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Project 466
‘The Brute’ — develops 300W

into 4 ohms, 200W into 8 ohms!

Barry Wilkinson

For many audio applications there’s no substitute for sheer
power — low efficiency speakers, outdoor sound systems, or
maybe you like the full flavour of the dynamic range afforded
by a high power amp. Whatever your requirement — this
‘super power module should fill the bill.

START HERE
Do not pass ‘go’, do not spend $200

THIS 1S a relatively expensive
project, compared to our previous
amplifier modules, the ET1-480 and
the more recent ET1-470. It is not
recommended for beginners or inex-
perienced constructors. Although we
have included protection for the
output devices in the design it is
obviously impossible to protect
against circumstances which we
cannot forsee. Follow the assembly
details and advice given in this article
— especially regarding heatsinks
and power supplies etc, and you'll
be well assured of success. We must
stress that any deviation from this
design, other than the variations
suggested, you do at your own risk.

If this is your first experience
with such high power don’t be
embarrassed to follow the instruct-
jons slavishly until you are familiar
with the unit and get the feel’ of
the technology. Check everything
as failures can be disastrous, not to
mention spectacular, if something
goes wrong.

If we haven’t put you off by this
stage — read on !

SPECIFICATIONS — ETI 466 Input sensitivity
8 ohm load
Power output 4 ohm load
8 ohm load 200 watts RMS
4 ohm load 310 watts RMS Total harmonic distortion
Frequency response Damping factor
20 Hz to 20 kHz +/- 0.5dB 20 Hz - 3 kHz
5 kHz
Hum and noise 10 kHz
re 200 W into 8 ohm -105d8B 20 kH7

1V for 200 W output
1V for 300 W output

see graph




HI-FI AMPLIFIERS are becoming more
and more powerful, and with good rea-
son. Modern recordings, especially direct-
cut discs, have a useful dynamic range
approaching 40 dB between the quieter
musical passages and the peaks of the
crescendos. If the quieter passages are
played at a power output of 100 mW,
which is not untypical in a domestic
environment, to faithfully reproduce
the full recorded dynamic range of a
good record without clipping the peaks
would require an amplifier capable of
delivering 1000 watts! This, coupled
with the current trend amongst some
manufacturers to build speakers having
quite low efficiency, plus the number of
people who like their music loud (and
undistorted) makes the case for high
power amplifiers very strong indeed.

Past amplifier projects have generally
been limited to output powers of 50
watts or so. Designed around cheap,
readily available transistors, they have
proved very popular. We have done the
occasional 100 watt amplifier and once
described a ‘bridge’ amplifier capable of
delivering 200 watts into an eight ohm
load, rather than design an amplifier
using expensive, hard to get transistors
for that power level.

To gain a worthwhile improvement
in subjective performance over an amp-
lifier of 50 watts output, we must go
for a four times increase at least, to 200
watts, as the ear has a logarithmic
response, and anything less is barely
noticeable. That might be stating the
case a little simply, but it conveys the
general idea.

Over the past six or seven years
we’ve had many requests for a high
power amplifier, but for the reasons
stated previously, we have decided
against it. It would have been possible
to design a unit using a large number of
readily available power transistors in the
output — in fact, one design we have
seen used a total of 24 devices in the
output stage! Difficulties for the home
constructor in this approach are obvious,
regardless of expense.

For various reasons, a bridge amp-
lifier was ruled out when the design of
this amplifier was considered. Hence, a
plentiful source of suitable output
transistors was first sought.

There are really not too many
transistors available that meet the
requirements. Firstly, adequate safe
operating area (SOAR) is of prime
importance. Next, and probably of equal
importance, is availability. Let’s have a
look at the SOAR problem first. Some
high power transistors don’t compare
too well with the ubiquitous 2N3055

300 watt amplifier
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the output stage changing from Class A operation to Class AB operation.

(and its complement, the MJ2955)
when operated as an amplifier. Take a
look at the set of curves plotted on the
accompanying diagram. This compares
the safe operating area curves of a
number of power transistors. Operation
of any power device must be confined
to the area inside the device’s curve at
worst case. If the current/voltage
operating point is allowed to fall outside
the area of the SOAR curve during any
part of the operating cycle for the
device, it will be destroyed — with
amazing rapidity. Now, the 2N3773 and
M] 802 transistors have been around for
some time and at first glance would
seem good choices for a high power amp,
but note that their SOAR characteristics
are not much better than the 2N3055.
In fact, at 40 V (Vcc) the MJ802 is
actually worse. In contrast, the MJ15003
is quite a long way outside the curve for
the 2N3055 and therefore has a much
higher power rating when used in an
amplifier. Hence, the MJ15003 and its
complement — the MJ15004, were
chosen as the output devices for this
design. Secondly, these transistors are
widely used in industrial applications
and are available from a number of
sources, thus they meet the availability
requirement. See Shoparound on
page 147 for more information.

Another problem that arises with a
design such as this is protection for the
output devices. Amplifiers using tran-
sistors such as the 2N3055/MJ2955 can
casily be protected with a fuse. In high
power amplifiers where supply rails of
60 — 70 volts are necessary, the energy
available (from the filter capacitors)
will easily destroy the transistor and the
fuse — in that order. The answer is to
use electronic current limiting in the
output. This adds complexity, but is
cheap insurance against accidental (or
deliberate!) abuse. The curve showing
the limiting effect on the SOAR charac-

teristics of the MJ15003 for the protec-
tion network used in this amplifier is
shown on the diagram with the other
SOAR curves.

The main cost of the amplifier is in
the output stage, transformer and heat-
sink. We therefore decided to go to a
slightly more complex input stage to
improve the performance. This type of
amplifier usually uses a Class A driver
which introduces second harmonic dis-
tortion. By using a complementary-
differential input circuit we have been
able to eliminate the Class A driver and
therefore kept the second harmonic
distortion very low indeed. The distor-
tion curve shows the distortion is well
under 0.1% until almost full power out-
put. The ‘bump’ in the curve around
one watt is the point where the output
stage changes from Class A (peak out-
put being less than the bias current) to
Class AB operation. 'S

Comparison between the Safe Operating
Area characteristics of a variety of trans-
istors, including the MJ15003 used in the
output stage of this amplifier.

SAFE OPERATING AREA (SOAR} FOR
SOME COMMON TRANSISTORS

AMPS | 11! |
30 17




IN HEATSINK BRACKET. (SEE TEXT)
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Exploded view of how the TO3 output
transistors are assembled to the angle brackets
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Photograph of the completed output stage, prior to mounting to the heatsink assembly.
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The complete amplifier, including the
power supply components and output
transistors, is assembled on a single pc
board. An aluminium bracket holds the
output transistors conducting heat from
the output stage to the heatsink. Only
three sets of external connections are
made to the pc board; input, output and
power supply ac input from the trans-
former.

Start the construction by making the
aluminium bracket shown on page 11
We used two length of 3 mm angle
which may be purchased from Alcan
Handyman stores. This bracket is 3 mm
thick and two must be placed back to
back to make the required 6 mm
thickness for adequate thermal cond-
uction to the heatsink assembly. If
you elect to use a Philips 6 5D6CB heat-
sink (see the box on ‘Heatsinks’), a
single 6 mm thick angle extrusion can
be used, fixed to the flat side of this

heatsink.
The easiest way to make the bracket

assembly and ensure correct alignment
of all the holes is to cut the two
lengths of angle somewhat longer than
necessary. The extra length will be cut
off later. Clamp the two pieces back to
back and drill a small hole at each end
so that they can be clamped together
with nuts and bolts through this excess.
This allows you to shift the bracket
assembly in a vice or what have you
without getting them out of alignment.
Next, mark out the position of the
transistor holes (use the pc board as
a guide if you have it to hand already)
on the broad side of one bracket and
then the holes in the narrow side —
the latter secure the bracket assembly to
the heatsink. Use a scriber or other
sharp-pointed instrument. Then drill the
holes.

The hole for the thermal feedback
transistor (Q8) must be a neat fit. The
best way to accomplish this is to drill
a slightly smaller hole and carefully
enlarge it with the correct size drill. A
reamer gives a conical hole and is not
really suitable. Those holes marked ‘C’
on the bracket drawings can be tapped
to take a 4 BA bolt if you plan on
using the sheet metal heatsink desc-
ribed later.

Once you have drilled all the holes
in the bracket assembly, cut off the
excess at each end and file the edges
smooth. Also, ensure that no ‘burrs’
are left on the lips of each hole.
Chamfer then with a large drill held in
your hand.

The next step is to make the heat-
sink assembly — that is, if you're not
using one of the commercially-made
alternatives suggested.

If you have access to a sheet metal p
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Dimensions and bending
details for the sheet
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we used.
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There are several alternatives you can
choose from for heatsinking the
amplifier output stage. The heatsink
described, and shown in the front
cover photograph, was made from
sheet aluminium and has a thermal
rating of 0.55°C/watt. This is the
rating we recommend for any heat-
sink if the amplifier is to drive a four
ohm load, particularly for pop group
use. If it is driving an eight ohm load
in typical domestic use, half the fins
may be left out (every second one
— the yellow ones!) resulting in a

thermal rating for this heatsink
arrangement of 0.75°C/watt.
The nearest equivalent in a

commercially-made heatsink is a
140 mm length of Redpoint R type
— which nobody (to our knowledge)
has had the foresight to stock in this

country. Tch, tch.

The Philips GSDGCB heatsink has
a rating of 0.65° C/watt and would be
suitable for this amplifier in most
applications, except for a pop group
with four ohm loudspeakers, unless
fan cooling is added.

A heatsink with about 1°C/watt
rating and substantial fan cooling
is another alternative.

Remember that dissipation in the
heatsink will be about 200 watts at
full power output. That means a
temperature rise of 110°C above
ambient if the amplifier is run
continuously. Poached eggs anyone?
Temperature rise with music or
intermittent use is considerably less,
of course, as average power

dissipated is much lower.




® Project 466

NOTE: It is important that low-
inductance resistors be used for R37,
38, 39, 40. ‘Noble’ brand resistors were
used in the prototype. Also, it is
important that a low-inductance
capacitor be used for C15. ‘Elna’ brand
250 V or 630 V greencaps are suitable
or Philips PETP type poly capacitors
are suitable. Otherwise, HF instability
may result. Connecting the heatsink
bracket assembly to 0 V is also recom-
mended. This amplifier was designed
around SOAR ratings of Motorola
MJ15003/15004 output  devices.
Others may not have similar ratings.

300 weartt amplifier
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bender, making your own heatsink is
certainly the cheapest way out The
complete drawings are given back on
page 7. Referring to these, note that
dimension ‘A’ and dimension ‘B’ varies
for each fin, the appropriate measure-
ments being given in the table accomp-
anying the drawings together with the
angle of bend for each fin. Don’t forget
to allow a small angle for the ‘spring’ in
the metal. Angles can be within a few
degrees as they aren’t that critical to
heatsink efficiency. Don’t be too
sloppy though.

We used 1.6 mm thick aluminium
sheet to construct the heatsink —
do not substitute a thinner gauge.
The bolts which secure the heatsink
assembly to the bracket assembly also
hold the whole heatsink assembly
together.

It is easiest to drll the heatsink
fins before bending them up, but you
must mark out and drill the holes
accurately. Mark one outer fin very
carefully. Assemble the fins in order,
making sure they are carefully aligned,
then clamp the whole assembly and
drill right through. Carefully de-burr
all the holes.

At this stage you can do a wial
assembly of the heatsink and bracket
assemblies to see how it all mates —
or not. If you have taken care with the
drilling, then all should be well. Having
confidence in your ability, we shall
press on.

If you decide to paint the heatsink
rather than having it anodised black, the
mating surfaces should all be masked
before spraying.

If you intend to use a Philips
65D6CB heatsink, the bracket holes

may be marked on the heatsink using
the already-drilled 6 mm thick bracket
as a template. The holes can be drilled
to the root diameter of a 4 BA bolt and
suitably tapped.

The whole heatsink ‘business’ is not
assembled at this stage, final assembly
comes later. Be patient my little
chickens !

The next part is the easy part (!. . .

. Ed.). Having got the mechanicals
off your chest, the electronics needs
attention.

The components may be assembled
to the pc board starting with the smaller
resistors and capacitors. Carefully
follow the overlay drawing. When you
come to the 0.1 ohm, 5 W resistors
note that they should be mounted
about 2 - 3 mm off the board to allow
a free air flow around them. Next
mount the power supply electrolytics.
Note that the recommended types have
three pins projecting from the base.
This is to provide mechanical rigidity.
All three pins are soldered to the
board and the capacitors can only be
inserted one way round. The inductor
L1 is made by winding a layer of 26
swg enamelled wire (or the nearest
equivalent gauge) along the body of
a 1 W resistor. The number of turns is
not critical, just wind enough wire on
the resistor to cover the body with one
layer. The value of this resistor may be
anything over 100 ohms. Two 5 A
fuses are mounted on the pc board, held
in place with fuse clips.

HOW IT WORKS — ETI 466

The amplifier can be divided into three
separate parts. These are: the input
stage — which consists of Q1 - Q9, a
high gain, low power driver; the output
or power stage — which only has a voltage
gain of four but enormous power gain;
and the power supply.

The input stage is a complementary-
differential network, each with its
own current source. Each transistor in this
stage is run at a collector current of
about 0.7 mA. Emitter resistors are
employed to stabilize the gain and
improve linearity. The output of Q1 - Q6
drives Q7 and Q9. The latter are virtually
two constantcurrent sources run at
about 7 mA collector current. With an
input signal these ‘current’ sources are
modulated out of phase — the collector
current of one decreases while the other
increases. This configuration provides
quite an amount of gain.

In between the bases of these two
transistors is Q8, the thermal sensing -
bias transistor. The voltage across Q8
may be adjusted by RV 1, thus setting the
quiescent bias current for the output
stage.

The output stage, Q10 - Q15, has a
gain of about five, set by R39 and R29
plus R30. Diodes D5 and D6 prevent
reverse biasing of Q10 and Q11 (other-
wise the output would be limited.

Protection of the output transistors
is provided by Q16 and Q17 which monit-
or both current and voitage in the output
transistors and bypass the base current
if the limit is exceeded.

The power supply is a full-wave
rectifier, with a centre-tap on the trans
former giving the 0 V rail, providing
+/- 68 volts. A total of 5000 uF is used
across each supply rail for filtering. The
amplifier input stage works on a reduced
supply rail, derived from 2ZD1-ZD3 via
R20 and R25.

Frequency stabilisition is provided by
capacitors C8, 13, 14 and the RC net-
works R26/C 12 plus R47/C15. Frequency
response of the amplifier is set by C5 and
C7 {lower limit), C8 sets the upper freq-
uency limit.

The transformer has two additional
windings of 15 Vac each. These are not
used here but are suitable for powsering

a preamplifier.

Next comes the semiconductors.
v
PARTS LIST - ETI 466
Resistors all %W, 5% unless noted R26. ...... 100R Semiconductors
R1 ....... 1k R27....... 220R Q1-Q3. .. .. BC547
R2 ....... 10k R28-R33 . . . 100R 1W Q4-06. .. .. BC557
R3 ... 1% R34....... 220R Q7 ....... BD140
Ra . 10R R35, R36 . . .220R 5W Qs ....... BC549
Rs . 220R R37-R42 0.1 ohm, 5W Q9, Q10 BD139
R6,R7. . ... aK7 R43. . ..... 39F an....... BD140
R8,R9. .. .. 22R R44, R45 5k6 1W Q12,Q13 . MJ15004
R10. ...... 10k R46....... 39R Q14,Q15 . . . MJ15003
R11....... 2k2 R47. . ... .. 4R7 1W Q16. ...... BD140 or BC640
R12....... 22k Potentiometers Q17... ... BD139 or BC639
R13....... 2k2 RV1 2k2 trim D1-D4. . . .. IN5404
R14. ... ... iok e DS,D6..... IN4004
R15,R16 . . .22R Capacitors ZD1. . ... .. 13 w
R17,R18 . . .4k7 Cl-Ca..... 2500u 80V RTP electro zo2 o 53\,0(',“,\,55'7";’,;?“‘)
R19....... 10k (6k8 for 4 ohm loads) CS. ....... 212 35V tantalum ZD3. . ... .. 5V1 300 mW (IN751A)
R20....... 1k SW C6........ 330p ceramic .
R21. ... ... 390R Cl.. ... ... 1001 25V RB electro Miscellaneous
R22. ...... 6k8 c8. ....... 330p ceramic ET1466 . . . . pcboard
R23....... 4k7 C9—-C11 . . . . 100n polyester Heatsink - see text
R24. . ... .. 390R C12—C14 . . . 1n5 polyester Transformer PF4363 (47 + 47V - 300 W)
R25. ...... 1k SW C15—-C17 .. . 100n polyester 4 fuse clips, 2 x 5A fuses




HOW?
WHAT?
WHICH?
WHERE?
WHY?
HOW MUCH?

CIRCUIT TECHNIQUES
VOL. 1.

Is an anthology of electronic
components, circuits and tech-
niques, gathering together a
host of useful articles published
in the pages of ET! over the past
few years.

Within its 148 pages, the book
covers how to use op-amps, 555
timer applications, a practical
guide to CMOS, VFET tech-
niques, Power MOSFETs and
circuit techniques, using the
4093 Schmitt trigger, voltage
regulator applications, design-
ing with diodes, LED circuits,
practical guide to zeners, crys-
tal oscillator techniques and
more.

All in one handy volume, 16
timeless articles of inestimable
value to the electronics enthusi-
ast, experimenter, technician or
engineer.

For just

$4-75 it's a steal!

Available from newsagents, selec-
ted electronic suppliers or direct
from

ETI Magazine

15 Boundary St Rushcutters Bay
NSW 2011 Please add 65 cents for
post and handling if buying by mail
orger
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Project 466

Leave Q7, 8, 9, 10 and Q11 plus the
output stage devices Q12, 13, 14 and
Q15 unti! last. Be careful with the
orientation of the diodes.

Now you can assemble the heat-
sink bracket to the pc board, plus
Q7 to Q15 inclusive.

First smear heatsink compound on
the two mating surfaces of the bracket
assembly. Note that insulating washers
are used on all ‘the transistors, Q7 to
Q15, mounted on the bracket assembly
(except Q8 of course). Smear both
sides of each washer with heatsink
compound. Place the bracket pieces
on the board — component side —
and secure Q7, Q9, Q10 and Q11 with
nuts and bolts. Only tighten the nuts
finger tight at this stage. Now, take the
whole board and place the bracket ends
against a flat surface — such as the flat
heatsink fin — and juggle the brackets
until the end faces are flush. Check that
all holes line up and then tighten the
nuts and bolts.

The TO3 power transistors Q12,
13, 14 and Q15 may now be assembled
to the bracket and pc board using the
accompanying assembly diagram as a
guide.  We used spaghetti insulation to
sleeve the bolts but pieces of heat-
shrink tubing would be better.

Don’t solder any leads yet.

Allow time for the heatsink comp-
ound to spread under compression
and finally tighten all nuts. Last of all
insert Q8. Smear the inside of the hole
it sits in with heatsink compound to
ensure good thermal contact.

Now you can solder all the transistor
leads.

Check the component placement
against the overlay now, just to ensure
all is in order. If you wish, you can test
the amplifier up to the driver stages for
correct operation before assembling the
unit to the heatsink. Remove the fuses
before applying ac input from the
transformer. Refer to the ‘powering up’
procedure. If there are any problems,
look for errors in component place-
ment or orientation — particularly
with diodes. If all is well, assemble the
module to the heatsink and you're
ready for the big test.

Powering up
The set of output transistors is expen-
sive to replace, therefore we recommend
you follow this test procedure in the
interest of conserving supplies of same.
The power supply ac input should
be connected to the transformer (see
the overlay) but no power applied.

You’ll need a multimeter of at least
20k ohms/V sensitivity.

1) Remove the two fuses.

2) Solder a small link across C11.

3) Solder a wire between this link and
the output pad.

4) With no load connected and no
input signal, switch the power on.

5) Check the supply rail voltages.
These should be about 68 volts each
(plus and minus).

6) Check the voltages on the cathode
of ZD1 (should be about +37 V)
and the anode of ZD3 (about-37 V)
with respect to 0 V.

7) If these two voltages differ with
respect to each other by avolt or so,
check other voltages around the
input stage to determine the reason.

8) Check the dc voltage on the output
(with respect to 0 V). It should be
within 20 mV of zero.

9) Inject a sinewave signal into the
input at a level of about 20 mV
(RMS). Don’t use a higher input
level. Output should be 1 V RMS.

10) Switch off the main power and
allow the filter capacitors to dis-
charge. Remove the input signal

11) Solder a 10 ohm %W resistor
across each fuse holder. Rotate the
trimpot RV1 such that it is set at
maximum resistance. Remove the
short across C11 and the link from
there to the output pad.

12) Switchon. . .. .. .. if the 10 ohm
resistors immediately vaporise you
either have a short or some fault in
the outpurt stage!

13) If all is well, check the dc output
voltage. It should be near zero.

14) Mecasure the voltage drop across
one of the 10 ohm resistors placed
across the fuse holders and adjust
RV1 to give a reading of 1.0 V.

15) Switch off, allow the filter capa-
citors to discharge and remove the
two 10 ohm resistors. Replace the
fuses.

