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Fig. 1. Simplified block diagram of single channel of digital amplifier.

the single-channel simplified block
diagram in Fig. 1). Tight waveform
linearity is assured by the very large
values of the timing resistor (R36)
and timing capacitor.

Another factor that contributes to
the linearity of the modulator is the
10-millivolt level of the triangle
wave. This small voltage, combined
with a large time constant, assures
that only a small, very linear portion
of the curve of the RC timing ramp is
used (see Fig. 2).

Related directly to the square wave
output signal, the triangle wave is
compared to the audio input signal
(Fig. 3). When the audio input goes
in a positive direction, the output of
the amplifier remains high for an in-
creasingly longer percentage of the
time available for that switching cy-
cle. To keep the average voltage of
the output within 10 mV of the input,
the comparator must change state.
This forces the output voltage to be
error corrected to within 10 mV dur-
ing every 2-microsecond switching
cycle. Output clipping occurs just as
it does in a conventional linear am-
plifier when the output can no longer

be corrected to match the input sig-
nal’s amplitude.

Figure 4 is the full schematic of
both channels of the stereo power-
MOSFET digital amplifier booster.
Figure 5 illustrates the power supply
schematic.

When power is first applied to the
circuit, timing capacitor CI/4 in the
U1 circuit is discharged. (Though we
will discuss operation of only one
channel, the following applies equal-
ly well to the other channel since
both are identical.) This holds the
comparator’s output in an off state.
Since U1 is an open-collector device,
its output very rapidly swings high.
This high signal goes to phase-split-
ters Q13 and Q14, where it is split in-
to positive and negative excursions
that are routed to positive level shift-
ers Q11 and QI2 and negative level
shifters Q9 and Q0. Since the signal
is going positive at this point,.Q1/
and Q12 turn on, which sends output
p-channel power MOSFET Q2 in-
to conduction.

When Q2 conducts, a high positive
voltage appears on one end of timing
resistor R43, which charges CI4.
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Fig. 2. To assure linearity, only a
very small, linear portion of the
charging ramp is used. Only 10 mV
(0.00016%) of the 64 volts available
charges the timing capacitor.

When the charge on CI4 reaches 10
mV, UI’s output switches state and
the process reverses. Charging and dis-
charging of CI4 is at a 250-kHz rate.
Note in Fig. 1 that the audio input
goes to an Input Network. An ac-
coupled 15-ohm resistor in this block
provides a load for the car radio’s
output. (Some car radios require an
output load to operate properly.)
The output from the car radio’s am-
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Digital Audio Amplifier (from page27)

board. Temporarily install LEDI at
Es and E8 on the amplifier board.
With the output of both channels
left open, apply power. You should
not hear a sound from the power
supply; if you do, this indicates a
short circuit or excessive load. If
your dc power supply has an am-
meter, it should initially indicate be-
tween 3 and 3.5 amperes and then
swing slightly up-scale as the output
stages turn on and LEDI lights.
Using a standard VOM—not a
digital multimeter—to check the am-
plifier’s output stage, you should ob-
tain a dc reading of 1 volt or less. If
you measure more than 1 volt posi-
tive or negative, there is a problem.
If this occurs, shut off the power and
correct the problem before proceed-
ing. If it is a short circuit, continued
operation of the amplifier board can
destroy expensive components!
When both amplifier channels are
oscillating properly, connect a small 4-
or 8-ohm speaker to the left-channel
output. When you turn on the power,
there should be no noise coming from
the speaker with no signal going into
the amplifier’s left input. Check for
audio amplification by carefully
touching (buzzing) pin 3 of U3. Re-
peat this check for the right channel.
After checking for basic opera-
tion, apply an audio signal from the
speaker—not the earphone—output
of a portable radio to each input.
Connect the test speaker to the ap-
propriate output and verify that each
channel is functioning properly.

Installation

The power supply and amplifier
boards are best housed inside a well-
vented heavy-duty metal enclosure
like that shown in the lead photo.
For maximum circuit protection, a
fan is recommended to draw out the
heat generated by the project. Mount
the power supply and amplifier cir-
cuit boards so that their heat sinks
will receive good air flow from the
cooling fan.

Bench Testing the Amplifier

In order to bench test your amplifier to
full output, you will need a good-qual-
ity dc power supply capable of provid-
ing at least 20 amperes at 13.8 volts.
During tests, keep all unshielded leads
as short as possible and all inputs away
from the speaker outputs.

You can use any 4-ohm load you
wish. However, as the inductance of the
test load increases, so does the r-f
across the load. I have used automative
tail lamps with their filaments in paral-
lel. The type 1157 draws about 2.5 am-
peres at 12 volts (30 watts). This lamp
can take quite a bit of abuse for a brief

period. If you are going to monitor the
amplifier’s outputs with an oscillo-
scope, be prepared to see some un-
usual waveforms!

Looking at the output section ahead
of the inductor will reveal a 64-volt
peak-to-peak square wave. As the sig-
nal to the amplifier’s input increases,
the square wave’s duty cycle will change
at the frequency of the input signal.
This effect will become immediately vi-
sible at input signal frequencies below
10 Hz. To test for full power output be
sure that there is at least 13.8 volts
reaching the power supply’s input at C1.

Ordinary phono jacks serve for
the audio input connectors to the
amplifier. Since the input power is
high-level, stranded heavy-duty
hookup wire can be used between the
input jacks and left (E3) and right
(1) input points on the amplifier
board. (Reference both outputs to
circuit—not chassis—ground.) Be-
fore plugging these wires into the
board, slide ferrite beads L7 and L8
over them at the ends that plug into
El and E3 on the board.

You can mount light-emitting di-
ode LEDI on the front panel with a
lens clip or small rubber grommet.
Alternatively, it can mount directly
on the amplifier circuit board.

Provide good quality terminals for
the 13.8-volt power input and the
speaker outputs. Allow some meth-
od of terminating the shield from the
speaker leads, which will be con-
nected to a common ground point at
the amplifier.

Install your amplifier in a location
as close to the battery and main elec-
trical system as possible. Use heavy
stranded wire to provide dc power
from your vehicle’s electrical system
to your amplifier. Keep in mind that
any voltage drop in the primary side
of the amplifier’s power supply is
multiplied almost six times after
voltage step-up. Therefore, use at
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least 12-gauge wire. If you decide to
mount the amplifier in your trunk or
rear storage compartment, use 10-
gauge or larger wire.

After installation, you can verify
that adequate power is being deliv-
ered to the amplifier by cranking up
the volume and measuring the volt-
age across ClI in the power supply.
With the engine running, you should
measure not less than 12.5 volts. If
you measure less than this, you need
larger-gauge wiring.

Install a 20- or 25-ampere automo-
tive-type fuse in the + 12-volt line
going into the amplifier’s power sup-
ply. As mentioned, power to the am-
plifier can be automatically turned
on and off at the right times via the
relay that controls the electrically op-
erated antenna in your vehicles. It
can also be turned on and off via a
heavy-duty switch or automotive ac-
cessory relay.

If you do not have the automatic
switching capability, always turn on
the amplifier at the same time as or
after you turn on your car radio, and
turn it off at the same time as or be-
fore you turn off your radio.

Use 14-gauge shielded cable to
wire your speakers to the amplifier.
Ground the shield only at the ampli-
fier end to provide the best shield
against radio-frequency interference.
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