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perature (sec Fig. I, transfer characteris­
tics at three different temperatures).

This means first of all that power
Mosfets have no thennal stability prob­
lem, so we don't have to temperature­
compensate the bias voltage. Secondly,
they have no local current con«:ntration
and consequently no safe operating area
limitation. This translates into the prac­
tical advantage of not having to usc ela­
borate protection circuits (V-I limiters)
in our amplifiers.

Some other relevant advantages for
audio use are high switching speed due
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by several companies, they were expen­
sive and hard 10 come by. Hitachi pro­
duced the first reasonably-priced ones,
which I read of in 1977.' My practical
experience dates from 1978, when I
joined the David Haner Co. and staned
to develop the DH-200. I have been
using the Hitachi 2SKI34/2SJ49 power
Mosfets ever since.

Power Mosfets have a number of ad­
vantages over bipolar devices. Most im­
portant, of course, is that the drain cur­
rent has a negative temperature coeffi­
cient: it decreases with increasing tem-
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Over the last 20 years I have had ex­
perience with bipolar power devices as
both a user and a manufacturer. During
these years their power handling, speed,
and other characteristial have steadily
improved. However, the inherent prob­
lem with these devices is still there: the
positive temperature coefficient of the
collector current, increasing with in­
creasing temperafUre, limits the maxi­
mum collector current by local current
concentration and thermal runaway.

Of course, over the years people have
learned to live with this problem and
produce some very high quality ampli­
fiel"$. For reliability the name of the
game was to use the power devices more
conservatively than the manufacturen
claimed was necessary.

An entirely new power device
emerged from the research labs in the
mid 70's: the power Mosfet. Introduced

I N THE LAST COUPLE OF YEARS 1, like
many of my friends and colleagues,

have been trying to improve the weakest
link in the audio chain-the loud­
speaker. As I do nO! design drivers, I
have to rely on what is available on the
marke',; all I can do is utilize these
drivers in the best possible way. This
work usually involves testing large
numbers of speakers, often using active
crossovers, active drivers, etc. In other.
words, I need a 101 of amplifiers.

To alleviate the problem I set out to
design a medium-power amplifier for
use in such systems. I aimed for a simple
design, easy 10 make, failsafe in opera­
tion, and providing excellent perfor­
mance under all operating conditions. I
bdieve the design presented here fulfills
all these requirements, and consequent­
ly it may be useful to you abo.

USING MOSFETS
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where S is slew rate and is equal to:

S .. 2.'!f.f.Vpool (2)

and C is the total capacitance to be
driven with a slew rate equal to S.

Calculating the slew rate fint:

S _ 2.p40.l(p·30 .. 7.SV/p.S (3)

p"'~. -I. Equill(ll'~1 ,i1fuil oj fOU'" follow",

Fortunately, there is 'a way out of this
dilemma. If we look at the drive re­
quirements -for the purely capacitive
input-impedance, we realize we don't
have to have a low impedance source.
We just have to make sure we have
enough current available from the
driver circuit to be able to charge and
discharge the input capacitance.

Let's assume the total capacitance to
be driven is lOOOpF and that we want to
drive this capacitor to the full voltage
swing of 30V peak (equivalent to 60W
into 8D) at 40kHz. We need a drive cur­
rent of:

"

source impedance to avoid an inherelll
instability. Clearly, both requiremellls
cannot be satisfied simultaneously.

source-follower mode (see Fig. 2), which
is equivalent to the emitter-follower con­
nection with bipolar transistors. Figure 3
shows the frequency response for a
source-follower, using an N-channel
device'; for comparison the frequency
response of an emitter follower is also
shown. Note that the Mosfet's -3dB
point is more than 10 times higher than
that of an equivalent bipolar device.

Bipolars are not used alone in power
amplifiers with more than a few watts
output, because of the high current
needed to drive them, A Darlington
connection is preferable because of the
reduced drive requirements from the
preyious stage, which will of course fur­
ther reduce the frequency response
shown earlier.

