indication of the
number of successful interceptions
made in a game. The first LED will
light when eight out of the 15
attacks have been stopped. The
rrext will light at 12, then 14, and
finally 15. There is one other LED
which flashes each time a HIT is
possible, but note that the shoot
button usually has to be pressed
before it lights.

Construction

No major problems should be
encountered in making this project;
care must be taken when soldering
the board as there are many places
where tracks run between IC pins.
Make sure that all the links are in
place and that diodes, ICs and
polarised capacitors are the right
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Fig. 1 Component overlay for the Sound track hand-held ‘arcade’ game. Note that
some components are mounted off-board; see the photographs.

way round. Low profile IC sockets
may be used but the case we used
may then be a little tight.

SW1, R6 and R7 were mounted
so that they fitted beside the battery
compartment on one side while PB1
and PB2 went the other side. The
LEDS are mounted on the front of
the box so that they poke through
the panel; use a little glue to hold
them in place. Some
interconnection work and
components have to be put on to
these (D7-10) and this should be
kept as close tothe panel as

possible. If there is room, fit RV1
and R7 but this will only be possible
if a very small potentionmeter is
available or a different box is used.
All interwiring should be carried
out using thin flexible wire and kept
as short as practicable. When fixing
the loudspeaker check first that it
will tit in the desired position and
adjust fixing pillars etc. to ensure
this. It is intended that it fits with
part of the cone overlapping the
battery compartment so a little
shaving with a sharp knife may be
required. When the speaker

PARTS LIST

Resistors {all W/, 5%) R44 1k5 ICs 4012B
R1,2,4,12,39 100k R4S 68k 1C6 4023B
R3.,5.6,22,29, R47 12k :g;'s 23(1’(1) g
o ol ot ik IC10 SN76495 (see Buylines)
R31,32,33,35 IMO Potentiometer 1.2.3.4.6 BCI82L
57,15 220k RV1 100k linear 85’ P BC2i2L
g 1o i Capaciiss D1-10 IN4148
R9,10,42 15k C1,8 100n polycarbonate ZD-I 5V6 400 mW zener
o o a2 Z18h POV IMDAAE [ED1,3,4,5 Green miniacure LED
e e e <y oepmctC LED2  Red miniature LED
R14,23 470k C4.11 1n0 ceramic Miscellaneous
o i o 2u2 16 V tancalum SWi miniature 3-position slide
R17,19,37 27k c7 10n ceramic switch
K3t e o 68n polycatbonate PB1,2 miniature push-to-make
] M7 €9,10 10u 10 V PCB elecirolytic ? Dk belas
. o i 100u 10 V PCB clectrolytic Sw2 miniature slide switch
:g_:'ig’ss ::g Semiconductors (on/off)
R34'36 22k ICl TL082 Case (Pac-tec type HP); PP3 battery and
R40' 3k3 ic2 TL084 connector; knob for pot; loudspeaker ("
R43 4k7 IC3 40938 dia, 8 ohm) — see Buylines; PCB (see

1C4 4520B Buylines). l’
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CAR ALARM

This cunning car alarm uses the battery earth
strap as a sensor to detect when a courtesy
light or other electrical load occurs if a thief
enters the vehicle. Design and development

significant proportion of cars

by Phil Wait.
are stolen at least once in their

A lifetime. The thieves are

generally ‘joyriders” who use them for a
few hours and then abandon them
after vandalising such items as wheels,
seats, stereofradios and so on. If you fit
a good, reliable alarm you’re bound to
deter all but the most determined of
criminals — who are usually
professionals out to ‘redo’ the car or
strip it.completely for parts. There’s
almost nothing that will stop the latter
type of thief — alarms, steering locks
or any other deterrents
notwithstanding.

Early car alarms were
electromechanical by nature. They
generally had a balanced cantilever or
a pendulum with a switch contact
attached. Any movement of the vehicle
would close the contact and latch on a
relay sounding the horn. Simple and
effective — but prone to false
triggering. They've all but disappeared.
Others operated from a series of hood
and door switches, but installation
often proved a major undertaking,

Drop Detectors

Later alarms became more
sophisticated — one type sensed the
slight voltage-drop pulse that appears
across the vehicle battery’s terminals
when a load is connected — such as a
‘courtesy’ light being operated when a
door is opened. Reliability often proved
a problem with these alarms as they
depended on the internal resistance of
the battery, which causes the voltage-
drop pulse following the connection of
a load (the battery terminal voltage
drops momentarily and then rises
again). Any variation in the terminal
clamp resistance produces the same
effect — giving rise to false triggering
problems.

A cunning variation on this is to
detect a voltage drop anywhere in the
vehicle’s electrical system. The battery
‘earth’ strap has a small, but finite,
resistance. Any load on the battery will
cause a current to flow through the
earth strap (since the vehicle’s chassis is
used as the return circuit). The current
causes a small voltage drop across the
earth strap resistance. This is detected

20

TO EARTH STRAP AT 70 BATTERY NEGATIVE
ENGINE OR CHASSIS TERMINAL

and used to trip the alarm circuit that
sounds the car's horn. A thief entering
the vehicle will inevitably operate a
‘courtesy’ light or something that draws
current, thus tripping the alarm. As the
‘sensing’ input is essentially a very low
impedance input, false triggering from
magnetic induction or other sources is
avoided. Other voltage drop sensing
schemes essentially have a medium to
high input impedance, hence their
susceptibility to false triggering.

Pulsed Protection

The sense and trigger circuit
detects when the voltage drop across
the battery earth strap rises above a
predetermined amount. When
triggered, this then arms the entry/exit
delay. If the alarm does not remain
triggered after the delay period nothing
further will happen. If it does remain
triggered, the delay circuit will trip the
latch and start the alarm period timer.
The alarm trip indicator will also light.
When the alarm period timer is
activated the relay driver is also
activated. The relay pulser will then
turn the relay on and off at onesecond
intervals, pulsing the horn on and off
too.

The relay pulser circuit operates
continuously and flashes a
dashmounted LED to indicate that the
alarm unit is ‘armed’.

After the alarm period timer
completes its period, the relay driver is
turned off and the horn will cease
pulsing on and off. If someone
attempts to steal your car, trips the
alarm and then abandons the attempt,
the alarm trip indicator LED will
remain on, telling you that the alarm
was tripped in your absence.

(Left) The completed unit was mounted on
the lid of a diecast box with a scrap of blank
PCB substrate underneath as an insulating
spacer. The external leads are passed through
two grommetted holes to a terminal block on
the outside.

R1

27k
R2 RS
27k 1M0
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Car Alarm

Construction

Our prototype was constructed on
a PCB; while this is not absolutely
necessary — the project could be
constructed on matrix board — a PCB
does reduce the possibility of wiring
errors which have to be sorted out
when you first power up the project.

There is no particular order for
assembling the components but it is
usually easier to soider the resistors
and capacitors in place first. Take care
with the orientation of the tantalum
and electrolytic capacitors. Follow with
the semiconductors. Again, watch
orientation of these components. The
relay should be mounted last of all.

The completed board can be
mounted in any convenient case — we
housed ours in a diecast box measuring
120 x 40 x 95 mm. A diecast box was
chosen because it can be effectively
sealed against the ingress of dirt,
moisture and other undesirable
substances.

We mounted the PCB on the
underside of the diecast box’s lid and
fitted a 10-way terminal block on the
outside of the lid for all the external
connections. Leads from the PCB to the
10-way terminal block are passed
through grommetted holes.

Installation

First, mount the two LEDs on the
dash in convenient positions where
they can be seen from outside the
vehicle. The alarm is switched on by a
concealed switch which may be
located under the dash or under the
driver’s seat. Alternatively, an
externally mounted keyswitch may be
used. If you install the latter, entry and
exit delay may be reduced to about
half a second by changing the value of
C1to TuF

We used a two-pole switch for
SWA1, one pole to switch the supply to
the alarm, the other to short out the
points when the alarm is switched on.
Thus, if somebody does gain entry to

the car and ignores the alarm or
disconnects the horn, they will not be
able to start the car even if they hot-
wire the ignition!

Connection to the earth strap is
quite straightforward. Take a wire from
terminal A and solder it to the end of
the earth strap. A wire from terminal B

HOW IT WORKS

is soldered to the battery terminal
connection. It's a good idea to keep
these leads fairly short to reduce noise
pick-up. Our were about 1 m long.
Note that a poorly connecting or
frayed earth strag may lead to
damage of IC1.

The positive supply, via the alarm

The current in the earth strap is sensed by a
pair of transistors connected in a common
base configuration. These two transistors, Q1
and Q2, are encapsulated in an integrated dr-
cuit package (1C1) and are on a single chip of
silicon, ensuring that they have very closely
matched characteristics. The base-emitter
voltages of each transistor will track within
50 uV of each other, a characteristic which is
exploited here.

When no current is being drawn from
the battery there will be mo potential drop
across the resistance of the battery earth strap
(ignoring the miniscule current drawn by this
alarm). Thus, the emitters of each transistor in
1C1 will be at the same potential. As the base-
emitter voltage of each is virtually identical
the collector currents will be identical. Thus
initially, the collector-emitter voltage of each
transistor will be the same.

When current is drawn from the battery
(when a courtesy lamp is operated, for exam-
ple), a small voltage drop will appear across
the battery earth strap. Thus, point A (emitter
of Q1) will be raised to a higher potential than
point B (emitter of Q2). That is, point A will be
more positive than point B. The voltage on the
collector of Q1 will thus rise (a common base
amplifier is a non-inverting amplifier).

The voltage on the collector of each
transistor in 1C1(Q1 and Q2)isinitially setby a
preset, which varies the current fed to each
base. This compensates for any slight
mismatch between Q1 and Q2 (the DC gain of
this circuit is very-high) and also acts as a ‘sen-
sitivity threshold’ control by introducing an
offset which must be overcome by a certain
level of current through the battery earth
strap before the alarm will trigger.

The voltage difference between the col-
lectors of Q1 and Q2 is monitored by a dif-
ferential input comparator (1C2). When the
voltage on its non-inverting input exceeds the
voltage on its inverting input the comparator’s
output switches high. 1C2 has an open ccllec-
tor output requiring an external load resistor
(R5). When the output of IC2 is low the timing
capacitor, C1, is held discharged by IC2’s out-
put circuitry. When the alarm is tripped and
the output of 1C2 goes high C1 starts to charge

through RS. After a time determined by the
time constant of R5 and C1 the Schmitt gate
1C3a toggles over and its output, pin 3, goes
low.

The Schmitt gates IC3b and 1C3c form a
latch circuit. On power up, the latch is
automatically reset by R6 and C2 placing a
momentary low on pin 8. The outputof 1C3cis
high and the output of IC3b is low, Q3 is
turned off and LED1 is not lit.

When the output of IC3a goes low the
latch toggles over. The output of 1C3b goes
high, turning on Q3 and lighting LED1. The
output of IC3c goes low at the same time. The
latch remains in this state until it is reset when
the power is turned off and then on again.

Before the alarm is triggered the output
of IC3c is high and the input of IC3d is held
high by R9. As IC3d is wired as an inverter its
output is low and Q4 is turned.off. When the
alarmiis triggered the output of 1C3c goes low,
and since C3 is discharged, the input of IC3d is
pulled low, its output goes high and Q4 is
switched on, allowing the relay to operate.

The timing capacitor, C3, slowly charges
through R9 and, after a period determined by
the time constant of C3/R9, IC3d switches
over, turning Q4 off again and stopping the
horn.

The relay RLA, and therefore the horn, is
pulsed on and off about once per second dur-
ing the horn timing period. IC5 is a 555 timer
wired as a free-running oscillator. The fre
quency of oscillation is determined by the
time constant of R12 and C5. As the 555 is
capable of driving quite high currentsitis con-
nected directly to the relay, which is then
switched by Q4. in other words, the 555 pulses
the supply to the relay.

The output from the 555 is also used to
pulse LED2 (mounted on the dash) as a warn-
ing to would-be car thieves and as an indica-
tion that the alarm is on.

A three-terminal regulator, 1C4, drops
the battery volfage down to 5 V to supply the
sense and timing circuits. This protects against
false triggering from battery voltage varia-
tions and also helps to remove noise from the
supply.

sw1z.'1\>—-—(') 12V

LED1
ALARM
TRIP

o

R8
330R

R9
IMS
Q3

R12
100k

!
t
I
]
~
TO IGNITION
~———O con

SWib

]l

& 1C3d
DB :
5 g mo  \ Py o
' 10k NOTE: 6us
t IC1 1§ LM394C ‘f’!
‘ e
1C4 1S 7805 ALARM
= e e e e IC5 IS 565 ON
Q3,4 ARE BC108
D1 1S 1NA00T F
. LED1.2 ARE RED LEDS : Oov ’
Fig. 1 Circuit diagram of the ETI Car Alarm. 77 See Fig. 2 for details on connecting the project to the car’s electrics.
ELECTRONICS DIGEST, WINTER 1983 21



switch, should be taken through an in-
line fuse holder, directly from the
battery positive terminal.

The output from the alarm is a pair
of switched contacts, which operate
the horn by bypassing the horn switch
or, on some cars, the horn relay. We
have shown two common horn circuits.
In the first circuit the horn switch is
bypassed by the relay contacts. The
second circuit is a little more complex
and requires an extra pole on the alarm
switch. If you want to short out the
points as well you will need a three-
pole double-throw switch. Make sure
you break the connection from the
ignition switch to the horn as shown, or
when you switch the alarm on you will
also switch on the ignition!

Try to make all wiring as neat as
possible and try to blend it in with the
car’s wiring so it is not obvious to a
thief what wire he has to pull out to
stop the alarm

Setting Up

When all the wiring is complete,
all that remains is to set the sensitivity
preset. Disable the entry and exit delay
by removing C1, or alternatively
connect a high impedance voltmeter
across C1. With no current being
drawn from the battery, adjust PR1
until the alarm just fails to trip or C1
fails to start to charge. Note the
position on the preset. Turn on the
interior light and the alarm should trip.
if it does not, check your first
adjustment; if it is correct, you
probably have the leads to the earth
strap and the battery negative terminal
swapped.

Turn the preset until the alarm just
won't trip or C1 doesn’t charge when
the interior light is turned on. Note this
position. The correct position for PR1 is
midway between these limits, tor
reliable operation.

Next check that the alarm doesn't
trip on the car radio or the electric
clock. Some mechanical clocks are
rewound by a motor every few hours,
or even days, and these are often a
cause of false triggering. If false
triggering occurs from the radio or the
clock, reduce the sensitivity. In some
extreme cases it may be necessary to
use a higher wattage interior light,
though we found operation to be
extremely reliable with a 5 W light, and
there was sensitivity to spare!

BUYLINES

The only tricky components are IC1 and 1C2 |

these are both available from Techno-
matic. The relay is type RL111 from Watford
Electronics. The case can be any diecast
aluminium box about 120 mm x 95 mm 1
40 mm; suitable ones are available from West
Hyde Developments (order as EDD40} and
Watford (DCB8). The PCB is available irom
our PCB Service (see page 91).
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————— 1
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R
ALARM
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Fig. 2 Common horn circuits and how to connect the alarm to them. The circuit on the left will )
have only one wire from the horn. The one on the right is found in cars such as the Leyland Mini

LS and is rather more complex.
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Fig. 3 Component overlay for the Car Alarm. There are a lot of polarised capacitors so make sure

you get them all the right way round.

PR1 2k2 miniature horizontal preset
Capacitors

(@] 4u7 16 V tantalum

C2 100n polyester

a3 33u 16 V tantalum

C4,6

10u 16 V PCB electrolytic

PARTS LIST

Resistors {all “4W, 5%) [ 6u8 16 V tantalum
R1,2 27k
R3,4 2M2 Semiconductors
RS MO0 1IC1 (=Q1,2) LM394C
R6,7,10 10k 1C2 LM311IN
R8 330R IC3 40938
R9 1M5 1IC4 7805
R11 470R IC5 555
R12 100k Q3.4 BC108

D1 1N4001
Potentiometer LED1,2 0.2” red LED

Miscellaneous
RLA

: relay
SW1

terminal strip.

12 V DPCO PCB-mounting

DPST or 3PST toggle switch
PCB (see Buylines); case (see Buylines); 10-way
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NEGATIVE ION

GENERATOR

For readers who just have to find out for

themselves what this subject is
all about, this negative ion generator
should provide a good basis for

experiment. Design by
Jonathan Scott.

Development by Graeme

Teesdale.

ion generators, the claims made

for them, and the attention they
have received in newspapers and
magazines recently has undoubtedly
intrigued many readers with a technical
background or interest. As the
electronics associated with a negative
ion generator is relatively simple,
generally employing readily available
components, this article describes how
to build a unit that can be used as the
basis for experiment.

Design Of The
Emitter Head

The object of the emitter head is
to take in the HT, in our case about 3
kV, and produce a stream of negative
ions flowing forwards into the room in
which the generator is placed. The ions
are produced by a very intense field
gradient, which is induced by the high
voltage and the geometry of the head
assembly. This ion flow is a corona
wind.

It is a basic principle of
electrostatic physics that the field
gradient is stronger in the immediate
vicinity of a point projection, the
gradient being greater when the point is
sharper so most ion generators employ
some combination of sharp projections
and high voltage.

Pointing the Way

If the points are spaced well away
from other parts of the unit the ions
will naturally repel themselves away
from the region of emission. However,
if the point or points are partially

T he rise in popularity of negative
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enclosed in the case of the device

there may need to be either a chimney-

shaped assembly around the emitters
or some sort of accelerator electrodes
to help eject the ions from the emitter
head. We didn’t require an accelerator
as the points protrude beyond the slot
in the case.

Wherever there is ion production
there will be ozone production. Ozone
is corrosive as well as a strong
antibacterial agent, and is poisonous in
sufficient concentration. In order to
keep it to a minimum, as low a voltage
as possible should be used. Our project
has been designed to give the lowest
voltage compatible with adequate ion
production. The design should be such
as not to allow any arcing or serious
breakdown; this is really only likely if
you try using an “accelerator”, as there
will be no metal in close proximity to
the emitter otherwise.

The best metal for the points
which is easily obtainable is steel,
preferably stainless. This is hard enough
to hold an edge and will resist the
effects of cathode stripping. The latter
is undesirable both because the fine
point will be eroded away, and also
because the heavy metal ions which
are ejected are undesirable agents in
the air we breathe (stick to getting your
minerals from cornflakes).

There is no shock hazard as the
unit is not mains powered and there is
a very large series resistance between
the points and the multiplier output. At

most, there results something between
a nip and a tickle if you touch the
emitter points.

Construction

First stage of construction is to
assemble the components on the PCBs;
commence with the inverter board.
Insert the resistors, capacitors, IC and
transistors before asembling the
transformer to it. As usual, take care
with the orientation of the diode, IC1
and the transistors. Next, wind the
transformer — details are given in the
box. The transformer employs a
potcore and this can be held on to the
PCB with a nylon bolt — do not use a
metal bolt. Cut the transformer coil
wires to length, scrape off the
insulation and solder them in place
The TIP31C transistors, Q1 and Q2, do
not actually require any heatsink,
though they do get warm in operation.

The high voltage board may be
assembled next. Take care with the
orientation of the diodes. Stand the
capacitors erect on the board so that
they do not touch each other or you
may have arc-over problems between
these components.

Mount the appropriate
components on the ‘blinker board ’
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lon Generator

INSULATED
COAXIAL DC
JACK SOCKET

12 15v

DC-AC INVERTER

H )]

Fig. 1 Circuit diagram for all three sections of the negative ion generator. Current Eal
consumption of the unit is a little too high for use with ordinary batteries; we
recommend you run it from a battery eliminator pack or a 12 V car battery.

— PARTS LIST —___
Resistors (all aW, 5%)
R1 82k
R2 220R
R3,5 1k0
R4 10k
R6,7 4M7

Potentiometer

PR1 47k miniature vertical preset
Capacitors

c1 10u 16 V tantalum

C2 220p ceramic

C3 10n polycarbonate

C49 10n 1 kV ceramic

c10 3n3 or 4n7 polystyrene or

ceramic

Semiconductors

IC1 555

Q1,2 TiIP31C

Q3 BC107 or BC547
D18 1N4001

D2.7 BY208-800

Miscellaneous

LP1 wire-ended neon bulb (no
series resistor)

PCBs (see Buylines); potcore and former

(FX2242 — see Buylines);, coaxial DC jack

socket; case (180 x 110 x 55 mm, Vero ref.

75-2861D); five needles.

next, as you'll need this for a testing
aid. It is important to watch the diode
polarity here. The cathode of the diode
goes to the pad marked with the
‘ground’ symbol. Note that the
components are mounted on the
copper side.

The emitter points are steel
needles soldered directly to the PCB.
The easiest method is to tape the
needles, parallel and the correct
distance apart, so they overhang the
end of a wooden block etc. Support
the board underneath, and touching,
the overhanging needles and solder
them in place before removing the
tape. Since ions will be ejected from
any sharp point we recommend you
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VOLTAGE-MULTIPLIER RECTIFIER

c7 c9
10n

4

R6
4am7

-3kV TO
ELECTRODE

i 10
ACCELERATOR,
VIA R7 (am7)

(IF USED)

NOTE
IC1 1S 5565
Q1.2 ARE TIP 31C
Q3'1S BC107

D8 D1,8 ARE 1N4001
D27 ARE BY208-800

‘BLINKER®

The jnverter and high voltage boards mounted side by side in the case, with the emitter
needles protruding through the slot in the side of the case.

cut all the component leads on the
high voltage board and then resolder
them, using enough extra solder to give
rounded solder blobs. (Make sure the

same is true of the needle connections).

This will prevent unwanted ion leakage.

The DC input socket we mounted
on one side of the box. Exactly how
the DC coaxial jack socket is wired will
depend on how your plug pack output
plug is wired. Some have the outer
connector connected to positive, while
others have it connected to the
negative.

Getting It Going

You will need a multimeter and a
supply of between 9V DC and 14 V

DC. Switch the meter to the current
range to read 300 mA full scale or
more, and connect it in series with the
DC supply input. Switch the supply on
and, assuming all is well, adjust PR1 on
the inverter board for minimum
current. This could be between about
220-280 mA.

Run the unit for a few minutes,
then switch off, discharge the rectifier
capacitors and feel Q1 and Q2. One
should not be markedly hotter than the
other, otherwise you have adjusted PR1
incorrectly or you have a fault — most
likely a transistor inserted incorrectly or
a dry joint between the output of IC1
(pin 3) and the bases of Q1, Q2, or Q3.

Having confirmed everything
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+12v

The DC-to-AC inverter consists of a 555
astable multivibrator, the output of which
is used to drive two transistors operated in
push-pull. The collectors of Q1 and Q2
switch current through each side of the
transformer (T1} primary in turn. Diode D1
prevents any damage from a supply con-
nected with reverse polarity. Capacitor C1
is a bypass. 1C1 oscillates at around 25 kHz,
determined by R1 and C2. The exact fre-
quency is unimportant. The mark-to-space
ratio of the output of IC1 (at pin 3) may be
adjusted by PR1, which is connected in
series with pin7 of IC1.

The output of IC1 drives the base of
Q1 directly, via R3 and R2. Q1 turns on
when the output of 1C1 goes high. Resistor
R3is there principally to limit the base cur-
rent supplied to Q1, while R2 serves to
discharge the base emitter junction

¢ = capacitance so that Q1 turns off quickly
=
N
v

when the output of IC3 goes low.

When pin 3 of ICT goes high, Q3 also
turns on, preventing Q2 from turning on.
When pin 3 of IC1 goes low, Q1 and Q3 turn
7 off and Q2 will turn on as base bias will be
supplied via R5. Thus current is alternative-
ly switched through each side of the
primary T1. The secondary provides a

A/ B
—@—i -—@—ﬂh voltage step-up of 25:1. If the supply

voltage is 12 V DC, then the peak-to-peak

output from the secondary of T1 will be

600V.
*——@—— ‘ The voltage-multiplier rectifier
employs the well-known Cockcroft-Walton
circuit, where the output of successive half-
wave rectifiers is connected in series with
the previous one. This circuit provides a
| multiplication of six times. Thus, witha12V
DC supply, the output will be about
—3.6kV.Witha10V DC supply (as can be
obtained from a 9 V DC battery eliminator),
about — 3 kV is obtained. An output for an

' ‘accelerator’ is provided.
The high voltage output to the emitter
~—-®—— head is taken via a 4M7 resistor to ensure
that only low short-circuit current occurs if
{07} the emitter head is accidentally contacted

or excessively humid air causes 'flashover’
from the emitter.

The blinker is simply a crude relaxa-

) tion oscillator. When a charge builds up on

the ‘antenna’ pad, it will charge C10. When

' the voltage on C10 reaches the breakdown

| | voltage of LP1 (about 70 V), the neon will

1 AﬁEEJsEERD‘}TOR l | conduct. This will discharge the ca‘i)acitor,

i the voltage across it falling until it reaches

l the extinguishing voltage of the neon

| (about 30-40 V), which will then cease con-

duction. While the neon conducts, it will

b e |

|
=
b=l

[ emit light, but as it discharges C10 fairly
J | j rapidly, all you will see is a brief flash from

the neon. Diode D8 ensures only negative
charges operdte the blinker.

When the neon ceases conduction, the
charge on C10 will build up again and the
Fig. 2 Component overlay and wiring for the ion generator. The two-board design will allow for || whole process will be repeated.
different physical layouts and connection pads are provided for experimentation with
accelerators and off-board emitters.

works as it should, and having adjusted  able to count around one blink per construct a negative ion generator and
PR1, assemble it all into the case and second if all is well and this is a good the electronics can readily serve as the
you can check its operation with the "benchmark’ for successful operation basis for experimenting with different
blinker when you experiment with different designs. Higher voltages are

Turn the ioniser on and grasp the head designs and geometries. unnecessary — and are not usual in
blinker so that your thumb is in good commercial designs — and can lead to
contacé with the pad marked by the Notes O n groblems with ozone generation,
‘ground’ symbol. Hold the blinker such 1 1 reakdown, etc. A connection is
that the ‘antenna’ pad is about 10 mm Experl mentation available on the high voltage board for
in front of the emitter. You should be Thi$ project shows but one way to supplying an ‘accelerator on an ‘
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lon Generator

emitter head. It should be connected
via a 4M7, Va W resistor. The
accelerator voltage could be tapped
off lower down the rectifier chain if
desired — we suggest at the junction
of C6 and C8.

The exact value of capacitors C4
to C9 on the high voltage board is not
important and may be any value
between about 1nF and 22nF or so, but
should not be lower than 1nF. The
voltage rating of these capacitors
should not be less than 1000 V.

The DC supply should not be
greater than 15 V or more turns be
wound on the secondary of T1, else
you may experience insulation
breakdown within the transformer.

TRANSFORMER
WINDING DETAILS

Potcore: FX2242

Secondary: 125 turns of 0.2 mm diameter
enamelled copper wire.

Primary: 10 turns, centre-tapped, of 1.0 mm
diameter enamelled copper wire.

The secondary is wound on the pot-
core bobbin first. Wind it in five or six neat
layers. Slip thin plastic sleeving over the
start and finish leads so that the sleeving is
held well inside the bobbin. As you finish
winding each layer, insulate it with 1 mm
mylar sticky tape (if you can obtain it) or
electrical insulation tape (a bit heavy, but it
will do the job). Wind the next layer on the
insulation of the previous layer, and so on
until you finish winding. Wind several
layers of insulation over the completed
secondary. Leave the start and finish wires
protruding from the different sides of the
bobbin so that they exit via different slots of
the assembled potcore.

Wind the primary over the secondary;
it can be wound bifilar (two wires together,
five turns, connect finish of one to start of
other to provide centre tap) or in one win:
ding — but don’t forget the centre tap.

