This guitar amp for
impecunious bass players
features many facilities found
on expensive ‘bought’ ones. It

I limiter, line out and bi-amp
T R PR TR a3 THERE HAVE BEEN many requests over
the years from the growing numbers of

delivers 150 watts into
Robert Irwin facilities.
build-it-yourself musicians for some good

oSS quality musical projects, particularly for
AR, NN 1 stage amps of various descriptions. In the

ASoaSaN past, ETI has published some excellent
power amp designs such as the old faithful
o | Ol '480 module, and in more recent times the
490 MOSFET module. Both of these amps
are very suitable as the driver stage in a
guitar or keyboard stage amp but. up until
now. there have been no designs published
for really suitable preamp stages to go with
them. This has meant that these power
modules have been primarily used in PA
applications where they have been driven
from a mixer or small mixing preamp.
This project describes a complete 150 W
bass guitar amp using the ETI-499 MOS-
FET power amp module. The amp is
housed in a standard 19" rack-mount case
which allows it to be dropped into a stand-
ard wooden road case or mounted in an
amp rack. The preamp contains features p

FEATURES ETI-1410 BASS GUITAR AMP HOW IT WORKS — ETI 1410
° 1§0 w BMS output |n.to .4 ohms using the renowned ETI-499 MOSFET module This article describes:the design and con-
® High gain and low gain inputs struction of the preamp, equaliser, and 12V
e 6-band graphic equaliser; 50, 100, 250, 500, 1k and 3k Hertz power supply sections of the Bass Guitar
e Line output facility Amp, so only these three items are covered
o Bi-amp facility ;eu. The other sections are covered in Part
e Output limiter to avoid power amp overdrive
e Housed in a standard 19" rack-mount case. ETI-1410a PREAMP
This is the input board. It comprises three
main sections. IC3 Is a 5534 op-amp config-

ured as an inverting amplifier stage. The
gain is dependent on which input is chosen.
Foe lusou If the LOW GAIN input is chosen, then the
i T | oy ‘r_,f“ gain Is given by —R5/R3, which two for the
SRR T owe | values shown. If the HIGH GAIN input is
3 SECTION ' chosen, then the gain is given by -RS5/R4,

| which is —~10 (i.e. x10 inverted, for the

oY _

- - s MASTER
"o INPUT GAIN TONE GRAPHIC EQUALISER

AND CONTROL
BUFFER

Q/

< (L values shown.
My e <j' The gain of this stage may be altered by
£ ‘ changing resistors R3, R4 or R5 and can be
- — tallored to suit different input levels. It
h should be noted however, that if the gain is
[ increased by any great amount (say, to 20),
L then it would require only a few hundred
| _ S il millivolts to saturate the input amp and
L_J | & wan ; k drive it into clipping. Therefore, it is recom-
ALTEn p ”‘ffJ g mended that, unless the expected input sig-
A R ! i nal is only a few hundred millivolts, the
2 ‘ input stage gain should be left at unity.
of the project. Designed by a bass i Also, the input resistance is set by the par-
player, for bass players — no wuck- .._..;\ | allel combination of R1 and R3 for the LOW
ing furries. The main power amp uses ' [ m ! GAIN input, and R2/R4 for the HIGH GAIN

the ETI-499 150 W MOSFET module, - input. These should be kept above about
a proven reliable performer. SRTEANAL

POWENR AMP

Block Diagram. Overall arrangement o
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Figure 1. Tone control at low frequencies. Figure 2. Tone control at high frequencies. Figure 3. Bode plot of tone control circuit behaviour.
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30k or so to give minimum loading to the
bass pickups.

The input is ac-coupled via C7 or C8.
Resistors R1 and R2 ensure that no charge
can build up on the input line due to stray
capacitances. .

Capacitor C10 compensates IC3 at unity
gain. Actually, the value used overcompen-
sates the 5534, but since a very wide band-
width is not essential in bass applications,
it was decided to overcompensate for the
greater stability it provides.

The output of IC3 is fed to IC4 via RV1
which provides signal level control. IC4 is a
5534 op-amp configured as a unity gain
buffer. This isolates the input section from
the tone control network and provides a low
impedance drive for that network. Capacitor
C12 provides the necessary compensation
for IC4.

The tone control network itself is an ac-
tive ‘Baxandall’ negative feedback type.
Bass control is provided by RV2 and treble
control by RV3. To see how it works, let us

examine simplified circuits for the high and
low frequency operation.

Figure 1 shows the simplified low fre-
quency model. The capacitors become vir-
tua! open circuits at low frequency and the
gain is dependent on the setting of RV2
only.

Figure 2 shows the equivalent high fre-
quency circuit. This time, the capacitors be-
come virtual short circuits and the gain is
dependent on the setting of RV3 only.

The values for the tone control network
were found using the equations for this
type of circuit derived in the National Audio
Handbook.

Figure 3 shows a Bode frequency plot for
this circuit.

The circuit was designed for Ay ~ Ayr
14 dB, and f, = 40 Hz, f s - 200 Hz, fug
600 Hz and f,, = 3 kHz.

The op-amp used is, once again, a 5534.
Capacitor C15 provides the compensation
for unity gain operation. An offset null ad-
justment is provided via RV4 and R12. This

allows cancellation of any dc offset at the
output which could affect the bass control
operation and generate noise.

ETI-1410b 12 V POWER SUPPLY
Referring to the circuit diagram, T1 has 15-
0-15 Vac which is rectified by diodes D1 to
D4. The two diode pairs provide positive
and negative outputs which are filtered by
capacitors C1 and C2, respectively. This
ylelds two supplies of around +18V and
~18 V or so.

A three-terminal regulator, IC1, produces
a regulated +12V from the +18V supply.
Similarly, another three-terminal regulator,
IC2, produces a 12V output. Capacitors
C3 to C6 are necessary for stable opera-
tions of the regulators.

The circuit diagram also shows the mains
wiring, including the mains input fuse and
neon bezel. These components are not
mounted on the pc board and are covered
in the general constructional details in
Part 2.
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NOTE: Board artwork Is reproduced on page 158.

such as 6-band graphics, limiter, line out
and bi-amp facilities, which are usually
found on only the more expensive commer-
cial units.

This article details the overall concept
and goes into the construction of the input
board, the 12V power supply and the
power amp section. Part 2 will complete the
project, giving details of the graphic equal-
iser and limiter/output boards and final
assembly. Some options on setting up and
using the amp will also be discussed.

It should be noted that, although far
cheaper than a comparable commercial
unit, this project would cost up to a few
hundred dollars to build. Therefore, to
avoid seeing some hard earned cash going
up in smoke, only you folks with some
experience in building electronic projects
should attempt this one. If you still want to
attempt it but don’t have much electronic
experience, then perhaps you can find a
friend who does and is willing to give a help-
ing hand to a starving muso.

The basic design approach
Several factors must be taken into account
in the design of an amp for an electric bass
guitar. Firstly, the frequency response. The
low E string on a bass is usually tuned to
41 Hz. This means that the highest notes
played on the bass will be only around three
or four hundred hertz. As well as this, the
average bass speaker box (a TL box for
instance) will usually have an upper —3 dB
cutoff frequency of around 1 kHz. With this
in mind, it is important to design the bass
and treble and equaliser sections to work in
a suitable range. It's no good putting equali-
sation at 15 kHz since all you'll be equalis-
ing will be noise. Taking into account the
need to be able to amplify harmonics as well
as the fundamental of the notes it was
decided to design the amp to work in the
range 20 Hz to 5 kHz.

Unlike a normal guitar, a bass is usually
amplified “clean” (i.e: no clipping) and
therefore itis important to ensure that there
is plenty of “headroom™ in the preamp
stage. Most modern bass pickups are capa-
ble of putting out signal levels of a couple of
volts peak (or more if pickups such as
EMGs are used). Therefore the gain struc-
ture of the preamp should allow this level of
input without causing clipping at the input
stages. To facilitute the use of a bass with
older pickups which may not have as high
an output level. low gain and high gain
inputs have been provided.

The power amp

The power amp used as the driver section
for this amp is the ETI-499 150 W MOS-
FET power amp module described in the
March 1982 issue of ETI. This module was
chosen us itis very reliable. reasonably casy
to construct and offers excellent perform-
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ance and stability. The module will delivery
100 W into an 8 ohm load and 150 Winto a
4 ohm load. All the components, includin
the power supply components, are mounte
on the one pc board and the pc board
mounts directly onto a heatsink.

