Construction Project

A Versatile

Audio Amplifier Chip

How to use the popular LM386 IC in a variety

of applications

By Michael A. Covington

ational Semiconductor’s
LM386 integrated circuit is
an easy-to-use audio amplifi-

er that delivers as much as 0.4 watt in-
to an 8-ohm speaker load. You can
use this 8-pin chip in such projects as
receivers, intercoms, alarms, and all
types of battery-operated audio equip-
ment. In this article we’ll explore how
to use the LM386 effectively.

Low-Gain Amplifier

Figure 1 shows the simplest LM386
circuit, an amplifier with a voltage
gain of 20. Its input can come from a
tuner, a tape deck, or a crystal phono
cartridge. (If you wish to drive this
circuit from a magnetic cartridge, the
1L.M386 circuit will have to be pre-
ceded by a preamplifier.) An output
signal of about 400 millivolts peak-
to-peak is sufficient to drive the
speaker to full volume. This circuit is
exactly what you need to use a speak-
er with a Sony Walkman or the like.
Stereo sound, of course, requires two
such amplifiers, one for each chan-
nel. Harmonic distortion in this cir-
cuit is well below 0.5% almost up to

maximum volume.
In the circuit shown, potentio-

meter R serves as a volume control.
Its value determines the input im-
pedance, which can be anything from
500 to 20,000 ohms. The value of C3
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Fig. 1. Basic LM386 amplifier cir-
cuit. Place C1 as close as possible to
the LM386 integrated circuit.

canrange from about 50 microfarads
(which gives rather poor bass re-
sponse) up to 1000 microfarads or
more. Capacitors CI and C2 and re-
sistor R2 are needed to prevent high-
frequency oscillation that would re-
sult in garbled sound. Although the
manufacturer’s literature states that
these last three components are op-
tional, I’ve found that trying to do
without them is a very risky proposi-
tion. During assembly, be sure to
keep all leads short and adequately
isolate the input from the output.

If you use a 16-ohm or greater im-
pedance speaker, supply voltage can
be anywhere between 4 and 14 volts.
With an 8-ohm speaker, however,
keep supply voltage to less than 10
volts to prevent overheating the
LM386. With a 4-ohm speaker, the
supply should not exceed 7 volts.

It usually isn’t practical to drive

Fig. 2. An LM386 input’s upside-
down emitter-follower stage allows
input voltage to swing below ground.

more than one speaker from a single
1L.M386. However, if you must do so,
connect the speakers in series rather
than in parallel with each other to
maintain a relatively high total im-
pedance. The LM386 consumes very
little power. The only significant
power drawn by the circuit is what is

Fig. 3. Inlow-gain mode, LM386 can

be used as noninverter (upper) or in-

verter (lower); high gain requires op-
eration in noninverting mode.
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Fig. 4. For best results, provide a dc
path from both inputs or neither.
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Fig. 5. In the high-gain mode, be sure
to place C1 as close as possible to the
IC, isolate input from output.

actually delivered to the speaker.
With no input, current consumption
is typically 2 mA. At moderate vol-
ume this increases to 15 mA and can
go as high as 70 mA at high volume or
when driving a large speaker.

The LM386 looks a lot like an op-
erational amplifier, but there are
some important differences to keep
in mind. For example, unlike an op
amp, the LM386 requires only a
single positive supply voltage. Also
the output at pin 5 is automatically
biased to a dc level halfway between
the supply voltage and ground, with
C3 preventing dc from flowing
through the speaker.

In an operational amplifier, the in-
puts would normally be at the same
dc level as the output. But the inputs
of the LM386 operate at ground
level, and the input signal can swing
to either side of ground. Figure 2
shows how this is achieved—the in-
put stage is an emitter-follower
whose ‘‘ground”’ is actually the posi-
tive supply voltage. The internal
50,000-ohm resistor sets maximum
input impedance.

Like an op-amp, the LM386 has
both inverting and noninverting in-
puts (Fig. 3). In the low-gain circuit
shown in Figure 1, you can apply the
signal to either input, depending on
whether or not you want it to come
out inverted. Inversion has no effect
on sound quality, and there is little
reason to prefer one configuration

over the other. For other applica-
tions, such as higher-gain amplifiers
and oscillators, only the noninvert-
ing configuration will work.

The LM386 performs best if the dc¢
resistance to ground from both in-
puts is roughly the same (‘‘roughly”’
here means within 10,000 ohms or
so). If you ground one input, you
should provide a path from the other
one to ground through aresistor (Fig.
4). If the input signal is coupled to the
L.M386 through a capacitor, so that
there is no dc path to ground, the
other input should be grounded
through a capacitor or simply left un-
connected.

High-Gain Amplifier

Figure 5 shows the LM386 config-
ured as a high-gain amplifier, with a
voltage gain of 200. The main change
here is that C4 has been added to by-
pass an internal feedback resistor.
Resistor R3 and capacitor C5 change
the dynamic characteristics of the
power supply.

Figure 6 shows why R3 and CS5 are
necessary. Without them, the LM386
suffers from noticeable distortion
when driving a low-impedance (8- or
16-ohm) load. The distortion isn’t af-
fected by the signal level or the im-
pedance of the signal source, nor by
bypassing pin 7 to ground through a
capacitor as suggested in the manu-
facturer’s literature. In fact, the dis-
tortion surprised me so much that I

Fig. 6. Distortion in high-gain mode (left) is cured (right) by using R3 and CS5 in Fig. 5. Top traces are input.
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Fig. 7. Split power supply prevents
feedback when using a preamplifier.

tried two LM386s from different man-
ufacturing lots, just to make sure I
wasn’t dealing with a defective IC.

