The EX Cheapo 2-30

R. R. MOORE

A versatile stereo power amplifier using silicon transistors. Chang-
ing the output configuration boosts the power output by 50 per cent.

NUMEER OF ISSUES AGO, Myers and
A]\':lhtl prescuted an artiele in Avnio

describing a high-power, high per-
formanee xudio power amplifier using
silicon output transistors. The article
presented an excellent design, and in-
c¢luded was a warning to readers that
duplicating this mmplhfier conld he an
expensive :md troublesome joh. Feeling
that most Aupto rveaders, mysell in-
cluded, ar eapable of building suecess-
ful projects, I plunged into an amplifier
building session that lasted several days,
and left relatively few sears,

The Amplifier

The amplifier that Myers and Kahn
deservibed wtilizes a eivenit long familiar
to perusers of The General FElectric
Transistor Handbook, The anp is direct-
coupled (up to the speaker) and uses
large amounts of negative feedback, both
a.e. ind doe, and from @, on, is an op-
erational amplifier of the form shown in
Fig. 1 where voltage gain equals I,/ It
The output stage is the now-fawmiliar
cirenit deseribed by Lin, which T ean’t
seem to help calling a *push-push.”

Using Mvers’ and Kalin'’s article as a
euide, T plowed avonnd in my spare
parts, gathered transistors, 'scopes, os-
cillators, and regulated supplies, and set
to work., The schematie of Fig, 2 is the
result,

The choive of silicon ontpmt transistors
is » natural from virtually every stand-
point; bettrr performance at high tem-
peratures than germaninm, along with
less chaner of “tunnelling  throngh';
reasonnble cost; amd higher (in wost
cases) Iy than germaniun. My bread-
hoard amp, and for that matter, the amp
from which the specifieations come, nses
ON1488', o less than ideal choice, dne
to a fairly high saturation resistanee,
and an ahoost $3 eost. Recently, the
AN3055 eare along, with a very mueh
lower K, and lower eost, too. This
transistor i, rated at 115 watts, and iz
really pretty nitty.

The heauty of this amp, 1o me, is that
several optians are available to the home
huilder. The maximum power output may
he chosen at will, to satisfy varions
needs, witheat affecting the performanee
in any negative wav. The high-Irequency
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response miay he adjusted to taste; and,
within limits, the input sensitivity may
be adjusted to meet individual needs.
Output power: The factors affeeting
output power are power supply voltage
and the enrvent limitations of the output
stage. Let's eover supply voltage when
we discuss the power supply. The ontput-
stage eurrent limitation is defined by the
transistors used. Assuming that the
transistors are operating within  their
voltage ratings, the usnal current limit
is imposed by the inerease of junction
temperature, Ilere, however, we must
also be eoncerned with the funetion of
Beta wersus  collector  current.  The
IN3055' hold Beta quite well up to sev-
eral amperes of I, insuring good tran-
sient response at high eurrents. Ilowever,
at output powers above twenty watts,
especially into S8-ohm or lower loads,
parallel operation of the output stage is
highly preferable, to keep Beta high,
and junetion temperature low. Figure 2
shows the changes; addition of a pair of
transistors, and emitter vesistors which
provide enough degeneration to equalize
the differences in members of pairs. Par-
allel operation is more expensive, hut
the cost iz justified if high power is
needed for long periods. Iff the amp is
to be nsed for music reproduetion, then
even high supply voltages and high
power output may he safely handled by
a single pair of output transistors,
Risetime : 1f a 'scope and a pulse gen-
erator with a 10ke or thereabouts rep-
rate ave available, the rise time of the
amp may be twenked to most anything
desirved, in the range of two to six iniero-
seeonds, by making 'y variable. An 8-50
pf trimmer in pavallel with a 39-pf
“dog-bone” will eover most of the range.
More € may be needed to really slow the
amp down., Some overshoot may he en-
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Fig. 1. Operational amplifier configura-
tion.

countered it too little € is used in an
attempt to speed the amp up. The test
pulse should have a rise time of 200
nanoseeonds or hetter, so as not to affect
the display.

Sensitivity : With the help of an AC-
VTVM, or ’scope, and an audio signal
generator, the input sensitivity may be
adjusted, Ry, and R, may be pots, whieh
will have values of 10k and 50k respee-
tively, and can be whatever taper is
handy. Linear taper is best if the pots
are going to be built in. The idea is to
seloet first the amount of feedhack that
is desired in the main loop, and then
decide what seusitivity is needed, that
is, how many volts in, for how many
volts out; then, multiply the closed-loop
gain (R;/R;,) by the feedback factor
to find the open-loop gain required. Set
R, to give the required gain with the
loop open, then hook up the main loop,
and tweak R, to give the final gain. T
had decided that 15 dbh of feedback in
the main loop was a neat amount (al-
though the amp will handle very large
amounts), and T had decided that the
amp should develop full power, 16v rms
into 16 ohms, with a one-volt rms input,
My closed-loop gain needed to he 16,
and since T wanted to use 15 db of feed-
hack, the open-loop gain needed to be
16(15 db) =16(5.62) =90. T applied a
ke, 50 my signal, and adjusted Ry, for
an output of 4.5v. T conected the main
loop, and using the same input signal, 1
adjusted 77y, for an output of 800 mv.
The values turned out to be 1k and 15k,
to the nearest standard values. To ohtain
high ontput power, some input sensitiv-
ity must be sacrifieed, or some feedhack,
whichever is the least objeetionahle.

