. s YIRS OF THRER
d ‘111 s on how 1o build a
piete stute-of-the-art stereophenic
idedity system that is the ultimate
rdity and performance.
the three parts are the power
enplier—-it - delivers  125-watts-per
~iehinto a 4-ohm load and is burn-
woptoodl the stereo preamplifier—
" around three IC’s to reduce its
crtenity and imiprove its perform-
ceooand a most unusual FM stereo
Covir it uses variable-voltage-diode
+tid enables you to mount the
ud up at the antenna for maxi-
sisitivity and selectivity.

i article will deseribe the pow-
frplfier and it's power supply.
“toou huild the preamp (next

0 draws operating  power

Py, m'Nili'“‘ So here we go.
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=4 earlier era of high fidelity
<Hosprakers were highly effi-
-"’uc\.!m transforming clec-
ety into audible sound, and
Cotopowers seldom exceeded to

sty pace with the recording
“eaker manufacturers  ex-

} b range of frequencies line-

N Pain! Sived. AL first the trend was
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By KENRETH F. BUEGEL

cxasse thy usahle baso o .
soon became eviden: that few people
wanted the huge speaker cabinet voi-

umes associated with high-fidelity
sound.
Speaker  manufacturers  were

aware of the trade-offs in making a
small cabinet volume adcquately re-
produce the lower frequency sounds
—simply reduce the efficiency of the
speaker in the nuddle and upper
ranges. This was in direct coatrast to
boosting the low-range efliciency by
tuning a larger cabinct volume.

The advent of stereo accelerated
the advance of low efliciency speakers
until today relatively fow new instal-
iations are the larger cabinet volumes.
Of course this lowered efficiency has
forced an increase in amplifier power
to maintain realistic levels of room
volume. Fortunately, transistor ampli-
fiers came along to replace the tube
designs.

Early designs became notorious
for their sudden death if a speaker
output was shorted for even an in-
stant. Manufacturers responded with
a rash of protection circuits, alniost
all of which depended on limiting in-
put current to the output transistor
stages. One method of protection
limits driving current w0 the outpul
stages.
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creasing current flow 'i rough K& will
cause a larger voliage drop ucross Wi
At some curren: flow, the basc-emit-
ter voltage of QI and Q2 plus the
forward voltage of D4 and the voit-
age across R4 will exceed the Zener
voltage of D5. Increases in drive cur-
rent only increase the Zener current.

Unfortunately, this theory is not
too practical. Variations in the base-
emitter voltages of Q! and Q2 and
the Zencr voltage of D5 combine to
aliow substantially higher current tlow
at increasing temperatures, Most de-
signs of this type require a thermal

+V

ouUTPUT

Fig. 1—Increasing current flow through
Re will’ cause a larger voltage drop
across R4 to protect the amplifier.
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cutout switch to eventually remove all
input power.

An ideal protective circuit should
sense only the current flow and must
not be affected by heat sensitive para-
meters. This amplifier incorporates
such a circuit. The schematic of Fig.
4 illustrates its operation.

Let's assume that the driving
voltage at QS5’s basc becomes more
positive. Q5 and Q6, connccted as a
Darlinglon pair, transmit this drive
signal to the output terminals. Note
that the same output voltage appears
at the bottom end of R15 and at the
emitter of Q4.

Transistor Q4 will not conduct
and remove drive current until its
base is about 0.55 volt more positive
than its emitter. Let's calculate the
output required to reach this state.

For a 125 watt output into a 4

ohm load:
Eos RV
Py = R )ERMS:\/POXRL
L

=+/500 = 22.3V
Erxk = Erus X 1.41, E’y; = 223

w 141 = 32,6V, (BHE V"“age>

of Q4
B _ 326 _
Lk = R, = R 8.15A:x
I]-R X RIS = 8.15 x 0-33 =

2.72V drop across R18

Q4,’>em-i&er voltage = (2.72 +

32.6) 7—%—?-“)—; =331V

Note that the base of Q4 is 0.5
volt more positive than its emitter
and Q4 is near conduction. The same
voltage, minus the voltage drop
across RIS, is applied to the emitter
of Q 4. For negative signals Q7 limits
drive current to Q8 and Q9.

Now let’s see what happens with
shorted output terminals. FFirst of all,
Q4’s emitter will be held at ground
potential. Also, no current can flow
through D6 and all voltage drop
across R18 is applied 1o the base of

' Q4.

* With a voltage drop of 0.55 volt
across R18, the current flow is 0.55V
< 0.33 or 1.67 amp. The output
current available is far less during
shorted conditions than normal opera-
tion. The measured heat sink temper-
ature actually drops when a short is
applied to the output.