We need no extra source follower to
drive Mosfets since the input-impedance
is very high. Unfortunately, however,
this input-impedance is all capacitive
and the capacitance has a fairly high
value-somewhere between 600 and
IOOOpF. This in itself would cause no
problem as long as we could drive it
from a low impedance source. But if we
look more closely at a source follower's
equivalent circuit (sce Fig. 4), we find a
small inductance, the lead inductance of
the gate contact, in series with the input.
This inductance can team up with C L ,

consisting of drain-to-source capaci­
tance, stray wire capacitance, etc., and
cause a very high-frequency oscillation.
Increasing the source impedance will
prevent this oscillation.

So first we said use a low source im·
pedance drive for wide frequency re­
sponse. Now we're saying increase the
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SOURCE-FOLLOWER
OPERATION

The simplest way to use Hitachi's power
Mosfet5 in an audio output stage is in

to absence of mlllority caerier storage,
good frequency response because of fast
carrier speed, and high power gain be­
cause of high input impedance.

All this sounds very impressive, you
may say; but surely there must be some
disadvantages too, or everybody would
switch over to these devices. Yes, there
arc but fortunately they are not serious.
The major problem until recently was
they were hard to obtain in small quan­
tities for amateur use. However, they
are now available through even small
distributors at reasonable pnces; I
assume Old Colony will also carry them.

One technical problem is the relative­
ly high on-resistance-approximately
Hl-of the 2SKI34I2SJ49 devices. If
you drive SA through them, you get a
SV voltage drop, which obviously in­
creases power dissipation and reduces
efficiency. Bipolars have a much lower
saturation voltage, even at higher cur­
rents.

Another limitation is the 7A maxi­
mum drain current for the 2SK1341
28J49'5. This may sound small com­
pared to bipolars, but when you start
designing your amplifier you will find
this is not the limiting factor in terms of
output power. With proper heatsinks
you can get over 70W into 80 and close
to lOOW into 40 from one pair of
Mosfets. For higher power you have to
connect several in parallel. Alternative­
ly, you could have higher current units,
but I don't know whether Hitachi sells
them in small quantities. In my appliea­
tion, one pair of these devices is more
than adequate.
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COMPLETE CIRCUIT DIAGRAM

Assuming thai 10 - 2mA, which is a
practical value, we get:

(8)
-"

R1 It + 2
_o __

Rt ~

2

The resistor ratio then will bt:

R I _~ _ It + I (9)

R.

And now let's look at Fig, 7, the com­
plete circuit diagram.

Q and~ form the NPN part and Q,
and ~ the PNP part of the double dif­
ferential input amplifier. These tran­
SiSlOfS work with approximately 50Y
collector-emitter voltage; Yc£o should
therefore be at least 60Y. In addition,
h"li should be as high as JXIssible, so as to
cause a minimum of offset due to the

If we waUl, for example, It lOrnA,
then the ratio of the two resistors has 10

be 11. Using R 1 .. 2.2k, Rt must be
200fl. Lender's circuit is very linear, but
we can further improve it by making it
completely symmetrical, as shown in
Fig. 6,

Looking at this circuit, you can see
that in the first stage we lose about three
volu on each side to second stage inter­

.face. Theoretically, this circuit should
have a separate JXIwer supply ±5Y
higher than the supply of the output
stage. For simplicity, I use the same
supply for driver and output stage, with
an RC filter in between.

(7)

case in practically all power amplifiers
on the market, the driver stage immedi­
ately preceding the output must be able
to swing the whole output voltage and
some more to compensate for any out­
put stage voltage loss.

The most linear stage for large voltage
swings is the grounded-base or
common-base amplifier. Unfortunately,
interfacing this stage with others is not
easy because of biasing problems.
Lende~ presents the most elegant solu­
tion 10 this problem I have come across.
His circuit has a single dilTerential input
stage and a current mirror transfers the
outpUt back to single-ended output. A
simplified version of his circuit is shown
in Fig. 5.