16) Connect suitably rated loudspeakers,
warn the neighbours, connect a signal
source to the input (turn down the
volume), switch on the power and
put the amp through its paces.
At this stage we'll leave the applicat-

ions of this module up to you. No

doubt you have plenty in mind already.
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ETI BOOK SALES

Save time and trouble with mail order. Just fill
out the coupon on page 80.

electronics
textbooks

reference
and data handbooks

ELECTRONICS — IT'S EASY VOL. 1 $5.95
Meters. resistance, capacitance and mnductance. emitter
followers. op amps. power supplies and electronic filters

ELECTRONICS — IT'S EASY VOL. 1 $12.95
Same content in a hard-cover form
ELECTRONICS — IT'S EASY VOL. 2 $5.95

Digital sub-systems counters and shift registers, A-D and
D-A conversion. digital instruments and test equipment
computers. transmission hinks and oscilloscopes

ELECTRONICS — iT'S EASY VOL. 2

Same content in a hard-cover form

$12.95

ELEMENTS OF ELECTRONICS

This series 1s an introduction to modern electronics Ail the
maths 1s taught as the reader progresses The course
concentrates on the understanding of concepts central to
electronics. rather than digressing over the whole held
The author anticipates where difficulties he and guides the
reader through them

800K 1

BP62 $7.52
All tundamental theory necessary to fuli understanding of
simple electronic circuits and components

BOOK 2

8P63 §7.52
Alternating current theory

BOOK 3

8P64 $7.52
Semiconductors technology leading to transistors and ICs
BOOK 4

8P77 $9.76
Microprocessing systems and circuits

800K 5

8P89 $9.76

Communications

ESSENTIAL THEORY FOR THE ELECTRONICS HOBBYIST
2288 $4.32

This book supphes the electronics hobbyist with the back:
ground knowledge which will exactly suit their specific
requirements Minimum maths

BEGINNER'S GUIOE TO OIGITAL ELECTRONICS
BP61 $3.36

Covers ali essential areas inCluding number Systems
codes. constructional and sequential logic, analogue
digital/analogue conversion

A MICROPROCESSOR PRIMER
BP72 $5.92
Learning about microprocessors 15 easy with this book,
wrtten in a style that s easy to follow The shortcomings of
this basic machine are discussed and the reader 15 shown
how these are overcome by changes to the instruction set
Relative addressing. index registers foliow as logical
progressions

12

AUDIO CYCLOPEOIA
20675P $66.00
A complete. in-depth look at the art of audio — from the
basic principles of sound to solid-state and integrated
crcuits Over 3000 entries and hundreds of iilustrations
and circuit diagrams cover acoustics. amplitiers. record-
ing. reproduction, test equipment. audio measurements,
and much more

REFERENCE DATA FOR RADIO ENGINEERS

21218P $21.95
The largest and most comprehensive collection of
equations, graphs. tables. and other reference data
needed in general radio engineering and design Contains
hundreds of charts, monographs. diagrams. curves. tables
and illustrations

TUBE SUBSTITUTION HANDBOOK

21746P $8.75
Complete. accurate, up-to-date guide to direct substitutes
for recewing and picture tubes Contains over 6000
receving tube substitutes. over 4000 monochrome and
colour picture tube substitutes. and 600 communications
substitutes Also includes pinouts for quick operational
checks

CONTEMPORARY MATHEMATICS FOR ELECTRONICS
70274P $29.75
This book i1s spiit into three sections. Direct current maths
introduces the student to the calculator. fractions and
dimensional anatysis. Alternating current maths covers
phasors, quadratics and RMS in both sine and digital
waveforms. Active device maths introduces number
systems and boolean.

AUSTRALIAN MICROCOMPUTER HANOBOOK
72505 NOW $15.00
Normally $2500 A detalled buyers guide to micro-
computer systems and apphcation packages 1in commercial.
industnial. scientific. educational and home/hobby areas

TRANSISTOR SUBSTITUTION HANOBOOK
21515P $8.75

17th edition — Accurate transistor substitution in a matter
of seconds with this replacement hsting of over 19 000
Amencan and foreign bipolar transistors

THE CP/M HANOBOOK WITH MP/M
88048A $19.95
Shows you how o use CP/M (control program for
microprocessors) and its resources No prior knowledge
of computers i1s assumed. CP/M is available on nearly ail
computers using the 8080. 8085 or Z8) microprocessors

HANOBOOK OF ICS EQUIVALENTS AND SUBSTITUTES
2028 $5.76
Contains full interchangeabiity data on more than
9500 ICs with possible alternatives and equivalents
shown Covers many types ot digital and linear ICs

HANDBOOK OF RADIO, TV, INDUSTRIAL &
EF;%NSMITTING TUBE & VALVE EQUIVALENTS

Equivalents book tor amateurs and servicemen More than ,'

18 000 oid and new valves from UK, USA. Europe. Japan

et al CV (military) istings with commercial equivalents

included

RADIO AND ELECTRONIC COLOUR CDOES
AND DATA CHART

BP7 $1.60
This large wail chart covers all colour codes in use
throughout the world. For all radio and electronic com-
ponents made in UK. USA. Europe and Japan

FIRST BOOK OF TRANSISTOR EQUIVALENTS
AND SUBSTITUTES

. BP1 $3.36

This guide covers many thousands of transistors showing
possible aiternatives and equivalents Covers transistors
made in UK. Japan, USA. Germany. France. Europe,
Hong Kong and includes types produced by more than
120 different manutacturers.

SECOND BOOK OF TRANSISTOR EQUIVALENTS
ANO SUBSTITUTES

BP14 §5.92
Interchangeability ~ data  covers  semiconductors
manufactured all over the world Immed:ate equivaients
are shown and possible substitutes are included

GIANT CHART — RADIO, ELECTRONICS,
SEMI-CONDUCTORS & LOGIC SYMBOLS

BP27 $1.92
Identify those symbols at a glance. A must for beginners
and advanced enthusiasts alike. Protessionals can always
hide it in thetr desks'

RESISTOR SELECTION HANDBOOK
BP28 $2.24
Shows how to combine two preferred values of resistor to
obtain virtually any required value of resistance. Includes
information about fixed resistors. standard ranges, colour
codes and markings, power ratings and resistor calculations.

ELECTRONIC CALCULATOR USERS’ HANOBOOK
8P33 $5.12
Presents formulae, data, methods of caiculation, con-
version factors, etc. for use with the simplest or most
sophisticated caiculators. Inciudes the way to calculate
using only a simple four-function calculator: tngonometiic
functions, hyperbolic functions. loganthms, square roots
and powers.

OIGITAL IC EQUIVALENTS ANO PIN CONNECTIONS
BP40 $12.32

Revised edition showing Japanese, American and
European equivalents Also shows pin connections of a
popular user-onentated selection of digital ICs.

hl;iﬁkﬁ EQUIVALENTS ANO PIN CONNECTIONS
$

Shows equivalents and pin connections of a selection of
poputar inear ICs, with details of famiies, functions,
country of ongin and manutacture Includes devices from
Analog Devices, Advance Micro Devices Fairchid
Harns, ITT. Motorola, Phiips, RCA. Raytheon, Signetics.
Sescocrem, SGS-ATES. Siemens. AEG-Teletunken.
Teledyne, Texas Instruments

PRACTICAL ELECTRONIC CALCULATIONS

& FORMULAE

8PS3 $9.76
For the practical persons workbench Bridges gap
between technical theory and cut-and-dned methods
which work but leave the expernimenter unfultiied There s
a strong practical bias. Tedious and higher maths avoided
where possible

INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE
BP85 $9.76

Companion to BP1 and BP 14 equivalents books, but con-
tains a huge amount of information on modern transistors
produced by over 100 manufacturers. Wherever possible,
equivalents are subdivided into European. Amerncan
and Japanese types Also shown are the matenal type
polarity, manutacturer and indication of use or apphcation

HOW TO IDENTIFY UNMARKEO ICS
BP101 $2.46
This chart shows the reader how. with just a test-meter
to go about recording the particular ‘signature of an
unmarked IC which should enable the IC to be identiied
with reference to manutacturers or other data




Project 467 d-input preamp

Four-input guitar/mic preamp
to suit the ETI-466 module

Featuring simple construction and versatile operation, this
preamp has been designed to mate with our 300 W ‘Brute’
power amp. David Tilbrook

WE PUBLISHED the ETI-466 300 W
power amplifier in February 1980. We
then received many requests for a guitar

SPECIFICATIONS 4-INPUT PREAMP ETI-467

preamp capuble of driving the module to Humandnoise ..................... 7§0dkBHb<;Io'\:v di(,)' cr’rt\r\‘l)mput signal
full output. The biggest demand was for ( ZDba

a four-input preamp with bass, presence —

and treble controls followed by a1 master Frequencyresponse ................ 30Hz to 30 kHz, +/— 1dB
;)SL;'QT:’ aiogt;?i],'nmecifu el s Tone controls ...................... Bese s/ WIdD @0 1E
than mounting the pc board in a chassis. ' 1

as we feel most constructors will want to Treble: +/-22dB @ 10kHz

organise a chassis to meet their own I
requirements. Max. output before clipping .......... 20 V peak to peak

13



Project 467

The power transformer recommended
for use with the 466 power amp has an
additional 15-0-15 volt winding that
can be used to power this project if
desired. For this reason we have in-
cluded all the power supply components
on the pc board, including voltage
regulators. If the project is being con-
structed as a separate, stand-alone pre-
amplifier, a small 12-0-12 volt power
transformer can be used, such as the one
specified in the parts list.

Design

The circuit consists of four input stages,
followed by a mixing stage, tone control
and output amplifier. The four input
amplifiers drive the output of the
mixing stage. This feeds the tone control
circuit and then the final volume control
and output amplifier. The 4136 quad
operational amplifier IC was used
throughout the project, mainly for the
convenience of the quad package. One
IC is used for the four input stages and
the other for the mixing stage, tone con-
trol and output amplifer.

If = lin

Hn —>—4

Vs » —jin Rt

Ryl Ig = lin = 19412+13+14

—)—’\/;ﬁ

INPUT 1

Vs

in=l1+12+13+14

Vs= 1y Rt +12 R +13 Ry + I4 Ry
Vg=Vy+V2+V3+Vy

Figure 2.

Each input goes to one amplifier of
the first 4136, where the input signal is
amplified before going to the input level
control. The input stages each have a
gain of 20 dB, so a typical input level of
around 50 mV will be amplified to
500 mV before being applied to the in-
put level controls. With the input
controls set at midway position the
output from the potentiometers will be
reduced to around 50 mV again. With-
out the input amplifiers, this signal
voltage would be only 5 mV, causing a
dramatic decrease in signal-to-noise
ratio. The input amplifiers have an
input impedance of 100k which should
suit the vast majority of guitars. The

14

outputs of the input level controls are
fed to a ‘virtual earth’ point formed by
the feedback loop around another op-
amp. This is probably the most common
technique used for mixer stages at audio
frequencies and allows signal voltages
or currents to be added independently.
Figure 1 shows the circuit of an ideal
op-amp with negative feedback applied
through resistor Rf. If a positive-going
current is passed into the non-inverting
(—ve) input, the output of the op-amp
will swing negative, pulling current
through the resistor Rf, until the
voltage at the non-inverting input
returns to zero. The output of the op-
amp will always attempt to maintain
the voltage on the non-inverting input
at earth potential and for this reason it
is referred to as a ‘virtual earth’ point.
The output signal voltage from the op-
amp is given by the equation,

Vs = -IjhRf
Where: Vg is the signal output voltage
Iin is the input signal current

Rf is the value of the feedback
resistor.

If input resistors are added to the
circuit as shown in Figure 2, the signal
current from each input will be deter-
mined by the input signal voltage and
the particular input resistor. Since the
non-inverting input is a virtual earth
point, the current through each input
resistor will not be affected by the other
input currents. The total input current
simply becomes the sum of all the indi-
vidual input currents. So,

and

lin =11 +I2+I3+14

and since the output signal voltage is
given by:

» Vg = —IinRf
then
Vg = I1Rf+IoRf+IgRf+I4Rf
=V1+Va2+V3+Vy4.

The output signal voltage is thus the
sum of the individual input signal
voltages — exactly what is required of a
mixing stage.

The output of the mixer is fed to the
input of the tone control circuit. The
bass, presence and treble controls are
formed by including a potentiometer
and a suitable R-C combination in the
feedback loop of an op-amp. The potenti-
ometer varies the amount of feedback
around the op-amp and this has the
effect of altering the frequency response
of the circuit.

We judged that most guitarists would

HOW IT WORKS

The four input stages each use one section of
a 4136 quad operational amplifier. These op-
amps are internally compensated and require
no external compensation capacitor. The in-
put stages are configured as inverting ampli-
fiers with a gain of 10 (20 dB) set by the ratio of
the input resistor to the feedback resistor. The
100 ohm resistor in series with the output of
each op-amp isolates any reactance on the
output from the feedback loop, ensuring
maximum freedom from instabilities that
might otherwise cause oscillation.

Resistors R21 and R22, and capacitors C9
and C10 decouple the positive and negative
supplies of the input amplifiers from all subse-
quent amplifier stages.

The outputs of the input stages are fed to the
mixer input where they are summed as
described in the text. The signal is then fed to
the input of the tone control circuit, then
through the master volume control to the last
amplifier stage and finally to the output.

Cc1
330n

INPUT 1

c2
330n c6

o

INPUT 2
0

INPUT 3

ca4 R4
3300 100k R16 ce

INPUT 4




— ETI 467

The tone control stage works in a very
similar way to the mixer stage. The signal
currents in the bass, presence and treble
circuits are summed at the non-inverting (—ve)
input of the op-amp without interacting with
one another, so the tone control really con-
sists of three circuits operating simultane-
ously and these can be analysed separately. In
each control, the potentiometer and the two
resistors connected to each end of it, form the
effective input and feedback resistance. The
position of the wiper will determine the overall
gain of the circuit. If a capacitor is now added,
either across the potentiometer or in series
with its wiper, a low pass or high pass frequen-
cy response, respectively, is obtained. The
presence control simply consists of both a low
pass and a high pass in the one circuit, form-
ing a variable bandpass filter.

The power supply circuit is simple and uses
commonly available IC voltage regulators to
ensure stable voitage rails and minimise hum
levels.

R26

+12v

R29
1k

d-INput preamp

R42
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- o 1c3 3 —o — +12V
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Project 467

16

MASTER
VOLUME

want a tone control that gives a rela-
tively large amount of boost and cut,
considerably larger than most hi-fi tone
controls. The bass control has over
16 dB of boost and cut, while the
presence and treble controls give over
20 dB.

The output of the tone control circuit
goes to the master volume control and
then to the final amplifier stage. The
output impedance of the circuit is
around 100 ohms and the maximum
output voltage is 20 volts peak to peak,
more than adequate to drive a power
amplifier.

Construction

All the construction is restricted to the
printed circuit board and so is relatively
straightforward. We recommend you
use our pc board, otherwise stability
and ground-loop problems may occur.
Mount the resistors and non-
polarised capacitors first. Next mount
the tantalum and electrolytic capaci-
tors, ensuring that they are inserted
with the correct orientation. Most elec-
trolytic capacitors have their negative

PARTS LIST
Resistors all VaW, 5%
R1,2,3,4,17
18,19,20,38 .............. 100k
R5,6,7,8,23,29,
33,34,39,42 .............. 1k

R9,10,11,12,40 ........ M
R13,14,15,16,21
22,25,26,36,37,41 ....100R

R24 ...
R27,31
R28,32
R30 ...
R35 .. .
Potentiometers
RV1,2348 ... 10K log.
RV STG N7 ep— 100K lin.
Capacitors
C1234 . 330n greencap
C5,6,7,8,18,19 . .10v, 25 V electro
C9,10,11,12 . .100n greencap
C13 ... .1u, 35 Vtantalum
C14,15 .47n greencap
C16 .. .15n greencap
C17 .. .1ngreencap
Cc20,21 .. .1000u/25 V electro
C22,C23.....cccconuinad 220n greencap
(G2 JpSmSS——— 4n7greencap
Semiconductors
IC1IC2 s 4136 quad op-amp
IC3 ... .7812 +ve 12 Vreg.
IC4 ... 7912 —ve 12 Vreg.
D1,02,03,D4 .EM401, 1N4001 or sim.
LEDY i, T1L220 or similar LED

Miscellaneous
Transformer (if required) — 2 x 12 V, 0.8 A
Ferguson PL24/20 VA (plus mains cord, cable
clamp, plug, etc); pc board — ETI 467; five
phone jack sockets; eight knobs; DPST 240
Vac switch (if required)




— 4-Input preamp

lead identified by a black arrow on the
body of the capacitor. The polarity of
tantalum capacitors is indicated by the
position of the dot, as shown in the
drawing accompanying the circuit
diagram. Mount the power supply
diodes and ICs next. Again, be certain
these components are inserted with the
correct orientation.

If the preamplifier is being construc-
ted in a metal chassis, such as a 19-inch
(483 mm) rack mounting cabinet for
example, a separate power transformer
is needed. This should be mounted on
the chassis as far away from the pc
board as possible. The input jacks will
probably be mounted on the front panel
and this will automatically connect the
chassis to the signal earth at this point.
If you experience any problems with
hum in the finished unit this will
probably be the cause. The solution is to
try to obtain jack sockets that are insu-
lated from the chassis, then experiment
with the earthing arrangement. In most
applications there should be no prob-
lems with hum, we have experimented
by varying the position of the board
with respect to its power transformer
and it does not seem to be particularly
sensitive,

Shielded cable should be used be-
tween the board and the input and
output sockets. In the prototype unit the
potentiometers are wired with short
lengths of tinned copper wire. If the
distance between the pc board and the
pots is increased by more than a couple
of centimetres, the connections to the
pots should be made using shielded
cable.

There is no special set-up procedure
needed, but check all the components on
the printed circuit board before apply-
ing power.

Using it

Turn all the input controls and the
output volume control fullv counter-
clockwise and set the three tone controls
to their mid positions. Connect the
output of the preamplifier to the input of
the ETI-466 (or what-have-you) power
amplifier before turning the power amp
on. This will prevent any momentary
injection of hum into the power amp
which could damage your loudspeakers.
Plug in a guitar and turn up the input
control for the channel you are using.
Now, gradually increase the output
volume control until the required
volume is achieved. The tone controls
may be adjusted to your liking, a bit of
experimentation will show up what
suits you and your system. [ )
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Project 476
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Series 3000
compact stereo amplifier

Phil Wait

“Small is beautiful” when you have a premium on space,
but there's no need to sacrifice performance. This amp
delivers 20 W/channel, has low distortion and costs less

than $90!

THE TREND to living in ‘compact’
accommodation such as units, town
houses and inner city terraces, has led
to a demand for appropriately sized
household goods and furniture — in-
cluding hi-fi equipment. The major hi-fi
manufacturers all leapt into this
market last year, releasing various
combinations of separate components
and integrated arrangements generally
tailored to a size to stack conveniently

on a shelf or bench top and not take up
precious space.

This project is aimed at those readers
who want something to fill that require-
ment but want to ‘roll their own’ to save
money or just to gain the satisfaction of
having done it themselves.

Apart from that, this project is ideal
for the beginner with a litiie construc-
tion experience who wants a ‘meaty’
project to tackle. This unit is quite

compact

simple to buiid as the majority of com-
ponents are mounted on a s:ingle printed
circuit board and the interwiring has
been simplified with the use of ‘ribbon’
cable.

Despite the low price, compared to
other such projects around. this unit is
not a ‘cheap’ amplifier. The perfor-
mance is demonstrably better than
similar amplifiers that cost a great deal
more and it can be teamed with some of

SPECIFICATIONS

Power output Frequency response Noise Separation

25 W RMS, one channel driven Phono: within 1 dB, RIAA Phono: —~80 dB w.r.t. 10 mV input Phono: 46 dB

20 W RMS, both channels driven Other inputs: within +0.5 dB Other inputs: —86 dBw.r.t. 200 mV input  Other inputs: 40 dB
from 10 Hz to 20 kHz; -3 dB @ 40 kHz Tone controls (see text) Sensitivity

Distortion (refer to graph)

Bass: +10dB @ 50 Hz

1kHz: 0.03% @ full power Hum Treble: +10dB @ 12 kHz
0.013% @ 12W RMS Phono: —60 dB w.rt. 10 mV input Slew rate
10 kHz: 0.08% @ fult power Other inputs: —70 dB w.r.t. 200 mV input 15V/us

Phono: 2.5 mV for fuil output
Other inputs: 2060 mV for full output
Tape output level

200 mV
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our previously published hi-fi projects
toobtain quite a respectable hi-fiset up.

The design

Overall design is fairly conventional,
except for the output stage, but we have
paid attention to such details as transi-
ent intermodulation and slew limiting
distortion as well as keeping total har-
monic distortion within acceptably low
limits.

The preamp stages employ common
integrated circuits op-amps. The power
amplifiers employ a differential input
stage driving a complementary-
symmetry class-B power stage. The
output devices are TIP31C/TIP32C
‘flatpack’ transistors arranged such
that a simple heatsink can be mounted
on the pc board — which can be seen in
the internal photograph. A conven-
tional transformer/bridge rectifier
power supply is used and speaker anti-
thump circuitry is provided too.

The output stage of each channel is
capable of delivering 25 watts (single
channel) into an 8 ohm load. If you're
building the amplifier as a Christmas
present for your kids, in the interest of
tranquillity, family relations and the
sanity of the family cat(/dog/budgie/
goanna) the power output might seem
15 - 20 watts too much. By the simple
expedient of using a lower voltage
transformer and changing a few resis-
tors, the amp will deliver only five
watts(*). This also reduces the heatsink
requirement and the overall price (as
the transformer’s less expensive). The
two different types of transformer are
given in the parts list.

“Psst — kids. If the old fella has built you a five
watt amp you can make it up to a 20 W/ch amp
without much fuss. Read on.

compeact stereo amplitier
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Internal view of the completed project shows the general layout and obvious simplicity — almost
everything's on the pc board. We haven't anything much to say about the external appearance as it speaks
for itself! Scotchcal transfers for the front and rear panels will be available from suppliers — see

Shoparound on page 147.

When you turn an amplifier on or off,
a loud thump may come from the
speaker. This transient may have suf-
ficient energy to destroy the speaker! It
is caused by the supply line voltage
rising (at switch-on) or falling tat
switch-off) at different rates. This may
cauase the output to the speaker to swing
wildly between the positive and nega-
tive supply rails under the worst-case
conditions — spectacular, but costly if
your speakers can’'t handle it. Conse-
quently, we have provided an anti-
thump circuit which only connects the
speakers after a short delay whenever

the amplifier is turned on. When the
unit is turned off, the speakers are
immediately disconnected, before the
supply rails have a chance to fall
appreciably.

Construction

We chose to assemble the amplifier in a
Horwood instrument czse measuring
255 mm by 255 mm by 78 mm overall.
These are supplied with black, vinyl
covered steel top and side panels and
plain aluminium front and rear panels.
Handles are attached either side of the »
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This ampuifier employs common IC op-amps in the
phono and preamp stages driving a class-B power
amplifier employing discrete circuitry. The power
supply is conventional, employing a transformer
and bridge rectifier with capacitor-input filters to
derive positive and negative supply rails and in-
corporating a speaker anti-thump circuit.

The following description applies to one
channel only as both channels are identical, ex-
cept for component numbering. Components are
numbers IC1, R1, C1 etc in one channel, IC101,
R101, C101 etc in the other. Ganged controls are
labelled SW1a, b or RV1a, b etc.

PHONO STAGE

The phono input, from a moving magnet turntable
cartridge, is applied to the input of IC1, an LM301,
via an R-C network (C1, R1) which provides a roll-
off at subsonic frequencies. The feedback
network for IC1 (R3, R4, R5, R6 and C4, C5) pro-
vides the correct RIAA compensation. Output
from this stage goes to the Source switch, SW1,
viaC7/R7.

Resistor R7 maintains the negative side of C7 at
0 V to prevent speaker thump when operating the
Source switch. The purpose of C6 is to reduce the
gain of IC1 to unity at dc so that the dc offset at its
output is maintained at a low value.

Capacitor C3 provides stability compensation
for IC1. Resistor R2 and capacitor C2 provides RF
interference immunity for the input of IC1.

Overall gain of the phono amp is about 300 and
is designed to provide full power output with
2.5 mV RMS input at 1 kHz.

