CAR STEREO AMPLIFIERS ABOUND,
but most are compromises in
performance, or are expensive. :
fier is a real goose-bump gener-
ator, offering performance in -
the high-end home-stereo
range, yet is cost-effective and
easy to build. Performance
highlights include 270 watts
channel, RMS, into 8 ohms),
low distortion, and exceptional
output current capabilities.
The power supply itself is capa-
ble of delivering over 600 watts,
giving the amplifier plenty of re-
power rating is for real, contin-
uous watts, into 8 ohms (not x . «gn
the way most car amps ace  OUF build-it-yourself car amplifier
rated), allowing the use of has so much power that it
nents, which are generally less H ]
expensive than 4-chm versions, ought to be ‘”ega"
and offer a much broader selec-
tion of quality elements. If 4-
ohm speakers are desired, the REINHARD METZ and MYZIL BOYCE
ping 200 watts per channel! Ta-
ble 1 shows the amplifier’s spec-
ifications, and Fig. 1 shows
some output waveforms.
Along with high perfor-
mance, another design goal
was that the amplifier be
easy to build. That was ac-
custom heatsink and a
single PC board. The
heatsink allows the
mounting of all power
simple snap-on fas-
teners, and the PC
board accommodates
both amplifiers (left
supply. Also, all compo-
nents are board-mounted,
minimizing point-to-
point wiring. An on-
eliminates the need
for an external
high-current
switch, and
amp to be
slaved to
an auto ra-
dio’s power-an-

Qur build-it-yourself car ampli- .
output power {135 watts per

serve power. Note also that the

home-system speaker compo-

amplifier will deliver a whop-
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supply and the amplifiers use
state-of-the-art field-effect
power transistors (FET’s). A
custom copper-tape-wound in-
verler transformer gives the
power supply its punch. A CAD-
supported printed-circuit
board with ground plane,
plated-through holes,
silkscreened parts placement,
and solder mask completes the
picture. Let’s take a more de-
tailed look at how the unit
works.

The power supply

Figure 2 shows the pawer-
supply schematic. The basic de-
sign is a push-pull forward in-
verter with pulse-width modu-
lation voltage regulation. Relay
RY101 is energized via the 12-
volt control lead, applying
power to the pulse-width-mod-
ulator chip IC101 and the power
transformer center tap. Alter-
nating pulses generated by
IC101 drive the output tran-
sistors at pins 16 and 13, turn-
ing on Q101 and Q102, and
Q103 and Q104, one pair at a
time. The transistors are paral-
leled for increased power han-
dling capacity. Resistors
R107—R110 eliminate the pos-
sibility of local transistor os-
cillation. As the transistors
alternately conduct, an alter-
nating current flows in the pri-
mary of transformer T101, in
turn inducing an alternating
current in the secondary.

The output of T101 is full-
wave bridge rectified and then

filtered by L101, L102, C106,
and C107. With a winding ratio
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of 4 to 1, a maximum of about
58 volts can be generated at the
output. That is regulated down
to = 47 volts by sending a sam-
ple back to resistor divider
R112+R113 and R105. The di-
vided voltage is applied to pin 2
of IC101, where it is compared to
a 2.5-volt reference, generated
in turn by dividing the chip-pro-
vided 5-volt reference at pin 10
by R101 and R102. When the
supply output drops below 47
volts, 1C101 drives the tran-
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sistors with longer pulses, and
with shorter pulses when the
output goes above 47 volts, thus
achieving voltage regulation.
Components C102, C103, and

RS RS S R R e i
FIG. 1—OUTPUT WAVEFORMS. In a, the amplifier is driving an 8-ohm load on both
channels at 1 kHz; the signal clips at 93 volts p-p with 135 watts per channel. Both
channels are driving a 4-ohm load at 1 kHz in b; it clips at 81 volts p-p with 200 watts per
channel. Using an 8-ohm load with the input filter removed, a rise time of 600 ns and a
32  slew rate of 54 volts/p.s can be seeninc.
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FIG. 2—POWER-SUPPLY SCHEMATIC. it's a push-puH forward inverter with puise-
width modulation voltage regulation. Relay RY101 is energized via the 12-volt control
lead, applying power to the pulse-width-modulator chip IC101 and the power trans-

former center tap.
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FIG. 3_THE LEFT AND RIGHT AMPLIFIERS are identical and the parts numbered the

same except for an L or R suffix; here’s one of the amplifiers.

$o)u0IPRII-0IpRY 2661 INdY

33



R103 form a filter network that
stabilizes the voltage-regulation
feedback loop. The inverter op-
erating frequency is set via
C104 and R106 to about 50 kHz.
Finally, L103 keeps noise from
the inverter from getting back
into the car power system, and
D105-D107 form a snubber
network that limits ringing volt-
ages generated by the alternat-
ing high currents in the
transformer primary.

