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ABSTRACT

Nowadays, the high performance stereo andio amplifiers have been widely used
according to the technology. The system can be found in the market in various forms
and advantages. The considerable advantages of this system are in terms of its output
sound and application to many sound input sound devices. The purpose of this thesis is
to build a low cost audio stereo amplifier. The characteristics and factors that have
effect on the specifications of the system are discussed. Method and problems that arise

in constructing it are also discussed.



ABSTRAK

Pada masa kinmi, system penguat audio stereo berkuasa tinggi yang berlandaskan
teknologi terkini telah banyak digunakan. Sistem ini boleh didapati di pasaran dalam
pelbagai bentuk dan kegunaan. Kelebihan yang dimihiki oleh setiap sistem dikira dari
segi keluaran outputnya dan aplikasinya bersama dengan sistem lain. Tujuan laporan ini
dibentangkan adalah untuk menerangkan pembuatan sebuah penguat audio stereo kos
rendah. Kriteria-kriteria dan factor yang mempengaruhr spesifikasi sistem tersebut

dibincang. Metod dan masalah yang dihadapi semasa pembuatannya juga dibincang.



List of Contents

Chapter Page
Acknowledgement i
Abstract ii
Abstrak i
List Of Contents v
List Of Figures vi
Preface vii
Power Amplifier 1
1.0 Introduction
1.1 The Characteristic of Ideal Amplifier 2
2.0 Literature Review
2.1 Amplifier Classes and Advantages
2.1.1 Class A amplifier 4
2.1.2 Class B amplifier 5
2.1.3 Class C amplifier 6
2.1.4 Class D amplifier 7
2.2 Stereo Sound 8
2.2.1 Basic Stereo Signal Formats 10
2.2.2 A, B, M and S signals. 10
2.2.3 Effects of misalignment on stereo signals. 11
3.0 Components That Support The Amplifier
3.1 Transformer
3.1.1 Operation Of a Transformer 14
3.2 Power Supplies & Voltage Regulators 14
3.2.1 Rectifiers _ 15
3.2.1.1 Half ~wav¥® Rectifier 15
3.2.1.2 Full -wave Rectifier 16
3.2.1.3 Full-wave Bridge Rectifier 17
3.2.2 Filters 17
3.2.2.1 Capacitor Filters 18
3.2.2.2 RC Filters 19
3.2.2.3 LCx Filters 19
3.2.3 Voltage Regulators 20
4.0 Methodology
4.2 Approach 22
4.3 The Design 22



4.3.1 Initial Stages
4.3.2 Final Design

4.4 General Specification For Power Amplifier
4.4.1 Sensitivity
4.4.2 Power Output
4.4.3 Power Bandwidth
4.4.4 Frequency Response
4.4.5 Distortion
4.4.6 Signal-to Noise Ratio
4.4.7 Impedance
4.4.8 Damping factor
4.4.9 Phase Response

5.0 Implementation
5.1 Introduction
5.2 PC Board Construetion Process
5.2.1 Printed Circuit Board Construction

5.2.1.1 Method of Producing Circuitry
5.2.1.2 Through-Heles For Components
5.2.1.3 Types of Printed Circuit Boards
5.2.1.4 Mounting The Component
5.2.1.5 Soldering Components Leads In PC boards
5.2.1.6 Wiring Components

5.3 Circuit Analysis

5.4 Circuit Function

5.5 Frequency Response

5.6 Frequency Response Carve Analysis

5.7 Bandwidth Of An Amplifier

5.8 Factors Affecting Frequency Response

L LN

6.0 Discussion
6.1 Discussion
6.2 Typical Amplifier Fault
6.3 Recommendations
6.4 Conclusions

Bibliography
Appendices

22
23

24
24
25
25
25
26
26
27
27

29
30

31
31
31
32
32
32
35
37
38
39
39

1
42
44

46




List of Figures

Figure 1.1 Symbol of Operational Amplifier

Figure 2.1 Class—A amplifier

Figure 2.2 Class-B amplifier

Figure 2.3 Class-C amplifier

Figure 2.4 Class-D amplifier

Figure 2.5 Two Channel Stereo
Figure 3.1 Half-wave Rectifier
Figure 3.2 Full-wave Rectifier