The AC voltage at the ~ emitter is
very small due to the low impedance at
this point. We can caJJ this a current
coupling between first stage and second
stage. Of course, a one-to-one coupling
is out of the question: the first stage
works with ImA, leI us say, while the
second stage (~) is supposed to work
with some 30mA. The current shifts
from I to 30mA with the help of emitter
follower <0 and with resistors R, and
R t . Let's sec how this works.

The voltage drop across R l and Rt is
equal within the Va£ difference of Q.,
and Qt. Consequently we can write:

But YI .. Y2, and we can write:

VI - ~R, (5)
2

Yt - (It + ~). Rt (6)
2

and the necessary drive current be­
comes:

This calculation does not take internal
compensation or external low-pass
filters into consideration. To make sure
that we end up with a reasonable high
frequency distortion in the final
amplifier, we stan with a much higher
slew rate. My rule-of-thumb value is
five times the calculated value. This will
bring us up 10 30-40mA in the driver
stage, which should give us plenty of
margin for both slew rate and low distor­
tion.

My idea of a driver circuit is one that
converts the lY or so input voltage com­
ing from the preamplifier to the voltage
swing needed to drive th,e output de­
vices, without influencing the signal in
any way. In other words, the conversion
process must be linear, and this linearity
should be inherent in the circuit before
feedback is applied.

Talking about feedback, I would like
to make 11 couple of comments, as this
subject seems to be perennial in TAA
and other audio publications. First of
all, treat feedback like a friend, 1101 an
enemy. Just as with friendship. rely on it
when you need it, bUI never strain it.
Applying the right amount of feedback
in a well-controlled manner cannot hurt
anybody; but when you try to cover up a
bad design with a lot of feedback, it fIlay
turn sour on you.

My St.'1XInd JXIint: feedback docs not
have to produce TIM, SID, or whatev~r
the current name happens to be for in­
ternal overload in a feedback amplifier.
Those engaged in feedback amplifier de­
sign (see for example Peter BaxandaU's
and R. Greiner's excellent articles on
the subject) have been aware of these
problems for many years, and you can
avoid them by following simple design
rules.

Sonn: people even demand no feed­
back at all in audio amplifiers. Let's face
it: it's possible to design audio ampli­
fiers without overall feedback (though
not without local feedback), but I simply
don't sec the need for it. Properly
designed amplifiers with overall feed­
back sound just as good as those without
it, and provide much simpler circuitry
combined with long-term stability.

Now I'vc finished and will return to
Ihe driver circuit!

To my mind inherent linearity is the
most importalll factor in drivcr circuit
topology. Assuming that the output
stagc has no voltage gain, which is the
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the NPN side and a 2N 3811 on the
PNP side. These are 60V devices, with
hFE - 300-600 at lmA.

Figure 8 shows pin connections for all
three-types of devices. NOie that they
are all shown ~'bottom view," which is
the way you will find them in semicon­
ductor catalogs.

Q, and ~ supply the necessary 2mA
constant current to the NPN and the
PNP input stages respectively. These
transistors are not critical; you can use
either the MPS 8099/8599 or the NC

2.8'.1

1

HI, 6. Sym~tr,(al d"w' ci'(1,lit.

bias current. Strictly speaking, match­
ing is not necessary as long as the NPN
and PNP transistors are complementary
devices coming from the same hn­
group, and as long as this hFc is high
enough. Typical devices applicable in
this position are the MPS 8099 (NPN)
and 8599 (PNP) transistors. h"c at ImA
is specified as 100-300, which is rather
low but will cause no problem as long as
the DC resistance between base and
ground is held relatively low.