The amplifiers

Both amplifiers (left and
right) are identical, and parts
are numbered the same, with
an L or R suffix, as appropriate.
Therefore we'll show only one of
them—see Fig. 3. Input signals
are applied to IC1, an LF357A
op-amp, via filter network RI,
R24, R25, C1, and C2. The out-
put of IC1 drives resistors R9
and R10, which are in series
with current source Q1 and cur-
rent sink Q2. The result is that
voltage swings at the output of
IC1 (at pin 86) are translated and
applied to the bases of Q5 and
Q6.
The DC voltage between the
bases of Q5 and Q6 is set by
voltage multiplier Q3. The volt-
age is nominally about 8 volts,
and can be set as desired by
R16. It appcars across R13 and

R14 by emitter-follower action of
Q5 an Q6. In turn, a current
flows through R12 and R15,
generating a voltage across
them, which is applied as the
bias for the output transistors.
FET output transistors Q7—-Q10
each require about 3.5 volts
bias from gate-to-source to be-
gin conduction, which is sup-
plied as described above. The
output transistor bias is ad-
justed to provide an optimal idlc
current in the output stage. To
keep that current stable, the
output transistor temperature
is sampled by Q4, which is
mounted on the heatsink, and
the Q3 bias generator voltage is
varied to track the temperature
accordingly.

Transistor @4 has its gate
connected to its drain, causing
the drain-to-source voltage to
be roughly equal to the gate
turn-on threshold. which varies
with temperature and tracks
the output transistors. Tran-
sistor Q3 multiplies that voltage
by a factor of two, to provide the
bias required by both the
positive and negative output
transistors. Transistors Q5 and
Q6 also provide a phase-inver-
sion function, taking the AC
signal voltage at the output of
IC1 and applying it to the gates
of the output transistors. As the

gates are driven. (he drains.
connected to the output, swing
in the opposite direction, driv-
ing the load. Components C4,
R18, and R19 form a local feed-
back loop. setting the output
stage gain at about 15. Compo-
nents C3, R5, R4, and C7 pro-
vide overall amplifier feedback.
and set the total amplifier gain
at about 51. Zener diodes D5
and D6 limil the output tran-
sistor gate drive voltages. which
in turn limit the maximum out-
put current.

Building the amplifier

If you are fabricating your
own circuit board, remember
that you will have to provide
feed-throughs and solder com-
ponent leads on both sides of
the board in several places.
We've provided foil patterns if
you want to do that, but you can
also buy a ready-to-use PC
board, as well as various other
parts, from the source men-
tioned in the parts list. Figure 4
is the parts placement diagram:.
Begin assembly by installing all
paris except the TO-220 power
components and potentiome-
ters R16L and R16R. Carefully
verify resistor and capacitor val-
ues before installing them. and
check diode and electrolytic ca-
pacitor polarities.



+12VDC
MAIN

SPEAKER SPEAKER +12VDC
RIGHT CONTROL

FM—‘PARTS PLACEMENT DIAGRAM. First install all parts except the TO-220 power
components and potentiometers R16L and R16R. Before installing the output FET'’s,
« they must be matched in pairs within each particular type (see text and Fig. 5).



Before irfstalling the output
FET?%, they must be matched in
pairs within each particular
type to ensure proper current
sharing and power dissipation.
As an example, Q7L and Q8L
musi be matched to each other,

but they don't have to match the

right-channel components.
(Q7R and @8R must, of course,
match each other) The same
goes for Q9 and Q10. A simple
circuit for matching them is
shown in Fig. 5. The parts
should be matched to be within
100 millivolts of gate voltage at
50 mA of drain current, and 200
millivolts of gate voltage at 2
amps of drain current. Make
the 2-amp measurement quick-
ly—otherwise you must heat-
sink the transistor. Note that P-
channel devices (the [RF9640%)
must be supplied with —5-volts
DC and N-channel devices (the
IRF640’s] must be supplied
with +5-volts DC.

Once you have matched the

i AH res:stors are %—watt, 5% un- a5

less otherwise noted.:
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FIG. 5—PAIRS OF FET'S MUST BE
MATCHED using this circuit (see text).
First set the potentiometer’s wiper volt-
age to zero, turn it up to the desired drain
current, and measure the voltage as
shown. Match the parts to within 100 mil-
livolts of gate voltage at 50 mA of drain
current, and 200 millivolts of gate volt-
age at 2 amps of drain curreni. N-chan-
nel devices (the IRF640’s) require a + 5-
volt supply, and P-channel devices (the
IRF9640’s) require —5 volts.

PARTS LiST e
cot, cms—-moo i

-4 electrolytic
1C108, 8107—-1000 u
glectrolytic = -

1NA737A dmde. ; w2
. DI01-D104—FREOS diode

transistors, insert them in the
PC board. Make sure they are
straight up with their leads pro-
truding uniformly about Ye-
inch from the botiom of the
board. Check to see that the
transistors are centered on the
heatsink rail, and then solder.
Next, prepare potentiometers
R16L and R16R by adjusting
them for a resistance of 1000
ohms between pins 1 and 2 (see
Fig. 6), and then install them.

