Audio Project

Building & Applying
Active Minispeakers

By installing a driving amplifier inside its
aluminum enclosure, you can greatly
enhance a minispeaker’s versatility

By Joseph O’Connell

luminum minispeakers are
generally characterized by
good sound as well as com-

pact size. Originally designed for use
in home hi-fi systems, they have
found their way into automobiles
and other vehicles, where space is
more at a premium thanin the home,
and attached to the sides of portable
radios, where size and weight are im-
portant. As versatile as they are,
though, a pair of minispeakers can
be greatly enhanced by building into
each its own driving amplifier, as de-
scribed here. This will make the
speakers operate with signal sources
that ordinarily cannot drive them,
such as personal radio/cassette play-
ers, portable CD players and similar
low-power devices. The amplifiers
boost the signals from these sources
to drive the speakers to quite loud
levels. With greater power and high-
quality signal sources, these ‘‘ac-
tive”’ speakers produce better sound
at higher volume than do typical
boom boxes.

Applications for these active
speakers are not limited to portable
listening. For example these speakers
can be used as the heart of a tempor-
ary stereo system in a car or other ve-
hicle without requiring a separate
power booster. They are also simple

to remove to prevent theft and can
easily be moved around inside a vehi-
cle to obtain the best acoustical ef-
fect. Electronics enthusiasts can also
use one on their testbenches as an
audio signal tracer and hum detec-
tor. Around the home, an active
speaker can be used as an intercom
station and for setting up a stereo
system for best effect.

Because power requirements are
flexible, plenty of other uses suggest
themselves. Finally, none of the mi-
nispeakers’ original usefulness is lost
when amplifier circuits are added.
These speakers can still be used with
a stereo system the way they were de-
signed to be simply by flipping a
switch.

About the Circuit

Use of a pair of power integrated cir-
cuits (/C1 and IC2) greatly simplifies
the amplifier circuit shown in Fig. 1.
Few discrete components are needed,
and the project is easier to build.
Also, the low component count
makes for an amplifier circuit that
requires very little real estate. This is
an important consideration when the
amplifier is to be installed inside a
tight enclosure from a mechanical
point of view because the amplifier
takes up less of the speaker’s internal
volume so that it has only a minimal
effect on sonic characteristics.
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A single 1L.M383 power amplifier
IC and a few passive components
could have been used to make a simple
amplifier circuit. However, the two
shown in a bridged configuration al-
low the speaker output to be taken
from across the outputs of two near-
ly identical amplifiers (instead of be-
tween an output and ground) to pro-
vide increased maximum power and
eliminate the need for a bulky and dis-
tortion-producing output capacitor.

In the Fig. 1 circuit, the two ampli-
fier ICs are connected so that they
are out-of-phase with each other.
When the output of one is positive,
the output of the other will be nega-
tive. Placing a speaker between the
IC outputs allows current to flow
from one to the other. The advan-
tage of this arrangement is that the
speaker can receive almost the full
power supply voltage in either direc-
tion on full-excursion input signals.
This arrangement is necessary in mo-
bile applications where the available
supply voltage is relatively low (12
volts dc) and must be carefully maxi-
mized in an amplifier circuit.

With a 12-volt d¢ power supply,
the unloaded output of the the am-
plifier circuit can theoretically be
+10 volts, for a total swing of 20
volts. Because they get a good deal of
power from a low-voltage supply,
bridged circuits like the one shown in

Say You Saw It In Modern Electronics



www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

<

ly 125 mA. The low current drain
makes the amplifier suitable for por-
table use with rechargeable cells.

Modifying the Speakers

The first step in building the circuit is
to open the speaker (or speakers if
you are modifying a pair for stereo
use) to gain access to the interior.
With some minispeakers, you might
be able to remove a few screws and
drop off the back. However, the
backs of the Realistic Minimus 7
speakers specified in the Parts List
are sealed. (If you use a minispeaker
other than the Minimus 7, make sure
it has an aluminum enclosure and
has sufficient room inside to accom-
modate the amplifier circuit assem-
bly without interfering with the
drivers, crossover network or any
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Fig. 2. Rear panel details of modified minispeaker.

connectors there might be.) This
means that all access to the interior
of the enclosure must be through the
holes in which the drivers are
mounted. Therefore, you will first
have to pry off the protective alumi-
num grille. The following modifica-
tion procedure is based on the Mini-
mus 7 speaker; if you are using a dif-
ferent speaker, make suitable adjust-
ments in the procedure.

The best place to start prying off
the grille is at one of the corners
where the risk of deforming the grille
is minimal. Small pieces of sticky
clay are all that hold the grille in
place. So the grille should release
without much persuasion.

Once the drivers are exposed, care-
fully remove them. As you remove
each driver, make a note on a piece
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of paper its physical orientation and
which color wire goes to which termi-
nal. You will need this information
to successfully reassemble the speak-
er system.