A better choice is the BC 5468 (NPN)
and 556B (PNP) complementary pair,
with VCEO - 65V and h"E - 180 ­
450, specified at 2mA. These numbers
are of the European type, but the
devices are manufactured and sold by a
number of American companies as well.

If you have a well-stocked distributor
in your area, you may find matched
dual transistors, which are suitable as
input devices. I am using a 2N 2920 on

FIG.1
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put impedance in the rangt: of lOW, in­
cluding R" the - JdB point will move
down to approximately 40kHz, which is
thc lowest acceptable. Don't lise a pre­
amp with higher output impedance
without modifying the valuc of C!,
which should be a polypropylenc or
polystyrene capacitor.

R 2 makes up the DC path for the in­
put transistors' bias current. For
minimum DC offset at the output, it
s40uld have the same value as Ru .

. The feedback network consists of R21 ,

Ru , Ru , Ru , C h and Ct. R n is the DC
path for the feedback; C$ isolates it from
the Ru -R21 AC feedback. C$ should be a
470p,F tantalum capacitor, but you can
also use a non-polar electrolytic or two

-------~

L-- -' ~,,

T...
1

the OC voltage from the preamplifier.
Its minimum value should be 2.2p.F,
giving a 3Hi: rolloff. I use a 4.7p,F for
1.5Hz rolloff. Ideally C, should be a
polypropylene capacitor, but they can
be hard to find. The next best is polycar­
bonate. If you fail to find these, use
either a 4.7p,F non-polar electrolytic or
two lOp,F normal elCi:trolytics to make
up a non-polar capacitor. All these op­
tions are possible on the PC board.

The R,-C! network forms a low-pass
filter with a 185kHz rolloff. The actual
rolloff in your system will depend on
your preamplifier's output impedance,
since it acts as though connected in
series with R I . If thc output impedance
is low, the above value is valid; with out-

,t),
o ", .,

LM 38:~1·1,2 MP'$·WltNPNI
"PS-i..~IIPNPI

Fit. 9 c-a..z <1Im'JIt _u Jnitu.

~IG. 9

546B/556B. Sincc h,.. docs not havc to
be vcry high, the MPS LOI L51 tran­
sistors will also servc. As for the zener
diodcs D, and O2 indicated on thc
schcmatic, I recommcnd the excellcnt
and incxpenslve voltage reference
diodcs from National Semiconductor.
National have a variety of active device.
operating over a wide current range and
offering a much lower dynamic imped­
ance than a nonnal zener diode. The
LM 385Z-I,2, with a specified reverse
breakdown voltage of 1. 23V is suitable;
it! guaranteed tolerance is ± 30mV.
Specify the LM385Z in an inexpensive
plastic package. The pin configuration
appears in Fig. 9. Pin 2 is connected to
the most positive voltage.

If you have trouble locating this
reference diode, you can use a regular
zener diode. A 4. 7V, ~W diode such as
the JN5230B is suitable. In this usc,
however, you must change R,o and R n
to 2kO . (Not 2.2k!)

The input network, C" R" C2, and
R2 , has a number offunctions. C I blocks

PAItTS LIST (Sec F'l. 7)

)t«ilton
R, 2.2k
R, 2:lk
R. 100
R. 220
R. 2.2k
R, 68
R, 47
R, 47
R, 100
R,. 300
RII 101<~W5"

R.. 300
R" IOk~W5"

RIO 100
RIO 220
R,. 2.21<
R" 68
R" 41
R" 47
R,o 100
R" lOO(95.3ifl'"
R.. 22k
R.. 2.21< IW 2% rm,utloxide
R.. 120
R,. 22k ~ w 5"
R.. 330
R.. 220
Rn 10
Rn 2.7 IW 5':1'> mCI;t.loxidc
R,. ..
R." 1 5W 5'0' win:""OUnd

fl., 10 4W 5" metaloxide
a.. 220
a.. 220

All r<:.istorJ Yo W, 5" carbonfilm, unle" other­
wi"" noted. The y. W, 5" re.i8ton un be re­
pllKed with 1" Metalfilm. UK nearelt value.

