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Constructional Project

SIMPLE

AUDIO CIRCUITS

Part 1 — Introduction and Power Amplifiers

RAYMOND HAIGH

A selection of "pic-n-mix” low-cost audio
circuits — from preamplifier to speaker!

ATEVER their particular area of
WiHnterest, most electronics enthusi-
asts encounter the need to amplify
and reproduce audio signals. The final
stages of radio receivers, intercom units,
security and surveillance installations, or
just a hankering for a big sound from a
Walkman or portable CD player, all
involve audio amplification and a speaker
system. And the amplification usually goes
hand-in-hand with some form of signal
processing.
Music reproduction calls for a wide
frequency response and tone-control cir-
cuitry. Speech communication, especially

under difficult conditions, is greatly
clarified if the frequency response is
curtailed.

simple, but effective, ways of meeti
these different requirements. Although the
circuits are capable of a good sta d
reproduction, they will particula
the constructor who looks f
performance per pound o
We begin with the
alternatives are given
ment of maximu
mum cost and ef]
widely avail

, they are all based on
ated circuits (i.c.s):

HOW MUCH POWER?

Before considering the various circuits,
it is worthwhile to reflect on the amount of
pow

réproduction in Walkman type
s of reasonable sensitivity can

grammes in a quiet domestic setting, the
power fed to the speaker will hover
around 50mW (0-05W), and this is ample
for the operator of a communications
receiver whose ears are closer to the
sound source.

During the valve era, ten watts was
considered adequate for the realistic
reproduction of orchestral music, and
some experts suggested a figure as low as
five. One watt of power delivered to a

ieved with a miserly milliwatt
This short series of articles describ‘b Q¢001W). When listening to talk pro-

BA820M @ LM380N @ TDA2003.

@ LM386N-1 [ TDA70®

Collection of simple i.c. power amplifier
modules (left-to-right, top-to-bottom).

@ Single TDA2003 Amp
® Twin TDA2003 Amp
® TDA7052 Amp

® TBA820M Amp

® LM380N Amp

® LM386N-1 Amp
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reasonably efficient speaker will produce a
loud sound, a continuous five watts is
becoming deafening, and ten will rattle
windows. This assumes single channel, or
mono, reproduction in a normal living
room. The impact is, of course, greater
with a stereo system.

This is at odds with the high power rat-
ings of many of the quality amplifiers cur-
rently advertised. The desire for a big
reserve of power, the low efficiency of
some modern speakers, and different ways
of measuring output, may account for the
difference.

Output is variously rated as music
power, sustained music, speech and music,
and sinewave power. To add to the confu-
sion, the figures are quoted at different dis-
tortion levels. The standard most often
used when valves were commonplace, and
the one adopted in this article, is the r.m.s.
(root mean square) value of a continuous
sinewave. This gives the lowest rating and
is the most realistic expression of the
amplifier’s ability to deliver power into a
load (speaker).

An increase in output power is reflected
as much, if not more, in the cost of the
power supply as it is in the actual amplifi-
er. Because the theme of this article is
good performance at modest cost, the most
powerful amplifier described is rated at
12-5W r.m.s.

DISTORTION

Manufacturers of power-amplifier inte-
grated circuits and modestly priced hi-fi
systems (which invariably incorporate
devices of this kind) usually rate the max-
imum power output at 10 per cent distor-
tion. At this level there is a very noticeable
roughness to the sound and clipping of the
waveform on loud passages.

The power output levels quoted here
have been measured just before the onset
of clipping or any noticeable distortion of
the output waveform. They are somewhat
lower than the figures quoted by the i.c.
manufacturers, but they do represent the
highest output, free from audible distor-
tion, that the device can deliver for a par-
ticular supply voltage and load.

NOISE

Modern power amplifier i.c.s h: a
very low noise level. Manufacturers usual-
ly define this internally generated electri-
cal noise as an equivalent signal voltage at
the input, but this doesn’t give the average
experimenter an immediate impression of
its audible effect.

Accordingly, the devices described here
were tested by disconnecting the signal
source, turning the input or volume control
to maximum, and then listening to the out-
put on a pair of sensitive, Walkman type
earphones.

In all cases the noise was no more than
barely audible. The two devices which can
be configured for high gain (LM386N and
TBAS820M) did produce a faint, but audi-
ble, hiss when the gain was set at maxi-
mum. The hiss was also noticeable with a
loudspeaker connected.

However, when the gain preset was
turned back a little, these i.c.s became as
silent as the rest. Some constructors may
need the highest possible gain, and details
will be given later of measures which can
be taken to eliminate the noise.
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STABILITY

Provided a few basic precautions are
observed, the amplifiers are all uncondition-
ally stable. Most i.c.s of this kind have a
ground connection for the input circuitry and
a separate ground pin for the output stage.

