word.

Technical characteristics .

Input sensitivity:

Input irpedance:

3dB bandwidth:
Distortion:

Dampinjg factor:
Features:*

775 mVrms for maximum output power.
power amplifier: 22 kQ.
preamplifier:.47 kQ.*

8 Hz...100 kHz.

2x250 W in 8 Q; measured within 10 Hz.".

<0.01% at 600 W in 8 Q, or2x300Win 4 Q, or

2x200 \Mm 8 Q; measured wvthm 10 Hz..
>100.

mono/stereo selection on preamplifier with symmetrical or

asymmetrical input and volume control.

Transformer current limit at power-on: DC level monitoring
at amplifier output; delayed loudspeaker connection;

thermal control of fan relay.

* to be (discussed in part two.

<0.1% at 1000 W in 8 Q, or2x500 Win 4 Q, or .

.30 kHz band.

.30 kHz band.

the amplifier described in this article
will be of definite interest for appli-

large PA (public address) systems,
where a sufficiently high SPL (sound

middle audio frequency ranges is
normally onky attainable through a
combination of amplifiers and a
number of stacked, hlgh-eiﬁmency
bass bins.

Apart from presenting an amplifier
with outstanding features, both as to
performance and reliability, this
article is also interesting from a
theoretical point of view, since pro-
cessing small audio signals to ten

The considerable power reserve of -
cations in discotheques as well as in-

pressure level) for the low and lower .

odd amperes of output current re-

" quires quite a ‘lot .of attention to
overall efficiency and problems per-
taining to stability; as well as to opti-
mum transmission of dissipated heat.

General
considerations

An amplifier with an output capa-
bility of the order of 1000 watts poses
problems as to the heat dissipation of
the power output stage. In order to
shed light on these problems, their
theoretical aspects will be briefly
discussed below:

In theory, the output stage has a

maximum efficiency of 78.5%; that is,
with maxxmum dnve level applied

Here is an amplifier that meefs the demand for gooo’
quality sound reproduction at very high sound pressure
levels. Capable of delivering either 2x500 W in a stereo
arrangement, or 1000 W in a bridge configuration, this
design may be called powerful in the frue sense of the

and disregarding the. | transistors’
drain-source ' saturation’ voltage of
about 2.5 V. At.1000 W output power,
therefore, the DC input, Pin, to the fi-
nal stage amounts to

in = 10000100/ 78.5)= 1274 Watts.

The maximum dissipation, however,
does not occur at full drive, since the
overall efficiency drops|with lower
drive levels to the output stage, but,
theoretically, at a drive level of 64%,
and amounts to

Paiss=0.4Pour=0.4x500=200 W pe:
channel.

Since this is a stereo design, we can
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expect 400 W in the worst case con-
dition. The losses due to the quiesc-
ant current 4dd a further few watts to
‘he total dissipation. Given a quiesc-
ent current of 100 mA per. transistor,
ie. 400 mA| per channel, the ad-
ditional pdwer demand Pgc is
calculated fiom

Pac=04x75Vx2=60W per
channel.
Again, this figure should be

doubled, sirice there are two ident-
ical channels. Note that the factor
wo in thHe above calculation
represents the symmetrical +75V
supply. In canclusion, it is seen that,
theoretically, each power transistor
issipates some 33 W in a worst case
sondition. Obviously, this calls for a
suitable heattsink with very low ther-
mal resistance, supported by a
cowerful fan which is switched on
automatically when the heat-sink
emperature exceeds a safe value,

n order to;achieve maximum ' ef-
iciency and|a large signal handling
-apability, both at instantaneous and
‘ontinuous operation near the peak
>utput power level, the amplifier in-
>utand driver sections have been ar-
anged to operate from a higher
‘upply voltacie than the output stage;
his ensures full drive reserve in all
-onditions and thus avoids driver
pulling’ at peak output currents.

