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If anything alarming were
to happen now this page would
make one helluva noise.

In cases where emergencies shouldn’t go un-
heard, rely on a solid state Sonalert from Plessey.
Whether snap-in, mini or standard styles, there’s a
Sonalert to suit your every requirement.

Sonalert offers three distinctive tone frequen-
cies and for particular audible awareness, pulsating or
“beeping” tones and “warbler” units that alternately
produce two different tones.

Sonalert is continually finding application in
portable battery operated equipment, automotive,
marine and aircraft warning systems, appliances,
instrument, communication and computer equipment,

industrial and farm machinery and military, process P L E s s E v @
control, recreation and restaurant equipment among

others Plessey Australia Pty Limited
. . ffici I Components Division
Sona]ert ensures maximum etficiency, lowest Box 2P0 Villawood NSW 21673
current requirements and highest reliability. Tellelphnne 71310133 TKlex 2(1)_38;)4 ot
. All models available ex stock...literature is ot e S I

availabie on request. Brishane L E. Boughen & Co 3708097

q Perth HJ. McQuillan Pty Ltd 687111
®Sonalert” is a regstered trademark and is mar ufuctured by PR Mallory & Co, Ine. USA New Zealand Henderson(NZ) 64189
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FM TUNER
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All electronic design eliminates mechanical dial.

THE ETI 740 FM tuner has been
designed to prcvide the highest
possible performance consistent with a
cost that we feel will be generally
acceptable to most of our readers.

A very great dezl of effort has been
put into simplifying construction both
mechanically and electronically, and
similar effort has been expended on
ensuring good appearance.

Virtually the entire unit consists of
two printed circuit boards — one of
which is directly soldered into the
other.

Apart from the assembly of the two
printed-circuit boards the only wiring
necessary is the power cord, the
antenna sockets, the three wires to the
tuning potentiometer and the two to
the tuning meter.

An all electronic dial assembly
completely elimirates the hassles of
pulleys and cords as in mechanical
dials. Additionally the use of a
commercial prealigned tuner module
eliminates the need for alignment.
These two measures greatly simplify
construction.

The main printed-circuit board has
been designed so that it may be
assembled either as a single board or
cut up and assembled as separate
modules. If one wishes to construct
the 10.7 MHz IF as a separate unit this
is entirely possible without designing a
new board layout. In fact we
understand that boards for separate
modules may be made available by
Applied Technology Pty. Ltd.

Only three adjustments are necessary
to align the complete tuner and these
are relatively simple. Thus the tuner is
quite readily constructable by anyone
who can correctly handle a soldering
iron — no special knowledge is
required

THE TUNER MODULE

Many different tuner modules were
evaluated, even some we specially
imported from overseas. We finally
selected the newly released AP 2157
from Philips. This tuner is the
preferred replacement for the Mullard
LP1186 and combines good
performance, reasonable price and

ready availability. However any other
varicap tuner module may be used if
desired

y
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The electronic-dial mechanism.
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The AP2157 is a varicap tuner and
requires a stable three to 27 volt
control voltage to tune across the
range 87.5 to 108 MHz. The tuner uses
bipolar transistors, three single
varicaps and two 10.7 MHz tuned
circuits to provide 20 dB of gain and
reasonable rejection ratios.

THE DIAL

As with any kind of radio tuner the
provision of a calibrated tuning dial
presents problems from a cost and
constructional point of view. A
specially designed mechanical dial
would be very expensive and would
complicate the chassis metalwork —
leading to further cost increases. The
alternative approach of using an
analogue meter to indicate frequency
was also rejected because reasonably
attractive meters with large scales are
quite expensive also. Ultimately it was
decided to use a digital dia! based on
the Siemens UAA 170 IC. The UAA
170 is an analogue to one-of-16
decoder and LED driver. Using this
chip we can arrange LEDs in a row
such that the LED illuminated
indicates the frequency tuned. This is
quite convenient as the control voltage

TOP PROJECTS — VOL. 3
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Fig. 1. Block diagram of the LM3089 FM receiver IF system.

for the tuner module may also be used
to drive the LED ‘dial’. The tuned
frequency is related to the control
voltage in an exponential manner, so
to have a linear dial it is necessary to
use a network to tailor the control
voltage before it is fed to the UAA
170.

The ETI technigque provides a dial
having a good appearance, adequate
length of 130 mm and no moving
parts. The power-on and stereo
indicators are green LEDs and are
arranged to be in line with the dial
LEDs which are red.

In addition to the manual-tuning
control, which is selected by a push
button, three other push buttons each
select any one of three stations, each
of which can be selected at any point
over the entire tuning range by an
individual preset potentiometer. The
LED dial arrangement automatically
indicates the frequency of each
preselected station (something that is
quite difficult to do with a mechanical
dial).

The 16 LED display provides
1.25 MHz resolution. In practice this is
adequate and it was not considered
necessary or economically justifiable to
increase resolution by adding a further
IC and set of LEDs.

IF AND DEMODULATOR

The output of the tuner is filtered by
two ceramic filters (separated by a
buffer stage) before being fed to a CA
3089 IC which is a complete FM IF
and demodulator system containing
over 80 transistors. The IC requires
only one external tuned circuit (the
quadrature detector coil) and provides
AGC, AFC, muting, signal strength
and tuning meter drive voltages.

In our circuit the muting level is set
by an internal preset potentiometer
and muting may be switched out by a
front panel push button if desired.
Another front panel push button
selects AFC or manual tuning control,
and a tuning meter is provided rather

than the more conventional signal
strength merer. With FM very accurate
tuning is required if minimum
distortion is to be obtained and a
tuning meter provides a much more
accurate method than does a signal
strength meter.

The CA 3089 is followed by an RC
network to roll off the loop above 100
kHz, and an amplifier with a gain of
three to provide an output level
adequate for most power amplifiers.

DECODER

The sterec decoder used is the LM
1310 phase-locked loop [|C, which
does not raquire any external coils
whatsoever. The use of this IC
virtually eliminates the setting up of
coils which is often a major stumbling
block for beginners. The only
adjustment which needs to be made on
the decoder is to the frequency of

operation of the phase-locked loop.
This adjustment is performed very
simply by using a preset potentiometer
together with the stereo indicator
lamp as a monitor.

PILOT TONE FILTER

The stereo outputs from the decoder
have de-emphasis applied and then are
fed to unity-gain, active- low-pass
filters to suppress the 19 kHz pilot
tone, the 38 kHz sub-carrier and
harmonics which would otherwise
cause interference, when tape
recording, with the bias oscillator of
the recorder.

An LED driven by the decoder
indicates when the loop is locked
indicating also when a stereo signal is
being received. A front panel push
button provides a stereo-defeat facility
by detuning the loop oscillator beyond
the capture range of the loop thus
forcing the decoder to provide a mono
output.

POWER SUPPLY

The power supply provides via an IC
regulator, + 15 volts for the general
circuitry of the tuner. A voltage
doubler provides a supply to a special
voltage stabiliser, a TAA 550, which in
turn provides a temperature stable
supply of +32 volts as the reference
source for the tuning potentiometer.

We would like to thank Owen Hill,
B.E., M.B.A., and Applied Technology
Pty Ltd, for their very valuable
assistance with the design and
development of this unit. The second
part of this article which starts on page
7 gives the full constructional details
for this project. Y

Internal view of the main printed circuit board which houses most of the electronics.
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A screwdr’iver,ana about 12 an hour
Is all you need to build this 40 watt
hilips speaker system.

Philips make it easy and inexpensive  The AD8K40 Speaker Kit includes: For further information contact

for you to own a professional e 2precut, pre-finished wood grain ~ ELCOMA '
speaxer system. Assemble it yourself cabinet enclosures with Electrenic Ccmponents and Materials,
in about SO minutes and you have pre-painted baffle boards E-O‘ ng 5‘)N S.W. 2066

40 watt (RMS) capacity speakers ¢ 2 mounted grill cloths with Oa:neho'r?;?'.212‘61'02r s

to complement your hi-fi gear pre-painted baffle boards. e 2 x 8 Bra?wcres in all States.

woofers. « 2 x 1" dome tweeters.
e 2 x 2-way crossover networks with
leads and fastons fitted.

e Innerbond lining. ¢ Wood screws
E LCOMA e Wood glue. o Caulking compound
Plus full assembly instructions.
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FM TUNER
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POWER MONO MUTE  AFC

THE ET!I 740 tuner has been designed
with the aim of making it as simple as
possible for the inexperienced
hobbyist to build. The only
components not mounted on the
printed circuit boards are the fuse,
input and output sockets, tuning
meter and the tuning potentiometer.
Interconnecting wires have been
reduced to an absolute minimum.
Whilst only two boards have been
used, the main printed-circuit board
has been laid out in such a way that it
may, if so desired, be cut up if it is

required to build the modules
separately.
CONSTRUCTION

Components may be assembled on to
the main circuit board in any
sequence, but we recommend that the
lowest height components, eg resistors
and diodes, be fitted first followed by
the larger components. Ensure that the
diodes are inserted with the polarity as
marked on the overlay and that
integrated circuits are orientated
correctly. The cbe connections shown
on the overlay for the BC548 and
BC558 transistors are correct for
Philips devices. If other makes are used
the connections may be different and
should be carefully checked.