PREAMP-TONE CONTROL

The Source Switch selects the various inputs,
applying them to the Volume Control, RV1, via the
Tape Monitor Switch, SW2.

Output from the Volume Control passes to the
input of the preamp-tone control stage via C8.
Conventional tone control circuitry around the
feedback of IC1 provides boost and cut at 12 kHz
for Treble and 50 Hz for Bass. However, unlike
conventional controls we have only provided a
range of +/— 10 dB for reasons explained in the
text.

General gain for this stage is around 10, and
input sensitivity is 200 mV RMS for full power out-

put. The slew rate for this stage has been set at
15 V/us so that it is slower than the power ampli-
fier. This has been done by selecting the value of
the compensation capacitor, C11 to limit the
speed to that required. The R-C network formed by
R15 and C12 provides additional slew rate limiting
at the output of the tone control stage. This tech-
nique avoids transient intermodulation distortion
developing in the power amplifier.

POWER AMPLIFIER
Keen-eyed readers will recognise similarities be-
tween this circuit and the ETI-452 Guitar Practice
Amplifier (Jan 1980) and the ETI-453 General Pur-
pose Amplifier Module (page 71). There's no need
to re-invent the wheel!

Ten transistors are employed (Q1 to Q10) in a
discrete component design. Transistors Q1 and
Q2 form a differential input stage. Q4 provides a
constant current source for the input stage
emitters, biased by R24 and LED1.

Output from the preamp-tone control stage is
applied to the Balance control, and thence to the
input of the power amplifier stage via C13 to the
base of Q1. The collector of Q1 is directly coupled
to the base of Q3, an emitter follower which is direct-
ly coupled to the base of the pre-driver, Q5. Diodes
D1, D2 and D3 maintain about 1.8 V between the
bases of Q7 and Q8. Each of these transistors will
drop about 0.6 V across their base-emitter junc-
tions. This leaves a total of 0.6 V to be dropped
across the two 100 ohm resistors R27 and R28.
Since these are of equal value, each drops 0.3 V
and holds this across the base-emitter junctions
of Q9 and Q10, the output transistors. As these
two transistors require 0.6 V to be biased on, they
will remain off until the applied signal raises the
voltage on the bases above 0.6 V (with respect to
0 V). Only a little more than 10 mA through R27
and R28 will supply the extra 0.3 V to turn on the
output transistors.

Transistor Q6 provides a constant current sink
(or source, depending on your point of view) for
the collector current of Q5, increasing the gain of
the drive stage, Q5, and decreasing distortion.
There is approximately a one volt drop across R26
(and incidentally, R19).

Emitter ballast resistors are included in the out-
put stage, these being resistors R29, 30 and R31,
32. Their main purpose is to help prevent thermal

HOW IT WORKS — ET1 476

runaway in this application and stabilise the gain
of each output transistor. They play a secondary
role as fuses in the event of a fault condition
causing heavy conduction in the output devices.
Hence, the text advises these resistors be
mounted up off the pc board on their leads.

Negative feedback is supplied by the potential
divider formed by resistors R23 and R20. The
capacitor C3 represents a short circuit to the
common rail (0 V) for ac signals in the audio range.
Gain of the stage across the audio range is thus
the ratio of R23 to R20, about 12 in this case. At
very low frequencies the impedance of C3 in-
creases, decreasing the gain of the power
amplifier by increasing the amount of negative
feedback. Capacitor C16 increases the speed of
the ac feedback at high frequencies.

The base of Q1 is tied to 0 V and as the whole
amplifier is dc-coupled, the quiescent output voi-
tage will be held to a value less than about 50 mV.

Output from the power stage is taken via a set of
contacts on the anti-thump relay and a 2 A fuse,
for speaker protection. The R-C network R33 and
C17 provides output phase lage compensation.

The output stage devices — a TIP31C and com-
plementary TIP32C — operate in pure class-B, the
effects of crossover distortion being reduced by
the feedback arrangements. These devices will
deliver 25 W into an 8 ohm load. Only a modest
heatsink is required as quiescent dissipation is
low. The output devices are operated close to their
SOAR limit under certain conditions, but no prob-
lems should arise. Lower power output can be
arranged by reducing the supply rail voltage (see
text).

POWER SUPPLY
The 240 Vac mains input is applied to the primary
of the power transformer via the power switch,
SW3, which isolates both active and neutral leads.
A 'spike’ suppression capacitor (C26) is connec-
ted on the mains input side of the power switch.
The secondary of the mains transformer con-
sists of two windings connected in series, the
‘centre tap' providing the 0 V return line. A bridge
rectifier comprising diodes D4 to D7 provides
positive and negative supply rails. The main
supply rail voltages will depend on the trans-
former chosen for the desired power output as per
the text.

Ribbon cable
interwiring

e e

ONLY ONE CHANNEL IS SHOWN FOR SIMPLICITY
SECOND CHANNEL NUMBERING IS PFSFIXED
BY 100 eg 1C101,1C102, C101, C102
AVibSWibetc.
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Smoothing for each supply rail is provided by
C20 and C21. Capacitors C22 and C23 reduce the
supply rail impedances at high frequencies. The
phono and preamp-tone control stages require
+/—- 12 Vdc supply rails and these are derived by
conventional shunt zener regulators involving
R36, R37, ZD1 and ZD2. Capacitors C24 and C25
provide bypassing for these supply rails. LED2 isa
‘power on’ indicator.

ANTI-THUMP

The anti-thump circuit involves D8, Q11, C18 and
C19, R34 and R35 plus RL1. The object is to isolate
the speakers from the power amplifier until the
supply rails have stabilised following switch on
and to isolate the speakers once again when the
amplitier is turned off, before the supply rails have
decayed.

The relay RL1 has two sets of contacts which
are connected normally open. These contacts are
in series with each channel's speaker output line,
between the power output stage and the speaker
protection fuse.

At switch on, D8 rectities one side of the
transformer secondary, rapidly charging C18,
establishing collector supply for Q11 before the
bridge rectifier smoothing capacitors have time to
charge to a significant volitage. Until such time as
C20 charges to 12 volts, Q11 has no base bias and
is turned off. Thus, relay RL1 remains unoperated.
As the voltage on C20 rises, capacitor C19 will
charge via R35. When the voltage on C19 rises to
about 12 v, Q11 will turn on and RL1 will operate,
connecting the speakers. The R-C network formed
by R35/C19 provides a time delay such thatthe
voltage on C19 will only reach about 12 V after the
voltage across C20 has risen to the full supply
voltage. The delay is several seconds.

When the unit is switched off, C18 will rapidly
discharge and the current through RL1 will drop
below that required to hoid it operated well before
the supply smoothing capacitors (C20 and C21)
discharge.

Resistor R34 limits the current through the relay
to a safe maximum value when Q11 is on. Note that
itis not required if the lower voltage transformer is
used.

240V
MAINS
INPUT

ACTIVE

"
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) 1
1
c26 '
NEUTRAL 1
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Power supply and speaker anti-thump circuit. A transtormer with a secondary rated at 20 - 0 - 20 V at
1.5 A will provide 20 W per channel. For 5 W per channel operation,a 12 - 0 - 12 V at 0.8 A transformer is
required. In the latter case, reduce the values of R36 and R37 to 390 ohms each and short out R34.

front panel and these can be obtained in
plain aluminium or black anodised. We
made up a black Scotchcal label with
white lettering (i.e: ‘reverse’) for the
front panel and used brushed satin alu-
minium knobs.The whole effect is quite
attractive.

The layout of the controls on the front
panel is kept quite simple. There are
only two toggle switches — power and
tape monitor. A stereo/mono switch was
thought unnecessary as it would add to

the cost and clutter up the simple front
panel layout. They are rarely used these
days in any case. The rear panel holds
the input and output connectors, power
cord and an earth terminal for other
equipment such as a turntable,
headamp or whatever.

We used an internally-mounted heat-
sink for the four output stage devices,
made from a sheet of 16 gauge alu-
minium. This heatsink is the minimum
recommended for 20W/channel opera-»
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tion. If you wish, the output transistors
can be niounted on the rear panel, in the
space above the speaker output termi-
nals. Their leads may be connected to
the pc board with hookup wire or ribbon
cable in this case.

You will notice from the internal
photographs that the phono input con-
nection to the pc board is made with
shielded cable, but the other inputs are
made via a length of 20-wire ribbon or
rainbow cable. This cable is wired in a
signal-earth-signal-earth fashion so
that each signal wire has an earth
either side to provide some shielding.
This we tried as an experiment and
found it very successful. It simplifies the
wiring enormously compared to using
individual shielded cables. There was
only a slight degradation in the cross-
talk between channels and no increase
in hum levels.

ZD1 W& - ~
ZD2 =D e ]
c25 c' e
Hou ¢ -

C

C
‘h.‘-

-
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Construction is best commenced by
loading the components on the pc board.
The overlay photograph shows all the
details. Insert the four link wires first.
Note that a link should replace R34 if
vou intend using the lower voltage
power transformer. This ensures that
12 V appears across the anti-thump re-
lay coil at the lower voltage, ensuring
correct operation.

Next mount all the resistors. Note
that, if you're using the lower voltage
power transformer, resistors R36 and
R37 should be reduced to a value of
390 ohms each. Resistors R27 to R32
and R127 to R132 should be stood about
4 - 5 mm above the board to protect the
pe board in the unfortunate event of a
fault in the driver or output stages
causing overheating of these resistors.

The capacitors can be mounted next.
As usual, take care with the polarity of

1

the electrolytic and tantalum capaci-
tors. The lead length on the low value
ceramic capacitors C3, C11, C14 and
C103, C111, C114 should be kept as
short as possible. Mount them so that
the body of the component is right down
on the pc board. The mains transient
suppression capacitor is mounted off the
pc board, but this is discussed later.
Now you can mount all the semicon-
ductors, except the output transistors.
Here too, take care with the orientation
of the devices. The pinouts of the
BD639s and BD640s do not have the
base lead between the emitter and
collector leads like most small signal
transistors, so take care with these de-
vices. Pay particular attention to the
orientation of the diodes D1 to D3 and
D101 to D103 as these set the voltages
on the bases of the output transistors. If
they are inserted the wrong way round
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(or are open circuit for some reason) the
output transistors won't last long, as we
found out to our detriment! Apart from
the disappointment, the smell is dread-
ful! If in doubt, use a multimeter to
check the diode. Remember that the
positive lead of an ohmmeter has the
internal battery negative connected to
it. Thus, this lead will be connected to
the cathode of the diode when the ohm-
meter indicates a low resistance (i.e:
diode conducting).

Mount the relay, fuse clips and fuses
next. Some fuse clips are hard to solder
so to prevent overheating the pc board,
first file the plating off the edge of the
pins on each clip before you attempt to
solder them in.

For all the external connections to the
board we used pc board pins. They aren’t
essential, but they do make it consider-
ably easier to wire the board to the other
components. These pins are mounted at
this stage.

If you haven't already noticed, there
are two pads on the board, just above
IC2 and IC102, that appear to have no
purpose. Circuit-wise, these pads are
located at the input to the power stage of
each channel and are marked A’ and B’
on the overlay photograph. By breaking
the track between the points marked A’

and A”, and B’ and B”, the preamp
output and power amp input can be
separated to provide connections for
“preamp out — main in” sockets so that
equipment such as a graphic equaliser
may be used in conjunction with this
unit. For those readers including this
provision, the output impedance of any
equipment used to drive the power
stages of this unit should be between 4k
and 10k.

The output stage transistors are
mounted on the board last of all. If you
mount them as we have done, drill and
bend up the aluminium heatsink first.
The accompanying drawing gives all
the details. The ‘fin’ mounts on top of the
L piece and the two are held tightly to-
gether with four nuts and bolts. Smear
thermal compound between the two
mating surfaces and insert the bolts
with their heads on the side that will
face the pc board. Make sure that the
surface on which the transistors mount
is both smooth and flat. Smooth the sur-

Resistors all 2W, 5%
R1,10,35,101 ....47k
R110 ............. 47k
R2,27,28,102 ....100R
R127,128 ......... 100R
R3,103 ........... 1k5
R4,7,104,107 ....100k
R5,105 ........... ™
R6, 15, 106, 115 ... 4k7
R8, 11,108, 111 ...27k
R9, 13,109, 113 ...2k7
R12,24 ........... 2k2
R112,124 ... ... .. 2k2
R14,114 ... .. ... 220R
R16,23, .......... 22k
R116,123 ......... 22k
R17,18 ........... 3k3
R117,118 ....... .. 3k3
R19,119 .......... 470R
R20,120,38....... 1k8
R21,36,37,121 ... 1k
R22,122 .......... 10k
R25, 26, 125, 126 .. 180R
R34 .............. 180R see text
R29-32 .......... 1R
R129-132 ........ 1R
R33,133 .......... 10R
Capacitors
C1,101 ........... 1u electro or tantalum
C2,102 ........... 150p ceramic
C3,103,11,111 ... 4p7 ceramic
C4,104 . ......... 820p ceramic
C5105 ........... 2n2 greencap
C6,7,8,13,106 ...4u7, 16V electrolytic
C107,108, 113 .. .. 4u7, 16V electrolytic

compact stereo amplifier

face with emery paper if necessary. By
the way, don’t paint the heatsink. We
painted ours to experiment with colour
photographs inside the completed unit
and found it adversely affected the
thermal capacity of the heatsink. »

The transistors mounted on the heatsink
assembly, ready to mount on the pc board.

COMPONENT
PINOUTS ( ‘\} o1 o8 notee w fe—— , CAPACITOR
1 N € — = ",
AT O $10¢ OF /k f N BC547, BC548. BCS49, BCSS?, BCSSE ?OT —N:'
(LZA::EOR SHORT U U A
[+
— | € R —— / ) BAND
¢ ] DIODE
« TiP3Y, TIP32 T o oc san ‘_",_K
PARTS LIST —ETI 476
C9,109 ........... 22n greencap Miscellaneous
C10,110 .......... 470p ceramic SWi1.. ... two pole, four position
C12,112 ... ....... 220p ceramic wafer switch
10p ceramic SW2 ... DPDT miniature toggle
47u, 16V electrolytic switch
33p ceramic SW3 . ........... . DPST 240V rated
.. 100n greencap miniature toggle switch
100n greencap SK1,101 .......... six RCA sockets on
47u, 35V electrolytic insulated panel
4700u, 35V electrolytic SK2 ... set of spring contact
10u, 16V tantalum speaker terminals on
10nto 100n, 240VAC insulated panel
Rated capacitor (value TV For 25 Watts output
not critical) 20-0 - 20V secondary at
) 1.5 amps
Semiconductors Ferguson type PF3993
IC1,101 ..........LM301 or similar
IC2,102 ..... .. LM301 For 5 Watts output
Q1,2,4,6,11 BC548,BC108 12 - 0- 12V secondary at
Q101, 102,104, 106 BC548, BC108 800mA
Q3,5,103,105 ....BC558,BC178 Ferguson type
Q7, Q107 BC639 PL24/20VA or sim
Q8,108 ....... .. BC640 FS1 101 ...... ... 2 Amp, 3AG fuses with
Q9,109 ....... .. TIP31C pc board
Q10,110 .. TIP32C mounting clips
D1-D3, D8 1N914, 1N4148 RLY .............. DPDT pc board mounting
D101-103 ........ 1N914, 1IN4148 relay with 12 Volt coil,
D4,5,6.7 ......... 1N4001, A14A or sim. Takamisawa type
ZD1,2 ... 12V, 400mW zener diode VB 12 STAN or
LED1,101 ........ red LED, TIL220R or sim Pye 265/12/G2v
LED2 ........... .green LED ETI 476 pc board, heatsink (see text), black
TIL220G or sim. screw terminal for turntable earth connection,
. Horwood case type 93/10/V (255 mm wide x
Potentiometers 255 mm deep x 76 mm high), power cord and
RV1 ..o 10k dual gang log. 3 pin plug, four 12 mm pc board standoffs.
Rv2 ... 100k dual gang lin. clamping grommet for power cord, nuts, bolts,
RV3 .............. 25k dual gang lin. length 20 wire ribbon cabie, length shielded
Rv4 ... ... .. ... 10k single gang lin. cable.
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INTERWIRING between the pc board and external components.
Wire the earth connections exactly as shown to avoid hum

loops and/or instability. EARTH
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Mount the output transistors as
shown in the accompanying diagram.
Note that a mica or plastic washer and
insulating bush must be used with each
one. Smear a small amount of thermal
compound on both sides of the mica or
plastic washer before you mount and
screw the bolts down firmly to get good
thermal contact between the transistor
body and the heatsink.

Check that you have the transistors
in the correct order and check also that
there are no shorts between the collector
pins and the heatsink.

Before the heatsink/transistors as-
sembly can be mounted, bolt a 25 mm
standoff pillar on the pc board as indi-
cated on the overlay photograph. This is
to secure the heatsink and relieve stress
on the transistor leads.

Once you have the heatsink and out-
put transistors all together, bring the
assembly to the pc board and insert the
leads of the transistors in the appropri-
ate holes. A small pair of needle-nose
pliers helps here. Push the transistor
leads through the board such that they
protrude about 2mm on the copper side
of the board. Bolt the heatsink to the
standoff and then solder the transistor
leads.

That
assembly.

Next step is the metalwork. If you
have purchased a pre-drilled case, just
check that all fits and there are no
burrs. If you’ve purchased an undrilled
case, first thing to do is to disassemble it
and scribe the hole positions on the front
and rear panels as per the metalwork
drawings. If you're going to use a
Scotchcal front panel, this may be used
as a template for drilling with the added
assurance that all will fit when the
holes are drilled. Don’t take the backing
off the Scotchceal at this stage as once it
is stuck down to anything, you can'’t re-
move it without damaging thc panel.

Carefully drill and de-burr all the
holes. Slots are cut in the rear panel to
accommodate the strips of RCA input/
output connectors and the speaker
connector strip. These can be cut using a
‘nibbling’ tool, which requires a single
hole to be drilled, or by drilling a
succession of holes and filing the edges
of the slot straight.

With the front panel drilling com-
pleted, the Scotchcal can be positioned
and stuck down. Take care, making sure
that it is properly aligned. With the
Scotchcal in position, mount the front
panel components, noting the poten-
tiometers are slightly angled to ensure
the centre of their range corresponds to

completes the pc board

compact stereo amplitier
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The bottom panel of the case needs to
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and the pc board standoff mounts. With
this done, assemble the case leaving the
top panel off for the moment. Note that
the handles mount over the Scotchcal on
the front panel, and that the bottom and
top plates of the case overlap the front
panel, protecting its edge and improv-
ing the overall appearance.

The bottom panel is normally held in
place by four self-tapping screws but,
owing to the weight of the transformer,
we used four small nuts and bolts.

To protect the surface of whatever the
equipment may stand on, we attached
four ‘stick-on’ rubber feet to the bottom
panel of the case.

Mount the transformer and pc board
as shown in the internal photograph.
The transformer is mounted in the rear
left hand corner, furthest away from the
phono stages which are sensitive to hum
pickup from its field. The pc board is
held in place by four 12 mm plastic
push-in standoff mounts.

Now all the interconnecting wiring
can be completed. The wiring diagram
shows how this is done. Best place to
start is with the ribbon cable between
the function switch and the input/
output RCA sockets. We also used
ribbon cable to wire the potentiometers
as it makes quite a neat job.

The high level inputs are connected to
the source switch via the ribbon cable in
which each second wire is connected to
earth at the input sockets. The earth
wires are then cut off neatly near the
source switch. A bit of care in installing
the ribbon cable will make a big diffe-
rence in appearance if not performance.

10 V/division

20 ma/division
100 Hz square wi

10 V/division

0.5 ms/division

1 kHz square wave testing
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The two phono inputs are connected to
their respective input sockets with
shielded cable. Both shields are connec-
ted to the pc board and their input
socket. One of the shields is then ex-
tended to the earths on the high level
inputs, but not to the other phono input.

Wire the earth wiring exactly as
shown in the wiring diagram. The earth
for the speakers is returned to the power
supply end of the pc board and the earth
for the inputs returns down one of the
phono lead shields. The only connection
to the chassis is made near the earth
terminal on the rear panel, and this is
returned to the earth connection ad-
jacent to the power supply section on the
pc board.

Take care with the mains wiring. We
used a clamp grommet to secure the
cable where it enters the case and the
wires are terminated at a two-way
terminal block. The earth lead (green/
yellow) should be longer than the other
two and secured to a solder lug mounted
under a nut and bolt. The ac noise
suppression capacitor mounts on this
terminal block, on the side where the
wiring leads to the power switch on the
front panel. If your transformer comes
with terminals, the suppression capaci-
tor can be mounted there. All the
240 Vac wiring is passed along the left
hand side of the chassis. Use spaghetti
sleeving or heatshrink tubing on the
power switch wiring to protect the ex-
posed connections.

That just about finishes it. The only
thing left to do is to carefully check your
wiring and then give the unit a test run.

50 us/division
10 kHz square wave testing

signal
2nd harmonic
distortion

3rd harmonic

/ distortion

50 Hz 1k 2k Ik

With no inputs and no speakers connec-
ted, turn the unit on. The LED on the
front panel should light as should the
two LEDs on the pc board. With a sensi-
tive multimeter, check the voltage on
the output terminals of each channel.
You should read no more than 100 mV.
Because the output stage operates in
class-B there is no bias adjustment.

If all is well, turn the unit off, connect
loudspeakers and a turntable or tape
deck and you're ready to rock!

Trials

We gave the unit a thorough trial,
running it into ‘odd’ loads etc, running it
heavily into clipping and conducting
extensive listening tests. The accom-
panying photographs taken from the
oscilloscope in our lab show how the
amplifier performs with square wave
drive at different frequencies through-
out the audio range plus one shot
showing the amplifier’s output when
driven into clipping with a sine wave
input. Performance of the unit isclearly
very good.

Just to convince ourselves, and you
skeptics amongst the readers, we have
also included a photograph taken from
the screen of a Hewlett-Packard model
3580A spectrum analyser on loan from
Tech-Rentals for some development
work. As you can see, this amplifier has
quite a creditable performance.

For listening tests we used a pair of
our Series 4000/2 three-way loud-
speakers in an average sort of domestic
environment with a Sansui turntable
and Shure M91 cartridge. Overall
sound is very clean, with well defined
bass and crisp top end and it was ob-
vious that any sonic ‘faults’ were not
contributed by the amplifier. The unit
drove the Series 4000/2 speakers effort-
lessly to levels liable to raise neighbour
complaints!

We think you'll be as pleased with the
Series 3000 Compact Stereo Ampllﬁer
as we are.

Ampiifier clipping



SIMPLE 60W
LOW DISTORTION
AMPLIFIER MODULE

Here is a simple, low distortion amplifier module that has been used as the basis
of a quality do-it-yourself hi-fi amplifier system. This project employs simpie
mechanical construction and readily available components, yet gives high quality

sound.