Of necessity, several protective
Tieasures have been incorporated in
e present amplifier design, since
s huge power reserve is capable to
destroy everi the most rugged of
Jligh-power loudspeakers in the
1bsence of suitable circuitry to delay
3oth the speaker connection and the
odresence of the full mains voltage at
he power | transformer primary
vinding. Also, the heatsink tem-

perature and the output DC level are
under constant surveillance in order
to timely detect amplifier malfunc-
tions are/or gross distortion occur-
ring in overdriving conditions. All of

these protections aim at preventing

costly and disastrous bangs in the

loudspeaker(s) and blown mains

fuses when the amplifier is switched
on. :

This article discusses theory and
construction of the main high-power
amplifier board, two of which are re-
quired for a 2x500 W (4 Q, stereo
setup) or a single 1000 W unit (8 Q,
bridge connection). Next month's
issue of Elektor Electronics will deal
with the power supply for the input
and driver sections, a stereo/bridge
preamplifier, details for setting up
and testing, the protective circuitry,
and constructional hints.

Bassic section
aesign

The functional division of the pres-
ent amplifier board into input stage,
driver stage, and power stage is a
logical consequence of the specific
task assigned to each circuit section.
All functions have been thoroughly
analysed and the resulting basic sec-
tion designs will be discussed
below.

The input section has been devised
for optimum characteristics  as

regards low noise level, stability, and |

frequency response. Figure 1 shows
the basic concept of this section
which exhibits outstanding qualities
by virtue of its symmetrical arrange-
ment. At the left is the audio input, at
the right the input for a portion of the
amplifier output signal (feedback).
Basically, the circuit consists:of two

complementary, differential ampli-
fier stages (TsTho; TaTs), each with
its associated current source. Alter-
nating voltages at the inputs ‘see’ the
differential amplifiers as connected
in parallel. The advantages offered
by this setup may be summarized as
follows: first, the complementary
transistor types and the equal cur-
rents, supplied by Ii and Iz, cause
the base currents of Ts and T to
counterbalance with respect to the
input; secondly, the four transistors
operate at virtually constant
collector-emitter voltage, which
makes for constancy of capacitive
feedback characteristics and, conse-
quently, a further reduction of poss-
ible: non-linear operation. Further-
more, the constant voltage ensures
pure current amplifier operation of
the differential configuration so as to
obviate the need for the internal tran-
sistor capacitances to be charged
and discharged at audio speed; this
works out to be a great asset as to the
quality of amplification at low collec-
tor currents, and, therefore, the low-
noise' and high cut-off frequency
properties of the design. In short, the

" input section achieves a remarkably

low TIM (transient intermodulation)
distortion figure. Driver transistors Ts
and Ts must provide clean voltage
amplification; however, contrary to
the basic arrangement shown in
Fig. ], these transistors have, in fact,
been: cascaded and connected to
driver MOSFETs — see Fig. 2.

The typical advantage of the driver
cascade setup is a further improve-
ment upon the already highly linear
la=fTq) curve, relevant to these
complementary MOSFET devices.
Moreover, the extensive frequency
range of this driver design . fully
matches that of the input stage as de-

Flig. 1. Basic cir-
cult arrangement
of the amplifier
Input section. If
correctly dimen-
sioned, it offers
excellent per-
formance.

Fig. 2. The
driver circuit of
the high-power
amplifier Is
basically a sym-
metrical and

- complementary

cascade don-
figuration. The
application of
VMOSFET
drivers ensures
ultra-linear oper-
ation over a
wide range of
audio signal
levels.
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Fig. 3.\ The basic
cireults of Fig. 1
and 2 can easily
be spotted in this
circult| diagram
of the high-
bower amplifier.
Note that this is
but one of two
identical units!

scribed.
The power output section is basi-
cally a conventional push-pull

design with complementary N- and"

P-channel power MOSFETs of the
horizontal type, selected for good
transient response and linearity at all
possible drive levels,

Circuit defails

A careful examination of the circuit

diagram shown in Fig. 3 reveals the
practical realizations of the sections
discussed above. Note that the part
numbers have been retained for this
purpose.