The printed circuit board (p.c.b.) layouts
have been designed to maintain this isola-
tion, and care should be taken to ground the
signal inputs and connect the negative power
supply lead to the designated points on the
board. Failure to do this could result in
“motor boating” (low frequency instability).

Input leads should be screened to avoid
mains hum and radio frequency (r.f.) sig-
nal pick up. Speaker leads should be twist-
ed together to minimise external fields.
Input and output leads should be spaced as
far apart as possible: this is particularly
important when the LM386N and
TBAS820M are set for high gain.

All of the circuits include high and low fre-
quency bypass capacitors across the supply
rails. The former minimise the possibility of
r.f. oscillation: the latter avoid low frequency
instability when long power supply leads are
used, or when batteries are ageing.

HIGH FREQUENCY
RESPONSE

The bandwidth of the amplifiers
extends into the r.f. spectrum, and
this makes the devices vulnerable

to r.f. interference. Some of the i.c.s pro-
vide for the connection of an external
capacitor in a negative feedback loop to
“roll-off” the high frequency response.
Selecting an appropriate value for this
component will help to make the device
immune.

The problem of r.f. pick up invariably
manifests itself when a high value (more
than 10 kilohms) input potentiometer
(VR1) is used to match the amplifier to the
impedance of a signal source. If the poten-
tiometer or volume control must have a
high resistance, connecting a InF or, at
most, 10nF capacitor across its track will
shunt unwanted r.f. to ground.

LOW FREQUENCY
RESPONSE

The low frequency response of three of
the lower powered amplifiers has been
curtailed a little by fitting a 220uF speak-
er coupling capacitor. Amplifiers of this
kind are invariably used with small, inex-
pensive speakers which are incapable of
producing an audible output at frequen-
cies below 150Hz or so. Feeding low fre-
quencies to speakers of this kind only

o

overloads them, causing distortion and
loss of clarity.

Indeed, if the amplifier is being used
primarily for speech, clarity can be much
improved by rolling-off the frequency
response below 300Hz, and an even lower
value of coupling capacitor, say 100uF or
even 47uF, would be of benefit. Readers
seeking quality music reproduction at low
power, via a speaker of reasonable size,
should increase the coupling capacitor to
say 1000uF.

This relationship between coupling
capacitors and frequency response will be
considered more fully in the next article.

DEVICE PROTECTION

The integrated circuits covered here are
electrically robust but they are by no
means indestructible. The TDA7052,
LM380, and the TDA2003 incorporate
protection against overload and
output  short ciruits:  the
other devices Jf do not.

e

However,

»

: dge even with this pro-

‘oo(\ tection, excessive sup-

00'5 ply voltage will result in
pfz immediate failure, and shorting

the output when the amplifier is
being driven hard and/or when the sup-
ply voltage is close to the operational max-
imum will quickly ruin the device.

SUPPLY VOLTAGE

Suitable mains power supplies will be
covered in a later article, but it should be
mentioned now that, off-load, d.c. output
voltages rise to 1-4 times the a.c. voltage
delivered by transformer secondaries.
‘When using unregulated mains power sup-
plies care should, therefore, be taken to
ensure that the off-load voltage is always
less than the maximum safe working volt-
age of the amplifier. Never connect a
working power supply to an amplifier
without first checking its output voltage.

ELECTRICAL
CHARACTERISTICS

The electrical characteristics of the
various devices are tabulated alongside the
circuit diagrams (except one) for easy
reference. Power output figures are based on
measurements taken on a single, randomly
purchased sample. For reasons already
given, they are somewhat lower than the
figures quoted by the manufacturers.

Recommendations are made regarding the
speaker impedances to use with various sup-
ply voltages in order to keep the dissipation of
the devices within reasonable limits.

The input resistance, maximum voltage
ratings, and frequency response details are
those supplied by the manufacturers.
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AMPLIFIER PROJECTS

In use, there is little to distinguish
between the four, low powered amplifiers,
all perform well. There are, however, dif-
ferences which make one device more suit-
able than another for a particular
application.

Low current consumption is important
when equipment is powered from dry bat-
teries. Quiescent current drawn by the
small amplifiers is in the region of 6mA
(13mA for the LM380).

In the case of the LM386N, TBAS20M
and LM380, current rises to around 120mA
when 500mW is being delivered into an 8
ohm load. Current consumed by the
TDA7052 is approximately 220mA, or
almost double, under these conditions.

In all cases, the signal input pin has
been connected to the slider (moving con-
tact) of the Volume control potentiometer
(via a blocking capacitor in the case of the
TDA2003). This minimises hum and
noise and ensures that a more or less con-
stant impedance is presented to the signal

source. Potentiometers of 4700 ohms or
10 kilohms (10k) are usual, but the value
can be increased to 100k to raise input
impedance.