MANY DIFFERENT amplifier circuits
have appeared in popular electronics
magazines over the years, The most
popular audio projects we have ever
published were the 100 watt guitar amp,
(ETI 413, published in December 72
and still going strong!), the 422 amp.
and the 480 series of power amp.
modules.

While these seemed to have satisfied
a large demand, our attention has been
drawn to the need for something a ‘step
up’ from there — something that app-
roaches the current ‘state of the art’ for
hi-fi equipment. Lower distortion than
previously obtained, better bass per-
formance and flexibility was the mess-
age we received from reader’s letters and
kit and component suppliers (“"Why
don’t you . . .”, “What I'd like to
see...”, "I needa..."”, etc.).

Satisfying as many requirements as
possible took considerabte thought and
planning. Our major design hurdles were
cleared with room to spare with the
assistance of talented West Australian
designer, Trevor Marshall.

A great many factors place some-
times quite severe constraints on project
design — particularly component avail-
ability and ease of construction; not
forgetting that this design had to
perform significantly better than those
that came before it.

There is clearly little point in desc-
ribing a project that includes comp-
onents that are impossible to get or one
that is difficult to construct.

A strong point that came across to us
from reader feedback and from the
popularity of our 480 series of ampli-
fiers was that constiuctors favoured a
modular concept. It seems that the days
of the single-board stereo amplifier
project have come and gone.

This power ampiifier offers a sig-
nificant improvement in specifications

and ease of construction over most kit
amplifiers offered to date. It has been
designed particularly with low transient
intermodulation distortion in mind.
Although a difficult parameter to

measure, transient intermodulation dis-

tortion s an inherent characteristic of
many amplifier designs — especially
those which incorporate large amounts

of feedback to even out frequency
response and reduce harmonic dis-
tortion. The heavy feedback ‘schoo!’
of design produces an impressive list
of specifications — but the difference
to the ear between such an amplifier
and one designed for low TID has
to be heard to be believed.
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60W AMPLIFIER MODULE

C5 ambm
470n ==
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e
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Please note: The earth
rail onto the amplifier R6 R13
must be returned to the 100R 12R
0 volt connection on the
power supply. —
- - b

The input stage of the amplifier consists of
an emitter coupled differential pair (Q4,
QS5) with a constant current source (Ql,
Q2 and Q3). The use of a constant current
source reduces distortion, as well as the
possibility of high frequency oscillation
and prevents any ripple on the positive
supply from unduly affecting the input
stage. Unequal emitter resistors (R1, R2)
allow the currents in Q4 and QS to be
optimised. Input lag compensation is
provided by C3, limiting the slew rate of
the amplifier to reduce high frequency
intermodulation. The gain of the differ-
fntial pair, driving Q10 and Ql1, is very
ow.

Almost all the gain of the amplifier

HOW IT WORKS — ETI 470

is obtained from the parallel pair Q10
and QI11l. They are operated with series
(R13, R14) and shunt (R12) feedback,
and a constant current source (Q6, Q7).
This results in a highly linear stage.

Q9 protects Q10 and Q11 from high
peak currents or damage should a fault
occur. When the current through R13
exceeds the safe limit, Q9 conducts and
shorts out the drive to Q10 and Q11.

Bias from the output stage is set by
RV1 and a shunt regulator (Q8). Q8 is
mounted on the same heatsink as the
output stages and stabilises the output
bias current against heatsink temperature
rise. Resistors R15-R24 in the emitters
of the output Darlingtons, Q12 and Q13,

maintain operation in their safe region
as well as reducing the chance of thermal
fun away.

Protection against ultrasonic oscillation
is provided by C7 and the network consist-
ing of R25-R28 and C5, C6. -

Both DC and AC feedback is taken
from the output, via R8, to the negativc
input of the differential pair, the amount
of feedback being set by the ratio of R8
to R7. C4 increases the feedback, and
therefore decreases the overall gain, at
very low frequencies. The feedback also
automatically holds the DC output voltage
at close to zero volts.
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Choice of Power Supply

The design of the power supply can
mean the success or failure of an other-
wise well-designed amplifier. The supply
voltage should be well-regulated, varying
less than 10% from no load to full load,
and be able to supply high peak currents.

However, if a voltage regulator is
employed it too must be capable of
delivering the very high peak currents
occasionally demanded. This necessit-
ates an expensive regulator device and
large, expensive filter capacitors.

The alternative is to use a fairly large
transformer and large value filter capac-
itors on a capacitor-input bridge rectifier.
This is what we chose.

The circuit given here shows a power
supply suitable for supplying a stereo
amplifier using two of these modules.
The filter capacitors C8 and C9 consist
of two 2500 uF, 50 volt electrolytic
capacitors connected in parallel. This is
the minimum we would recommend.

In general, the largest value filter
capacitor one can afford is a good rule
of thumb! /t has been suggested to us
that values as high as 20 000 to 50 000
uF makes an audible difference in
performance. {Watch the rectifier
specifications though 1).

Improved performance can be
obtained for a modest increase in cost
by having a separate supply for each
channel module, This improves the
regulation, reduces crosstalk and
increases the amount of power
available before output clipping
commences.

The choice of transformer will deter-
mine power output. A 28-0-28 volt,

2 A transformer {Ferguson PF3577 or
similar) will power a module to 60 watts
(RMS) power output, while a 26-0-26
volt, 2 A type (e.g. Dick Smith M-0148
C-core) will permit 40 watts.

The power supply output should be
limited to a peak DC voltage of about
40 volts (for 60 W output). A C-core
transformer will generally improve the
hum and noise output figures apart
from having a reduced field, thereby
reducing possible hum pickup problems.

If the amplifier module is to be used
with a 4-ohm speaker system the supply
voltage must be limited to about 30volts
maximum, otherwise the output devices
will attempt to deliver over 100 watts
followed by rapid self destruction!

Adventurous constructors may wish
to try adding a second set of Darlington
output devices, with their own emitter
resistors as per the circuit, connected in
parallel with the original pair. This
combination may supply 100 watts or
more into a four ohm speaker load.
This technique is also recommended if
you are contemplating driving highly

ETI 470 SPECIFiCATIONS

Power QuUtpUt . . ... .. .oc e
Frequency Response . . ..........:
Input Sensitivity . . . ... ..o

Hum and Noise

60 watts into 8 ohms {40V supply)

10 Hz to 100 kHz ¥0.56 dB

better than —110 dB on full output
{(dependent on power supply)

Feedback RAtIO . ..« vovormenmse s oe s ity 35dB
Distortion « . . v« oo vo v om oo at 1 kHz, 30 V p-p output into 8 ohms,
Closed LOOP .« v v v vvve oo 0.04 %

(open loop 1 %)

Stability: The amplifier was found to be completely stable when operated into
reactive loads consisting of R+C,L+Candpure L

Intermodulation (calculated values) . .
3rd order . .
5th order . .

at 1kHz, 30 V p-p output into 8 ohms,
.............. Jess than 0.016 %

{Intermodulation reduces with reduced power)

SW1 T1 PF3577 YELLOW

ON/OFF

—a_ 4 x 1IN5408

A
0O—o 28V
240V BLUE
ac YELL |
N
v
= L
BLUE [
E GREEN

240V TO OTHER =
= POWER SUPPLY
IF REQUIRED

*SEE TEXT

WHY LOW TID?

Looking at the circuit and a quick
glance at the specifications, there's
little in the circuit that looks out-
standingly different from others. So
what makes this amplifier special?

The difference in concept that
makes this amplifier unique is the
use of a very linear, high gain driver
stage (Q10, Q11), with a constant
current source {Q6, Q7), so that the
gain of this stage is dependent upon
the input impedance of the output
transistors. However, their input
impedance is dependent upon their
gain, and therefore the gain of the
amplifier stage is dependent solely
upon the characteristics of the out-
put devices.

Series and shunt feedback is used
with 010 and Q11 which results in a
highly linear stage with a very low
input impedance {about 28 ohms).
The gain of the differential pair when

fed into this low impedance is close
to unity, so aimost all the gain of the
amplifier is concentrated in Q10 and
Q1.

Provided the phase shifts in the
differential pair and the gain stage
are negligible the feedback loop is
unconditionally stable.

There are two other design
features which result in low TID.

The total open loop (feedback
disconnected) distortion is only 1%
at 30 V p-p output. So, very little
feedback is necessary to reduce this
to an acceptable level.

Protection of the output transis-
tors is done by fuses, rather than
electronically, and very high trans-
jent currents can be fed to the
speaker without being affected by
the (inevitably) non-linear impedance
of an electronic protection circuit.




60W AMPLIFIER MODULE

reactive loads such as electrostatic
loudspeakers.

heatsink the output Darlingtons, Q12
and 13, and Q8 may be mounted. Insert
them in the pc board and then press

PARTS LIST - ETI 470

Construction them back against the heatsink to form Resistors all %W, 5%, except
All components are mounted on a pc their leads to the right shape. Do not R15-R28
board — including the output devices. solder their leads yet. Rl ....... 100R
This method of construction is recom- Smear heat conducting compound on ::2:, """" ggs
mended. The module has been designed either side of the mica insulators (don‘t R4 ... ... 82R
so that it is mechanically simple to use too much though) and insert these RS ....... 3k9
assemble, much simpler than our ETI between the devices and the heatsink. R6 ....... 100R
480 module. Wiring errors are also Assemble the washers and mounting EZ; ““““ gigR
avoided when a pc board is used. bolts for these, finally checking with an RO ... ... 10k
Firstly, assemble and solder ail the ohm meter that there is not a short R10....... 22R
components on to the printed circuit circuit between the metal tags(collectors} R17....... 100R
board with the exception of Q12, Q13 of the devices and the heatsink. 2::2{ @ 33:

(the output Darlingtons) and Q8. Care-
fully observe the polarity of all the
electrolytic capacitors and orientation
of the transistors.

The input connection to the module
is via a single-hole mounting RCAsocket.
This is mounted directly on the pc
board. The centre pin connects to C1

R16—R24 . . . 1R 1 watt
R25—R28 . . . 22R 1 watt

Potentiometer

. p R . RV1 .. .... 100R mini trimpot
The board is then mounted hard via a short length of tinned copper wire. (vertical) Hrmee
against the heatsink using small right- If this facility is not required the .
angle brackets. Be careful to avoid RCA socket may be omitted and a cz”rc'm’s 220u 16V el
shorting the ends of the one ohm length of shielded cable soldered directly | oo """ ° " i 19V eectro
. . C2........ 470p ceramic
emitter resistors, R156-19 and R20-24, between C1 and the pc board common. C3. ....... 0ud7 35V tant
to the brackets. The power supply and speaker con- C4. ....... 220u 16V electro
If the module is to be mounted in a nections are soldered directly to the C5,6...... 470n greencap
C7........ 212 greencap

chassis the bottom {copper) side of the
pc board should be 25 mm above the

appropriate copper lands on the under-
side of the pc board.

bottom of the heatsink. This will allow The ‘earthy’ side of the speaker must Q,2...... BC667, DS557
the use of 26 mm spacers to support the  be returned directly to the zero volt 83 g gggg’;" ngg?
‘input’ end of the board (furthest from connection of the power supply, as as ... BC559 DS559
the heatsink). |t is expected that kits close to the filter capacitors as possible Q7 ....... BD140
will include pre-drilled heatsinks and (preferably direct to the negative as ....... BD139
suitable brackets. terminal). Do not connect this side of 8?0- R 3351%% DS549
Once the board is attached to the the speaker to the amplifier board. Q2. ... . BDvesB
Q13....... BDV64B
Miscellaneous
SK1. ...... single hole, panel mount-
ing RCA socket.
F1,F2 . .... 2 Amp 3AG Fuses.

Fuse holders, heatsink for Q7, mica
insulating kits (for Q8, Q12 and Q13),
fiat sided heatsink {76mm x 110mm),
angle brackets, ET1 470 pcb.

Parts List for Power Supply

D1-D4. . ... IN5404 or sim

C8,9...... 50001 50V electro (see
text)

SwWi. ... ... 240V DPDT switch

T. . ...... 28V-0V-28V, 2 amp

transformer Ferguson
type PF3577 or similar
(see text)

Left: closeup view of the output stage showing
how the Darlington transistors are mounted
and how the pc board attaches to the heatsink
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BRACKETS FOR
MOUNTING
HEATSINKS

{see opp. side PCB)

HEATSINK

Philips
Siemens

BC 548
BC 558
BC 559
BC 549

c
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&

‘ ETI 470
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ouUTPUT
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OF PCB

A 1
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Non - Philips
' Siemens EER
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BC 559 : \ :
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LGN
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Darlington
transistor

mica washer

O
insulator bush

TO220 PACKAGE
Insulator and bolt
assembly diagram
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60W AMPLIFIER MODULE

Components

The Darlington output transistors are
the only ‘special’ components, all others
are generally available from kit and
component suppliers.

The Darlington transistors should be

available through the following stores:-

Jaycar
125 York St
Sydney NSW 2000

Electronic Agencies

115-117 Parramatta Rd

Concord NSW 2137
and

117 York St

Sydney NSW 2000

Dick Smith Electronics
P.O. Box 321

North Ryde NSW 2113
(stores everywhere)

Rod Irving Electronics
425 High St
Northcote Vic 3070

All Electronic Components
118 Lonsdale St
Melbourne Vic 3000

Radio Despatch Service
869 George St
Sydney NSW 2000

Heatsinks

Heatsinks on any amplifier are a com-
promise between cost and temperature
rise.

Unless you are going to play long
passages of organ music, or run a disco,
you will probably find that relatively
small heatsinks run quite cool.

However, Darlington transistors are
hard to temperature stabilise and should
be run as cool as possible. This is why
we have opted for a fairly large heatsink
compared to other designs. The tran-
sistors shouid be bolted directly to the
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Two suggested tone control circuits for a preamp to suit this module. Low output impedance is
an important consideration. Choice of discrete or IC circuitry is given.

heatsink, not through a steel chassis. A
slit could be cut in a chassis large enough
to slide the assembled amplifier through
the rear. Heatsink fins should always be
vertical to provide the most efficient
convection cooling.

The heatsink recommended for the
output devices in this project is a flat-
sided type with radial fins, 75 mm in
length. Other flat-sided types are avail-
able with straight fins, and these too
would be suitable. A similar length
should be used. In general the heatsink
should have a thermal resistance, mount-
ing surface to ambient, of around 1° C
per watt.

A small ‘flag’ heatsink is attached to
Q7, a BD140 flatpack transistor. A
commercial heatsink may be employed
{they're only about 60 cents) or a small
strip of aluminium may be bent up,
drilled, and bolted to the transistor. See
that the metat area of the BD140 and a
face of this heatsink are in contact.
Heatsink compound should be used.

Setting Up

Once the amplifier has been assembled
and carefully checked, the bias current
for the output devices must be set.
Remove the fuses, F1 and F2 and
connect a 100 ohm resistor across each
fuse holder. Remove any input signal.
Connect the power supplies and measure
the voltage drop across each of these
resistors. Adjust the trim pot RV1 for
a reading of 2.5 volts across each resis-
tor. This corresponds to a bias current
of 256 mA. The reading should be nearly
the same across each resistor. Nextcheck
that there is no DC voltage across the
output terminals.

If the reading across each of the
resistors cannot be adjusted, or if there
is a DC voltage across the output greater
than one volt then there is a fault and
the fuses should not be inserted.

If all is well, remove the two resistors
and insert the fuses. Connect the
speaker and away you go.

Preamp Considerations
The input impedance of this amplifier is
relatively low, falling at very high freq-

uencies. Consequently, it must be fed
from a low impedance source.

When driving the amplifier with a
preamp-tone control unit, the output is
best taken from an emitter foltower
circuit {to provide the required low
source impedance) or directly from the
output of an operational amplifier. In
either case, it must be taken from the
point where the output is fed back to
the tone control circuitry.

Two suggested tone control circuits
suitable for the application are
illustrated in Figure 5. Both use a
‘Baxandall’ type tone control network
with feedback derived from the output
point.

The circuit at right uses discrete com-
ponents which may suit some
constructors better. The left circuit.
using a commonly available op-amp,has
higher distortion than the discrete
circuit.

A preamp-control unit project to suit
the amplifier module is described in the
next article.

PULSE TESTING

Operation into severely reactive loads was
examined by looking at the ac component
of the Vbe of Q10 as a measure of the ‘over-
shoot” of the loop and to see if transient
overload occured.

f =1 kHz. CRO is 0.2 mS/div. Output is
30 Vinto 8 ohms.

Upper trace 10 V/div. Qutput into 8
ohms.

Lower trace 10 mV/div. Vbe of BD139
gain stage. No evidence of transient overload
was visible,
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projects are included.
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Shows how to combine two preferred values of resistor 21626P $20.75
to obtain wirtually any required value of resistance A self-teaching course in transistor circuits — seven
Includes nformation about fixed resistors. standard chapters explore the fundamentais of actve semi-
ranges, colour codes and markings, power ratings and conductors and their operating principles and procedures
resistor calculations Experniments in design and semiconductor testing provide

“ hands-on experience
HOW TO BUILD YOUR OWN METAL AND :
TREASURE LOCATORS UNIQUE ELECTRONIC WEATHER PROJECTS

BP32 $5.92 21484P $13.25
Eiectronic and practical details on the simpie and
inexpensive construction of heterodyne metal locators

ELECTRONIC PROJECTS FOB BEGINNERS
8P48

serve as atornado warning and a ‘thermostat with a brain
= 10 help conserve energy

BUILD YOUR OWN Hi-Fi & AUOIO ACCESSORIES
2208 $3

Essential for keen hi-fi and audio enthusiasts. Projects
include stereo decoder, three-channel mixer, FET preamp
g for ceramic pick-ups, mic preamp with ad, bass. stereo
dynamic noise hmiter, loudspeaker protector. voice-
operated relay, etc.

§g1TBESTED TRANSISTOR PROJECTS

$4.64
This book gives the newcomer to electronics a wide range
of easly built projects. Actual components and wiring
layouts aid the beginner Some of the projects may be built
without using soldering techniques

POPULAR ELECTRONIC PROJECTS
8P49 $4.96

A collection of the most popular types of circuits and
projects to interest most electronics constructors. The
projects cover a wide range and are divided into four basic
types: radio, audio, household and test equipment

SEE:NNERS GUIDE TO DIGITAL ELECTRONICS

$4.32
Some circuts are new, others are tamiliar designs
Projects can be spht and/or combined for specialised
needs

50 CMOS PROJECTS
2248 $4.64

Manr interesting and useful projects — multvibrators,
ifiers and oscillators; tgger devices; special dev ces

Covers all essential areas including number systems,
codes, constructional and sequential logic. analogue/
digital/analogue conversion ampl

Fun and easy-to-build projects include an IC barometerto

MAJOR SOLID STATE AUDIO HI-FI PROJECTS

Three projects for the more experienced constructor
12.5 W/ch sterec amplifier, eight input stefeo/mono mixer
and 4xt4 W quadraphonic amplifier. Fuli constructionai
details provided.

HOW TO BUILD YOUR OWN METAL AND
TREASURE LOCATORS
BP32 §5.92

Electronic and practical details on the simple and
inexpensive construction of heterodyne metal iocators

HOW TO MAKE WALKIE-TALKIES
BP43 §5.12
This treatise on low power transmitter-receivers (walkie-
talkies) covers many aspects from iicensing requirements
and bands. through practicai circuitry and construction o
the various types of aerials that may be used

PROJECTS IN OPTO-ELECTRONICS
BP45 $5.92
included are simple circuis using ordinary LEDs as well as
more sophisticated designs such as inlra red transmitiers
and detectors. modulated light transmission and also
photographic projects etc

RADIO CIRCUITS USING ICS
BP46 $4.64
This book describes ICs and how they can be empioyeo in
receivers for the reception of either amphitude or frequency
modulated signals Also discussed are stereo decoder
circuits, quadrophonic circuits and voltage regulator
devices

POPULAR ELECTRONIC PROJECTS
BP49 $4.96
Includes a collection of the most popular types of circuits
and projects which cover radio, audio, household pro:ects
and test equipment

HOW TO BUILD YOUR OWN SOLID-STATE
OSCILLOSCOPE

8P57 $5.12
Project divided into sections for buiider individually to
construct and test — then assemble inlo complete
instrument. Includes short section on scope usage

SINGLE IC PROJECTS
BP65 $5.12

Simple to build projects based on a single IC A few
projects use one or two fransistors as well A strip board
layout 1s grven for each project pius speciai constructional
and setting up info. Contents include low level audio
circuts, audio power amps, tmers. op-amps and
misceltaneous circuits

ELECTRONIC GAMES
8P69 $§5.92
A number of interesting electronic games projects using
ICs tor both the beginner and advanced enthusiast

ELECTRONIC HOUSEHOLD PROJECTS
8PT1 $5.92
Most useful and popular projects for use around the home
Includes two-tone buzzer, intercom. smoke and gas
detectors. baby alarm. freezer alarm etc etc

REMOTE CONTROL PROJECTS
BP73 $6.56

Full exptanations are provided so that the reader can
adapt the projects for domestic and industrial as well as
model use

POWER SUPPLY PROJECTS
8P76 §5.92

This book gives a number of power supply designs
including simple unstabilised types. fixed voltage regulated
types and vanable voitage stabilised designs. The designs
are all low voltage types for semiconductor circurts

POPULAR ELECTRONIC CIRCUITS — BOOK 1
8P80

Yet more circuits from Mr Penfold! Includes audio. radio
test gear. music projects, household projects and many
more. An extremely useful book for all hobbyists, oftering
remarkable value for the designs it contains

glﬁ%gTRONIC PROJECTS USING SOLAR CELLS

Includes a number of projects that benefit from solar power
and obwviate the problems encountered with battenes
such as weight and bulk, frequency of replacement, and
failure when batteries are exhausted.

DIGITAL IC PROJECTS

8P84 $6.56
Companion to No. 225 Practical Introduction to Digitai ICs
and BP61 Beginner's Guide to Digital Electronics The
projects included in this book range from simple to more
aavanced projects — some board layouts and wiring
diagrams are included

AUDIO PROJECTS
8P90 $6.56°
Covers a wide range of audio projects including pre-
amplifers and mixers, power amplifiers, tone controls and
matching etc. A number of board layouts and wiring
diagrams are included
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High performance stereo

preamp control unit

Phil Wait

This project is designed to complement our 60 watt low distortion amplifier module and
forms part of a complete stereo system, our ““Series 4000 project.
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THIS stereo preamplifier is designed to
drive two 60 watt, low distortion amp-
lifier modules (ETI 470), described in
the previous article.

The requirements for this preamp-
lifier/control unit were set down after
many hours of office discussion. In fact
it would be fair to say that the final
design was evolved, rather than
conceived.

Amongst the first requirements were
low hum and noise and low distortion —
much lower distortion than the amplifier
modules it would be required to drive.
Low distortion in a preamplifier is
relatively easy to achieve and makes the
subsequent addition of a high quality
class A headphone amplifier worthwhile.