There is a fair number of zener
diodes in "the . circuit; Di...Ds,
together with IC1 and ICa, provide
the stable +80 V supply voltage for
the input. and driver section.
Dz...D1z ensure the presence of the
correct supply voltage for the com-
plementary, low-noise transistors

; i
Types BC550C-BC560C. T: and Te:
supply a constant collector current
to each differential amplifier; set t0
about 0.45 mA per transistor, this-
current constitutes the right com=
promise between mirnimum noisé
level "‘and maximum | cut-off fre--
quency of the input stage. Tz and T2
have been connected as diodes 0
reduce the voltage excursion at the:
collectors of To and T4, as well as 0%
correct any thermal ruriaway effects’§

in T3 and Ts. The quiescent current®
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—s, of' the ‘driver stage has been ar- 4 |
~1 | ran »d ata fixed 25 mA, which flows
“thre gh T3, Tu, Tiz, and Pi. The lat- Z Te
. 2x 24V /150 mA
ter » used to set the quiescent cur- &
b rent of 400 mA for the power output
stage:
Unfortunately, power MOSFETs of
the type used in the present ampli- ) 8 j‘;"@
fier tend to oscillate quite easily, es- s‘\r
pecially when connected in parallel. Sta
In order to combat this tendency, maing awitch
each: MOSFET is fitted with a low-
value gate resistor. Owing to essen-
tial -‘ifferences in their internal struc- £
ture. the N-channel MOSFET Types AT
25Ki35 and 2SKI75 typically present ®
lowel gate-to-source and gate-to- R=—Z==
drain| capacitances than the com- ic3 1! 12v
plementary, P-channel Types 25]50 7812 [ *
and 25]55. To avoid output stage un- Py mwpncH
balancing and resultant instability, a €20
number of small ceramic capacitors, 10000V
Ci...C2s, are fitted at suitable ' o2 T ;,
pointsl around Tis. . .Tis. é 2x 15V/400 mA Fig. 4. The
Dic-‘es Di3...Dis limit the drain cur- . : c2 dnver and pre-
ren: of each MOSFET to 5 & in case ‘ amplifier supply
of an output short circuit, This effec- ‘OOTV section provides
tive  protection  causes no T3 Ica a higher outout
measurable distortion during normal 2x 24V/150mA | 7912 ' ,f \’,' Voj,gge tha npme
operation. ower stage
, Each MOSFET source terminal is fupp]y to gnsure
connected to the loudspeaker out- 2% sufficient drive at
put rail by four parallel connected o continuous oper-
| watt type resisistors. These are H ation near peak
used instead of a single 4 watt type, amplifier output.
- whi-his typically a wirewound type. g ?;i_: Tl;ep c{;nstruc";fbn
Thi type of resistor cannot be used of f/y,;év supply
here since it would present a stray in- ooy nit wi
- . ; unit will be
ductance in a highly critical location, ' 7Q reverted to in
, causinqg amplifier instability and a Moz v part 2 of this
strong tendency to oscillate. article.
4 5
7 7 RS9
Power supplies e
The circuit diagram of Fig. 4 shows sYwes éw
the +90 V supply for the input and @-I—‘;"“ - 70... g v ‘
driver sections of two amplifier T red Flg. 8 Vital to
boards, as well as the necessary the correct oper-
z‘ilrpp!v 'volt;l%:s iox;nt;!e grotecn've °E°L—F’—=’-_II;E= 10080 ation é{ the
cuitry. combined power "E oV amplifier, this
Supply will be reverted to in next powerful mains
Month'ssecond article. ® < © supply unit is
Figure § shows the +75V, high- s czol cao cav! . equipped with
:UH?Et ﬁpswegs supsly :; gle t;vlo .L‘EEJ'%%“ two toroidal
mplifier boards as described in t is transformers and
J | ¥ure Itshould be made quite clear a sultably dimen-
© | ¥ s stage that the final sound Tr4, TIS=55V-15A or —— sioned smoothing
3 gUahty of the proposed amplifier 2x28V-15A toroidal section, capable
t €pends direct and inevitably on the : of care}mg for
) Current sourcing capability of this saoars the amplifier’s
5 DOWex_r supply. Any attempt to skimp high current
. On this vital section will result in demand.

llure of the amplifier to produce
90od sound quality, especially in the
oW and lower middle frequency
Rnges where generally most of the
Mu’c power is contained. The pro-
Do q supply ensures good ampli-
€' response to continuous as well
%  short-duration signal peaks

generated by musical instruments:
such as electric bass guitars, bass.

drums, or synthesizers.

To meet the current demand of the |
amplifier boards, the proposed |

+I5V supply incorporates two

- transformers, a 25 A bridge rectifier,
: and

2x30,000uF  smoothing
capacitors. It stands to reason that
the construction of such a supply

unit deserves the necessary care
-and attention, and. this will also be

identical,  toroidal 750 VA mains | reverted to in next month's article.
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Fig. I Compo-

- nent mounting
Jplan for the high-
powelr amplifier.