BUYLINES

The boards for this project are available
from our PCB service — see p 91. Most

other parts are readily obtainable except
for the FX2242 for which you can try the
B65611 K0000 R048 and B65612 A0000
T001 combination from Electrovalue Ltd,

Wind the primary so that its wires exit the
potcore opposite the secondary wires.

| In operation, if you have breakdown
{| problems(arcingsounds inside the potcore)

28 St Judes Rd, Englefield Green, Egham, S
Surrey, TW20 OHB. BY208-800 are adver-
tised by P.M. Components Ltd, Selectron
House, Wrotham Road, Meopham, Kent,
DA13 0QY.

bottom.

it means you have not wound or insulated

The assembled blinker, which we tinned with || YU" secondary carefully enough and you'll

have to rewind the transformer.

solder to avoid sweaty finger marks and
oxidation. The cathode of D8 is at the
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BODYWORK

CHECKER

Don’t go out and buy a second-hand car
without building this handy little gadget. It'll
point out any problems under the paintwork.
Design by Rory Holmes. Development by

Tony Alston.

help the selective second-hand car

buyer detect the amount of body-
filler used under well-disguised repair
jobs. The unit gives a two-state
indication of metal or plastic, (OK’ or
‘BAD’ respectively).

Our metal detector uses a
capacitive sensing principle, which will
detect the presence of any conductive
object. Because of this the circuitry is
much simpler and more reliable than
metal detectors working on an
inductive principle. It is also more
suitable in this type of application
where large areas of metal must be
checked.

In use the device is switchied on
and lightly run over the car panels; if it
runs over an area of body-filler the
‘BAD light will come on, otherwise it
should read ‘OK’.

Construction

The case is the most important
part of this project as it is also part of

The purpose of this project is to

the electronic sensing circuit. Take a
careful look at the photographs of the
finished project and you can clearly
see the sensor area at the bottom rear
of the case. First cut a rectangular hole
(30 x 35 mm) about 8 mm from the
bottom edge of the case and 14 mm
from either side — make sure to clean
off any burrs from the hole. A piece of
single sided copper clad board (24 x 30
mm) is used for the sensor plate — this
is centrally glued (copper side out) to a
piece of plain paxolin or similar
material (35 x 45 mm). This assembly is
then glued to the case from the inside,
so that the copper clad board will then
be flush with case surface.

A small hole is drilled through to
the copper side of the sensor plate and
a short length of insulated wire, long
enough to reach the main PCB, is
soldered to the copper surface of the
sensor plate.

The components can now be
assembled and soldered to the main
PCB as shown on the overlay diagram,

CONNECTING WIRE — SOLDERED
TO FACE SIDE OF PCB

~ RECTANGULAR HOLE IN
- ~" CASE 30 x 35mm

g7
v
AT AAA

oy 32

.-' = /‘.‘

: |
COPPER
SIDE

D

e —~SOLDER

SINGLE SIDED PCB
/" (COPPER SIDE OUT)
/ GLUED TO PLAIN
PCB/PAXOLIN

=———— DIECAST CASE SECTION

f =
'

b PAXOLIN OR BARE PCB
GLUED TO CASE

TR, R\

Fig. 1 This cutaway diagram shows the
constructional details for the sensor plate.
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making sure to correctly orientate
D1,D2, IC1 and IC2 and the LEDs.
Make sure to fit the link adjacent to
IC1

A short length of insulated wire is
connected from the PCB to a solder tag
fixed to the case — make sure this is a
good connection as it forms part of the
detecting circuit. The connecting lead
from the sensor plate is soldered to the
main PCB as indicated. A further
insulated lead is taken from this same
point on the PCB and held against the
side of the case by a piece of insulating
tape to form a capacitive trimming
circuit (see photograph and refer to the
setting up procedure). The LEDs are

With the protective felt peeled back to reveal
the sensor, you can see how the fixing screws }
should be countersunk so they lie flush. In the internal -
shot (right), note how the trimming wire is taped to one side of the case.

27



Bodywork Checker

directly mounted on the PCB and side down, onto a non-conductive HOW IT WORKS
appropriate holes are drilled in the object. With the lid off, PR2 can now OB 3 e T 1ok e RE
front case panel to allow these to pass be adjusted until the switching high "e'::: ncey' B llator of 1t B8 RID
through. o .thl'eShO|d is found. When the .'O'K' LED This signal is connected directly to the case,
Finally, a piece of felt cut to size is is on, back off preset PR2 until it just which in turn is capacitively coupled via the
then glued to the rear of the case, extinguishes and the ‘BAD’ LED comes Zﬂi‘:"b? g‘: h"‘n'Z'TE’ie??.?“nd““.‘QL c:;-'
covering the sensor plate; this prevents on (indicating no metal). The unit can s;eeyninée‘he g it St e o nd
the case from scratching the car body- now be placed against a metal surface from affecting the capacitance between the
work and upsetting your friendly and the ‘OK’ LED should re-light. detector input and the 0 V ground rail.
second-hand car dealer! The trimming wire capacitively . lm D2, C1, azd PR1":.ect|fy|'t the :lg;\hal
couples a small degree of HF voltage || fom e sevor and pas s volage o he
S tt' U into the detector, effectively altering figured as a simple comparator. PR1 is used to
€ |ng p the switching threshold. Its effect can set the input impedance and hence the sen-
Setting up the circuit is be varied by trimming the length. By :;““’"hY ﬂi“hft 59“50'-":"‘2 sets “‘etﬁw"Fh'"!:
straightforward; PR1 controls the experimenting with this if necessary, i c;:,p"as;::;:. When the coapling
detecting se}nsitiyity.and PR2 the together with PR1 and PR2, a suitable capacitance is increased, due to a conductive
metal/plastic switching threshold. switching action can easily be found. object lying across the case and sensor, the
When altering the presets bear in mind Note that the human body is a ggtc‘{gf';ﬁﬂﬁr,é:i:i 5',!,?;‘;‘,‘,"'.?.'!'53}?32'32
that replacing the case lid will slightly fairly good gonductor — you can prove i 3] i onipamtr aboge el lhresghol o
offset the adjustments, so replace the this by holding your hand against the and switching the output from pin 6 fully
lid after each adjustment to check the sensor, when the ‘OK’ LED should positive. o
effect. come on. This resulted in one member - '3"‘: ae C,‘r"““ef)“?"’, 3;3‘5‘;2';‘;"':"%8}‘?’
0 o OO g . . ] S | SNV (< CK. [}
Start with maximum sensitivity, ie of staff wandering round the office, Sharpensup"’{:eyswﬁc’,’ﬁng action comy from
set PR1 to its full resistance (anti- checking out the female employees the comparator and further provides suitable
clockwise). Then place the case, sensor and reassuring them that all was well! drive signals for the two LEDs. These drive

signals are buffered and current-limited by
- 1C2e,f which power the LEDs. When metal is
BUYL'NES detected LED2 is lit and LED1 is off; the con-

verse is true if metal is absent.

All ICs and other components for this project
are readily available. Most mailorder who
advertise within these pages, eg Bi-Pak, will be
able to supply all that is necessary. The PCB is
available from our PCB Service as advertised
on page 91.

sw1

To
sensor D2 3

c

NOTE:
IC1 1S CA3140
1C2 1S 40698

D1 & 2 ARE 1N4148

LED18& 2 ARE 5mm RED LEDs IID‘I 1;02
Fig. 2 Circuit diagram. PA RTS LIST
Resistors-(all 4 W, 5%)
R1 22k
R2 8k2
TO SENSOR TO CASE R3 100k
R4 8M2
a = ANODE .
al Potentiometers
4 R1 k = CATHQDE PR1 4M7 miniature horizontal
t—— R2 b preset .
WIRE TAPED ‘ I PR2 47k miniature horizontal
TO CASE c2p | 2> preset
(SEE TEXT) o .
P PR2 Capacitors
(@] 4n7 disc ceramic
C2 470, lystyrene
® TO g
sSwi Semiconductors
IC1 CA3140
1C2 40698
D1,2 1N4148
af Lk a1 |k LED1,2 5 mm red LEDs
A ov +9V Miscellaneous
LED2 LED1 swi miniature rocker switch
Battery and clip (PP3); diecast case,
approximate size 114 x 64 x 30 mm (RS 509-939
or similar — see Buylines).
Fig. 3 Component overlay of the ETI Bodywork Checker.
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PARKING METER

TIMER

Living in fear of parking tickets is a thing of the past now that the ETI
Parking Meter Timer is here. It'll remind you to get back to the car
before the wardens do. Design and development by Rory Holmes.

fter much design research £ Tl
A have come up with the best
parking meter timer that has
ever been offered to the home
constructor. It is a truly functional
design, and due to a caretul selection
of circuit components it is built to fit
an extremely small and readily
available case which can be clipped
neatly on to a key ring. No awhward
miniature switches are required; a
single pin head touch switch allows the
selection ot all tour time periods,
including on-ot1 control and an alarm
test option
The time periods are arranged in
20 minute increments, giving 20, ), 60,
or 80 mimute options to suit modern

ELECTRONICS DIGEST, WINTER 1983

parking meters. Three minutes are
allowed for each 20 minute period for
returning to the car, so giving more
time the further away you go. The unit
provides a high efficiency pulsed tone
alarm using the Toko slim-line
transducer

By the use of only three CMQS
chips and special power control
circuitry, the current consumption
when not in use is completely
negligible
Powver is provided by three ordinary
hearing-aid batteries (available from
maost chemists). The LED display for
indicating the time period selected also
includes automatic blanking for further
battery economy

Construction

The Parking Meter Timer has been
specifically designed to fit into a very
small case. In fact it’s not a standard
case at all, but two lids from the
smallest Vero potting box fitted back
to-back. We're trying to think of a
project that uses two lidless boxes! The
PCB is cut to fit inside the bottom hid
with a cut-out to hold the three
batteries in a line; see the overlay
diagram and photographs.

The board should be assembled
first, checking component orientation
from the overlay and carefully
observing the following points. When
mounting the components on the .
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Parking Meter Timer

l
i
i
i
|
i
t
A

Overleaf: The parking Meter Timer being modelled by the lovely Sonia.
Provided you're careful with the construction, everything can be fitted

into the lid of a small Vero potting box . . .

board it is essential to crop the leads
very close to the tracks before
soldering, to reduce the resulting solder
lump. Apart from C3 and C5, all the
passive components need to be
mounted flat against the board. The
LEDs (high efficiency 2 mm types) must
have their leads bent apart slightly
before they are pushed through the
PCB holes. They are soldered in
(observing polarity) with a 1 mm gap
between the LED base and board. The
piezo transducer is supplied with two
mounting flanges; these need to be cut
off before the transducer can be stuck
to the PCB. This should only be done
after the surrounding components are
soldered in and with the PCB in the
case, to ensure that the transducer
clears the case rim. The two leads are
then soldered to the board at the
points marked on the overlay. Sockets
must not be used on the ICs (there isn’t
enough room under the lid), but
remember the static precautions for
the CMOS chips

Make Contact

The touch contacts are formed by
two ordinary pins soldered vertically
into the PCB at the points marked. The
pin heads should be above the
component side and at a height to just
protrude through two holes drilled in
the front lid. The timing resistor R2
should initially be left off the PCB (its
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- .. with a second lid completing ‘case’. Countersink the holes for the
LEDs as shown, so as to get a neat finish, and remember to insulate the

battery sides from one another.

exact value is set during testing). The
batteries used are ordinary 1V4
hearing-aid types; they are held in place
by the PCB cut-out and the two case
halves. We used suitably bent pieces of
copper contact strip soldered to the
PCB for connecting our batteries so
they could be removed. Two additional
copper strips were glued to the inside
of each lid, to connect the batteries in
series when sandwiched by the lids. An
alternative method is to solder the
batteries permanently in circuit with
thin wires. Remember that the sides ot

a = ANODE

©® TOUCH
CONTACT

TOUCH
CONTACT

I

Fig. 1 Component overlay for the ETI Parking
Meter Timer. You can’t use sockets, so take
care when soldering the 1Cs.

ov +4V5

the batteries must not touch each
other; spacers made of cardboard or
plastic will keep them apart.

Testing

Initially a 2MO pot should be wired
with flying leads to the PCB
connections for R2, and set at about
1MO (half travel). 4V2 can now be
applied to the circuit (at the supply
pads by the battery cut-out), either

PARTS LIST
Resistors (all YaW, 5%)
RSB AM7
R2 34,7 1M0
RS oM8
R6 100k
See lexl
Capacilors
C1 68n ceramic
c23 2n2 ceramic
C4.5 10n ceramic
Co 470p ceramic
C7 3u3 16 V tantalum
Semiconductors
1C1 40608
1C2 40178
1C3 40938
D1 INJ148
1ED1-4 2 mm red LEDs

Miscellaneous

X1 PB-2720

PCB [see Buylines); Veropins; three off 1V4
hearing-aid hatteries; two off potting box
| hids (Vero order ref. 75-1413E).
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from a variable supply, or by wiring
three spare batteries together. The

LEDs should now illuminate

sequentially each time the touch pins
are bridged by two fingers (remember
they will turn off after about 20
seconds). On the fifth touch the alarm
should sound, and on the sixth the unit
is in the off state. The basic time period
can now be set for exactly 17 minutes.
Connect a voltmeter to the Q, output

of IC1 (pin 13); after turning on to the
first time period the meter will be at
0 V. it should switch to 4 V after 1
minute 4 seconds, and then back to

zero after the same amount of time. By
adjusting the pot and checking with a
stopwatch, this time can be set exactly.

The pot is then disconnected and its

resistance measured; a standard resistor

closest to this value can then be

soldered into the PCB.

The case is assembled with
adhesive pads stuck inside the lids to

firmly sandwich the PCB and batteries.
Holes must be drilled for the LEDs and

we recommend that these are

countersunk from the inside of the lid

A hole drilled directly above the
transducer will increase the volume.
6 BA bolts about 516" long are ideal

for securing the case halves; if one bolt
at the transducer corner of the case is

left out, the timer can then be fitted

directly onto a key ring!

—————BUYLINES

HOW IT WORKS

order sources.

AparlfromIhePCB,whichisavailablefrom'
our PCB Service as usual (see page 91),
should be no problems obtaining any of the
parts for this project from the usual mail

The heart of this circuit is 1C2, a 4017
decimal counter decoder; it is used for a
number of different functions in a rather
unusual way. Each of the decimal decoded
outputs goes high in succession as the
counter receives clock pulses on pin 14. The
‘6’ output (pin5)iswired to reset pin 15, thus
the counter will have six different states and
each clock pulse will shift it to the next
state, counting from 0 to 5 and back to 0
again. The 5 output is not shown on the cir-
cuitdiagram because it is not actually used;
however, the divide-by-10 output on pin 12
(which is high for states 0 through 4 and low
for states 5 to 9) is used, and in this con-
figuration for 1C2 it will only be low for
state 5.

The counter is used both for counting
the timing pulses generated by IC1, and
selecting and setting the number of count
periods before the alarm goes off. 1C1
(CD4060B) provides the timing pulses for
IC2; it consists of an intetnal RC-controlied
oscillator followed by 14 stages of binary
division. The oscillator is set to a frequency
of 4 Hzby R2and C1. When IC2 moves from
state 5 to 0 (ie when switching on), I1C1 is
powered up from the divide-by-10 line of
1C2
and it receives a positive reset pulse to pin
12 from C2 and R3. It then starts counling
and provides a negative-going edge on the
Q,; output every 17 minutes. This Q,, out-
put is passed as a negative pulse through C3
and R4 to one input of the NAND gate IC3a;
the output of 1C3a goes briefly high and a
slightly shorter positive pulse is applied
through C5 to the clock input of IC2. Thus
IC2 moves one couni state every 17
minutes.

When IC2 reaches the fourth state the
pin 10 output goes high and is used to
enable the alarm. The alarm is a standard
gated astable built around IC3a and b, driv-
ing an acoustic transducer. One input from
each gate is wired to the ‘4’ output of IC2.
When this line goes high the oscillator is
enabled and produces a tone pulsed at
about 4 Hz. This modulation is derived irom
the master timing clock via D1, which swit-

ches the oscillator on and off. If left unat-
tended it continues sounding for a further
17 minutes until IC2 receives another clock
pulse from the timing generator IC1, at
which point 1C2 moves to state ’'5’, turning
off the alarm and powering down the rest of

the circuit (the
cycle can only be started again with a clock
pulse from the touch switch).

The touch switch, built around IC3a,
will also clock IC2 to select the number of
17 minute periods before the alarm sounds.
1C3a is a NAND Schmitt trigger, with both
its inputs normally held high by R4 and R5.
Its output is thus low and C5 is discharged
through R6. The pin 2 input is taken low
when the touch pins are bridged by the skin
resistance; this switching action is debounc-
ed by C4, and the outputof 1C3a will now go
high, supplying a brief positive pulse
through C5 to clock 1C2. Thus the touch
switch is used to turn the circuit on and in-
itially set the number of time periods;
thereafter clock pulses are supplied by the
time generator.

IC2 also acts as the LED display driver
for indicating the time period selected. The
LED anodes are connected to the decoded
ouput lines of IC2. When a state is selected
via the touch switch, its output line goes
high and applies a positive voltage to the
corresponding LED. The cathode driving is
arranged so they will only remain on for
about half a minute after 1C2 switches out
of state '5’. As IC2 switches from 5 to 0 the
divide-by-10 line goes from low to high and
the positive end of C7 (which was previous-
ly discharged) is taken to the positive rail.
This puts a high logic level on 1C3d's inputs
which drives its output low, thus providing
a current-limited ground return for the LED
which is selected. Meanwhile C7 is slowly
charged up via R8 providing a long time
constant o1 20 seconds. When the voltage at
the the negative end of C7 goes below
1C3d’s switching threshold, the output of
the Schmitt gate will revert high again thus
extinguishing the LED.

c2 +4V5 [ L
2n2
‘- 1
o 7777
R1 R £
am7 16 12 1MO 6M8 4 16 12 +
TTcLx Vee RST 2 e cs Vee = 100UT 'Ti
3 14 3u
Ic1 Q, 1c2 RST
R2e 10 OSOICY 2 ﬂ c3 177 ic3a 15
22 ———a EN
L ™Mo 13
b ={osc out GND GND 0 1 2 3 4 6
c1 8 Is
68n J
R6 1
ven 100k g - +
s TO ke
SEE TEXT CONTACTS [81
-F:‘ LED1 LED2[ LED3 LED4
10n ]
1 ic3a ©
o
12L Li ey
am
D1 ﬂ ﬂ_ 3
3 gl r 10 NOTE:
1C3b IC3c IC1 IS 4060B
A7 ™1 IC2 1S 40178
: NCNER P ‘ IC3 IS 40938
Fig. 2 Complete circuit diagram of ILE’:?"" D11S 1N3148 1
the Timer. 11 = ; ‘
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POLYSTYRENE
CUTTER

The ETI Hotwire is just the thing to get you going. No, it’s not for
stealing cars, it's for modelling. Turn that waste polystyrene packing
into beautiful models with the Hotwire and some imagination. Design
and development by Phil Walker.

controller for a hot-wire

polystyrene cutter. This method
of cutting foam polystyrene is probably
better than most others as it does not
create any rough edges or crumbs; it
actually works by melting the material
as it comes into contact with the hot
wire.

The object of the controller is to
maintain the wire at a fairly constant
temperature sufficient to melt the
polystyrene foam quickly but without
charring. This is accomplished by using
a simple type of phase controller to
regulate the power applied to the wire.
The circuit employs a 747 dual op-amp,
both parts of which are used as
comparators. Speed of operation is not
critical here as the circuit is operating
at mains frequency {50 Hz).

Taking A Pulse

The first part of the circuit
produces a 100 Hz pulse signal which
synchronises the rest of the circuit to
the output from the bridge rectifier.
The second part generates a variable
time delay which is used to regulate

This easy-to-construct project is a
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the amount of power developed in the
cutting wire. The longer the time delay,
the less power is developed and vice
versa.

The control element used in this
project is a thyristor as this will
withstand the high peak currents in the
circuit without the necessity for large
drive currents.

Construction

This is fairly simple since most of
the components are mounted on the
PCB. Make sure that the diodes and IC
are the right way round. Bolt the small
heatsink to the rectifier bridge using
some heatsink compound before
mounting it on the board. Allow it to
stand about 6 mm away from the
board to avoid thermal stress effects.
The thyristor is mounted on top of the
larger heatsink, both being held by the
same screw. Heat conductive paste
should be used here as well. R9 will get
quite hot in operation and should be
stood away from the board if possible
to allow air flow around it.

When mounting the PCB in the
case, it is advisable to do so with the

capacitor C1 at the bottom so that it is
not heated by the other components.

Fairly thick wire should be used for
connecting to the transformer and
output sockets as they will be carrying
several amps. RV1 is wired so that
minimum resistance occurs at
clockwise rotation.

Some Cutting
Remarks

In our prototype the cutting head
was made from two short pieces of
slotted aluminium extrusion of the type
sold for shelving systems. These were
screwed to a piece of wood to form a
handle while also insulating them from
each other. The steel wire was clamped
with some large nuts and bolts so that
it was under some tension. The wires to
the control unit were also clamped to
the large bolts and held in place along
the arms of the head with sticky tape.

It is recommended that the
ceramic insulators sold by good
electrical shops be used for the ends of
the cutting wires in order to keep the
metalwork isolated. Plastic connector
block could be used but may melt
under extreme circumstances.

Once everything is working
correctly you can begin to exercise
vour creative talents on the nearest
piece of polystyrene. Apart from a
modelling tool, a gadget for 3-D
doodling and something to keep the
kids quiet during the summer holidays,
you could use the Hotwire for cutting
out large letters — ideal for advertising
displays or exhibition stands.

—— BUYLINES — ____

All of the parts for this project should be
readily available from the usual outlets.
The thyristor, SCR1, can be either a
2N4443 or a 2N4444 — the latter has a
higher voltage rating and a higher price.
The PCB can be obtained using the order
form on page 91.
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Hotwire

The 15V AC from the transformer is rec-
tified by BR1 to give a raw 100 Hz pulsating
DC supply. C1 is charged to the peak
voltage of this supply via D1 and provides
the power for the circuitry. The raw DC sup-
ply is taken via R2 to IC1a where it is com-
pared with the voltage across ZD1. The out-
put from IC1a consists of a train of negative-
going pulses which occur around the zero
crossings of the AC input. These pulses are
used to synchronise the variable time delay
circuit by discharging C2 at the zero cross-
ing of the AC input. The capacitor then
charges at a rate set by R4 and RV 1 until its
voltage reaches the level set by R5 and R6.
At this point the output of IC1b changes
from its low to high state and switches SCR1
into conduction.

Once SCR1 has been switched on it
causes the raw DC supply to be applied
across R9 and the cutting wire until the
voltage falls to zero at the end of the half cy-
cle. At this time the thyristor turns off, the
variable time delay circuit is reset and starts
again. The proportion of the total time for
which the output is on is determined by the
time delay set by RV1; hence this controls
the amount of power dissipated in R9 and
the cutting wire. The main function of R9 is
to reduce the peak surge current which
would flow in the circuit, but it will also give
some protection against inadvertent short
circuit (the wire itself has a resistance of a
couple of ohms). LED1 is incotporated to in-
dicate when the output is operating and
gives a visual indication of the power set-
ting.

HOW IT WORKS__

PARTS LIST

Resistors (all %4 W, 5% unless stated other-

wise)

R1 6k8

R2 3k3

R3,7 1ko

R4 5ké

R5 2k2

R6 15k

R8 1k8

R9 1R0 10 W wirewound

R10 180R 2 W wirewound

Potentiometer

RV1 100k linear

Capacitors

C1 1000u 25 V axial elec-
trolytic

C2 68n ceramic

Semiconductors

1C1 747

D1 1N4002

D2 1N4148

BR1 6 A bridge rectifier, square
package, 50 V or greater

ZD1 3V6 400 mW zener

SCR1 2N4443 (see Buylines)

LED1 5 mm red LED

Miscellaneous

FS1 20 mm 1A6 slow-blow fuse
and holder

SW1 Double pole rectangular
mains rocker switch

LP1 Mains panel-mounting neon
indicator with integral
resistor

T 15V 60 VA mains
transformer

Heatsinks (finger-style TV21 for thyristor,
TV4 for rectifier); PCB (see Buylines); case
(Verobox 21039, 180 x 120 x 90 mm); panel
mounting socket for LED1; two off 4 mm
banana sockets, grommet, wire, nuts, bolts,
brackets etc; 0.010” steel wire (guitar top
£

ELECTRONICS DIGEST, WINTER 1983

NDTE

IC11S 747

D1 1S 164002

D2 1S 1IN4148

BR1 IS 50V, 6A BRIDGE RECTIFIER
ZD1 1S 3V6 400mW ZENER

SCR1 IS 2N4443

WIRE

LED1 IS 5mm RED LED D1
L '\ Pt
O | Ny
FS1 ]
t m
I =42 A »
, 1
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‘ 1 3R1
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| w1 ~y 6k8
" |
o
swi1
E
Or

The Hotwire PCB. On the left you can see the earth connection to the pot case.

TO RV1

R9
TO WIRE
TO LED 1
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L I K
TOLED 1 TO WIRE
CATHODE

Fig. 2 Component overlay
for the polystyrene cutter.
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SOUND
BENDER

This neat little ring modulator has a built-in wide-range sine/triangle
modulation oscillator and a ‘pan pot’ output mixer, but can be built
(less the case) for under £10. Design by Ray Marston. Development

by Steve Ramsahadeo.

ne of the most popular types of .
Ocheap sound-effects units is the
so-called ‘ring modulator or
four-quadrant multiplier. These units
have two inputs, one being a voice or
music audio signal and the other being
a simple sine or triangle oscillator
waveform: the output of the unit is
equal to the product of the two
instantaneous signal amplitudes. In
other words, the oscillator effectively
amplitude-modulates the voice/music
signal, to give some very interesting
changes in the apparent signal content
of the original voice/music material.
The ETI Sound Bender is a fully

self-contained version of the popular
ring modulator circuit. Naturally,
however, our project has few special
features. First, it has a built-in
modulation oscillator that can span the
frequency range 3 Hz to 5 kHz using a

single control pot and which can
produce either sine or symmetrical-
triangle output waveforms. Second, the
actual ring modulator is based on a
precision four-quadrant multiplier
circuit that is integrated into the
oscillator chip; the multiplier balance is
externally adjustable, enabling the unit
to be used either as a ‘sound bender or
as a simple sine/triangle audio
generator. Finally, the unit incorporates
a two-channel audio mixer in its output
stage, which enables the original and
modulated audio signals to be mixed in
any desired ratio (ranging from ‘all
original’ to ‘all modulated’) by a single
pan-pot type control.

Our unit is designed to operate
from nominal audio input signal levels
of about 100 mV RMS or greater and
can simply be interposed between the
output of the preamplifier and the

input of the main amplifer of an
existing audio system. The unit is
battery powered by a stack of eight
1V5 cells and typically consumes
about 12 mA.

Construction

The ETI Sound Bender is a fairly
simple project and construction should
present very few problems. Build up
the PCB as shown by the overlay,
noting the use of 16 Veropins to
facilitate the circuit interwiring, then fit
the PCB into a suitable case and
complete the interwiring to the off-
board components, noting that the two
halves of RV4 are contra-connected.
On our prototype unit the four control
pots are fitted on the unit’s front panel
and the two switches and the
input/output terminals are fitted on the

|

= 2

c3
470n

TRIANGLE

2

-
i .
C1
2200 4 >
sK1 RV2 R7
INPUT ak7 2k2
NULL
5 % SK2
NOTE ouTPUT
C2 o5 IC1,3 ARE 741
(= 100u 100 I62'1s XR2206
RV1 R4 RV3
10k 1% 2M2
INPUT FREQUENCY
LEVEL
1
= 15

Fig. 1 Complete diagram of the ETI Sound Bender.
34 ELECTRONICS DIGEST, WINTER 1983



Sound Bender

rear panel. As you can see from the
photographs, the circuitry and battery
pack make a fairly tight fit in the
specified case.