If you have a transistor preamplificr
with emitter-follower outputs, stage @,
can probably be eliminated, with attend-
ent savings in parts and transistors. Tf,
on the other hand, yon have collector
outputs, or a Fleming valve amp (perish
the thought), @, should he retained, as
¢, needs a current drive with a large
coupling eap. Without @, the input im-
pedanee of the amp is quite low, equal
to I, and the coupling eaps in your
preamp will seriously roll off the low-
frequency response. Tf your preamp will
tolerate the small value of load imped-
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Fig. 2. Schematic diagram of power amplifier, plus changes necessary to achieve higher power.
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Fig. 3. Power supply schematic.

ance, or if you desire the low-frequency
roll off, you might be able to substitute
larger caps for the ones present in your
preamp. You might have to fiddle a little
with the time constants.

The Power Supply

One of the first requirements in power
supply design is that imposed hecause
the amplifier designer usually assumes
the availability of ideal sourees of power,
having zero impedance and perfeet regu-
lation. The downfall of many otherwise
excellent commereial amplifiers, for my
part, is the lack of regulated power sup-
plies. Some manufacturers use very large
power transformers to give some regu-
lation, and the general use of low-imped-
ance rectifiers has helped tremendously.
But the best of these combinations ean
do nothing about changes in line voltage,
and the worst can offer no regulation of
any kind. The answer is, of course, reg-
ulated supplies, with the obvious rewards
of lower hum, and greater stabilization
of operating points. Figure 3 shows a
regulated supply that powers two of the
amps in Fig. 2. You'll notice that the
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regulator has to look through the reeti-
fiers to see the load, which isn’t the ideal
way to have things. But this is the ideal
place for germanium power transistors,
for we ean uce their high Beta and high
current eapabilities here. @, and ¢p;
are in the familiar Darlington eonnee-
tion, and give very good regulation. @,
should have atl least a 40-watt rating,
and @,, should rate at least one watt.
Both should have the highest Beta possi-
hle, at least 50, and over 100 preferably.

As mentioned earlier, output power is
set by supplv voltage, which is defer-
mined by the zener voltage of D.. Sup-
ply voltage may be changed by ehanging
the zener dicde, and its dropping re-
sistor R, which sets the zero signal cur-
rent through the zener. Using the 62v
supply, you can probably get 30 watts
per channel into 5 ohms, possibly more.
Likewise, output power may be reduced
by lowering the supply voltage. If 10
watts per ehannel is enough, and I sus-
peet that it s for most of us, a 33v
supply will do the job. In any ease, the
no-load d.e. eutput from the rectifiers
should be abant 20 per eent lugher thin
the regulated supply, to allow for line
variations, and squashing of the trans
former output under heavy load. The
Motorola Zener Diode and Rectifier
Handbook gives an exeellent design pro-
cedure for this type of regulator in
Chapter Three. Fig. 3-9.

Output power greater than 30 watts
is easily obtainable froin the amps, but
as power goes up, so does the eurrent
that the regulator supplies, and it mway
he necessary to use a more elaborate
reenlator to maintain regulation for two
channels. Finding a fransformer might
be a problemn also. There are seleni
rectifier transformers rveadily available,
for use with the 33v and 62v supplies.
For the 51v sapply, or higher voltages,
it will probahly be necessary to series
stack two transformers to obtain the re
quired voltage

The table 1 Fig. 3 lists the various
values of parts for the different supplies.
The values of the eapaeitors are ini-
mum-hnt-adequate, The BV, ratings of
@y, and (,, need not he mueh higher
than the zero signal drop aeross ¢/, a8
the regulator follows the ehavging of C,
easily. The pilot lamp, an ineandescent
unit, was ehosen instead of a neon Linp,
beeause it serves to bleed the supply very
rapidly when ihe power is switched off.

Construction

The eonstruetion of this amp, while
no job for the noviece, isn’t the least hit
eritiecal. (), and the output transistors
should be well heat sunk. The large va-
riety of heat sinks on the market, most
anodized and pre-punched, fake the pain
out of this. Tf you are building for high
power, it might not he a bad idea to use
heat sinks of some sort on @Q., Q5 and
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Fig. 4(A) Printed circuit board for one emplifier (foil side shown); (B) parts place-
ment. Note location of top and left

Q,. D, through D; in the amplifier may
be most any silicon diode with a rating
of 100 mA or more, and with a reason-
ably small leakage. The amplifiers and
power supply lay out very mieely on
printed eireunit hoard (see Fig. 4), either
breadbosrd or photo efched. T grounded
cirenits where it wus eonvenient, but due
to the high enrrents involved, it nay he
necessury to fool around with ground
runs to find the points of least noise. 1
would avoid wusing common ground
husses of any sort, A good method is fo
ground at the point of least signal, and
run each point to he grounded via a sep-
srate bus to this point. Unless the feed-
hack eomponents ave made variable, the
only adjustmient in the amplifier is the
setting of the 250k bias pot. This pot

shonld he trimmed for symmetrical elip-
ping of a sine wave at the output. 1If you
don’t have a ’seope, or one isn’t available,
the pot may be set so that one-half the
supply voltage appears at the collector
of @, It is desirable to trim the pot at
clipping, bowever, and it would be worth-
while to have it done, il you ean’t do it.
Mueh reference has heen made to test
equipment in this article. If the purts
list is followed, and the suggested values
used, no test equipment is necessury to
nehieve execllent rvesults, outside of a
VOM.

Performance
The specifications, I fecl, deseribe an
exeellent amplifier, If first grade eompo-
nents are used, T feel that the amp will
(Continued on paye 87)
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