Parts list (relevant to a
single amplifier board)

Resistors:
R1=22 k
R2=4k7!
R3;Ra=8k2
Rs;Ré6=1k8
R7;Re=33 Q
Re...R12=180 Q
R13...A2=220 Q
R23;R24=10Q; 1 W
R2s...Rs6=19Q; 1 W
Rs7=470 2,1%
Rss=22 k;1%
P1=250 Q preset
{good quality!)

Capacitors:

C1;C3;C4,Cs;Cs;
Cro=47 u; 100 V;
electrolytic

C2=100/n

C5=330n

C7,C8;Ci3=47 »; 16 V;
electrolytic

Cn=1u MKT

Ci2=220 p

C1a=100y; 16 V;
electrolytic

C15;C16:= 100 ;100 V;
electroljtic

C....C21=330p

Cz...C5=33p

Semiconductors:
D1;D2 = ener diode
33V, 1.3W
D3;Da = ener diode
IVI3W
Ds;De;D17;D18 = 1N4002
D7...D1p=zener diode
47V; 04 W
D13;D14=zener diode
10V; 04 W
D1s;D16:= IN4148
T1...T5+=BC560C
Te...T1=BC550C
T11=IRF610/9612/
9620/9622
(International Rectifier)
T12=IRF510/612/620/
622 (Int{arnational
Rectifiet))
T13...T1p=2SK135/
28K175* (Hitachi)
T17...T20=28J50/
28J55* [Hitachi)
IC1=7808 + finned
heat-sink
1C2=7908 + finned
heat-sini

Miscellanpous:

heat-sinks for T11;T12
(37.5 mrn e.g.. Fischer
SK59)

2 PCB-mount fuse
holders !

To get the most out of the amplifier,
all supply wiring should be of

2.5 mm? cross-sectional area,
preferably heat-resistant stranded
wire. Do not fail to observe due
precautions when working with this
power supply; 180 volts is a
dangerous level!

Power resistor Rss in the mains
supply line prevents the mains
and/or the domestic 13 A fuse(s)
from blowing when the ampilifier, or
rather the power supply, is switched
on. Without this current limiting
device, the discharged capacitors
and the absence of a magnetic field
in the mains transformers would
cause a very high, momentary mains
current, enough to blow the fuses.
The protective circuitry, which is dis-
cussed next month, energizes Re:
(ie. short circuits. Rso) after a short
‘power-on’ delay, which is long
enough to allow the transformer
magnetic field to be built up and the
smooting capacitors to be given an
initial charge.

Construction and
initial fest

Before commencing the construc-
tion of the ampilifier, it is advisable to
be quite clear as to its intended ap-
plications. If it is to be used as a
bridge-connected 1000-watt mono
type, the power supply should be
configured as outlined above.
MOSFETs Types 2SK175 and 2S]J55
are then preferred to Types 2SK135
and 2S]50: the former are more rug-
ged and better capable of withstand-
ing highvoltage surges. If the
amplifier is intended for use as a
2x250 watt stereo type with 8-ohm
loudspeakers, the toroidal trans-’
formers may be rated at only 7A
each, and the total smoothing
capacitance may be halved. Note
that all amplifier configurations men-
tioned so far require two items of all
parts as indicated in Fig. 3, including
the ready-made PCB. Fitting the
parts as per Fig. 7 should present
few problems, but the eight TO-3
style power transistors and the heat-
sink require some skill in
mechanics; this will be explained
later on.

It is strongly advised to use first-class
components of known make in all lo-
cations. Never use cheap, baker's
dozen capacitors or resistors, and
closely observe tolerance and maxi-
mum rating of each and every part
before soldering it into place. Also
opt for safety where the high-voltage
supply rails and the amplifier output
are involved.

The MOSFET power transistors are




fitted onto the board last, along with
a suitably drilled, 5 mm thick alu-
minium angled bracket; see Fig.6
for the relevant dimensions. Do not
forget to fit the transistors with good
quality - mica washers; ceramic
(Al202) types are preferred, but
more expensive and harder to get.
Also remember to use a generous
amount of heat conducting paste.
Check for any short circuits between
the transistors and the bracket once
these have been bolted together.