The tuner is installed by first
securing it into position with a piece
of double-sided tape. The terminals are
then connected to the board by means
of tinned-copper wire links. Pin 2 of
the tuner module should only be
connected to the main printed-circuit
board if the main amplifier used in
association with the tuner is not
earthed. The transformer and the
function switches are mounted
directly onto the printed-circuit board.

TOP PROJECTS — VOL. 3

Full constructional details.

Commence the assembling of the
display board by installing the nine
links shown on the overlay. To install
the LEDs it is first necessary to cut a
piece of fibre-glass board 230 mm long
by 4 mm wide. By examining the
photographs it is possible to see how
this strip of fibreglass is used to align
the LEDs and to correctly space them
from the printed-circuit board. It will
be noticed that some links pass
benzath this strip and it is therefore
advisable to file small notches for the
links so that the strip sits down flat on
the printed-circuit board. Do not force
the LEDs over the strip, if they are
tight, file the strip until they slip on
easily. Note that all the LEDs are
mounted so that the cathode lead,
which is marked by either a body
notch, a flat or a longer lead, is to the
top of the display board.

The rest cf the components may now
be mounted taking particular care to
locate the trim potentiometer flush
with the board. If desired, although
not essential, a hole may be drilied
through the display board so that the
trim potentiometer may be adjusted
from the rear after the unit is mounted
in the chassis. |f the hole is not so
drilled the potentiometer must be
adjusted before the unit is mounted
into the case.

The two boards are joined together
by tinned-copper links. This should be
carried out by first soldering 20 mm
long tinned-copper leads to the display
board (nine leads required). Bend
these leads so that they lie flush with
the board and then thread them
through the mating holes in the main
printed-circuit board. The display
board should be positioned behind the
mounting surface of the function
switches and secured to the switches

STEREO

m PROJECT 740

KITS

All components, part kits and full
kits for this project are available now
from Applied Technology Pty Ltd,
109-111 Hunter St, Hornsby, NSW

2077. Tel: 476-4758.

NOTE -— The front panel supplied
with project is now silver lettering on
black — to match ET1440 amplifier —
not as shown in our lead picture.

by self-tapping screws or nuts and
bolts.

The power switch and the mains
transformer are both mounted directly
onto the printed-circuit board and for
safety’s sake we feel that it is
necessary to insulate these areas of the
board with a layer of epoxy cement as
shown in the photograph. It is also
necessary to insulate the terminals on
the top of the power switch (both
used and unused).

We advise that the completed module
now be carefully checked for any
errors in component installation. Ako
check that all joints have been
correctly soldered. The unit may now
be temporarily connected up to the
tuning meter, potentiometer and
power cord and then connected to an
amplifier for testing before final
assembly (see section below).

After testing is satisfactorily
completed the module may be
installed in the case and all the

controls and power lead etc properly
connected. The front panel is secured
to the front of the chassis with a little
contact cement and is also secured by
the potentiometer nuts. The polarized
plastic window in the front panel is

/ (Main text continues page 12).

7



UTPUT
TO
DECODER

°I.L>
NS ‘ PARTS LIST ETI 740
ONe—

+ I Resistor 33ohm 5% Y or '2W
(5 100 ** o "
e o“ "
=] "
=

BC548

-
©

W
@ hw

O A

FM TUNER

O WWE N,
w W

W
=

SW2
[

C14

0.022

uF
DEFEAT

Poten(mmeter 50k TRIM TYPE
S5k TRIM TYPE
S50k MULTI TURN

TRIM
100k 10 TURN
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R12 |MUTE

33k
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Capacitor 100pF ceramic
- ZZODF

" 470p "
L 0. 00 I/JF polyester

R11
10k

¢ 0. OlyF polyester

22UF Disc ceramic
22/IF Disc ceramic
22, uF Disc ceramic
33UF 250V ac
a

IC3
CA3089E

+15V
R10
100

7iiF polyester
2/{F polyester
.47/F polyester
UF TAG Tantalum
F TAG Tantalum

F

LTUF 10V electro
AG

UF 16V
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25/F 10V electro
25UF 25V electro
47UF 63V electro
1000UF 25V electro
100UF 63V electro
100UF 35V electro

Inductor 22UH
" see table 1
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0.022
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ot C9
T 0.022.F

FL2

uF
1L

D1-D4 Diodes EMAO01 or similar
D5,6 " IN914 or similar

LED 1,18 Light emitting diode GREEN
LED 2-
LED 17 Light emitting diode RED

I+15V
Cc10 c1n
0,022l -1-0.022
0.022uF

R6
330
a1
PN3564 Qv
R8
820
— C8

%
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Ql Transistor PN 3564 or simifar
Q2,3,4,5 BC548 or similar
Q6 " BC558 or similar

Integrated Circuit 7815
" " TAA 550
" o CA 3089
" . LM 1310

VN (14 pin)
" " UAA 170
- TUNER — PHILIPS — AP 2157

- | Swl-4 Swnch Module IRH P/N TS0361
a o SW5-8 RH P/N TS0362
=

M1 Tuning meter 50 0-501A

T1 Transformer PL élA/s VA
{Ferguson) or similar

PCB ETI1I74DA ETI17408B

Fuse holder and %00 mA fuse

3 core flex and plug

Rubber grommet

Cable clamp

2 Earth lugs

75 ohm socket

2 pin plug and socket McMurdo

P/N 12-01-01, P/WN 18

2 WAY RCA socket McMurdo P/N
1291-03-02

4 12.7 mm tapped spacers (1/8 wm()

AN

RS
100

R3

4k7
b

R4

560

s

c7

00221,1F-E
By

oV -

TO
CONTROL
VOLTAGE

TABLE | COIL L2 DETAILS

Fig. 1. Circuit diagram of the front end including

the tuner and the CA3089E FM if stage.

FORMER Neosid 722-1 B ute1ze whit | 6 MM tong R-H
BASE Neosid 5027/6PLB El’gomnr\nmsggi)nh:::?;bgable
. 1 on

- CAN Neosid 7100 Knob for tuning pot
) SLUG Neosid F29 Chassis to fig 11
3. WINDING 22 turns of 0.63 mm Elofteape fio
:8g% enamelled wire (22 '72;?7?:\' 'e2e§ (r:Zn double sided tape.
I[LL B&S) close wound. 16 pe " board pins ided tap
@t TUNING C15, 100pF ceramic. 250 mm x 35 mm circular polarized
"o CAPACITOR  Add inside can across LR

coil leads.




HOW IT WORKS — ETI 740

The AP2157 is a varicap tuner
module which tunes frequencies
within the range 88 to 108 MHz by
means of a control voltage adjustable
between 3.3 and 22 volts. The
frequency tuned is not linearly
related to the control voltage and a
much higher increment of voltage per
frequency increment is required at
the high end of the band. The tuner
operates on the heterodyne principle
and hence the incoming signal is
mixed with a local-oscillator
frequency which is also varicap
controlled so that a 10.7 MHz IF
frequency (difference) is produced
by the mixing process, the sum
product of the mixing process being
rejected by the following IF stages in
the tuner.

The tuner is followed by an IF
filter, FL1, and then by a transistor
to compensate for the 10 dB loss in
the filter. The transistor is followed
by a further IF filter. The filters are
followed by IC2, a CA3089 which is
a complete IF amplifier, limiter and
detector system. Thus from this chip
we obtain an audio output, an output
which can be used for muting, and an
output voltage proportional to signal
strength which can be used to control
the gain of the RF stage (ie AGC).