The unit is very easy to use. Simply
connect the output to an audio power
amplifier/speaker combination, adjust
RV2 (null) for zero output tone, then
connect a voice or music input signal
and see how the sound can be ‘bent’
using the frequency and mix controls.
Level control RV1 is simply adjusted to
give good sensitivity without amplitude
limiting (clipping).

To use the unit as a simple audio
generator, turn the input level control
down and set the mix control (RV4) to
give a ‘modulation only’ output, then
adjust null control RV2 to give the
desired output signal amplitude. RV3
then acts as the frequency control and
SW1 gives selection of either sine or
triangle output waveforms.

BUYLINES

There are no unusual components used in
this project — the XR2206 should be
available from most major mail order com-
panies advertising in this issue. The case
used can be obtained from Watford Elec-
tronics or OK Machine and Tool Ltd — Everything does fit in the case specified, but only just!
order as CM5-125. The PCB is available
from our PCB service as advertised on

page 91. PARTS UST
Resistors (all 4 W, 5%) C2 100u 16 V PCB electrolytic
HOW |T WORKS R1 100k C3,6,7 470n polycarbonate
— | R2,9,10,11 1M0 C4 100n ceramic
The heart of this unit is IC2, an XR2206 func- R3,12,14 10k CS5 10u 25 V axial electrolytic
tion generator chip that incorporates a R4 4k7 C8 470u 16 V PCB electrolytic
wide-range sine/triangle waveform RS5,6 47k c9 4u7 16 V axial electrolytic
generator and a precision four-quadrant R7 2k2
multiplier within a single package. The out- RS 220R semiconductors
put of the waveform generator is internally 1C1.3 741
connected to one input of the multiplier, Potentiometers 1IC2 XR 2206
and the other input of the multiplier is ac- RV1 10k linear
cessible at piin 1: the output is available at RV2 4k7 linear Miscellaneous
pin 2. RV3 2M2 linear SW1,2 SPDT miniature toggle
In our application, the generator can RV4 100k dual linear SK1,2 phono sockets
produce either sine or symmetrical-lr'iangle PCB (see Buylines); four-section HP7 bat-
waveforms, depending on the setting of Capacitors tery holders (two off).
SW1, and its frequency (determined by C1 220n polycarbonate
C4-R7-RV3) can be varied over the range 3

Hz to 5 kHz via RV3. The pin 1 input of the
multiplier is biased by RV2, which is nor-
mally adjusted to balance the multiplier so
that it produces zero output when zero RV2 SW1

signal input is applied to pin 1. RV4b  WIPER RV4a (SINE)

The audio input signal is applied
across RV1 and a fraction of this sfignal is
tapped off and applied to x 10 amplifier §IC1.
rh’l output of ICT splits into two paths, with RY2 +12V VIA SW2
one path passing to one input of two- 9 RS
channel audio mixer IC3 via RV4b, and with {RrR}
the other path passing to the input (pin 1) of
1C2, which has its output (pin 2) taken to the RV1WIPER '@
other input of the IC3 mixer via RV4a. Note +
that mix controls RV4a and RV4b are @ SW1 COMMON
contra-connected, so that :hey control the
mixing action in ‘pan pot’ fashion, giving a
final gutput from 1C3 that ranges from ‘all RV4b WIPER
original signal’ to ‘all modulated signal’ in RV4a WIPER

the extreme settings of RV4. The output

amplitude of 1C3 is divided by 10 (by Rt RS €

RV2

R12-R13), so that the final output signal has OV (OUTPUT)
an amplitude roughly equal to that of the COMMON TQ ———— I OUTPUT
input signal feeding 1C1, thereby giving the RV1&RV3

Sound Bender a good overall signal-to-

noise ratio. RV3 WIPER

Fig. 2 Component overlay.
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1HOW MOSFET
AMPLIFER

Employing MOSFETs, this power amplifier features a ‘no compromise’
design from Dave Tilbrook and is rated to deliver 150 W RMS
maximum; it features extremely low harmonic, transient and
intermodaulation distortion. This is achieved by overcoming the many
basic problems encountered in the use of MOSFETs for audio

amplification.

provide a power amplifier

module of the highest possible
performance. Ideally the power amp
should produce an amplified version of
its input signal and contribute no sound
of its own. In order to design a
practical amplifier that will come as
close as possible to this ideal, it is
necessary to ‘define’ limits on the input
signal characteristic and then ensure
that the power amp exceeds these
limits.

The problem of amplitude
overload cannot be eliminated, since
no practical power amplifier has access
to infinite supply voltage. In order to
overcome this problem, the ET!-5000
module has been designed to handle in
excess of £ 50V rails, giving it a
conservative power rating of 100 W
RMS into 8 ohms. The output stage has
been designed so that the MOSFETs
will not operate outside their safe
operating area on any load in which
the effective series resistance does not
drop excessively below 8 ohms.
Increasing the supply rails will increase
the audio power output (up to 150 W
RMS max.) but for normal use, we
recommend sticking to £ 55V

Similarly, since no power amp has
an infinite slew rate or infinite
frequency response, the input signal
has been limited by a passive input
filter. It can be easily demonstrated by
experiment that the introduction of a
passive filter that does not excessively
affect the frequency response within
the audio passband will not affect the
sound of the input signal. This filter will
define a maximum possible input
slope. It is therefore only necessary to
design the amplifier with a slew rate
that exceeds this by a sufficient margin
to ensure freedom from slew-induced
distortion. Since the amplifier is
operated below its slew rate limit, the

T he objective of this project is to
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Build this amplifier and go to the top of the class.

application of negative feedback will
decrease distortion produced as a
result of the signal slope approaching
the slew rate (TIM).

Pair Difference

Differential pairs have been used
throughout the design to form not only
the input stage but also the voltage
gain stage. This ensures that the
distortion characteristics of the input
and voltage gain stages are low enough
so that the open loop characteristics of
the amplifier will be determined by the
output stage. The improved frequency
and phase linearity of the differential
pair make it considerably easier to
ensure that the amplifier meets the

Nyquist stability criterion. Another
advantage of the differential pair is its
relatively high supply rejection, a
parameter which is often not given
sufficient attention in power amp
design.

Careful control of the feedback
loop and the use of a passive filter/load
on the output of the module, coupled
with the design points mentioned
above, have yielded an amplifier with
particularly low dynamic distortion
characteristics. An amplifier that has
been designed with these objectives in
mind will automatically have low THD
and TID figures. The ETI-5000 is no
exception, with a THD at 1 kHz and
10 W RMS of less than 0.001%, rising
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MOSFET Amplifier

A general view showing the internal layout of the amplifier. Toroidal transformers can

be used instead.

SPECIFICATIONS

Power output

100 W RMS into 8 ohms

(£ 55V supply)

(up to 150 W with suitable PSU)

Frequency response

8 Hzto 20 kHz, +0 —04 dB

28 Hzto65kHz, +0 —3dB
NOTE: These figures are determined
solely by passive filters.

Input sensitivity
1V RMS for 100 W output

Hum
—100 dB below full output (fiat)

Noise
—116 dB below full output
(full, 20 kHz bandwidth)

2nd harmonic distortion
<0.001% at 1 kHz

(0.0007% on prototypes)

at 100 W output using a

+ 56 V supply rated at 4 A
continuous

<0.003% at 10 kHz and 100 W

3rd harmonic distortion
<0.0003% for all frequencies less
than 10 kHz and all powers below

clipping

Total harmonic distortion
Determined by 2nd harmonic
distortion (see above).

Intermodulation distortion
<0.003% at 100 W
(50 Hz and 7 kHz mixed 4:1)

Stability
Unconditional

slightly to around 0.003% at 10 kHz
(top end distortion figures are a
function of bias current). It should be
remembered, however, that obtaining
low THD figures should not be the
prime objective of a good power
amplifier design, but results from the
reduction of dynamic distortion
mechanisms.

Tested and Trying

The module has been tested
exhaustively and all prototypes have
performed with negligible differences.

When attempting to measure
distortion figures as low as these, great
care must be taken with the earthing

ELECTRONICS DIGEST, WINTER 1983

arrangement to the test equipment. The
amplifier module will give its lowest
distortion figures only when measured
with respect to the correct earth. It
may be necessary to remove the
connection between mains earth and
signal earth inside some distortion
analysers. This problem will not arise
when the amplifier is connected to a
loudspeaker. This condition is not
unique to the 5000 module, but will
occur whenever an alternative earth
path is provided to the output signal
earth

The sound is clean with no sign of
the aggressive high frequency
performance common to many
transistor amplifiers. There are some
amplifiers that give the subjective

(+)

RS Rl Re
as ’ Qs
a1 a2 D OUTPUT
(-) - +)
NPLT NPUT
@* Q4
R2 R3

%M
(=)

Fig. 1 The basic voltage gain stage of the
ETI-5000 MOSFET amplifier.

impression of being ‘over smooth’, ie
the amplifier on first listening sounds
clean and unobtrusive. Further listening
test reveals, however, that these
amplifiers lack detail, and complex
sounds like a symphony orchestra tend
to beome a single mass of sound rather
than being rendered as single
instruments. The ETI-5000 does not
suffer from this problem!

Carefully Does It

Particular care has been taken to
minimise slew-rate limiting and
harmonic distortions. An inspection of
the ‘How It Works’ section will reveal
the techniques employed.

Follow the suggested
constructional method and no
problems will be encountered.

Construction —
Module

The construction of the power
amp module is not difficult since all
the components are mounted on a
single board. Since the design employs
a fairly large amount of negative
feedback, the board pattern is a critical
factor in attaining the maximum
theoretical performance. It would be
virtually impossible to achieve the
same performance if the board pattern
were altered, without recourse to a
distortion analyser with a sensitivity of
at least 0.005% and a very good
spectrum analyser. The board pattern
shown ensures freedom from earth
path interaction and therefore does not
degrade the distortion performance of
the design.

Commence construction by
soldering all the resistors onto the
circuit board. The OR22{0.22 ohm),

5 W source resistors in the output stage
get warm if the amplifier is operated
for extended periods at high power. '
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INPUT

Fig. 2 Component averlay of the MOSFET amp module.

-4
=3
o
I
-4

Fig. 3. This overlay shows the components which are mounted directly on the copper side of the PCB.

They should never get hot enough to
burn the circuit board, since any fault
capable of causing this much power
dissipation should blow the supply
fuses first. Nevertheless, it is good
construction practice to space these
resistors a few millimeters off the
surface of the board. The 4.7 ohm, 1 W
resistor R29 should definitely be spaced
off the board since it will overheat if a
fault condition should cause oscillation
of the amplifier at high frequencies. Do
not mount the four 100 ohm resistors
R21, R22, R23, R24 at this stage. These
are mounted on the rear of the circuit
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board and are best left until after the
MOSFETs are mounted.

Solder the four fuse clips into the
board next. Now mount all of the
capacitors, with the exception of C7, 8,
10, and 11. Once again, these mount on
the rear of the board. Make sure the
electrolytic capacitors C1, C5, C12 and
C13 are inserted with the correct
orientation as these are polarised
components. Mount the TN914s and
zener diodes, taking care to orient
them correctly. Solder the trimpot RV1
into place and then the smallsignal
transistors, Q1, Q2 and Q13.

Next step is to mount the six
voltage amp transistors, Q3 through
Q8. These are situated on the board in
two parallel rows, each row with three
transistors. In the prototype modules,
the heatsinks were constructed from
two pieces of aluminium, as can be
seen from the photographs. The
transistors are mounted using 6BA
bolts, each passing through a pair of
transistors. This forms a very strong
assembly which can then be soldered
onto the board. Insulating mica or
plastic washers should be used
between the metal side of the
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MOSFET Amplifier

trasnsistors and the heatsink strip, using
a small gquantity of heatsink compound
between each mating surface. When
this transistor-heatsink assembly is
completed, but before soldering it into
the circuit board, check that each
transistor is effectively insulated from

—  PARTS LIST_

Resistors (all 2W, 5%)

R1 470k
R2,11 47k
R3 10R
R4,16 1k0
RS ak7
R6,20 47R
R7,10,13,18 270R
RS 10k
R9,14,19 22k
R12 3k3
R15,21-24  100R
R17 39R
R25-28 0R22, 5 W
| R29 4R7,1W
R30 1RO, 1 W
R31 150R

Potentiometer

{ RV1 250R vertical trimpot
Capacitors
1 470n, 25 V PCB electrolytic
C2 1n0 polyester
3 330p ceramic or mica
C4,78 470p ceramic or mica
C5 100u 25 V PCB electrolytic
(o 10p ceramic or mica
c9 220n polyester
cion 47n polyester
C12,13 100u 63 V PCB electrolytic
Cc14 220p ceramic or mica
Semiconductors
Q1,213 BC550
Q34,78 BF470
Q5.6 BF469
Q9,10 25K134
Q11,12 25149
D1,2,3,4 1N914 or similar
ZD1,2D2 12V, 400 mW zener

Miscellaneous

PCB; four fuse clips; two 3 A fuses; one
plastic bobbin or similar former, 15 mm
diameter; one metre of 0.8 mm dia.
enamelled copper wire; two strips of 20g
aluminium,each 15mmwide by 47 mm long
(for voltage amp heatsink); heatsinks, case
to suit.

Semiconductors

BR1 200V, 35 A bridge rectifier

Capacitors

C1,2,3,4 10,000 uF, 80 V can
electrolytics

C5,6,7,8 100n polyester

c9 470n polyester

Transformers

11,12 two x 35 V secondaries

Miscellaneous

SW1. .. illuminated rocker switch, 240 V
AC rated; 1 off 2A fuse and fuseholder, |
off 3-pin DIN socket; 2 off 2-way plastic ter-
minal blocks; 2 off phono sockets; 2 off red
and 2 off black heavy duty screw terminals;
clamp grommet and sundry rubber grom-
mets; hookup wire; nuts, bolts etc; heat-

sink/front panel, metalwork etc.
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the heatsink. Using a multimeter on the
resistance range, check for shorts
between the centre lead (collector) of
each transistor and the heatsink strip.
Note that the bolts through the six
transistors are automatically insulated
from the metal rear of the transistor by
the plastic body of the device so no
additional insulation of the bolts
should be necessary.

Before mounting the MOSFET
output devices it is necessary to make
the heatsink bracket. This is cut from a
suitable aluminium extrusion. The
board has been designed to suit
extrusions with one of the sides at least
40 mm wide. The transistor mounting
holes have been placed so that the
heatsink brackets used in the ET!

300 W modules (April ‘80) are
compatible, although there will be
some unused holes.

The output assembly should now
be checked for shorts. Remove the
earthing bolt first (see overlay). The
resistance between the case of each
MOSFET and the bracket should be
checked with a multimeter. If any
device shows a short to the bracket it
should be disassembled and the short
found. Usually it is necessary to
replace the TO-3 insulating washer as
most faults of this type are the result of
small metal burrs cutting through the
washer when mounting the device.

Once the MOSFETs are mounted,
the last passive components —
resistors R21, R22, R23 and R24 plus
capacitors C7, C8, C10 and C11 can be
mounted on the rear of the circuit
board. These are positioned on the rear
of the board so that lead length is kept
as short as possible. Cut the leads just
short enough to mount the
components in place.

d8

Set-up Procedure

The recommended supply voltage
for the modules is around +55 V. With
this voltage and reasonable supply
regulation, the module will deliver
around 100 W RMS into a nominal 8
ohm load.

First, reccheck that the output
devices are not shorted to the heatsjnk
bracket. This is best done with the

earthing bolt removed as mentioned

earlier. If no shorts are found, replace
the earthing bolt.

Do the same check for shorts
between the six voltage amp transistor
collectors and their heatsinks.

Check the polarity of all polarised
components. It is often difficult to tell
one end from the other on diodes since
the markings are easily rubbed off. If in
doubt, check these with a multimeter.
Wind the wiper of the trimpot RV1
fully counterclockwise (least
resistance). This ensures no bias is
applied to the output stage. Now,
remove the fuses from the board if
they have been fitted and replace them
with 10 ohm, V2 W resistors.

The module can now be
connected to a power supply.

Make sure that the power supply
connections are sound, with good
solder joints. If you have access to a
current limited bench supply it is best
to connect the module to this for the
set-up and initial test. If you can do
this, set the current limit to around
200 mA. Do not connect a load to the
output of the module at this stage.

If the power is now turned on, the
current through the two 10 ohm
resistors replacing the fuses should be
low. If these resistors start to smoke,
this indicates a fault condition — turn
the power off immediately.
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Fig. 4 This graph shows the measured distortion versus frequency for two values of

quiescent current in the output stage.
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Fig. 5 The measured frequency response of the amplifier(single module). Roll-off points
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MOSFET AMPLIFIER
BRIDGING ADAPTOR

Some like it loud. Here’s how to operate the two 150W power
amp modules in the MOSFET power amp in bridge
configuration with the addition of a simple, inexpensive module.

gain phase inverter that can be

installed within the Series 5000
power amp. The input to one of the
power amps is disconnected from the
input socket and is wired to the output
of the bridging adaptor. The input of

This project consists of a unity

maintain good noise figures, NE5534N
op-amps were used in the design.

Noise Problems

The conventional way to achieve
an inverting amplifier is to ground the
non-inverting input and insert the input

Since the input resistor has been kept
to a small value in the second stage a
good noise figure results.

— PARTS LIST ___

Resistors (all 4 W, 5% except where stated)

the bridging adaptor is connected in signal into the inverting input via a :;j: :28"
parallel with the input of the other resistor. In this configuration the R7,10,11  100R
channel. This leaves one of the input inverting input is also connected to the R8,9 1Kk5 2 W
sockets unused, although it could be output of the op-amp through another )
connected to the other input socket if resistor and forms a virtual earth point. 8"’“"”5 220n polyester
required The input resistor therefore forms the c2 1n0 ceramic
The bridging adaptor must not input resistance of the stage. Since this C3,4 10p ceramic
degrade the distortion figures of the is connected to the output of the cs 10n ceramic .
amplifier to which it is connected. preamplifier the value of this resistor gg . :ggguzavvpggneti:'c’t"’x’l:/'fic
Similarly good noise figures and must be high, ie around 10k-100k. C9.10 10u 25 V tantalum

freedom from slew-induced distortions
must be ensured through careful design

Unfortunately, this would seriously
degrade the noise performance. To

Semiconductors

of the unity gain amplifier stages. overcome this problem the bridging :)c11_;‘2 :‘ :233‘1‘1, cgulinlent
Unfortunately, amplifiers with a gain of adaptor has been broken into two D12 12V 400 mW zener

one tend to be the most difficult to
stabilise because of the relatively high
amounts of negative feedback. To
overcome this problem and to

stages. The first is simply a unity gain
buffer. This stage has low noise figures
and an output impedance low enough
to drive the following inverter stage

&n. - 4 . !

e

The board installed in the Series 5000 amp at th

the chassis.

44

e left hand end of

Miscellaneous
PCB (see Buylines), mounting hardware;
hookup wire.

. |c2 — B "
e
@ .@
=
(o), —m+
w8 o
35v
e B LW

Fig. 1 Component overlay for the bridging adaptor.
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Bridge Module

NORMAL SINGLE_ENDED accompanying photograph. Use
twisted pairs of 32 x 0.2 mm plastic-
covered hookup wire, as with the
existing input wiring. Solder the output
directly to the input of the power amp
closest to the bridging adaptor. Solder
the input leads of the bridging adaptor
to the input socket of the other power
amp. Included here is a block diagram
of the Series 5000 power amplifier
showing suitable modifications to
incorporate the bridging adaptor.

Construction

- Construction of the bridging

INPUT % ' adaptor is not difficult since all
components are mounted on the PCB.
The components can be mounted on
the board in any order, although it is
probably best to leave the two large
electrolytic capacitors until last. As
usual, be careful of the orientation of
all polarised components such as the
electrolytic capacitors, ICs and diodes.

Solder input and output leads to
the board and bolt to the side bars on
the left hand side of the power amp
(viewed from the front), as shown in the

i >
VERY SMALL SIGNAL -L
CURRENT ONLY

Fig. 2 Single-ended power amp showing
how current flows in the power supply and
the load.

Performance

HOW BRIDGING WORKS

The prototype bridged Series 5000

The amount of power an amplifier can
deliver into a certain load is determined by
the simple equation:

P = V2R

where V is the supply voltage and R is the
resistance of the load. To achieve more
power we must either decrease the
resistance of the load or increase the supply
voltage. Either of these will cause an in-
crease in the amount of current to flow, and
this must be catered for in the design. Un-
fortunately, power transistors are limited
by the maximum voltage they can with.
stand so the supply voltage cannot be in-
creased indefinitely. An amplifier with a
supply voltage around 50V is probably
capable of supplying around 40 V peak to
the load, the remaining 10 V being dropped
by the output transistors, driver transistors
and the power supply. This correspondsto a
power level of around 100 W RMS into an 8
ohm load.

Inorder to increase this the load could
be decreased to 4 ohms, for example. The
simple equation above predicts a power
level twice that of the 8 ohm case. In prac-
tice this ideal is never met since the in-
creased current causes increased voltage
drops. Inthe case of a MOSFET output stage
such as the ETI-5000, the relatively high on
resistance will cause quite a high voltage
drop, decreasing the maximum output
power to around 150 W for a 4 ohm load.

In crder to increase the power of
audio amplifiers it would seem we must in-
crease the supply voltage and design the
amplifier so that it is capable of with-
standing higher signal currents. A closer in-
spection of Fig. 2, however, reveals another
alternative. The conventional power
amplifier consists of the amplifier itself and
a power supply, asshownin the digram. The
power supply is represented by the pair of
capacitors. These correspond to the main
storage capacitors in the power amp. The
rest of the power supply has been omitted
since its purpose is simply to maintain the
necessary DC voltage differential between
the ends of the capacitors.

In a class B output stage only one of
the output capacitors is supplying energy to
the load atany given time. The arrows in the
diagram indicate the direction of the cur-
rent flow when the power amp is delivering
a positive-going output signal. As can be
seen, the large signal current flows from the
positive supply capacitor to the power
amplifier, through the load and via an ecarth
return path to the electrolytic capacitors.
Every wire in this current path has
resistance, so voltage drops occur at all

points in the circuit. These voltage drops
can be extremely significant in the perfor-
mance of the power amplifier.

The distortion figure for the ETI-5000
module, usually around 0.001%, can be
degraded to worse than 0.3% if the
resistance in the power supply leads ex-
ceeds a small fraction of an ohm. If ex-
tremely low distortion figures are required
the entire heavy current path and earth
leads should be wired with one of the very
low resistance speaker cables available.

We have seen above that at any given
time in a class B power amp only one of the
capacitors is supplying power to the load.
So the load has access to only one of the
supply rails. If both supply rails could be
used at the same time the voltage available
to the load would be doubled without hav-
ing to redesign the amplifier, so long as the
resulting current were within its
capabilities. This is the purpose of the
bridge configuration with power amps,
sometimes referred to as ‘bridging’. The
principle is shown in Fig. 3. Two identical
power amplifiers have been used here, the
output of each going to opposite ends of the
load. The input signal is fed to the input of
the first amp in exactly the same way as in
the more conventional approach. The ar-
rows indicate the direction of current flow
for a positive-going signal voltage. At the
same time, the input signal is fed to the se-
cond power amp via a unity gain phase in-
verter. A positive-going input signal voltage
becomes a negative-going signal at the in-
put of the second amp. While the output of
the first power amp is swinging positive the
output of the second amp is swinging
negative, so the load experiences double
the supply voltage (neglecting for a mo-
ment the increased voltage drop due to in-
creased signal current).

In the 4 ohm case discussed earlier the
signal current is doubled, while the supply
voltage remains much the same; the max-
imum power is therefore doubled. In the
bridge case, however, the maximum signal
voltage is doubled, thus also doubling the
current. Sincepowerisgiven by the product
of voltage and current the power increases
by a factor of four. In a real amplifier, of
course, this power is never achieved. Orce
again the voltage drops across the output
transistors, etc will decrease the power con-
siderably, and this is especially true when
using MOSFET output devices. To make a
closer estimate of the power that can be ex-
pected of an amplifier when connected in
bridge, determine the power delivered into
a load of half that used in the bridge and
double this value. If the bridge is to be used

with an 8 ohm load, for example, determine
the power delivered by one amplifier into a
4 ohm load and double this figure. In the
case of the ETI-5000 module the power into
4 ohms is around 150 W RMS, so the power
achieved by two 5000s in bridge should be
around 300 W RMS. Measurements carried
out with the bridging adaptor gave power
figures between 280 and 300 W RMS, in
good agreement with the estimate.

There are also limitations, however,
which must be considered for successful
operation of a bridge amplifier. First, since
each amp is effectively driving a load half
that of the real load, the load resistance
connected to a bridge amplifier must be
twice the minimum load specified for in-
dividual power amps. Since the minimum
load recommended for the ETI-5000
module is 4 ohms the minimum load used in
bridge should be 8 ohms.

"Another problem associated with
bridging is that both power amps used
should shdre the same power supply to en-
sure the integrity of the earthing system. If
this condition is not met, the distortion
figure and stability margin of the amp will
almost certainly be degraded. In Fig. 3, two
independent power amplifiers are con-
nected in bridge. This is done by joining
their earth reference points together and
driving the loudspeaker with out-of-phase
signal voltages. Current resulting from a
positive-going signal voltage flows from the
positive supply through the first power amp
and through the loudspeaker to the second
power amp, and then to the negative supply
rail of the second power amp. The circuit is
completed by the connection between the
two earth points. The problem is that, since
this connection has a finite resistance, a
voltage drop will occur across it, varying
with the signal voltage and modulating the
earth current for the second power amp.

The solution is to operate both power
amps from a single power supply. Figure 4
shows a pair of amps connected in bridge
and using a common supply. Once again,
the arrows show the direction of current
resulting from a positive-going signal
vbltage. Notice that in this case the connec-
tion between earth reference points has
been eliminated and both power amps have
access to the same single reference point.
This is one of the reasons the Series 5000
power amplifier was configured with a
single supply even though two power
transformers and a total of four elec-
trolytics were used; the two channels in a
stereo power amp could be bridged, form-
ing a mono power amp. For stereo opera-
tion two such amplifiers are required.
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Bridge Module

BRIDGE DUAL
SLPPLY

BRIDGING ADAPTOR
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HOWIT
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WORKS

The Bridging Adaptor is aunity gain(gain of
x1) inverting stage that has its input in
parallel with one power amplifier module
and its output driving the other power
amplifier module. Thus the power amp
module it drives operates out of phase with
the other power amp module.

The bridging adaptor has two stages
— anon-inverting input buffer stage and an
inverting output stage. The active device in
each stage is an NE5534 high performance
op-amp. A on-board rectifier provides dual
supply rails regulated by two zeners.

Input is coupled to the non-inverting
input of IC1 via an RC network consisting of
C1, R2, R3, and C2. Resistor R1 provides a
DC return for the input line. Resistor R3is a
low value to ensure good noise perfor-
mance for IC1, and together with C2, a
lowpass filter is established to limit the slew
rate of incoming signals to prevent slew-
induced distortions. Feedback for IC1 is
provided by R4, connected between the
output and the inverting input. The output

of IC1 drives the inverting input of IC2 via
RS. Feedback around 1C2 is provided by R6.
The feedback constants for both 1C1 and
1C2 are arranged so that each stage has a
gain of one.

The output from IC2 is coupled via R7
and C6, which provide a low frequency
rolloff, C6 also providing DC blocking.