The circuit of this amp module will not be
reprinted in this article and, for the pur-
poses of description, the power amp module
will be treated as a ‘black box". For full de-
tails of the specifications and circuit of this
module see the article in the March 1982
issue of ETI. (Photostats are available from
ETI Reader Services for $3).

12 V power supply

The transformer specified for the ETI-499
power amp module (which is also the trans-
former used in this project) has an auxillary
15-0-15 V winding which is used, in this
project, to provide the positive and negative
supply rails for the op-amps in the preamp
boards.

The power supply board consists of a full-
wave diode bridge rectifier which is filtered
with two 2500 pF capacitors to form split
rails of around 20 V. This is used to power
7812 and 7912 three-terminal regulators to
provide the plus and minus 12 V rails used
to run the op-amps.

Input board

The input board contains the initial gain
control stage and the tone controls. Two
inputs are provided which are designed to
give maximum gains of 20dB and 3 dB
respectively. The tone controls are of the
Baxandall type. These provide bass and
treble control works in the region 20 Hz to
200 Hz and the treble control covers 400 Hz
and up.

Equaliser board

The equaliser section is designed to provide
unity gain with all controls set flat and
14 dB of boost and cut for each equaliser
section. The equaliser consists of a series of
filters incorporated into the feedback loop
of an op-amp. This is based on the Series
5000 1/3-octave graphic equaliser published

in the November 1982 issue of ETI. The
equaliser has been configured to give centre
frequencies of 50, 100, 250, 500, 1 kHz and
3 kHz. a total of six bands.

The output of the equaliser section is fed
into a gain section which acts as master vol-
ume control with a maximum gain of 34 dB.
This will give an overall maximum gain
from the preamp of 34 dB or 40 dB depend-
ing on the input used. If the bass you are
using has high output pickups, such as EMG
types, then you may want to decrease this
gain so as to get full use from your volume
controls.

Slider pots are used to control the
amount of boost or cut at the equaliser fre-
quencies. These were mounted on a sepa-
rate pc board which will mount on the front
panel of the amp. The only problem you
may encounter in this is cutting the slots in
the front panel to accommodate the six
sliders. This problem will be discussed in
‘Constructional details’ section in Part

Limiter/output board

This board contains several sections of the
circuitry. Firstly, a limiter circuit. This uses
an NE570 IC compander. Its function is to
limit the output of the preamp to a maxi-
mum of 1 V RMS which means that large
transients, such as occur when a bass string
is struck hard, will not over-drive the power
amp and cause unwanted clipping.

The output section of the board provides
the drive stages for a line level output which
can be used to feed a mixer or for recording.
A state-variable filter is used to provide
high-pass and low-pass outputs with the cut-
offs variable from about 50 Hz to a few hun-
dred Hertz. These outputs are used in the
bi-amping facility which allows the use of an
external power amp to drive a speaker
covering the low frequency end of the spec-
trum. The internal power amp is then fed
from the high-pass filter and amplifies the
higher frequencies only.

Level controls are provided for the line
and bi-amp outputs to enable matching of
the signal levels to the equipment they're
driving.
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The output facilities provided on this
board make the amp very versatile and
easily expandable into a large, higher-
powered system if 150 watts doesn’t hurt
your ears enough.

Construction of the pc

boards

All of the boards are relatively easy to con-
struct. First, however, check the boards to
see that all holes are correctly drilled and
that there are no broken tracks or ‘bridges’
between closely-spaced tracks. Start with
the 12 V power supply board (ETI-1410a).
Solder in the big electrolytic capacitors (C1
and C2) followed by four tantalum caps.
Make sure that you get the correct orienta-
tion of these capacitors as they are all pola-
rised and tend to fail rather spcc(acularh if
inserted the wrong way round.

Next, solder the diodes in place followed
by the two voltage regulators, IC1 and I1C2.
These too are polarised and must be placed
the correct way round. It is advisable to use
solder pegs on the lead connections to this
board since several leads may need to be
soldered to the same point.

Tackle the input board next. Start by
locating and soldering the small link wires
in pldcc Solder in all the resistors and cap-
acitors next. Note that RV1, RV2 and RV3
are specified as the miniature pc mount type
with the standard size shaft. These will sit
directly on the pc board and are soldered in
place. Standard pots can be used but these
will have to be attached to the board with
hookup wire and, since the prototype board
was held on the front panel by the miniature
pots, an alternative board mounting scheme
would have to be used. The only thing that
remains to be done on this board is the
mounting of the ICs, one transistor and

diode.

The use of IC sockets is not recom-
mended when mounting audio ICs since the
stray resistances and capacitances associ-
ated may affect the performance of the cir-
cuit. For this reason it is very important to
put them in the right way round first time. It
can be a real pain in the thumb to go round
de-soldering 1Cs if a mistake is made. This
then completes the construction of the input
board.

The board left to construct at this
stage is the main power amp board. As
previously mentioned, this is the ETI-499
MOSFET power module which was de-
scribed in the March 1982 issue. This should
be constructed as shown in the original arti-
cle (with the omission of the large heatsink
since a different one is used in this project).
If you are one of the very few people who
do not have every copy of ETI ever pub-
lished, then you can obtain a photocopy of
the article by writing to our general
enquiries service as detailed on page 3 of
this issue.

Once all the boards have been completed
a thorough check should be made to ensure
that there are no small solder bridges
between tracks on any of the boards and
that all ICs and any other polarised compo-
nents are mounted the correct way round.
This then, completes the first part of the
construction of the bass amp.

Next Part

In Part 2 of this article, the details of the
final board (the limiter/output circuits) will
be given as well as full constructional
details, wiring diagrams and front panel art-
work. For those experimenters out there, a
few optional circuit ideas will be discussed
which could be incorporated into the amp if
you're after some super-deluxe features. @

guitar

PARTS LIST — ETI-1410a

PREAMP
all VaW, 5% unless noted
M

RV3.aiaasuga 500k/A rotary pot (Soanar
V16L)
RV St 100k min trimpot

1w/10 V tant

100n ceramic bypass
NE5534N, LM5534N
6.5 mm insulated,
earthing-type,
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ETI-1410a pc board; hookup wire.
Price estimate: $17-$20

PARTS LIST — ETI 1410b
+12 V SUPPLY
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CH1... ... uA7812, LM340/T12

1A7912, LM7912
Miscellaneous

ETI-1410b pe board; pe pins; hookup wire (T1 is
the main transformer, the HT secondary of which

the power amp section of the project —
see Part 2),
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Project 1

150W BASS

GUITAR ANP ...

Robert Irwin

IN PART 1 the constructional details for
the power supply board and input board
were given. This article completes the pic-
ture, with details of the equaliser board and
the output/limiter board, plus gives full con-
structional details for the complete amp.

Construction of the boards

The equaliser circuitry is contained on two
boards, ETI-1410 ¢ & d. The ETI-1410d
board contains the main circuitry and the
ETI-1410c¢ board supports the six slider pots
used for the adjustment of boost and cut.

1o

The construction of both boards is straight-
forward.

Start with the ETI-1410d. Solder in all the
resistors first. The capacitors should be sol-
dered in next but take special care to get the
values in the correct place as these set the
equaliser frequencies. Take care to get the
orientation correct on the electrolytics and
tantalums. Solder pins should be soldered
into the holes for the input, output and
power supply connecting leads as these will
be connected after the board has been
mounted and the underside will not be ac-
cessable for soldering.

4 e

% L4 'W 10 PONT 4 ON |
OUTPUT CIREUT DIAGRAW .
v | - ¥ N
A
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The next step is to locate and solder in the
ICs. This should be done with care as it is
easy to bridge the tracks between IC pins
with solder. Also take care to get the ICs
the right way round. The only thing left to
do on this board at the moment is to solder
lengths of tinned copper wire (about 40 mm
each) into the holes which will join to the
board containing the sliders. These will be
connected to the other board after both
boards have been mounted in the case. The
switch and pot shown on the circuit diagram
are external to the board and will be at-
tached with hookup wire at a later stage.