The distortion introduced by this
IC is dependant on the phase
linearity of the quadrature coil L2.
With a single tuned circuit the

IC4
2 LM1310
INPUT
FROM
IF STAGE 7 3
R22
100k

SW3
STEREO
DEFEAT

Yov

TOP PROJECTS —VOL. 3

LED1

distorticn is typically 0.5% whilst
with a doubled-tuned circuit it is
typically only 0.1%. However test
equipment is needed to align the
double-tuned coil and for this reason
we have used the single-tuned circuit.
The output of IC2 is amplified by
Q2 before being puassed to the
stereo-decoder IC3. The purpose of
Q2 is to provide the gain necessary to
obtain an adequate drive for the
particular power amplifier used with
the tuner. The gain is determined by
the ratio of R19/R20 and may be
altered by changing the value of R20.
The stereo-decoder IC, an LM1310,
works on the phaselocked loop
principle. The loop is locked to the
19 kHz subcarrier (if present) and
decodes the stereo signal accordingly.
The stereo outputs have the required
50 microsecond de-emphasis applied
by R27/C27 and R28/C28. Each
output is then taken through a
low-pass filter (Q3 and Q4) which
gives an added 4 dB rejection of the
19 kHz pilot tone (which is already
34 dB down) and an extra 20 dB
rejection of the 38 kHz which is
already 45 dB down. Additional
filtering was not considered
necessary. The stereo-defeat facility
is carried out by raising the
phase-lock loop frequency out of the
lock range of the loop.

The +15 volt supply is derived from
a full-wave rectifier followed by an
IC regulator. The voltage required for

+15V

c24

the varicaps is derived by a voltage
doubler which provides about S5
volts on C4. This is reduced to 32
volts by R1 and IC2. IC2 is an active
zener specially designed for varicap
supplies. The varicap supply is again
filtered by R2 and CS5 further to
reduce the amplitude of any supply
ripple which may still be present.
This supply is then fed to the tuning
potentiometers RV4,5,6 and 7, the
end limits of these potentiometers
being set by R48 and R49. In the
AFC mode the AFC voltage derived
by the CA3089 IF stage is used to
control, via Q4 and QS, the voltage at
the top of the tuning potentiometers
and hence provides automatic tuning
within a small capture range.

The output of the station selector
network is fed to IC5S as well as to
the tuner. This 1C is an
analogue-to-one-of-sixteen decoder
and LED driver. One of the 16
display LEDs will be alight — which
one is on depends on the input
voltage. The LEDs come on at
sixteen equally spaced voltages
between the limits of the two
voltages as set on pins 12 and 13 of
the UAA 170 IC. The input voltage
to the IC is modified by a
diode-resistor network (DS, D6 etc)
to compensate for the non-linear
relationship of frequency versus
tuning voltage of the tuner. Thus this
network provides a reasonably linear
dial scale.

0.22uF LEFT
OUTPUT
-0
R35
8\9\ ™
13+ » 0V
i 12—
HH
C2&
0.22
F
RIGHT
==—C26 OouTPUT
=1 0.47uF
R36
™
» 0V

Fig. 2. Circuit diagram of the stereo-decoder stage.
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LED 18 LED 2 LED 17 LtED 1
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LED
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[ R3? ] x
= 8 Y owv
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Fig. 4. Component overlay for the display board.
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- Fig. 6. Component overlay and inter-
% o RCA connection diagram for the main printed-
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FM TUNER

UNDERSIDE VIEW

337

86 FRONT VIEW

Fig. 9. Details of the wooden cover for the tuner.
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Fig. 10. Front panel
metalwork.

1 HOLE 10mm DIA
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secured to the inside of the front panel
— again by contact cement. The tuning
meter is held in position by epoxy
cement to avoid having screws
protruding through the front panel.

IR

TESTING

Switch on the power and check that
the +15 V and +30 V supplies are both
operating correctly. The power
indicator LED and one of the display
LEDs should be alight.

Select STEREO MODE, MUTING
OFF, AFC OFF and VAR. By rotating
the tuning potentiometer it should be
possible to sequentially vary the LED's
illuminated.

Adjust the tuning potentiometer
(RV7) so that its output is 3.5 volts
from the slider with respect to O volts,
and then adjust RV3 so that the first
and second LEDs are both equally
illuminated, (see below).

Connect an antenna and tune in a
strong audible signal. Measure the
voltage across R12 and adjust the
tuning for maximum reading (voltage
across R12 is proportional to signal
strength). Now adjust L2 so that the
tuning meter indication is exactly at
centre. Next adjust the tuning so that
the tuning meter indicates about half
scale away from centre and press the
AFC switch. The tuning meter should
move back to centre indicating that
the AFC circuit is working correctly.

SEE NOTE

v
1P

-}

END VIEW

VENEER THIS EDGE

1
- l‘sl)
o] 2 e

UNTERBORED 10mm DIA x Smm

PARTICLE BDAR

A
This view shows how the solder joints at mains potential are insulated

with a layer of five minute epoxy. Note also RV3 on the display
board.

o This picture shows details of the mating of the main and display
boards. Note the alignment strip for L EDs, the mounting of the
switches and how the display board is secured to the switch bracket.
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Now move completely off the
station. The noise level will increase
suddenly. Press in the muting switch
and adjust RV1 to reduce the noise
level so that it is almost inaudible. Do
not try to eliminate a// the noise as
this may prevent weak signals from
being heard.

Finally tune to a station which is
known to be transmitting in stereo. A
zone will be found in the adjustment
of RV2 where the stereo indicator is
on. Position RV2 to the mid pcsition
of this zone. The light should go off if
the MONO switch is pressed. Note that
the noise behind a stereo signal is
higher than when in mono.

In some parts of Australia, FM
stations may be spaced only 800 kHz
apart — and the same LED may be
illuminated when either station is
tuned. Separate LED indication may
be obtained by slightly readjusting
RV3.

TUNER MODULE

The tuner module as supplied to us
had provision for either 75 or 300
ohm inputs as shown on the circuit
diagram. Philips have advised that all
the AP 2157 tuner modules in stock at
the moment are fitted with both
inputs. They cannot guarantee that
future stocks will have the 300 ohm
input. To check if your tuner has a
300 ohm input measure the resistance
between pins 1 and 3 of the tuner
module with an ohmmeter, a low
resistance indicates that the tuner has
a 300 ohm input. If the tuner does not

|
5]0
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p==50 -D! 130 -1 15"‘1 278 > 29?1
Lo
% Q‘é‘@‘ ‘@@‘ g )
17 G == 28
2 : L | -t
.28 -l 56— 190 o 168 - 310 —e
12 12 -
255 — o= a7/ |
f_
12
N : 7
it !
£
174 /
DRILL HOLES TO
SUIT COVER
23 . 12mm FOLD AT
‘ BOTH ENDS
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- 55 4=l
——l 336 —
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13

VALY

625
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NOTES:
MATERIAL 1mm STEEL

v
| T

60 zg_l
4-25-» ! 195 vl 2
4225 - 77.5—-1

have a 300 ohm input it will be
necessary to use a balun when using it
with a 300 ohm antenna. Of course if

2125 12475 "l

B

Fig. 11. Chassis metalwork.

the feed from the antenna is 75 ohms
it may go straight into the tuner 75
ohm input.

~ -'.g.;.s"'uu.‘.:vn
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Fig. 7. Printed circuit layout for the display board. 253 mm long.

Fig. 8. Front panel artwork. Full size 340 x 89 mm.
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KEW EARTH
MEG 600 RESISTANCE METER

Resistance: 0-10/100/1000 Q
Volts: 0/30

SNAP-ON METERS

$87 — e
KEW SNAP 3¢ °03 @
COMPACT, POCKET AC VOLT-AMMETERS -~
Valts: 250; Amps: 30 537, 3 INCH, 5 MHz $190
Size: 115 x 70 x 30 mm KEW MEG OSCILLOSCOPE
$19.50 INSULATION TESTER Band width: DC-5 MHz
VOLT & OHM METERS Sincte e > 10 MV/DW

$39
Model 510: 500 V/100 M @
Mode! 1000: 1000 V/2000 M
Volts: 0/300

OHMS: 0-2/200 K

$54

$77

$34.50 i;’ P 5510, 5 INCH, 10 MHz
ll.:’