The bridging adaptor is powéred from
the Series 5000 amplifier power supply
transformers. Diodes D1 to D4 form a
bridge rectifier providing about £52V DC
with respect to the winding centre tap.
Capacitors C7 and C8 provide smoothing.
Two zener diodes, ZD1 and ZD2, are used
to provide regulated positive and negative
12V DC supply rails for the two ICs.
Resistors R8 and R9 provide current dropp-
ing for the two zeners and R10/C9, R11/C10
provide further filtering. Capacitor C5 pro-
vides a high frequency bypass for the supp-
ly rails. Capacitors C3 and C4 provide fre-
quency compensation for 1C1 and I1C2
respectively.

Fig. 3 (Top left) Two separate bridged
power amps showing individual power
supply and load currents.

Fig. 4 (Centre left) Bridged power amp and
single supply showing load and supply
current flow.

Fig. 5 (Bottom left) Circuit diagram of the
bridging adaptor.

amp performed favourably and gave
distortion figures around the resolution
of our THD analyser (approx. 0.003%).
Similarly, noise figures were not
degraded and the adaptor tested was
free of slew-induced distortion. The
power output achieved was around 300
W RMS when connected to an 8 ohm
load. Connection to a 4 ohm load is not
recommended for the reasons given in
the accompanying box.

c7
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Fig. 6 How to wire the bridging adaptor
into the Series 5000 amplifier for bridged
operation.

— BUYLINES

As usual, we can supply you with the PCBs;
the order form is on page 91. Nothing else
should cause any problems; the NE5534 is
available from Watford Electronics, or as
an alternative you could use the TDA1034
from Technomatic.
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GUITAR TUNER

Roadies, perfectionists and the tone deaf can all benefit from this
project. Our Guitar Tuner is both versatile and accurate. Design and
development by Brian Brooks.

usicians who wish to play
Mtogether have to ensure that

their instruments are tuned to
the same fundamental pitch. If they
aren’t, the resulting sound is pretty
awful. Listening to the radio these days
can give the inpression that some
groups actually like to play this way
— nevertheless, we feel that the
majority of musicians out there would
be grateful for something that does
away with the need for a tuning fork (or
pitch pipes) and a good ear for pitch
Look no further — this is the project
you’ve been waiting for.

The ETI Guitar Tuner is quick,
simple, versatile and highly accurate.
Unlike other designs, reference
frequencies are provided for all six
strings of a guitar, and are selected by
momentarily pressing one of the push-
buttons. The note chosen is then
synthesised by a frequency generator
chip and remains latched until another
pitch is selected. This overcomes the
major disadvantage of the tuning fork,
in that the note does not die away

ELECTRONICS DIGEST, WINTER 1983

quickly. An octave selector switch
allows the Tuner to be used with bass
guitars or other instruments (anyone for
synthesisers?), and even acoustic
instruments can be tuned, by using a
high impedance mike to provide an
input.

Although it is the ideal project for
anyone with a musical bent, or bent
music, the people who will benefit
most from this project are roadies, who
often have to quickly tune a number of
instruments before a concert while
loud music is being played over the PA.
Since the Guitar Tuner uses a meter to
indicate beats visually, this daunting
task becomes a piece of cake.

Construction

This is quite straightforward if the
overlays are followed carefully. Start
with the main board, soldering in the
lowprcfile components first — wire
links, resistors, diodes and IC sockets.
Insert Veropins at the points where
interwiring will take place later. Follow
with the capacitors and the FET, and

finally fit SW1 and L1. The tags on SW1
must be cut off so that it will fit the
holes in the PCB. Check that all the
polarised components are inserted the
right way round; the coil has an
asymmetrical pinout and will only fit
one way. Now insert the ICs into their
sockets, being unbelievably careful
with IC1 — remember that this is an
A-series unprotected CMOS chip and it
will commit suicide at the slightest hint
of static, so DON'T TOUCH THE PINS.

The completed board can now be
fastened to the case bottom using short
self-tapping screws, Although the PCB
is only supported at one end (see
photos), it is quite rigid enough Mount
the jack socket at the opposite end of
the case to the PCB and link it to the
input Veropins with a short piece of
screened cable. Note in the
photographs how two pins of the jack
socket are connected to the screen of
the cable — the socket is a shorting
type so that if an instrument is not
plugged in, the input is grounded to ‘
prevent noise pick-up.
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Guitar Tuner
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PARTS LIST TABLE 1

Cut holes in the lid for the meter
and the shaft of the rotary switch — '
the easiest way to accomplish the NOTE OCTAVE FREQUENCY (Hz)
latter task is to smear ink on the tip and Ressiom@llile R, 5%) E F/4 824

. s R1 1k0
replace the lid to leave a drilling mark R2,3,8 100k A F 110.0
on the inside. Don’t worry about R4,12 10M D F 146.8
missing slightly; the knob is wide R5,10 1m0 G F 196.0
. itdide of Sifg! R6 220k

enough to hide a multitude of sins! 5 Fw B E 2469

Now solder the five push-buttons R9,11 47k £ F 3296
into place on the smaller PCB, making R13,14,18,20 4k7 g '
sure that the small dot on top is R15,16,17,19 10k (E's are 2 octaves apart)
orientated as shown on the overlay, RZ1 L
and solder the ribbon cable to the pads Capacitors i TO IC2 PINS
at the edge of the board. Make a C1,2 10u 16 V PCB electrolytic F"‘g-"(' Ovedrldv for e A B
rectangular cut-out in the lid of the box a 220p ceramic plate (low temp. the keypa 8 7 6 5
to allow access to the push-buttons coeff)

(i b ) d C4,5 1n0 ceramic plate
(plaqng it far enough to one end to Co 10u 25 V axial electrolytic
avoid fouling the rotary switch shaft) C7,9 100n polyester
and fasten the keyboard inside the lid cs 470p ceramic plate
with doublesided tape or sticky pads. 30 22Up certic fate
The corners of the board may be cut at Semicondncton i1 1 4 I |
an angle to fit between the moulded Ic1 4001A or 4001UB
pillars_ 1C2 TMS1000 @ @

After bolting the meter into place, 513 ;;%gp — T T
the final interwiring can be completed. D13 IN4148 " 4 a
Solder the other end of the ribbon ZD1 12V 400 mW zener
cable wires to the pins around 1C2 — _
checking carefully that they're in the t’:'“e"""“’“ss 5 I

- 5 mH 'y T
right order — and make the SW1 2-pole 6-way rotary switch l
connections to the meter. All that PB1-5 push-button switches
remains now is to solder the battery i:‘: 1‘60 m:no i;‘lck socket ]
UA centre zero meter

leads, co.nnect_ the two PP3S. ar!d fasten Two off PP3 batteries and clips; PCBs (see
them (using sticky pad$ again) in the Buylines); IC sockets; cable; case (Vero order
space between the main PCB and the ref. 202-21030); knob to suit.
jack socket. 21 22 24 25 26
48
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METER +

METER —

BUYUNES

A complete kit of parts is available from
Magenta Electronics, 135 Hunter Street,
Burton-on-Trent, Staffs DE14 2ST for
£32.37 all inclusive. IC1 is a special and is
available from Magenta only for £6.48 all
inclusive if bought separately from the kit.

B1 -VE
B2 +VE

SK1 (INPUT)

Fig. 2 Component overlay for the main PCB.

Setting Up

To calibrate the Guitar Tuner,
select any of the frequencies in Table 1
and tune the coil while measuring the
output of IC2 (pins 12-14) with an
accurate frequency meter.
Alternatively you may feed in a known
original frequency to the jack socket
(using a mike and a tuning fork, an
accurate signal generator, an atomic
clock or whatever else you happen to
have handy) and adjust the coil for
zero beats on the meter. Once set, the
oscillator will stay very accurate
regardless of the battery state or the
ambient temperature.

To use the Guitar Tuner, plug your
electric guitar (or microphone) into the
jack socket, press the button
corresponding to the string you want to
tune, select the correct octave with the
rotary switch (for example, use F/4 for
the bottom E string), and strum the
note. It you're way off tune the meter
won’t respond at all, but as you tune
the string closer to the right pitch, the
needle will start to register the beats by
oscillating rapidly about the centre
position. This oscillation will slow down
as you approach the reference until the
needle stops at zero, at which point the

___ _HOW IT WORKS —__

The reference oscillator built around IC1a and
b must be very stable, so a high-Q coil and
capacitor design is used rather than the more
familiar R/C astable. The IC is used here in the
linear mode, so the A-series or unbuffered
CMOS chip is better. Furthermore, this IC has
its own stabilised 12 V supply, derived from
R1-ZD1 and decoupled by C1.

IC2 is a frequency synthesiser chip, pro-
ducing top octave notes A, D, G, B and E.
These are selected by closing the appropriate
push-button in the keyboard matrix driven by
1C2; each note latches when the key is pressed
so momentary action only is required. SW1b
selects either the top octave (frequency F), or
the three octaves below it, F/2, F/4 and F/8.

The remainder of the circuit requires a
rail at half-supply voltage and this is achieved
using potential divider R2-R3 and voltage
follower 1C3a. C2 provides decoupling for this
rail. IC3b and c amplify the input signal; the in-
put impedance is 47k, suitable for use with a
guitar or high impedance mike if acoustic in-
struments are being tuned. 1C3d is a syn-
chronous rectifier and is used to compare the
input frequency with the internal reference.
When two signals are in phase the output of
1C3d is positive, and when they are out of
phase itis negative — the output swinging bet-
ween the two at 90° and 270°. Q1 is driven
from the reference to alternately invert the
gain of 1C3d at the appropriate pitch. Meter
overload protectionisprovidedby D2 and D3.

instrument is perfectly tuned.
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PLAYMAIE GUITAR

EFFECTS/AMP

The sounds of the superstar in your own room — or in the
middle of a field! The PLAYMATE will help you on your way.
Design and development by Phil Walker.

he Playmate is a small private
I amplifier for use with a guitar

giving a tew watts output for
easy listening while also providing
some of the basic effects used by
many musicians. It is ideally suited
to those who do not carry all the
various effects units around in their
guitar case but would like to be
able to practice at odd moments or
in out-of-the-way places.

In addition to the amplifier and
standard tone controls etc, various
distortion and wah-wah effects are
possible. As a by-product of the
circuitry a sustain effect is also
possible.

The sound output is provided
by a small internal loudspeaker and
the whole module is powered from
a small mains unit or batteries. An

external foot pedal could be used
with the wah effect if required. This
consists of a variable resistor and a
couple of other resistors to provide
the necessary control current. The
internal control is still active at this
time and can be used to set an
operating range.

The Circuit

The circuit is in general straight-
forward. It consists of an input
buffer with a gain of about 50
followed by a signal compression
stage which reduces the dynamic
range greatly in order to feed the
effects circuitry at a constant level.
The effects consist of a distortion-
inducing stage for fuzz and a
variable band-pass filter for the wah

wah. After the effects stages, the
dynamic range of the signal is
restored to normal before being fed
to the mixer, tone controls and
power output stages.

The input buffer consists if a
single 3140 CMQOS op-amp whose
gain is set at 48 by R2, R3. The
following dynamic range
compressor consists of one part of a
LM13600 dual transconductance
amplifier. The gain of this device is
a function of the amplifier bias
current, the input diode current and
the load resistor. The output buffer
of the device is used here as a peak
detecting rectifier which charges a
capacitor (C3) to the peak value of
the output signal less two base-
emitter drops (about 1V4). If this
voltage is greater than about 0V7
the resulting current flowing
through the input linearising diodes
causes the effective stage gain to
decrease and keep the output level
constant.

Distorting The
Facts

Distortion effects in this project
are of two types. The first is mainly
even harmonic generated by half-
wave-rectifying the input, inverting
it and then mixing it with the
original signal to get from no
distortion to complete frequency
doubling. In addition to this
overload type distortion is provided
by a high gain clipping amplifier
using non-linear feedback (IC3a,3b).

Wah wah sound effects are
produced by a current-controlled
state variable filter. The control
current determines the centre
frequency of the pass band while a
two-gang variable resistor sets the
bandwidth and compensates for
inevitable gain changes.

Tone controls are of a standard

ELECTRONICS DIGEST, WINTER 1983



Playmate

INPUT

BUFFER COMPRESSOR

> g

L.

Fuzz

WAH EXPANDER

mn

Ve MIXER

Fig. 1 Block diagram of the Playmate.

:
=

VOLUME

POWER AMP

>

TONE

O +VE

IDIODE O-

=INPUT

+INPUT O~

laBC

BUFFER QUT

— CURRENT
I = "MIRROR

O -VE

Fig. 2 Internal circuitry of the LM13600 — an operational transconductance

amplifier!

also determines the gain but is not
so easily varied.

If the diode current is zero then
the manufacturers’ data sheet shows
that the transfer function of the
device is:

o = e X @ X V,, =
2KT
I, x V

al

26 x 10

It the diode current is not zero
and the signal current is less than
I, then the transfer function is:—

low = 2 X e |
I

where
I. = signal current

1ABC +VE

'pioDE

-VE
Fig. 3 Basic voltage amplifier circuit.

type and use frequency-selective
feedback networks around an op-
amp. The following power amplifier
has been designed to have a low
quiescent current. This is important
if batteries are to be used as many
amps of the IC variety take 30 mA
or more, or are designed for single
tail working

THE LM13600

ELECTRONICS DIGEST, WINTER 1983

This device is used for two
functions in this project. One of
these is the compressor/expander
while the other is the wah wah. In
both of these, use is made of the
fact that the gain of the device is
dependent on the amplifier bias
current and the linearising diode
current (provided that the input
current is less than half the diode
current). In fact the output resistor

l,.. = amp bias current
I lin. diode current
l,. = output current

If we use resistors for input and
output, it can be seen that the
voltage gain of a stage using this
device can be controlled easily by
use of the bias and linearising diode
currents.

Figure 3 shows the basic circuit
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HOW IT WORKS

The gain of the ir;p:t buffer IC1 is set by

R2 and R3 at 48. R1 determines the input
impedance which C1 provides DC block-
ing. The output from this device goes to
the dynamic range compressor 1C2a and
its buffer 1IC3a. This part of the circuit also
provides control signals for the expander
circuit and, if required, for the wah wah
effect. The buffered output from the com-
pressor then goes via C4 to the first part of
the fuzz effect circuitry constructed
around around IC3b. Here an inverted
half-wave-rectified version of the input
signal is produced by the action of D1 and
D2 in the feedback netowrk of IC3b. This
is applied to RV1 from which a portion is
selected and mixed with a little of the
original signal. As the half-wave-rectified
signal at this point of the circuit is twice as
great as the straight-through signal, by
varying the setting of RV1, amounts of
distortion varying from none to virtual fre-
auency doubling can be selected.

The mixture of signals obtained above
is now applied 10 IC3c where they are
amplified. The amount of amplification
is determined by the setting of SW1. In
position 3 minimum gain is provided and
in fact the whole fuzz section is bypassed.
Position 2 gives the same gain, allowing
the first distortion stage to be effective.
The final position connects D3 and D4 via
C5 and R19 into the feedback circuit of
1C3c instead of R18. This has the effect of
greatly increasing the small signal gain but
causing the output to limit sharply, thus
clipping and squaring the output. This
facility is available on whatever output is
coming from 1C3b.

The output from the fuzz stages now
passes to the wah wah. This effect is pro-
duced by the current controlled state
variable filter used in a band-pass mode.
The filter is realised by using a LM13600
device with a controlled bias current pro-
viding the variable centre frequency. The
‘Q’ factor is controlled by a dual gang
potentiometer, half of which is used to
control the 'Q’ factor which the other half
compensates for the effective gain change
as this is altered. In this type of circuit the
frequency range is determined by the
values of C7, C8, R24 and R26, while the
actual centre frequency is controlled by
the amplifier bias current. If the bias cur-
rent is allowed to become too small it is
sometimes found that a thump is heard at
the output; in order to prevent this R34,
R35, D5 and R33 are used in the control
circuitry to keep the current above this
threshold.

SW2 selects between the control op-
tions for the wah wah circuit. The ‘off’
position bypasses the circuit altogether,
the ‘pedal’ position makes access to an ex-
ternal foot pedal if fitted, while the ‘auto’
position connects to an output from the
compressor stage. This control signal is a
current which is proportional to the
amount of signal compression being ap-

teemie

plied to the input signal. The magnitude of
this current increases as the input signal
increases. The result of this is that when
the input signal is loud, the wah wah cen-
tre frequency is high and as the input
decays, the wah wah frequency decreases
with it. The effect of this is to make a wah
sound automatically whenever a string or
chord is played.

The output from this section is buf-
fered and adjusted in level by 1C3d. After
this the signal passes to the signal expan-
sion stage built around 1C2B. C23 pro-
vides DC isofation and R36 converts the
input voltage to a suitable drive current
for the IC. For this application the linearis-
ing diode current is held constant while
the amplifier bias current is varied. Q1 in
the compressor circuit provides the con-
trol current for this sage allowing a good
match in the attentuation/gain
characteristics of the two stages. SW3
selects either the output from the ex-
pander or bypasses it as required to give
normal or sustain on the effects channel.

A dual gang potentiometer RV4
allows mixing between the original signal
and the effect-modified signal. This is
followed by a volume control RV5 to set
the output sound level.

After the volume control, IC5a buffers
the signal before applying it to the tone
control circuit around IC5b. The con-
figuration used here is a very common
type of feedback arrangement. As an ap-
proximation, the gain of an op-amp with
feedback is taken as — (feedback resistor
value)/(input resistor value). If we replace
the feedback and input resistors with
variable impedances, we find that wher
the feedback impednace is greater tha
the input impedance then the overall gaii
is great than unity, and vice versa. As im-
pedances vary with frequency, the gain .
each frequency will tend to be different
The only time the gain does not vary i:
when the input and feedback impedances
are equal whatever their magnitude. This
is the general principle on which the tone
control networks operate.

The final section to be considered is
the power amplifier stage. Voltage
amplification is provided by 1C6 and the
output from it drives two complementary
compound Darlington pairs, Q4/Q6 and
Q5/Q7. Quiescent current through the
output devices is set by RV8 in conjunc-
tion with Q3, R54 and C19. R59 and R60
aid in maintaining bias stability and pro-
vide some protection to the output tran-
sistors in the event of a fault. R61 and C20
compensate for load impedance varia-
tions at high frequency and C18 reduces
the high frequency gain of the power
amplifier to reduce the possibility of RF
oscillation. The large capacitors C21-25
are to reduce the effects of aging batteries
and prevent low frequency oscillation or
intermodulation distortion.
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for a volage amplifier and from it we
can show that the output voltage V,
is dependent on the bias and diode
currents,

Vo=V, x2x!l, xR

R1 x |y
l, =V R Therefore
and the gain Vo, = 2 x I, x R,
\% | R1
FROM
COMPRESSOR
o 'asc +VE

ouTPUT

R12

Fig. 4 The LM13600 as an expander.

[s]]

NOTE
ICT IS CA3140

1C2.4 ARE LM13600
IC3 1S TLO84

ICS IS TLDB2

IC6 1S 741

Q1,2,5 ARE BC212L
Q3.4 ARE BC182L
Q6 1S BD132

Q7 1sBD13Y

D15 ARE 1N4148

Fig. 6 Circuit diagram for the Playmate.
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Compressing with
The LM13600

Figure 5 shows the circuit used
in this project to compress the
dynamic range of the signal input.
For very small signals 1, is virtually
zero and the amplifier operates with
a very high gain. As the signal
increases, the output peak voltage
will reach a level sufficient to
charge the capacitor C to about one
diode drop. If the input signal tries

aBc

to increase further the resulting
current into the input diodes will
cause their impedence to fall, thus
increasing the attenuation of the
input and maintaining a constant
output level.

At any time the current flowing into
the diodes is:—

b =2x%x (Vo -3 x0.7)
R2

The 3 x 0.7 represents the voltage
drops associated with the base-

+VE

—Ovo

TO EXPANDER
'asc

L.
T

R2 = R3

Fig. 5 Here the LM13600 is configured as a compressor.

FUz2z

emitter junctions of the output
buffer transistors and the voltage
drop of the linearising diodes. This
voltage does vary with temperature
and current so since another control
current is required for the expander
function, this is derived by using a
resistor and common base
transistor. The configuration gives a
current output which tracks the
compressor control current very
closely as it has the same number of
junctions in series.

The LM13600 As
An Expander

if the current produced by the
above circuit is fed into the bias
current input of a virtually
indentical stage while the diode
current is held a constant then the
voltage gain equation above shows
tha the gain of the circuit will be
increased as the current increases.
Moreover the product of the two
gains will be constant giving an
invariant overall signal transfer
function.

OFF

OFF sW1a | g p [ PEDAL ™\ SW2b
R18 l 2 N OFF cé o
470k O T 4700
&
R16 | b3 c5 ', CWRvz: cew R21
220k 680n T 50k 10K
EFFECT
WIDT!
A IDTH
10m
—AAAA———4
R20
13 2M2
17 |12
100k 3¢
R22
1K0
ccw
A30
5k6
AUTOl VE
| +VE
cs Ite;;  Jtco PEDAL 00 ‘
470n W T 10 -
p——-t OV OFF
*c26 L+ c28 TREBLE a6
i 10u R46 AVE
GM——d VE 10k CCW oo Cw
WA EAAA

c13

OQUTPUT
TO
SPEAKER

BASS L

Lo

100n

+9V FROM
R61 BATTERY

6R8
+
c2a

1000.7]—

R41
5k6

VE

10k
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Rv7
100k

R47
10k

A

9v FROM
BATTERY

c16
15n

TONE CONTROL

w25

POWER AMP 1000u
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The State-variable
Filter

Things start getting a bit heavy
now! The following equations are
the transfer equations for a state-
variable filter such as that in Fig.
2:—

= [(R1/R3) x V,, + (R2/R3) x V|]
R5/(R4 + R5)

[T + R3(R1 + R3)/(R1R2)] x V,
R1 = R2 = R3 = RS, then:
V,=—(Vi,+ V) +R1(1 + 2)/

(R4 + R1) x V

3R1V,

V.
+
X
If

YV, = - (Vi + V) (1)
R4 + R1
—1/sCR x V,,
V, = - sCRV,
V, = —1/sCR x V,
Substitute (2) and (3) in (1):—
3R1V,

Vo

(2)
(3)

-sCRV, =
(R1 + R4)
— (V,, + (= 1)/sCRV,)

v
—™ —(sCR + 3R1/(R1 + R4) + 1/sCR)
Vo

3R1
= jwCR + ——

(R1 + R4)

+ 1/jwCR

Compare this with the equation for
jw, w = 2xf, f= frequency)

(s =

an LCR tuned circuit:—

Vi, = (jwbL + 1/(jwC) + R) I,

(Fig. 3)
Vin
= jwL + R + 1/(jwC) (LCR circuit)
IOU(
i 3R] .
— = jwCR ++—— + 1/(jwCR)
Vou (R1 + R4)

(State variable filter)

From this it is apparent that these
responses are similar except that the
LCR circuit gives a current output
rather than a voltage.
For this type of LCR circuit, the fre-
quency of minimum attenuation or
maximum gain (the resonant fre-
quency) is given by:-

1

27J1C

For our circuit this is:—
1 1

f

27/CR.CR  2aCR

The ‘Q’ factor influencing the band-
width is given by:—

27 f L ~ 2w x (1/2aCR) x CR

R 3R1/(R1 + R4)
R1 + R4

3R1

Figure 4 shows the configura-
tion necessary to use the LM13600
as a filter of this type. Last month
we found that the transfer function
of the LM 13600 with no diode cur-
rent is given by:—

Iabc

26 x 10

As we are using a capacitative load
this output current will generate a
voltage of:

I

— X V,

out

1

Vou low X
jwC
—Vx—-labc--x L
26 x 10 jwC
R1 e 1
=V 0 1% — X —

"R1 + R 26 x 107 jC

Since we are not dealing with a
normal type of op-amp, analysis of
the circuit is not as easy as the nor-
mal filter but the result is an equa-
tion of much the same form. We do
not show all the derivation here as
it would occupy most of a page.
However, the end result is that the
centre frequncy of the filter pass
band is proportional to the amplifier
bias current. Therefore we have an
easy way to control the wah wah
effect.

R2 R3
AV

R1
ViN O——AW——{ - R
AMAN—4
+

Fig. 2 (Above) Generalised state-
variable filter.

Fig. 3 (Right) Generalised LCR tuned
circuit.

Fig. 4 (Below) Using the LM13600 as a
state-variable filter.

—O Vo

lout

+VE
o

VE
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PARTS LIST

Resistors (all W 5%)
R1,3,42,43 47k

R2,5,6,12,

21,25,32,37,

38,46-48,

50-52,55,56,

68 10k

R4,16 220k

R7,18,34 470k

R8 6k8

R9,14,15,33 15k

R10,62-65 47R

R11,17,31,

36,40,44,45,

53,67 100k

R13,22,23,

28,29,35,57,

58 1ko

R19 10M

R20 2M2

R24,26,39 22k

R27,30,41 5ké

R49 4M7

R54 33k

R59,60 2R2

R61 6R8

R66 MO0

Potentiometers

RV1,3,7 100k linear

RV2 50k linear dual gang

RV4 100k linear dual gang

RV5 100k logarithmic with
two-pole switch

RVe6 22k linear

RVS8 47k miniature

horizontal preset

Capacitors (all polycarbonate
except where stated)
C1,5,10-12,

17,23 680n

C2 220n

Cc3 22u 16 V tantalum

C4,6,9 470n

7,8 in5

C13,14 10n

C15 33n

C16 15n

ci8 68p

c19 10u 35 V tantalum

C20 100n

C21,22,24,

25 1000u 10V axial
electrolytic

26-29 47u 10V

PCB electrolytic

Semiconductors

IC1 CA3140
IC2,4 LM13600
IC3 TLO84
IC5 TL082
IC6 741
Q1,25 BC212L
Q3,4 BC182L
Q6 BD132
Q7 BD131
D1-5 1N4148

Miscellaneous

SW1,2 2-pole, 3-way miniature
slide switch

SW3 1-pole, 2-way miniature
slide switch

PCBs (see Buylines); case (220 x 105 x
230 mm), Vero ref. 75-2443A; wire
(single, single screened and double
screened); 4” or 5” loudspeaker (8
ohms), 5 W); standard ! ” jack socket for
input; stereo jack socket for foot switch
(if required); 75 mm of 12 x 12 mm
aluminium angle; two PP9 batteries and
clips.
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Construction

Except for the controls, almost
all the components for this project
are mounted on the three PCBs.
The preamplifier board is the largest
and most densely packed. It is
advisable to use sockets for the 1Cs
and don’t forget the links. The
capacitors used in the project
should be as small as possible
otherwise you will have difficulty

SW2a
{AuUTO) Av1

RV‘b '0”)

.@g@lﬂi Lm ik

=2

fitting them_ A fine tipped soldering
iron will be useful when assembling
the boards and care should be
taken to avoid creating short circuits
between tracks with accidental
solder splashes.

Ensure that all the diodes,
transistors and other polarised
components (especially IC3) are
fitted the correct way round. On the
power amplifier board the output
transistors are mounted on top of a

AV3IWIPER

cw AV3Cw

RV)

cew (POLE 0“)

SVE IN FAOM
s * TONE CONTROL
el » 0V FAOM TONE
CONTROL

""" lﬂ @ vB’ﬁ:"éSi‘r’&‘m
&> e i ¢ >
g % "
' BT 8 R (o 55 8
iy
"Cow’ NORMAL o oFF 2 Tew | o
INPUT FROM SW2n AV1 SWs AV2a WIPER
GUITAR (PEDAL, WIPER (POLE) AND CCW
AUTO) & Swib (1)
RVICOM
Fig. 5 (Above)
CW = CLOCKWISE WHEN SEEN
Component overlay FROM THE FRONT
CCW = COUNTERCLOCKWISE
for the preamplifier
board. _ —
(5
.
Fig. 6 (Right) RVE CCW —_— o, ey AVE CW
Overlay for the tone e e® e OUT TO POWER ame
control board. — LG
RV7 CCW -.'
% : ——————— 0V IN FROM POWER AMP
AVS COM e m ‘ RV7 WIPER
RVE WIPER
RVSCw @ 0V OUT TO PRE Ame
—~VE IN FROM
N p— POWER AMP
—_. -VE QUT TO PREAMP
Fig. 7 (Righty  |pp——a—————————m ooy
Overlay for HEATSINK
the power - Ut 70 svtutn o’
amp of the
Playmate.