This will, however, make the circuits
more vulnerable to mains hum, r.f. interfer-
ence and instability, and the value should
be kept as low as the signal source imped-
ance permits. This applies particularly to
the TDA7052, where the value of the
Volume control should, if possible, be no
more than 10k. Earlier comments regard-
ing stability are of relevance here.

L& e AMPLIFIER

A circuit diagram for a simple amplifier using the low-voltage
LM386N-1 power amplifier i.c. is shown in Fig.1. Also shown are
the general performance and electrical characteristics of the
circuit.

Blocking capacitor C1 prevents any disturbance of the d.c. con-
ditions in the signal source and potentiometer VR1 (the Volume
control) sets the input level. The manufacturers of the chip,
National Semiconductor, suggest an input network to roll-off high
frequencies and resistor R1 and capacitor C2 perform this
function.

The unused non-inverting input (pin 3) is grounded to avoid
instability when gain is set high. Capacitors C3 and C4, connected
across the supply rails, prevent low and high frequency instability.

FEEDBACK

An internal negative feedback path can be accessed via pin 1
and pin 8. Bypass capacitor C5 reduces the feedback and increas-
es the gain of the chip from 23 to 170 times (as measured: samples
will vary). Preset potentiometer VR2 (wired as a variable resistor)
controls the bypassing effect of C5 and enables the gain to be set
within these limits.

Bypass capacitor C6 makes the device more immune to suppl@

line ripple, and C8 couples the output to the speaker LSI1.
Zobel network, formed by resistor R2 and capacitor C7, en
that the speaker always presents a resistive load to the an
Without these components there is a risk of high level ,’ i
causing damage to the output transistors.

Tabulated power output levels for various supply evoltages
and speaker impedances are included bel e circuit
diagram. Sustained operation at more tHan™800mW is not
recommended.

Completed LM386N-1 circuit board.
342

C/RCUIT BOARD

The printed circuit board component layout, wiring details and
full-size copper foil master pattern are shown in Fig.2. This board
is available from the EPE PCB Service, code 343 (LM386N-1).

O
+3V TO +12V

LS1
8Q

SETGAIN [1_| ® [ 8] SETGAIN
INPUT - [2 [ 7] SUPPLY VOLTAGE RIPPLE REJECTION
INPUT + [3] [ 6] SUPPLY VOLTAGE +V

GROUND (0v) [4 ] [ 5] SIGNALOUT

TOP VIEW OF LM386N-1

Fig.1. Circuit diagram and pinout details for the LM386N-1
Power Amplifier.

LM386N-1 POWER AMPLIFIER
R.M.S. power output just before the onset of
waveform clipping

Speaker Supply Voltage

Impedance

ohms 3v 4.5V 6V v 12v
4 60mW  150mW 320mW  500mW -
8 26mW  105mW  200mW  560mW  900mW
16 15mW 60mW  110mW  320mW  605mW
32 - 35mW 62mwW 170mwW  330mW
Quiescent current: 6mA
Input resistance: 50k ohms

Input sensitivity for 560mwW
output (8 ohm load, 9V supply),
(a) VR2 set for maximum resistance:
(b) VR2 set for minimum resistance:

Absolute maximum supply voltage,

90mV r.m.s. (gain 23)
12mV r.m.s. (gain 170)

beyond which damage will occur: 15V
Suggested maximum supply
voltage with a 4 ohm speaker 6V

Frequency response up to 300kHz
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POWER SUPPLY +VE
SCREENED l
INPUT LEAD $ VR2 $

] LB
TO SPEAKER
(Ls1)

VR1 (FRONT VIEW)

l (ov)

POWER SUPPLY -VE

&)

2:0IN (50-8mm)

1-6IN (40-6mm)

Fig.2. Printed circuit board, component layout, full-size cop-
per foil master and interwiring for the LM386N-1 Amp.

COMPONENTS

LM386N-1 AMPLIFIER

Resistors
R1 4700 R2 10Q See

All 0-25W 5% carbon film SIHGE
TALK

page

Potentiometers
VR1 10k min. rotary carbon, log.
VR2 10k enclosed carbon preset

Capacitors
C1 4u7 radial elect. 25V

c2 1n disc ceramic

C3,C8 220u radial elect. 25V (2 off)
C4 100n disc ceramic

C5, C6 10u radial elect. 25V (2 off)
Cc7 47n polyester

Semiconductor
IC1 LM386N-1 audio power amp i.c.

Miscellaneous
LS1 4 to 32 ohm loudspeaker (see text)

Printed circuit board available from the EPE PCB Service, code

343 (LM386N-1); case (optiol size and type to choice; 8-pin d.i.l.
socket; multistrand connectirg e; audio screened cable; solder

pins; solder etc.
£10.50

excluding case & speaker

Approx. Cost
Guidance Only

Uio)A 7052

amplifier is ‘ li:

Philips have adopted a bridge arrange-
ment for the TDA7052’s output stage. This

specification

or the TDA7052
in Fig.3.

has to be low, a good output is required,
and high gain is not important. Current

enables the chip to maintain a good output Protectien against output short circuits consumption for a given output power is,
at low supply voltages and eliminates the is built@ he device shuts down however, almost twice that of the LM386N
need for a speaker coupling capacitor. when théWdissipation becomes excessive. and the TBAS20M.