It is strongly suggested to take
ample time for a thorough inspection
of all parts when they are fitted on
the amplifier board; verify the cor-
rect polarization of all zener diodes
and electrolytic capacitors; make
sure that the NPN and PNP tran-
sistors have been fitted in the correct
PCB positions. Keep in mind that any
mistake, however trifling it may ap-
pear, may have costly consequences
for the output stage and/or the
power supply, not to mention the
loudspeakers. . .

If everything appears to be in perfect
order, proceed with bolting the
amplifier board to a large heat-sink
with a thermal resistance of no more
than 0.3 K/W. Now consider whether
you want to test the board right away,
or wait until next month's issue is on
your work-bench. It should be noted
that testing at this stage of construc-

tion involves a number of risks, ow-
-ing to the fact that the protective

circuitry is not present as yet.
Therefore, if you feel less sure about
taking a risk, wait till next month and
have the protective circuits correct

| any of your mistakes. When in doubt,

opt for the safe way!

For an initial test, it is assumed that
the amplifier board has been boited
to a heat-sink, and the +75 V supply
has been constructed in an ex-
perimental setup. Connect the
+75 Vtothe +90 V, and the —75 Vto
the —90 V terminals on the amplifier
board. Replace the 6.3 A fuses with
1Q, 4 W resistors, and solder 5K6,
1 W resistors in parallel with zener

-diodes Ds and Ds. Now put the

board aside for a moment and test
the +75 V supply.

" Temporarily short out Rss and insert

a 10 A anti-surge fuse in the mains
line to the transformers. Make sure
that the experimental setup is safe as
regards the presence of the mains
voltage at several points. Now switch
on. Should the 10 A fuse blow, re-

.place the wire across Rss with a

suitably rated switch. Verify that the
switch is open and apply power

tagain. Close the switch as fast as you

can; the new fuse should not blow

‘this time. Leave the power supply on

for a few minutes and measure the

output voltages; these should be of

o
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3 caritype terminals for
+75V and earth
connections

2 fuses 6.3 A anti-surge

soldering pins as
required

aluminium bracket*

large heat-sink 0.3

K/W* {40x 15 cm,

e.g. Fischer SK39)

PCB 86031

8 insulating washers
TO-3 style*

Parts jfor +75 V power

supply:

(purchase in quantity as
listed)

Rsa=100 Q;10 W
Tra;Trs = toroid

transformer; 55 V-15 A

secondary or

2x28 V-15 A*

(e.g. ILP Type 9B656}
B = B200C25000;BYW64
C26...C31=10,000 ;

100 Vv*

* see text and/or
relevant Figure.
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Fig. 6. Dimen- the order of +75V to +80V, de-
sional outlines of | pending on the exact secondary
the support voltages of the transformers in use.

biracket which
forms the ther-

. mal contact be-

tween transistors
and heat-sink.
Also shown are
transistor mount-
ing detalls.

Switch off and slowly discharge the
smoothing capacitors with a 500 Q-
10 W resistor. If applicable, set the
auxiliary switch to the off position
again.

Connect the supply to the relevant .

terminals on the amplifier PCB and
turn P1 to its minimal resistance pos-
ition (fully counter clockwise). It is
not necessary as yet to have a load
connected to the amplifier output;
hook up an oscilloscope instead.
Switch on as outlined above and
carefully measure the voltage drop
across the fuse replacements; this
should be 0 V. Slowly turn P for a
reading of 0,4 V across each ‘fuse’ to
set a quiescent current of 100 mA
per output transistor. Observe the
measured value for a while and
verify that the amplifier does not
oscillate at slightly different quiesc-
ent currents; neither should there be
any tendency to thermal instability.
Measure the DC level at the amplifier
output; this should not exceed about
+50 mV. If everything appears to be
in order, a suitably rated loud-
speaker may be connected to verify
distortion-free amplification. Do not
test for maximum power in this test
setup!

Finally, replace the 1 Q, 4 W resistors
with the fuses again, remove the
supply wiring, and unsolder the
resistors across D3 and Ds. The test
procedure for the other amplifier
board is, naturally, entirely identical
to that outlined.

(to be continued next month) TW-7S
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Affer last months discussion of the power outout baards
and associated power supply, this concluding article
defails the design and construction of the bridge/stereo
preamplifier, driver stage power supply, soft furn-on and
profective circuiiry, as well as an effective fan contro/
section. In addition, a variely of illustrative material is
offered as an aid fo understanding the amplifiers
mechanical ‘consiruction.