In the final design, we feel we have
achieved performance figures well up
front amongst commercial equipment.

Features considered essential included
loudness, high cut and low cut filters.
These are common in commercial pre-
amp/control units but lacking on most
kit designs. The low cut filter incorpor-
ated in our design will effectively reduce
bass rumble while the high cut filter is
useful for reducing tape hiss or ‘monkey
chatter’ and heterodynes from an AM
tuner.

The disc amplifier stage of a preamp
must be capable of handling very high
input signals before clipping to preserve

34

dynamic range, especially as moving coil
cartridges with voltage boosting trans-
formers and/or amplifiers are finding
increasing popularity. The disc input of
this design can handle 400 mV peak-to-
peak before clipping, giving it a dynamic
range in excess of 100 dB!

Finally, and by far the most difficult
of our requirements to implement, was
the idea that all switches and potentio-
meters be mounted directly onto the pc
board, with as few links and external
leads as possible. All this, while preserv-
ing an attractive and stylish front panel
layout! The advantage of this is that
assembly is easy, and straightforward
and there is less room for wiring errors
to creep in and, should it be necessary,
the board can be removed for servicing
in its complete, functional form. All
interconnections to and from the board
are via RCA sockets using standard
audio ‘jumper’ leads.

The 60 watt power amplifier module
and this preamp/control unit project
form the basis of our ‘‘Series 4000"
high performance stereo amplifier
project (page 42).

Construction

All the components, including the pots,
switches and LEDs, are mounted onto
the pc board. The board is then fixed,

component side forward, behind the
mounting panel of the case using
standard 25 mm spacers and
countersunk screws. A dummy facia —
with the control markings etc on it, is
subsequently held in place by the switch
nuts.

If all directions are followed, then
construction is quite straightforward —
it’s easier to do than describe!

Firstly, the mounting panel and facia
must be cut and drilled to the
dimensions shown on the drawing
(unless you have bought a kit, in which
case this may already be done). The
drilled pc board may be used as a
template. Dimensions shown in brackets
refer to the facia panel which must be
cut slighdy smaller if you wish to use
the same case for your stereo as we
have.

The holes for the pot shafts are only
7 mm in diameter on the facia panel to
ensure correct knob alignment. Counter-
sunk holes are drilled in the mounting
panel, but not in the facia, for the bolts
securing the pc board through the
spacers.

Once the mounting panel and facia
are drilled, carefully check the
alignment of all holes with the
corresponding holes in the pc board.
The drilling must be reasonably
accurate.




Once this mechanical work is
completed the components may be
mounted on the pc board. Start with
the RCA sockets. Take care not to use
too much force on the nuts and check
that electrical contact has been made to
the earth plane of the pcb using an
ohm-meter. Join the centre pin of the
RCA sockets to the pc board pads using
lengths of tinned copper wire — refer to
the overlay.

Mount the potentiometers next so
that their terminals are directly above
the pads on the pc board. The lower
pot terminals can be cut, bent down
and soldered directly onto the pads.
Connect the upper pot terminals to the
pc board, as shown in the overlay, using
tinned copper wire.

Either of two types of rotary switch
may be used for the source selector. We
have specified a C & K pc-mounting

Frequency Response . .. ... Phono:
Within 0.5 dB of RIAA
from 20 Hz to 20 kHz
(Follows new IEC curve).

ETI 471 — STEREO PREAMPLIFIER SPECIFICATIONS (Measured on prototype)

Distortion . . ........... 0.015% at 1 kHz
0.015% at 10 kHz
(For all inputs, with 500 mV
RMS output — distortion is
mainly 2nd harmonic).

Hum and Noise. . . . ...... 83 dB unweighted
(With respect to 10 mV
phono input).
Tone controls. . . .

Other inputs:
20 Hz to 20 kHz £ 0.5dB

Subsonic rolioff:
6 dB/octave below 20 Hz

type but a standard rotary wafer switch
may be used instead. The C & K switch
mounts directly onto the pc board. If a
standard rotary switch is used it will
bolt to the front panel of the case and
is wired in as detailed shortly.

Once the major parts are assembled
onto the pc board, all the minor com-
ponents may be loaded and soldered in
place. Make sure that any large
components (electrolytics particularly)
are less than 25 mm high, otherwise
they will foul the front panel. Check
that all transistors, tantalums and
electrolytics are correctly oriented.
Refer to the overlay as you proceed.

The switches and LEDs must be
mounted and spaced correctly off the
pc board. Solder 50 mm lengths of
tinned copper wire onto each of the
switch terminals and LED leads (see
illustration). Pass the wires through the

Output . . ............. 7 V p-p before clipping

Tapeoutput. . . ......... 150 mV RMS

Sensitivity . .. ... ... ... For 500 mV RMS output

Filters. . .. .....

other: 150 mV RMS
(Phono overioad level
is 400 mV p-p).
....... Bass: + 13 dB at 50 Hz
Treble: £ 11 dB at 10 kHz
....... High: 6 dB/octave,
—3 dB at 5 kHz
Low: 6 dB/octave,

Loudness. . ... ..««.oon. 8 dB boost at 150 Hz

Muteswitch . . ... ....... 20 dB attenuation

phono: 3 mV RMS

—3 dB at 100 Hz

and 10 kHz.

~—
N

~
S

Above: The switches and LEDs have lengths
of wire soldered on to them so that they can
be inserted into the pcb before being attached
to the front panel. They can then be soldered
in place. This procedure ensures that there
is no strain on the joints. Below: the comple-
ted unit. Full details of metalwork will be
given in a later article, in which we will des-
cribe how to use this preamp with two of
the ETI 470 60W units to build a high-
performance, low cost stereo amplifier.
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Fig. 1. Preamplifier circuit diagram. Only
one channel has been shown for clarity.
The component numbering of the other
channel begins at 101.

The signal from a magnetic cartridge is fed
to the base of Q1 via a low pass filter, (R2
and C1) for attenuation of radio frequenc-
ies. Q1 and Q2 form a differential pair,
each half operating at low collector current
to minimise noise. The output of the
differential pair is taken from the collector
of Q1 and further amplified by Q3. Feed-
back is taken to the base of Q2, the
negative input of the differential pair,
through the RIAA equalisation network.
Overall gain of the phono stage is set by
the ratio of the feedback network imped-
ance to the value of R6.

Subsonic bass roll-off of 6 dB/octave,
to conform to the new IEC 65 specification,
is achieved by a high pass filter consisting
of C8 and RV2.

Output from the disc preamplifier is
then fed via the Source Switch (SW5),
Tape-Source switch (SW6}, R15 and the
volume control (RV2), to an emitter
follower, Q4. This emitter follower
presents a high impedance for the aux
inputs and a constant impedance for
driving the filters.

HOW IT WORKS - ETI 471

When switched in, the loudness network
boosts the high and low frequencies with
respect to the midrange. In actual fact,
all frequencies are attenuated but the
midrange is attenuated more. When the
loudness is switched out, R16 approxi-
mates the impedance of the network.

Muting is achieved by switching R14 to
earth. The ratio of R14 to R13 sets the
attenuation to 20 dB. C11 shunts high
frequencies to earth for high cut, while
C10 reduces low frequency content when
switched in, providing low cut.

A second emitter follower, Q5, pre-
sents a constant impedance to the filters
and acts as a low impedance source to the
tone control stage.

A Baxandall tone stage is used here, a
common circuit in many designs. Q6 is a
gain stage with a bootstrapped collector
load, via C28, to.the output. Bootstrapping
increases the gain by increasing the effect-
ive collection load impedance. Q7 is an
emitter follower connected directly to the
collector of Q6. This provides a very low
output impedance. DC bias for Q6 is

taken from the output.

Some of the output signal is fed back
to the tone controls and split into high
and low frequencies by RV3 and RV4. By
adjusting the controls the percentage of
the input to the negative feedback signal
appearing at the base of Q6 can be varied,
thereby varying the overall gain of the
amplifier at either high or low frequencies.
The gain of the tone stage is set by the
ratio of R37 to R38. As R38 is reduced in
value the negative feedback is reduced and
therefore the overall gain is increased.

To preserve the very low output imped-
ance of the pre-amplifier the balance con-
trol is placed ahead of, rather than after,
the tone stage.

Power supply filtering and decoupting
is provided by 100 uF capacitors and resis-
tors in each rail.

Source indication is by LEDs from the
spare section of the source switch. No
current limiting resistor is on the pc board
for the LEDs as'one will be included in the
power supply.

corresponding pc board holes for these
components but do not solder them in
place yet. Check that the LED leads are
the right way round.

Assemble the pc board onto the case
mounting panel (using the 25 mm
spacers and countersunk screws). Place
the facia over the front panel, securing
it in place with the switch nuts (three
hands and a prehensile nose might help!
. . . a little sticky tape and deft juggling
is all that’s really necessary). Once
you've got it all together the protruding
wires may be soldered to the pc board.
Ensure that no short circuits have
occurred.

That completes the assembly. For
servicing purposes the pc board and all
switches, LEDs and pots — all the
operating controls — may be removed
simply by undoing several nuts,
removing the facia and the countersunk
screws beneath.
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Fig. 2. Component overlay. Note that
lengths of shielded cable are used to
connect the outputs of the disc preampli-
fiers to the selector switch.
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PARTS LIST - ETI 4N

Resistors all %W 5% R27,R127. . .220R C6, C106. . . . 20p ceramic Semiconductors
R1,R101 .. .47k R28, R29, C7........ 100u 25V electro Q1, Q2,
R2,R102 .. .1k R128,R129. .12k C8, C108. . . . 220n greencap Q101, Q102 . . BC549, DS549, BC109
R3, R4, R103, R30, R130. . . 6k8 C9, C109 . 10u 25V electro Q3, Q103 . . .BC559, DS559, BC179
R104. ... .. 5k6 R31,R131. . .2k2 C10,C110. . . 12n greencap Q4-Q7, Q104
R6, R105 . . .47k R32, R33, c11,Cc111 . 2n2 greencap -Q107..... BC549, DS549, BC109
R6,R106 .. .470R R132, R133. . 10k C12, C13,
R7,R107 .. .22k R34, R134. . . 820k C112,C113 . . 33n greencap LED1—-LED4 . TIL220R or sim LED’s
R8,R108 .. .390k R35, R135. . . 220k C14,C114 . . . 3n3 greencap
RY, R109 .. .1k R36, R37, C15,C115. . . 1u 25V tantalum Switches . . . . (see text)
R10, R110. . . 2k2 R136, R137 . . 2k2 C16, C116 . . . 220n greencap
R11, R12, R38, R138. . . 390R C17,C117. . . 1u 25V tantalum SW1—-SW4 . . . DpDT min toggle switch
R111,R112. . 220k R118,R119 . .15k c18, C19, SW5, . ..... 3 pole 4 posrotary switch
R13, R113. . . 10k Potentiometers C118,C119 . . 47n greencap SW6. ...... DpDT min toggle switch
R14, R114. . . 1k5 RV1,...... 50k single linear €20, C120. . . 2n2 greencap SW7. .. ... .. spdt min toggle switch
R15, R115. . . 4k7 RV2 ...... 50k dual log c21....... 100n greencap
R16.R116. . . 8k2 RV3 ...... 100k dual linear c22....... 100u 25V electro Miscellaneous
R17 — R20, Rv4 ... ... 25k dual linear C23....... 100n greencap 14 RCA panel mounting single hole
R117,R120. . 16k caq....... 100u 25V electro sockets, ET1 471 pcb, tinned copper
R21, R22, Capacitors C25,C125. . . 1u 25V tantalum wire, length shielded cable, 25 mm
R121, R122. . 220k C1, C101. . . . 100p ceramic C26,C126 . . . 20p ceramic spacers, 30 mm screws, nuts,
R23, R123. . . 4k7 C2,C3,C102 . 100u 25V electro C27, C28, mounting panel and facia plate.
R24,R25 .. .120R C4,C104. . . . 3n3 greencap C127,C128 . . 10u 25V electro
R26, R126. . . 4k7 C5, C105. . . . 10n greencap C29, C129 . . . 220u 25V electro




Project 471

Power Supply

The preamplifier/control unit is cap-
able of giving extremely good per-
formance — but only with a good
power supply. The supply should be
well regulated and filtered for noise,
especially if zener regulation is used.

Our next article describes a suitable
dual 12 V power supply design which
will provide dc for both the 4000
preamplifier and two of the 60 W
modules described in the last article.

Potentiometer connections to the pcb are
made via lengths of tinned copper wire.

Further Suggestions

We have designed this preamplifier
to use commonly available comp-
onents. However, some constructors
or kit suppliers may wish to improve
the appearance and the ease of
construction of the project. One
way of doing this is to use different
switches.

The SOURCE switch which we
suggest is a C & K Lorlin three-pole,
four position pc mounting rotary
switch. If only wire terminal models

Rear view of the assembled preamp,
showing how the potentiometers and
shielded cables are mounted. Note the use
of pc mounting phono sockets for eass of
assembly.

.v‘--v“"
43.

are available, the eyelets can bc cut
off and the switch mounted as if it
were a pc mounting model.

C & K toggle switches may be
used for the other switch functions.
These are available on order with
‘paddle’ levers and 25 mm wire wrap
terminals. The switches make the
preamp look very professional and
can also be directly mounted onto
the pcb.

The appearance of the LEDs can
be improved by using C & K Cliplite
covers. These are available in a
variety of colours.

C & K switches are available from:

Radio Despatch Service, Sydney
Jaycar, Sydney

Altronics, Perth

Electronic Agencies, Sydney

Rod Irving Electronics, Melbourne
All Electronic Components,
Melbourne

Printed circuit board patterns forthis project can
be obtained from Electronics Today, 4th Floor,
15 Boundary St, Rushcutters Bay 2011. Send
large stamped, self-addressed envelope.

C & K Electronics,
2/6 McFarlane Street,
Merrylands, NSW

This photo shows how the input sockets
are wired into the pcb.
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A general purpose, dual 12 V supply

David Tilbrook

Whilst this supply was designed specifically to power the
Series 4000 moving-coil cartridge preamp (see page 48)
it should find application in many electronic projects.
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Our prototype was housed in a diecast box to match that used for our Series 4000 moving-coil
cartridge preamp, although any suitable box may be used if the power supply is intended for
another application. Scotchcal front panels should be available from kit suppliers or separately

from Radio Despatch Service in Sydney.

THIS POWER SUPPLY provides the
+/-12 volts needed by the Series 4000
moving coil cartridge preamplifier. We
intend designing a range of hi-fi system
‘add-ons’ like the M.C. preamp and
rather than have a power supply in each
unit they will be powered from this
supply. This decreases the cost of
of building the units and just as import-
antly removes the major source of hum
from within the chassis.

The supply delivers positive and
negative 12V dc at 1A while the IC
series regulators provide short circuit
and temperature protection. These regu-

lators have a tendency to oscillate at
around 3 MHz and for this reason must
have their output pins bypassed to
ground through an appropriate capaci-
tor. If they are allowed to oscillate the
device quickly overheats and its thermal
protection cuts in.

The regulators are mounted onto the
chassis which acts as a heat sink. If the
recommended power transformer is
used, the voltage after rectification is
approximately 17 volts. The regulators
must drop 5 volts at a worst-case
current of one amp, so they are dissi-
pating a maximum of five watts which is
well within their ratings.

Construction

The power transformer used in the
prototype was a Ferguson type PL30/40
VA. This is one of their low profile
transformers and fits easily into the die-
cast aluminium box. The printed circuit
board has been designed to slot into the
grooves in this box.

Assembly of the pc board is not diffi-
cult as it has relatively few components.
If you are using the same box we did it
is easier to solder pc board pins onto the
board, slot the board into place, bolting
the regulators down, and then make the
necessary wiring interconnections. Both
regulators must be insulated from the
case using the appropriate mounting
hardware. The case of these regulators is
connected to pin 2. For the 7812 this is
the ground connection, and accidental
connection to case will cause a hum
loop when the unit is connected to the
moving coil cartridge pre-amp. In the
7912, pin 2 is the input to the regulator
and as such has 17 volts directly from
the bridge rectifier connected to it.
Accidental connection of this to ground
will probably damage the rectifier
diodes, so check with a multimeter that

the case of this regulator is well insul- p

ET1877

12 0 - 72 VLTS 1 AMP MAXIMUM

Rear view ot the power supply showing
placement of the major components.
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Internal view of the power supply showing how the pc board was mounted, the position of the
power transformer and the general wiring arrangement. General parts placement is not at all
critical and a variety of layouts is possible. Be sure to insulate the regulator ICs.

ated from the chassis before powering
up.

The LLED is mounted onto the front
panel with a standard LED mounting
grommet and connected to the board by
two short lengths of hook-up cable.

Make absolutely certain that all 240
volt connections are secure and that the
mains cable ground lead is connected to
chassis as shown in the wiring diagram.
The mains flex must be secured to the
chassis, either with a clamp-type
grommet where it enters the box or
with a cable clamp on the inside.

Before applying power to the unit make
a final check of the board and all con-
nections to the power transformer.
Check the 240 volt connections and
ensure that the regulators are satisfac-
torily insulated from the chassis. If all is
correct, turn the power supply on. The
LED on the front panel should come on
immediately. Check the voltage present
on the cutput DIN socket which should
be very close to 12 volts (certainly
within 0.25 V). Make sure the positive
and negative supply connections ter-
minate on the correct DIN socket pins. @

HOW IT WORKS — ETI 577

Mains 240 Vac is applied to the primary
of the transformer via a 1A fuse. The trans-
former secondary consists of two 15 V
windings with tappings at 12 V. The 12V
tapping of one is joined to the 0 \/ of the
other — this junction (effectively a
centre-tap) forming the volz rail.

A bridge rectifier D1-D4 rectifies the
ac voltage from the transformer and
supplies around 17 volts to the inputs of
the regulator ICs. Capacitors C1-C4 filter
the input to the regulators while C5 and
C6 ensure high frequency stability of the
regulators.

The IC regulators provide a stable,
regulated output very close to the speci-
fied 12 Vdc and can supply up to one amp
of dc current. Overload and thermal
protection is provided internally on the
IC chip. These regulators ére convenient,
inexpensive and require the minimum
number of components.

PARTS LIST - ETI 677

Resistors all W, 5%
R1 ....... 470R
Capacitors R
ci,c2 ... .. 2200uF 25V electro
C3,C4 ... .. 100n greencap
C5,C6 ..... 330n greencap
Semiconductors
D1-D4. .. .. IN4004, EM401 or sim
LED1. ... .. Red led, TIL220R or sim
iCt....... 7812 or LM340-12 volt-
age regulator (positive)
Ic2. ..., .. 7912 or LM320-12 volt-

age regulator (regative)

T . ... ... transformer, 15V-0-15V,
1.3 amps (Ferguson
PL30/4CVA)

SWi. ... .. DPDT 240V switch

Fi. .. ... .. 1A, 3AC type fuse

SK1. ... ... Chassis mounting 5 pin
DIN socket

Chassis mounting 3AG fuse ho:der, 5 pin
DIN plug, 240V mains plug,24CV/3 core

cable, rubber mains cable grommet, Die-
cast aluminium box 190 x 60 x 110 mm.
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The “Series 4000”
stereo amplifier

Here's how to assemble a high-performance 60 watts per
channel stereo amplifier using our ETI-470 modules and the

ETI-471 preamp control unit.

Circuit design

Trevor Marshall /Phil Wait

Mechanical design/layouts
Phil Wait

Front panel art
Bill Crump

The completed stereo amplifier is shown here mounted in a handsome rack-mounting case. This
particular style of case is also available with wooden end cheeks if that is what you prefer.
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THIS ARTICLE presents the complete
Series 4000 amplifier made from the
ETI 470 60 watt module and the ETI
471 preamplifier.

We chose to build the amplifier into
a single box, being the most economical
method as only one box and power
supply is used for the preamp and both
power amplifiers. However, this method
has several drawbacks. Firstly, since the
preamp and power amp share the same
power supply, the regulation for the
preamp must be very good, otherwise
low frequency instability can occur,
caused by the drop in supply line
voltage when the outputs draw high
current getting back into the preamp-
lifier.

Hence we have chosen IC regulators
for the preamplifier supply lines.

Secondly, the magnetic field from
the large transformer and associated
AC wiring required to supply the power
amplifier modules is quite large and
almost impossible to keep out of the
sensitive preamp stages. Therefore you
will notice that the specification for
hum in the completed amplifier is
lower than that of the individual units.
We took this measurement using a
standard EI lamination transformer
(Ferguson PF 3577) after rotating it
for minimum hum to the position
shown in the wiring diagram.

The hum induced by the transformer
can be further reduced by using a C-core



Stereo anp

ETI4000 SERIES STEREO AMPLIFIER

Poweroutput. .......... 60 watts @ 0.1% THD
one channel driven
55 watts @ 0.1% THD
both channels driven

Distortion . ............ 0.05% THD
@ 30 V p-p output across
8 ohm load, both channels

Tapeoutput. ... ..

Specifications of prototype

Other inputs: 20 Hz to 20 kHz + 0.5 dB

...... 150 mV R¥S

Sensitivity . .. .......... For 500 mV RMS output

Subsonic rolloff:
6 dB/octave below 20 Hz

phono: 3 mV RMS

driven. other: 150 mV RMS

Hum................. —70dB on full output '(Phono overload level
. is 400 mV p-p).
using standard transformer
) Tonecontrols. .. ........ Bass: + 13 dB at 50 Hz

Noise . ............... —80 dB on full output Treble: * 11 dB at 10 kHz
Damping factor. . . .. ... .. 57 (measured at 100 Hz, Filters. . .............. High: 6 gBégctatveé kHz

1 kHz and 10 kHz). o 2

Low: 6 dB/octave,

Frequency Response . .. ... Phono: —3 dB at 100 Hz

Within 0.5 dB of RIAA Loudness. . ............ 8 dB boost at 150 Hz

from 20 Hz to 20 kHz and 10 kHz.

(Follows new IEC curve). Muteswitch. . ... ....... 20 dB attenuation

type, or better still a toroidal trans- be drilled for the earth terminal, earth loop the braid of the shielded

former, which have a contained field,
but these are often hard to get and
expensive to the hobbyist.

We feel that the specifications of the
amplifier are very good, however the
purist (with plenty of money) may like
to do it this way:

The two power amplifier modules,
together with individual power supplies
using say, 30 000 uF capacitors, could
be mounted in a separate box to the
preamplifier, which could then be
powered from the ETI 581 (June 77)
regulated supply.

This would no doubt improve the
power output and transient performance
of the amplifier but the cost would
be much greater.

Construction

Construction details for the preamplifier
and power amplifiers have been
described previously, all that remains
is to house them together, with the
power supply, in a suitable box. As
we said before, many variations are
possible — here is how we did it.

