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* An amplifier is an electronic device ggéd to increase
the magnitude of voltage/currewﬁfpower of an input
signal. Qw"

* It takes in a weak elgctrlcal signal and reproduces a

similar stronger s1gna| at the output by using an
external power source.
e®

2/27/2021



Amplifier
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* Depending on the changes it makes” to the input
signal, amplifiers are broadly csl‘ae§§“f|ed into Current,
Voltage and Power amplifigxs‘i”

Power Amplifier
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* A power amplifier is an electronic angpl’lﬂer designed
to increase the magnitude of poWer of a given input
signal. Qw"

* The power of the mgwt 5|gnal is increased to a level
high enough to d;we loads of output devices.

* Like speakers; headphones, RF transmitters etc.
C/‘<\
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Power Amplifier
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* A power amplifier is designed to drive” ioads directly
and is used as a final block in an a?ﬁpllfler chain.

* The input signal to a power ampllfler needs to be
above a certain threstmld So, it is first pre-amplified
using current/voLtage amplifiers
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Power Amplifier Efficiency .-
The efficiency of the amplifier in pengeMgge,
™

Y
oul 100
PdC of Q\(\\\
P, is the amplifier Qutput power delivered to the
load and P is the@vD‘C power taken from the supply.

It is very mpo?tant that the amplifiers power supply
is well d%lgned to provide the maximum available

contamuous power to the output signal.
©

Types of Power Amplifiers..-
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Audio Power Amplifiers o ¢’

R

Radio Frequency Power Asmpfifiers
DC Power Amplifiers. -* h
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Power Amplifier Classes .-

e
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* The most commonly used power anpQI\lfiers are the
ones that are used in audio amplifier circuits and

they come under classes AQYB;"XI‘B or C.
SK
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Class A Power Amplifier .-
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* Analog waveforms are R o
made up of positive g <t
and negative halves of & _
< g alternating
the waveform. -8
=

* In class A arrg)p«liﬁfiﬁrs,
the entire’”  input
waveform is used in the
aq@p‘m‘ication process.
©
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Class A Power Amplifier .-
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Class A Power Amplifier
e%

* The Class A amplifier is the S|mplesg fbrm of power
amplifier that uses a single swﬁckﬂﬁg transistor in the
standard common emﬁten«drcwt configuration to
produce an inverted output

 The transistor |§Q®always biased “ON” so that it
conducts d(u)ri’hg one complete cycle of the input
5|gnal waiveform producing minimum distortion and
mgax?mum amplitude of the output signal.




Class A Amplifiers .~

e%
* This single output transistor is blasegl°§round the Q-

point within the middle of |ts Joa d line and so is
never driven into its cut- fo or saturation regions
thus allowing it to condﬂct current over the full 360
degrees of the me[‘ cycle

* Then the omput transistor of a class-A never turns
“OFF” anch is one of its main disadvantages.
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Class A Power Amplifier
\@Q"
* Class A power amplifier output st@gés may use a
single power transistor or pa?rs of transistors
connected together to share«the high load current.
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Single Stage Class A Amplifier Circuit
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Single Stage Class A Amplifier Cirocuit
e%
* This is the simplest type of Class A@ﬁwer amplifier
circuit. ot

* It uses a single-ended trarasistor for its output stage
with the resistive Iqad connected directly to the
Collector termmalﬁ

e When the ~transistor switches “ON” it sinks the
outpupcurrent through the Collector resulting in a
veltage drop across the Emitter resistance .




Single Stage Class A Amplifier Cigcuit

e®
* Throughout the input signal, the tranélastor remains in

forward bias mode. oot

* In this class, the transistor rerqaqﬁs in active mode all the
time even if there is no_ifiput signal, which leads to
excessive heat generqtge‘h thus causing a reduction in the
efficiency. e

e®’
* The efﬂaency of class A amplifiers is 25% in normal
conflgur@’ﬂon and 50% in a transformer coupled
conﬁ;g‘uratlon

ot
©

Single Stage Class A Amplifier Circuit

* When the input voltage is appliegd”%t the base
terminal of the transistor operat?ng in CE mode it
leads to variation in basex\@urrent this variation in
Iz produces similar vamé%on in collector current /.
and the output |s ;aken across the load.

* The appllegls ﬁhput signal fluctuates the collector
curren'gff“om max to min which resultantly moves the
Qpémt along the load line.