KEW SNAP 5, 6 SNAP-ON KEW SNAP 8, 9 $260 0SCILLOSCOPE
AC VOLT-OHM SWIVEL CASE ROTARY SCALE Band vridth: DC-10 MHz
AMMETERS SNAP-ON AC YOLT-OHM 558, 5 INCH, 7-5 MHz Sensitivity: 10 mV/cm; Single Beam
54, Amps: 5/25 68, Amps: 10/50 AMMET=RS 0SCILLOSCOPE 4 $63
S ln AR emmyeel cmogy | s oo
32[@:’“1‘?6/%%3/%%0 gﬂlnﬁséfos/oa/oaoomoo V%'Dtgr 1507300/ Vol;g:o 150/300 Single Beam KEW K1200P
W T gy gy s112 ALY
40 mm
KEW SNAP 7 KEW SNAP 10 418 gxg'?lég%gﬂ
ROTARY ROTARY
SCALE SCALE SINE AND MULTIMETER
DC VOLT ac voLT-ohm  SOUARE TS e 33
J - WAVES Vo1|656 DC0 ?(8P2\15/1/2 .5/10/50/250/500/
R}I\}II‘IAVIETERS AMIMETERS OSCILLATOR valts ’QC 0-2.5/10/50/250/500/1000,
[ — ATSS/;&{/S%DD Frequency: 10 Hz to 1 MHz, 600 OHMS ABipSSI0E, 0-5ur/1 /I COIMEHRE
333'/600 /150/, Vo7|g8: 1507300/ Distortion: 0/3% (1 kHz-100 kHz) KEW K1400
ORMS: /2000 onis: 02000 N KEW K200 LARGE SCALE
Size, 255 x 7 a7 mm VOM FIELD OVERLOAD 4
EFFECT PROTECTED
TESTER MULTIMETER
VOIDISD A/C/DC 8 ranges  voits: DC, 8 ranges,
$186 $92 Ampe: 0 8 ranges 0.25/500, 20
QMM 7 ranges 1 ohm Y

500 megohms KoPV
[ o o Amgs: DOC, 6 ranges
$ $75 SO IATTOR
- OHMS: 3 ranges
0.2K/20 megohms 572
The Crescent, Kingsgrove, N.S.W. 2208. Phone 50 0111

OFFICES: Melbourne 44 5021 ® Adelaide 293 6117
® Brisbane 52 8266 ® Perth 72 2696

*ALL PRICES QUOTED INCLUDE SALES TAX,
PACKAGING AND POSTAGE.

The tull range of KEW instruments is available from
selected radio and electrical wholesalers.

For tull information contact Australian Representatives:

Specifications and prices quoted are for general
guidance only, are subject to verification and change
without notice.

L e e ————
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How to cut ¢costs o
youlr valuable P€.
estate

g w——
e s

oy
miniature resiston

IRH Components introduces the Metal
Glaze type GLP resistor, a miniature Y2 watt, .
with a maximum surface temperature rise of GLP FEATURES INCLUDE:
50°C, the physical dimensions of many other
Y or Va watt resistors but a full V2 watt rating at B LOW cost.
70°C ambient.

The smaller size allows .4"” (10 mm) lead . Sma” Size. Length 55 mm

GLP

spacing as standard for horizontal printed :

circuit board mounting — reduces demand on D 1am Eter 2 . 0 mm.
expensive PC board real estate. Even greater 1 1 1 :
packaging density can be achieved by vertical . /85 /43 /2 Watt ratlng .

mounting. M Thick film reliability.

Another IRH “FIRST,” the Australian made

GLP is a result of extensive research, - 60/40 platEd Ieads fOI’

development & testing for Australian

conditions. excellent solderability.

STOCK THE GLP resistor and you

automatically stock ¥ watt, v watt and 2 watt B SOIVent resistant Coating

inventory. USE (T with confidence. and colour bands.
I—;o: IRH components, The Crescent, Kingsgrove, N.S.W. 2208 —l
I Please forward your engineering bulletin featuring the GLP resistor. I
| NAME e '
| ADE B ESS R . . S SR I
COMPONENTS | |

DIVISION OF NATRONICS PTY. LIMITED @ 3BT - : -POSTCODE.

The Crescent, Kingsgrove, N.S.W. 2208. Tel. 50 0111
74 Raglan Street, Preston, Vic. 3072. Tet. 44 5021

GLP/76
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PROJECT 440

— AT T

7

SIMPLE

25 WATT AMPLIFIER

Big performance at a low price.

WHEN  designing  this
considerable effort was made to
achieve several, generalily
incompatible, aims. These were to
design an amplifier that gave high
performance, was simple enough for

amplifier

the beginner to build BUT, was low in
cost.

Since a high percentage of the cost of
an amplifier is in the hardware, (e.g.
chassis, potentiometers, switches etc)
and this cost does not vary greatly
relative to amplifier power output, we
aimed at the highest possible power
for reasonable cost. Thus the amplifier
gives 25 watts RMS per channel which

is about as much as can be obtained
without component costs increasing
dramatically.

To gain the required simplicity we
used a single printed circuit board, to
hold as much as possible of the
electronics, thus keeping external
wiring down to a minimum.

The result is a 25 watt-per-channel
amplifier which has a distortion of

Internal view of the ampli-
fier showing location of the
major components.

TOP PROJECTS —VOL. 3



AMPLIFIER A
15

AMPUFIER B
12

AMPUFIER C

TR2 TR&

15

&

Fig.1. Circuit diagram of the TCA220 triple-operational amplifier.

around 0.1%, costs about the same as
some 12 watt-per-channel kitsets at
present on the market and is
extremely easy to build and set-up.

CONSTRUCTION

The single printed-circuit board
construction greatly simplifies things
for the beginner. (See page 26 for
circuit board pattern). The heatsink is
attached to the rear of the board to
hold the power transistors, and a
bracket at the front holds the
potentiometers. Before attaching these
brackets assemble the components to
the printed circuit board, as shown in
the component overlay diagram Fig. 3,

doing all the linking required first.
There are two links which go under
resistors R49 and R50 in the power
amplifier and these should be insulated
with 1 mm spaghetti. All other links
may be tinned copper provided that
they are kept straight and flat on the
board.

Although the components can be
mounted in any order it is usually
easier to mount the smallest {lowest
height) components first, ie, resistors
and diodes. These should be mounted
flush on the surface of the board. The
capacitors may now be mounted
taking care not to damage the small
ceramic capacitors by bending the
leads too close to the body of the
device. Make sure that electrolytic

240V ac
INPUT

Fig. 2. Power supply
for the 25 watt
amplifier.

sw2 AT2A

§ A

oO—
N
€ l

capacitors are orientated correctly,
i.e., the polarity is correct.

The transistors, apart from
Q7,8,9,10,15,16,17 and 18 {(which are
on the heatsink) may now be fitted to
the board. With the BC548 there are
two different lead connections. The
Philips type has a bent centre leg {(the
base) and these are the types shown on
the overlay. If a different brand is
used, ie one with the pins all in line,
they must be inserted 180° around
from that  orientation  shown,
Transistors Q7,8,9 and 10 MUST be
the Philips type. Hence, if you have a
mixture, keep the Philips types for

{Text continued on page 22)

T1 5755
240V/40VCT.

C35
0.033,F
630V
C37
2500, F o
35V

+|100:F +] ca0 oV

216V —=4.7uF
25V
—-6.6V
~5V
R79 LED1
k2 s
-8.2V
=S >

C39

R77
470Q
w
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TCA220 —_— i
ey - - =
PHILIPS BC 548 _———=—=b L =
BC 548 ONLY BD 2662
B mg - ) BD 267A
1 : —»t+ (s E_ 2 =N = - —¢ €
E = -0 &g L - ae le =
RV2L
TAPE
25k
OUTPUT TREBLE
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TAPE —0
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| 390
s S5 1
c7 c
b 390 0.015 0.056 <R11 €23
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|+ T330pF
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BAL TAPE RV2R
OUTPUT 25k
AUX,—O
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PHONO
INPUT o
47 47k 56k
390
c8 c10
0.015 0.056 2R12 C24
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SIMPLE 25WATT AMPLIFIER

MOUNTING
SURFACE
»— UNDERMNEATH

B8D266

8D267 ¢
O <
b
BD266
80267 [ S—
TWIST OUTSIOE
@) ::’ LEADS 90°

8367 8ENO OUTSIOE

LEAOS OUTWARDS
O | ———— AND THEN BACK

a— AGAIN TO GIVE

Smm LEAO SPACING

B8D266 MOUNT BC548
B0267 ¢ TRANSISTOR WITH

‘ EPOXY WITH FLAT
C548 mm—
O BCods =" FACE DOWNWAROS

1 Centre lead of main
EPOXY

transistor not shown
Fig.5. How to prepare the power transistor
leads for installation.

L - e
10 50 100

FREQUENCY

1000 5000 10000 30000

HERTZ

Fig.6. Tone control characteristics of the amplifier.