Potentiometer
p ~ YoW lin""r

Capaciton
C, 4.7,.F/100V non-pola.!"
C, 39OpFIlOOV potypropykn<: or poly.lyrene
C, lOOOpF/1OOV polypropylene or

pol)'*tynne
C. lOOOpF/lOOV polypropykne or

polYltyr<:ne
C, 41o,.F/6.3V tantalum or non-polar dcc-

trolytic
C. 150pt'/IOOV polypropylene or polYltyrene
C, .1,.F/2500V polycarbonate or mylar
C. 330pFI250V polYI!yrene Or dipped mica
C. 22,.F/63Velectrolytic
C" 22JLF/63Velectrolytic
C ll .1,.FI250V polyearbonatc or cera.mic
C" 3300pF1250V dipped mica, poIyllyrene.

ccr.tmic

Tranl;'lon

g; ~~:: ~ or 2N2920 duallr.tnlillor

QI MP5 LOI
Q.. MP5 UI
Q, MP5 85991 .
Q,. MP5 8599 ~ or 2N3811 dual u~nl,"tor

Q, MP51.OI
Qs MJE 350
Q,. MP5 LSI
Qa. MJE 340
Q" MPS A55
Q" 25K 134
Q,. 25j 49

Diockl
0, LM 385Z-1 ,2 1.23V re[ diode

(National' Scm;(:()l>dl,K1OC)
0, LM 385Z-I.2 1.'23V rd. diode

(Nalional SemiconduClor)
D. IN414a
D. IN 5240B IOV joiW u:ner
0. IN 5240B IOV, JoiW r.l':ner
D. lN4148
D, lN4004
D. lN4004

Coil
L &:eTe"t

'"~F, 2.5A Fasl
F. 2.5A Fasl
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1000~F normal e1eclrolytics connected
for non-polar operation. Again, all these
options are possible with the propo~ed

PC board layout.
Total AC-gain is given by the for­

mula:

T
IOmm

jV' Y'
,, \ \ , ,,, , , ,

, , , , ,

20mm

R32 and ell terminate the amplifier
with a resistive load at very high fre·
quencies. We need this because most
speaker systems on the market represent
a very high and usually uncontrolled im­
pedance at these frequencies. By provid­
ing a resistive load we ensure that the
amplifier is .working under controlled
conditions at all times.

from capacitive loads. L's increasing
impedance at high frequencies prevents
a capacitive load from shorting amplifier
output. R 31 , which equals In, damps
resonant circuit Q so sustained ringing
will not occur with capacitive loads.

You can make the coil L yourself. I
made two versions: one on a round form
used in ferrite cores, and the other on a
long form. The latter is a plastic spacer,
in which I drilled holes 20mm. apart
through which to thread the ends of the
coil. I give dimcnsions for both types in
Fig. 12.

16 TURNS. I LAYER
g'I,2mm

fi'g. 12. o"lp~t roil. (Nol draw" 10 .,al~-J

!----30mm ----'1

12 TURNS IN 2 LAYERS
lIJ'I,2mm

FIG. 12

Pholo A. 0", cha"",1 oj1M fJmplif~ pralotyfX Not~ lh~ pita oj Y, .' fJl~mi"~m fJllglt!fJhricfJltd ;"10 0 htalJidjordrip·
tr Ironsi.lorJ 'b fJM (2", Nolr 1M thrttj~mpm tel tM righl of1M hra.IJi~k fJ"d llu Qnej~mptr /Ij tilt oUIP~t (lift) rtld oj
IJu hQIJ,d, Thlo~tp,,1 chok~ i. wo~nc/ o~ <I muJll dbw~1 drilkd to Jrn<rt 1M wirr<ll taCh #lid. TAt JnwJJpi~"" tAtoKlpKl
md ar~ (Mrl oj a E~,ofNa" h,tadlxH;z.rd .rysltm, maJ;;illg tOrlwmimJ Ii, ptJims/o,'o~ ,-1M~ Afosftu.

bias adjustment circuit in bipolar ampli­
fiers. The difference is that this circuit
has no temperature compensation func­
tion. Therefore do not mount transistor
CO I on or near the output heatsink: it
should operate at ambient temperature.
CO' should be a high current transistor;
an MPS A55 works well.