Of course, R18 may be changed
to limit the output power to any
lower level desired. Use' the following
formulas to calculate R18.

BEex = V2PoRy, Irx =/ 2P,
. R"‘
Evx + 0.55
RI8 = =533 Tk Ru
42
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Fig. 2—Parts layout on the printed
circuit board is detailed above. It ulso
shows how the circuit hoard connects
to the rest of the circuit. The foil side
of the board (right) is half actual stze.

No matter what output level is
chosen, the short circuit output cur-
rent will always be less than full
power output cuorrent. No adjust-
ments are required to set the current
and circuit operaticn is entirely auto-

The power supsly
The power supply in this amplifier
will be used 10 power the preamp too.

Under the amplifier chassis there is plenty of room for the components that are @
mounted on the circuit bourds. Do not crowd. This amplifier dissipates a lot of put

It is a simple, unregulated setup co
taining little more than a transform
bridge rectifier and a couple of filt
capacitors (see Fig. 3).

The transformer listed is ene
the best buys available and subs#
g cwaponenis offers littic econg |
until power levels of less than !
watts-per-channel are reached.

Several features of this ampin
require detailed explanation. First
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4iz. 3—Here’s the power supply for the
eriedifier. All components used in the am-
plAcr supply are used for both channels.

1x resistors Yo-watt 10% unless noted
¢;-~volume control, log taper (10,000 ohms
ter tramsistior preamp; 100,600 ohms for
tube preamp)
#! 1133, R14, R15——1000 ohms
v: H8—10,000 ohms
ws @32, R16, R19—100 ohms
#4 18,000 ohms
8%~ {30 ohms
4 7.~330 ohms
s R10—--3,9060 ohms
w4 -approximately 47 ohms (see text)
r1? R:D—68 ohms, 5%
121—0.33 chm, 5 watts
"2 ohms
r3--2¢ ohms, 2 watts
Capacitors :
--10 <F, 35 V (Mallory MTRIODBS or equiv.)

2. 4—The full circuit for the amplifier is shown here. Re-
wiher this is only a single channel. Twe of these circuils and
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all, internal feedback eliminates the
need for a control to set the dc out-
put level of the amplifier. Looking at
the schematic (Fig. 4) note that the
base of Q! is returned to ground
through R3. The emitter of Q1 must
be at 0.55-volt positive. Plus 50 volits
is applied to the upper end of RS
and the current flow is just over 2.7
mA.

Less than 1 mA of this current
flowing through R6 will bias Q3 into
conduction. When Q3 conducts the
resulting voltage drop across R9, R10,
R11, D2 and D3 will bias the base
of Q8 negative. The resulting voltage

PARTS LIST
(two ssts of S;\r;s are needed for stereo unit)

C2—100 uF, (Sprague TVA 1310 or equiv.)

C3—100 uF, 15 V (Mailory MTA100815 or
equiv.)

C4-—250 uF, 50 V (Sprague TVA 1312)

CS5, C6—0.05 uF, 20 V disc ceramic (Centralab
UK-20-503 or equiv.)

'C7—0.1 uF, 100 V paper {see text)

C8, C9—5,000 uF, 50 V (Sprague 36D602G050
BB2A, Allied Radio catalog No. 43F 5066
$3.52 ea.)

Other components

D1, D5—1N4002

D2, D3, D4—I1N3754 (RCA)

D6, D7—I1N4446 (G-E)

D8, D9—40267 (RCA)

L1—10 pH (Miller 4622 or equiv.)

Ql, Q2, Q7—40406 (RCA)

Q3—40408 (RCA)

Lconnected,

drop across R19 in turn places Q9
in conduction. As Q9 conducts, the
output terminal which is also the
right end of R8, becomes negative
with respect to ground. Thus Q2’s
base is more negative than Q1’s base.

Since Q1 and Q2 emitters are
the current flow through
Q1 decreases, thus reducing the bias
developed across R6. Q3 now con-
ducts less heavily and reduces the
drive signals to Q8 and Q9. The cumu-
lative action of this negative feedback
is zlways in a direction which returns
the output terminal to ground poten-
tial.

Q4—40407 (RCA)

Q5—-40409 (RCA)

Q6, Q9—40411 (RCA)

Q8—-40410 (RCA)

Tl—Power transformer, Pri. 117 VAC, Sec.
70V Ct @ 3.5 A (Triad R-82B or equiva-
fent)

RECT 1-—Fuli-wave bridge rectifier, 300 piV,
10 A (International Rectifier 2AFB3AP)

Heat sinks for 40411—Wakefield NC40zK (Al-
lied Radio #60C6506)

Heat sinks for 1N3754—Wakefield 255 (Allied

Radio #60F6545)

Etched and drilled circuit board No. DLA-1
$3.75 each, postpaid from
Transitek Co.