MEASURED PERFORMANCE OF ETI 440 AMPLIFIER

POWER OUTPUT

FREQUENCY RESPONSE

CHANNEL SEPARATION

HUM AND NOISE
(with respect to 25W)
Phono {10 mV)
Other inputs

INPUT SENSITIVITY
Phono
Other inputs

TOTAL HARMONIC DISTORTION
Power Frequency

100 Hz

1 kHz

10 kHz

12.5W

100 Hz
1 kHz
10 kHz

100 Hz
1 kHz
10 kHz

25W

TONE CONTROLS
Bass

25 + 25 watts into 8 ohms

+0
—0.5dB
+0
—3dB

15 Hz — 30 kHz
6 Hz — 80 kHz

1 kHz — 46 dB

67 dB (unweighted)
68 dB (unweighted)

2.5 mV
200 mV

Both channels
0.13%
0.16%
0.17%

One channel only
0.1%
0.08%
0.12%

0.14%
0.12%
0.17%

0.5%
0.6%
0.8%

5.2%
4.8%
4.3%

0.5%
0.6%
0.7%

12 dB boost at 50 Hz

12 dB cut at 50 Hz

Treble

9 dB boost at 10 kHz

9dB cut at' 10 kHz

DIMENSIONS 340 x 88 x 210

mm

these positions. If a substitute is used
for the BC639 and BC640 carefuily
check the pin connections as these
types are unusual.

The integrated circuits may now be
installed making sure that orientation
is correct as indicated by the mark on
the 1C which is at the pin 1 end of the
IC. Then mount the relay by passing
the pins through the holes provided in
the board and then bend the leads
flush with the copper and solder them
to the tracks.

The chokes L1 and L2 are made by
winding about 25 turns of 0.4 mm
copper wire (insulated) onto the body
of a 10 ohm 1 watt resistor
terminating the ends of the wire on
the resistor leads. These may now be
mounted on the board.

The balance, treble and bass controls
should now have lengths of copper
wire soldered to each of the terminals.
They are then mounted, by passing the
leads through the holes in the board,
but are not soldered in position as yet.
The front bracket should now be
attached to the component side of the
printed-circuit board and the
potentiometers mounted to the panel.
The leads from the potentiometers
should then be drawn through the
board as far as possiblie and then
soldered in position. Then mount the
heatsink bracket to the rear of the
board using 9.6 mm spacers and
countersunk screws.

The output transistors have to be
prepared in a couple of ways before
installation. The leads are too close

TOP PROJECTS —VOL. 3



HOW IT WORKS — ETI 440
PREAMPLIFIER

In the preamplifier we have used
two TCA220 integrated circuits each
of which contain three identical
operational amplifiers. These work
similarly to the conventional op amp
like the 709, 741 or 301 except the
output is an emitter follower and
needs a pull down resistor. An
internal schematic diagram is given in
Fig. 1. for those interested.
l'requency compensation is
accomplished by a 390 ohm resistor
in series with a 330 pk capacitor
connected to the appropriate
terminal. The maximum voltage
allowed on this IC is 18V. Since the
output swing in the positive direction
is less than that in the negative
direction we have used +10V and
-6.6V supplies to ensure equal
clipping.

The magnetic pickup used on most
good turntables has a low output and
also needs equalization to perform
correctly. We used part of the TCA
220 (IC!I-1 and 1CI1-2) to amplify this
signal (about 60 times or 35 dB at 1
kHz) and to provide the equalization
required (+13 dB at 100 Hz and - 14
dB at 10 kHz referred to the gain at 1
kHz). The output of this amplifying
stage connects to the switch SWI
which selects the desired input. The
signal from the cartridge is amplitied
before the selector switch to improve
the signal-to-noise ratio.

together, and since they are mounted
close to the board the transistors may
be damaged if the leads are just pulled
apart. Figure 5 shows the lead bending
process which should be done
carefully with a pair of long nose
pliers. After bending, a BC548 (Philips
only) should be epoxyed with flat side
onto the face of these transistors.

It is preferable to use one of the slow
drying epoxies as they appear to
withstand the elevated temperature
better. If such epoxy is dried in the
100-130°C range it will normally dry
in about 30 minutes. Before glueing,
however, it is best to scratch the type
number on to the side of the output
transistor to aid later identification.

When dry, the transistors can be
mounted using insulation washers and
a smear of silicon grease if available.
The leads of the BC548 have to be
bent out a long way but they should
be long enough. If a small soldering
iron is used these transistors can now
be soldered in without removing the
heatsink.

The rotary switch and volume
control can now be mounted on to the
front bracket. There are four links
from the board to the rotary switch as
shown in Figure 4, the rest of the
connections going to the rear panel.
There are atso four links to the volume
control and two coax cables which go

After the selector switch we have
the balance control (RV 1) which at-
tenuates either left or right channel as
desired. The signal is then amplified,
by a factor of two, to recover what is
lost in the balance-control network
and also to buffer the signal to give a
low impedance output. The output
drives the tone-control network and
also the tape-output sockets.

The tone-control section uses the
last sections of the TCA220 (IC2/2,
IC2/3) with the bass and treble
controls in the feedback network.
These controls provide about 10 dB
of boost and cut of both bass and
treble. Resistors R27 and R33 set the
limit of the treble boost and cut,
while C21 controls the actual
frequency where the treble control
starts. Resistors R29 and R3S control
the bass limits while C19 sets the
frequency. The output of the stage is
connected to the volume-control
potentiometer RV4.

POWER AMPLIFIER

The power amplitfier is of
conventional design using a
ditterential pair Q1 and Q3 followed
by a common-enmiitter amplifier stage,
QS. working at a constant current (5
mA) supplied by Q11 and Q13. The
output of QS5 is buttered by the
output transistors QIS and Ql7.
These are darlington transistors and
have a current gain (Hfe) of over 750
at 3A. These transistors are biased

on slightly (10 mA) to remove
cross-over distortion and the bias is
set by measuring the voltage across
R63 or 73 (3V) while adjusting RVS.
After bias adjustment is completed
these resistors are shorted out to
allow full  power  capability.
Transistors Q7 and Q9 are physically
joined onto Q15 and Q17 to provide
accurate temperature indication and
to ensure thermal stability.

The gain of the power amplifier
stage is 100 and is set by the ratio of
RS55/RS51. The earth reference for the
power-amiplifier  input stage is
supplied via the coax cables
connecting to the preamplifier.

POWER SUPPLY

The power supply is a full wave
rectifier  with a  centre-tapped
transformer supplying * 28V to the
main amplifiers. The supplies for the
preamplifier are obtained trom a 10
V zener ZD2 and a 8.2V zener ZDI.
The actual negative supply to the
preamplitier comes via the LED on
the front panel and is about - 6.6
volts (1.6V across LED). A smooth
-5V is also derived from the --8.2V
and is used for the differential pair in
the main amplifier.

The relay RLA is used to prevent
the switch on transient reaching the
speakers. After switch on there is a
delay due to C38 of about 4 seconds
betore the speakers are connected.
On switch-off the delay is only about
1 second.

PARTS LIST
R65, 66 Resistor 1 1f2W 5%
RE7'68 N ] M)
RE9'70 5 ] oo I
R71,72 " 18 wooow
R59,60 » 100
R3, 4 " 100 " "
R51,52 " 3308 » v
R61.62 » 1208 v
R80,81 " 2208w v
R63.,64 " 33080 wew v
R73,78 " 330§ » v
R5.,6,21 ES 3908 v
R22,37,38 " 390 " "
. i az708f 1w ¢
R45.46 " s208l irw v
R39.40,41 " ke " "
R42,79 " 1k2 o "
R47'48 0 g oD
R7,8,25 " ak7 v
R26,57,58 e aky v
R27,28 " 6k8 v
R33,34 " 6k8 v
R11,12 " 1ok v
R19.20 ” 10k " v
R29,30 " 27k v
R35,36 " 27k v
RA43,44 " 33k v
R55.56 2 33k v
R1,2,9,10 " a7k v
R31,32,76 " a7 v v
R13,14 0 56k ¢
R53.54 " 68k "
R15,16,49 ” 100k " "
R50.75 " 100k "
R17.18 " 330k
R23.24 o0 330k " "

RV1 Potentiometer 220k lin single
gang rotary

RV2 . 25k lin dual
gang rotary
RV3 . 100k lin dual
gang rotary
RV4 " 10k log dual
gang rotary
RVS,6 " 100k trim pot
C31,32 Capacitor 47pF ceramic
C5,6,15 ' 330pF