Before you switch on the amplifier,
turn potentiometer P to its cew posi­
tion, to make sure there is no excessive
current through the output stage. The
simplest way to adjust the bias is to take
out fuse F, (or F2) and connect an am­
meter across the fuse terminals.. When
you so apply supply voltage you will be
able to monitor the current through the
whole amplifier.

With no iludio signal at the inpul
(short the input if you have a shorting
plug) adjust the amplifier's quiescent
current to approximately 150mA, as
measured by the ammeter across the
fuse holder. This gives approximately
lOOmA quiescent current through the
Mosfets, which is optimum for thermal
stability and low level distortion, and is
the only amplifier adjustment you have
to make.

Diodes 0 3 , Of, 0" and 0 6 protect the
Mosfets from gate-to-source break­
down. The 2SK134/2Sj49 devices are
specified at 14V. If you load your
amplifier with a very low impedance (for
example, a large capacitive load at very
high frequencies) the output voltage can
move very little. However, the feedback
tries to correct the situation by pushing
<b·Qo to deliver more voltage swing to
the output devices to compensate for the
low output. This will eventually over­
load the second stage, delivering high­
voltage spikes to the Mosfets. Under
these abnormal conditions, diodes
D5-D~ will prevent voltage spikes greater
than IOV from reaching the Mosfets.

Network L-R31 isolates the amplifier

(10)

MPS A:I~

'D'..,
, .,•

\ HEATSlNK
SlOE

",

,
!ED,:,

FIG. II

IS"
MJE340(NPN)
MJE 3:10 (PNP)

Fig. 11, Stco~d .la,(' dtviw,

Emitter followers Q;, and Q, operate
at less than 5mA, supplying a worst case
base current of approximately ImA to
C9 and Q,o. Suitable devices are MPS
LOI/MPS L51.

Q;I and its associated components,
R26 , R 21 , and P, supply bias. Hitachi
recommend a simple potentiometer to
adjust the bias, as shown in Fig. 2. This
is not suitable for us because of the rela­
tively high second stage current. A sim­
ple way to relieve the potentiometer
from conducting all this current is to use
it with a transistor, just as in a normal

where Rnl Rn means R 22 in parallel
with RZ3 . With the value indicated, the
gain is equal to 21 times or 26.4dB.
Taking into consideration the voltage
drop across Rl, which amounts to about
.BdB, we come up with a total gain of
25.6dB. If you are using I % resistors in
your amplifier, I suggest that you
change R 21 to 95.3n, which will bring
you closer to 26dB. However, don't for­
get that R 22 and R2, can cause error if
their tolerance is not accurate.
~ and Q,o are the amplifier driver

transistors. Operating at about 3ImA,
they dissipate approximately 1.5W each
and require a heatsink. High voltage
transistors for this application are hard
to find, except in the TO-5 package
which unfortunately is not easy to heat­
sink. 1 chose an NPN/PNP pair in
TO-I26 plastic package: the MJE 34-0
(NPN) and MJE 350 (PNP). A suitable
size heatsink for the two devices is
shown in Fig. 10. If you cannot find an
extrusion of suitable size, you can make
one from an L-bracket. Don't forget to
use mica and silicone grease under the
transistor. Figure 11 shows pin con­
figuration for MJE 340/350.
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OJ and 0 1 , which an: I N4004 type
diodes, protect the amplifier from kick­
back energy from inductive loads. Re­
sistors Rn and R,. are not on the PC
board. Wire them as close: as possible to
the Mosfet gate-pins. r usually usc:
soc:kets for power devices and solder the
2200 resistors directly to the socket.