Assemble the power supply board
first, taking care to correctly orientate
the semiconductors, IC regulators and
capacitors. To simplify construction we
used pc pins for all terminations to the
boards.

The photo of the rear panel shows
the position of the input and output
connections. Slots are cut in the panel
for the connector blocks and a large
cut running across the back panel is
used to inset the power amplifier
modules from the rear. Holes then must

external power socket, power cord,
mounting screws for the terminal
blocks and holding screws for each
power amplifier — which pass through
the top of each heatsink fastening it to
the panel.

The case measures 420 mm x 135 mm
x 285 mm and is made from aluminium
extrusion with easily removable panels.
Available with either metal rack mount-
ing or wooden sides, it can be purchased
from suppliers listed at the end of this
article.

One thing to watch though is that
anodised aluminium does not conduct
electricity and, after assembling the box,
the various metal parts will probably
not be connected to each other, causing
a multitude of problems. To overcome
this, strap the rear and side panels to
the common earth point at the head-
phone jack on the front panel. (Yes,
we found this out the hard way).

After the preamplifier/front panel,
power amplifiers and power supply
have been mounted in the box and the
input/output sockets mounted onto
the rear panel the unit can be wired
as shown in the wiring diagram.

Common to all amplifier designs, the
earth wiring is very critical. Most
instability and hum problems can be
traced to earth “loops” or incorrect
wiring.

The common lead from each channel
speaker is returned directly to the OV
point on the power supply. A wire is
then taken from this point and fed to
one power module, to the other, and
then to the preamplifier. To avoid an

cables from the preamplifier to the
power amplifier is not carried through
the connector block on the rear panel.
OV leads for the LEDs and external
power are also returned to the power
supply common. The common is then
earthed to the chassis at the headphone
socket together with the transformer
shield and mains earth. This is the
ONLY earth point onto the chassis.

All the ac and speaker wiring is fed
along the back and down the left side
of the case as shown, well away from
the sensitive parts of the amplifier.
The dc wiring from the power supply
to the preamplifier is carried along the
front.

Lengths of shielded cable with RCA
plugs on one end are used to connect
the input sockets to the preamplifier.
These can be made by cutting RCA
patch cords to the appropriate length,
one cord making two leads. The shields
of these cables should not be connected
together or to the case at the input
sockets.

All that remains is to solder the 330
ohm resistors from the speaker switch
to the plugs on the headphone socket.

Check that all wiring is correct and
there are no frayed ends. The procedure
for setting the bias current for the out-
put transistors is given on page 32. As
soon as this is done, insert the 2 A fuses
and the amplifier can be switched on.

If you have the older 50 watt ETI
480 modules these could probably be
used in place of the ETI 470 module,
though we haven’t tried it.
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Resistors ACr....... 7815, LM340-15, 15V
R1,R2..... 2k 1W 5% regulator
R3 ....... 47k %W 5% Ic2....... 7915, LM320-15, -15V
R4 ....... 470R 1W 5% regulator

Capacitors Miscellaneous
Cl........ 33n 240V ac metalized T1. ... . ... PF3577 or similar

paper {Ferguson)

C2-C5..... 2500u 50V electro FS1, FS2. . . . 2 amp fuses (if used)
C6,C7..... 47u 50V electro RLT. ...... pcb mounting, 2 pole
C8,Co9..... 10u 25V tantalum changeover relay, 12V

coil, Pye 265/12/G2V,
DS cat S7130 or sim

Power supply

The power supply for this amplifier
uses a 28V-0-28V transformer rated at
2 A to provide +/- 40 Vdc rails for the
power amplifiers. Two regulators, IC1
and IC2, supply very stable +/- 15 V
rails for the preamplifier.

Current limit resistors are mounted
on the pc board to power the front
panel LEDs. This permits some flexi-
bility to allow us to think up other
things to do with the LEDs later.

Fuses are also provided on the board
to protect the power supply from a
short circuit in the dc output lines. If
the dc output facility on the rear panel
is not used the fuses can be short
circuited, as each power module is
protected by its own fuses.

When an amplifier is first switched
on,the two supply lines rarely come up
to full voltage simultaneously. This
causes 2 loud ‘thump’ in the speakers
which may damage them.

CHASSIS PARTS LIST

Headphone socket . .. 6.5 mm jack skt.
Speaker switch . . two pole, two position,
centre off

min. toggle switch

16 RCA plugs or eight patch leads cut in

half, two short RCA patch leads, power

lead and clamp.

Two, 330R, 1W resistors

Two, 3-way plastic mains terminal strips

Two, 4-way speaker terminals

Two, 6-way RCA panel sockets

D1-D4. .. .. IN5404 or sim SW1. . ..... 2 pole 240 VAC mini- One, 4-way RCA panel socket
8513 ....... IBf\ét_g%4,BP(«:11%g os;;_ms ature toggle switch. One, 5-pin DIN socket
—40V ov +40V
1= ca ’ +— - c2 + - __LED
b . fg‘ SOURCE
FS2 F$1 J
[+
&
IC1 + c8 (of] c7 &
—— - Q1 [v'd
23 22 RL1 S
AC IN '?l:’ ps _ic2 - (A ,Q.b LED
—_— O T = 3 POWER
el 424z teqs ™ TR
3 4 il = o {0
[
& 'B B
T ¥ « @ 5
o
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To avoid this an ‘“anti-thump”
circuit connects the speakers several
seconds after the amplifier is turned on.

It works this way; as the power
rails come up to voltage a capacitor,

.
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TRANSFORMER \ Q
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V/~
LED LED
c +40V
D 240V SWITCHED
TAPE INPUT
LEFT RIGHT
T W
't 1 "t
LS 7 i D
] [
ALL INPUTS CONNECTED TO PRE-AMP s L
HEAD BOARD WITH LENGTHS OF SHIELDED
. PHONES ETI 471 CABLE WITH RCA PLUG ON PRE-AMP END
PRE-AMPLIFIER
SHIELDS OF THESE CABLES ARE ONLY
330R CONNECTED TO THEIR RESPECTIVE LUGS
1w ON THE INPUT CONNECTOR STRIP AND
U/ - NOT TOGETHER AND NOT TO EARTH cf-
o 1R
PEAKER =\ U chassis earTH POINT ALL SPEAKER AND AC POWER WIRING IS (s
SPEAKE 1’| ON HEADPHONE SOCKET PLACED ALONG THE BACK OF THE BOX @4=s
EARTH WIRING AND PRE-AMP POWER IS 1{-
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=—-Q
e U Ca s
@10
POWER N\
ON/OFF @_" E
ACTIVE NeuTRAL LEFT M
OUTPUTS RIGHT EFT [ D ) Al
PHONO INPUTS - : ' ;

R B

P N L
AUX2 © aux TUNER

C7, charges via R3. Transistor Ql 8 N
the relay, RLI, The printed circuit board pattern for

conducts pulling in

and connecting the speakers after the

this project is on page 47.

power rails have had enough time to

stabilise.

P
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At first we tried mounting the
power supply board in front of the
transformer near the preamplifier, but
found the proximity of the speaker
wiring to the tone control stage caused
high frequency instability if the treble
control was advanced. The power
supply board is now mounted at the
opposite side of the case to the trans-
former and the ac secondary wiring
run across the back.

Two three-terminal connector strips
are mounted on top of the transformer,
using the holes in the mounting plates,
to take primary and secondary con-
nections. The shield (green wire) makes
up the third wire on the primary side
and is run together with the 240 V
wiring to the front panel. We used
three-core mains flex for connections
from the transformer to the power
switch and the power supply pc board.
A suppression capacitor (C1)is mounted
across the transformer primary on the
connector block.

Make sure that the power switch
you have is rated for 240 Vac, as some
being sold are only 125 Vac rated and
sometimes fail catastrophically.

Short patch leads will have to be
made up to connect each of the pre-
amplifier outputs to their respective
power amplifier inputs.

S Ta s e
é_;f*:”
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This internal view shows the placement of the main modules and the orientation of the power
transformer. The latter will have to be oriented individually to reduce hum levels to the minimum

obtainable.

If difficulties arise in finding sources
of the Philips BDV64/65 power
Darlington  transistors, Texas
Instruments have equivalents.
These are known as TIP142 and

Power Darlington Transistor Equivalents

TIP147, respectively. They have
been tested in the ETI-470 module
which performed without any
variation.
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Series 4000 moving-coil
cartridge preamplifier

David Tilbrook

Designed to complement our popular Series 4000 stereo
amplifier, this project features performance equal to, or
better than, top quality commercial preamps currently

available.

Syl

OVER THE LAST several years there
has been a dramatic increase in the
number of moving coil cartridges
released. The design of this type of
cartridge results in a number of
advantages over the more usual phono
cartridge which works on a moving
magnet principle.

Medulations on the wall of the
record are tracked with a diamond
stylus attached to a long arm called a
cantilever. In the moving-magnet
cartridge a small magnet is attached to
the cantilever so that stylus movement
causes movement of the magnet. Two
pick-up coils are mounted close to the
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magnet so that the windings of the coils
intersect the lines of magnetic flux
from the magnet. As the stylus moves
the magnetic flux seen by the pick-up
coils varies in direct proportion to the
stylus movement, and small electrical
signals are generated in the coils.

The moving-coil cartridge works in
a similar way but inverts the roles of
the pick-up coils and magnet. The
magnet assembly is held stationary
while the pick-up coils are mounted on
the cantilever assembly and move with
the stylus modulations (hence the name
‘moving coil’).

The pick-up

coils are reduced

series 4000
MOVING COIL CARTRIDGE PREAMPLIFIER

so  'NPUT IMPEDANCE

25
7 \ -5 2B, \\

drastically in size and weight compared
to the coils used in moving magnet
cartridges. This results in a total canti-
lever weight that is much smaller than
in the typical moving magnet cartridge.
Since the weight is greatly reduced the
ability of the stylus to react to transients
is increased and an overall improvement
in signal accuracy results. Moving coil
cartridges generally have superior
frequency response characteristics and
improved phase response at high
frequencies. But they also have
disadvantages.

The small pick-up coils have a very
low impedance resulting in much lower



signal levels than available from normal
phono cartridges. In fact, the voltages
present on the typical moving-coil
cartridge at a recording velocity of 10
cm/sec can be in the order of 150 uV!
This is generally insufficient to drive
an amplifier to anything like full power.
Furthermore, since the output level
is some 30 dB below that expected by
the amplifier then a great reduction in
the signal-to-noise ratio will result. An
amplifier with a short circuit signal to
noise ratio of 80 dB for example, which
is quite a good figure, will end up with
a signal noise ratio of about 50 dB —
which is distinctly bad.

The internal impedance of moving-
coil cartridges is around 5 ohms and to
achieve the low recommended load
impedance required it is clearly not
satisfactory to simply load down the
input of the average phono input with
a resistor sinee this does nothing to
overcome the signal-to-noise ratio
problems.

The solution to these problems is
to insert some voltage gain between the
output of the cartridge and the phono
input. ‘This can be done in two ways.
Firstly, it is possible to use a trans-
former to boost the voltages up to the
desired level and they are capable of
very good results. But, transformers
are still limited in transient performance
and noise. To obtain the necessary
voltage gain the turns ratio must be
relatively high. Since the impedance
ratio is related to the square of the turns
ratio, the output impedance must, of
necessity, be high also — usually around
30 k for a 50 £ input impedance. This
is substantially higher than the output
impedance of normal phono cartridges
and degrades the noise figure of the
phono input stage. A solution to this is
to use a pre-preamplifier instead of a
transformer to achieve the necessary
voltage gain.

Preamp requirements

Preamplifiers have their disadvantages
also. The biggest problem by far is the
design of an extremely low noise input
stage with the correct input impedance
to load the cartridge according to the
manufacturers’ recommendations. The
distortion must be kept to a minimum
and the frequency response should be
as flar as possible. These design goals are
not unique to a moving coil cartridge
preamplifier but they are difficult to
achieve owing to the very low output
voltage of the moving coil cartridge.

The required low input impedance
can be achieved in several ways. Firstly,
we can make the input stage a common

m.C- Cartridge preamp

Total Harmonic distortion. . . . . .

Input overload margin . . . .

SPECIFICATIONS — ETI 473 moving coil cartridge preamp.

Gain............... ......28dB (x 25 approx).

Frequency response . . . . ....... 29 Hz to 48 kHz +1 dB.

Inputimpedance. .. ..........Adjustable 3.3 to 100 ochms.

Noise . ..... e e e e Total equivalentinput noise 0.3 nVy/Hz.Over

a 20 kHz noise bandwidth—42nV. Signal-to-
noise ratio, with respect to an input level of
150 uV: -71dB.

. With respect to an input level of 0.2mV,
unmeasurable (below noise). Calculated to
be 0.0015% (see text). Rising to 0.015% for
a 30 mV input signal at 1 kHz.

Channel separation . .......... Better than 61 dB.

. ... .better than 80 dB.

base configuration. In this type of
circuit the input is connected to the
emitter of the transistor so that the
input impedance is determined by the
emitter resistor in parallel with the base-
emitter junction of the input transistor,
which can be quite low. However, this
does not solve the problem of input
stage noise.

The other possibility, and the one I
elected to use in this design, is common
emitter configuration. The impedance
of the base-emitter junction of a bipolar
transistor is a function of the amount
of current flowing in the emitter of the
transistor.  This  will be largely
determined by the collector current and
not by the base current, which will
contribute only a small amount of the
total emitter current. A study of base-
emitter turn-on characteristics shows
that the impedance of the base-emitter
junction is approximately equal to:

268
Ie (MA)

where ‘§" is the small signal current gain
of the transistor.

and ‘I.’ is the current in the emitter of
the transistor in mA.

So, to reduce the input impedance of
the first stage it is simply necessary to
increase the emitter current. But this
increases the current density in the
input transistors, increasing the noise
generated by the input stage.

To understand why this happens
it is necessary to look more closely at
the causes of noise.

Noise

There are two main sources of noise in
transistors: shot noise and I/f noise.
Shot noise is the main cause of noise at
middle and high frequencies and is
generated when an electron attempts to
cross a potential barrier. It is therefore
directly related to the amount of charge
flowing in the device. More specifically,
it is given by the equation:

152 = 2qig.B (amps)?
(mean shot noise current)

where ‘q’ is the charge of an electron, in
coulombs
‘ide’ is the dc current in amps
and ‘B’ is the noise bandwidth in Hlz.
1/f noise has a random amplitude like
shot noise but its spectral density has a
1/f characteristic. This means that the
noise amplitude increases as frequency
decreases and becomes the dominant
source of noise at low frequencies. As
with shot noise, its equation reveals
that it is directly related to the current
flowing in the transistor.

— (gt
lf2=K-———<:c B

where ‘Iq.’ is the dc current in amps
‘K’ and a are constants that are a
function of the particular device

‘f’ is the frequency in Iz

and ‘B’ is the noise bandwidth.

Notice that as Id¢ is increased, so too is

the 1/f noise (I¢%)

It is clear from this that, in order to
keep noise generated by shot and I/f
noise to a minimum, it is necessary to
keep the current density in the input
stage low. But, as we saw earlier, to
obtain the necessary low input
impedance we have to increase the
emitter current. The solution to this is
to use several transistors in parallel to
form the input device. This decreases
the current density in each of the
transistors since the necessary emitter
current can be shared by all of the input
devices. It also places the impedances
of the base-emitter junctions in parallel,
further decreasing the input impedance
of the first stage. Furthermore, since
each rtransistor is a completely
independent noise generator their noise
voltage will tend to reduce each other
(a process too complex to examine in
detail here).
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HOW IT WORKS — ETI473

The input stage consists of Q1 to Q8
plus associated circuitry. Q1 to Q4 and
Q5 to Q8 are in parallel to reduce the
current density providing a low input
impedance stage having very low noise.
A detailed account of how this works
is given in the text.

Capacitor C1 and C2 fix the upper
frequency roll-off characteristics as well as
shunting the input with the desired load
capacitance for the moving-coil cartridge.
The configuration of R1 and R2, C1 and
C2 was found to give the best loading for
a variety of moving-coil cartridges.

The potentiometer RV1 allows the
input impedance to be varied over the
range most commonly recommended by
cartridge manufacturers.

Negative feedback is applied via the
network consisting of R28, capacitors
C5 and C6 and resistors R5 and R6.
Some degenerative feedback for the input
stage is applied to the first stage by the

emitter resistors R7 and R8. Capacitors
C9 and C10 are coupling capacitors to the
second stage while bias for this stage is
determined by R11, R12, R13 and R14.

The power supply consists of a series
regulator Q13 and Q14. The potential
dividers R21/R23 and R22/R24 divide
the voltage present at the output of the
regulator and drive the transistors Q15 and
Q16, and the LEDs. The transistor base-
emitter junction in series with the LED
will drop 0.6 + 1.65 volts. Therefore,
whenever the voltage present at the centre
of the potential divider tries to increase
above 2.3 volts the transistor increasingly,
conducts decreasing drive to the pass
transistors Q13 and Q14.

This is a relatively low noise regulator
since the voltage reference is LED and not
a zener diode which is a noisy device.
Resistors R19 and R20, together with
capacitors C12 and C13 form 6 dB per
octave low-pass filters on the supply rails
to further reduce noise that may be
generated by the regulated supply. . .

This configuration works very well
and the noise levels of this preamplifier
rival any of the commercially available
units.

To see just how difficult it is to
obtain a satisfactory signal to noise ratio
at these signal levels it is necessary to
look at another form of noise called
‘thermal noise’. This is caused by the
agitation of charged particles in any
conductor due to their temperature.
Every passive component will generate
thermal noise and short of dunking the
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whole thing in liquid helium to cool it
off, there is simply no way of getting rid
of it. Thermal noise is given by the
equation:

2
eR = 4kTRB volts?

where ‘T’ is the temperature in degrees
Kelvin (K).

‘R’ is the value of the resistance.

‘B’ is the noise bandwidth

‘k’ is Boltzmans constant, equal to
1.38 x 1023 W-sec/K.

S
QJ ]
~Ve TO OTHER CHANNEL

From this equation we can calculate
the theoretical noise that will be
generated by the moving coil cartridge
itself. This clearly is the absolute lowest
noise figure that is possible with the
input stage generating no noise of its
own (which is very unlikely!).

If we let the temperature of the
transistor be 300 Kelvin (i.e.: mean
atmospheric temperature) and the noise
bandwidth be 20 kHz (the hi-fi audio
band), then since the dc resistance of
the cartridge is about 5 ohms the
equation becomes:

eR% = 4 x(1.38x 1023) x 300x 5x (20x 103)

Thereforee_R- = 4.07 x 10°8 volts or 41 nV.

So, the thermal noise of the cartridge
itself is 41 nV.

Actually, this calculation is not quite
right since the noise bandwidth is
defined as having a ‘brick wall’ response.
An amplifier with 3 dB point of 20 kHz
that is falling at a rate of 6 dB per
octave will actually have a noise band-
width much greater than 20 kHz.
Furthermore, if we want to be able to
quote noise figures to enable comparison
between different input stages, it is
valuable to quote noise voltages
independently of noise bandwidth. This
can be done quite easily by dividing
the noise voltage by the square root of
the bandwidth. The dimensions of this
new figure will be “volts per root Hz”,



BLLES

and our result for the thermal noise of
a moving coil cartridge becomes:

or 0.29 nV/y Hz

Now, if we are aiming at a signal to
noise ratio of 70 dB with respect to a
signal voltage of 150 nV (0.15 mV),
which is the expected signal level at a
recording velocity of 10 cm/sec., then
the equivalent input noise of the
amplifier will be given by the equation:

-70 = 201°g(0.—1_’5—)§1—0' 3)

and is equal to 0.33 nVA/Hz.

The necessary equivalent input noise
is in the same order of magnitude as the
noise being generated by the cartridge
itself!

Designing an input stage with this
sort of noise isn’t easy, especially when
it is considered that the noise generated
by even the quietest transistor is in the
order of several nV/\/Hz for usable
emitter current. This is substantially
worse than the requirement.

Performance features

The total equivalent input noise of this
unit was measured at 0.3 nVA/Hz. With
respect to a noise bandwidth of 20 kHz,
this corresponds to an input noise of
42 nV, giving a signal to noise ratio with
respect to an input signal of 150 nV

SK1
2
4 5
'oY]|(o

(0.15 mV) of 71 dB. At this level, the
noise generated by the cartridge itself
will be one of the dominant noise
sources.

The circuit uses a symmetrical
configuration with NPN and PNP
transistors set up in such a way that
asymmetrical distortions tend to cancel.
Normally distortion products are
generated differently for positive and
negative signal excursions and this tends
to produce second harmonic distortion
products. The configuration used in this
circuit results in very low second and
third harmonic distortion. This has
enabled a total harmonic distortion
figure of around 0.0015% to be
obtained.

The problem with quoting distortion
figures of this order is that they are too
low to be measured directly, being well
hidden under the noise level. The only
way a figure can be obtained is to
remove the overall negative feedback,
measure the distortion and then divide
by the gain difference when the feed-
back is reapplied. Unfortunately, feed-
back does not affect all the distortion
products equally, but the figure is still
meaningful.

Another advantage of the sym-
metrical design of the input stage is that
it does away with the need for an input
capacitor. This is a definite advantage
when dealing with low inputimpedances
since the value of the capacitor would
have had to be very large to obtain a
flat  frequency response at low
frequencies.

The signal voltages present in the pre-
amplifier are naturally extremely low
and for this reason the power supply
has been kept as a separate unit to
reduce the possibility of 50 Hz
induction from the power transformer.

A voltage regulator supplies the
necessary *6 volts. As it is critical to
achieve low noise it is important that
the regulator does not put noise onto
the supply rails which would degrade
the noise performance of the unit.
Normally the voltage reference used for
regulators of this type is a zener diode
but, as the zener is reverse biased, it
generates a comparatively large amount
of noise. In this design an LED was
used as the voltage reference. A red
LED operated in the forward-biased
mode drops a constant 1.65 volts and
generates very little noise.

Construction

Construction is relatively straight-
forward since most components are
on the mounted pc board. Other
construction methods are possible but
performance may not match that of

m.C. cartridge preamip

our prototype.

Mount the resistors and capacitors
first, followed by the transistors. Since
there are quite a few transistors on the
board placed close to each other, don't
make the mistake I did and get them
mixed up! Cut the necessary lengths
of shielded cables and solder them onto
the board keeping the ends as short
as possible. Solder the necessary lengths
of hookup cable to the board and after
checking all components mount the
board in the chassis.

I used a diecast aluminium box and
quite frankly wish 1 hadn’t. The
shielding to external magnetic fields
really isn’t good enough. I found I had
to be careful where the preamp was
placed or it would pick up hum from
the magnetic field produced by the
power amp’s transformer. Use a steel
box if you can, if not, just be careful
where it is placed.