C16,23,24 " 330pF "
Ccz21,22 " 560pF
C29,30 " 560pF '
c7,8 Od 0.015LUF polyester
Cc19,20 " 0.022UF 't
(B2 . 0.033UF 630V
()10 og 0.056/IF polyester
CH%2 ' 0.15UF '
Cl1,12.42 i 0.15UF v
C13,17,18 e 4.7[UF 25V electro
C25,26,27 & 4.7UF 25V "
C28,40,41 0 4.7 25v "
C3,4,33 Y 100UF 16V "
C34,38,39 " 100UF 16V "
C36,37 " 2500MF 35V
L1,2 Choke 25 Turns 0.4mm
Cu Wir
on al0ddi 1w
Resistor
D1 — D5 Diode EMA401 or similar
D6 " IN914 ** "
LEDI1
ZD1 BZX79 8Vv2
zZD2 BZX79 C10
Q1,2,3 Transistor BCS548 '
Q4,13,14,19 i BC548 '
Q7,8,9,10 " BC548 Philips
only
Q5,6 " B8C640
Q11,12 ‘& B8C639
*Qlb,16 03 B8D267A or B
*Q17,18 e BD266A or B

*insulation washers needed
1C1,2 integrated Circuit TCA220

RLA Relay 2¢/o contacts 125082 coil
T1 Transformer 40V ¢T @ 2A A&R 5755
SW1 Switch Rotary 2 pole 4 position
SW2 Switch miniature toggle 240V
Stereo Phone Socket

Two 6way RCA sockets

Two 2pin DIN sockets

CHASSIS

HEAT SINK

POT: SUPPORT BRACKET

COVER

ESCUTCHEON - rear panel
escutcheon — 3 small knobs — 2

large knobs — 4 rubber feet — 2
9.6mm spacers — 3 core flex & plug
rubber grommets.




SIMPLE 25WATT AMPLIFIER
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Fig. 7. Front panel artwork. Full size 335 x 83 mm.
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O ofant Fan @ . from the volume control to the
'l ‘ 4 v ) . Qr .
> 11 0 main-amplifier inputs.
3 - . ) I he chassis can now be assembled by
* o - - e ) q g
154 __l v ] 2a5—o] mounting the transformer (terminals
i 7 A= 185 on the outside), the front panel, the
. 260 = - phono socket, LED, speaker sockets,
the 6-way RCA sockets, the rubber
' | gi— 218 3 feet, the grommet for the power cord
N S = — — & =1 and the power cord itself. The screw
F § for the cable clamp also mounts one of
2 HOLES 3.2mm DIA MAT: 1mm PLATED STEEL

ALL DIMENSIONS IN MILLIMETRES
Fig. 9. Potentiometer support bracket.
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. g . /b mm Aluar,
Fig. 10. Details of the heatsink bracket. I TN, A

the rubber feet.

The printed-circuit board module can
now be temporarily installed. If the
potentiorneters used have a long
threaded portion (this depends on the
brand) there may be room for extra
nuts to hold the module and front
panel on. If not, the nuts will have to
be removed and refitted on the outside
of the front panel. The module is held
in by the potentiometer and by two
self-tapping screws into the heatsink
from the underside. Due to the
variations in alignment of the
mechanical parts, the location of the
holes in the heatsink cannot be
accurately determined. Therefore
these holes have been feft undrilled
and can now be marked through the
holes in the chassis. The unit can now
be removed to facilitate drilling these
holes to a size suitable for the self

Detail of power transistor assembly and
installation. Note compensation transistors
glued to output transistors (see text) and
mica insulators between power transistors and
chassis.



Fig. 11. Chassis details
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tappers. Be careful not to damage the
printed circuit board, and to remove
any shavings during this process.

Connect coax cable from the phono
input and the tape output, long
enough to reach the rear panel socket.
Leads to join the output of the main
amplifier to the relay, and leads from
the relay long enough to reach the
phono socket can be installed along
with the lead from the speaker
common and the LED leads. To
facilitate the assembly pins should be
installed to the board where the
transformer is connected.

The 240 V input cable can now be
joined to the switch and then to the
transformer primary along with the
capacitor C35. The earth wire shall be
bolted directly onto the chassis as
shown. To prevent possible personal
injury the switch and the transformer
primary terminals should be taped up
with insulation tape.

The printed-circuit board module can
now be permanently reinstalled. The
transformer secondary can now be
connected and the rest of the wiring
installed. The phono socket along with
R80 and R81 can be wired according

to Fig. 3.
This completes the assembly ot the
unit which is now ready for testing.

TESTING

Providing all components are in the
correct place and all interconnections
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SIMPLE
25WATT

AMPLIFIER

PROBLEM

R63 or R73 gets hot (only one)

R63 and R73 gets hot (both)

Bias current not adjustable down
to within limits

Bias current too low or zero

are correct the only adjustment is that
to set the bias current in the output
transistors.

Before switching on rotate the trim

Output voltage high (near supply
rail)

potentiometers, RV5 and 6, fully
clockwise i.e. toward the
transformer. Switch on without

speakers connected and measure the
voltage across R63 and adjust RV5 to
give about 3 volts. Repeat the process
with the other channel and R64 and
RV6. The resistors R63, 64, 73 and 74
can now be shorted out (after
switching off} by short links of wire
soldered onto the leads of the resistor.

If a fault exists in the output stage,
either a transistor is shorted to the
heatsink or the bias setting is faulty
etc. In such a case the resistors R63,
64, 73 and 74 will overheat and may
burn out. This effectively protects the
output transistors.

Output voltage low

Main amplifier has no gain

Main amp appears OK but
pre amp does not work

FAULT FINDING

POSSIBLE FAULT AND

CHECKS
shorted insulation on Q15 or Q17

bias current too high

Q7 and/or Q8 faulty or wrong
polarity. Voltage between base of Q15
and base of Q17 should be about

2.3 Volts

check output voltage, if about OV then
possible shorted Q7 or Q8

check current source Q11 is working
Voitage across R6 | should be about
0.65V. Check voltage across R45 it
should be almost OV (oatput high)

if it is suspect Q5. If not check voltage
at base of Q! and Q3. Q3 should be
higher than Q1 if so suspect Q1 or Q3

check voltage across R45 shouid be
about 0.7V if >0.7V suspect Q5. If
less than 0.5V measure voltages at

base of Q1 and Q3. Q3 should be lower
than Q1 if so suspect Q1 or Q3

faulty or disconnected C33,R51 or
RS3 wrong value

check supply voltages or pin 6

(+10 V) and pins 9 and 16 (—6.6 V)
Check output voltage of each
individual amplifier. They should all
be about OV if not check components
in local area.

155mm
;’
SC‘)'LETAPTJErR Lz ey & TAPE AUX  TAPE TUNER PHONO | 4
8Q MIN RIGHT V OUTPUTS  INPUT INPUT INPUT INPUT mml

Fig. 13. Artwork for rear panel.
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approach to crossover design.

NO SINGLE Iloudspeaker can
adequately handle the whole range of
audio frequencies in high-fidelity
reproduction. Thus to obtain the best
possible fidelity we must resort to
multiple speaker systems where each
driver is designed to cover one portion
only of the audio spectrum.

This means that some method must
be used to divide the audio spectrum,
from the amplifier, so that an
individual driver only receives the
band of frequencies for which it was
designed. This is especially important
for midrange and tweeter drivers for
they are seldom capable of handling
frequencies lower than a specified
limit without being damaged.

PASSIVE CROSSOVERS

In simple systems a single capacitor
may be used to block low frequencies
and pass only highs to a tweeter. But
unfortunately such a capacitor only
provides 6 dB per octave attenuation.
With some tweeters this attenuation is
not sufficient to suppress the resonant
frequency of the tweeter. The driver
could thus be damaged when operated
at high power levels. Additionally, the
presence of frequencies other than
those in the desired pass — band leads
to high levels of intermodulation
distortion and a general ‘muddiness’ of
reproduction.