Figure 3.3 Full-wave Bridge Rectifier
Figure 3.4 Capacitor Filter

Figure 3.5 RC Filter

Figure 3.7 LCnFilter

Figure 4.1 First Design Diagram
Figure 4.2 Final Block Diagram
Figure 5.1 Input Waveform ‘
Figure 5.2 Output Waveform “—
Figure 5.3 IC’s Pin Waveform

Table 5.5a Voltage Gain and Frequency

Figure 5.5b Frequency Response Curve

10

15

16

17

18

19

20

23

33

33

38

38



Preface

Power Amplifier
The purpose of power amplifier is to deliver a large amount of power to a load. The
load here is most often a loudspeaker, which requires considerable power to convert

electrical signals to sound waves.

For a power amplifier to work or to perform its function, it must be capable to dissipate
large amount of power so that the heat produced from high current and voltage is
released to the surroundings quickly. This is important to prevent temperature buildup
before it disrupts the amplifier's operation.

That is why the author design the circuit in such a way that the surface areas is large to

enhance heat transfer to the surroundings, even though the amplifier’'s component is

bulky.

Power amplifiers are widely used in audio cornponents such as radio, television audio
receivers, stereos and recording-studio equipment. Power amplifiers are also used
electromechanical control system to drive electric motors. Examples are computer disk
and tape drives, robotic maniﬁﬁators, autopilots, antenna rotators, pumps and

motorized valves, and process controllers of all kinds.

In this report, the author focused on only one thing, which is an andio power amplifier.



CHAPTER 1

INTRODUCTION

chapte explains about the basic concepts of amplifiers.

racteristic Of 1deal Amplifier

ifier has the following attributes:




ng and (-) for inverting.
A -v)
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Figure 1.1 Symbol Of Operational




CHAPTER 2

sion during a complete cycle (one full period) of a sine wave input signal.
s a typical class-A amplifier and its input and output waveforms [1}.
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Figure 2.1 Class-A amplifier




The output of a class-A amplifier remains in the active region during a full period
(360°) of the mput sine wave. From the figure, the transistor output is biased midway

between saturation and cutoff.

The efficiency of a power amplifier is defined to be

_ average signal power delivered to load
average power drawn from dc source(s)

Advantage of class-A amplifier is that it gené;ally produces less signal distortion than
some efficient classes of amplifiers. Disadvantage of class-A amplifier is it is less
efficient, which is approximately only % of total power consumed by the circuit is

delivered to the load, under optimum conditions.

2.1.2 Class-B Amplifiers

Class-B amplifiers are amplifiers that their output current varies during only one half-
cycle of a sine-wave input. It means that amplifier is active during a positive half-cycle
or only during a negative half-cycle of the input. This operation is illustrated in Figure

2211).
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Figure 2.2 Class-B amplifier



The principle of class-B, a push-pull operation. Output amplifying device 1 drives
| current iy, through the load in one direction while 2 is cut off, and device 2 current in the

opposite direction while 1 is cut off.

Class-B operation produce an output waveform that is only half-wave rectified and this
makes it highly distorted. The waveform is not suitable for audio applications.

There are two transistors that are operated class B. One is to amplify positive signal and
the other one is to amplify negative signal. The output is the combination of both of that
waveform. These amplifiers are more efficient and more widely used in power
applications than class-A amplifiers.

The advantage of class-B amplifier is that it can achieve higher efficiency than can be

attained by class-A amplifier.

2.1.3 Class-C Amplifier
Class-C amplifiers are amplifiers that their output conducts load current during less than

one-half cycle of an input sine wave. Figure 2.3 shows a class-C amplifier [1].