©
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Class A Amplifier Circuit .-
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Class A Amplifier Circuit .-
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Darlington Transistor Configurations

Another simple way to
increase the current handllng
capacity of the circuit whllgm
the same time ob;ea‘in a
greater power anln is to
replace th@ smgle output
tran5|stglc\“W|th a Darlington

Tra nsmstor Pair.

ot
©

Q°

)

e
o\\e%
&° l

QY M+
oS aY

2/27/2021

11



2/27/2021

Darlington Transistor Configurations

* These types of devices are basically, t\?\\/\(; transistors
within a single package, one sm§II pilot transistor
and another larger swﬂchmg‘transmtor

* The big advantage of th‘ese devices are that the input
impedance is wltably large while the output
|mpedance is® reIatlver low, thereby reducing the
power, J6s5s and therefore the heat within the
stht%lng device.

Darlington Transistor Configurations
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Darlington Transistor Configurations

e%
* The overall current gain B of a Darllggfon Pair is the
product of the two individual gains of the transistors

multiplied together. oo

\

« A very high B valuas anng with high Collector
currents are posgbhﬂe compared to a single transistor
circuit. Rk
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Transformer-coupled Amplifier Cimuit
e%

* A transformer connected directly m°°the Collector
circuit to form a circuit called a Tfansformer Coupled
Amplifier. Qw\

 The transformer |mproves the efficiency of the
amplifier by ma;chmg the impedance of the load
with that oﬁ the amplifiers output using the turns

ratlo I\[y‘iVP) of the.

ot
©
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Transformer-coupled Ampllfler Circuit

Signal

Transformer-coupled Amplifier Cimuit
e%

* As the Collector current, I, is reducgd to below the
guiescent Q-point set up by the"“base bias voltage,
due to variations in the base current the magnetic
flux in the transformsr" core collapses causing an
induced emf in th@f‘ransformer primary windings.

* This causes an’ mstantaneous collector voltage to rise
to a va,lu(e “of twice the supply voltage 2V_. giving a
r‘Q)ax‘Tmum collector current of twice I, when the
Collector voltage is at its minimum.

2/27/2021
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Class A Power Amplifier .-
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* Advantages: ¢

R

— It provides distortionless amcpﬁ%lcatmn
— Small signal can be angfp‘lxﬁed

Class A Power Amplifier ..

%6
. A\
* Disadvantages: b0
Q
— Collector efficiency is low. .. a
N

Y
c)\

— Output power is low. *F

— Dueto excesswe&féat generation, heat sinks are
needed wh;ch makes them costly and bulky.

2/27/2021
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Class B Power Amplifier

e%
* Class B power amplifiers are de5|gne>d“to reduce the
efficiency and heating problemstresent in the class

A amplifiers. Qw

Instead of a single tga‘n5|stor to amplify the entire
waveform, thlse@class of amplifiers use two
complemen;ma?y transistors.
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Class B Power Amplifier .-
One transistor amplifies positive, °°F1\;If of the
waveform and the other ampln%ﬁés negative half of
the waveform. N o

So each active deV|ce cbnducts for one half (180°) of
the waveform aﬂd two of them when combined
amplify theoerftwe signal.
oe®
530
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©

2/27/2021

16



2/27/2021

Class B Power Amplifier .-
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Qutput Waveform
Input Waveform
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Class B Power Amplifier
\@Q"
* When the input signal goes positive, the positive
biased transistor conducts gwh Ie the negative
transistor is switched ”OFF” o

* Likewise, when the mput signal goes negative, the
positive tran5|stcw§W|tches “OFF” while the negative
biased transﬁtor turns “ON” and conducts the
negatlve ioortlon of the signal.

. Tlae ‘transistor conducts only half of the time, either
on positive or negative half cycle of the input signal.

17
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Class B Power Amplifier
* A Class B Amplifier is also knowngagz push-pull
amplifier. S

* Push-pull amplifiers use Mo “complementary” or
matching transistors, Qﬁe being an NPN-type and the
other being a PNWtype

* Both poweawtranmstors receive the same input signal
togethe‘r that is equal in magnitude, but in opposite
gbase to each other.

Class B Puss Pull Amplifier..-
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Class B Power Amplifier .-
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* Then the conduction angle for this typé of amplifier

circuit is only 180° or 50% of the input signal.