Hence all good multi-way systems
use networks which provide at least 12
dB per octave attenuation, in the stop
band, to control the audio band
presented to each drive unit. A typical
network for a three-way system is
given in Fig.1. To keep power losses
down in such networks the coils must
have dc resistances of less than one
ohm. This means that heavy gauge
wire must be used, making the coils
large and expensive. Additionally the
high value of capacitance required
would normally call for the use of
non-polarized electrolytics, however,
there are several disadvantages with
these, Firstly, the tolerance on
non-polarized electros is plus or minus
50%! This means that a crossover using
them could quite easily give a system
which had peaks and/or deep holes in
the response. Additionally such
capacitors have disadvantages such as

TOP PROJECTS — VOL. 3

PROJECTS 433A,4338B

ACTIVE CROSSOVER

Optimize your multi-way system with this electronic

Il =
i
c1
2.8uF L1 80
0.35mH SPEAKER
L2
0.35mH
INPUT £2 8
2.8uF SPEAKER
c N
L4
3 S5mH
Fig. 1. A conventional three-way I cs5 109 802
crossover system using capacitors 28“ F SPEAKER
and air-cored inductors is a bulky
and very expensive unit. Qur 47up
drawing shows a typical unit. T

limited life, fairly low working
voltages and problems due to leakage.
Thus all good crossovers use polyester
capacitors which, again, are rather
expensive.

This all leads to the fact that, for a
multi-way high-fidelity system, the
crossover can and should be quite
expensive. In fact it can cost almost as
much as the bass driver!

Many people try to save money by
trimming crossover cost — they use
lighter wire and electros — and then
wonder why an otherwise expensive
system does not sound right. The
crossover design is one of the most
important features of the whole
system — it is better to compromise on
a less expensive woofer than to

compromise on the crossover.
{Main text continued page 32)

SPECIFICATION

Cutoff Slope (High pass)

(Low pass)
Maximum Output
Distortion (at 2 V out)
Noise (Below 2 V)
Cutoff Frequency
Input Impedance

Output Impedance (Buffered)

Minimum Load (Buffered)

12 dB / octave
6 dB / octave

2V rms.
<0.05%
86 dB

As required
47 k

< 10 ohm
500 Ohm

Frequency Response (Sum of all ouputs)
20 Hz to 20 kHz

+1d8
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TCA220 AMP. 182
INPUT Y — —Ve SUPPLY
INPUT 1 + COMP 1
BIAS ouT 1
INPUT 2+ ouT 2
INPUT 2— COMP 2
+Ve SUPPLY ouTt3
INPUT 3 + COMP 3
INPUT 3 — —Ve SUPPLY
AMP 3 ONLY
* SEE TABLE 1
Z SW1
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Fig. 2. Circuit diagram of the basic two-way
electronic crossover and its power supply.

ZD2
8.2v
400mV

BD 136

25.F :

BASS
OUTPUT

-O ov
+
c16 —it—
25uF —
DIODES

BASS

OUTPUT
BUFFERED

—

-7.5V

R31
10k MID

QUTPUT

c21 ¢z
*

*SEE TABLE 1 R33

33k

+1.5V TO PIN 6
= 4] _c31_ = lcalc3
oV == 25uF
S i
e 25,F TOPINS 9,16
-7.5V T 25V IC21C3

Fig. 3. Circuit diagram of the mid/high crossover
board which provides four output buffer ampli-

fiers.
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HOW IT WORKS — ETI 433

The input signal is initially amplified
by IC1/1. Switch SW1 together with
R3 and C2 provide a maximum of 10
dB of boost below 50 Hz at a rate of
6 dB per octave. The frequency at
which the boost comes in may be
altered by selecting a value of C2
such that its reactance is 220k at the
frequency where the woofer is

normally 3 dB down. Thus if the
turnover frequency is required to be

100 Hz the value of C2 should be
halved.

If the boost facility is not required
R3, C2 and SWI1 should be deleted
and a link installed between points B
and C. The mid frequency gain is set
by R2/R1 to about 13 dB and the
input impedance is equal to the value
of R1, that is, 47 k.

The first high-pass filter consists of
IC1/3 where R13, R14, C7 and C8
set the cut-off frequency. The values

of C7 and C8 required may be found
from Table 1. This output is the high
range in a two way system, or the
mid plus high of a three-way system.
This signal, when subtracted from the
input signal by IC1/2 gives the bass
range output. A second high-pass
filter, where C21, C22, R32 and R33
form the frequency determining
network, gives the output for the
tweeter in a three-way system. This
when subtracted from the
mid-plus-high signal leaves the mid
only as required.

Each of these outputs goes to a
level set potentiometer and then is
buffered by amplifiers IC2/1 and
IC3/1,2,3. These outputs are now
capable of driving loads in excess of
500 ohms. If the crossover is to be
used to drive a constant and known
load (that is, it is to be used on only
one type of amplifier) the buffer

amplifiers may be omitted and the
outputs taken directly from the
potentiometers.

The full-wave power supply
provides plus or minus 13 volts which
is regulated down to plus or minus
7.5 volts, by series regulators Q1 and
Q2, where zeners ZD1 and ZD2
provide the necessary reference. If
the unit is to be powered from the
power amplifier C11, 12, and D1 to
D4 should be deleted. Resistors R19
and R20 are altered to suit as shown
in Table 2. The collector of Q1 now
goes to the positive supply rail of the
amplifier and the collector of Q2 to
the negative supply rail. If the
amplifier supply rail is above plus and
minus 20 volts, or if both printed
circuit boards are being used, (that is
it is a buffered three way system) a
heatsink must be added to Q1 and
Q2.

PARTS LIST — ETI 433A
2-WAY SYSTEM

R4,10,16 Res:stor 390 YaW 5%
R5,11, 1k YaW 5%
R19,2 3 1k WUW 5%
R12,18 o 10k VW 5%
R6,7.8,9 " 33k* YW 2%
R13,14,15 " 33k W 5%
R1 0 47k UW 5%
R2 ] 220k YW 5%
R3 e’ 470k WUwW 5%

*These may be any value between 15k
and 82k provided they are all the same

Cc11,12 Cap'?cltor 470 UF 25V Electro

c7.8 See Table 1
D1-D4 Diode EM401, IN400S5 or similar
ZD1,2 Zener Diode 8.2 voit 400 mw
Q1 Transistor BD135 or similar

Q2 Transistor BD136 or similar

IC1 Integrated Circuit TCA220

T1 Transformer 240V/18V CT 150 mA
SW1 toggle or slide switch SPDT

SW2 Toggie switch DPDT 240V rated
PC Board ET) 433A

R25,26,27,28 Resistor 33k* Luw 2%
R22,32,33 " 33k VW 5%
* These may be any value between 15k and
82 k provided all are the same vajue and
preferably of 2% tolerance

RV3,4 Potentiometer 10k Lin
C19,23 Capacitor 330 pF ceramic
2 " 560 pF ceramic

2
C21,22 See Table 1.
IC2 Integrated Circuit TCA220
PC board ET) 4338

3-WAY SYSTEM WITH BUFFERS
ADD

value and preferably 2%. sgg 39 43, 46 Reslistor 390 aw - 5%
90 MW 5%
RV 1,2 Potentiometer 10k lin, R31,37' " 33k 1w 8%
gg.ibsa Capacitor ggg oF ceram:c PARTS LIST — ETI 433B R40,41,44 " 33k W 5%
0 " pF ceramic
o " 0.015 jUF polyester ~ 3-WAY WITHOUT BUFFERS c18.28 gg S0 aRacitor  ar Y et o
C1,4 " 1 MF Tag tantalum All 2-way system PLUS c17 v F TAG Tantalum
R29,34 Resistor 390 WW 5% T " ;" antalu
c13,14 " 25V Electro R30,35 " 1k YW 5% €31,32 25 UF 25V electro
C15.16 " F 25V Electro R31.36 " 10k %W 5% IC3 Integrated Circuit TCA220
MID IN z R1 47k
BUFFER = -
R21 33k zx . 3 o_ TO TRANSFORMER i e
R22 33k Tuw ZTuw o2 SECONDARY R4 390
R23 390 oL U & S o o R5 1k
R24 220 Im = = In S S i R6 2% *
R25 2% * @ 5= >l o R7 2% *
ggs 2% * g ) HI Ki J R8 2% *
7 2% * c24 9
R28 29 * T R36 € <> D m m— + - - 219023/090
R29 390 S <4 R32 — R13 | e ] ca R11 1k
R30 1k @ b G e °7 R12 10k
23; ;g: = [I ” c22«= { R33 F Ov Fcca: R13 33k
R34 390 - R16
R35 1k e - LS S
R36 10k ., c1a R18 10k
R37 33k 1c3 o =l R19 1k
R38 390 a |2 RZO 1k
R39 220 9 ‘313 c1
R40 33k I L A A gebgdgd c2 0015
R41 33k olelall-le]= E slolalol<kaf At E ol~lol-1.1< Bz'c2 C3 330p
R42 390 3 B v d Y ciclclZlc j« aflzlz =i ca 1
R 22y L 2 T N YYY T w b d C5 330p
R44 33k c20 M L C6 o c1 Sl ., C6 560p
R45 390 c30 c26 Cc23 c18 ' E c7 *
R46 220 w - 2 # €8 ges fe C8 *
C17 1 C25 0.047 c1 jagticYs C9 330p
C18 330p C26 330p = C10 560
c19 330p C27 0,047 (| =8 £ 5 2 A 1 a0’
20 c28 330p M 2= 5a = [ E C12 470
c21 *  C29 0.047 w w 5 =¥ 25 2 =
ru Ouw o Cw o C13 10
C22 °  C30 330p v Qu o w o A z| | Toswi c14 10
'S
€23 330p C31 25 3 =32 a Au 25 @ 2 C15 25
C24 560p C32 25 s a2 @@ o C16 25

MID+HIGH OUT
BUFFERED

Fig.4. Component overlay for complete three-way system capacitance values are in microfarads except where

otherwise noted,
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FREQUENCY IN HERTZ
Response curves of the active filters.