-9V FROM BATTERY
,__. VIA SWITCH {RVE}
--VE TO TONE

+9V FROM
BATTERY
VIA SWITCH
*VE YO‘——
TON
CONYROL

CONTIOL
-M} -QID'

7-33-

OV FAOM BATTERIES
VIA SWITCH (RVE}

SCREEN CONNICTION

FOR INPU
—’(CONN(CT THIS

END ONLY)

@ —— INPUT rnom TONE
CONTRO

0V TO.TONE

CON’ AOL ’
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Playmate

SUGGESTED MAINS UNIT

240V
AC

Parts List

R1,2 470R {W 5% T
C1,2 4700u 25 V electrolytic SW1
IC1 7805

1C2 7905 FS1
ZD1,2 3V9 400 mW zener

BR1 W01 (1 amp bridge LP1

rectifier)

9-0-9 12 VA transformer
DPDT miniature rocker or
slide switch

1 A 20 mm fuse and
holder

240 V panel neon with
integral resistor

short length of 4 x 3~ aluminium
angle which acts as a heatsink. The
transistors and the angle are held in
position by the transistor mounting
screws.

Mount the control switches and
potentiometers on the front panel
(see photo for our layout) and make
the necessary interconnections and
fit the three components needed
around the balance control. The
wiring from the front panel to the
preamplifier/effects and the tone
control boards should be carried
out using thin flexible wire for
control signals and miniature
screened cable for any sound
signals. These should be short but
allow enough slack to be able to fit
them in position easily. (It is
probably easier to connect all the
wires to the circuit boards first.) The
power amplifier board was fitted to
the metal base plate of our case
using the angle on which the
transistors were mounted. It was
positioned so that it fitted neatly
between the two batteries in the
bottom of the case. Together with
the loudspeaker the amplifier board
holds the batteries without any
further help.

The small loudspeaker for this
project was mounted on the plastic
case of the box through which a
number of holes were drilled to let
the sound out. If required a small
mains power unit capable of 9-0-9 V
at 100 mA or more may be used to
power the unit.

A foot pedal control for
controlling the wah wah effect
could be plugged into a jack socket.
This would need to be one of the
three-connection or stereo type so
that positive and negative supplies
as well as the control signal could
be connected.
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SUGGESTED

FOOT PEDAL

CONTROL TO Sw2

CONTRDL

Naag TR0

-VE SUPPLY

The first diagram shows the circuit used
with a three-connection (stereo) jack.
This will duplicate the effect of the
panel-mounted control. As the angular
rotation of foot pedal controls is

4
AN O~ vesuerLy
15k _--—4_4.'- 1Y
1N4148 VE SUPPLY

sometimes limited, some adjustment of
position may be necessary to get best
results. If the range of control isn’t wide
enough, change to a higher value. The
link on SW2a should be removed for this
circuit. The second diagram shows a
simple circuit for use with ordinary jack
connectors which can be used if the link
between SW2a pole and off position is
retained.

TONE CONTROL
BOARD

TONE CONTROL
BOARD

. "EOAL

UEFITTED) | o oy
/a2 cOLLECTOR N ——
OFF

G~ N

cw \\
{ R12.C4
ccw RVS u \
R31 VOLUME |
w A~ \ |,

T csR19

- -
™ R20

INPUT c

/ 1\ SOCKET
\

. COMTO Cl11 COM

> = POWER

AMP

POWER’

aMP

ALL CONNECTIONS GO TO PREAMP BOARD EXECPT WHERE STATED

Fig. 8 How to wire the front panel.
Compare with the front panel photo
last month.

BUYLINES

There shouldn’t be anything here to
cause problems; most of the com-
ponents are standard items and several
mail order companies now stock the

LM13600. Shop around in our adver-
tisements for tge best price. The set of
three PCBs can be ordered from our PCB
Service as advertised on page 91, should
you not wish to etch your own.
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HIGH QUALITY
PHONO AMPLIFIERS

In ETI in January 1982 we gave an insight into the design
procedures for low level phono signals. Here the theory is put
into practice with these outstanding input amplifiers. Design and
development by David Tilbrook.

specifically to overcome the pro-

blem of cartridge impedance
interaction. This has been achieved by
separating the MM input stage into two
separate active stages (see Fig. 1). The
first stage consists of a single
NE5534AN configured as a linear
amplifier with a closed loop gain of
around 8.3. The large amount of
overall negative feedback increases the
input imedance of the stage so that the
measured input impedance is simply
that of the 470k resistor, R2. Since the
5534 has a small signal bandwidth of
around 10 MHz without additional

T he preamp has been designed
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compensation, the input impedance
will remain unchanged over a very
wide frequency range. The high input
impedance of this stage would usually
allow the input capacitor C2 to be
conveniently small. However, for best
noise performance the value must be
increased substantially

Capacitor C2 is necessary since it is
not advisable to allow DC current from
the first stage to flow through the
cartridge. The value of C2 used here is
100uF, and this sets the lower —3 dB
point we!l below 1 Hz. The upper
— 3 dB point of this stage is well above
100 kHz. An extended frequency

response is necessary so that the
accuracy of the RIAA equalisation is
not affected by frequency response
variations that might otherwise occur in
the first stage.

Equal Change

In an attempt to overcome bass
problems the RIAA has proposed a
change to its playback equalisation
curve. The extreme bass frequencies
are attenuated on playback by the
addition of another time constant. This
takes the form of a single-pole RC filter
with a time constant of 7950 uS, ie: a
— 3 dB point of 20 Hz. Since the

)

57



Phono Amplifiers

INPUT

/
MOUNTED ON //

INPUT SOCKET

frequency response is already flattened
by the 3150 uS time constant, this new
time constant gives a 6 dB attenuation
rate below about 20 Hz. The resulting
RIAA playback equalisation is shown in
Fig. 2. Note that there are four time
constants associated with the proposed
RIAA equalisation: 7950 uS, 3150 u$,
318 uS and 75 uS. These are shown on
the Bode plot, which is the dotted line
in Fig. 2. It should be emphasised,
however, that the introduction of this
low frequency time constant is not
sufficient to remove severe cases of
turntable or tonearm resonance. Some
preamps incorporate multiple-order
subsonic filters that offer a very fast
roll-off below 20 Hz. The problem with
this is that severe cases of tonearm
resonance or rumble generate
distortion harmonics well above 20 Hz
and into the audio spectrum. The only
real cure is to remove the problem at
the turntable or tonearm.

The preamp conforms to the
proposed RIAA equalisation in Fig. 2.
The 75 uS and 7950 uS time constants
are obtained by passive RC filters at
the output of the first stage. Resistors
R5, R6 and capacitor C3 form a simple
6 dBjoctave low-pass filter with a
— 3 dB point at 2122 Hz, and

Sl My el PSS
t = o = gpiag) T OMs

Capacitor C4, together with resistors R7
and R8, form a 6 dB/octave highpass
filter with a — 3 dB point at 20 Hz,
which is equivalent to a 7950 uS time
constant. The two remaining time
constants are introduced into the
negative feedback of IC2 and are
formed by the values of resistors R9,
R10, R11 and capacitor Cé6.

This method of generating the
RIAA curve offers a number of
advantages over the more conventional
method.

First there is a low interaction
between the different time constants,
so that the RIAA curve can be
optimised for a particular cartridge
more easily by changing the resistor or
capacitor values slightly. If the 75 uS
time constant is included in the
negative feedback of a stage, the gain
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Fig. 1 Circuit of one channel of the
moving magnet input stage. Note
that the RIAA equalisation is in-
corporated in this stage.

HOW IT WORKS

“ DENOTES COMPONENTS ASSOCIATED WITH THE RIAA EQUALISATION

MOVING-MAGNET STAGE

The input from a moving-magnet cartridge
is connected to the non-inverting input of
an NE5534AN via capacitor C2. R2 proviges
a DC current path to the input of the dif-
ferential pair in the op-amp. The gain of this
stage is determinded by the ratio R4 to R3,
which is around 8.3 in this case.

The resistor R1 provides a fixed
resistive load necessary for best perfor-
mance from an MM cartridge. Most car-
tridge manufacturers recommend that the
input resistance be shunted by a certain
amount of capacitance. This is the purpose
of capacitor C1, the value of which should
suit most cartridges. If you wish to optimise
the value of this capacitor, don’t forget to
allow several hundred picofarads for the
shielded cable capacitance.

The best way to ensure that the car-
tridge is loaded correctly is with a test
record containing a square wave track, and
an oscilloscope. With the correct cartridge
load and a good tonearmjcartridge com-

tained.

The value of resistor R1at 47k is effec-
tively in parallel with R2, giving an input
resistance of 43k, slightly below the 47k
normally used for MM input stages. This is
unimportant however, and will not affect
performance of the cartridge. The impor-
tant thing is that the value of this resistance
remains constant over the full audio spec-
trum and beyond. In any case the value of
the input resistance is easily changed by in-
creasing the value of R1 to, say 56k instead
of 47k.

bination, a good square wave can be ob-

The output of the first stage is fed to
two 6 dBjoctave RC filters which provide
one half of the RIAA equalisation. Resistors
R5, R6 and capacitor C3 form a first-order-
low-pass filter set at the 75 uS time constant
of the RIAA curve. At these frequencies
(around 2122 Hz) the 1uF capacitor appears
as a short circuit connecting R7 and R8 in
parallel with the capacitor C3. This must be
compensated when choosing the value of
C3 to ensute the correct RIAA equalisation.
Similarly C4, R7 and R8 form a low frequen-
cy high-pass filter set at 20 Hz (the 7950 u$
time constant).

The output of these two filters is fed to
the input of the second op-amp stage. The
remaining RIAA equalisation is ac-
complished by the feedback loop around
this stage. At frequencies below 500 Hz the
56n capacitor C6 has relatively high im-
pedance. The voltage gain is therefore
determined by resistors R9 and R10. At
higher frequencies, where the impedance
of C6is less, both resistors R10 and R11 are
in circuit. The capacitor C5 decreases the
gain at DC, of the second stage to unity, en-
suring a low DC offset at the output and
therefore symmetrical output stage clipp-
ing.

The 1MO resistor R12 ensures that the
DC voltage on the output remains at 0 V.
This is important so that operation of the
selector switch following the stage will not
cause thumps in the output.

Resistors R13, R14 and capacitors C8,
C9isolate the supply to the stage in order to
decrease the effects of interactions bet-
ween stages and to ensure freedom from
50 Hz ripple.

of the stage must decrease to unity at a
suitably high frequency, so the stage
must be compensated for unity gain to
prevent instability. In the MM stage the
gain of the second stage does not drop
below 10; since the NE5534AN is
internally compensated for gains of
three or above no additional
compensation is required.

Moving Coil Input

The complete circuit diagram for
the moving coil input stage is shown in
Fig. 4. The collectors of the LM394 are
connected to the input of an NE5534,
which functions as a highgain
differential amplifier, providing
adequate open loop gain to ensure low

distortion and a flat frequency
response when negative feedback is
applied. The input choke is used to
minimise the stage’s susceptibility to
RF noise.

The input impedance of the stage
is determined by the parallel
combination of R1 and R2, around
65 ohms for the values shown. This
should be suitable for most moving
coil cartridges, but is easily changed if
required. The DC operating point of the
LM394 is determined by the constant
current source formed by Q1, Q2, R3
and R6. So the current in resistor R2 is
determined by this constant current
source and the DC current gain of the
LM394. Hence the value of R2 can be
increased, in order to increase the input
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PROPOSED RIAA PLAYBACK EQUALISATION
[ 1 T 717 [ PARTS LIST
+25 sl 3150 us MOVING-MAGNET STAGE
+20 “\ “JI,OLD RIAA Resistors (all W metal film, 5% unless
1 J stated otherwise)
+15 1 ! R1,101 47k
| ! R2,102 470k
+10 ‘ i 3*18 . R3,103 120R
+5HATNEW RIAA gt 7o s RS105 47 1%
| ] )
O_H"' | R 1] R6,106 270R 1%
' S R7,107 6k8 1%
<5 } » R8,108 1k21%
R9,109 470R 1%
-10 R10,110 47k 1%
R11,111 5k6 1%
=15 k““ R12,112  1MO
-20 NN, R13,14,
\ 113,114 47R
-25 S
Capacitors
-30 C1,101 270p ceramic
C2,102 100u 16 V PCB electrolytic
(dB) C3,103 22n polyester
1 | | C4,104 1u0 polyester
1 10 100 1k 10k 100k C5,105 220u 16 V PCB electrolytic
(Hz) C6,106 56n polyester
C7,107 33u 25 V PCB electrolytic
€8,9,108,109 100u 25 V PCB electrolytic
I e m = ) Semiconductors
N N T 1€1,2,101,102NES534AN
Fig. 2 Old and 'new’ RIAA equalisation curves (solid line). The individual time con- .
stants (Bode plot—dotted lines) to produce the response are also shown. Miscellaneous
PCB (see Buylines); assorted mounting
hardware; shielded cable.

IN IN
m\ Cao impedance, over a fairly wide range of
= + 100u, | INK values without affecting the operation

C2
100y, 16V s of the circuit.
LINK 16vOnz 470k R102470kO o Once again thc(ej input coupl_ing
1k capacitor C4 is used to prevent D
R4 : H3 130702 1200 ' cu?rent from flowing through the
L S Sz cartridge. Capacitor C4 is shunted by
REIRT %” 3, a 10n capacitor, so that the base of
— ) -1%:- the first transistor in the LM394 is
LINK ca _RCG%E R106 270R LINK decoupled for RF, through C2.
Wl e Eﬁg‘ [t Capacitor C2 represents a shunt
. )= {—1J |Ct04 . capacitance to ensure correct loading
[3:23 , R8 1k2 R1081k2 |V} lic102 of the moving coil cartridge. The value
cs ‘%‘ FEF‘WOE shown should be suitable for most
220u - cart.rld'ges., but can be changed for
3 R115k6 R1115k6 C105 Op:txmdusatxon with any particular
cartridge.
O &E} C("’65 5" 220(1@%33 To prevent loading the 5534A, the
i 1047 R11047k N feedback resistor R8 is kept above
%’0 ;ﬁ_ ﬁ %(())SQ 600R, ie:680R. Resistor R7 effefjtively
< 0 R114 increases with the cartridge and must
R13 47R — T  ramR 0479 ke kept as low as possible for best

107
§3u — noise performance. The value of 6R8
chosen gives the stage gain of around

— - OC7
33u
+
- \/ 100, which is too high. This is corrected,
however, by a simple passive voltage

divider at the output, formed by R9
1 and R10. Capacitor C9 doubles as a
feedback isolation capacitor to ensure

our DT TURIIp—E that reactive components in the load
cannot cause a phase shift sufficient to ’
Fig. 3 Component overlay for the moving magnet stage. cause oscillation.

ELECTRONICS DIGEST, WINTER 1983 59



Phono Amplifiers

R11270R

ce
JOH R9Y 3k3
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R10
1k

-

MOUNTED BETWEEN

EARTH ON INPUT
SOCKET AND CHASSIS

L1 WINDING DETAILS
BALUN CORE: NEOSID TYPE

1050/2/F14 or 42-002-31
6 mm long by 13 mm wide

iy TWO TURNS AROUND
N8 /\ CENTRAL 'LEG’

MOVING-COIL PREAMP

The input from a moving coil cartridge is
fed via L1 and capacitors C3 and C4 to the
base of one of the transistors in the LM394,
which functions as a differential input
stage.

Q1 and Q2 form a constant current
source, which stabilises the DC operating
point and ensures a high impedance source
to the emitters of the differential pair. The
constant current source works by ensuring
that a constant voltage is maintained across
a fixed value of resistance. Resistor R3 is
used for this purpose, wjth the base emitter
voltage of Q2 expressed across it. If the cur-
rent through R3 were fo try to increase even
slightly, the voltage on the base of Q2
would be increased, turning Q2 on harder.
This causes the voltage on the collector of
Q2 to decrease, decreasing the current
through R3. So Q2 provides negative feed-
back acting to correct any deviations in the
current flowing through the differential
pair.

The collectors of the LM394 are
shunted by the 1n0 capacitor C5. This
decreases the gain of the first stage at high
frequencies and helps to ensure stability (ie:
freedom from high frequency oscillations).

The input stage is operated in full dif-
ferential mode by connecting both collec-
tors to inputs of the NE5534AN. If this is not
done, the voltage gain of the input stage is
decreased and the signal-to-noise ratio is
degraded. Because differential pairs have

CE cn

T47u
AANAA- =Q-15V
R12270R

Fig. 4 Circuit of one channel of the moving coil input stage. Compon-
ents for the other channel are designated R101, C101, I1C101, etc.

two base-emitter junctions in the input cir-
cuit, their total equivalent input noise is in-
ferior to that of a single transistor.
However, since it is possible using a dif-
ferential pair to obtain noise figures of the
same magnitude as the thermal noise of the
cartridge, the marginal decrease in the
theoretically best signal-to-noise ratio is of
little consequence. On the other hand the
inherent linearity of a differential pair of-
fers a significant advantage over a single
transistor, improving both distortion and
high frequency stability.

Capacitor C7 ensures sfability of the
op-amp by providing adequate compensa-
tion for the increased gain around the stage
due to the differential pair. C9 provides DC
isolation of the stage. The resistors R9 and
R10form a potential divider to decrease the
signal level to that suitable for the MM in-
put. If the particular moving coil cartridge
used requires a different amount of voltage
gain thanis provided, the value of R9 can be
changed accordingly. Replacing R9 with a
short circuit (ie: a piece of tinned copper
wire in place of the resistor on the circuit
board) increases the voltage gain of the
stage slightly over 100.

The two RC networks, R11, C10 and
R12, C11 provide isolation of the supply
voltage from other stages using the same
power supply. This decreases interactions
between stages, thereby improving
crosstalk and the overall stability of the
preamplifier.

BUYLINES

These low level input stages have been
designed to deliver state-of-the-art perfor-
mance — as we’'ve not compromised on the
design we suggest you don’t compromise on
the components. Both the MM and MC
stages use high performance NE5534AN op-
amps; a possible alternative to this is the
TDA1034 op-amp. Accept no substitutes.
The LM394 and NE5534 are available from
Watford Electronics, as is the Neosid balun

core; the latter item can also be obtained
from Neosid. Small Orders, PO Box 86,
Welwyn Garden City, Herts AL7 1AS.
Technomatic stock the LM394 and the
TDA1034. The PCBs are essential to
preserve the layout and earthing; a very
necessary requirement if the full perfor-
mance is to be achieved. Boards will be
available from our PCB Service at the prices
listed on page 91.
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Construction

Construction of both boards is
relatively straightforward, since almost
all the components are mounted on
the PCBs. Resistor R1 and capacitor C1
on the moving magnet board are
intended to be mounted directly across
the back of the input socket. Order of
construction is not critical, although it
is probably easier to mount smal!
components first, followed by the
larger components such as the
electrolytic capacitors, ICs and
transistors; these components will be
damaged if the unit is powered up with
them inserted incorrectly. Shielded
cable should be used on all inputs and
outputs. We have used mono shielded
cable rather than the stereo type for
ease of soldering.

The inductor on the input of the
MC stage consists of two turns wound
on a ferrite balun core, 6 mm long by
13 mm wide. We used the type given in
the Parts List.

Each of the PCBs is a stereo input
amplifier, with each channel sharing a
common input earth track running
down the centre of the board. The
power supply wiring from each channel
on the board can be connected in
parallel, so only three wires (+,0,—)
need to be brought out for power.

The input earth is not connected
to the 0 V line from the power supply
at any place on the PCBs. This means
that without a separate 0 V connection
added to the input stage they will not
work. This has been done deliberately
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SPECIFICATION

MOVING-MAGNET INPUT STAGE MGVING-COIL INPUT STAGE
Gain: 74,1 kHz Gain: 24
F H isati
requency response S:oon_;oérg?Ttgif::\t/?\eEg:rafl::rt\Iao:ce of the Frequency response: 7Hz135kHz + 0, —1dB
g;oégg?:i::; gy?ttllflae'aﬁcgcltrgge?rir(‘ied will Total harmonic distortion:  <0.003%, 1kHz, 30 mV input
longterm stability of the components used.) Nolse: Total equiyalent inButiiowRe:
Total harmonic distortion: <0.001%, 1 kHz, 10 mV RMS input gg :x ‘ffl\a't,.lnp‘:t :‘hort%d.
Headroom: > 28 dB with respect to 5 mV RMS input AN DUISIOUEC I
signal ie:135 mV RMS max. 56 nV fla,t, after RIAA Eq, input shorted
Noise: Total equivalent input noise: 34 nV A, after RIAA Eq, input shorted
112 nV 'A’, input shorted,
216 nV flat, input shorted. SIN ratio of MC stage after
RIAA Equalisation:
SIN ratio: 1TmV 5mV 10 mVv 60uV 200uV 500 uV
Flat 73dB  87dB 93dB Flat 61dB 71dB 79 dB
A-weighted 78dB 92 dB 98dB A-weighted 65dB 75dB 83dB
— RESPONSE PARTS LIST
IDEALRIAA  MEASURED MOVING-COIL STAGE C7,107 100p ceramic
Hz dB dB Resistors (all %W metal film, 5%) 8,108 220p ceramic
2 0.2 0.2 R1,101 220R 9,109 10u 16 V PCB electrolytic
4 +5.7 +57 R2,102 100R C10,11,
8 +11.2 +11.2 R3,103 39R 110,111 47u 25 V PCB electrolytic
16 +15.4 +15.4 R4,5.104,105 390R
20 +16.3 +16.3 R6,196 2'2"; Semiconductors
30 +17.0 +17.0 R7,107 230R 1C1,101 LM394CH
40 +16.8 +16.8 R8,108 9 1C2,102 NE5534AN
50 +16.3 +16.2 R9,109 Q1,2,101,102 BC549
80 +14.2 +14.2 ::(1),:;0 1k0
i e T8 M2 270R Miscellaneous
200 +82 +81 L1 Two turns on ferrite balun
300 s 5'5 o, 54 Capacitors core, Neosid type 1050/2/F14
400 +38 317 C1,3,101,103 10n polyester or 42-002-31
500 +26 +26 €2,5,102,105 1n0 polyester
800 +07 +0.7 C4,104 470u 16 V axial electrolytic PCB (see Buylines); assorted mounting
1k 00 00 C6,106 680p ceramic hardware; shielded cable.
1k5 1.4 1.3
2k 26 -24
3t gg gg Fig. 5 Overlay for the moving coil It by
5k 82 81 input stage.
6k 96 9.6
8k 11.9 11.9
10k 137 138 - ca cio4
15k 17.2 171 e 470u L101“ 470u -~
20k 19.6 19.5
b Q1 0102
to ensure that hum present on the ey < 1an 220R 20R $Jr??c101 eQ
earth line, due to supply bypass D. e lCte a Cl
. s € czo C102-o-1n
capacitors for example, cannot Q2 by b "—{R2 b b Q101 b
modulate the signal earth, producing _ L z 100R 1oon c
hum in the output. The O V line on the R3 s (\R8 C5 (3] R108 C106] |[R103
boards is, in fact, a separate supply 39R| |ggop BBOFL[ 7._3':_ 0 [Rs R105 [j] A“mw 7, 680R 680p| {39R
bypass earth line and is not equivalent L|‘ R8 390R |300R  390R R18 g?gﬁ
to the signal earth. A separate wire —[22,:3— Y Qr Fi-l
should be run from the centre point €111
{0 V point) of the power supply used to c417‘u Cn =y, L'NK ¢47u
signal earth at the input sockets. } 25V
. 725V c7 €107
Both boards should be mounted in e 1Cop 100p C108
a steel box which can be mounted as a ry2 [lc10 c8 2209 C1 10{ |r112
unit inside the main preamp chassis. 100R| (47wl 220p+ 47u.} l100R
This greatly improves the rejection to 25V T+ ?gu o 5 0u$416()3¢ 25V
50 Hz magpnetic fields generated by /1l F‘HO S m”
nearby power transformers or 240 V 90K ng ) Birod . :270R
cables. - 1k k =8 4
2 1 3k3 3k3
Powering Up e J/
No setting-up procedure is
required for either stage, but make a e
final check of all components before ﬂ_'; |
applying power to the unit. SUPPLY ouT ouT
61
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UPGRADING
AMPLIFIER PSUs

Even hardened DIY types may quail at the thought of tinkering
with their expensive commercial hi-fi, but an improvement can
often be made simply by beefing up the power supply. Phil
Walker discusses PSU requirements and offers a ripple monitor
to check whether your supply is up to the job.

erhaps it is time to blow the

dust and pine needles out of

thehi-fi powersupply corner. Is
it really up to the job or is the mud
at the bottom of the audio pond?

What's in a power supply? Or what
SHOULD be in a power supply?

Here we examine what steps we
must take to determine exactly what is
necessary to get the best results out of
your audio system.

In order to get anywhere we must
first decide or find out what power
output is required and into what load
impedance we are going to put it. For
an existing amplifier these are already
defined, so don't be greedy!

From these facts we can determine
the voltage and current flowing in the
load, thus making the estimate of the
power supply requirements. From basic
theory we have:-

V=1xR (Ohm's Law)
P=Vxl (Power Law)
(V = volts, | = amps, R = ohms,
P = watts)

From this we get:-

P=V2RorV = NPxR)
also
P=12xRorl = J(PR)

To get an estimate of the peak
voltage required we approximate the
signal to a sine wave. For this particular
case the peak voltage is 42 (or 1.414)
times the RMS value given by the
above equations.

To go further now we must know
what sort of output stage your
amplifier has. In general there are three
main types.

Split Rail
Each power rail supplies the load
voltage and current for approximately
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POWER !
1
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+ Vs
AMmPLIFIER | T_ ——— 1

Fig. 1 Split rail power supply configuration.

half the cycle (Fig. 1.). The voltage
required from each rail is:-

V =JPxR)x+2 + X

(X is a factor to account for practical
conditions — see later)

The average current required from
each rail is:-

| = JIPR)x 42 x0.6 x0.5

(The 0.5 factor is because the load
current flows for half the output cycle
only; the 0.6 factor is because the
average of a sine wave is about 0.6 of
the peak value) A reasonably safe
approximation for the current is:-

I = Y% xA(PR)

Single Rail

The power rail supplies current on
the positive half cycle of the signal
only (Fig. 2). This drives the load while
at the same time recharging the output
capacitor C which has previously
supplied the negative half cycle of the
output signal. The positive end of C in
the diagram normally rests at about
half the supply voltage when no signal
is applied. The supply voltage for this
configuration is the same as the total
for the split rail version and the voltage
and current values found there apply.

Bridge

In this configuration the power
supply provides the output current
over the whole of the cycle. Therefore
the average current is:-

| = J(P/R) (approximated as before)

The supply voltage is effectively
switched so that the positive and
negative half cycles of the signal are
drawn from the same supply rails.
Therefore we have:-

V=JPxRx«2+Y

(Y is a factor to account for practical
conditions — not the same as X above))

What About
X and Y?

Well, these are just factors which
are included to make up for
unavoidable imperfections of practical
semiconductor devices. Bipolar and
field-effect transistors always drop
some volts when conducting and their
driving circuits often require even
more.