" ‘
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Figure 2.3 Class-C amphfier



lifier has a highly distorted input. It could not be used in an application,

amplifier. Class-C amplifiers are used primarily in high-power, high

iers are amplifiers that their output is switched on and off. The output is
ge for zero time during each cycle of an input sine wave. The only time
utput device is in its linear region is during that short interval. It required

m saturation to cutoff, or vice versa.

lifiers and its application is ideally suited for VMOS transistors. Figure 2.4
m for Class-D [1].

amplifier filter

feedback
network

Figure 2.4 Class-D amplifier




ital component of a class-D amplifier is a pulse-width modulator. It
lses, which are proportional to the amplifier’s input signal. When the signal

nall, a series of narrow pulses is generated, and when the input level is large, a

antage of a class-D amplifier is it has a very high efficiency, nearly 100%. The
ages are it needs a very good low-pass filter and a high-speed switching of
generates noise through  electromagnetic coupling, called
gne ic interference.

t stereo sound techniques. The true meaning of stereo comes from the Greek
aning ‘solid’, or ‘three dimensional’. Since this audio power amplifier is
?:Mels with two loudspeakers then we are considering about a two-
stereo reproduction principles.

é es stereo reproduct®f from two loudspeakers can only hope to achieve a
on of the original sound field, since reproduction is from the front
only. 1t is possible to state that the best illusion will be created when the
nals present at the two ears are as similar as possible to those perceived in

ning, even if one cannot entirely rationalize psychoacoustics mechanism



ible to create this illusion using either time differences between the speaker

onsidered with loudspeaker reproduction is that both ears receive the
| speakers, which is different from headphones where both ears only
mal channel.

t of this is that the loudspeaker listener sited in a center seat receives at his
nal from the left speaker first, followed by that from the right speaker,

: t ear the signal from the right speaker first, followed by that from the
the time ¢ being the time taken for the sound to travel the extra distance

- distant speaker. Figure 2.5 shows the principal of two-channel stereo

rs differ only in level and not in phase then it can be shown that the

imation of the signals from the two speakers at each ear results i two



al, we must consider about the nature of the stereo signal

th the definitions of the terms used to describe the various formats of

chnology, the YRt (L) channel is always refer as the ‘A signal’ and
the ‘B signal’. In some of the stereo microphones they are

g—

d the *Y signal’ respectively. In a two channel stereo system the A

Joudspeaker and the B signal feeds the right loudspeaker.



netimes convenient to work with stereo signals in the so-called ‘sum and
at’, since it allows for the control of image width and ambient signal

sum or main signal is denoted by ‘M’, and is based on the addition of L
ignals, whilst the difference or side signal is denoted ‘S and is based on the
1 of R from L to obtain a signal which represents the difference between the
annels. The M signal is that which would be heard by someone listening to a
m in mono, and thus, it is important in situations where the mono listener

e considered, such as in broadcasting.

' _ﬁ s of misalignment on stereo signals.

nces in level, frequency response and phase may arise between signals of a
1 due to losses in cables, misalignment and performance limitations
yment. It is important that these are kept to a minimum for a stereo work, as

interference result in various audible side effects.

nces will also result in poor mono compatibility. The differences and their side
.-

sponse and level.

level or frequency response between A and B channels will result in a
biased towards the channel with the higher overall level or that with the
requency response. Also, an A channel with excessive high-frequency
e compared with that of the B channel will result in the clear movement of
e —



d response misalignment on MS signals will result in increased crosstalk

nt A and B channels, such that if the S level is too low at any
signal will become more monophonic (width narrower), and if it is

] level difference of only 18dB is required to give the impression of a
er fully left or fully right. Crosstalk between A and B signals is not
ally a major problem, since the performance of most audio is far in
ements. Excessive crosstalk between A and B signals will result
reo image, while excessive crosstalk between M and S signals will

.-
e increasingly biased towards one side.



CHAPTER 3

VIPONENTS THAT SUPPORT THE AMPLIFIER

ster will be discussing on units that support the amplifier.

Other important function of transformer is to separate the amplifier
& pOWer source, as a voltage supply circuit. In this project, the author uses
nsformer to get a small amount of voltage.