HOW IT WORKS  ETI 1410e

LIMITER/OUTPUT BOARD

This board has two main areas of circuitry,
the limiter circuit and the output circuitry.

are independent of each other, so we
can deal with them separately.

LIMITER

The heart of the circuit is the NE 570 Com-
pander IC. This IC contains two identical gain
control circuits which can be configured to
produce a varlety of compression and expan-
sion type circuits. In this application only one
of the circuits is used and this Is configured
as a hard limiter circuit designed to limit the
output to a maximum of 1 V RMS.

ot an vas Jom 14

the EQ board is ac coupled
by The input Is taken to an In-
vmlnglmrlmumhmdby R46, R48
and IC11b (% of a TLO74). Note that IC11b Is
used as a replacement for the Internal op-
on the NE570 chip which Is
ncorporated in the feed-
gain cell
of the NE570 (pins 3 and 5) which is in paral-
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The ETI-1410c board contains only the
six sliders. These should be soldered in at
the top and bottom lugs only. The slider
lugs will be connected to the main board
once the boards have been mounted. Make
sure that the sliders sit flush against the pc
board and are sitting straight and square.

The final board left to construct is the
limiter/output board (ETI-1410e). This is a
relatively complex board and should be
checked thoroughly for any bridged or
broken tracks before you start. If all is well
then start in the usual manner with the resis-
tors and capacitors. After these have been

SO NN

soldered in, the eight links should be sol-
dered in place. Tinned copper wire can be
used for the links as they have been spaced
far enough from other component leads so
as not to be in danger of shorting.

Once again, solder pegs should be sol-
dered in to the input, output and power sup-
ply holes. Solder in the ICs and transistors
next; making sure that you get them the cor-
rect way round (note that the two NES534’s
are the opposite orientation to the other
IC’s). An IC socket can be used with the
NES570 in case it is necessary to replace it at
some later date.

bass guitar amp

The final part of this project
looks at the operation of the
sections not covered in Part 1.
There are also full details of
construction, powering-up and
testing.

Once you have finished soldering in all
the components, go back and double check
that they are all in the right places and are
the right way round. Once you are satisfied
that all the boards are correct we can get on
to the job of putting the thing together.

Constructional details

The prototype unit was mounted in a stand-
ard 19" (424 x 250 x 140 mm) rack-mount,
black anodised instrument case. This was
supplied disassembled, but if you have one
already built up then start by taking it apart. »

lel with the feedback resistor, R48.

C49 insures that the dc gain of the op-amp
is not afected by changes in the variable gain
cell. For small input signals less than
1V RMS the variable gain cell is turned off
and presents a high impedance which won't
affect the gain of IC11b.

The gain for the signals less than 1 V RMS
will be unity (set by R46 and R48). If the input
signal rises above 1 V RMS a threshold level
will be exceeded on the dual comparators
formed by IC10a and IC10b. IC10a will detect
positive going peaks and IC10b will detect
negative going peaks. Pin 3 of the NE570 Is
internally biased to 1.8 Vdc so the threshold
voltages for the positive and negative com-
parators are 3.2 Vdc and 0.4 Vdc respectively
(since 1 V RMS represents a peak voltage of
1.4 V).

When a comparator threshold is exceeded
then the comparator output will swing low
and turn on the transistor Q1. This charges
C54 through R56. As the voltage on C54 rises
the variable gain cell is turned on due to the
increase in voltage on pin 1 of the NE570.
This has the effect of lowering the effective
resistance of the variable gain cell which, in
turn, increases the ac feedback on IC11b and
lowers the ac gain. This will hold the output
voltage to 1V RMS regardless of how high
the input voltage is.

IC10c¢ is another comparator which detects
the rise in voltage on C54 and turns on Q2 to
supply current to the LED which indicates
that limiting has occurred. R49 trickles a
small amount of current through the variable
gain cell so as to keep the capacitor C54

slightly biased on. This ensures a fast turn on
time when the limit circuit is activated. The at-
tack time of the limiting action is set by the
RC time constant of R56 and C54. The com-
ponent values shown given an attack time of
less than 1 millisecond. This can be varied by
varying R56. When the limit action is turned
off (i.e: when the input falls below 1 V RMS)
C54 discharges through an internal 10k resis-
tor in the NE570. The components given give
a release time of around 100 mS. To vary this
you can vary the value of C54 but the value of
R56 will have to be adjusted to give the cor-
rect attack time.

The positive input of IC11b is connected to
pin 8 of the NE570 which is internally biased
to 1.8 Vdc. This biases the op-amp output.
R47 and C48 provide noise decoupling.

IC11c is configured as a unity gain inverter
which is used to buffer the output and to put
the output in phase wiht the input. C53 and
R60 provide ac output coupling and R59 iso-
lates any capacitive loading. The limiter cir-
cuitry can be bypassed using SW3.

OUTPUT

The output circuitry provides three separate
outputs: line output, the bi-amp output and
the power amp drive. The line out is provided
by IC14, an NE5534 op-amp. This is config-
ured as a non-inverting amp with a gain of 6.6
set by the equation:

Av = 1 + R83/R84

RV13 provides level control and C62 and C64
provide ac input and output coupling. C63

provides frequency compensation for the
5534,

IC12¢c, IC12d and IC11d form a state vari-
able filter network. A state variable filter pro-
duces a highpass, lowpass and bandpass
output all with the same cutoff frequency.
Only the highpass and lowpass outputs are
used here. The highpass output comes from
the output of IC12c¢ and is fed to an inverting
buffer, IC11a. This gives the correct phase on
the output. The output is then fed to IC12a
which provides output drive to the main
power amp. C61 provides ac coupling to the
power amp.

The lowpass output is derviced from the
output of IC12d and is ac coupled via C57 to
an inverting amp stage formed by IC13. The
gain is given by

Av = (R74 + RV12)/R75

This can be varied from 0.2 to 5.2 by varying
RV12. The output of IC13 is ac coupled to the
bi-amp output jack by C59 and R76. C58 pro-
vides compensation for the 5534,

The cutoff frequency of the filter network is
given by:

F. =2 (RV11 + R69 x C55)
2

For the values given this can be varied from
30Hz to 340Hz by varying RV11. The input to
the power amp can be switched from bi-amp
to the output of the limiter section by SW4.

Power supply noise de-coupling to all the
IC’s is accomplished by R87 to R94 and C65
to C72.
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HOW IT WORKS ETI-1410c and 1410d EQUALISER BOARD

The equiliser board is an adaptation of the
series 5000 '5 octave graphic equiliser pub-
lished in the November 1982 issue of ETI. It
incorporates selective filters in the feedback

Thus we have a circuit that will give boost
and cut when at resonance, and merely buffer
any frequencies not at resonance. In the 1410
there are six impedances connected in paral-

loop of an op-amp, to generate frequency lel. Each one consists of a capacitor and a PARTS LIST ETI-1410¢ and d
selective gain. simulated inductor, the gyrator. The resonant

Signals from the input board are fed to frequency can be calculated in the traditional Resistors
IC6¢c, which is connected as a buffer and pro-  manner from | e R 10k, Ya Watt, 5%
vides a low driving impedance for the equi- R21, R22.. .12k
liser section. The input Impedance is set to = SR R23.... .. 100k
10K by R20. RV4 provides a master control 27 VLC ggg ggkOH
:nh?cms :;?\nn:c"t:: Ka:sa 5 : nn:n-lnver:;p..mp The general circuit of a gyrator can be seen BB i iy 100R

o R Dceni e smeinidisaided ol diemersmstasramtotl ool I oL n LT

amplifier. The gain of this op-amp is set at 58 1 figure 2. It was used to avoid the necessity R27,R28. .. R32..2k2
by the network R24 and R25. This can be alt-  ©f Winding up six coils of the appropriate R33,R34. . . R38..220k
ered if desired by changing R25. C48 Is used inductance. The amount of-lnducuneo pre- R39, R40. . . R44..100R
to lower the effective gain at high frequency sent can be calculated from: RV i 100k log rotary pot.
and thus prevent oscillation. C27 and C28 L = 2K2 x 220K x C1 RV5, RV6 :
provide ac coupling. A switch, SW2, is pro- ) AV Lol e 10k lin 45 mm slider.
vided to switch the equiliser in or out of In the 1410 the gyrators are formed by IC6a, Capacitors
circuit. 6d, 7a, 7b, 7c and 7d plus their surrounding (6 Y R S 6p8, 35 V Tant.