As a general approximation:-

for bipolar transistors X = 4
and for MOSFETs X=8

AMPLIFIER L

Fig. 2 Single rail configuration.
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£ ) d) 1)

3 - —
T TT Y VT VLT LT ——

Most of the space in this 100 W power amplifier is taken up by the power supply

components — and quite right too!
+V,

[ Fig. 3 (Left) Power supply configuration for a bridge amplifier.
| POWER suppLY

What About e e |
—

_(1 O +VE
~ : |Vout
Class A? |
— » - ov
Up to now we have only 3 3
considered class B or similar output o— €

—4

stages but some people may well have m

class A amplifiers. If this is the case, the . »
power supply will have to be rated to Fig. 4 Power supply for single rail and bridge amplifiers.
provide a continuous current 2 or 1.4

times as great as found above.

The Power Supply T

O—E—-‘/ |
Transformer : g
Now that we know the voltage and ! T 50 e 4

current required, we can determine S <~
what transformer will be required. As a
general rule the current rating of the T
transformer secondary will be the same
or slightly greater than the required DC e
output. -
The voltage rating will be 1/42
(0.707) times the required rail voltage
plus a volt or two to make up for
rectifier losses. The configurations
shown in Figs. 4 and 5 are the most
usual and will cater for most needs.

]
o+
<
)
c
=

WV ¥\
%
4—»
o
<

Fig. 5 Power supply for split rail amplifiers. ‘
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For single rail & bridge amplifiers:
V. =(V,, + 242

For split rail amplifiers:
V. =(V,, + 142

The Smoothing
Capacitor

The main thing to bear in mind
about this component is that the larger
its capacitance and the better its
quality, the better it will work.

The effect of this component is to
reduce the ripple voltages due to the
rectified mains and signal frequency
currents flowing through it. If either of
these currents produce an excessive
voltage, the performance of the
ampilifer is likely to be impaired.

An approximation to the mains
derived ripple voltage developed
across the capacitor can be found from
the basic expression for capacitance:-

C=qQV
(C in Farads, Q in Columbos, V in Volts)
AlsoQ = Ixt
(I in Amps, t in seconds)
Therefore:-
I xt

\%
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For 50 Hz mains input the
maximum time between capacitor
charges is 10 ms. (Assuming full wave
rectification.) The amount by which the
capacitor discharges between charges
is the ripple voltage and is dependent
on the load current. Rearranging the
last equation we have:-

Ixt
V= C_ (t = 10-2 for 50 Hz, full
wave rectified)

From this it is obvious that C
should be as large as possible to keep
the ripple small. For example, if the
load current is 2 A and we wish to
know what the ripple voltage is with a
10,000uF capacitor, we have:-

V=2x10"2
10,000 x 10-#

= 2 Volts (peak to
peak)

This about the figure required for a
reasonable compromise between cost
and effectiveness.

The capacitor should have a ripple
current rating of at least three times the
DC output current.

The Rectifier

Whether this is to be a single unit
or separate diodes, the working voltage

for each section must be a minimum of
1.5 times the total secondary voltage of
the transformer and for preference
threetimes it. It must have a current
rating at least equal to the load current
and a surge capability of:-

meC

surge = t

(Isurge in Amps, V__in Volts, t = 10-2)

Bear in mind that this device may
require some form of heatsink when
supplying large currents.

Other Points

The rest of the power supply is
mainly up to the individual but some
things are worth mentioning.

The mains wiring should, of
course, be completely safe with no
exposed connections accessible even
with the covers removed. A suitable
slow-blow fuse, switch and indicator
lamp should be included. The mains
earth wire should be securely
connected to all the metalwork and
provision for connection to the
amplifier brought to a convenient
point. The wiring on the low voltage
side should be as short and thick as
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practicable. The possibility of earth
loops must be avoided as far as
possible. 7

The mains input to the transformer
may be shunted with a capacitor of
10nF or so, to clean up any high
frequency noise on the mains. These
must be made for this purpose
— 250 V AC working or better.

The rectifier bridge may be
shunted with a 10nF capacitor of
suitable voltage rating to reduce
switching noise. It is recommended
that the main reservoir capacitors also
be shunted with non-electrolytic
capacitors of 1uF or so to reduce their
high frequency impedance.

For the best results each amplifier
should be fed from a separate supply
so that loading on one is not coupled
to another.

For the purist, each power rail
would be fully regulated and a proper
mains filter would be used to eliminate
any remaining mains-borne
interference.

Power Supply
Ripple Monitor

The purpose of this circuit is to
continuously monitor the ripple
voltage on a capacitor and light an
LED if that voltage exceeds about 2 V
peak to peak. This will show up those
peaks in your programme material
which cause distress in the power
supply and which may be detracting
from the overall clarity of
reproduction.

Construction

Construction is very simple and
straightforward, provided care is taken
to ensure that the polarity of each
semiconductor is correct.

The PCB is laid out with two
circuits in mirror image to allow stereo
pairs of amplifiers or single split rail
amplifiers to be accommodated easily.

If desired, the polarity of all the
semiconductors may be reversed using
a BC212L transistor instead of the
BC182L.

Resistors (all AW, 5%)

R1 1k0

R2 10k

R3 See Table 1

Capacitors

(] 1u0 250V polycarbonate

Semiconductors

Q1 BC182L

D1 5V6 400 mW zener

ZD2 27v 400 mW zener (required
if supply voltage over 35v)

LED1 red LED

=l ——O +VE

°SEE TEXT NOTE:

Q1 1S BC182L
ZD11S5v6 ZENER
2D2 1S 27V 2ENER
LED1 ISRED LED

2D2
*SEE TEXT

-VE

HOW IT WORKS

The dual ripple monitor PCB with one
circuit built onto it. For use with two
mono single rail amps, you can saw the
board in half - or use two boards for
a stereo split rail amplifier.

Fig. 6 (Left) Circuit diagram of the ET!
Ripple Monitor.

The circuit is connected across the
reservoir capacitor of the power supply. C1
is normally charged to about the same
voltage as the reservoir capacitor and is
also discharged by the same amount
between charges. |f the subsequent
recharge is great enough, the current which
flows through R1 and R2 will be enough to

turn on Q1 hard and illuminate the LED.
ZD1 is a zener diode which provides
protection for Q1 base at switch-on and
also a convenient discharge path for C1 in
normal operation.

R3 limits the current in the LED and in
conjunction with ZD2, limits the voltage
reaching Q1 collector to a safe value.

w ] woy
o o
> G >
+ a8 8
-< 8%
—40
Supply Volts. 20 25 30
R3 1k2 1k5 1k8

R3 must be a 1 W resistor.

For more brightness reduce R3
Y3 of the value shown.

TABLE 1

© 1Ty ©
M2a9
oi < -
bl

Fig. 7 Component overlay.

35 40 45 50
2k2 3k3  3k9 3k9
tc approx p
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AUTORANGING
CAPACITANCE
METER

capacitance in the range of 100pF

to 1000uF with no help (or
hindrance) from the operator once the
component is connected. Apart from
the power switch, there are no external
switches or knobs to adjust and only
one internal adjustment. Once the
instrument is working, setting up and
using it is very simple.

The measurement capability of the
circuit covers eight decades of
capacitance and all but the lowest
range should give true readings. The
limitation on the 100pF range is due to
the stray capacitance at the
measurement terminals and the very
high impedances necessary to give any
sensible result.

The accuracy of the whole
instrument depends on the quality of
the five range resistors and the
adjustment of PR1. The range resistors
should preferably be 1% tolerance and
of good quality. The threshold setting
resistors in the comparator stage (R24,
R27, PR1) should also be close
tolerance devices if possible, although
5% components would be adequate in
most cases.

There is a mixture of technologies
used in the project; bipolar and TTL

66

T his project is designed to measure

devices have been used where speed of
operation, high current or low leakage
were of greatest importance, while
CMOS logic devices have been used to
keep power requirements low wherever
possible. The range switching logic and
measurement sequencer are fairly
complex but this was found to be
necessary to avoid using very high
frequencies, excessively high or low
resistances, or waiting too long for a
reading. The maximum response time
for this device is about one second to
get a reading on the 1000uF range. The
lower ranges respond in milliseconds
faster than the display can follow.

Theory

If a voltage is applied via a resistor
to a discharged capacitor, the voltage
across the capacitor rises exponentially

¢ -4 }—v—’\/'/ V—
—

Fig. 1 Basic capacitor charging circuit.

towards that of the supply (Fig. 1). From
basic principles:

Vv :\/('] — @~tRC)

V, — V. = eWRC
Y
log, V. - Y_' = —t/RC
V.
t= —RClog V.-V
Y

t = RClog, V, (1

V \Y

This equation shows that the time to
charge to a fixed proportion of the
supply voltage is independent of the
actual supply voltage and only
proportional to the RC product (or
“time constant”). This also means that
the time to charge between any two
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Capacitance Meter

fixed proportions of the supply voltage
will similarly be independent of the
supply voltage.

There are two main operations to
be performed by the circuitry; the first
is to determine what range of
measurement to use for any particular
component; the second is to use that
range and give a measure of the
component’s capacitance. To do this
the relationship found in equation (1)
above is used twice, but in slightly
different ways.

For any measurement 1600 clock
cycles are allocated out of each 2000.
These may be at 100 kHz or 100 Hz
depending on the current range. At the
start of the 1600 clock cycles, the
unknown capacitor is in a discharged
state and will charge via one of the
range resistors at a rate depending on
its capacitance. If the range is correct,
its voltage will reach an upper
threshold between 100 and 1600 clock
cycles later. If the range is too low, the
rate of charge will be too slow and the
upper threshold will not be redched in
time. The range will be changed for a
higher one and the process repeated
until it is correct or the maximum range
is reached.

If the range is too large, the rate of
charge will be very fast and the upper
threshold will be reached before 100
clock cycles have elapsed. This time
the range will be changed for a lower
one and the process repeated until it is
correct or the minimum range is
reached.

In order to determine what the
upper threshold will be, we choose
— not entirely arbitrarily — that the
range change point will be at 120% of
the nominal for that range. This means
that, with a capacitor 1.2 times the
nominal, it will just reach the upper
threshold in 1600 clock cycles. The
resistors we use are in powers of 10 and
the clock is also in powers of 10, so we
can assume that the CR product will
also be 1.2 times some power of 10. For
convenience we can assume 1200
clock cycles. This also avoids
thresholds ridiculously close to the
supply rails. From (1) and the above we
have:

1600 = 1200log, V,
V.-V
Vv = @IUN200 =— eAl
Vo =¥
V. - V.=e¥
V.
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The inside of the meter.

g s s 100 = 1000Clog, Vo

y v, -V,
— 100
Ve=1-e%=073% (upper =
Vv threshold) 1000log, 1
1= VeV

This shows that the upper threshold
should be at 73.6% of the supply for
autoranging up at 120% of nominal. = 1 .

To find the lower limit of the range 10log, (1/0.264)
we know that if the capacitor voltage
reaches the threshold voltage just
calculated within 100 clock cycles, the
range will change down. From (1) we C = 0.075 or 7.5% of nominal for the
have: range.

C TDO SMALL FOR RANGE

100%
Vo C - NOMINAL FULL SCALE OOES NOT REACH
FRACTION UPPER THRESHOLD

C = 1/10th NOMINAL FULL SCALE

OF SUPPLY AT 1600 CLOCK PULSES

74%~

REACHES UPPER THRESHOLD
BEFORE 100 CLOCK PULSES

C TOO LARGE FOR
RANGE

28%

133

1600

= >
CLOCK PULSES

1100 | 200 300 400 500 600 700 800 900 10C0

- -
1000 PULSES
100 PULSES GATE FORC = FULL SCALE

1200 1400

NOTE: NUMBER OF CLOCK PULSES IS
NOT NECESSARILY EXACT

GATE FOR
C < 1/10th FULL SCALE
Fig. 2 The various modes of operation of the meter ‘
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Capacitance Meter

Having decided on the upper threshold
using the requirements for autoranging,
we must now consider what the lower
threshold will be. With a nominal
maximum capacitance for the range
connected there must be 1000 clock
cycles between the capacitor voltage
crossing the lower threshold and it
crossing the upper threshold. The time
to reach the upper threshold is:

t = RCIO& __Va__

V.=V,
= 1000log, 1

1 - Vch
=1000log, 1

1 — 0736

4 GATE

R3

o dqd b o
+5V TO 2 C4
DISPLAY #———————
BOARD
iIca *
+9V VIA 3
SwWila LED3
ov 710 O
DISPLAY --— k
BOARD
oV (B1 ~VE) 1 0V (B2 +VE)
k = CATHODE 9V
® - THROUGH BOARD LINK VIA
SW1b

70

, ¢LED2 LED?

p .

13333 clock cycles.

Therefore the number of clock cycles
to reach the lower threshold is:

13333 — 1000 = 3333

and the threshold voltage will be found
from:

3333 = 1000loge ___ 1
T = V.V

1/e*3 = 0.283

<<
I

This shows that the lower threshold will
be at 28.3% of the supply voltage.

4 CLOCK

IC8

ooo0a000 *

Once we have set the upper and
lower thresholds, the relationship
between the measurement range and
the autoranging function is defined. In
this case the nominal range is 0.1 to 1
with an underrange down to 0.075 and
an overrange up to 1.2 times the
nominal. The relationship between
ranges is defined by the range resistors
and the digital division ratio. The
various modes of operation are shown
in Fig. 2.

In this instrument we use only five
range resistors to give a coverage of
eight ranges. This is desirable to avoid
the use of very large resistors with
small capacitors, or the use of very
small resistors with very large
capacitors and consequent battery
drain. It is made possible by sharing
three of the range resistors between six
ranges and reducing the clock speed by
a factor of 1000 on the high
capacitance ranges to compensate.

——————— RESET

———————» LATCH

C5

IC6

[ ]
(3¢
N
@

[ ]

L ]
LED4 LED5 o e K
3 K LED6 LED? e

.

R30

R31

0

Lt
:

e
R TO TEST
= Q;O ° TERMINALS
(SK1.5K2)
05: ”
R21 b T

)
g

Fig. 1 Component overlay for the main board. Make sure that

you solder through-board links at every point shown before
mounting any components.
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It is well worthwhile checking
the PCB for shorts between tracks
before doing anything else. Ensure
that there is a hole through the
board under the PR1 position to
facilitate adjustment later.

Put links through the board at all
positions marked with a dot on the
overlay and solder on BOTH sides of
the board. The other components may
now be inserted into the board —
preferably using sockets for all the ICs
except IC4 and IC15. IC4 is a T092-type
package 100 mA regulator and does
not need a socket, while 1IC15 may foul
PR1 if a socket is used.

The LEDs should not be fitted until
the board is test-fitted in position as
they are intended to protrude through
the panel as indicators. Attach power
supply wires and fit up to the panel,
position the LEDs and solder in
position.

Assemble the display board
components and attach the logic and
power supply wires from the main
board. Wire the remaining power leads
via the on/off switch to the battery
connectors and attach the two boards

5 to the front panel using pillars or long

GEY

0V . T L )
oy — | b bolts and lock nuts. Our prototype just
9 ll P fitted into a slope fronted instrument
: I ; case made by Vero Industries (see Parts
| List).
c D . . .
d | b Finally, the one calibration
—— 3 d | : needed is the setting of PR1. Select
CLOCK +———= [“f|™ u : a capacitor with an accurately
. d R b known value (around 100 u would
== < b be ideal) and adjust PR1 to give the
a p correct meter reading. And that's it!
" P
LATCH +—— g : BUYLINES
9 z Very few unusual components in this project;
9 - all the fogic is standard CMOS. The ICM7224
9 and the LCD display is stocked by Watford
Qo P tlectronics, while the LF353 is available from
Rapid tlectronics. The two PCBs can be ob-
tained from our PCB Service, advertised on
page 91.
Fig. 2 Companent overlay for the display board.
Insert the link under the display first. PARTS LIST
Resistors (all YaW, 5% except where stated) Capacitors ) 1IC15 LF353
R1,2 470R Ci 10p ceramic IC16 ICM7224
R3,4,5, C2 1n0 ceramic Q1,7.89, BC182L
28-37 15k 37 100n ceramic Q26 BC212L
R6,25 4k7 c8 100u 10 V tantalum C1-6 1N4148
R7.8 2k2 LED1.7 miniature green LEDs
R9 10k
R10,14,17
21 100k Semiconductors
R11,15,18, 1IC1 74LS04
22,23 140 1€C2,3 74L590 R
Y Miscellaneous
R2 100RIVS 1cy 78"03 XTALT miniature 10 MHz crystal
R13 1MO0 5% or better 1IC5.8 4518 SWi1 DPDT toggle switch
R16 150 1% 1C6 4053B el d
)29B $K1,2 press terminals (one red, one
R19 10k 1% Ic7 192 black)
R20 1008 1% 1C9 4013B - . :
I R24,27 27k 2% 1IC10 4051B PCBs (see Buylines); 3'; digit LCD display; IC
sz’ 1k8 1IC11 40498 sockets; display socket (if required); PP9 bat-
112 4012B tery and connectors; PP3 battery and connec-
Potentiometer 1C13 4011B tors; mounting hardware; case (Vero 220 x
PRI 47k miniature horizontal preset 1C14 4001B 156 mm sloping front box, order no. 65-2523E).
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INSTRUMENT PROBE

This probe will allow you to make CRO or frequency meter/timer
measurements on high impedance circuits with waveforms having rise
times as fast as three or four nanoseconds. Cost is well below

commercial equivalents. Design by Jonathan Scott.

ost readers would be aware
M that, when taking a measure-

ment on electronic circuitry,
the input impedance of the measuring
instrument must be much greater than
the impedance of the circuit to which it
is attached, otherwise the accuracy of
the measurement suffers. The input
impedance of the majority of
oscilloscopes is generally 1TMO with a
parallel capacitance of between 20pF
and 40pF. For a wide variety of
applications this is perfectly adequate
and will suffice for measurements of
frequencies up to 5 MHz or so. The
input impedance of the CRO falls with
increasing frequency owing to the
falling reactance of the input
capacitance. For example, a
capacitance of 30pF — which may be
made up of direct input capacitance
plus cable capacitance — has a
reactance of only 500 ohms at 10 MHz.
The input capacitance also affects the
rise time of the input — that is, the
speed at which a ‘step’ input will rise
from the 10% amplitude value to the
90% amplitude value.

The input impedance of an
oscilloscope can be effectively raised,
and the capacitance decreased, by
using a ‘stepdown’ probe. For example,
a ‘'x10" probe will generally have an
input impedance of T0M and a parallel
capacitance of between 5pF and 15pF.
While this improves the input
impedance there are two trade-offs.
Firstly, unless elaborate (and expensive)
compensation is employed, the rise
time i1s degraded, and secondly,
maximum sensitivity is decreased by a
factor of 10. As Murphy’s law would
have it, your CRO will run out of grunt
just when you need it most.

Taking the situation with digital
counter/timers, we find similar
problems. Those that operate beyond
30 MHz or 50 MHz generally employ a
prescaler with an input impedance of
50 ohms — which is perfectly all right
if you're working on low impedance
circuits andfor with high signal levels.
But there are those occasions when
you need a high impedance input and
a fast (high frequency) rise time. As
with the CRO, this is where your
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240 Vac

counter/timer runs out of grunt.

It's times like these you need this
project; a x 1 active instrument probe
using a special buffer IC with an input
impedance of typically 100,000
megohms! — that’s 10" ohms — a
very low input capacitance of around
four to five picofarads, a fast rise time
(around three nanoseconds) and a
bandwidth of 100 MHz. Output
impedance is around 50 ohms and the
device is capable of driving capacitive
loads up to several thousand
picofarads. Thus it is eminently suited
for use with high speed, wide
bandwidth oscilloscopes and digital
frequency meter/timers at frequencies
up to 100 MHz. Output impedance is
close to 50 ohms and it is thus suited tc
drive both high impedance instrument
inputs and low impedance inputs
(which are generally 50 ohms).

c1

3u3/16v C210n
CERAMIC

TANT.*

Design

It's all done inside a special IC —
an LHO033CG from National
Semiconductors. This is described as a
‘fast buffer amplifier. (It has a
companion designated LH0063,
described as a ‘damn fast buffer
amplifier’!). The LH0O033 is a direct-
coupled FET-input voltage
follower/buffer (gain ~1) designed to
provide high current drive at
frequencies from DC to over 100 MHz.
It will provide +10 mA into 1k0 loads
(100 mA peak) at slew rates up to
1500 V/u$, and the chip exhibits
excellent phase linearity up to 20 MHz.
No offset voltage adjustment is
required as the unit is constructed
using specially selected FETs and is
laser-trimmed during construction.
input is directly to the gate of a

{o¥]
R268R

+18to 22V

PROBE 5

10M

tL -Lom

l ‘:L c7
ref. : 10u/25V
C510n TANT.
{ CERAMIC I_

78L15A [T,

RG58U

O
O 5081
OUTPUT

R3 68R
out i3 in

-18to 22V

AAAA - -

Cc3 _L

2x1N914 |
(OPTIONAL) |

I
i
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Jov D1-D4
1N4001.2 etc.
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716V ==
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= 470u/35V
-r‘IT——Oov
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= T 470u/35v
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-Lc“on 78L15A _L

ref. Cé
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CERAMIC

Lo
== 10u/25V
#I TANT.

*AXIAL LEAD

SOLID TANTALUM

CAPACITOR
Fig. 1 Circuit diagram for the probe.
C2 and C4 need to be ceramic
Fig. 1 Circuit diagram for the probe.
C2 and C4 need to be 10n ceramic
chip or 1n0 ceramic disc or plate
types. C5 and C6 need only be
disc or plate ceramic. See ‘Bypassing

’

-21v  over the page.
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———_Instrument Probe

junction FET, operated as a source
follower, driving a complementary
output pair of bipolar transistors.

Regulated plus and minus supplies
of 15 V each provide power to the IC.
Low-power threeterminal regulators
are used to keep the unit compact. An
external unregulated supply of
between 18 and 22 V at around 50 mA
is required to power the probe.

The supply pins on the IC need to
be well bypassed over a wide
frequency range so that the IC can
maintain its characteristics, and the
construction has been specially
arranged to achieve this. Axial lead
solid tantalum capacitors are used to
bypass the IC’s supply pins at the lower
frequencies, while low inductance
ceramic capacitors are employed as
bypasses for the higher frequencies. A
doublesided fibreglass PCB is used to
preserve the high frequency response
and the high input impedance, and the
layout is arranged to permit direct
connection to the probe tip and
provide low input capacitance.

However, the presence of the PCB
substrate will degrade the input
impedance, surprisingly enough, and
you can drill out the area of board
immediately beneath pin 5 of the IC
and solder the pin directly to the probe
tip. For those who wish to go ‘all the
way’ (as Frank Sinatra sings), the plastic
insulation of the probe tip can be
replaced with a similar piece of Teflon
— if you can afford it and have access
to a lathe.

The maximum input voltage
permissible, when driving a high
impedance load, is plus or minus 15 V.
When driving a 50 ohm load, maximum
input voltage permissible is only plus or
minus 10 V (limited by maximum
output current). No input protection
has been included. However, if you are
only working with circuits where
voltages are no greater than about 1V
peak-topeak, protection can be added
by putting two diodes back-to-back in
parallel with the input, along with a
10M resistor. The maximum input
voltage figures include any DC
voltages present, plus the
superimposed signal voltage

At this stage it is only fair to tell
you that the LHO033CG is an expensive
device (by comparison). But —
compare the total cost of this probe to
a similar commercially-made type and
you won't catch your breath a second
time!

Construction

The project is constructed on a
small doublesided fibreglass PCB with
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BYPASSING

Supply lead bypassing is important in order
that the LH0033 can operate correctly over
the full bandwidth from DC to 100 MHz. To
ensure this, the bypassing has been special-
ly arranged and the techniques employed
are probably unfamiliar to many readers.

The output circuit signal return path
for the IC is via the ground and the two sup-
ply rails. Any significant impedance in
series with this path (or paths) will subtract
signal from the output load. Thus, the sup-
ply rail bypassing has to present an im-
pedance which is a fraction (like one-tenth
or better) that of the minimum output load
impedance. Here, the minimum output
load is about 100 ohms (R1 + 50 ohms in-
strument input impedance) and the supply
bypassing impedance should ideally be less
than 10 ohms across the frequency range.

The bypassing on each supply rail to
the IC leads here takes advantage of the
characteristics of three separate com-
ponents to cover three sections of the fre-
quency range.

From DC to around 100 kHz, each
three-terminal regulator (IC2, I1C3) has an
output impedance well below one ohm, ris-
ing to four or five ohms at 1 MHz, as shown
in Fig. 1. The two tantalum capacitors, C1
and C3, then take over.

Solid tantalum capacilors have a
characteristic impedance that falls with fre-
quency according to its value, which then
‘flattens out’ in the region around
500 kHz — 1 MHz, rising to a few ohms
around 10 MHz, as can be seen in Fig. 2.
Thus, C1 and C3 serve as effective bypasses
across the range from around 100 kHz to
around 10 MHz. Axial lead tantalum
capacitors were chosen as their construc-
tion exhibits the slowest impedance rise
following the minimum impedance value.

To provide bypassing over the decade
from 10 MHz to 100 MHz, capacitors C2
and C4 have been specially chosen and
positioned on the PCB. For the prototype,
‘chip’ ceramic capacitors were used. These
tiny, ‘naked’ chips of ceramic with a
capacitor embedded in them are probably
the most effective bypass capacitors made.
The leads and physical construction of all
capacitors form an inductance which is
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effectively in series with the capacitance of
the component. The combined effect forms
a series resonant circuit, the frequency of
which (that is, the self-resonant frequency
of the component) is mainly dependent on
the length of the connecting leads, the par-
ticular construction of the capacitor and
the way in which it is mounted. Ceramic
chip capacitors, being a tiny block with con-
necting pads or surfaces on each end, have
extremely low values of series inductance
and thus very highself-resonantfrequencies
— see Fig. 4. Now, any value of chip
capacitor between 1n0 and 10n can be used
for C2 and C4. The self-resonant frequen-
cy of a 1n0 chip capacitor is somewhat
above 100 MHz (as per Fig. 4), but that of a
10n chip is between 40 MHz and 50 MHz.
Now, this isn’t a problem, for the chip’s im-
pedance falls with frequency as usual until
near the self-resonant frequency where it
falls rapidly, reaching a minimum at the
sell-resonant frequency. Above that fre-
quency its impedance rises again, but is still
low enough for effective bypassing.

Ordinary ceramic disc and plate
capacitors behave in much the same way.
The self-resonant frequency of a typical
5 mm diameter disc or 5 mm square plate
capacitor depends on the lead length, as
shown in Fig. 5. Thus, you could use 470pF
or 1000pF (1n0) capacitors of this type for
C2 and C4, provided you installed them on
the underside of the board with absolute
minimum lead length.

Fig. 3 Ceramic chip capacitors shown about
actual size.
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Instrument Probe e

components mounted on both sides of

the board. Commence by soldering in PARTS LIST

place the components that go on the Resistors (all %4 W, 5%) Semiconductors

top side of the board, leaving IC1 until R1 47R IC1 LH0033CG
last. Note that the positive leads of R2, R3 68R IC2 78L15A
both C3 and C8 are soldered to the |DC13.D4 2:141050): 2 etc

groundplane areas on both the top and (if required)

the bottom sides of the board. Take care Capacitors }
with the orientation of the tantalum €1,C3 3u3 16 V solid tantalum Mlsce‘;lanl:elousd T

: axial leads PCB (double-sided fibreglass); RG58U coax
cape_iatc()ir, & “*;e“ ds Ilgz and IC3. C2,4,5,6 10n ceramic block cable and BNC plug; T1 — (if required)
Having done that, so gr C2,C4,C5 C7,C8 10u 25 V tantalum 240 V to 30V transformer or similar; op-
and C6 to the bottom side of the C9,C10 470u 35 V electrolytic tional 10MJ %W 5% resistor and 2 x IN914

board. Now you can install IC1. You (if required) diodes; wire; probe housing.
will have to juggle the legs a little. Push
the can as far down on the board as
you're able; its base should sit no more
than 3 mm from the board.