Set aside the drivers in a safe place.
Then reach into the enclosure and re-
move the fiberglass batting that
serves as acoustical damping. It is a
good idea to wear gloves for this
step, especially if your hands are par-
ticularly sensitive or have small cuts.
The type of fiberglass batting used in
minispeakers produces small splint-
ers of glass when handled. If the
splinters pierce your skin, they will
be painful and difficult to remove.

Inside the enclosure on the rear
wall is a plastic plate on which are
mounted the crossover components.
Remove this panel, which will be re-
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placed by the amplifier circuit-board
assembly. Desolder from the panel
the crossover capacitor and inductor
coil and set both aside for mounting
on the amplifier circuit board later.
It is also a good idea to save the wires
from the crossover network, since
they are easily removed and have the
proper connectors for the speakers.

You might want to replace the ori-
ginal crossover capacitor with a bet-
ter-quality one. An audible improve-
ment can be heard if you replace the
nonpolarized capacitor that comes
with the speaker with a polystyrene
or film type of the same value. For a
substantial improvement without
going to extreme lengths, almost any
type of replacement capacitor is bet-
ter than the original.

Referring to Fig. 2, drill four holes
through the rear of the enclosure for
mounting 5-way binding posts. Size
these holes to accommodate the
threaded mounting screws and the
shoulders of the insulating fiber
washers that come with the binding
posts. Set aside the enclosure.

Building the Amplifier

Printed-circuit board construction is
highly recommended for the amplifi-
er circuits. As you can see in the actu-
al-size etching guide in Fig. 3, holes
must be drilled only for the two po-
tentiometers and the resistors. Since
all components mount on the foil
side of the board, no holes are need-
ed for the leads of the larger compo-
nents and wires that go on the board;
these can simply be ‘‘spot’’ soldered
to the copper lands in much the same
manner as you would solder surface-
mount components in place.
Preparea3%” x 1%"” x %" alumi-
num plate by drilling the mounting
holes for the ICs, phono jack JI and
switch, as illustrated at the bottom in
Fig. 4. Then drill the holes for the
mounting hardware that will secure
the plate to the inside rear wall of the
enclosure using the same locations
used by the screws that secured in
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Fig. 3. Actual-size etching-and-drilling guide for printed-circuit board.

place the plastic panel on which were
mounted the crossover-network
components. (Use the plastic cross-
over-network plate as a template for
locating and marking the mounting
holes on the aluminum plate.) Also,
drill a % " hole in one of the lower cor-
ners of the plate. Locate the alumi-
num plate so that it completely fills
the opening in the enclosure and JI’s
and SI’s holes are centered in the cut-
out area. Loosely mount I/C! and
IC2, using 4-40 x %" machine
screws lockwashers and nuts. Then
solidly mount J/ (along with its sol-
der lug) and the switch on the alumi-
num plate, using the hardware sup-
plied with them. Do not use insula-
tors between the ICs and the alumi-
num plate.

Once the board has been etched
and is ready for wiring, mount the
amplifier and crossover components

on the foil side exactly as shown in
Fig. 4. As you solder one lead of a
component to the board’s land, hold
it in place with your fingers, without
moving, until the liquid solder has
set. Then solder the other lead into
place. (Note: It will be easier if you
pretin the land locations and compo-
nent leads and wires to which they at-
tach with solder prior and then
‘‘sweat’’ the connections as you go.)

Secure the crossover coil to the
surface of the board with double-
sided tape, silicone cement or hot-
melt glue. Pay close attention to elec-
trolytic capacitors C2, C4 and CS5 as
you solder their leads into place. Use
small-diameter insulating tubing on
all leads that cross more than one
copper land and insulated hookup
wire for the wire jumper between the
IC1/J2 and IC2/R3 lands. Mount
the components with their bodies flat
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switch and the solder lug on J1.

Mount the four binding posts on
the rear wall of the enclosure via the
holes you drilled earlier. Three of
these binding posts must be fully in-
sulated from the metal of the enclo-
sure with the shoulder fiber washers
or plastic bushings supplied with
them. If such washers or bushings
are not supplied, you must obtain
them separately. The fourth binding
post should not be isolated from the
metal enclosure. Eliminate its
shoulder fiber washers or bushing, if
any, and replace them with a pair
of lockwashers.

Adjustments

Before an amplifier circuit can be in-
stalled inside a speaker enclosure it
must be adjusted so that it will work
properly. For this step, you need a
bit more heat sinking than the alumi-
num plate on which ICI and IC2 are
mounted can provide, which is the
reason why you drilled that extra
hole in one of the corners. Bolt the
assembly to a metal object—even a
much larger aluminum plate than
you are using in the project—to as-
sure good heat sinking.

To perform the adjustment of the
amplifier, you also need an oscillo-
scope, audio signal generator, volt-
meter and 8-ohm power (say, 20-
watt or more) resistors. You need
two resistors for each amplifier you
built, one for each speaker driver.
The voltmeter and resistors should
be easy to come by. If a signal gener-
ator is not available, a signal source
playing a slow piano will do. How-
ever, there is really no adequate sub-
stitute for the oscilloscope.