Figure 1 is the equivalent circuit of the networks. C24,C25 ..47p ceramic

graphic equiliser. The way it works is best

The power supply for all the op-amps Is

.. 1p, 35 V electro.

understood by considering its behaviour with ~ decoupled from the power supply noise by an C28.... .47, 35 V Tant.
only a single frequency dependant circuit RC filter network. This is formed by R39-44 Cc29. .. 1 Greencap
(labelled Z). If Z Is a high impedance, then the and C41-46. C30. ..22n Greencap
op-amp will act like a simple unity gain volt- =) C31. 470n Greencap
age follower. However, if Z is low the circuit C32. 10n ceramic
will exhibit both cut and boost depending on ™ C33. 82n Greencap

the position of RV. When the wiper of RV is in

ouTruT
-

de
the centre position the input resistor forms a i C3s.
potential divider with half of RV. The other z e C36. 1n5 ceramic
side of RV forms a potential divider with the C37. 47n Greencap
feedback resistor. If both feedback and input = 3 C38. 1n ceramic
OF A AT SORANCE P OAN T o Yo

resistors are the same value then the op-amp
gain will be the inverse of the input attenua-
tion, so the overall gain will be unity.

However, if the wiper is moved towards the
inverting terminal, then the attenuation in the
feedback loop will increase causing the gain
of the op-amp to increase. At the same time
the input attenuation will decrease, so adding
to the overall increase in gain of the network.
If the wiper is moved in the opposite direc-
tion, then a similar chain of reasoning shows
that gain will decrease.

PRAALLEL COWMESTIONS
OF 400w

o]

BASIC GYRATON CMENT
L EEN

EDUNAUENT CRCUIT OF
GYRATOR ¥R 3

e kel 680p ceramic

C41,C42. .. C46..100n ceramic bypass
70X 22p ceramic

150p ceramic

TLO74 quad op-amp
NES5534 op-amp

SPDT Toggle
ETI1410c and ET11410d pc board.

General Parts

i S a i A At s easd Ferguson PF4361-1
Mains flex and plug, terminal block, DPDT mains
toggle, NE2 Neon, six insulated stereo 6.5 mm
sockets, 3AG panel mount fuse holder, 3AG
in-line fuse holder, 3A 3AG fuse, 8A 3AG fuse,

o PN la o AT 229
23 \ 1 an s 42.5 x 25 x 14 cm rack mount case, seven small
! Py - 3~k 3 I R oy SR plastic knobs, ETI-1410 front and back panel,
3 W T sl 2 =" . 300 mm length of radial fin heatsink, two 100n
p3 ' T i IS PUTENVIVIRG AN ceramic bypass caps, shielded hook-up cable,
+ b —ANA—y + £39° 19t Ly— mains grommet, mains clamp, two solder lugs,
b= eight 12 mm pc board spacers, hook-up wire,
- . » 7 - ) nuts and bolts, 4 rubber feet.
3 3 .3 b gmvis Snme
- -3 g Wi (73 o =3 Estimated price: $250-$280
1 T M = | 2R 1T including ETI-499 power amp module
T . T T e T » T " T S
. . . AAAA . VAV . AN ‘. AP
= — ‘o= = » == "=
r » I w'T . o
v — . g . - Y .
Tas REST! REIET w3 &
? 2 | R J
+ . . . .
» ‘v
: 3
e + NIy PNE—g
. - » +
v 4 = =
il | | Slider hookup. View behind the front panel,
e b4 * S showing how the sliders for the eq board are
3 S . hooked up. Note the use of twisted wires to RV4
- -

and SW2 from the front left-hand end of the board
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10k a W, 5%

R88, R89, R0,
R91, R92, R93,

1k
100k lin dual ganged rotary
pot

50k lin pot
100k lin pot

1y, 35V electro

100n ceramic bypass
... 15p ceramic

10p, 35 V tant.

...47n greencap
...22p ceramic

4p7 ceramic

...NE570 compander
...LM339 Quad comparator

SPDT Toggle
ETI-1410e pc board, 1 x 16 pin DIL IC socket,
LED mounting Grommet.
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' 2 Assembly of eq board.
R Nothing tricky here. See
: r ! ® the pictures for general
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the pictures for the
general arrangement.
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The first thing to do is to cut the slots for the
sliders in the front panel. If you're handy
with a drill and file then you can get into a
bit of manual labour and, using a 3 mm
diameter drill, drill a series of holes where
the slots are supposed to go and then file
away the intervening metal to form a nice,
smooth, even, straight slot (or so the story
goes!).

If your vocation doesn't lie in the metal-
working field, then an alternative is to ring

s12v ‘

GND nv

FROM POWER
SUPPLY BOARD

around the local engineering machine shops
and see if you can get the front panel slots
milled (thats what we did anyway). Note
that the front of the case consists of two
parts, the thick front panel and the backing
plate. These should be bolted together and
cut together to ensure that the holes line up
accurately.

After the slots have been cut the rest of
the front panel holes should be drilled. This
can be done from the drilling diagram or the

ETI September 1984 — 71
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Scotchcal front panel mask can be used as a
template. Once the front panel holes have
been drilled the backplate should be un-
bolted from the faceplate.

To complete the metalwork on the front
panel, the back of the holes for the input
gain, bass and treble on the faceplate should
be countersunk with a very large drill. This
is to allow room for the nuts that screw on
to the miniature pots to sit between the
faceplate and the backing plate. Remove all
burrs from the holes in the faceplate. This
should complete the drilling of the face-
plate. Turn your attention to the backing
plate.

The hole for the LIMIT LED on the
backplate should be drilled out to 10 mm
diamter to accommodate the LED grommet
and the area surrounding the input jacks
should be cut away to allow the input jacks
to sit flush against the faceplate without
fouling on the backplate. Do a trial assem-
bly to make sure that the input jacks can
screw on to the faceplate without touching
and backplate. The pc board housing the
sliders should be positioned on the back-
plate and the positions of the mounting
holes marked out. Do this as carefully as
you can so that the pots sit straight in the
slots. These holes should then be drilled and
countersunk.

The final step is to drill a hole to the side
of the input jack between the jacks and the
input board to mount a solder lug on. This
hole should also be countersunk to ensure
the screw does not cause the faceplate to
stand off from the backplate when it is
mounted.

At this point it is advisable to re-assemble
the case so that the layout of the boards can
be seen. The picture of the inside layout will
give you a general idea of where the boards
are positioned. Note that the power amp
board is positioned upside down and that
the power supply board is mounted on top
of the transformer. Once you have familia-
rised yourself with the position of all of the
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The works! Inside view of the completed project showing the general layout.

boards, it is time to start marking and drill-
ing.

Firstly locate the mains transformer in
position. Leave enough room for the mains
fuse and cable. The transformer should be
about 30 mm from the back panel and
about 30 mm from the side. Mark the posi-
tions of the mounting bolts for the trans-
former and centre-pop them. Next, position
the power amp board. This should be
150 mm from the left hand side (looking
from the front). The power amp sits upside
down and rests on the large electrolytic ca-
pacitors. The holes on the heatsink bracket
of the 499 should already be drilled as de-
scribed in the article documenting it.

Once the power amp board is in position,
mark the centres of the holes for the bolts
that go through the back panel. Now posi-
tion the board containing the slider pots
into the slots on the front panel and then
position the EQ board on the bottom panel
so that the connecting wires line up with the
corresponding lugs on the sliders. Mark the
positions of the centres of the pc board
mounting holes on the bottom panel.

Next, position the limiter/output board
on the right hand side of the case. Mark the
mounting hole centres. The remaining holes
to be marked are those for the mains termi-
nal block and earth lug. If necessary, a hole
for a mains clamp should also be marked.

Once all of the holes have been marked
the case can be disassembled and the bot-
tom panel drilled. Centre-pop all hole cen-
tres first. To complete the drilling, mark out
the positions of the mains fuse and mains
grommet and also the four output jacks.
The output jacks should be kept so far to
the right hand side (looking from the front
of the amp) as possible and the Scotchcal
back panel label should be used as a tem-
plate to get the spacing. Drill the back panel
holes. Note that if a locking type mains
grommet is used then the hole will have to
be drilled slightly smaller and filed out to
the correct shape.