Now that you have everything in
place, check it all. It seems pretty
simple, but Murphy’s law will ensure
that the simplest things have the
highest stuff-up rates!

All's well? — now you attach the
output coax cable to the underside of
the board, plus the DC input and
ground (0 V) wires. But — before you
do, slip the output end piece of the
probe case over the cable and supply
wires, push it down about 150 mm or
so and then slip the case of the probe
case down the wires. This saves slipping
them over the other end of the whole
business and sliding them all the way
to the probe.

The probe tip can be attached and

RGS58U
OUTPUT
CABLE

Fig. 2 Component overlays for the top of
the board (top) and the bottom of the

board {bottom!). .
HOW IT WORKS

SOLDER BRAID
TO COPPER

soldered in place last of all. Now you

can screw it all together and attach the

appropriate plugs to the other end of
the cable and supply wires.

With the construction completed,
you can power up and try it out. Note
that the transformer suggested in our
power supply is but one of many
suitable types. Any transformer that
will deliver at least 26 V AC at a load
of about 50 mA will suffice.
Alternatively, any dual polarity DC
supply having an output between 18
and 22 V at 250 mA will power the
probe.

Note

Always take care that you don’t
exceed the input voltage limitation;
LH0033s are expensive.

BUYLINES

Ceramic chip capacitors and solid tantalum
axial capacitors are a trifle unusual;
however, they are stocked by C.T. Elec-
tronics (Action) Ltd, 267 & 270 Acton Lane,
London W4 5DG. (They also stock the BNC
plug should you have any problems there).
We will be selling the double-sided board
through out PCB Service — the order form
is on page 91.

This instrument probe employs a wideband
hybrid voltage follower/buffer IC, the
LH0033, with very close to unity gain, that
features a very high input impedance and a
low output impedance. It requires
regulated, well-bypassed supply rails. Two
three-terminal low power regulators pro-
vide plus-and-minus 15 V supplies from an
unregulated input.

The internal circuit of the LH0033 is
shown below. Basically, it consists of a FET
input stage (Q1), operated as a source
follower. The other FET, Q4, provides a con-
stant current source for the source bias of
Q1, while Q2 and Q3 are connected as
diodes and provide bias for the bases of Q5
and Q6. Resistors R1 and R2 are laser
trimmed in manufacture so that the IC
meets the offset voltage specification. As
Q1 has a constani current source load, the
input impedance at the gate ‘of Q1 is very
low. The output of the source follower
drives a complementary pair output stage,
Q5-Q6. Thus the 1C will have a very high in-
put impedance, a very low output im-
pedance and a gain very close to unity.
With appropriate construction employed
for the internal devices, the bandwidth over
which the device will operate can be mace
very wide indeed. The — 3dB point for the
LHO0033 is 100 MHz.

As the device is direct-coupled, DC
levels will be maintained between input
and output.

Bypassing requirements for the IC's
supply leads are explained elsewhere in the
article.

To provide regulated plus-and-minus
15 V rails for the IC, two three-terminal
regulators are employed, a 78L15A for the
positive rail and a 79L15A for the negative
rail. These can supply up to 100 mA and
have a very low output impedance up to

several hundred kilohertz, which is ex-
ploited for low frequency bypassing. Each
supply rail requires an unregulated input of
between 18 V and 22 V. Decoupling of the
supply leads provided by R2/C7 on the
positive rail and R3/C8 on the negative rail.
The input terminal of each regulator is
bypassed to prevent instability.

As the input voltage is limited to a
maximum equal to the supply rails (high im-
pedance load), input protection may be
added in applications where only low level
signals are being examined. As shown in the
main circuit, this protection consists of two
1N914 diodes connected back-to-back in
parallel with a 10 M resistor across the in-
put. Signals above 1 V peak-to-peak will be
clipped, preventing any damage to the IC. If
very fast rise time signals are to be ex-
amined then better profection for the IC
can be obtained by using hot-carrier diodes
such as the HP 5082-2800 instead of the
1N914s.

{
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INSULATION TESTER

Some time ago ETI published a design for a very low resistance
meter. Now we’ve built the DVMeg, for resistance up the other
end of the scale. Design and development by Phil Walker.

he ohms range on most
T multimeters is fine for most

electronics work but if you start
dealing with hundreds rather than tens
of volts then there is the possibility that
damp, contaminated, or merely
inadequate insulation could cause
equipment failure or personal danger.
In these circumstances the 1V5 or
sometimes 15 V used by most
multimeters is not sufficient to show up
the dangers. To avoid the false sense of
security which may be given by low
voltage tests, a voltage somewhat
higher than the normal working voltage
of the circuit under test must be used.
In the case of mains wiring this is often
500 V and this is about the level
generated by our project. D is the
Roman numeral for 500 and the
instrument measures in the megohm
range — hence the name, DVMeg

—__HOW IT WORKS ____

When the device is turned on, Q2 will start to
conduct due to current flowing via L1a and R1
into its base. This causes the supply voltage to
appear across L1b, which by transformer
action increases the voltage (and current)
available in Q2's base circuit. This ensures that
Q2 will be held on during this part of the cycle.

As L1 is an inductance and the voltage
across it is by now fairly constant, the current
flowing through it will rise linearly. However,
the current also flows through R3, causing a
voltage to appear across it which is propor-
tional to the instantaneous value of this cur-
rent. When the voltage across R3 becomes
large enough, Q1 is turned on and robs Q2 of
its base current. Q2 promptly turns off and its
collector voltage rises sharply. This rise is
coupled back to Q1 base via C2 to keep Q1on
during this period. At the same time, the
voltage across L1¢ will be in a direction such
that D3 conducts and charges C3. A short time
later Q1 will turn off as it has no base drive
once C2is charged, and Q2 will turn on to start
another cycle. D2 provides a discharge path
for C2 at the start of a cycle as Q2 turns on.

If when C3 is being charged its voltage
exceeds about 500 V, the voltage across L1a
will be greater than the supply (due to
transformer action with L1¢) and D1 will con-
duct, diverting the excess energy back into C1
and the battery. The 500 V on C3 is applied via
RS to the circuit under test. The resulting cur-
rent then passes through D5 in parallel with
M1 and PR1. D4 provides protection if the
probes are accidently connected to a live cir-
cuit, while D5 protects the meter from excess
current and also modifies its response.

R4 in the high voltage section ensures
that the output voltage dissipates quickly

when the instrument is turned off.
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The Instrument

The project is designed to use a
standard PP6 9 V battery and contains
a low power DC-DC converter to
produce an output of about 500 V. This
output is limited so that it dces not rise
too much even when off-oad. The
output current is also limited; about
500 uA maximum, even when short-
circuited. Even so IT BITES! — so be

to the circuit under test and when the
button is pressed, the circuit generates
a high DC voltage which is applied to
the test leads via a 1MO resistor. The
resulting current through the insulation
is monitored by the meter and
displayed as a resistance. When the
button is released, the internal
capacitor and the circuit under test are
discharged fairly rapidly to avoid the
risk of shock.

L]
careful! Construction
In use the test leads are connected The coil is constructed using a
5 +
r°951 6 NOTE 7 D3 RS
Q1 1S BC182L — i 1MO T'ng
IS BD139 OR
s et b Lie 0M 23 LEADS
b 02,45 ARE 1N4148 S, Ton
S5 D3'1$ 1N4007 —-
e - c2
T T 150p | : :D‘ l
T 220u g 05
PRI
10k M1
100uA

Fig. 1 Circuit diagram of the DVMeg insulation tester.
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Neosid potcore. Wind 220 turns of 40
SWG enamelled copper wire on to the
former in four layers; start at pin 2 and
finish at pin 7. Each layer should be
about 55 turns and as this is less than
the width of the former, the space each
side should be filled with a single layer
of insulating tape 2-3 mm wide. A layer
of tape the width of the former should
be laid on top of each winding. Next
wind on 22 turns of 32 SWG enamelled
copper wire starting at pin 3 and
finishing on pin 4. Insulate this as
before and then wind another four

turns of the same wire starting at pin 5
and finishing at pin 6.

Construction of the circuit board
should pose no problems so long as

component polarities are observed. The

wires to the test probes should be
flexible and well insulated.

The two types of transistor
specified for Q2 have different
connections, so the TIP31 must be
mounted ‘upside-down’ if used (see
diagram).

Installation into the box is also
fairly simple. The meter is fitted at one

Fig. 2 Component overlay and component pinouts for the DVMeg.

51 ¢

METER-

BC182L

end of the box lid and the push-button
just below it, but a little to one side to
allow the battery to fit inside the case.
The circuit board is stuck or bolted to
the inside of the case lid and the
battery leads connected via the switch.
The meter leads are also connected,
after which the battery may be
connected and fixed into place with
sticky pads or wedged with foam.

PS
It also tests neons!

PARTS LIST __

| TO TEST

LEADS
Ll_‘ — -

& K = » METER+
b.

Resistors (V4 W 5% except where stated)
R1,2 1kS

R3 2R2
R4 10M 2 W
R5 1MO0 Y2 W
Potentiometer
PR1 10k miniature horizontal preset
Capacitors
(& 220u 16 V axial electrolytic
C2 150p 160 V ceramic
a 10n 1000 V mixed dielectric
Semiconductors
(03] BC182L
Q2 BD139 or TIP31
D1 1N4002
D24,5 1N4148
' D3 1N4007
Miscellaneous
L1 RM10 pot-core, former, clips
(A, about 400)
PB1 push-to-make non-latching
M1 100 uA meter

PCB (see Buylines) case (West Hyde ref.
BOC440); grommet; flexible wire; test prods;
PP6 battery and connectors.

FORMER FROM PIN SIDE

MEGOHM
16127 5 3 15
5025 1 0

@®

Fig. 3 A suitable meter scale.

BUYLINES

The pot core used to wind the inductor for this
project is available from Neosid Small Orders,
PO Box 86, Welwyn Garden City, Herts AL7
1AS; quote ref. 29-835-41 when ordering. West
Hyde supply the case we used; for people who
want to use substitutes the size is 150 x 80 x
55 mm. The PCB can be obtained using the
order form on page 91.
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LABORATORY PSU

This unique design can be used as a 0-30 V,
1A2 precision PSU project or as a 20
mA-1A2 constant-current generator.
The design features electronic
short-circuit protection, high 4

transient current-drive

capability, and a built-in
audio-visual over-current alarm.
Design by Ray Marston.
Development by Steve Ramsahadeo.

is one of the most basic and

essential pieces of test gear in
any amateur or professional laboratory
or workshop. Trouble is, most cheap
PSUs of the amateur type tend to
suffer from quite severe performance
restrictions, while professional PSUs
tend to be very expensive and to suffer
from various usage restrictions. Cheap
PSUs, for example, often span the
simple voltage range 1.2-25 V and have
fixed 1 A current limiting, while
professional units usually span the full
0-30 V range and have variable current
limiting, but have no transient over-
current driving capability

A New PSU

We at ET! have recently taken a
careful look at some of the basic
concepts of conventional PSU design
and, as a result, have come up with this
brand new and ultra-practical PSU
project. To arrive at our final design,
we started off with the following basic
precepts.

a variable power supply unit (PSU)

@ Most of the cost of a PSU is
attributable to the cost of the
mechanical and electrical hardware
(the case, transformer, moving-coil
meter and so on), rather than to the
electronics. Thus, PSU performance
sophistication can be greatly increased,
with little growth in total costs, by
sensibly increasing the amount of
electronics in the project.

® Our ideal PSU should fully span the
0-30 V range and be provided with
fully-variable semi-precision 20 mA-1A2
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current limiting. This variable current-
limiting facility will also enable the
PSU to serve the dual function of a
vanable constantcurrent generator or
Ni-Cd charger.

® The ideal PSU should have two
independent types of current-limiting
facility. In our system, the variable

(20 mA-1A2) limiter responds to mean
currents and has a time constant of a
few milliseconds;, the second limiter is
a fixed 1A8 instantaneously-acting type.
The prowvision of the two types of
limiter gives the completed PSU
excellent mean-current-limiting
characteristics combined with a high
transient current-drive capability

® The PSU should provide an audio-
visual alarm indication of the variable
over-current state, so that the user is
given an instant warning of circuit
defects when using the PSU to develop
experimental circuits. The audible part
of the alarm should be manually
switchable, so that the alarm can be
disabled when the PSU is used as a
constantcurrent generator or Ni-Cd
charger

The results of our design eftorts are
shown in this article. You'll note from
the circuit diagram that, although the
design is moderately complex and
unconventional, the design makes wide
use of inexpensive ICs and transistors.
As a result, you'll find that our PSU unit
costs little more than the cheapest of
PSUs to build, but gives a performance
that is better than the best of
professional units. Well, of course,
you'd expect that from an ETI project,
wouldn’t you?

Construction

Using our PCB greatly simplifies
construction and reduces the
possibility of any errors. As usual,
check the orientation of all
semiconductors and capacitors against
the overlay

As you can see from the
photographs, Q4 and Q8 are fitted with
TO5 style heatsinks; Q9 will dissipate
approximately 45 W at the maximum
setting and has to be mounted on a
100 mm x 60 mm finned heatsink. This
heatsink must be insulated from the
rear panel by plastic bushes. We also
recommend the use of heatsink
compound, to be applied on both
mating surfaces. Heavy gauge wire
(13/0.2 mm) should be used to connect
Q9 and the output sockets to the PCB.
As an added safety precaution all
mains wiring, including the transformer
terminals, should be insulated with
rubber or PVC sleeving.

You may have difficulty obtaining
a meter whose scale is printed with the
required scale of 0-1.5 and 0-30. We
overcame this problem by using a
common-or-garden 100 uA meter and
recalibrating the scale with dry transfer
lettering (eg Letraset).

To set the FSD of the meter,
connect a voltmeter across the output
terminals and turn RV2 up to
maximum. Now alter PR1 until the
reading on M1 agrees with that of the
voltmeter.

-
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TV BARGRAPH

really unusual piece of test gear
Here we are setting out to

provide a solution to the problem ot
displaying many variables with
good resolution. This sort of
requirement can arise with
spectrum analysis, statistical
measurements, multi-point
measurements of temperature,
pressure, humidity, speed, current,
voltage or indeed anything which
can be converted to a proportional
voltage

It was realised some time ago
by the electronic games and home
computer manufacturers that most
of the households who would be
interested in their products would
own at least one television set. This,
we feel, is probably also true tor
you, our readers. So we have
devised this instrument with that in
mind

The main problem in using a
television set is that to obtain a high
quality display on it the various
synchronising signals normally
produced by the gentlemen and
ladies of the BBC and IBA must now
be produced by our humble selves.

At this stage, we can go one of
two ways. There are on the market
several specially made integrated
circuits for controlling VDU systems
for home and commercial
computers. However, this time we
decided to steer clear of these and
stay with gates and counters in the
standard CMOS range

The object of this project is to

I t's been some time since we did a
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Lots of information to display?

Make better use of the box in the corner;
statistics, vital or otherwise, look good on
the ETI TV Bargraph. Design and
development by Phil Walker.

8AR GRAPH

.- - iy

- ,' UnF

-1

generate a display on a television
screen consisting ot a number of
vertical columns. The height ot
each column is proportional to a
specific input voltage The columns
may be upwards (positive) or
downwards (negative) from a
reference level. This reference may
be changed it only positive-going
signals are to be processed.

In order to generate the sync
pulses we must first have some idea
of their structure. Figure 1 shows
the pattern ot synchronising pulses
aimed for in this design

A normal TV picture consists of
a total of 625 lines. Of these, 3124
are scanned each 20 mS such that
each block covers the whole display
screen, but the lines of one block
tall neatly between those of the

next. This reduces the impression of
lines across the screen while also
preventing objectionable flicker
eftects.

The apparent complexity ot the
sync pulse pattern is designed to
ensure that a normal TV set can
pick out accurately the right
moment for line and frame flyback.
The last thing necessary tor a
complete picture is tht the video
signal shall appear at the correct
times between the line sync pulses,
and be blanked during the line
flyback and frame flyback periods.

The Circuit

The basic timing for the whole
circuit is derived from a 2.5 MHz
crystal oscillator. This was found to
be essential as minute changes on

ELECTRONICS DIGEST, WINTER 1983
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FRAME SYNC
LINE SVNC e —— LINE smc
EOUALISING BROAD EQUALISING
ULSES PULSES PULSES

—UTJ_U—UWHFWUUUUUWHWTI ERRRRERE II

| LINE SYNC

LINE SYNC
EOUALISING B8ROAD EQUALISING
PULSES PULSES PULSES
R 64uS
- 32uS =
—4.7uS

L
-] |e—2aus

LINE SYNC PULSES

EQUALISING PULSES

U

|  |eazus

11

BROAD PULSES

|
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I

Iy

| ——27.3;15-—>{

WHITE —MIN SIGNAL
}VIDEO
BLACK
— MAX SIGNAL

Fig. 1 Sync pulse structure.

the power supplies caused very
visible display distortions when a
tree running oscillator was used.
This 2.5 MHz signal is divided by
160 to give the basic line time of

64 uS. The logic associated with the
line dividers gives two pulses per
line period at IC5b which trigger the
‘equalising’ and 'broad’ pulse
monostables. The 4098/14528 dual
monostable device (1IC10) was used
because derivation ol these signals
with normal logic would be very
complicated (see Figs. 2 and 3)

The line sync pulse is generated
by the logic (IC4a) and a choice
between this and the other iwo
pulses is ettected in ICs 5¢ and 9.

The double line rate signal at
IC5b drives a divide-by-5 prescalar
(1C2b) and then a divide-by-125
device, IC3 (see Fig 4). This
produces the 20 mS period for the
trame scan. By virtue of the tact
that the input frequency to these
dividers is twice the line frequency
and the total division ratio is 625,
the number ot lines scanned is
312'% in each vertical scan. This
means that successive scans will be
oltset by halt a line pitch vertically
The generation of the frame sync
signal is accomplished by IC1b, IC7
and 1C8

When IC3’s count reaches zero
its output goes low for one input
clock period. This causes IC1b to be
reset to zeros and then to start
counting and select the
components of the frame sync at

ELECTRONICS DIGEST, WINTER 1983

| 64uS = 1 LINE PERIOD

>| |<- 0.4uS

IC1a
.o S [ 8 )
PING

E‘ 6.4uS- i
Q
PN sl

ld— ‘4— —4 8uS.

1.6uS

ICSa
PIN 11

| ¢——— A INFIG.3— |

Fig. 2 Expanded section of part of Fig. 3.

1C2a ¢

|

LINE SYNC PULSE

FRAME BRQAD PULSE

> I
4 |
PIN 6 i LINE BLANKING & LQAD
| |
| |
1
1Cda | l |
PIN 13 |
| g 32uS = % LINE PERIOD __;
iCab I |
PIN 1 |
:
1cs0
PIN 10
i I
iIC10a
PIN7

|

1IC10b
PIN9

Fig. 3 Sync pulse generation.

U FRAME EQUALISING PULSE

the appropriate times. When IC1b
reaches its all 1s state, further
counting is inhibited (Fig. 5).

I he video generation is
performed mainly on the channel
cards. These consist of eight
comparators and an eight-bit shift
register on each card. The cards are
controlled from the main board by

a clock signal which determines the
number ot bars to be displayed. The
load signal is the same as the line
blank signal. This eftectively causes
all the channels to be sampled (in
the line tlyback period) and then
displayed

The other necessary signals
provided are the reference and a ‘
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TV Bargraph

ramp signal to which the inputs are
compared (see Fig. 5)

Construction

In order to keep costs down the
PCBs tor this project are single-
sided. tHHowever, this has meant a
number ot links on the boards. Most
ot these are used to complete the
power supply lines to the devices
Ihe actual construction ot the
boards is not ditricult but we
suggest that |C sockets would be a
good idea. Most ot the links on the
board can be put in place betore
any other components although the
one near IC11 and C1 should be lett
a little longer to allow C1 to be
inserted. Insulated wire is
recommended 1or all the links. The
link rrom CLK to 8, 16, 32 or 64
should be made when the number
ot channels is known. It is easier in
fact to put thick wire posts or PCB
pins through these holes and fink up
afterwards

The eight channel position is
useful ror setting up the complete
system initially and making sure
that it works

It is most desirable that a fine
tipped soldering iron is used during
construction and that a check is
made tor solder bridges, especially
where tracks lie between IC pins. It
is also most important that all
polarised components are fitted the
right way round. Especially note
that the TL084's and the 4014 on the
channel cards are not the same
orientation

A

- |- 160uS = 2% LINE PERIODS

ez o [N

PIN 13

it

% LINE PERIOD

1 32u$ ]

Icsb
PIN 10
95
PIN 11
icz1 O
PIN 12

I D R N N e
s R

1C6c
PIN 4

160uS = 2% LINE PERIOOS

q,
PIN 13
-

Fig. 4 The divide-by-5 effect of 1C2b.

‘A'INFIG. 5

Ihe completed boards in our
prototype were titted into a metal
case made by Newrad, a small
aluminium bracket was needed to
support the rear ot the main board
as this overhangs the integral
chassis member by about 1 cm
Support tor the channel cards is by
two pieces ot PCB matenal with
suitable holes drilled in them. One
end of these members is bolted to
the main board while the other is
supported on piltars. When fitting
the boards it is essential that no
part of the 0 V supply line gets
linked to the metalwork as this will
short-circuit the reterence supply

On the channel cards, it is
helptul it the channel inputs are
titted with PCB pins or similar to
tacilitate connection trom the top

126 COUNTS
= "~ 125 x 160uS = 20mS - | FRAME PERIOD =

1C3
PIN 15

= = et e~ o=

= FRAME BLANKING

iIC12a.
PIN1

Fig. 5 Frame sync generation.
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\/ = RAMP VOLTAGE

UHF COUPLING
TO Tv

TO MODULATOR

Fig. 6 The UHF coupling coil.

of the board. The 2.5 mm jacks on
the front panel used in our model
could well be replaced with nine-
way ‘D’ range connectors or
anything else ot that type, if
desired.

The output trom the UHF
modulator should be DC-isolated
trom the panel and our method,
shown in Fig. 6, was to take about
20 cm ot thin twin flexible wire and
coil it about itseli to a diameter ot
1.5 mm (this makes a simple 1:1
transtormer) Connect the ends ot
one wire to the coax socket pin and
skirt, and the ends of the other wire
to a phono plug pin and skirt. A
possible improvement here would
be to use a special two-hole territe
core with two windings of four or
tive turns through the holes
Capacitance coupling of the UHF
signal can cause stability problems
in the voltage reference amplitier.
Oscillation here may appear as
broken or strange-shaped bars or
possibly break-up ot the picture.

Connection between the main
board and channel cards and card
to card is by 10-way jumper wire (or
just link them direct). This is
probably easiest done with the
cards mounted on the support bars.
Each channel card adds eight
channels to the units’ capability

ELECTRONICS DIGEST, WINTER 1983



UHF MODULATOR

+VE #——
CLK +——==
VIDEQ <0———==
GND ——en
LOAD +———
GND .
RAMP #——
GND \
REF @———
GND e

INPUT 8 +—

(F16)

(R115)4
INPUT 7 ——e " ={R114]&

INPUT B w=—=y
RITT]S
INPUT 5 =——=L {110
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TO NEXT CARD

= INPUT 3

i

== INPUT 2

F— INPUT 1

Fig. 7 Component
overlay of the main
board.

Fig. 8 Overlay for
one of the channel
cards.

— PARTS LIST

MAIN BOARD

Resistors (all '« W 5%)

R1 TMO0

R2 22k

R3,4,5 10k

R6,7,8 2k2

RY,10,12 10k

Ri1 100k

RI3 Omit or select for reference

voltage required

Potentiometer

PR1 10k miniature horizontal
preset

Capacitors

(@] 10p ceramic

C2 4n7 ceramic

a 220p ceramic

4 100n ceramic

C5,6 10u 35 V tantalum bead

7 10u 25 V PCB aluminium
elecirolylic

(€] 220u 25 V axial aluminium
elecirolytic

cvi 2-22p miniature trimmer-

Semiconductors

1C1 45208

1C2 45188

13 401038

1C4 40028

1C5 40018

I1Co 3011B

I1C7 40128

1C8 40258

1CY 4023B

1C10 MC 14528 or CD1098

1IC1 40708

1C12 TLO84

D1-D4 IN3148

D1 4V7 300 MW zener

Miscellaneous
UM1233 UHF modulator (Aztec), 8 MHz
bandwidth; 2.5000 MHz cryslal.

CHANNEL CARD
Resistors (all YW, 5%)
R101 56k
R102-117 27k
1€C101 40148
1€102,3 TLO84

Miscellaneous

P(Bs (see Buylines); 2.5mm jack sockets
(eight per channel card); coaxial pane!
sockel; miniature onjoff toggle switch; PPY
battery and battery clips; phono plug; two
off coaxial plugs and suitable length of
coaxial cable; nuts, bolts, pillars, 12 x
12 mm aluminium angle or similar bracket;
two off 12 x 100 mm (approx.) pieces of PCB
laminate or similar (channe!l card support);
wire, IC sockets etc; case (Newrad NP1426).

BUYLINES

Since we elected to use standard com-
ponents rather than fancy chips for this pro-
ject, there should be ahsolutely no supply
prohblems. The modulator is from
Technomatic or Watford, but make sure
you ge! the wide-band (8 MHz) version. The
case we used came from Watford. The PCB
Service order form is on page 91.

83



TV _Bargraph

The maximum number of channels
sensibly usable is, we féel, 64,
although 128 is possible on a good
television set with the modulator
specified

When constructing the case for
this project, it was found that the
application of a drop of cycle oil to
the self-tapping screws holding the
extruded front pieces made it very
much easier to screw them in. As we
assembled and disassembled this
part several times during
construction, this was most helpful
Also, when assembling the chassis
member to the side panels of the
case, put the piece with the side
flanges upwards and bolt it on
underneath the lugs on the side
panels. This is necessary to allow
sufficient room for the battery
inside the case.

Setting Up

There is very little in the way of
setting up to be done. The basic
unit should give some sort of
display when powered up although
no bars (or very few) will be present

To see anything more, it is
necessary to feed some voltage into
the channel inputs. As specified,
full-scale should be about 6 V. This
sensitivity can be altered by
changing the input resistors as
required. The reference voltage can
be adjusted slightly using R13 or
overridden by driving 1C12 pin 10.
The ramp rate is controlled by PR1
and should provide a fair control
range for many purposes enabling
the reference voltage crossing to be
positioned near mid-screen.

When first trying the board, set
CV1 to about half-capacitance
(plates half-meshed) and adjust it
only if the picture is unstable or
cannot be pulled in by the
television tine and frame hold

controls. (Don’t forget to tune it in
as accurately as possible).

Use

When fully operational the
device should give the required
number of bars along the screen,
with a vertical height proportional
to the input voltage for each one.
The vertical resolution is about 270
steps, corresponding to a pair of
interlaced lines. In the display mode
built into the board, bars are not
visible until the input is greater or
less than 0 V. They then appear
above or below the centre line; if
the input sensitivity is too low then
extra conditioning amplifiers will be
required.

To change the display mode,
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Fig. 9 Circuit diagram for the main board of the TV Bargraph.
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break the track linking points V and
B on the overlay. Linking V to A
gives bars which start at the top of
the screen and move down for
decreasing input, while linking V to
C gives bars which start at the
bottom and move up with
increasing input. Leaving out D5
will give double-width bars which
merge with those on either side.

It is possible when using large
numbers of channels that some will
be off the edges of the display
screen; this can only be cured by
using a higher quality TV or monitor
as the line flyback time in cheaper
sets is often longer than that
specified (12.8 uS). A way round this
is to miss out the channels on the
first card and start with the next.
The device is ideal where a semi-
graphical display of multiple inputs
is required and has the advantages
of easy expansion and no
requirement for computing
facilities

Fig. 10 Circuit diagram for one channel
card; this provides eight input channels.