I also solder the capacitor C n directly
to the socket drain pin. The other side of
the capacitor must be connected to a
ground lug dose to the Mosfet. Make
sure that this lug makes good contact
with the heatsink: if the heauink is
black-anodized you must scrape ofT the

finish, or the capacitor will" hang in the
air. "

Mount the output devices on a heat­
sink with a thermal resistance no worse
than I OCIW. Don't forget the mica in­
sulator for the Mosfets, and be generous
with silicone grease: on both sides of the
mica. Pin configuration for the Mosfets
is shown in Fig. 13.

A I: 1 copy of the copper side of the
PC board layout appears in Fig. If.
FiglUt J5 shows the board from the com­
ponent side.

As you probably noticed, this ampli­
fier has no protection circuit exexpt for
the gale-sourex diodes. Nevenheless,
the amplifier is short-circuit-proof, at
least for a brief time. If you mount a
thermal breaker on the heatsink, you
will also take care of the time-factor; I

FIG. I' o SlCASEJ,

a,

a
Fit. 13. Pl. tMfilfU~.t-2SKlJf.IIi 2!ijf9

didn't because thermal breakers cost a
101.

You will also notice that I use no DC
sensing and protection circuit. First of
all, the amplifier has no DC thumps to
speak of; secondly, I found power Mos­
fets so reliable that I felt such protection

FIG.I~

Fif. If. PC ho,,,d '''youl (copp.. sidt).

FIG.I:'
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CONCLUSION

the ground side of the jack and the
chassis.

The simple amplifier circuit presented
in this paper offers very high perform­
ance (.002% THD at 1kHz, internal
slew-rate of 40V/~S) combined with
high reliability, I have made a number
of these amplifiers in the last couple of
years and none of them has quit working
even with the most difficult loudspeaker
loads. As for the power Mosfets, I
haven't managed to destroy a single one
since I started to work with them in
1978.

This circuit is specifically designed for
a single pair of output devices. Should
you require more power, I would pro­
pose a different driver circuit with more
current capability. Tell the Editor your
requirements: maybe he wjll ask me to
come up with a high power version. In
the meantime, have fun with your new
project!

was unnecessary. However, if you feel
uneasy about this, don't hesitate to build
in a DC sensing and protection circuit; I
am sure you can find dozens of such cir­
cuits on the market.

POWER SUPPLY

We need ( +) and ( -) 50V no-load sup­
ply voltage to operate this amplifier.
The supply should not drop below
±45V at full output, I.e., when

measured at 60W in BD. Naturally, if
you make a stereo amplifier and feed
both channels from the same supply, the
above specifications apply when driving
both channels.

The transformer I use for the stereo
version is rated at 200VA, and has a
2x35V secondary winding. This is just a
bit low on the voltage side; if you have a
choice, try to get a 2x36V version.

The rectifier bridge should be rated at
a minimum of 15A, with a surge current
rating of at least 150A. A 200V bridge
will do.

The filter capacitors are 1O,OOO~F

each, rated at 63V. I consider this ade­
quate for a 2x60W amplifier, but if you
prefer very large storage capacitors,
don't hesitate to design your own power
station.

Figurl 16 shows the power supply and
wiring diagram for a stereo version of
the amplifier. Note that one of the input
jacks is isolated from the chassis and a
2.7D, Y2 W resistor is connected between

FtG 16

RtGHT CHANNEL

Key Specification.

Gain:
Feedback' approx.
Input Impedance:
THD: lkH~:

10kH~:

Siew-rale:

Rise-time:
Output:

26dB
30dB
24kO
,002% al6OW/80
.015% al60W/80
+QVI"S (withoUI inpUl LP
fiher)
2"S (with input LP filler)
60W/Bil
75Wf4n
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