Connect a power resistor to the
amplifier circuit where each driver
will be connected and plug the signal
generator’s output cable into the am-
plifier’s input. Set the signal for a
50-millivolt rms output at about
1,000 Hz (1 kHz). Then connect an
adequate dc power supply to the
amplifier circuit, observing proper
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Fig. 4. Wiring guide for pc board. All components mount on foil side of board.

polarity. Turn on the signal gener-
ator and use the oscilloscope to check
each IC’s output separately.

When checking the IC outputs, set
the oscilloscope for ac input, attach
its ground wire to amplifier circuit
ground and use the ‘‘signal’’ input
probe to verify that the amplifier’s
output resembles its input. Adjust
POT]I so that the outputs of the two
ICs are roughly equal in amplitude.

Next, connect the oscilloscope be-
tween the outputs of both ICs. Be-
fore doing this, however, disconnect
the scope’s ground. Because neither
output of a bridged amplifier is tied
to ground, it should not be measured
with a grounded device. Since the
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signal generator and oscilloscope
probably share the same three-con-
ductor ac power line, they will have
the same ground. This being the case,
connecting the oscilloscope across
the amplifier’s outputs in the next
step would short out whichever IC
got the scope’s ground wire. To pre-
vent this from happening, temporar-
ily unground the oscilloscope at its
power outlet. Use a three-conductor
adapter with its third terminal not
connected between the scope’s line-
cord plug and the ac receptacle.
(Caution: Do not forget and leave
the scope permanently ungrounded.)

(Continued on page 90)
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Building and Applying Active Minispeakers (from page 48)

Once you have ungrounded the os-
cilloscope, connect it across the out-
puts of the amplifier. Adjust POTI
for maximum undistorted output as
observed on the scope’s CRT screen.
Increase the input level of the signal
source until the output waveform
just begins to clip. Readjust POTI
for maximum output level without
clipping of either positive or nega-
tive peaks.

Finally, connect a dc voltmeter
across the amplifier’s output and ad-
just POT2 for a 0-volt reading. Be-
cause of the presence of C4, the me-
ter may take a few seconds to settle
down after each change of the pot’s
setting. With patience, you should be
able to trim the offset to 10 mV or
less. If a large offset adjustment
must be made, it will be necessary to
go back and readjust POT! for max-
imum undistorted output level.

Once the amplifier has been pro-
perly adjusted, disconnect the oscil-
loscope, meter and signal generator.
Then power down the amplifier and
remove the power resistors con-
nected across its speaker outputs. In-
stall the amplifier in the speaker
enclosure.

Before mounting the amplifier in
the enclosure, however, connect and
solder the free ends of the wires com-
ing from the pc board lands to the
appropriate binding posts, since the
latter will not be accessible after the
amplifier board is installed. Refer to
Fig. 4 for wiring details.

Slip the board into the speaker en-
closure through the hole in which the
woofer mounts. Mount the circuit-
board assembly to the rear of the en-
closure with the three screws that ori-
ginally held the crossover network
in place.

Minispeakers are mostly acoustic-
suspension types that depend on an
airtight enclosure of fixed volume to
work properly. To obtain maximum
possible benefit from them, you
should strive to maintain the original
conditions. Therefore, to maintain a
good air seal between the aluminum
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plate on which the ICs are mounted
and the enclosure, seal the perimeter
of the cutout with a small amount of
Plasticine or other sticky clay. Also,
to assure an airtight enclosure when
J1 is not being used, plug into the
jack a dummy phono plug (stop up
the hollow center pin with solder).

After mounting the amplifier as-
sembly, replace the fiberglass batting
in the enclosure. Pull the ends of the
four speaker wires attached to the
amplifier board through the fiber-
glass and their respective speaker
holes (yellow for woofer, blue for
tweeter and one each black ‘‘driv-
ers’’ for each—see Fig. 4). When all
the fiberglass batting has been re-
placed, connect the free ends of the
wires to the speakers. Either slip the
attached connectors onto the speak-
er lugs or—if you are a purist who
believes that such connectors detract
from the quality of the sound—clip
off the connectors and solder the
wires to the speaker lugs.

Observing the original orienta-
tions, reinstall the speakers in their
respective holes, using the original
screws to secure them into place. Re-
place the protective aluminum grille,
gently tapping it with a mallet or
through a board with an ordinary
hammer until it is fully seated. You
can discard the sticky clay that origi-
nally held the grille in place because
it is not really needed. The grill will
be held in place by friction.

Accessory Inputs

Obviously, any audio signal source
that has line-level outputs can be
used to drive the active minispeak-
ers, including the preamp outputs of
a home hi-fi system, the outputs
from a tape or CD player, the head-
phone outputs of a portable radio/
tape player, etc. Additional input de-
vices and accessories can extend the
usefulness of the active minispeak-
ers. For example, a telephone pickup
coil plugged into the input of one mi-
nispeaker can be used to enable more
than one person to share in a phone.
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