Gain is fixed internally, no provision is iS\ explains the small rise in sus-
made for ripple rejection, and there is no e output when the speaker imped- C/IRCUIT BOARD

Zobel network. This reduces the external
component count to the d.c. blockin
capacitor C1, Volume control VR1 and:
supply line bypass capacitors, C2 a
The full circuit diagram, togeth

upply.

TDA7052 POWER AMPLIFIER
R.M.S. Power output just before the onset
of waveform clipping

is increased to 16 ohms with a 9V

Alth;)ugh usually costing a little more
than the other low-power chips, this is the
device of choice when the supply voltage

The printed circuit board component
layout, wiring details and full-size copper
foil master pattern are shown in Fig.4. This
board is available from the EPE PCB
Service, code 344 (TDA7052).

O
+3V 70 +12V

Speaker Supply Voltage

Impedance

Ohms 3v 4-5V 6V 9V 12v
4 70mwW 500mW 780mwW - -
8 60mwW 455mW 640mW 1w -
16 40mW 235mW 450mW 112w -
32 24mW 145mW 250mW  600mwW 1-26W

Quiescent current 5mA

Input resistance 100k ohms

Input sensitivity for TW
output (8 ohm load, 9V supply)
Absolute maximum supply voltage

40mV r.m.s. (gain 70)

beyond which damage will occur 18V
Suggested maximum supply voltage:

with a 4 ohm speaker [5)%

with 8 or 16 ohm speakers 9V

Frequency response at the —3dB points 25Hz — 20kHz
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SUPPLY VOLTAGE +V [1_| ®

INPUT [2]

INPUT GROUND [3]

8] SIGNAL OUT
[ 7] NOT CONNECTED
[ 6] OUTPUT GROUND

NOT CONNECTED [4 ] [ 5] SIGNAL OUT

TOP VIEW OF TDA7052

Fig.3. Circuit diagram and pinout details for the TDA7052
Amp. See left for performance guide.
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COMPONENTS

TDA7052 AMPLIFIER

Capacitors See
C1

1ouradial ~ S[HIO)P
elect. 25V
c2 100n dis_c TALK
ceramic
c3 2204 radial  P29€
elect. 25V

Potentiometers
VR1 4k7 min. rotary carbon,
log.

Semiconductor
ICA TDA7052 power amp i.c.

Only four components
are mounted on the
TDA7052 p.c.b.

Fig.4 (below). Component layout,
interwiring and full-size copper foil
master for the TDA7052 Amp.

Miscellaneous
LS1 4 to 32 ohm loudspeaker
(see text)

SCREENED
INPUT LEAD

Printed circuit board available from the
EPE PCB Service, code 344 (TDA7052);
case (optional), size and type to choice; 8-
pin d.i.l. socket; multistrand connecting
wire; audio screened cable; solder pins;

solder etc.
£9.50

excluding case & speaker

VR1 (FRONT VIEW)

Approx. Cost
Guidance Only

1-2IN (30-5mm)
® S S ©
S @ @—> POWER SUPPLY +VE q o0
o o> POWER(S\L/J)PPLY-VE E
ClRud|C F g
@ o | - &1 [ ld z
= 5 T AKI 2
Ne @ @ T : Omsmu °
O 344

vizsls=ony AMPLIFIER

A circuit diagram incorporating the TBA820M audio amp i.c.,

performance guide, is given in Fig.5. The input arrangements
supply line bypassing, speaker coupling and Zobel networ!
conventional, and the relevant components can be identifie
previous circuit descriptions.
Gain can be controlled by shunting an internal negativ%ac
loop, which is accessed at pin 2. Preset potentiometer ¥ R2, ed in
L 2

which is manufactured by SGS-Thomson, together with a general®

o
3V TO +12V
Ls1
80
SIGNAL [
INPUT
e
c1 ll

4u7
VR1 bl
10k
\
SCREEN
Oov
SET HIGH SUPPLY VOLTAGE

FREQUENCY RESPONSE [1_| @ [ 8] RIPPLE REJECTION
SET GAIN [2]

INPUT [3]

GROUND (0v) [4}

[ 7] BOOTSTRAP
[ 6] SUPPLY VOLTAGE +V

[ 5] SIGNALOUT

TOP VIEW OF TBA820M

Fig.5. Circuit diagram and pinout details for the TBA820M
power amplifier. See right for general performance details.

344

Completed TBA820M
amplifier module.