Once the board is mounted in the
chassis, the pots and rear panel hardware
can be mounted and the wiring
completed according to the wiring layout
diagram shown. Here again I came
unstuck. The first system I used to
ground the shielded cables caused a
monumental hum loop (and I still don’t
really understand why!). The final
method tried is shown in the wiring
diagram and this works very well. The
shielded cables coming from the outputs
on the board have only one of their
shields connected to the output RCA
sockets which are wired together and
connected to the chassis at the ground
terminal. This type of terminal is
supplied with the necessary hardware
to insulate them from the chassis. In
this case however, we want the terminal

to connect firmly to the case to provide
the necessary ground connection. It is
important that the RCA sockets be
insulated from the case and that the
ground connection- made to them is
according to the wiring diagram. If the
unit is going to be used with the
recommended power supply there
should be no hum problems. This power
supply, ETI-557, is described earlier in
this book. It is wired so that the 0 volt
line is not connected to the chassis of
the power supply. This is important,
otherwise a hum loop around the units’
mains grounds will result. If you wish
to use a power supply other than the
577 then it will be necessary to ensure
that the 0 volt line from the supply
does not connect to the power supply
chassis. Do not ‘cure’ the problem by
disconnecting the ground wire at the
240 volt plug as this will remove any
ground connection from the power
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Project 473
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supply chassis. This is not only
dangerous, it’s illegal.

Powering up

Before turning the unit on make a
final check of the board. Check the
orientation of the transistors, electrolytic
and tantalum capacitors and the LEDs.
If all is right, turn down the volume
control completely and switch the
power supply on. The LEDs in the

PARTS LIST - ETI1473

Resistors all %W, 5%
R1,R101 .. .3R3
R2,R102 ... 10R
R3, R4, R103,
R104. .. ... 1k
RS, R6, R105,
R106...... 2k2
R7, R8, R107,
R108...... 10R
R9, R10, R109,
R110. ... .. 2
R11, R12,
R111,R112. . 2k2
R13, R14,
R113,R114 . . 10k
R15, R16,
R115, R116 . . 390R
R17, R18,
R117, R118 . . 18R
R19,R20 .. .10R
R21,R22 .. .560R
R23,R24 .. .330R
R25, R26 . . .220R
R27,R127. . .1k
R28,R128. . . 220R
Capacitors
C1, C101. . . . 3n3 ceramic
C2,C102. . . . 4n7 ceramic
C3, C4, C103,
ci04 . ..... 470p ceramic
C5, C6, C105,
C106 . ..... 22uF 16V tantalum
C7,C8, C107,
ci108...... 2200uF 25V electro
Cc9-C11,
C109—C111 . . 10uF 16V tantalum
C12,C13. . . . 100uF 25V electro
C14, C15. . . . 1000uF 25V electro
Transistors

Use only types specified - substitutes
may resuit in inferior performance.

Q1-Q4,

Q101—-Q104. . BC559
Q5-Q8,

Q105—-Q108. . BC549
Q9, Q10,

Q109, Q110. . BC559
Q11, Q12,

Q111, Q112 . . BC549
Q13....... BD139
Q4. ...... BD140
Q15....... BC549
Q6. ...... BC559
LED1, LED2 . standard red LED

Potentiometers
RV1, RV101 . 100R wirewound linear
Miscellaneous
SK1, SK2 .. .5Pin DIN socket
Four RCA sockets (insulated from case),
One black terminal, mains lead, plug and
mains cord securing grommet, two knobs,
box to suit, 190 x 60 x 110 mm.




preamp’s regulator should come on
immediately. I used standard RCA to
RCA cables from the output of the
preamp to the phono input and had
some trouble with hum induction into
the leads. Fortunately, we had been sent
a set of Audio-Technica type AT620
cables for evaluation several days before
and these cured the problem completely.

Perhaps I am biased, but the sound
quality of this preamp is extremely
gaod! Using a Nakamichi MC1000
cartridge, rhis preamp showed distinct
improvement over the transformer [ was
using previnusly. There is an openness
that never existed before and the bass
end showed a great improvement being
firmer and much more defined. I trust
you'll be as satisfied with your project
as [ have been. ®
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Project 474

High-to-low impedance ‘interface’
to suit the ETI-470 60 watt amp

The popularity of our 60 watt low distortion amplifier mod-
ule (May '79) has exceeded all expectations. To achieve the
amplification ‘accuracy’ these power amps are capable of,
the drive impedance must be very low — in the order of five
to ten ohms. Our previous preamps, the 422 and 482, and
many preamps available, generally have a medium to high
output impedance and will not properly mate with the 470.
This interface provides the necessary impedance conver-
sion, allowing these amps to be used with many existing

preamp designs.

DESIGNED primarily for use with our
Series 4000 stereo amplifier, the 470
low TID 60 watt amplifier module has
found its way into the most surprising
applications — from a dc motor drive to
discos in central Africa. Thousands of
the modules have been built, occasional
output transistor shortages not with-
standing, in Australia, New Zealand,
Europe, Africa, Canada and the UK.

Although the 470 module was
designed to be driven from a low
impedance source, it is obvious from
readers’ letters that there are many who
want to use it with existing equipment
having a preamp with a high output
impedance.

This project describes a two-channel
(stereo) interface for driving up to two
470 modules (per channel) from a high
impedance source, and can in fact be
used in any application requiring a very
low impedance drive at audio
frequencies.

The input stage of the 470 consists
of an emitter — coupled darlington pair
with the input signal fed to the non-
inverting input and the feedback
connected to the inverting input. To
reduce high frequency intermodulation
the slew rate of this stage is limited by
placing a 470n (0.47u) capacitor
between the two bases.

The input impedance varies with
frequency, from a few thousand ohms
at quite low frequencies to hundreds of
ohms at the high frequencies, where the
effect of the slew limiting capacitor
‘becomes apparent.

If the stage is driven from a high
impedance source, the output of the
driving current will be loaded down at
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BCS547, BC548, BC549, BC557, BC558
D$547, DS548, DS549, DS557, DS558

high frequencies by the reduced input
impedance of the amplifier, causing high
frequency distortion. This is why we
specified a low impedance driving
source for the 470, and designed our
preamplifier accordingly.

Interface design

The circuit for our interface uses two
emitter followers (one per channel) with

Phil Wait

HOW IT WORKS — ETI 474

The circuit consists of two emitter
followers, Q1 and Q3, with constant
current generators in their emitters. The
constant current generators share the same
voltage reference, ZD1.

The reference voltage, 5.1V is derived
from 2D1, and fed to the bases of Q2
and Q4. The voltage on their emitters is
then set at 4.4V. The transistors will
always pass the exact amount of current
required to maintain this voltage on the
emitters, regardless of supply voltage.

The input signal is fed to the bases
through dc blocking capacitors C1 and C3,
and the output is taken from the emitters
directly or via the optional blocking
capacitors C2 and C4. The gain of the
circuit is a little less than unity.

constant-current  generators in the
emitters referenced from a zener-
regulated supply voltage.

The easiest way to convert from a
high impedance to a low impedance
with little attenuation is with an emitter
follower. The input signal is fed into the
base of a transistor and the output
taken from the emitter, the collector
being tied to the supply. Emitter
followers have a high input impedance
and very low output impedance. The
output impedance is roughly the value
of the emitter resistor divided by the
beta of the transistor.

To allow the circuit to be used with
the power amplifier or with the driving
source the circuit must be able to
operate over a very wide range of dc
supply voltages as found in graphic
equalisers, organs, preamplifiers and
such.

To limit the supply current and
dissipation of the emitter follower when



Channel A Channel B
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Channel A
EARTH OUTPUT
PARTS LIST - ETI474
Resistors all %W, 5%
R1,R2. .., .. 100k
R3,R4 . . . .. 1k
RS . . .o e« 10k
R6,R7..... 100k
R8,R9. .. .. 1k
Capacitors
Clivsen s 3 1u 35V tantalum
C2:niien s % 220u 35V electro
{optional)
©3.vwits 5w 1u 35V tantalum
CA% G vie @ 220u 35V electro
(optionat)
Semiconductors
ZD1. ... ... 5V1 400mW zener diode
Q1-Q4. . . .. BC107, BC547, DS547
or similar
Miscellaneous
ETI| 474 pc board.

Channel B

used with a high supply voltage we used
a constant current generator (Q2, Q4) in
each of the emizcters in place of the
normal emitter resistor. The use of a
constant current generator also increases
the input resistance and decreases the
output resistance. A current of about
four milliamps flows through the
transistors for all supply voltages above
five volts.

The output capacitors (C2, C4)
provide dc isolation for the output, but
since the 470 modules already have an
isolation capacitor (C1), they can be
left out and the p¢ board bridged with
a length of tinned copper wire. If any
other connection is made from the
output, for auxilliary equipment, the
capacitors should be left in.

If the capacitors are removed it will
be necessary to replace the input
capacitor on the 470 power amplifier
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(C1) with a 220u, 35 volt electrolytic
oriented with its positive lead towards
the input terminal.

Construction

Construction is straightforward, the
only thing to watch :s the orientation of
the transistors and the zener diode.
The unit can be mounted with the
power modules and run from their
supply or mounted with the driving
circuit. Input and output connections
should be via shielded cables which also
carry the power supply earth on the
braid to avoid earth loops.

If only one power module is to be
driven, as with an electronic organ, the
pc board can be cut in half and only
one channel assembled. ®

470 interface

Hints and tips for the ET1-470 60W
Module

MOST  PEOPLE haven’'t  had
problems with their 470 module, but
inevitably there are some who do.
From calls and letters to our reader
enquiry service we have identified
five areas of trouble.

1) The earth rail on the amplifier
must be returned to the OV rail on
the power supply. If this is not done
the input transistors and their
current source (Q1-Qb) will be
destroyed. This is probably our
failing as, although it is obvious to
most people. it was not indicated on
the cwcuit given on page 28 but was
indicated in the wiring diagram of the
Ser.es 4000 amplifier.

2) It can be seen from the overlay
that the base lead of Q5 must be
slightly bent to fit the pc board. The
transistor can easily be inserted the
wrong way round. Watch this.

3) The darlington output transistors
must have a good heatsink. Always
make sure the thermal contact
between the transistor and the heat-
sink is good. Use a thermal
compound (such as Bevaloid GS13),
but not too much — just a smear on
either side of the mica washer. Use a
metal, rather than a nylon screw with
an insulating bush, to fasten the
transistor — a nylon one will stretch
under tension. Make sure the
heatsink is smooth and flat, curved
or sandblasted heatsinks will not
make good thermal contact with the
transistor body.

4) Make sure that the transistor Q8
has a good thermal contact to the
heatsink. It must be the same
heatsink as the output transistors.

5) Never, never run the amp without
a heatsink, even if only to set the
bias.

Overheating of the output devices
due to poor heatsinking will result in
thermal run away which will blow
the fuses but will probably not
damage the output transistors
provided the two amp fuses are in
circuit. Faults where the amplifier
operates correctly for a while then
blows fuses, will probably be due to
poor heatsinking.

Most transistors in the amplifier
are designed to run quite warm in
normal operation.

No problems have become
apparent with the preamplifier {(ETI-

471).
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Project 496

Series 4000 four-way
loudspeaker

This project is the first in a series of loudspeaker projects designed

to complement our Series 4000 range of quality hi-fi projects.

LOUDSPEAKERS still remain the
weakest link in the hifi chain and the
total sound of any system will depend
more on the loudspeakers than any
other single hi-fi component. So it is
important to get the best loudspeakers,
even if this means accepting a slightly
lower performance amplifier or turn-
table. In most systems the performance
of the cartridge, turntable and amplifier
greatly exceeds that of the loudspeakers
so an improvement in the loudspeaker
department will often yield a radically
improved system.

Unfortunately, there are very few
really good kit loudspeakers. This
project is an attempt to rectify that
situation by providing a loudspeaker
suitable for home construction that
rates amongst the best available. This is
not an inexpensive project — the driver
and crossover cost being around $400 —
but the finished project will rival
commercial units at three times the
price.

Choosing the drivers

In order to build a good loudspeaker it
is obviously important to use good
drivers, but availability is just as
important a criterion as performance.
For this reason we had a close look at
the drivers commonly available in
Australia and finally decided to use
drivers from the huge range of Philips
loudspeakers, some of which were not
available in this country at that time.
Philips agreed to stock the drivers we
decided on and these form the basis
of the 4000 series of loudspeakers.
The 4000/1 is a four-way sealed
enclosure loudspeaker using 12 dB/
octave crossover slopes. The original
design for our prototype used an 18 dB/
octave M-derived crossover (see our
article 'Principles and problems in loud-
speaker design’ which starts on page
130) but it was enormously expensive
and compiex and would have contrb-
uted little to the overall sound finally
achieved with the 12 dB/octave cross-
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over. The four-way approach allows
closer control over the final frequency
response than does a three-way. More
importantly a major part of the mid-
range normally handled by the woofer
can be dedicated to a separate mid-
range driver. The basic design idea was
to use the woofer only up to 150 Hz.
A separate mid-range driver would then
take over up to 750 Hz where a second
mid-range would come in. The lower
mid-range driver, crossing in at 150 Hz
needs a usable response down to around
60 Hz (i.e. one octave) so that the
crossover region will have a reasonably
flat response. Similarly, the woofer
crossing out at 150 Hz needs to have a
usable response to at least 300 Hz.

After a great deal of testing it
was finally decided to use the Philips
AD12250/W8 unit for the woofer.
This is a 100 watt driver with a free air
resonance of 26 Hz. When mounted in
the enclosure the fundamental
resonance rises to around 31 Hz, an
excellent figure. This driver seems to
have a bad hole in its response at
350 Hz but this is unimportant in this
loudspeaker.

The AD70601/W8 unit was chosen
as the lower mid-range as it has a free
air resonant frequency at 45 Hz. This
driver is actually a woofer and does not
have the integral sealed enclosure
common to many mid-range drivers.
The enclosure must be provided by the
cabinet construction and the volume
chosen in the 4000/1 increases the
45 Hz fundamental resonance of this
driver to around 55 Hz, which is ample.

The response between 750 Hz and
3 kHz, where the tweeter takes over, is
handled by the latest Philips dome
(AD02161/SQ8) mid-range. This driver
has a 50 mm textile dome giving a good
frequency response and wide dispersion
at higher mid-range frequencies.

Above 3 kHz the ADO01610/T8
tweeter is used. We tested a large range
of Philips tweeters and this was the best,
followed closely by the AD01605/T8,

David Tilbrook

The 4000/1 loudspeaker, without the front
grille, showing the drivers. It stands about
one metre tall.

which suffered a little from roll-off of
the frequencies above 10 kHz.

Construction

If you are constructing the boxes your-
self start by assembling the sides, top,
bottom and back of the cabinet. The
bottom panel is placed 100 mm above
the bottom of the box and the cavity
formed under the box can be used to
mount the crossover instead of putting
it inside the box as is the usual practice.
Now insert the two pieces of timber
that form the mid-range enclosure. It
is essential that there is a perfect seal
between the bhass and mid-range
chambers, as well as between these two
chambers and the outside air. Line every
joint carefully with caulking compound



HOW IT WORKS.

The input signal from the output of the
amplifier is fed to the 4 way crossover that
divides the signal into the 4 different
frequency bands covered by each of the
drivers. The loudspeaker cabinet is divided
into two sections, the larger one forming
the bass chamber for the woofer and the
smaller one forming the midrange
chamber. These two chambers are sealed
from each other so that interactions
cannot occur between the back radiations
of the woofer and lower midrange. The
other two drivers have their own
enclosures as an integral part of the driver
For a detailed account of the design
approach and the problems that occur in
loudspeaker design. read ‘Principles and
probiems in loudspeaker design’ page 130).

or glue so that no possiblity of an air
leak exists. This is probably the best
stage of the construction to drill the
holes for the wiring to the loudspeakers.
I used two cores of 240 volt three-core
mains cable for this purpose, mainly
because a round hole could be drilled
and the cable squeezed through it to
make a reasonable seal. Three holes
need to be drilled in the bottom of the
midrange chamber to allow for cables
for the two midrange drivers and the
tweeter. Cut suitable lengths of 240 V
mains cable and insert these through the
holes. Seal between the cables and the
holes with sealing compound or a glue
like Silastic. If the crossover is to be
mounted under the loudspeaker, drill
four holes through the bottom of the
box and run the cables exactly as with
the mid-range enclosure. Drill the holes
so that they are closer to the rear of the
box to allow ample room for mounting
of the crossover. The input terminals
should be mounted on the back of the
enclosure, below the bottom panel if
the crossover is mounted under the
loudspeaker.

It is not necessary to have the front
baffle removable since the drivers are
external mounting types. It is probably
easier to cut the holes for the drivers
before mounting the baffle onto the
front of the cabinet. The base panel and
midrange enclosure panel should have
been cut so that 38 mm remains
between these and the front edge of the
side and top panels. When the front
panel is fitted, 19 mm should remain
between the front of the baffle and
the front edge of the sides and top.

4000/ d-weay spealker system

i ANAA— - —
cl1r R1 TWEETER
23 4R7 AD01610/T8
H L R2 OR AD01605/T8
0.8mH 8R2 {SEE TEXT)
SP4
ggﬂ L2 R3 +
3R3
' 1 _ 0.80mH +
7
DOME MID
L3 c3 R4
AD02161/5Q8
ca 3mH T3u3 18R sP3
) _ —
RS MID
22R AD70601/W8
sP2
c7
B
- +
12.6mH
&> 1
€9 _L R6 WOOFER
a7 12R AD12250/W8
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c8
a7 c10
22u
o .I : )\

Circuit diagram for the four-way system. Driver polarity is important. Note that the “"dome mid’’
driver, AD02161/SQ8, is available in two models, the other being AD02160/SQ8, which is

different in appearance but electrically equivalent.

This space will be taken up by the
grill cloth frame. Seal the remaining
joints between the front baffle and the
rest of the box. The only remaining
part of the box construction is to
attach the small 100 mm high wooden
panel to the bottom of the box. The
front grill is made by constructing a
rectangular frame that fits into the
remaining cavity on the front of the
baffle. Stretch the grill cloth (use
proper speaker grill material to avoid
absorption of the treble) tightly over
the frame.

If you have purchased a kit of ready
made boxes it will still be necessary to
drill the holes for the cables and to seal
the box thoroughly with some sealing
compound. If the slightest leak exists
between the bass and mid-range
chambers the large pressure increases
created in the bass chamber will force
the mid-range to vibrate, causing
distortion.

The last stage before mounting the
drivers is to line the box with 25 mm
thick loudspeaker innerbond. Line the

back, sides, top and bottom of both the
bass and mid-range chambers. Attach
the innerbond firmly to the sides of the
box using tacks or thin nails and glue.

The tweeter and dome mid-range
drivers are supplied with mounting
washers so that good seals can be made
between the drivers and the baffle.
Use adhesive foam tape available from
most hardware stores, to make a good
seal around the lower mid-range unit
and the woofer. Stick the tape to the
front of the baffle around the edge of
the holes cut for the woofer and mid-
range so that when the drivers are
mounted a good seal results.

Solder the wires to each of the
drivers making sure you know which
wire is connected to the positive
terminal on the loudspeaker. This
terminal is marked on the driver either
by a red terminal or a red dot near one
of the terminals. Mark the other ends of
the cables so that it is clear which cables
connect to which drivers. This is
important; if the outputs of the cross-
over are connected to the wrong drivers p
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this could result in damage to the
drivers.

Once all of the drivers are mounted
the final stage is the construction and
mounting of the crossover. If the cross-
over is mounted inside, instead of
under the box it will be necessary to
leave mounting of the woofer until
last. After all of the drivers have been
mounted connect a 1.5 volt battery to
the woofer wires and watch the lower
mid-range cone. If it moves, the seal
between the bass and mid-range
chambers is not complete.

The inductors used in the crossover
are too big to be mounted on the pc
board. All the other crossover
components are on the pc board. Start
construction of the crossover by

PARTS LIST - ETI 496
The following is a parts list for one only
loudspeaker so two of every component
will be needed for a stereo pair.
Drivers
SP1....... Philips AD12250/W8
SP2....... Philips AD70601/W8
SP3....... Philips AD02161/5Q8
Philips AD02161/5Q8 or
ADO02160/SQ8
SP4., . ..... Philips AD01610/T8 or
ADO01605/T8, see text.
Inductors
L1,L2..... 0.8 mH max dc resistance
05R
L3,L4..... 3.0 mH max dc resistance
0.5R
L5, L6 ..... 12.6 mH max dc resist-
ance 0.7 R
Capacitors
Cl........ 3u3 polycarbonate
C2........ 22u bipolar electro-
lytic 50 V
C3........ 3u3 polycarbonate
C4,C5..... 47u bipolar electro-
lytic 50 V
C6........ 22u bipolar electro-
lytic 50 V
C7........ 10u bipolar electro-
lytic 50 V
c8,Co..... 47u bipolar electro-
lytic 50 v
C10....... 22u bipolar electro-
lytic 50 V
Resistors
R1 ....... 4R7 10 W 5%
R2 ....... 8R2 10 W 5%
R3 ....... 3R310W 5%
R4 ... .... 18R 10 W 5%
RS . ...... 22R 5 W 5%
R6 ....... 12R5W 5%
Miscellaneous
pcboard . . . . ETI 496
Wire, one pair of spring terminals,
particle board, screws, glue, etc.
Speaker grill cloth, innerbond.

4000/1 d-way spealkersystem

We mounted the crossover network assembly on an aluminium plate, bent as shown. The whole
assembly was then screwed to the bottom of the loudspeaker and each driver connected as per

the overlay.

mounting and soldering the capacitors
to the pc board. Next solder the
resistors into place spacing them
approximately 10 mm off the board.
This is necessary to prevent charring the
pc board should these resistors get hot
when the speaker is used with high
power amplifiers. The remaining two
inductors should be glued onto the pc
board and then the leads soldered.

The prototype crossover was
mounted on a sheet of aluminium
200 mm by 330 mm, but this is
optional. If you elect to use this method
of construction screw the remaining
four inductors onto the aluminium
sheet and solder the leads from these
onto the pc board. Solder the leads
from the drivers and input terminals
onto the pc board and mount the pc
board onto the aluminiom base using
6 mm spacers. Finally, the whole cross-
over can be screwed to the bottom of
the loudspeaker box. If you are not
using the aluminium base the pc board
and inductors are mounted directly

to the bottom of the loudspeaker box.
The advantage of using the aluminium
base is so that the crossover can be
handled as one complete unit.

Powering up
Before connecting the loudspeaker to an
amplifier touch the input of the loud-
speaker to a single 1% wvolt penlight
battery. With the positive of the battery
connected to the positive input (red
terminal) of the loudspeaker the woofer
cone should move forward and the loud-
speaker should make a loud thump.
Listen to all the drivers separately while
connecting and disconnecting the
battery to check that all of the drivers
are operating. Don’t use a battery any
bigger than 1% volts for this test or you
could damage the woofer.