* This pushing and pulling eﬁﬁéct of the alternating half
cycles by the tranmstm‘s gives this type of circuit its
“push-pull” name:*

 But are m@?e generally known as the Class B
Ampllfler

ot
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Class B Power Amplifier .-
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e A Class B standard circuit that ucse%\ a balanced
center-tapped input transforme? WhICh splits the
incoming waveform 5|gnal mtb two equal halves and

which are 180° out of ph‘ase with each other.

* Another center- t@pped transformer on the output is
used to regsmblned the two signals providing the
mcreased power to the load.

%’b
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Class B Power Amplifier .-
\@%e’
* The transistors used for this typcg@e‘f\ transformer
push-pull amplifier circuit aresb@fh NPN transistors
with their emitter terminalqsocﬁnnected together.
<
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Class B Power Amplifier_..
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Class B Power Amplifier .-

e

* Class B Amplifier operation has zerg DC bias as the
transistors are biased at the‘?*cut off,
transistor only conducts when the input signal is
greater than the Base e«rﬁltter voltage.

so each

* Therefore, at zerg@mput there is zero output and no
power is bemg consumed

* This then means that the actual Q-point of a Class B
ampjlﬂer is on the V. axis of the load line.

Class B Power Amplifier .-
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Class B Power Amplifier
\@%
* The Class B Amplifier has the big .advantage over
their Class A amplifier in that‘”no current flows
through the transistors Wlthﬂo mput signal.

* Therefore, no powego‘ls dissipated in the output
transistors or traﬂ’é?ormer when there is no signal
present unuké Class A amplifier stages, that require
5|gn|f|cgm“t base bias thereby dissipating lots of heat —

even ‘with no input signal present.
©

Class B Power Amplifier .-
\9%6‘
e So the overall conversion efficie@cv\ (n) of the
amplifier is greater than CIassQ A amplifier with
efficiencies reaching as hlghas 70%.

* But, because of supeﬂaosﬁmn of two halves of the
waveform, there&émsts a small distortion at the
crossover region.

(/\(\
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Crossover Distortion .-
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Class B Power Amplifier .-

23

* Working of class B leads 6t(f’)\\ crossover
distortion because as we know:the voltage of 0.7
Volt is required by the fransistor to start its
conduction so transistor. will not be active below 0.7
Volt. &\e“

* This means thabfhe portion of the wave will not get
reproducgdo at the output leading to distorted
outpgtg

. Jhis% zero crossing distortion is called crossover
distortion.

23



Class B Power Amplifier .-
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* Advantages: co

(€Y
— It is more efficient as compared 'g@“t%e class A power
amplifier. ol

— Even harmonics are avogdéd because of the push-pull
mechanism. RS

* Disadvantages;.."
— It leads to crossover distortion.

— The g@%f and size are increased because of coupling
tr«ahsformers

of
©

Class AB Amplifier .-
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A simple way to eliminate crossover, ‘distortion in a
Class B amplifier is to add two smal‘f voItage sources to
the circuit to bias both the tpansstors at a point slightly
above their cut-off pomt o

* This then would g'\/e us what is commonly called
an Class AB Ampllfler circuit.

. Howeve<r, it s impractical to add additional voltage
sour‘ces to the amplifier circuit so PN-junctions are
<%lsed to provide the additional bias in the form of
silicon diodes.

2/27/2021
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Class AB Ampllfler
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Class AB Amplifier .-

e%
* A small constant current flows thrgefgh the series

circuit of R;-D,-D,-R,, producmgv\?c“)Itage drops which
are symmetrlcal elther S|gle ‘of the input. With no
input signal voltage app1|ed the point between the
two diodes is zeroQMbﬁts

* As current, éﬂ’OWS through the chain, there is a
forwargk blas voltage drop of approx. 0.7V across the
ded°es which is applied to the base-emitter junctions
of the switching transistors.

2/27/2021
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Class AB Amplifier .~
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* Therefore the voltage drop across tthﬁlodes biases
the base of transistor TR1 to aboﬁ? O 7 volts, and the
base of transistor TR2 to algom —O 7 volts.