The heatsink specified is a 300 mm length
of radial-fin extruded aluminium. This
should be located in the centre of the back
panel with the top edge of the heatsink flush
with the top edge of the back panel. Be sure
that the heatsink won’t foul any of the out-
put sockets. Once in position the centres of
the holes should be marked using the previ-
ously drilled holes in the back panel. The
holes in the heatsink should now be drilled.
This should complete all the drilling need-
ed.

Now for the fun part! The wiring up.
Firstly, though, the Scotchcal front panel
label should be attached to the faceplate.
Drill small pilot holes at the centres of all
the holes to give yourself something to line
up with. If you don’t have the steady hand
of a microsurgeon then the best method is
to peel the backing paper from the Scotchal
and then run water over the back of the
label. Also, run water over the faceplate.
The Scotchcal can then be applied to the
faceplate and the water allows you to move
the label into position. Once in position,
press the Scotchcal firmly into place and
squeeze out the excess water with a soft, dry
cloth. The front panel should be left for a
few hours to dry and stick properly. After it
has dried, press it down firmly once again to
make sure that it has stuck.

The input board should be bolted onto
the frontpanel backplate. The pc board with
the sliders should also be mounted to the
backplate with 25 mm long countersunk
bolts. Put the bolts through the holes in the
backplate and then screw a nut on tight to
hold the bolt in position. Place 12 mm
spacers on the bolts and then bolt the pc
board into position. The body of the pots
should be standing a few millimetres off the
backplate and the sliders should run
smoothly and straight in the slots. The sol-
der lug should be bolted in position next to
the input jack hole. The case can now be re-
assembled.

The mains transformer should be
mounted next. It should be mounted so that
the input and output wires come out at the
bottom of the transformer. This leaves the
15-0-15 V winding lugs facing up for casy
access. The fuse holder can be mounted on
the back panel and the power switch on the
front panel. The mains cord and grommet
can now be inserted and the mains wiring
should be done in accordance with the
mains wiring diagram. The mains input goes
straight to the terminal block and the earth
is connected to the chassis solder lug. It
should be arranged so that the carth wire
will be the last to break if the mains cord is
somehow pulled out.

From the terminal block the active wire is
taken to one side of the mains fuse. The
other side of the fuse is connected to one
pole of the mains switch. The neutral is
taken from the terminal block straight to
the other pole of the switch. The two out-
puts from the switch are then connected to
both the primary of the transformer and the
mains bezel. Make sure that the mains



NOTE: The front panel artwork is too large to
reproduce in the magazine. Photostat copies
may be obtained by sending an Ad4-sized
stamped, addressed envelope to ETI-1410
Artwork Photostats, ETI Reader Services,
PO Box 227 Waterloo NSW 2017. If you want
positive or negative same-size film
transparencies, the complete set costs $20 or
front panel film only costs $10 from ETI-1410
Artwork Sales, ETI Magazine, PO Box 227,
Waterloo NSW 2017. Make out your cheque or
money order to 'ETI Artwork Sales’ and ensure
you ask for positives or negatives as you
require. The printed circuit board and rear
panel artwork are on page 156.

Power wiring. General arrangement for the mains
power wiring. If you don't use a clamp grommet,
use an ordinary grommet in the rear chassis
backdrop and a cable clamp inside on the chassis
bottom.
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BEZEL

240 Vac
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PRIMARY
swi

POWER SWITCH

switch and bezel are both firmly screwed in
place and will not come loose during
operation. Be very careful when wiring up
the mains side of the transformer since
mains voltages are lethal.

All exposed terminals should be pro-
tected with heatshrink insulation to prevent
anyone accidentally coming in contact with
mains voltages. The mains cord should also
be securely attached so that it won't come
out even when pulled. Carefully double and
triple check your mains wiring to make sure
you haven't made any silly mistakes like
connecting the active to the chassis. This
completes the mains wiring.

The secondary of the transformer can
now be connected to the power amplifier.
Referring to the overlay for the ETI-499
MOSFET module on page 27 of the March
1982 issue of ETI, the two 35 V lines shown
correspond to the yellow and black wires
from the PF4361/1 transformer secondary.

Output jacks. Wiring up the speaker output jacks.
Note the use of an in-line type fuse.

SPEAKER SOCKET
WIRING

M-
;Oo-

BA FUSE nof
TO LOUDSPEAKER - ="
OUTPUT PADS
ON MAIN POWER SIGNAL

AMPLIFIER
(SEE ETI 499

OVERLAY) EARTH

The orange and red wires are connected to-
gether and form the centre-tap connection
on the board. At this time it is also advisa-
ble to connect good lengths of heavy duty
hookup wire to the input and output holes
on the power amp board. Colour code these
and write down which is which so that you
will know where to connect them later.

Note that an in-line fuse is used in the
speaker output line. Before finally turning
the power amp board topsy turvy and bolt-
ing it to the back panel you should carefully
follow the power-up procedure given in the
article. Be careful that none of the compo-
nents or tracks of the power amp are short-
ing to the case when you are doing this and
also make sure that the wires connected to
the output terminals don’t touch anything.

Once the power amp is set up OK you can
then turn it off and pull out the plug. The
power amp board and heatsink can now be
bolted to the back panel. Heat conductive
silicon grease should be liberally smeared
between the power amp heatsink bracket
and the backpanel as well as between the
backpanel and heatsink. Securely fasten
these bolts.

The next step is to bolt the power supply
board to the top of the transformer. A nut is
used as a spacer to lift the board off the

Power supply. The power supply board (see Part
1) is mounted on top of the PF4361/1 transformer.
The supply connections to the ETI-499 MOSFET
module should be heavy duty hookup wire.

transformer and ensure that the top of the
transformer doesn’t short out any of the
tracks on the underside of the board. Once
the board is mounted the 15 Vac should be
connected. The transformer has four lugs
which are the connections for the two 15 V
windings. The two centre terminals should
be connected together and a wire taken to
the earth of the pc board. The two outside
windings should be hooked up to the ac
input of the power supply board.

The unit can now be plugged in again and
turned on. Measure the voltage on the out-
puts of the regulators to earth. You should
get +12V and —12 V dc respectively. If
you don’t then turn off, pull out the plug
and double check all the wiring and compo-
nents. Once you get the correct voltages
you are ready to proceed. WARNING:
Make sure that, from now on, whenever
you are poking around on the inside of the
case that the mains plug is pulled out of the
wall socket. We don't like losing readers!

Bolts should now be put through the
mounting holes for the two other pc boards
and nuts screwed on to secure them. Place
the equaliser board temporarily in position.
Note the approximate distance from the
master volume pot to the appropriate con-
nection points on the pe board and cut suit-
able lengths of hookup wire. You will need
to allow more wire than the actual distance
since the wires will need to be twisted to-
gether.

Remove the board and solder the hookup
wire to the pe board (if you have used solder
pins for the connection points then you can
mount the board permanently now). Once
you have twisted the wire together and have
the length right you can solder the wires to
the pot (make sure you get them the correct
way round). Repeat this procedure for the
EQ IN/OUT switch and then do the same
for the three pots, LED, and two switches
connected to the limiter/output board.

Once all the pots and switches have been
connected, the two boards can be mounted
on the bolts using 12 mm spacers and bolted
down. The wires connecting the slider pot
board to the EQ board can now be attached
and all the pots and switches mounted onto
the front panel. The LED should be
mounted using a standard LED mounting
grommet.

The next step is to tackle the inter-board
wiring. First, take three pieces of hookup
wire and connect the +12V, -12 V, and
earth outputs from the power supply board
to the appropriate pins on the input board.
These sgould be twisted together. Do the
same for the power supply connections to
the EQ board and the limiter/output board.
At this stage, if a CRO and signal generator
are handy, the operation of each board can
be checked individually. If not, then con-
tinue and live in hope!

Shielded cable should be used to make
the connections between the output of the
input board and the input of the EQ beard
and similarly between the EQ board and

limiter/output board. Note that the shield is »
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Input jacks. Wiring the input jacks. The inputs are
shorted with no plug inserted.

connected at one end only since the earth
connection between boards is already made
by the power supply wiring. The input to
the power amp should be left disconnected
for the moment.