TBA820M POWER AMPLIFIER

R.M.S. power output just before the onset
of waveform clipping

Speaker Supply Voltage
Impedance
Ohms 3v 4.5V 6V v 12v

4 10mwW 320mW  405mW  980mW -

8 20mw 200mwW 300mW  680mW 1-1W
16 30mwW 115mW  180mW  405mW  720mW
32 20mw 60mW 90mW 225mW  390mW
Quiescent current 6mA
Input resistance 5M ohms

Input sensitivity for 680mW

output (8 ohm load, 9V supply):
(a) VR2 set for maximum resistance
(b) VR2 set for minimum resistance

Absolute maximum supply voltage

56mV r.m.s. (gain 40)
10mV r.m.s. (gain 230)

beyond which damage will occur 16V
Suggested maximum supply voltage:

with a 4 ohm speaker 9V

with an 8 ohm speaker 12v
High frequency response at —3dB point:

with C6 220pF 20kHz

with C6 680pF 7kHz
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COMPONENTS

TBA820M AMPLIFIER

; See
Resistors
R1 220 SHOP
R2 1Q
Al 0-25W 5% carbon fim T ALK
. page
Potentiometers
VR1 10k min. rotary carbon,
log.
VR2 100Q2 enclosed carbon
preset
Capacitors
C1 4u7 radial elect. 25V
C2,C8 220u radial elect. 25V
(2 off)
C3, 100n disc ceramic
C4 100u radial elect. 25V
C5 47u radial elect. 25V
C6 390p ceramic
Cc7 220n polyester
Semiconductor
IC1 TBA820M audio power
amp i.c.
Miscellaneous
LS1 4 to 32 ohm loudspeaker
(see text)

Printed circuit board available from the
EPE PCB Service, code 345 (TBA820M);
case (optional), size and type to choice; 8-
pin d.i.l. socket; multistrand connecting
wire; audio screened cable; solder pins;
solder etc.

Approx. Cost £1 o
Guidance Only

excluding case & speaker

SCREENED
INPUT LEAD

VR1 (FRONT VIEW)

—
TO SPEAKER
(Ls1)
—

> POWER SUPPLY +VE

—» POWER SUPPLY -VE

2:4IN (61-0mm)

1-6IN (40-6mm)

master for the TBA820M Amplifier.

series with capacitor C4, controls the shun
ing effect and, with the sample tes aig,
could be set between 40 and 230.

High frequency response i
by capacitor C6. The respon <3dB

points for different capacjto s is also
listed in the table. If d, the value of
C6 can be increas reduce the upper
frequency respon@n ore.

In this ap he speaker LSI1 is

Fig.6. Topside component layout, off—bo@/:g details and full-size copper foil

connected to the positive supply rail as this
reduces the component count (a capacitor
and resistor are saved).

C/RCUIT BOARD

The printed circuit board component
layout, wiring details and full-size copper
foil master pattern are shown in Fig.6. This
board is available from the EPE PCB
Service, code 345 (TBA820M).

The manufacturers, National S
sion for optional heatsinking via som
the package larger (14-pin). The output

and there is dissipation limiting. Gain is fixed.
Again, the purpose of the various components will be evident
from earlier descriptions. In this version of the circuit, the signal \ .

f the pins, and this makes

ctor, have made provi-

is short-circuit proofed

"
LM380N POWER AMPLIFIER \\
R.M.S. power output just before the onset !
of waveform clipping N
Speaker Supply Voltage '
Impedance
Ohms 1'% 12v 15V 18V \ Finished LM380N
4 400mW 1.12W 1.62W - \ circuit board. A “twin”
8 275mW 720mwW 1.32W 2.25W \ heatsink may be
16 137mW 405mwW 720mwW 1.32W required for this chip
32 68mwW 202mwW 360mW 765mW
Qui " t 13mA A heatsink should be fitted if the device is to be operated, other
wescer'l curren m than intermittently, at output levels in excess of 1W.
Input reS|s.te.mlce 150k ohms Without a heatsink, the suggested
Input sensitivity for 720mW maximum supply voltages are:
output (8 ohm load, 12V supply) 50mV r.m.s. (gain 50) with a 4 ohm speaker 12V
Absolute maximum supply voltage with an 8 ohm speaker 15V
beyOnd which damage will occur 22V Frequency response up to 100kHz

Everyday Practical Electronics, May 2002
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O
+9V TO +18V

VOLUME

C6
100n T

[14] SUPPLY VOLTAGE +V

SUPPLY VOLTAGE RIPPLE REJECT [1 | ®

INPUT + [2] [13] NOT CONNECTED
5] 72]

OUTPUT, GROUND /] [77] & OUTPUT GROUND
(0V) AND HEATSINK (0V) AND HEATSINK
= ]

INPUT - [6] [9] NOT CONNEGTED

INPUT GROUND (0V) [7 | [8] SIGNALOUT

TOP VIEW OF LM380N

Fig.7. Circuit diagram for the LM380ON Amplifier.

is applied to the inverting input (pin 6) and,
to avoid instability, the non-inverting input
(pin 2) is grounded (0V).