If all is well, connect the speakers to
an amplifier and turn the volume up
slowly.

Performance
Power handling figures for loudspeakers »
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Complete cutting and assembly details for the

four-way loudspeaker box. It is important
that all joints be well sealed.

are a very dubious quantity. Some
manufacturers (not many) quote
continuous sine wave power handling at
a particular frequency, but it is doubtful
that this is a really meaningful figure.
Probably the best way of measuring
power handling is with pink noise. This
is a type of noise which contains equal
energy per octave over the entire audio
range. Using this technique, these loud-
speakers are rated at 100 watt power
handling. The bipolar electrolytic
capacitors used in the crossover are
rated at 50 volts. This corresponds to
156 watts into an 8 ohm load so this
should be considered the absolute
maximum power for the loudspeaker.
It is sometimes mistakenly thought that
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the power handling figure represents
the power below which the loudspeaker

cannot be damaged. The most
dangerous condition for any
loudspeaker is a heavily clipping

amplifier. In this state the output of the
amplifier approaches dc and even a 20
watt amplifier can do irreparable
damage if operated incorrectly.

Your ears are the best indication that
the loudspeakers are operating safely.
If the sound becomes distorted or
unpleasant at higher power levels, turn
down your amplifier. Nine times out of
ten it will be the amplifier and not the
loudspeaker that is running out of
power.

The 4000/1 loudspeaker has been

4 HOLES DRILLED TO ALLOW CABLES
TO BE BROUGHT OUT THE BOTTOM
OF THE BOX IF CROSSOVER IS TO BE
MOUNTED IN THE BASE.

SECTION AA

designed in accordance with extensive
tests that reveal the “ideal” frequency
response  characteristics for most
listening environments. This response is
not flat but has a tapered top end, so
that the extreme treble is attenuated
slightly with respect to the mid-range
and bass.

The subjective test revealed just how
good the loudspeakers are. The
frequency response is smooth and
extended and the bass and treble are
present only when they should be!

Above all, the sound is clean and
easy to listen to for extended periods,
even at very high listening levels. 1 hope
you get as much enjoyment from your
4000/1 speakers as I have. ®






LOOKI! More books!

Mail order coupon on page 80

ELECTRONIC TIMER PROJECTS
BP93 $6.56
These may have a high degree of accuracy with quartz
control or they may be quite simple designs, using only a
tew components A number of spectahst timer projects
are car windscreen wiper delay unt. darkroom tmer,
metronome etc

ELECTRONIC PROJECTS FOR CARS AND BOATS
BP9 $6.56

Funepn farly simple projects designed for use with 12 V
electncal systems but In some cases can also be
employed with 6 V and/or positive earth systems as well

MODEL RAILWAY PROJECTS
BP95 $6.56
Projects include such things as controllers. signals and
sound effects umits Construction stnpboard layouts are
provided for each project

CB PROJECTS

BP96 $6.56
A number of usefu!l designs include a speech processor,
interterence filters and a simple CB radio recewver Strip-
board layouts. winng diagrams and notes on construction
are provided

POPULAR ELECTRONICS CIRCUITS — BOOK 2
BP98 §7.52
A companion for BP80. this book provides a wide range of
designs for electronics enthusiasts who are capable of
producing working projects from just a circuit diagram
without the ad of detailed constructional information

MINI-MATRIX BOARD PROJECTS
BP99 $6.56
This book provides a seiection of 20 usetul circuits which
can all be built on a mini-matnx board which is Just 24 holes
by 10 copper strips in size Simple and easy for those with
not much experience in electronics

MULTI-CIRCUIT BOARD PROJECTS
BP103 $6.56

All circuits are based on one specially designed pc board
Recommended to the less expenenced hobbyst

ELECTRONIC SCIENCE PROJECTS
BP104 §7.52
These projects range in compiexity from a simple colour
temperature meter to an mnfra-red laser There s an
electronic clock regulated by a resonating spring and an
oscilloscope with a sohd-state display How to build them
and use them s fully explained

AERIAL PROJECTS
BP105 $6.56
Practical aenal designs including active. 10op and ferrite
which are relatively simple and inexpensive to buld The
complex theory and mathematics of aenal design have
been avoided

MODERN OP-AMP CIRCUITS

BP106 $6.56
A collection of widely varying circuits and projects based
on the op-amp ICs

HOW TO GET YOUR ELECTRONIC PROJECTS WORKING
BP110 $6.56
Helps you to overcome the problems of a circuit that
doesn { work by indicating how and where to start looking
for many of the common faults that can occur when
building up a project

circuit techniques
and design

TTL COOKBOOK

21035P $17.50
A complete iook at TTL logic circuts — what TTLis, how it
works, and how to use it Many kinds of practicat TTL are
included. such as digital counters, electronic stopwatches,
digital volimeters, etc

ACTIVE-FILTER COOKBOOK

21168P §21.95
Learn how to construct filters of all kinds — highpass
lowpass, bandpass The book s easy to understand - no
advanced maths or obscure theory 1s used
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ELECTRONIC CIRCUITBOOK 1:

PROJECT CONSTRUCTION

21241P $7.50
Your basic guide to project construction. coverning
component identification, power supplies, proper tool
selection, troubleshooting techniques, oscilloscope use,
custom-made enclosures, and more

CMOS COOKBOOK
21398P $19.25

This book explains CMOS technology and its application
to ‘real world circuitry A mini-catalogue is inciuded, which
hists over 100 devices. giving their pinouts and application
ote

IC TIMER CDOKBOOK

21416P §15.95
Gives you a look at the hundreds of ways IC timers are
used in electronic instrumentation

IC CONVERTER COOKBOOK

21527P $20.75
Written for the practising engineer, technician, hobbyist or
student, this book will be an invaluable working guide to
the understanding and use of IC anaiogue/digital and
digital/analogue converters

DESIGN OF OP-AMP CIRCUITS, WITH EXPERIMENTS
21537P $16.50
The design of the tundamental circuits that are the basic
building blocks of more sophisticated systems. A senes of
35 experiments tlustrates the design and operation of
linear amps, differentiators and integrators, voltage and
current converters, active hiters. and lots more

555 TIMER APPLICATIONS SOURCE BOOK.

. WITH EXPERIMENTS
 21538P $11.25

This book describes the construction of the 555 timer and
gives numerous practical exampies of its apphications in all
areas of electrical and computer engineening, including 17
simple expenments.

(ZJESIGN OF ACTIVE FILTERS WITH EXPERIMENTS

$15.95
Introduction to the theory, implementation and design of
aclive filters using the 741 op-amp

DESIGN OF PHASE-LOCKED LOOP CIRCUITS,

WITH EXPERIMENTS

21545P $15.95
An excellent introduction to the theory. design and
implementation of phase-iocked toop Circuits using
vanous TTL and CMOS devices Includes manufacturers’
data sheets and describes the use of breadboarding ads

: i the wide range of laboratory-type experiments

. AUDIO IC OP-AMP APPLICATIONS
21558P

$13.25
This book discusses IC op-amps and their apphication in
audio systems, and describes the numerous advantages
of using op-amps, including small spatial needs, iow
power consumption. rehable performance and low cost
Assumes a basic understanding of op-amp theory

UNDERSTANDING CMOS INTEGRATED CIRCUITS
21598P $9
This book telis you what CMOS ICs are, how they work,
and how they can be used in electronic circuit designs
Many practical circuts, complete with parts values,
are included

DESIGN OF TRANSISTOR CIRCUITS

WITH EXPERIMENTS

21626P $20.75
A self-teaching course to provide the background and
explanations necessary to teach the reader the an of
designing transistor circuits

GUIDE TO CMOS BASICS, CIRCUITS,

AND EXPERIMENTS

21654P $14.95
If you are aiready tamihiar with TTL devices and are ready
to examine the benefits of CMOS, this book 1s your
complete source Ittells you what CMOS devices are. their
charactenstics and design ruies. 22 expenments demon-
strate the concepts discussed

PRACTICAL TRANSFORMER OESIGN HANDBOOK
21657P $35.
An easy to understand, illustration-hiled guide to
designing and constructing transformers. Reviews the
fundamentals of electricity, magnetism and aigebra needed
to understand transformer theory. and covers general
design considerations, transformer types, power losses
and transformer use in converters and inverters

280 MICROCOMPUTER DESIGN PROJECTS

21682P $20.75
This book provides a complete look at.the internal
architecture of the Z80. the heart of many microcomputers.
and even shows how to build a microcomputer, the EX80.
using this powerful chip

DESIGN OF VMOS CIRCUITS, WITH EXPERIMENTS
21686P §$17
The authors look at the lechnotogg which makes dramatic
advancements possible with VMOS, and show how these
components can easily and effectively be integrated into
common circuit designs to enhance their responses

IC OP-AMP COOKBOOK
21695P $23.75

Basic op-amp theory in detall. with 200 practical, llustrated
circuit applications: JFET and MOSFET units are featured,
plus manufacturers’ datasheets and company addresses.

EXPERIMENTS IN ARTIFICIAL INTELLIGENCE

FOR SMALL COMPUTERS

21785P $13.25
Artificial inteligence 1s the capability of a device to perform
functions normally assoctated with human inteiigence
With this book, a smali computer with extended BASIC
and somé knowledge of BASIC language. you can
conduct interesting and exciting expenments in artificial
intelhgence

PRACTICAL SOLID-STATE CIRCUIT DESIGN

21787P

An introductory course in practical sohd-state circurt
design tor the expenmenter, designer or technician whois
interested in constructing tallor-made circuits.

SCRS AND RELATED THYRISTOR DEVICES

21806P $19.25
Written for expenmenters, technicians and engineers, this
book 1s a practical and comprehensive guide to theory,

: operation. specificatons and apphcations of silicon-

controlted rectifiers {SCRs) and related thyrstor devices

: REGULATED POWER SUPPLIES
: 21808P $29.75

Comprehensive discussion of the internai architecture

* and operanion of the latest solid-state regutators. Explains

when regulated supplies are needed and how to incor-
porate them n your projects, and discusses modern
crrcutry including linear and swiching circuits  and
fate iCs

ANALOG INSTRUMENTATION FUNDAMENTALS
21835P

Numerous practical, hands-on lab expenments and
solved problems are included, plus discussions of move-
ments, dc ammeters. voltmeters, chmmeters, bndges
filters and atienuators. No calculus 1s required
RF CIRCUIT DESIGN

21868P $33.95
A practical approach to the design of RF amplifiers,

impedance-matching networks and fiters. Uses a mimmum
of complex maths

SOLAR CELLS

22270P $37.95
In-depth descrniption of the basic operating principies and
design of solar cells It also covers the techniques
currently used to produce solar cells and reviews system
apphcations

ELECTRONIC DESIGN WITH OFF-THE-SHELF ICS
50274P $14.71

It contains virtuatly ali the information you need to design
and build electronic circuits, systems and subsystems with
readily avallable ICs Shows how to interface them into
highly complex systems

MODERN FILTER DESIGN

94663P $49.95
This book details the advances in active RC fiiters. both
from a practical standpoint and from a state-of-the-an
point of view It1s the first book that gives detailed analysis
and design procedures for switched capacitor hiters

COIL DESIGN AND CONSTRUCTION MANUAL

How to make RF, IF, audio and power coils, chokes and
transformers Maths 1s simphhied

50 PROJECTS USING CA3130ICS
2238 $4.32
The CA31301s an advanced operational amplifier capable
of higher performance than many others. circuits often
need fewer ancillary components. Audio projects. RF
projects Test equipment Household projects Misc
projects

PRACTICAL INTRO TO DIGITAL ICS
2258 $4.32
Introduction to digital ICs {mainly TTL 7400). Besides
simple projects, includes logic test set to identify and test
digital iCs. Also includes digital counter-timer

50 CIRCUITS USING GERMANIUM, SILICON
ANDJENER DIODES

BP3 $3.36
50 interesting and useful circuits and apptications ustng
the germanium and silicon signal diodes, siicon rectifier
diodes and zener diodes etc.
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Three-way loudspeaker
system — the 4000/2

Second in our line of quality hi-fi speakers for the

do-it-yourself enthusiast.

IN THE PREVIOUS ARTICLE, we
described the first in a range of
loudspeaker projects, the ETI 4000/1.
This was a four-way loudspeaker that
used a separate driver and mid-range
enclosure to cover the frequency range
0f 150 Hz to 700 Hz. The objective of this
design was to remove the lower mid-
range portion of the audio spectrum
from the woofer so that the large cone
excursions typical of bass reproduction
would not cause intermodulation
distortion by mixing with the mid-
range. This technique works very well
and the 4000/1 is capable of some of the
cleanest sound possible with present
technology.

There is, however, a demand for a
lower-priced system and we are
introducing the 4000/2 loudspeaker to
meet this requirement. Much of the cost
of the bigger loudspeaker was involved
in the lower mid-range unit and its
enclosure, and in the complexity of the
crossover. The 150 Hz crossover point
between the woofer and the lower mid-
range necessitated the use of very large
inductors and capacitors, and these are
expensive.

By eliminating the lower midrange
unit and its associated hardware and
using a more conventional design
approach, we have been able to keep the
cost of the 4000/2 to a minimum, while
still achieving a loudspeaker capable of
excellent results.

Like the four-way loudspeaker, the
4000/2 is housed in a sealed enclosure.
Crossover points are at 700 Hz and
3 kHz, and the crossover is a 12 dB per
octave constant-K design. (See
“Principles and  problems in
loudspeaker design”, which you’ll find
on page 130 of this book).

David Tilbrook —

View of the completed speakers, with and without the front grille. We secured the latter to the
front baffle using Velcro strips stapled in appropriate positions.
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The completed box, prior to mounting the
drivers and crossover network. The box
lining is placed in position after the crossover

unit, tweeter and mid-range drivers are
placed in position. The whole box is then
stuffed with waste wool before mounting the
woofer to the front baffle.

The drivers used here are part of the
new range of Philips loudspeakers. We
chose these drivers only after a
thorough look at the price, availability
and quality of drivers presently
available in Australia. There is some
relationship between power handling
and price of a driver but there is little
relationship between sound quality and
price. Some of the best tweeters I have
heard, for example, have been amongst
the cheapest devices available. A
complete set of drivers for this project
will cost around $240, and at this price
are a bargain.

The woofer used is the AD12250/W8.
This has a free air resonance at 26 Hz
and a power handling figure of 100
watts. When in its enclosure the
resonant frequency rises to around
35 Hz, which is quite good!

The mid-range unit is the latest
Philips dome mid-range, the AD02161/
SQ8. This is a 50 mm diameter textile
dome unit with its own mid-range
enclosure as an integral part of the
driver. The tweeter is a 25 mm diameter
textile dome unit, the AD01610/T8.
These three drivers were used in the
earlier 4000/1 loudspeaker and the mid-
range and tweeter units were shown to
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work well together with a crossover
point at 3 kHz.

The big problem encountered in the
design of this loudspeaker was the lower
crossover point between the woofer and
mid-range. The resonant frequency of
the mid-range unit is approximately
350 Hz, so it should not be used much
below 700Hz. This enables the
crossover to give 12 dB of attenuation at
the resonant frequency. Unfortunately,
this means that the woofer must handle
everything up to 700 Hz and, ideally,
should have a wusable frequency
response to 1.4 kHz. The AD12250/W8
doesn’t have a response this good, but it
can be made to operate satisfactorily up
to 1kHz, which is a reasonable
compromise. Since the woofer is
handling a good part of the mid-range
spectrum, a substantial amount of

cabinet damping is necessary,
otherwise cabinet resonances will
severely impair the mid-range

performance of the loudspeaker.

The prototype loudspeakers were first
lined with a double layer of speaker
innerbond material, then completely
filled with waste wool. As always, the
exact amount of filling needs to be
established by experiment. During the
development of the 4000 range of
loudspeakers I have had a good look at

A close-up of the speaker connection terminals
we used. This consists of two colour-coded
spring-grip terminals mounted on a recessed
plastic moulding. The assembly is screwed
into a cutout in the rear baffle of the box.

the types of innerbond material
available and most of them are
definitely not dense enough. Unless the
quality of innerbond improves rapidly,
you can safely consider carpet underfelt
and fibreglass bats as suitable
alternatives!

Construction

If you are building the boxes yourself,
rather than buying a complete kit, start
by cutting the back, top, bottom and
sides. The material used in the
prototype boxes is 19 mm particle board
and the finished units do not suffer
excessively from panel vibration in use,

A group photo of the three drivers used in this system. Clockwise, from the left: AD02161/SQ8
dome mid-range, AD12250/W8 woofer and the AD01605/T8 tweeter — note that this last one is
the alternative driver to that shown in the picture of the assembled speaker on page 63.




4000/2 3-way speaker system

C1 R1
3u3
' '\}\% PARTS LIST - ETI 497
i
<+ Drivers
R3 SP1 .......... Philips AD12250/W8
L1 SP2 .......... Philips AD02161/SQ8 or
0.6mH 8R2 TWSE,I;TE R AD02160/W8
— SP3 .......... Philips AD01610/T8 or
AD01605/T8
Inductors
O 0.6mH,max.dc resist: 1 ohm
2. 3.0mH,max.dc resist. V2 ohm
3., 0.6mH,max.dc resist: 1 ohm
4. 3.0mH,max.dc resist: V2 ohm
Capacitors

MIDRANGE (03 I 3u3 polycarbonate
SP2 C2 ........... 22u bipolar electrolytic, 50V

[ R 3u3 polycarbonate
[ 22u bipolar electrolytic, 50V
Cs ... 22u bipolar electrolytic, 50V

L
3:' H Resistors all wirewound, 5%

Rl ..o 4R7,5W
+0— % 500 —¢ R2 ... 1RS, 5W

INPUT FROM
AMPLIFIER

—0— 4

R3 ........... 8R2, 5W
R4 ........... 18R, 5W
Rs  + RS .oovnnnn. 12R, 5W
ca 12R
2 Miscellaneous
2 WOOFER wire; one loudspeaker terminal block; particle
C5 sP1 board; screws; glue, etc; speaker grill cloth;
T 22y - innerbond; waste wool.

so particle board of this thickness
should be sufficient for most purposes.

Apply a liberal quantity of
Aquadhere, or a similar wood glue, to
all the joints and screw the panels
together. Let the glue dry and then line
all the inside joints with a suitable
sealent, such as caulking compound or
Plastibond. Always use particle board
screws or self tappers when working
with particle board. Normal wood
screws will not hold into the material
properly.

For best bass performance it is
important that the finished box is
totally air tight, so eventually, the
whole box will be sealed in this manner.
This much of the sealing is best done
now before the front baffle goes on.

Hand-plotted graph showing measurements of
the average response of the individual drivers
in the completed system, measured in an
‘average’ living room. The “dips’ at the cross-
over points “flatten out” in the overall
response of the system since the contribution
from each driver adds in thess areas.

Next, mount the spring terminals to  with plasticine and screw the terminals
the back panel. I used special over the top. Be careful not to screw the
loudspeaker terminals that are supplied  terminal base down too hard as the
fitted to a moulded plastic base. This  plastic is easily cracked.
simplifies the job of sealing the Cut out the front baffle so that it is a
terminals considerably. The hole snug fit into the front of the
needed for the terminal base is  loudspeaker. Cut four lengths of 25 mm
rectangular but with rounded corners.  square timber and screw these onto the
Use a jig saw if you have one. If not, drill inside of the sides, top and bottom,
four holes to give the rounded corners 38 mm from the front edge of the
necessary then join them up by cutting  loudspeaker. The baffle is then glued
with a fret saw. Screw the terminalbase  and slid into the box so that it rests on
into position then seal the inside of the  the timber braces. Anchor the baffle
cabinet between the timber and thebase ~ board by screwing through it into the
of the terminal block. Use Plastibondor ~ timber braces; 19 mm should remain
Bostik for this as wood glue will not  between the front of the baffle and the
adhere to the plastic properly. An front edge of the loudspeaker. This
alternative way to seal the mounting  space will be taken up by the grill cloth

terminal is to line the rim of the hole  former.. >
+20 T T
+10b—— _— BASS R MID-RANGE | | | | —
3 oriver| | DRIVER T1T+weerenr
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: A X |
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5 P
s
) .
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10 100 400 1k 10k
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Glue the small 100 mm high wooden
panel into position at the bottom of the
box. In the 4000/1 loudspeakers there
was a false bottom, leaving
approximately 90 mm under the box in
which to mount the crossover. In the
interests of keeping the cost of this
project to a minimum I have omitted the
false bottom and the crossover is
mounted on the inside of the box as is
more commonly done.

The next stage of construction is to
mount the tweeter and mid-range.
First, solder lengths of speaker cable to
each of the drivers so that there is
enough cable to reach the bottom of the
box. The tweeter and midrange units
are supplied with their own mounting
gaskets that ensure a good seal between
the baffle and the drivers. Use Philips
head or Posidriver type screws for
mounting the drivers, this will

Py,

A
N

EXPLODED VIEW OF THE
ggl.-497, SERIES 4000/2 SPEAKER BOX

minimise the possibility of slipping off
the screw and possibly putting a screw
driver through the loudspeaker cone.

The crossover for the project will be
manufactured by Philips and should be
available through Philips retail outlets.
The pc board on the front cover is the
prototype unit and there may be some
changes to the pc board layout to
simplify manufacture, but the circuit
will be the same. Should you decide to
construct your own crossovers, the
necessary components and the pc board
overlay will also be available from
Philips retail outlets. The inductors will
need to be glued to the board with epoxy.
Other than this, crossover construction
should be obvious.

Solder the wires from the drivers to
the crossover. Be careful to ensure that
the polarity of the wires to each of the
drivers is correct. If any one of the
drivers is connected the wrong way
around the frequency response will be
severely impaired.

Solder wires from the terminals to the
crossover, and mount the crossover to
the bottom of the box with self tappers.
Line the inside of the box with two
layers of innerbond then stuff the whole
box with waste wool. Some
experimenting will be necessary to
establish the optimum amount of
stuffing. Finally, cut another piece of
innerbond 450 mm square and place
this in the box so that it is attached to
the inside of the baffle around the rim of
the woofer hole. This serves to keep all
the stuffing away from the back of the
woofer.

You will need to make a small hole in
the innerbond for the cable to the
woofer. Solder this to the woofer, then
mount the woofer on the front panel.
Once again, use Philips or Posigrip type
self-tappers. The roll surround of the
woofer is very easily damaged if
bumped with a screwdriver blade.

The grill cloth former can be made
from four more pieces of 25 mm square
timber. Screw these together to form a
rectangular former that fits inside the
cabinet front. Stretch the grill cloth over
the former and tack or staple the cloth to
the timber. To make the cloth tighter
over the frame, iron the cloth, with the
iron set on reasonably low heat before
attaching it. The finished grill should be
a snug fit into the cavity in the front of
the loudspeaker. ®
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4000/2 3-way spealker system
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Project 451

A hum filter
for hi-fi systems
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