The only remaining connections are those
to the input and output jacks. These should
be wired as shown in the accompanying dia-
grams. Note the wire links used on the input
sockets. This is done so that when there is
no plug in the socket the input terminal is
shorted to ground.Note also that 100 nF
caps are connected from the input signal
ground to the chassis. Once the input and
output sockets have been wired they can be
mounted and connected to the appropriate
terminals. This then completes the con-
struction.

Powering-up and testing
Without a signal generator and CRO there
isn't a lot of testing you can do. The first
thing to do though is, with the input to the
power amp disconnected, switch on and
measure the voltages at the power supply
input pins to all the boards. These should all
be within 0.1 V of +12 V or -12 Vdc. If the
voltage regulator ICs start getting really hot
at this point then there is probably a short
somewhere on one of the boards. Take off
the power supply leads to all of the boards
and connect them back one board at a time
to try to isolate which board has the short.
Remove this board and check it thoroughly.
NOTE: Make sure you always switch off at
the wall socket before making any adjust-
ments to the circuit.

Once the power supply wiring checks out
look at the output (pin 6) of ICS5. Set the
trimpot, RV4, to give minimum dc offset
when the bass pot is in the mid position.
This should be only a few millivolts. If the
output is at supply rail potential then there
is something wrong. Next check to see that
the output of the EQ board is close to
0 Vde.

With your multimeter, check the dc volt-
age on pin 11 of IC10 on the limited/output
board. It shold be very close to 3.1 Vdc.
Similarly, the voltage on pin 8 of IC10
should be very close to 0.5 Vdc. Check,
also, that the dc voltage on all of the outputs
from this board are very close to 0 V.
Switch the limiter switch to the IN position
and ensure that the LED doesn't light.

If everything checks out OK then switch
off, connect the power amp input to the ap-
propriate terminals on the limiter/output
board and insert a three amp fuse into the
fuse holder in the speaker output line. Con-
nect up a speaker and, with all the volume
controls down, .switch on. If no smoke
comes from anywhere and the speaker is
still intact then there is a reasonable chance
that everything is fine. If so then turn off,
replace the 3 A fuse in the speaker line with
an 8 A one and plug in your bass (note that
the mains power fuse must still be 3 A
type).

Turn the amp on, turn up the volume a
little and try a few notes. If you hear those
mellow, bassy tones carressing your ears
then all is well and you're on the way to
rock 'n’ roll stardom!

Hints on using it

All the controls are fairly self-explanatory
with the possible exception of the bi-amp
controls. To obtain the best sound from a
bass it is often desirable to split the signals
into a high end and a low end. This then
allows the low and high frequencies to be
driven by separate amp/speaker combin-
ations, each tailored to the appropriate
frequency range.

e bi-amp filter incorporated into the

Front panel. Complete drilling details for the front panel to suit the case specified.

ALL DIMENSIONS IN mm
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output board of the 1410 acts like a cross-
over which separates the signal into high
frequencies and low frequencies. The cross-
over point (whether the signal is considered
hiil; or low) is set by the CUTOFF FRE-
QUENCY control on the front of the amp.
The high frequencies are sent to the internal
power amplifier and the low frequencies are
directed to the BI-AMP OUT socket at the
rear of the amp.

A typical way to set up a bi-amp system
would as follows. The BI-AMP OUT
would be connected to the input of an exter-
nal power amp (which should be of a higher
power than the 150 watts of the internal
amp). A speaker, attached to the external
power amp, should be particularly suited to
the very low end of the audio spectrum i.e:
20 Hz to around 300 Hz.

The speaker attached to the speaker out-
put on the ETI-1410 should be one that
would handle the upper part of the spec-
trum i.e: from around 300 Hz to a few kilo-
hertz or so. The cutoff frequency control
would then be adjusted to give the best fre-
quency combinations for the actual speak-
ers used, and the bi-amp level control would
be adjusted to give a volume balance
between the two systems. In this way the
optimum balance between a good bottom
end and a cutting top end can be achieved.

To effectively use the full power of the
amp the two volume controls provided
should be set as follows. The master volume
control should always be set fairly high
(around ¥ full range) and the input gain
control can then be used to set the desired
volume.

This is done so that signal does not clip in
the pre-amp stages. If the input gain is too
high the signal from the guitar may over-
drive the input pre-amp and cause excessive
distortion even at low listening levels.

The remaining controls will be left to
your own ingenuity. Everybody has their
own idea about what sort of bass sound they
like. The equaliser and tone controls should
provide enough versatility to get the sound
you want. ®
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Project 499

General purpose

150 W MOSFET
power amp module

Here's a high power,

general

purpose power

amplifier module for guitar and PA applications
employing rugged, reliable MOSFETs in the output.

SINCE publishing the ETI-477
MOSFET amp in the January, February
and March 1981 issues, we have
received a continued demand for a
general-purpose MOSFET power amp
module suitable for guitar or PA appli-
cations. The ETI-477 can of course be
used but is unnecessarily complex for
this purpose. To fill this demand we
have developed the ETI-499 module. It
produces similar power levels to the
ETI-477 (i.e: around 100 W RMS into an
8 ohm load or around 150 W into a 4 ohm
load when used with the Ferguson
PF4361/1 transformer), but has been
designed with constructional simplicity
as the foremost consideration. The
power supply circuitry is included on
the pc board so that the only connections
to the board are from the power trans-
former, input sockets and output termi-

= SPECIFICATIONS — ETI-499 =———

Power output

150 W RMS into 4 ohms
100 W RMS into 8 ohms
(at onset of clipping)

Frequency response

20 Hz to 20 kHz, +0 —0.5 dB

10 Hz to 60 kHz, +0 —3dB
(measured at 1 W and 100 W levels)

Input sensitivity
1V RMS for full output

Hum
—98 dB below full output

Noise
—114 dB below full output

Total Harmonic Distortion
0.006% at 1 kHz

0.03% at 10 kHz
(measured at 12 W level)

Stability
Unconditional — tested to full output

driving 3.5 uF short circuit at 10 kHz.

24 — March 1982 ETI

nals. This greatly simplifies construc-
tion and installation and ensures that
all power supply wiring is done with the
necessary high current handling capa-
bility. In all transistor amplifiers, but
especially with MOSFETs, the resist-
ance between the main filter capacitors
and the output devices must be kept as
low as possible if low distortion and sta-
bility are to be ensured.

The circuit used in the ETI-499 is a
development from one published in the
Hitachi application notes for these
MOSFETs. The original circuit used
very high-gain bipolar driver transistors
developed especially by Hitachi for use
as MOSFET drivers. Unfortunately
these devices are at present unavailable
in Australia. Since these are an
extremely fast device, replacement by
more common bipolars limits the open
loop bandwidth and causes the ampli-
fier to be unstable. The main departures
from the Hitachi circuit are therefore to
ensure a stable design with common
transistors.

We used the BF469 and BF470 as dri-
vers. These are a complementary video
output pair supplying good slew rate
and V,, figures at a reasonable price.
The resulting power amp module is fast
and stable, with distortion figures com-
pletely adequate even for many high
fidelity applications. The module is easy
to construct and capable of withstand-
ing continued clipping or full-power
operation for extended periods when
provided with a suitable heatsink.

Why MOSFETs?

The power MOSFET is a relatively
recent development and offers several
distinct advantages over the more com-
mon bipolar transistor. To understand
these differences it is helpful to look at
some of the characteristics of bipolar
output transistors.

David Tilbrook
Geoff Nicholls

Most power amplifiers employ bipolar
transistors in a common-collector or
emitter-follower configuration. The re-
lationship between the output signal
voltage and the input signal voltage is a
function of the load impedance and the
forward transfer admittance of the
particular device. Forward transfer ad-
mittance is commonly given the symbol
¥is and its non-linear characteristic
gives rise to distortion in the output
stage. With bipolar transistors, the
greatest non-linearity occurs for low in-
put voltages, typically between 0 V and
0.6 V. Once outside this voltage range
the forward transfer admittance is high
and quite linear. So most of the distor-
tion generated in a bipolar output stage
occurs at low signal voltages and is
called crossover distortion (for a more
detailed explanation of crossover distor-
tion refer to the article on the ETI-477
power amp module published in
January 1981).