* Thus the two S|I|con dlodes provide a constant
voltage drop of ap@brommately 1.4 volts between the
two bases ?gaémg them above cut-off.
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Class AB Amplifier .-
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Class AB Amplifier .-

Lo

Class AB Amplifier .-

o
o

* The advantage of this small bias voltagé\\eprovided by
series diodes or resistors, |s Qt’ﬁat the crossover
distortion created by ¢hé class B amplifier
characteristics s xd\/ercome without  the
inefficiencies of the cIass A amplifier design.

 So the cla§s<3AB amplifier is a good compromise
between class A and class B in terms of efficiency
and%Tmearlty, with conversion efficiencies reaching
about 50% to 60%.
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Comparison of the Different Amplifier Clgsses
\@%
* Class A: — The amplifiers single outptgt<t°ran5|stor
conducts for the full 360° of the @V&Ie of the input
waveform. Qw

* Class B: —The ampllfler‘s two output transistors only
conduct for one- belf that is, 180° of the input
waveform

* Class AB The amplifiers two output transistors
cenauct somewhere between 180° and 360° of the
mput waveform.

Comparison of the Different Amplifier Classes

o

+\ . \\I\FBB
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Distortion

\6
Distortion can be defined as the charggeﬁ\that occur in
output from input during operations"
It is always suggested to have@ﬁistortlonless output.

Distortion in Ampllfler basmally implies the variation in
the waveform recegVed at the output with respect to the
apphedlnput

The um?vanted alterations  generated during

ampf’p“f“catlon is known as distortion.

ot
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Distortion
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A pure signal always has a smg‘1e frequency
component where voltage va"rles positive and
negative by an equal amourqt%

If this variation is Iesso’fhan full 360° cycle, then it is
said that the 5|gmaF is dlstorted
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Reasons for signal distortiow

\e%

 Due to incorrect biasing when the0°5|gnal is not

amplified for the entire cycle of bh% input signal then
distortion occurs. Qw\

It also occurs in the <Case when the applied input
signal is very Iarg@

Distortion i amplifier sometimes results when the
ampllfjcatlon is not linear over the complete
frequency range.

Types of Distortion in Ampllfjer

T ypes of
Distortion
in Amplifier

Non — Linear
Distortio&&z

Phase
Distortion

Amplitude
Distortion

Frequency
Distortion

2/27/2021
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Amplitude Distortion .-
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e Distortion occurs due to attenuatjgn°\in the peak
value of the waveform. B

* The shift in “Q point” anglqaﬁw\pliﬁcation for less than
360° of the inpugeo‘sﬁgnal leads to amplitude
distortion. QQQ?’“

* It occurs_mainly due to incorrect biasing and
cIipping“.C

%’é

of
©

Amplitude Distortion .-

23
* Suppose insufficient biasing is provided, t(JQeOt\l point will lie
near the lower half of the ngo\a%l line. In such
condition, negative half of input L§~\cﬁpped

Q‘(\

L \/f
o N i o, e —————-

2/27/2021

31



Amplitude Distortion .-

* Suppose an extra bias potential is prowded(5 tHe Q point” will

now be at the upper half of the load lire. “This condition gives
an output that is cut-off at p05|t|vechalf of the waveform.

. G;bb tive half
) clipped

b Vg [ oo o e S e o o s
0®° Distorted
© output signa
.
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©w wt it
X ¢ == r“hl \ t I oV
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o ’ \\//
©
Input signal
R o e T

Amplitude Distortion .-

o
Q,

When large input signal is amplified b\é Ct‘he gain of the
amplifier, both positive and negatlvgqhalf of the waveform
gets clipped. This is also known as _clipping distortion.

+Ver R

A qu —————————————
at?! Distorted
C 30& output signal
T oV

Negative

half clipped
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Frequency Distortion .-

\\e%

Frequency Distortion .-

e%
* The input consists of fundamental tr‘equency along

with harmonics. Q?“

* The combination of the twobn ampI|f|cat|on will give
a distorted signal at the‘output

* It occurs elthegeQaue to the presence of reactive
elements or by the electrode capacitances of the
amplnfler circuits.

oY
©
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Phase Distortion
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Phase Distortion
e%
* Phase Distortion in the amplifier.is’ “also known
as delay distortion. Bl

Whenever there is a tlme@delay between input and
occurrence of the sgrga‘l at the output. It is said to be
phase distorted sgghal

It occurs r@aﬁr‘ﬂy due to electrical reactance.
C

A sigpsﬂ“ consists of different frequency components.
So, when different frequency suffers different phase
shift, phase distortion takes place.
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