ACTIVE CROSSOVER
[o

ETI

Fig. 5. Printed-circuit layout for the two-way board. Full
size 77 x 90 mm.

ACTIVE APPROACH
Having now established that effective

method is to use an electronic
crossover, after the preamplifier,

conventional crossovers cost money,
we may now wonder if that money
could be spent in a better way by
using a completely different approach.
There is a better way, but until
recently it has been much too
expensive to be generally used. The

32

followed by separate power amplifiers
for each driver. This is feasible because
a power amplifier can now be built at
a cost which is about the same as that
of the passive crossover. Indeed quite a
few manufacturers are bringing out
systems based on this principle.

TABLE 1
CROSS OVER VALUE OF
FREQUENCY C7.8 or C21,
IN HERTZ 22in uF
100 0.082
130 0.068
150 0.056
200 0.047
230 0.039
270 0.033
330 0.027
400 0.022
500 0.018
600 0.015
750 0.012
1000 0.0082
1300 0.0068
1500 0.0056
2000 0.0047
2300 0.0039
2700 0.0033
3300 0.0027
4000 0.0022
5000 0.0018
6000 0.0015
7500 0.0012
9000 0.001

Fig. 6. Printed-circuit layout for the add-on three-way
board. Full size 77 x 90 mm.

Even well-designed crossovers have
several serious disadvantages. As we
have already said they are expensive,
they waste power, they reduce
damping factor (in the crossover
region damping factor may drop to
less than unity) and they only perform
correctly into their designed load
impedance. Practical drivers exhibit

TOP PROJECTS — VOL. 3



The basic two-way electronic crossover.

their nominal impedance anly over a
very small portion of their passband,
and impedance may well increase to
several times the nominal value at the
high end of the range. It is possible to
compensate for this, to some extent,
by using extra networks across the
driver (the series RC networks in Fig.
1) — but this adds even more expense.
Further, it is very difficult to alter the
crossover frequency and also ditficult
to trim the crossover for best results.

However, if we were to use an
electronic crossover incorporating
active filters, we overcome most of the
problems mentioned in a single stroke.
The bulky and expensive inductors
and the large and expensive capacitors
are eliminated. Damping factor is
restored (due to separate amplifiers
being used to drive each speaker
directly) and it is quite easy ta change
or trim the crossover frequency as
desired.

Further, as electronic crassovers may
have gain, it is quite a simple matter to
match the various drivers of the
system for sensitivity. This can be only
achieved, in passive designs, by
attenuating the more sensitive units
down to the level of the least sensitive
unit. A process which can be quite
wasteful of amplifier power.

Of course with active crossovers, as
with anything, there are disadvantages.
In active filters we generally use
operational amplifiers to implement
the filters and therefore, bandwidth
and noise become considerations.
Further, as said before, a separate
amplifier is required for each driver or
group of drivers — and this can be
expensive.

Nevertheless the technique is now
quite feasible and is certainly
worthwhile. Consequently we have
developed a minimum — expense
method of building a very fine system
based on active filter technigues.

TOP PROJECTS — VOL. 3

This board provides three-way crossover plus output buffers if

required.

This article describes a basic two or
three-way active filter system which

may be incorporated into existing
amplifiers. The next article in this
book describes an active

filter/amplifier combination based on
the 422 amplifier (page 40). A suitable
thrze-way speaker system for use with
this amplifier was described in the
December 1975 issue of Electronics
Today.

DESIGN FEATURES

There are several different
approaches which may be used in the
design of active filters. The first and
most commonly used method, is to
use separate filters for the bass, mid
and high range speakers. This method
is capable of compensating for
amplitude, if the components are
chosen correctly, but not for phase. in
fact there has to be a phase change of
1800 between filters to eliminate the
hole that would otherwise occur at the
crossover point. This is the reason for
the tweeter being reversed in phase
when a conventional crossover is used
in & two-way system.

Another design approach, and the
one that we have elected to use, is to
use an active high-pass filter to
generate the signal for the tweeter, and
to subtract this signal from the input
signal in a differential amplifier in
order to generate the bass output. This
substraction process generates the
required crossover characteristic with
both amplitude and phase taken in to
account.

Initially we were worried because the
bass output had a slight peak befare
the cutoff point but the peak is
necessary to maintain that response
when phase is taken into account.
When the output of all channels are

summed the combined response is
within plus or minus one quarter of a
dB of being flat over the whole range.

With this type of active filter the
initial slope can be varied by adjusting
the feedback resistor (R13, R32) to
give a slow rolloff (Bessel filter) or to
give a slight peak and fast cutoff
(Chebishev). The sharper the initial
cutoff the greater the apparent peak in
the bass response.

As several operational amplifiers are
required to implement this design we
elected to use the TCA 220 triple
operational amplifier. This IC, as well
as containing three op-amps in the
same package, is cheaper than using
three separate op-amps of the 741
type or similar. Unlike the 741 type of
op-amp, the TCA 220 requires a
pull-down resistor on each output and
a compensation network. An
additional resistor is required to bias
eaeh complete IC. The use of the TCA
220 simplifies and cheapens the
construction of the filter system
considerably.

With active filter crossovers it is a
relatively simple matter to alter the
gain-versus-frequency characteristic of
the filter, within its pass-band, in order
to compensate for non-linearities in
the associated driver. An example of
this kind of compensation is our
inclusion of low frequency
equalisation for the woofer. Most
woofers begin to drop off in the 50 to
100 hertz region. This may be
corrected to some extent by adding
boost below this turnover frequency.
In our design we have provided 6 dB
of boost which may be switched in
when desired and which is limited to a
maximum of 10 dB. The 10 dB limit is
necessary to prevent the amplifier
being over driven at low frequencies
even at fairly low average listening
levels.

The turnover frequency may be
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ACTIVE CROSSOVER

selected by means of a simple
component change to suit the driver in
use. This equalisation technique can
effectively extend the low frequency
response by another octave, eg, from
50 hertz down to 25 hertz.

CONSTRUCTION

The configuration of the electronic
crossover used will depend very much
on the system into which it is to be
built. The prospective builder should
therefore carefully determine his
individual requirements before
commencing to build a system.

If a fixed load is to be driven (ie,
numbers of amplifiers) as would be the
normal case, the buffer amplifiers are
not required, and the output may be
taken directly from the
potentiometers.

It must also be decided whether you
want a two-way or a three-way system.
Rather than wuse three separate
amplifiers to drive the woofer, mid
and tweeter drivers separately, it may
be better to use a conventional
crossover for the mid/high crossover

and a two-way electronic crossover for
the bass/mid.

Mono or stereo? If a stereo unit is to
be built only one power supply is
required and the bass-boost switch and
the level potentiometers can all be
dual units.

If the amplifier has a dual power
supply with voltages exceeding * 10
volts it may be used to power the
crossover. This course of action will
save one transformer, four power
diodes and the filter capacitors.

Mechanical layout is not given as the
unit will most probably best be
mounted within the amplifier case.

Keep it well clear of the power
transformer and mount it using
insulated spacers. This is necessary to
avoid the possibility of earth loops
which will cause a high hum level.

Full component overlays are given

for all alternatives but only the
circuitry required should be
assembled. In a three-way system

without buffers one section of IC2 is
not used. |n this case just leave out the
components associated with the

ELECTRONIC—
COMPONENTS
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1
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unused section in order to reduce
power consumption.

If the unit is being powered from the
main amplifier, or a three-way system
with buffers is being used, a heatsink is
required. The heatsink recommended
is a piece of aluminium 60 x 85 mm
bent into a ‘U’ shape and mounted
vertically on the end of t