P.0O. Box 98205
Des Moines, Wash. 98016

one power supply circuit (Fig. 3) must be built to form one
complete amplifier. It deliveore 125-watts-per-channel,
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Of course, like any other feed-
back system, the error can never be
reduced to zero. In this circuit the
error is always less than 0.1 volt.
With an 8-ohm speaker this results in
a dc power dissipation of less than
.002 watt.

The dc gain of the total amplifier
is very nearly unity since C3 prevents
any voltage division between R7 and
R8 at very low frequencies. Capacitor
C3 has a reactance of 330 ohms at
5 Hz, the point at which voltage gain
is down 6 db from a 1 kHz reference
value.

Resistor, R4, diode D1, and ca-
pacitor C2 prevent a very annoying
“thump” when the amplifier is turned
off. Let’s see what would happen
without these parts in the circuit. At
turn off the supply voltages start to
decrease due to the quiescent current
drain of the output stages. As the
positive voltage decreases Ql’s emit-
ter and collector currents also drop.

A reduction in Q3’s bias means
that the voltage drop from R9 through
D3 will also be less, resulting in a
more positive drive to Q5 and Q6.
The increased current flow through
Q6 means an even heavier load on
the positive voltage remaining. This
effect is regenerative and similar, in
its effect, to dumping the positive
charge in the 6,000-uF capacitor di-
recily across the load.

With D1 in the circuit, C2 stores
a charge for the emitter currents of
Q1 and Q2. The power supply ca-
pacitor will discharge faster than C2.
No audible transients exist at either
turn on or turn off.

A regulated supply for this am-
plifier would be quite expensive since
the output impedances, at dc, would
have to be less than 0.02 ohm before
the performance would be equivalent
to what is now exists.

There are two reasons why this
low impedance is needed. First, to
prevent the large currents drawn from
one channel from changing the out-
put voltage of the supply, and thus,
coupling a signal into the other chan-
nel. Second, to present an extremely
low source of ripple current. The
same effects are present in the con-
nection of C4.

Note that one end of C4 is con-
nected to ground through the load;
the other is connected to the junction
of R9 and R10. Any ripple voltage
at the positive supply terminal is at-
tenuated by a factor of 300 before it
reaches the base of either Q5 or Q8.

_Since the ripple voltage across the

power supply capacitors is solely a
function of the load current, the rip-
ple rises as the output increases—but
always remains at least 50 db below

o
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the output voltage. The rejection from
one chanpel to another is sufficient
that one channel may be driven to full
power output and the separation at 10
Hz will exceed 65 db.

Ripple on the negative supply re-
sults in a slight variation in collector
te emitter voltage of QI. Collector
current, however, is not dependent on
collector-emitter voltage in common-
emitter amplifiers such as Q1I. Conse-
quently this ripple can not induce any
voltage change across R6. Since the
ripple peaks are in phase for both the
positive and negative supplies their
effects, small as they are, tend to can-
cel each other. Total hum and noise
output is less than 500 mv with an
8-ohm load.

The values shown for R18 and

This is what the assembled amplifier less
the protective cover looks like. Like 412

21 limit the output powser to 123
waits for an 4-ohm load. Operation
at higher powers are possible but re-
quire forced air cooling of the heat
sinks. At 125-watts output power is
current limited. An output power of
100 watts is available to an 8-ohm
load. Although a 16-ohm load can be
supplied with 60 watts per channel the
output power is now becoming volt-
age limited since the supply voltages
must be greater than the peak to peak
excursions of the output voltage.

This amplifier is stable under all
conditions from short to open circuit
loading on the output terminals, with-
out signal or heavily overdriven, dur-
ing normal operation, turn on or turn
off situations.

Construction tezhniques

Using the specified parts, both
amplifier channels and the power sup-
ply neatly fit onto an 8 x 10 x 214-
inch chassis. A soft aluminum chassis
is not only easier to work with, but
also will not transfer magnetic fields
from the transformier into sensitive
input circuits.