The most common method used to
overcome this problem is to make use of
bias current. A fixed voltage of around
0.6 V is applied to the bases of the out-
put transistors so that the applied sig-
nal voltage does not have to operate the
transistor over the most non-linear
region. However, a problem arises with
this technique because this voltage
must be controlled extremely accurately.
Even 0.5 V in excess of the correct vol-
tage will saturate the output devices,
probably destroying them. Furthermore,
as the output devices heat up due to
normal operation, the bias voltage must
be decreased to maintain the same
operating conditions. This is very diffi-
cult to do accurately enough, so the
power amp is often running either with
insufficient bias current or is danger-
ously close to destruction.

The problem occurs because the bipo-
lar transistor has a positive temperature
coefficient. This means that as the



temperature of the device is increased
the collector-emitter current will
increase if the base-emitter voltage is
held constant. The increased current
causes further heating and a further in-
crease in current. This condition is
called thermal runaway and results in
the destruction of the output device.
Another problem with conventional
bipolar output transistors is speed. The
techniques used in the construction of
these devices to ensure broad SOAR
characteristics (SOAR stands for Safe
Operating ARea) usually conflict with
those to ensure high speed. Since the
output transistors must handle the
largest currents they are usually the
slowest devices in the amplifier and de-
termine the maximum signal slope that
can be handled by the amplifier before
distortion results. Distortion generated
by this mechanism is called slew-
induced distortion and transient inter-
modulation distortion. Once unneces-
sarily high signal slopes have been re-
moved by a suitable filter at the input of
the power amp the only solution is to
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increase the slew rate of the output
devices.

One of the major advantages of power
MOSFETs is their extremely high
S . When driven correctly the
MOSFETs used in this project can
switch a current of around 2 A in 30
nanoseconds! This is roughly 100 times
the speed of commonly available bi-
polars. Another advantage of MOSFETSs
is their very high input impedance. Un-
like the bipolar transistor, they are a
voltage-controlled device and require
only enough drive current to overcome
their input capacitance. Probably their
most important advantage over bipolar
transistors, however, is that they have a
negative temperature coefficient. Heating
causes an increase in the resistance of
the device, so MOSFETs are inherently
self-protecting. If one part of the device
attempts to conduct more current it
heats up more than the surrounding re-
gion, increasing its resistance, which
distributes current over the rest of the
device. Similarly if several devices are
used in parallel, the negative tempera-
ture coefficient will ensure that all de-
vices share current equally. In guitar
and PA applications the negative temp-
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erature coefficient of MOSFETs pro-
vides the amplifier with unprecedented
reliability, and the high speed helps to
eliminate the problem of slew-induced
distortion.

On the other hand a disadvantage
with MOSFETSs arises from their rela-
tively low forward transconductance
when compared to a good bipolar tran-
sistor. Although the transconductance
of bipolars is highly non-linear when
the base emitter voltage is below 0.6 V,
it increases dramatically once outside
this region. The MOSFET, although not
as non-linear for small voltages, never
achieves the forward transconductance
of the bipolar transistor. The distortion
generated by the power MOSFETSs is
therefore higher than that of bipolar
transistors and must be reduced to
acceptable limits through the use of
negative feedback. This is not a real
problem, however, since the high input
impedance eliminates at least one stage
of a conventional bipolar amplifier de-
sign. This allows a simpler circuit with
fewer active devices and consequently
improved stability margins, allowing
greater levels of overall negative
feedback before oscillation results.

Construction

Construction of the  ETI-499
is relatively simple, since all
the components mount on the pc board,
including the output transistors and
power supply components. The design of
a good pc board pattern is often as dif-
ficult as the design of the original
circuit! This is especially true for power
amplifiers or any circuit in which both
large and small currents are involved.
The problem of large currents occurs be-
cause of voltage drops across earth re-
turn paths, destroying the integrity of
earth reference points for small signal
currents. To overcome this problem, the
pe board must be designed to ensure the p
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MOSFETSs (Q8 and Q9) to equalise the

input capacitances between the n-channel and p-channel output devices. They are mounted under the
board as shown here. Solder lugs are placed on top of the mounting nuts and held with another nut each.
€6 and C7 mount from these to the pads shown, while C7 mounts between them. Note the resistors

mounted under the board also.
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Project 499

validity of the earthing arrangement. If
at all possible, the pc board published
should be used, as departures from this
design could seriously affect amplifier
performance.

Commence construction by soldering
all the resistors onto the circuit board
with the exception of the four 0R22 out-
put resistors. These effectively connect
all the sources of the MOSFETS together
and make it difficult to locate faults in
the mounting of the MOSFETSs. Solder
the 1 W resistors slightly above the
circuit board since these can become hot
under certain conditions. The compon-
ents marked with an asterisk on the
circuit diagram are mounted on the rear
of the pc board. They should be mounted
close to the MOSFETs. Do not solder the
resistors to the rear of the circuit board
at this stage. These are best left until
after the MOSFETs have been mounted.

Solder the capacitors onto the circuit
board with the exception of those on the
rear of the board and the two large
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Both the driver and power transistors

1455

the only other electrolytic, so be careful are mounted on a length of aluminium
with the orientation of this component. angle extrusion, which is bolted to the
The capacitor is marked to indicate pc board by bolts through the transistor
which of its leads are to be connected to mounting holes. This is shown in the
a positive or negative voltage. Check accompanying diagrams. The extrusion
the correct orientation on the overlay is used to conduct the heat generated by
diagram. This also applies to the diodes the output and driver transistors to the
and zener diodes used in the circuit, heatsink, which will also be bolted to

Resistors ........... all v2 W,5% unless stated
RIR2 .............. 100k

R3RMT ... .. ..., 1k

R4,R5R18-R21 ...... 220R

RBRT? - ciiiso sosvamos 3k9

R 22k

B9 v veniatnisiiaivain 680R

B0 s visiaiarais oo e dos 10k
R12,R15,R16,R17 .... 100R

RIS il v 33k

R14. i nveesse 10k 1 W

R22-R25 ............ O0R22 W

R26 ................ 4R71W

R27 ... ............. 1R1W

RV1 ... ... 100R preset

RV2 ... ............. 250R preset

G169 ovr060,65:03 Swiores 220n greencap

B2 (vssuaviimaisnini 2n2 greencap

o T I e 100u/25 V electrolytic
C4 inusisnimienviniie 33p ceramic

which can be mounted next. the extrusion. If you purchase the mod-
PARTS LIST — ETI-499
G5, v s s 6n8 greencap mounted on pc board); fuse holder; 1 m of 0.8 mm
CBiCB: o v v vionisnvc ) 330p ceramic enamel-covered copper wire; 155 mm length of
CF: oiiiesisisens s yaznas 47n greencap aluminium extrusion, 40 mm x 12 mm, for use as the
C10.C11 oo o o r3%i5%5 100n greencap heatsink bracket; assorted nuts and bolts, hookup
C12.C138 0 vmmana 8000u/75 V wire, elc; two solder lugs.
Q10203 ........... BC546 ce estimate
o7 - SO pOE BF470 We estimate the cost of purchasing all the com-
QBGIT s . vusamin BF469 ponents for this project will be in the range:
Q8.Q9 i iy 2SK134 Hitachi
MOSFET $75-885
QIO i vniiiow 2S5J49 Hitachi (heatsink & transformer extra)
MOSFET
DIDY’.......c;50 e 1N914 Note that this is an estimate only and not a
(£ 57 0 NCIRAY I 1N5404 recommended price. A variety of factors may
74D 3 17t 0. B o S NI 12 V400 mW affect the price of a project, such as — quality of
zener components purchased, type of pc board (fibre-
Miscellaneous glass or phenolic base), type of front panel
ETI-499 pc board; plastic bobbin (from P26/16 supplied (if used), etc — whether bought as
poltcore or similar); 5 A fuse (speaker fuse, not Separate components or made up as a kit.
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ule in kit form from one of the kit sup-
pliers who support our projects, this
bracket should be supplied drilled,
ready to mount the transistors. If not,
drill all the necessary holes before pro-
ceeding further. Make certain the holes
are free of burrs or shavings that might
otherwise cut through the transistor in-
sulating washers. This is best done with
a couple of twists of an oversize drill (i.e:
around 13 mm diameter).