The manufacturers quote a minimum more suitable
supply voltage of 10V. The sample test- equipment.
ed worked with a 9V supply, but perfor-
mance became erratic at lower voltages.

Quiescent current, although modest, is Details of the

double that of the other low-
devices, and this, together wa
higher operating voltage, makes

C/RCUIT BO.

d “circuit board

COMPONENTS

LM380N AMPLIFIER
See

SHOP
Potentiometers TALK

VR1 10k rotary page
carbon, log.

Resistors
R1 2Q7 0-25W 5% carbon film

Capacitors

C1 4u7 radial elect. 50V
C2,C5 220u radial elect. 50V (2 off)
C3, C6 100n disc ceramic (2 off)
C4 10u radial elect. 50V

Semiconductor
IC1 LM380N audio power amp i.c.

Miscellaneous
LS1 4 to 32 ohm loudspeaker (see text)

Printed circuit board available from the EPE PCB Service, code @

346 (LM380N); case (optional), size and type to choice; 14-pin d.i.l.
socket; heatsink (see text); multistrand connecting wire; audio

screened cable; solder pins; solder etc.

excluding case & speaker

Approx. Cost
Guidance Only

component layout, wiring and copper foil
master are given in Fig.8. This board is also
available from the EPE PCB Service, code
346 (LM380N).

Although the board has been kept
small, as much copper as possible has
been retained to afford some heatsinking.

m

v Z20ns AM

Produced by SGS-Thomson, the TDA2003 loW-cost i.c. is
mainly for use in car radios. Although chips desi pecifically
for “hi-fi” amplifiers are available, they us equire higher
voltage and/or split rail power supplies. Th es them less easy

/IER

and more expensive to use. \
. @ o
@3 |J_-| +6V TO +15V
220y '

+

SIGNAL co o

INPUT e ——
i

ct ll

an7
9 VR1 W
10k

VOLUME

LSt

\
SCREEN

5  SUPPLY VOLTAGE +V

METAL TAG 4———>) SIGNALOUT

gmwsN(%%gngE? O 3——>  GROUND (0V)
2——— INPUT=-

1——>  INPUTH

FRONT VIEW OF TDA2003

Component layout on
the TDA2003 p.c.b.

| TDA2003 POWER AMPLIFIER
R.M.S. power output just before the onset
of waveform clipping

Fig.9. Circuit diagram for a single TDA2003 Amp.
346

Speaker Supply Voltage
Impedance
Ohms 9V 12v 15V
2 2.25W 4w 5.75W
4 1.28W 2-6W 3-9W
8 720mW 1-44W 2-1W
Quiescent current 45mA

Input sensitivity for 2.6W
output (4 ohm load, 12V supply)

Absolute maximum supply voltage
beyond which damage will occur 28V

Absolute maximum operating voltage 18V
Frequency response: 40Hz to 15kHz at the —3dB points.

The upper frequency limit can be extended by reducing
the value of C5.

42mV r.m.s. (gain 80)
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SCREENED

INPUT LEAD t=» POWER SUPPLY +VE

> POWER SUPPLY -VE
(ov)

=
TO SPEAKER
(Ls1)
—

VR1 (FRONT VIEW)

HEATSINK

2:5IN (63-5mm)

1-8IN (45-7mm)

and full-size copper foil master pattern. Note the heatsinks.

HEATSINKS of 25mm x 0-4mm (lin. x

strip. Make two shallow cuts,

For those readers who wish to get the apart, close to the centr
most out of the chip, a suitable heatsink for tag which can be sol
the LM380 (Fig.7 and Fig.8) can be pins of the i.c. Thin b
formed from two, 40mm (15/Sin.) lengths chased from alm del shops.

The TDA2003 incorporates short circuit circuit a single chip TDA2003

and overload protection, and is extremely audio ai is given in Fig.9.
rugged. It will deliver a worthwhile output at ounding the input (pin 1) of this
modest supply voltages, and the suitability ice would upset the internal biasing
of car batteries as a power source may make ngements, so a second blocking
it of particular interest to some readers. The capacitor C2 must be provided. The high
4
@ POWER SUPPLY +VE <t
POWER SUPPLY =VE

SCREENED

INPUT LEAD @ « $

o
o
@ ®
—®

VR1 (FRONT VIEW)

TO SPEAKER s
(LS1) —

3-4IN (86-4mm)

1-2IN (61-0mm)

Fig.10. Printed circuit board component layout, full-size foil master and off-board
wiring for the single TDA2003 Amplifier.
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1 4 to 32 ohm loudspeaker
. (see text)