Apparently, the explanation is that
the LM386 is designed to be battery
powered, and the internal resistance
of the battery is figured into its feed-
back network. The internal resistance
of a 9-volt battery is between 10 and
100 ohms, whereas the resistance of a
well-regulated power supply is nearly
zero. So R3 takes the place of the re-
sistance of the battery, and C5 is the
bypass capacitor that would normal-
ly be used with battery-powered
equipment. If the power supply is in
fact a battery, or if the load im-
pedance is more than 32 ohms, R3
can be omitted.

Even a gain of 200 isn’t quite
enough to drive a speaker with the
signal from a microphone, tape
head, or magnetic phono cartridge.
As mentioned earlier for the Fig. 1
circuit, an extra stage of preamplifi-

cation is required. If the LM286 and
the premaplifier are connected to the
same power supply, feedback may
cause oscillation—usually an audio-
frequency squeal or a low putt-putt
sound (‘‘motorboating’’). Figure 7
shows how to prevent this. The re-
sistors and capacitors send the in-
coming power down two paths that
are isolated from each other.

Figure 8 shows a complete ampli-
fier for microphone-level input.
Total voltage gain is about 4000. The
transistor in the first stage can be any
small-signal npn transistor with a
beta (hg) of at least 50. For experi-
ments, you can use a second 8-ohm
speaker as a microphone; by doing
this and adding a switch to inter-
change the two speakers, you havean
intercom. In a high-gain circuit like
this, it is doubly important to keep
leads short and isolate the input from
the output.

Oscillator Configuration

Finally, Fig. 9 shows how to use the
LM386 as an oscillator. The output is
a square wave with a frequency (in
Hertz) of 2.5/(R;C;), where R, is be-
tween 10,000 and 100,000 ohms. Be-
cause the circuit is designed to oscil-
late, the anti-oscillation measures
used in the amplifier circuits aren’t
needed here, and the power supply
voltage isn’t critical. Also, since lin-

ear amplification isn’t required, pins
1 and 8 can be joined by a direct con-
nection, rather than through a ca-
pacitor.

If you connect a speaker in place of
R3 in this circuit, the output is no
longer a square wave. Instead, what
you hear will be a loud, piercing
squeal that makes a good alarm
sounder. The LM386 is an efficient
noisemaker. It delivers a lot of sound
for a small amount of battery power.
To reduce the volume of the sound,
connect a 10- to 300-ohm resistor in
series with the speaker.

Going Further

Once you’ve mastered the LM386,
you’ll want to look at several of its
relatives in the National Semicon-
ductor line. The LM389 consists of
an LM386 plus three individual npn
transistors, all on one chip. This IC is
often used to save space in radio re-
ceivers. The popular LM380 is a
2.5-watt power amplifier that re-
quires a 12-to-15 volt supply and de-
livers a voltage gain of 50. Stepping
up to the LM380’s big brother, you
come to the its big LM384, which
delivers a hefty 5 watts of output
from a 20-volt supply. You can begin
immediately experimenting with the
LM380 and LM384, since their exter-
nal circuitry differs only in minor
details from that of the LM386. ME

Fig. 8. A microphone amplifier cir-
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New 22 SinSUiT-PCB
Repair & Modification Kit

Now repair burnt or broken traces, replace damaged or lifted
pads, or even redesign or modify an entire circuit on-the-spot
... all'in a fraction of the time needed by conventional repair
techniques. Kit contains a complete assortment of adhesive-
backed current-conducting copper tape & donut pads, a 5" x 6"
copper sheet, roll of insulating tape and simple, step-by-step
instructions. Free descriptive flyer. Order No. EZ8957

s mrapz=e $14.95 ...
- : - & $3.00 shipping & handling
by @ Bishop Graphics. Inc

5388 Sterling Center Drive, Dept. E-Z, Westlake Village, CA 91359

(818) 991-2600 * Telex: 66-2400 Bishop WKVG
CIRCLE 18 ON FREE INFORMATION CARD

Computer problems?

DON’T BLAME
THE SOFTWARE!

Pat. # 4,259.705

Isolators prevent:

¢ CPUlprinter/disk interaction
¢ Lightning or spike damage
¢ AC power line disturbances
¢ RFI-EMI interference

Commercial Grade Isolators

ISO-1 3 Isolated Sockets $ 81.95
ISO-2 2 Isolated Socket Banks, 6 Sockets $ 81.95

Industrial Grade Isolators
ISO-3 3 Double Isolated Sockets $122.95
1SO-11 2 Double Isolated Banks, 6 Sockets $122.95

Laboratory Grade Isolators

ISO- 17 4 Quad Isolated Sockets $213.95
[SO-18 2 Quad Isolated Banks, 6 Sockets $180.95

Circuit Breaker, any model (Add-CB) Add $ 11.00
Remote Switch, any model (Add-RS) Add $ 20.00

£Z Electronic Specialists, Inc.

171 S. Main St., Box 388, Natick. Mass. 01760 (617) 655-1532

Toli Free Order Desk 1-B00-225-4876
MasterCard, VISA, American Express

CIRCLE 53 ON FREE INFORMATION CARD

Over 75,000 active amateurs in over 125 countries
throughout the world read and enjoy a different
kind of ham magazine every month. They read CQ.

It’'s more than just a magazine. It’s an institution.

SUBSCRIBE TODAY!
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