Finally, install the three
power and ground lead-in
wires, as well as the speaker
outputs and grounds. Check
that all parts are the correct type
and value, and in the correct
orientation.

Chassis assembly

Prepare the heatsink by
checking to see that the mount-
ing surfaces for the power com-
ponents are clean and smooth.
Temporarily slide the circuit
board assembly into the heat-
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sink. Install the endplate with
the input connector holes, and
slide the board up against it.
Take a look at Fig. 7, the inside
of the authors completed pro-
totype. to get a {eel for the over-
all assembly and close-up de-
tails. Lightly mark each power
component site on the case. Re-
move the amplifier and prepare
each site with a thin coat of
thermal heatsink grease. Apply
a mica insulator at each site.

FIG. 6—PREPARE POTENTIOMETERS
R16L AND R16R by adjusting them for a
resistance of 1000 ohms between pins 1
and 2.

i H,anne'
12 Hz48
00

| TABLE 1—SPECIFICATIONS
 chamnelsdriven

Is driven

t_ 135 watisichannel RMS into 8 ohms with both ~ =~

S into 4 ohms with both -
Hz (+0, -3dB)

kHz with input filter removed

HD at 1 kHz, <0.1% 20 Hz-20 kHz =

with each of the power parts
bent slightly away from the
heatsink surface. Apply a thin
layer of thermal grease to each
part. Then bend the part back
against the heatsink, and hold
it in place with a spring clip as
shown in Fig. 8. Use a piece of
cardboard or plastic as an in-
sulator between the part and
the clip. After each clip is in
place, remove the two wire bales
from the clips. Make a final
check with an chmmeter to see

™ r,

L

113/s INCHES

Re-install the amplifier board

olts, 0.5 to 50 amps maximum

that none of the power parts are
shorted to the heatsink. We are
now ready to make a few safety
checks on the circuitry.

Testing

Install a 5-amp fuse for F101,
and apply power. The inverter
should now generate pius and
minus 47 volts, as measured at
the fuse clips for F1 and F2. Now
install a 1-amp fuse for F1L and
a milliammeter for F2L. Apply
power and adjust R16L for a cur-

continued on page 74

COMPONENT-SIDE FOIL PATTERN shown half-size.

11%/a INCHES

SOLDER-SIDE FOIL PATTERN shown half-size.



AMPLIFIER

continued from page 36

rent of about 60 mA. Repeat the
same procedure for the right
channel, adjusting R16R.
Check the voltage at the two
speaker output terminals. The
DC value should be less than 50
mV. If all is well so far, replace F1
and F2 with 2-amp fuses, con-
nect a pair of test speakers Lo
the output leads, and apply an
input signal.

If everything still checks out,
feed the wires through the end
plate using a plastic strain relief
to secure the wires. Now install

the final fuse values, slide the
cover in place, and attach the
other end plate.

Installation and use

The first thing you must do is
decide on an appropriate loca-
tion [or the amplifier. Good
choices include under a seat or
in the trunk. Once the unit is
mounted, wire the power,
ground, and speakers. Ground
can be picked up from the chas-
sis of the vehicle, if desired,
making sure it is a solid ground.
Use appropriately heavy wires
for the main power and ground,
as they will have to conduct as
much as 40 or 50 amps. You
may wish to pick up the main



power close to the battery, in
which case you should use a
fuseable link as the very first
piece of the connection. Fusea-
ble links are readily available
from most automotive parts
stores. You may also wish to in-
stall an engine noise filter in se-
ries with the main supply.

The 12-volt control lead is ide-
ally connected to the radio’s
electric antenna output, if it is
so equipped. If not available, a
separate switch can be used. Fi-
nally, wire the inputs with
shielded cable. It's best if the car
radioc you're using has a volume-
controlled line-level output,
which most of the better radios
have. In any case, do not drive
the amplifier from the speaker
output of the radic—the signal
levels could damage the ampli-
fier inputs, and the signal
would include the inherent dis-
tortion of the radios amplifier.
One last word of caution: the
heatsink is designed for Lhe
peak-to-average power ratio of
music. Therefore, for applica-
tions which require continuous
output at the rated power levels,
forced cooling or a bigger heat-
sink are recommended. Happy
listening! R-E
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FIG. 8—HOLD EACH POWER COMPONENT IN PLACE with a spring clip, and use a
piece of cardboard or plastic as ar insulator between the part and the clip. Check with

an ochmmeter to see that none of the power parts are shorted to the heatsink.




FIG. 7—THE MOUNTING SURFACES of the heatsink and power components must be
clean and smooth. Mark each power component site on the case, remove the amplifier
board, and prepare each site with a thin coat of thermal heatsink grease and a mica
insulator. Then re-install the amplifier board with each of the power parts bent slightly
away from the heatsink surface. Apply a thin layer of thermal grease to each part and
then bend the part back against the heatsink. Now take a look at Fig. 8.