COMPONENTS

TDA2003 AUDIO AMPLIFIER
See

Resistors
R1 390 SHOP

R2 220Q

R3 202 TALK
R4 1Q page
All 0-25W 5% carbon film

Potentiometers
VR1 10k rotary carbon, log.
Capacitors
C1, C2 4u7 radial elect. 50V
(2 off)
C3 220u radial elect. 50V
C4 100n disc ceramic
C5 39n polyester
C6 470u radial elect. 50V
C7 1000u radial elect. 50V
Cc8 100n polyester
Semiconductor
IC1 TDA2003 audio power
amp i.c.

iscellaneous

Printed circuit board available from the
EPE PCB Service, code 347 (TDA2003);
case (optional), size and type to choice;
heatsink (see text); audio screened cable;
multistrand connecting wire; solder pins;
solder etc.

Approx. Cost £
Guidance Only 1 1
excluding case & speaker

frequency response is set by capacitor C5
in conjunction with resistor R1. The
response can be extended by reducing the
value of C5. Supply line ripple rejection is
afforded by capacitor C6.

The outputs which can be delivered at
various supply voltages are tabulated in the
accompanying table. The current drawn
from a 15V supply when 4W are dissipat-
ed into a 4 ohm load is around 500mA.
The 2 ohm load is obtained by connecting
two 4 ohm speakers in parallel.

At these power levels, the device must,
of course, be connected to an adequate
heatsink, and this is discussed later.

The printed circuit board component
layout, wiring and full-size copper foil
master pattern for the single chip
TDA2003 amplifier are shown in Fig.10.
This board is available from the EPE PCB
Service, code 347 (TDA2003).

TWIN TDA2003
AMPLIFIER

A circuit diagram using two TDA2003
chips in a bridge configuration is shown in
Fig.11, together with a general perfor-
mance guide.

Drawing around 1-7A from a 15V sup-
ply, this combination will deliver a clean
12-5W into a 4 ohm load. The case for this
being adequate for domestic listening has
already been argued, but individual con-
structors will, of course, decide whether or
not it will meet their needs.

347


EPE Online
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COMPONENTS

TWIN TDA2003 POWER AMP

Resistors See
R1, R4 1Q (2 off)
R2 2209 ) SHOP
R3, R5 10Q (2 off)
Re oo " TALK

All 0-25W 5% carbon film Pag@

Potentiometers

Twin TDA2003 Amplifier
circuit board component
layout.

+6V TO +15V

£l
c10

VR1 10k rotary carbon R —
Capacitors
C1, C2
C9 4u7 radial elect. 50V
(3 off)
C3,C8 100n disc ceramic
(@ off) c2 TL
C4 22u radial elect. 50V u7
C5, C6 100n polyester (2 off) © +!
c7 10u radial elect. 50V o
C10 220u radial elect. 50V
w
Semiconductor | Vet
IC1, I1C2 TDA2003 audio power
amp i.c. (2 off) <  [voLuve]
; SCREEN
Miscellaneous Oy
LS1 2 to 8 ohm loudspeaker
see text
(see tex) ro 1 TW 03 BRIDGE CONFIGURATION
Printed circuit board available from the Clﬁcw + gag"f:’% POWER AMP
EPE PCB Service, code 348 (TDA2003); ; f
case (optional), size and type( to choice); for ~the  Twin M.S. pov‘;efrvg:‘}gfu;rgs:"bef;re the onset
heatsink (see text); audio screened cable; TDA2003 Power pping
multistrand connecting wire; solder pins; Amplifier. eaker Supply Voltage
Impedance
Approx. Cost £1 4 Ohms 9v 12v 15V
Guidance Only 2 6-25W 10-5W —
excluding case & speaker 4 3.78W 8W 12.5W
8 2W 5W 8-2W
2
. Quiescent current 80mA
Fig.12 (below). Component layout, off- nter- Input sensitivity for 8W
';‘_’gjgg O%I;d /Jg;l-sg’zoeucv?/ﬁlpﬁer ef(c)illa "}fsr ﬂﬁh@;’g output (4 ohm load, 12V supply) 70mV r.m.s. (gain 40)
devices p- See single TDA2003 for details of absolute maximum ratings.
N
‘
TO SPEAKER (| LS1)
e, (R

VR1 (FRONT VIEW)

+*{_{|+

TN

@———> POWER SUPPLY +VE

@———> POWER SUPPLY -VE (0V)

4-0IN (101-6mm)

1-2IN (61-0mm)
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The printed circuit board component
layout, wiring and copper foil master are
detailed in Fig.12. Again, combined or sep-
arate heatsinks must be fitted to the inte-
grated circuit’s metal tabs. The p.c.b. is
obtainable from the EPE PCB Service,
code 348 (Twin TDA22003).