The first construction step is
mounting components to the printed
circuit boards. A half size layout of
the beard is included (Fig. 2) for the
convenience of constructors who may

wish to make their own bogrg,
sure to mount R4, DI, and Rg 4
since C4 and C2 obstruct the 1, |
entry Use a small soldering iray,
rosin core solder. If vou \houm :
dentally fill a hole with solder, b, -
area while inserting g tooth
through the hole. Insert cach co
nent, bend the leads outwards sy,

to hold it in place, then clip |h¢ by
about 1/16-inch above the oy
Solder the leads for a few comp‘

at a time. Keep your iron Hp o
clean. After each board iy mmv-‘.
attach small angle brackets to i,
corners. These brackets shoul
touch the copper foil; a separate
16 wire returns the circuit boary -
the power supply ground.

Remove the transformer shefty s
attach %2” aluminum angles to p
vide mounting feet.

Mount each 40411 transisioy
heat sink. Insulate the heat sinks (¢
ground. This technique substint:
improves heat flow out of the te.
sistor and also reduces collector ¢,
pacitance to ground. On two of !
heat sinks a small bracket is usc!
mount D2 and D3. These diodes 5+
vide thermal compensation for
output ftransistors and their caw
should make good thermal contact
the heat sink.

Mount all heat sinks to a 171
inch aluminum plate about 4 x 4!
inches, FFasicn this plate to ihe ¢ha
with angle brackets placed at e
end. After all assemblies are reads
mount, position them carefully
particular, be especially carciui
parts placement on the back of ¢
chassis. The locations of the pon
supply capacitors should be exame
carefully to avoid any interfeien
with the output terminals.

An adequate vertical flow of ¢
must be provided for the heat «at
A large 2 x 8-inch slot is "nithh
out beneath the heat sink moun'
plate. If a bottom plate is ased,
vide a number of large holes to ¢
plete the air flow path. Usc %a-1
high mounting feet on the chassit

Test before using
After completing assembly. 2 %
simple tests are in order. hmpo.-'
connect a 100 @ pot ser to minime®
resmance in place of RIl. Cos
a 50-watt light bulb in series with 1
ac line cord. Leave the outpul #¢
nals unloaded and set the inpul ¥
coatrols to their minimums. Ai“_
power to the unit. Measurc the voils
across each supply capacitor (1 ‘
C2). This reading should be pe
48 volts and a dc voltmeter conmn
across each output should read *
(continued on page 85)
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w35 WATT STERCO AMPLIFIER

“*

| fooniinued from page 44)

e
than 0.1 volt when set up in this fashion.

¥ power supply voltages are cor-
e " the dc output voltage is near-
iy Zwac, apply a small audio signal
1o the input. Monitor the output signal
with a scope or ac voltmeter while
advancing the level control slowly.
With no other output load. the output
voltage should reach about 33 volis
rns. If severe -clipping on half of the
<ignal swing is noticed, do not pro-
cired further until the difliculty is cor-
rected. Crossover distortion will. be
neiiced, but this is a normal condition
at this time.

Turn the amplifier off and insert
s milliameter set to its 100-mA range
in series with the collector lead of 'Q6.
Tuzm the input level controls all the
way down and apply power to the
amplifier. Slowly increase the poten-
tiometer substituted for R11 uantil the
meter reads 20mA. Tum the ampli-
fier off, measure the pot resistance and
insert the nearest 5% value to this
resistance as RI1. This resistor might
need changing if transistor Q3, Q6, Q8,
o Q9 are changed in the amplifier.

Repeat this procedure for the other

channcl. It is not necessary to set the
current to exactly 20mA. After re-
necting the Q6 collector lead to

" board, you are ready to test

ihe amplifier with a load. Connect

veur resistive lead (4 ohms) across
ihe output terminals, apply power and
monitor output voltage as the input
devel is increased. At only a few watts,

wevere clipping witlt be noticed sind®:

the power supply cannot deliver rated
»uiput with the lamp resistance in se-
f:ev with the line input.

If the amplifier operates correctly
thi, f;z.r. it is unlikely that higher power
sacration will disclose any problems.

“ehel, you may wish to test with

' -.: “lage lamps in series with the

Mice ol tests are completed, a
I'~‘..|"hn profective cover may be
fobicated 4t needed. In the final in-
“atistion. beosure the bottom of the
Yhawiy b gt least Valneh off the
monnhing sartace. Allow at least % -
uah cleatanee above the heat sinks
for heat dissipation,

I you plan to drive 25 volt tine
taistormers install DY and D9, The
viipul network shown on the she-
matic shonld be added when electro-
salie speakers are used  with  this
Mereo power amplifier. R-E
COMING NEXT MONTH
It yeu think this amplifier is a honey,

Bt wail nntil you see the preamp the
<vthor has dreamed up. Watch May.
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