Driver stage
power supply

The circuit diagram of the combined
+90V and +12V supply unit
originally given on page 63 of last
month’s issue of Elektor Electronics
unfortunately contains a small error
and a correct version of it is, there-
fore, reproduced here.

The +90V driver stage supply is
quite straightforward; it is capable of

supplying up 'to 2x100 mA. The
open-circuit voltage of this section is
about +100.V. The +12 V supply is so
conventional as to make any descrip-
tion of it unnecessary.

Preamplifier

In order that the amplifier can be
switched from 2x250/500 W stereo
to 1000 W' mono operation in a

bridge-connected configuration, the
two power output boards must be
driven with the normal left and right
signals (stereo) or complementary
phase signals (bridge set-up); both
configurations are supported by the
special preamplifier shown in Fig. 8.
It can be seen that the antiphase
signals come from opamps A2 and
Ag; the former functions as a. non-
inverting, the latter ag an inverting
amplifier stage. In order to ensure
simultaneous clipping ‘levels and
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igntical overall response for both

ower output boards, all resistors in
a@ circuit must be 1% tolerance,
aigh stability metal film types. The
preamplifier inputs are balanced, so
that the amplifier can be driven
direct from low-noise, balanced
cables, as is customary in large PA
systems. :
However, where unbalanced inputs
are| preferred, the negative input ter-
minals may simply be grounded.
“tereo potentiometer P1 should be a
.igh quality type, since any tracking
error may readily lead to differences
in output power from the amplifier's
left and right channel. In some cases,
a linear stereo potentiometer may,
therefore, be preferable over a logar-
ithmic type.

Soft turn-on and
profective circuifry

The power-on delay circuit, shown in
Fig. 9, has its own DC supply, which
operates. off the ACz voltage from
Tra. When the mains switch is
closed, C7 is charged rapidly, and
Cs provides an approximately one
seqond long, high logic level at the
inputs of N1, whose inverted output
‘evel disables Ts. Therefore, Re1 will
10t be energized until one second or
30 lafter power-on, and the initial
turn-on current for Tre and Trs is
for¢ed to flow through "brake” re-
sistor Rss, whose function has
already been explained in last
month’s article on the high-power AF
amplifier — refer to Fig. 5 and the
section on power supplies in that

. article. After the initial second has

lapsed, Rss is short circuited by the
Rel contact, and Tr4 and Trs receive
thel full mains voltage across the
pripnary windings. The red LED goes
out, and the yellow one lights to indi-
cate the second interval of 18
seconds before Cs is charged, Nz

supplies a low and N4 a high logic |

level, and Rez is energized, connect-
ing|the loudspeakers to the amplifier
outputs; at which moment the yellow
LED goes out and the green one
lights, indicating that the amplifier is
fully operational. The outlined
power-on timing sequence prevents
blown fuses as well as loudspeaker
destruction.

When the amplifier is switched off,
the! voltage across C7 is the first to
break down, since this smoothing
capjacitor is rated at only 100 uF. The
resulting low logic level at the sec-
onc‘} input of N2 causes T7 to deac-
tivater Re2, disconnecting the
loudspeakers from the ampilifier out-
puts. At the same time, Re1 is deac-
tivated, since the base current for Te

F1
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Parts list for the com-
bined +90 and +12 V
supply.

Capacitors: {electrolytic)
C18;C19=1000 14;25 V
C20;C21=100 ;16 V
C22;C23=220 ;100 V

Semiconductors:

D22...D33= 1N4002
IC3=7812
ICa=7912

Miscellaneous:
F1i=10 A fuse; slow.

Fuseholder for panel

mounting.

S1= double pole mains
switch 3A-250 V.

Tri;Tr3=2x24 V;
150 mA., -

Tra=2x 15 V;400 mA.

TQ220-style heatsink for
1C3.

Relevant section on
PCB Type 86067

Soldering pins and wire
as required.

Three-pin mains chassis
plug rated at 240 V
AC; 10 A

Fig. 8 Circuit
diagram of the
switchable
stereo/bridge
preamplifier.
Connect the —
nput terminals tc
ground to suit
operation with
unbalanced
drive signals.
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