HEATSINKS

A large area metal heatsink is required
for the TDA2003 (Fig.9 and Fig.11).
Because the device incorporates overload
protection, the actual size is not too critical
(the i.c. will shut down when it begins to
overheat), but sustained high output will
only be developed if the heatsink is ade-
quate. At the very least use 40sq. cm
(6-5sq. in.) of 16s.w.g. aluminium per chip,
or fit a proprietary heatsink with a thermal
resistance not greater than 7°C per watt.

The i.c.s are arranged on the p.c.b. (see
Fig.10 and Fig.12) so that they can be bolt-
ed to the back of a metal case by their
metal tabs. A 50mm x 150mm x 200mm
(2in. x 6in. x 8in.) aluminium box would
be more than adequate as a heatsink.
Insulating washers are not required, but a
smear of heat transfer compound should be
applied.

COMPONENTS

Slight differences in the i.c. type num-
bers can cause confusion. The LM386N-1
has the lowest power rating of this group of
devices. The suffixes “N-3" and “N-4”
indicate devices rated at 700mW and 1W
respectively. The suffix “M’ indicates sur-
face mounting. Suppliers offering the

LM386 are usually referring to the N-1
version.

The TDA7052 is sometimes given the
suffix “A”. This indicates that the chip con-
tains a d.c. volume control and is not suit-
able for the circuit described here.

Some suppliers give the LM380 the suf-
fix “14” to indicate the 2-5W 14-pin ver-
sion, and the suffix “8” for the 8-pin
600mW alternative. When ordering, make
it clear that the 14-pin chip is required.

The suffix “P” or “V” is sometimes
added by suppliers to the TDA2003 to indi-
cate that it is for vertical, and “H”’ for hor-
izontal, mounting. There is no electrical
difference, but the p.c.b.s illustrated here
have been designed for vertical chips.

CONSTRUCTION

All the amplifiers covered in this part are
assembled on printed circuit boards and
construction is reasonably
straightforward. The use of
an i.c. holder will permit the
substitution and checking of
the low power amplifiers.
However, if reliance is to be
placed on the p.c.b. foil for
minimal heatsinking of the
LM380, the device should be
soldered directly in place.
Solder pins, inserted at the
lead-out points, will simplify
off-board wiring.

It may help to start con-
struction of the chosen cir-
cuit board by first placing
and soldering the i.c. holder

on the p.c.b. to act as an “orientation”
guide. This should be followed by the lead-
off solder pins, and then the smallest com-
ponents (resistors) working up to the
largest, electrolytic capacitors and presets.
Finally, the lead-off wires (including the
screened input cable), off-board Volume
control and loudspeaker should be attached
to the p.c.b.

On completion, check the board for poor
soldered joints or bridged tracks. Check the
orientation of the electrolytic capacitors
and the i.c.(s).

If using a mains power supply, make
sure the voltage delivered does not exceed
the safe working voltage of the amplifier
for the load impedance being used.

If all is in order, connect the power sup-
ply and check the quiescent current con-
sumption. Inject a signal and re-check the
current drain and supply voltage.

Next Month: Transistor preamplifiers

150W TO 2500W - 12V & 2

90%) the inverters generate very little heat. The high stabili

sensitive devices.

output frequency (+/-1%) makes them equally suitable to

ich, are considerably superior to the square waves which are prod
they are capable of powering electrical equipment such as TV,s,
s, electrical lamps, pumps, battery chargers, etc.

verters generate a modified sine wave,
her inverters. Due to this superior
p & notepad computers, microw
attery Alarm

erters give an audible warni
tically shuts off when the

Code Power

150W Continuous
150W Continuous
300W Continuous
300W Continuous
600W Continuous
600W Continuous
1000W Continuous
1000W Continuous
1500W Continuous
1500W Continuous
2500W Continuous
2500W Continuous

ignal when the battery voltage is lower than 10.5V (21V for the 24V version). The
oltage drops below 10V (20V for the 24V version). Fuse protected input circuiti

Voltage Price

12V £36.39
24V £36.39
12v £50.64
24V £50.64
12v £101.59
24V £101.59
12V £177.18
24V £177.18
12v £314.52
24V £314.52
12v £490.54
24V £490.54

.589
.599
All pri
DELIVERY CHARGES ARE £6-00 PER ORDER. G
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIE
ETC. PRICES ARE INCLUSIVE OF V.A.T. SALES COUNT
AND ACCESS ACCEPTED BY POST, PHONE OR FAX, O
US AT SALES@BKELEC.COM ALTERNATIVELY SEND
OR POSTAL ORDERS MADE PAYABLE TO BK ELECTR

WWW.BKELEC.COM/INVERTERS.HTM
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ses include:- . Fetes . Fairgrounds . Airshows . Picnics .
%* Caravans . Boats . Camivals . Field Research and . Amateur
eld days * Powering Desktop & Notepad Computers.
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