INPUT 3 O

o 5
INPUT 4 4

INPUT 6 O~ > A An & >

INPUT 7 O 5

R109 2

R108

INPUT 2 O

R107

R106

AAA—y.
R103 A

R102

INPUT 5 0———3- AN >
R110

R11Y

4
R112

R113

4
R114

R116

INPUT 8 O I~ AAA- 3
R116

R117

ALL 27k Q
| RAMP

REFERENCE

HOW IT WORKS

1C101 IS 40148
7 1C102,103 ARE TLO84

t 1 NCTE:
INPUT 1 O AN -

+1€103a

6
?
5,
+-71c103 6k

3 AAAA— 3 3
R105
AAAA I al,
+-71C102a
R104

+v

R101

5
+71C102b

ic101 10

) Uy
~Nijo|ja|salw s a]—
]
4

o[

vioeo ¥ CLOCK LOAD OV

+9v O—)—4

o

SYNC GENERATOR AND TIMING

IC11a is connected as an inverter and with
XTAL1 and associated components forms a
crystal-controlled oscillator working at
2.5 MHz. This is divided by 16 in IC1a and
10in 1C2a to give the 15,625 Hz for the line
sync generator. The outputs from 1C2a are
decoded by 1C6a, 4a and 4b to give two out-
puts. One is during count 1000 for the line
sync, the otheris at count 0011. The outputs
from 1C4a and 4b are disabled for about 1.6
u$S after the active clock edge by 1C5. This
allow the counters and logic to settle and
prevents glitches due to propogation
delays. It also starts the line sync pulses at
the right time relative to the line flyback
blanking pulse taken from 1C2a pin 6.

As IC2 is a dual decade counter, counts
1000 and 0011 occur at equal time intervals
after each other. These outputs from 1C4a
and 4b are combined in IC5b to form a pulse
chain at exactly douhle the frequency of
the line sync pulses(Fig. 3). The regularity of
this signal is important to get correct in-
terlacing of the final picture. This signal
triggers the two sections of 1C10 and also
1C2b. IC2b, 1C6c and 1C6d divide the input
by 5 before driving the clock inputs of 1C3
and IC1b. IC3 is a presettable eight-bit
down counter which is configured to divide
by 125, giving an output equal to the input
clock period each 125 input cycles. Thus we
get a low pulse 22 line periods long (five
double frequency pulses) every 3122 line
periods (5 x 125 = 625 double frequency
pulses). The low pulse from I1C3 is inverted
by 1C7a and resets IC1b to all zeroes; it then
holds it there for 2': line periods. At this
point IC1b will be incremented by the out-
put from IC2b (ie every 22 line periods) un-
til it reaches the all 1s state. IC7b detects
this condition and its output inhibits fur-
ther counting. The output from IC7b is also
used to blank the video signal during the
frame flyback period. The actual frame

sync signalis generated during counts 0001,
0010 and 0011 of 1C1b. The logic for thisis
provided by IC8a and 8b. The output from
1C8b determines whether normal line sync
or frame sync is required and IC1b pin 11
decides which type of frame sync signal is to
be sent. The signals are actually switched
and combined in 1C9, IC11¢, ICS5¢, d.

1C10a and 10b are monostables trig-
gered by the double line frequency pulse
chain and provide the 2.3 uS ‘equalising’
pulses and 27.6 uS ‘hroad’ pulses reqired for
proper synchronisation in the 625 line
system.

VIDEO AND CHANNEL SAMPLING

Having generated all the sync pulses to
stabilize the display format, the video infor-
mation must be generated. IC12generatesa
negative-going ramp signal, synchronised
with the frame blanking signal via D2. The
frame blanking signal forces the non-
inverting input of 1C12 high, so the output
of 1C12 goes high to try and reduce the dif-
ferential voltage between its inputs.
However, the inverting inpul cannot go
more than about 0V7 more positive than
the cathode of ZD1. This means that C4 will
charge very rapidly. When the frame blank-
ing period is over, D2 is effectively out of
circuit and the voltage on the non-inverting
input to IC12 will be about 10/110f V.. 8y
normal op-amp operation the inverting in-
put to 1C12 will also be at this voltage, caus-
ing a current of 1/11 Vg, 1 (R10 + PR1) to
flow through C4. The resultof thisis that the
output voltage from 1C12 will now fall
linearly until it approaches the 0 V rail or
another frame blanking pulse occurs.

Another section of 1C12 provide a buf-
fered reference voltage while a third acts as
the comparator — switching as the ramp
voltage passes the reference.

The ramp and reference voltages pass
to the channel cards where the video signal

is generated. Each input signal is compared
with the ramp voltage in a section of 1102
or 1C103. The more positive the input
signal, the sooner its comparator will switch
and the higher up the screen its bar will
start.

The outputs of all the eight com-
parators on each card are fed to lhe parallel
inputs of a 4014 eight-bit shift register
{1C101). During the line flyback blanking
pulse the data is loaded into the 4014; dur-
ing the rest of the line time it is clocked out
under the control of the channel clock. If
more than one channel card is in use the
output from each additional card is fed to
the serial input of the next card along. This
effectively extends the length of the shift
register. For best results 8, 16, 32 or 64 chan-
nels should be used. Four or 128 channels
are possible with modifications while 24,
40, 48, 56 etc will give poor display formats.

The video signal from the channel
card(s) returns to the main board and, via
1C11b, is mixed with the sync and blanking
signals in D3,4,5 and R5,6,7 before going to
the UHF modulator.

The line blank signal mentioned above
is derived from 1C2a pin 6 (Q,) while the
trame blank signal comes from IC7b. The
output of this last device is high for a total
of 30 lines in each half frame (16 x 2'2) leav-
ing 2722 lines for the actual display. Thisis
still probably more than a normal portable
TV will display vertically.

The feeding of the channel clock
signalvia D5 into the video mixer causes the
bars to be separated and half width. Omit-
ting D5 allows the bars to broaden and
merge with each other. The jumper points
V, A, B, C are pre-linked to give a video in-
version at Vo, .o V- Alternative ef-
fects can be o‘;lained by hnking V to one of
the other points, when bars starting from
the top or bottom of the screen will be ob-
tained instead of starting from the centre
line.
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COMPONENT!]
TESTER

Check out your semiconductors with this
cunning but simple project. It's brilliant, even
if we do say so ourselves (and we do).

Design by Rory Holmes. Development

by Tony Alston.

hen you’ve completed your
Wlatest design, a brilliant project
which not only solves the world
energy crisis but proves that Einstein
made a small mathematical error as
well, it can be very frustrating if you
rush to your junk box and discover that
you can’t breadboard the circuit
because the markings have rubbed off
your transistors. To help with this
problem we've come up with our latest
design, a brilliant project which tells
you which lead is which, whether the
transistor is OK, what polarity it is and
its approximate gain. Diodes and LEDs
may also be tested, and for good
measure we've thrown in an op-amp
checker. The world energy crisis you'll
have to figure out for yourself.

Construction

Assembly is straightforward if the
recommended PCB is used. Make sure
to orientate 1C1, 1C2, D1 and D2
correctly, and use sockets for the ICs to
avoid damage by soldering them.
Remember to put the three wire links
on the PCB!

Although there are quite a few off-
board connecting wires, these should
not be a problem if the circuit diagram,
overlay and internal photos are studied
carefully. Only one transistor test
socket is shown on the circuit diagram
but several types can be wired in
parallel (as we did) to accommodate
various types of transistor. The TO-5
and TO-18 types were epoxied to the
front panel, as was the eightpin DIL
socket for the op-amp tester. Three
insulated test terminals were also in-
cluded for testing other types of
transistors, diodes and LEDs.

TX1 and TX2 are crystal mike
inserts, Eagle type MC25 or similar
Warning! — most inserts have one
terminal connected to their case and as
we’ve used a metal front panel for this
project, TX2 should be insulated from
this panel. Otherwise, TX1 and TX2 will
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be common linked and as the circuit
diagram shows that TX1 is connected
to 0V, TX2's connection to IC1, IC2
and C2 will be incorrectly taken to

0 V. We got round the problem when
we glued a circular fibre washer to one
insert before fixing it to the front panel.

Testing Times

Transistors are plugged into the
appropriate socket, and any type may
be tested; NPN, PNP, small signal or
power. No selection of NPN or PNP is
necessary as this is done automatically
by the tester. When the push-to-test
button is pressed, an intermittent tone
is produced. The frequency of the tone
is proportional to the gain of the
transistor, giving a rough guide. The
LEDs also flash alternately in time with
the pulsing tone; the LED that is on at
the same time as the tone indicates the
polarity of the transistor. If the
transistor has no gain or is open circuit
there will be no tone, although the
LEDs will still flash. If the transistor has
a large leakage current or is shorted,
there will be a ‘two-tone’ sound. If the

transistor has been inserted the wrong
way there will be either no tone or a
very highpitched tone.

Diodes and LEDs may be tested
across the ‘C’ and ‘E’ terminals. If it is
OK, the LED under test will flash,
accompanied by an intermittent high-
pitched tone and flashing indicators.
Ordinary diodes require a series resistor
(any old value) and should then
produce an intermittent tone and
flashing LEDs as before; the
coincidence of flashing LED and tone
indicates the anode.

Op-amps are plugged into the IC
socket and no pushswitch is required;
power is only applied when the IC is
inserted, and a good 1C produces a
continuous tone from the second
insert.

BUYLINES

| No problems with anything used in this pro-
! ject; all components are standard items and
| are obtainable from the major mail order
|supp|iers advertising in this issue. If you
don’t want to make your own PCB, you can
obtain one from our PCB Service (see page

91).




Component Tester
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H N 7
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IC11S 401068

1IC2 18 40118
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LED1& 2 ARE ANY RED LEDS
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UNDER TEST
{PNP OR NPN

LED2

Fig. 1 Circuit diagram of the Component Tester.

HOW IT WORKS._

POWER RAIL 2

- +Ve

CURRENT

T O Ve

Fig. 2 Principle of-the CCO.

PARTS LIST

The op-amp tester and transistor tester are
completely separate circuits; we shall deal
with the transistor tester first. 1Cla, a
Schmitt trigger inverter, forms a low fre-
quency square wave oscillator with a
period (determined by R1 and C1) of about
1second. This square wave is used to switch
the polarity of the ‘power rails’ (labelled 1
and 2 in the diagram) of the test transistor
and its associated oscillator circuitry.

1C1b is used to buffer the square wave,
and its output (on pin 6) is used to drive
‘power rail 2'. This switching signal from
IC1b is also fed to the input of 1IC1¢, which
inverts it and drives ‘power rail 1°. Thus for
half a second in each cycle rail 1 will be
positive (high) and rail 2 (low); for the other
half second rail 1 goes negative and rail 2
positive. Each power rail drives an LED
(LEDs 1 and 2) via inverter gates IC1d and
1C2d, such that an LED will be illuminated if
its associated power rail is at 0 V. These
LEDs will therefore flash alternately when
the circuit is operating, providing an indica-
tion of the state of the power rails.

The oscillator circuit that is connected
across these power rails is essentially the
simple current-controlled oscillator shown
in Fig. 2, but with some adaptations to
enable it to work with either supply polari-
ty. The oscillator of Fig. 2 works as follows.
Assume C is initially discharged, so that the
input to the Schmitt inverter is low; the out-
put is thus high and the diode, being reverse
biased, is effectively out of circuit.
Capacitor C will now begin charging up
from the current source and the input
voltage to the Schmitt will be increasing.
When the input passes the Schmitt
threshold the inverter output will switch
low; the diode is now forward biased and
will rapidly discharge the capacitor. The
process then repeats, producing a square
wave output from the inverter with a fre-
quency that is proportional to C and the
current from the source. The bigger the cur-
rent from the source, the faster C will
charge and the higher the frequency will be.

The current source in our actual circuit
is provided by the transistor under test. R2
supplies a small base current to the tran-
sistor, and the current flowing from the
emitter will be proportional to the gain of
the transistor. If the transistor is PNP it will
only supply current to the CCO (current-
controlled oscillator) when power rail 1 is
negative with respect to power rail 2.

Similarly, power rail 1 must be positive for
the oscillator to function if the transistor is
NPN. Thus the CCO will produce an inter-
mittent frequency for either transistor
polarity {assuming the transistor is a good
one) with a frequency roughly proportional
to the gain. If the frequency is audible when
LED1ison, the transistoris PNP, and if LED2
and the tone coincide then it is NPN

Going back to the oscillator of Fig. 2,
we see that if the oscillator is to work when
the supply connections are reversed, then
the diode polarity must also be reversed. In
our circuit this is achieved by using two
diodes, D1 and D2. When power rail 1 is at
0V, the NAND gate 1C2b will be disabled
and its output (pin 11) will be high. This out-
put is inverted by 1C2c, thus reverse biasing
D2 which is now effectively out of circuit.
At the same time power rail 2 will be high,
enabling NAND gate 1C2a whose output
(pin 4) will follow the logic level on the out-
put of the Schmitt trigger 1IC1e via IC1f.
Thus when IC1e goes low during an oscilla-
tion cycle, the cathode of D1 will also go
low, forward biasing the diode and
discharging C2 for the next cycle.

When the voltage on the two power rails
is reversed a similar action occurs, but with
D1 switched out of circuit and D2 providing
the discharge path. The intermittent square
wave produced at the output of IC1f is fed
to crystal transducer TX2 which gives an
audible note.

If an LED or diode is connected bet-
ween the C and £ terminals of the test
socket, it appears to be a large-value cur-
rent source in one directiononly. Hence the
circuit reacts as if a high-gain transistor
were in circuit, and polarity is indicated as
before.

The op-amp under test is configured as
asimple RC relaxation oscillator. When the
op-amp is plugged in, assume that itsoutput
(pin 6) is high (positive saturation). Then C3
will begin charging up to + 9 V through R3
with a time constant C3.R3. When the
voltage on C3 reaches one-third of the
positive supply (this fraction is set by R4
and R5), the op-amp output will switch low,
with R4 and R5 providing positive feedback
for Schmitt trigger action. C3 will then
discharge towards —9 V, until the op-amp
switches back to positive saturation. This
cycle repeats indefinitely, producing a
square wave at the op-amp output which is
fed to transducer TX1. This produces an
audible note if the op-amp is good.
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Resistors (all 4W, 5%)

R1 470k

R2 1MO0

R3 10k

R4 47k

RS 22k

Capacitors

c1 1u5 25 V tantalum
C2 10n disc ceramic
[ok} 330n polyester
Semiconductors

IC1 401068

1C2 4011B

D1,2 1N4148

LED1 0.2"” red LED

LED2 0.2” green LED
Miscellaneous

PB1 momentary push-button
TX1,2 crystal niike inserts

2 off PP3 batteries and clips; transistor
sockets; 1C sockets; case to suit

=

IC TEST
SOCKET

iC1

s~ PB1
+9V (B1 +Ve)

L=
R1 (D~ ¢Oc1 1
B (TEST SOCKET

C (TEST SOCKET

_—-Vve(B1)
|._+VE(BZ) o

a=ANODE
kK a k = CATHODE
LED1 Fig. 3 Component overlay.
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ACCURATE
VOLTAGE
MONITOR

EXPANDE

12 13

g

This simple, low-cost instrument can be built into power supplies or
used as a portable or fixed ‘battery condition’ monitoring meter.

Design by Simon Campbell and Roger Harrison.

ommon storage batteries to
' power nominal 12 V DC

electrical systems have a
terminal voltage that ranges from a
little over 10 V when discharged to
around 15 V when fully charged, the
operating voltage being somewhere in
the range 11V5 to 13V8. Lead-acid
batteries, for example, may have a
terminal voltage under rated discharge
that commences at around 14V2 and
drops to about 11V8. A 12 V (nominal)
nickel-cadmium battery may typically
have a terminal voltage under rated
discharge that starts at 13 V, dropping
to 11 V when discharged.

Equipment designed to operate
from a nominal 12 V DC supply may
only deliver its specified performance
at a supply voltage of 13V8 — mobile
CB and amateur transceivers being a
case in point. Other DC operated
equipment may perform properly at
12V5 but ‘complain’ when the supply
reaches 14V5.

To monitor the state of
charge/discharge of a battery, a
battery-operated system or the output
of power supplies, chargers, etc, a
voltmeter which can be easily read to
100 mV over the range of interest (10 to
15 V) is an invaluable asset. This
project does just that.

The Circuit

An LM723 variable voltage
regulator is employed to set an
accurate ‘offset’ voltage of 5 V, and the
meter (M1) plus the trimpot RV2 and
R3 make up a 5 V meter, with the
trimpot allowing calibration. The
negative terminal of the meter is
connected to the output of the 723 so
that it is always held at 5 V ‘above’ the
circuit negative line. The positive end
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of the meter goes to a zener which will
not conduct until more than 5V
appears between the circuit + ve and

- ve lines. Thus the meter will not
have forward current flowing through it
until the voltage between the + ve and

- ve rails is greater than 10 V, and will
read full scale when it reaches 15 V
(after RV2 is set correctly).

The meter scale limits may be
adjusted by setting the output of the
723 higher or lower (adjusted by RV1)
and setting RV2 so that the meter has
an increased or decreased fullscale
deflection range.

A variety of meter makes and sizes
may be used

Construction

Mechanical construction of this
project has been arranged so that the
PCB can be accommodated on the rear
of any of the commonly available
moving coil meter movements. We
chose a meter with a 55 mm wide scale
(overall panel width, 82 mm). A meter
movement with a large scale is an
advantage as it is considerably easier

—HOW IT WORKS ——

The meter, M1, is a 1 mA meter with series
resistance — made up of R3 and RV2 — so
that it becomes a 0-5V voltmeter. The
negative end of the meter is maintained at
5V above the circuit negative line by the
output of I1C1, a 723 adjustable regulator.
The positive end of the meter is connected
to the circuit positive line via ZD1, a 4V7|
zener diode. Thus, no ‘forward’ current will
flow in the meter until the voltage between
the circuit negative line and the circuit
positive line is greafer than 5 + 4.7 = 9V7.

Bias current for the zener is provided
by a FET, Q1, connected as a constant cur-
rent source so that the zener current is ac-
curately maintained over the range of cir-
cuit input voltage. This ensures the zener
voltage remains essentially constant so that
meter reading accuracy is maintained.

The trimpot RV1 sets the output
voltage of the 723. This determines the
lower scale voltage. Trimpot RV2 sets the
meter scale range, less resistance decreases
it.

Diode D1 protects the circuit against
damage from reverse connection.

tve

(and more accurate) to read than Fs1
— 500 mA
(200>
i -
m'£
Lt ~ p v
74V 5.1V 1mA
¢ " ?—) RV2 10k R3 1k
E AAN ] 1015V N
-
. - gy Y <
Av1 u:z'acu | le Ao
- 10 100n +
€1 <A5C3  VOLTAGES WITHOVM G
"r‘lw 3 2 T '0u  AND12VOLTSIN
AND UNIT CALIBRATED s
' TOTAL CURRENT DRAIN 12.5 mA
2908 METER READS BACKWARDS
BELOW 10 VOLTS
23v 4
£ 1 O-v

Fig. 1 Circuit diagram for the Voltage Monitor.
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Voltage Meter

Having chosen your meter, drill
out the PCB to suit the meter terminal
spacing first. The components may
then be assembled to the board in any
partictilar order that suits you. Watch
the orientation of the 723, ZD1, the FET
and particularly D1. The latter is an
‘idiot diode’. That is, if you have a lapse
of concentration or forethought and
connect your project backwards across
a battery, the fuse will blow and not
the project. Fuses are generally found
to be cheaper than this project!

Seat all the components right
down on the PCB as the board may be
positioned on the rear of the meter
with the components facing the meter.
The size of C2 may give you a little
trouble. Polyesters are generally too
large and therefore unsuitable. We
used a ceramic type capacitor — as
commonly used on computer PCBs as
bypasses. Alternatively, a 100n
tantalum capacitor (+ ve to pin 2 of
IC1) may be used. The actual value or
type of capacitor is not all that critical.

We have used multiturn trimpots
for RV1 and RV2 as they make the
setting up a whole lot easier

Calibration

For this you will need a variable
power supply covering 10 to 15 V and
a digital multimeter (borrow one for
the occasion)

First set the 10 V point. Connect
the digital multimeter across the power
supply output and adjust the power
supply to obtain 10.00 V. Set the
mechanical zero on the meter
movement to zero the meter’s pointer.
Connect the unit to the power supply
output and adjust RV1 to zero the
meter needle.

Next, set the power supply to
obtain 15.00 V. Now adjust RV2 so that
the meter needle sits on 15 V (full
scale). Check the meter reading with
the power supply output set at various
voltages across the range. We were
able to obtain readings across the full
scale within = half a scale reading
(£ 50 mV). With a 2% FSD accuracy
meter the worst error may be about +
one scale division

BUYLINES

Only one thing to comment on here; when
you purchase your LM723 (or uA723 —
same thing) make sure you get the version
that comes in a T099 case, not the DIL ver-
sion. The PCB is designed for the 10 pin ver-
sian as shown in the overlay and the DIL
type won’t fit. Speaking of PCBs, as usual
you can gel it from us using the order form
on page 91.

PARTS LIST

Resistors (all 4 W, 5% metal film) Semiconductors
R1 470R IC1 LM723 (see Buylines)
R2 390R Q1 2N3819
R3 1k0 D1 1N4002 or similar

D1 4V7 400 mW or 1 W zener
Potentiometers
RV1,2 10k cermet multiturn Miscellaneous

horizontal trimpot M1 1 mA meter (see text)

Fs1 500 mA fuse and in-line fuse
Capacitors holder
C1 4u7 10 V tantalum PCB (see Buylines); meter scale to suit
C2 100n ceramic meter; red and black cable, etc.
c3 10u 10 V tantalum

+ve

FS1
500 mA

Hv2
10k
SET UPPER

10-15 Vdc

|/ %O

390R RV1
c2 10k
100N SET LOWER

Ve

Fig. 2 Component overlay for the Voltage monitor.
Note that IC1 isin a 10-pin T0O99 case.

BATTERY CONDITION

_________ANDTERMINAL VOLTAGE

The 12 V battery, in its many forms, is 2
pretty well universal source of mobile os
portable electric power. There are lead-
acid wet cell types, lead-acid gel electrolyte
(sealed) types, sealed and vented nickel
cadmium types, and so on. They are to be
found in cars, trucks, tractors, portable
lighting plants, receivers, transceivers, air-
craft, electric fences and microwave relay
stations — to name but a few areas.

No matfer what the application, the
occasion arises when you need to reliably
determine the battery’s condition — its
state of charge, or discharge. With wet cell
lead-acid types, the specific gravity of the
electrolyte is one reliable indicator.
However, it gets a bit confusing as the
recommended electrolyte can have a dif-
ferent S.G. depending on the intended use.
For example, a low duty lead-acid battery
intended for lighting applications may have
a recommended electrolyte S.G. of 1.210,
while a heavy-duty truck or tractor battery
may have a.recommended electrolyte $.G.
of 1.275. Car batteries generally have a

recommended S.G. of 1.260. That’s all very
well for common wet cell batteries, but
measuring the electrolyte S.G. of sealed
lead-acid or nickel-cadmium batteries is
out of the question.

With NiCads, the electrolyte doesn’t
change during charge or discharge.

Fortunately, the terminal voltage is a
good indicator of the state of charge or
discharge. In general, the terminal voltage
of a battery will be at a defined minimum
when discharged (generally between 10 and
11 V), and rise to a defined maximum when
fully charged (generally around 15 V).
Under load, the terminal voltage will vary
between these limits, depending on the bat-
tery’s condition.

Hence a voltmeter having a scale
‘spread’ to read between these two ex-
tremes is a very good and useful indicator
of hattery condition. It's a lot less messy and
more convenient than wielding a
hydrometer to measure specific gravity of
the electrolyte!
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AN ARGUS SPECIALIST PUBLICATION

INTERNATIONALC

AUDIO DESIGN

This month, audio design reaches the seat of the
mystique surrounding the whole topic of audio
amplifiers — the design of the power section. In true
ETI fashion, we intend to boldly separate fact from
fiction, truth from fantasy, and infinitives from their
verbs!

VECTORGRAPHICS

There is an alternative to using a raster-scanned dis-
play — that of using vectors drawn across the screen
directly. Phil Walker has produced a system for
experimenters to play with, using a ZX81.

EPROM PROGRAMMING

We were so overwhelmed with requests for
photocopies of the assembler listing for the EPROM
programmer published in our August issue that we
asked Mike Bedford to produce some notes on how
to interconvert the program for other home com-
puters. We'll be published this, along with the listing
for the benefit of the very few of our readers who
have not already requested it from us!

CHORUS/FLANGER

This project is designed by Tim Orr — who has
absented himself from our pages for a while, but has
recently learned better. It's for a chorus/flanger unit
that can be used with guitar, bass guitar, high-output
microphone, keyboards, or, in fact, almost anything
that you can attach to a jack-plug.

LOOK OUT FOR THE JANUARY ISSUE
ON SALE DECEMBER 2nd

Articles described here are in an advanced state of preparation. However, circumstances may dictate changes to the final contents.



Electronics Digest PCB Service
The best way to get a really professional finish to your project is to use a
professionally made PCB — look no further, here they are!
In order to ensure that you get the correct board, you must quote
the reference number when ordering — if you don’t, you may get sent
the wrong board.
Please note that only boards listed below are available.
Watchdog Home Security System Guitar Tuner (2 boards) (E821-3) ... £5.55 |
(2 boards) (E818-5) .........coccuvrniiniinnnnn £5.31
Playmate (3 boards) (E828-1) .............. £7.20
Allez Cat Pest Repeller (E8222) . ... £1.68
Moving Magnet Stage (E822-5)............. £3.49
Enlarger Timer (E8110-1) . .. ... £3.40
Moving Coil Stage (E8226) . ... .. £3.49
Phone Bell Shifter (E8111:3) . . . £2.96 :
' Ripple Monitor (E822-1) ... e £1.92
Sound Track (E828-5).............cc.......... £4.25
Capacitance Meter (2 boards) ......... £10.14
Car Alarm (E8111-1) ... £2.81 (E82§-4) ( ;
lon Generator (3 boards) (E826-1).....£8.00 DV Meg (E825-1) . ... ... £2.72
Bodywork Checker (E8112:3).............. £1.75 _
' Laboratory PSU (E8194)..................... £4.53
Parking Meter Timer (E821-1) ............. £2.20 i
' TV Bargraph Main (E827-7) _........... £4.56
Hotwire (E827-4).........ccecvvvrvenriiniannens £2.63
TV Bargraph Ch | (E8273) . ......... £2.28
Sound Bender (EB110-2)...........cevvuen.. £2.65 argrap anne
MOSFET Amplifier Module (E826-4)..£6.78 Component Tester (E81124) | £1.49
Bridging Adaptor (E827-5) . . . ... £2.38 Voltage Monitor (E824-5) ..................... £1.86
How to order: indicate the boards required by Total cost of PCBS  £.....ooooevevevveeeeoe)
ticking the appropriate boxes and send this p&p 45p
page, together with your payment, to: Total enclosed e R R
Electronics Digest PCB Service, Argus
Specialist Publications Ltd, 145 Charing Cross NAMe .....c.cccccccoriiiimnininimmiienenienieneneeneeneenes
Road, London WC2H OEE.
AAIeSS ...ooooevreieieieieeiieeeieeeice e
Cheques should be made payable to ASP Ltd
and should be in sterling Only. e e
Please allow 28 days for delivery.
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Bobywork Checker foil.
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The Autoranging Capacitance Meter display board.




PCB Foil Patterns
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Above: the PCB for the Voltage Monitor.

Above: the two foils for the double-sided
100 MHz High Impedance Probe PCB.
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