The bolts holding the MOSFETSs in
place also serve to make electrical con-
nections to the cases of the devices.

These bolts must be insulated from the
heatsink bracket, which will be at earth
potential. This is done with the use of
short insulating sleeves cut from a
length of ‘spaghetti’ insulation. Use a
small quantity of heatsink compound on
both sides of the transistor insulating
washers to ensure good thermal contact.
Insert the sleeves in the holes of the
heatsink bracket and mount the four
MOSFETSs as shown in the accompany-
ing diagram.

The four driver transistors can now be
mounted. Again, use transistor insulat-

general purpose mosiet amp

ing washers between the metal sides of
the transistors and the heatsink bracket,
although insulating sleeves are not
necessary.

Once all the transistors have been
mounted on the heatsink bracket use a
multimeter to check for any short
circuits to the heatsink bracket by
measuring the resistance from the case
of each MOSFET, and from the centre
lead of each driver transistor, to the
bracket. The measurements should
show open circuit on all transistors. If a
short does exist the transistor should be P
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removed and remounted, possibly with
a new insulating washer. Finally, sol-
der the leads to the transistors.

Once the MOSFETs and drivers have
been mounted, the remainder of the
components can be mounted on the pc
board, including the small signal tran-
sistors and the components on the rear
of the pc board. Mount the two 8000u
electrolytic capacitors last; be sure to
bolt the capacitors down, however, be-
fore soldering the lugs. Mount the four

OR22 resistors now, leaving around

5 mm between the resistor and the board.
Ensure that all components mounted on
the rear of the pc board are mounted
close to the board with their leads cut as
short as possible.

The output inductor, L1, is formed by
winding 20 turns of 0.8 mm enamel wire
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Exploded view of how to mount the output devices
to the bracket and pc board.
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around a 14 mm former. The plastic bob-
bins supplied for use with the P26/16
potcores are ideal for this purpose.

Powering up

Supply fuses have not been included on
the pc board because the resulting re-
sistance necessitates the use of a second
set of electrolytic capacitors close to the
output devices. To protect the loud-
speakers in the case of failure of the
power amp a fuse should be used in
series with the loudspeaker cable. We
will shortly be publishing a loudspeaker
protector, with the emphasis on PA
applications, for use with the ETI-499.
In the meantime, however, use a fuse as
specified in the parts list.

Before powering up check all stages of
construction, including the orientation
of all polarised components. Check that
no shorts exist between the cases of the
output devices and the heatsink bracket.
Mount the heatsink bracket to a suit-
able heatsink, again using heatsink
compound to ensure good thermal con-
tact. Do not connect a loudspeaker at
this time. Adjust RV1 to centre and RV2
fully counterclockwise, as viewed from
the positive rail side of the pc board. If
all is in order, connect the module to the
power transformer and switch on. Using
a multimeter on the 1 V range, adjust
RV2 so that the voltage between the
ends of RV2 reads 0.8 V. Now adjust
RV1 so that the voltage between the
output terminal and ground is as close
to zero as possible. Ideally, a digital
multimeter should be used for this mea-
surement since most analogue meters
do not have the necessary resolution.
Adjust RV1 to achieve a dc voltage on
the output of less than 10 mV, if pos-
sible. If your multimeter does not allow
measurement of voltages this small,
leave RV1 set at the centre position.
When both of these adjustments have
been made, the module is ready for
operation.

Performance

We have tested the prototype into both
inductive and capacitive loads and at all
times it performed impeccably. The
sound is clean and smooth with no sign
of the harshness sometimes experienced
with transistor power amps. The high
speed of MOSFETS helps to ensure free-
dom from slew-induced distortions and
the amp clips cleanly with no sign of
instability.

In coming months we will present
articles on the loudspeaker protector
board and a preamplifier to form a com-
plete PA or guitar amplifier. ®

The circuit is a development from one
published in Hitachi's application notes for
these MOSFETs. The original circuit uses
driver transistors designed by Hitachi for use
as MOSFET drivers. Unfortunately these de-
vices are not available in Australia at the pre-
sent time, so most of the differences are to
ensure stability and low distortion with a more
readily available driver. We have used the
BF469, BF470 complementary video output
pair as used in the 477 module. These transis-
tors provide the necessary speed so as not to
degrade the performance of the output tran-
sistors.

One of the most difficult stages in the de-
velopment of an amplifier module of this type
is the pc board design. Separation of the large
currents flowing to the electrolytic capacitors
from signal earth is absolutely imperative if
low distortion is to be obtained. An earlier pc
board using exactly the same circuit gave dis-
tortion figures as high as 1% when driven into
8 ohms at around 10 W RMS! The problem was
simply interaction between charging currents
to the electrolytic capacitors and the earth re-
ference to the input differential pair. For best
performance use the pc board design pub-
lished with this article and pay special atten-
tion to all earth and supply connections. In
particular ensure that the connections to the
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centre point of the transformer and the loud-
speaker earth are soldered into the correct
positions on the pc board. Although these two
points are immediately adjacent on the pc
board they are not equivalent electrically due
to the slight resistance of the board. If these
wires are connected the wrong way around the
distortion will be increased possibly by as
much as 20-30 dB!

Transistors Q1 and Q2 form an input dif-
ferential pair. Their function is to compare the
output signal with the input signal and drive
the voltage amplifier transistors in the driver
stage with the necessary correction signal,
sometimes called the error voltage or error
signal. The base of Q1 is held at ground poten-
tial by resistor R2. Capacitor C1 in conjunction
with R2, R3 and C2 forms an input filter, which
defines the upper and lower 3 dB points of the
amplifier. This filter therefore restricts the
maximum possible signal slope capable of be-
ing driven to the input of the differential pair.
This is an essential function since it eliminates
slew-induced distortions such as TIM, pro-
vided that the rest of the power amp has a slew
rate in excess of this limit. For a more detailed
description of slew-induced distortions and
their remedies see the articles on the 477
MOSFET module published in January,

The gain of the differential pair is around 17,
s0 most of the open loop gain is done by the
driver transistors Q4 and Q5, and their
associated current mirror formed by Q6 and
Q7. The series RC network C4, R12 ensures
stability of the amplifier by decreasing the gain
of the driver stage at very high frequencies,
while keeping the phase shift produced within
90",

As stated above, transistors Q6 and Q7 form
a current mirror. The purpose of these devices
is to ensure the current through the two driver
transistors remains identical. At the same time
the very high impedance represented by Q7 on
the collector of Q5 ensures high open loop
gain, and consequently low distortion through
the relatively large amount of negative feed-
back available. RV2 varies the voltage between
the gates of the output MOSFETs and there-
fore the amount of bias current through the
output transistors. If the voltage across this
preset is set to around 0.8 V the bias current
will be approximately 80 mA, which is about
right. If the bias current is decreased com-
pletely by turning RV2 fully away from the
MOSFET end of the board, the MOSFFTs will
remain off until a signal is fed to the input. This
is pure class B operation and results in the
coolest operation of the power amplifier. The

crease In distortion, called crossover distor-
tion, will result. In PA or guitar applications
this is not a problem, so the amplifier can be
used in this mode without hesitation.

The diodes D3, D4 and the zener diodes ZD1
and ZD2 ensure that the voltage between the
gates of the FETs and their sources never ex-
ceeds 12.6 V, the most common cause of
MOSFET failure.

Capacitors C6 and C8 equalise the capaci-
tive input characteristics of the MOSFETs and
make it considerably easier to correctly
stabilise the output stage. Capacitor C7 brings
the sources of the two 2SK134 MOSFETs to
the same potential at high frequencies, and
overcomes possible problems that might
otherwise be caused by inductance in the
source resistors R22 and R24.

The four resistors R22-R25 help to match the
differences between the characteristics of the
different output devices.

The passive filter network formed by R26, C9
ensures that the module always has a load at
high frequencies. If the amplifier is tested with
large high frequency sinewaves this resistor
will become extremely hot, but this does not
indicate a fault condition. The inductor L1 and
the resistor R27 help to ensure total stability
into capacitive loads, such as when driving

February and March 1981. disadvantage, however, is that a slight in- extremely long loudspeaker leads.
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