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Previous Lecture

* Power Amplifiers
— Basics of Power Amplifiers.
— Classes of Power Amplifiers.
— Class A Power Amplifier.

1/13/2015 © Muhammad Tilal 2



1/13/2015

COMSATS Electronics Il

Session Overview

Topic Power Amplifiers
Concebpts Class A Power Amplifier, Class B Amplifier.
P Push Pull Circuits, Class AB Amplifiers.
Recommended | ¢ < 15 15.4 and 15.5(Partial), 15.6 of [1].
Reading
Power Amplifier, Class A Class B, Class AB, Push-Pull, Push
Keywords
Pull.
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Class A Power Amplifier

* Low efficiency but better signal ¢ Class A amplifier uses a single

reproduction and linearity. transistor for both input cycles.
Because of its biasing
arrangements, this amplifier always
has the current flowing at the
output.

* In class A amplifier operation, the
complete input waveform s
reproduced at the output.

* This causes the poor efficiency as
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* This exact amplified reproduction

at the output is possible because
the Class A amplifier is perfectly
biased within its active region.

Due the this biasing it never enters
the cut-off or saturation region.

the actual power delivered to the
load is quite less than the actual
power converted.

Most the power converted is
wasted as heat thereby risking the
device burn out if proper sinking is
not provided. Additionally sinks
also increase the cost.

© Muhammad Tilal
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Class A Power Amplifier

Class A Qutput Waveform
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Robert L. Boylestad, Electronic Devices and Circuit Theory, 8t Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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Power Considerations- Class A power
Amplifier

* Input power is given as * Maximum Power Efficiency
— Pi(de)= Vec*Ica maximum Vez(p-p) = Vee
maximum J-(p-p) = o
Re
* Output power Vee(Veo/Re)
maximum P,ac) = ——————
— RMS: Po(ac)= Vc(rms)/ Re 8
— Peak: Po(ac)= Vce2(p)/ 2Rc _Vic
SRe

— Peak-Peak: Po(ac)= Vce?(p-p)/ 8Rc
maximum P;(dc) = Viee(maximum 1)

Vec/Re _ Ve

* Efficiency = Voo TogRe = &
— %™ = [ Po(ac)/Pi(dc) ] x 100%

. maximum P(ac .
maximum % n = 7") > 100%
maximum P,(dc)

— VecSRe o400,

VZo/2Re
= 25%
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Class A Power Amplifier- Example

e Example 15.1 (Boylestad): Calculate input power, output power
and power efficiency of the given power amplifier for input voltage
that causes the base current of 10mA peak.

b I (mA)

Io=—"S€ = =1000 |—

700 |— \ /dc load line

Ve =20V S 55
° I, 500 1= —- Iag
~ 400 [— T Operating point

Rg Rc=200 300 i 10
1k

t t t 1 t
3 10 15 20 25 Vee (V)

—
AV)
~

i

Verg Vee = Voo

Robert L. Boylestad, Electronic Devices and Circuit Theory, 8" Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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Class B Power Amplifier

e Class B amplifier works only for * The efficiency of class B amplifier is
180° of output cycle. The DC biasing better than the class A amplifier.
leaves the transistor turned off Why ?
when there is not input ac signal.

* To obtain the output for full 360° ff‘\\
cycle of operation, two transistor [ .
with output at the opposite cycles One Half
are coupled together. Circuit \

A

Vi —A4— Load
e This is termed as the push-pull "U'
configuration. During one half
cycle, one transistor causes the Or?eHng —
output to be high and during other ST -
half cycle, the second transistor </
causes the output to go low.

Robert L. Boylestad, Electronic Devices and Circuit Theory,
8th Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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Class B Power Amplifier

Class B Qutput Waveform
Better Efficiency, Poor signal reproduction at the output, Distorted output
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Power Considerations- Class B Power
Amplifier

* Input DC power

/Y
—  Pi(dc)= Vec*lde. Bty /
— ldc= average or DC current. _ OneHaf ——
= lde= (2/m)*Ip. Circuit |
— Pi(dc)= Vee* (2/m)*1p.
Vi — l"-_ 7 Load
* Output AC Power AV ‘
—  Po(ac)=VL%(rms)/RL. ; One Half
— Po(ac)=VL2(p-p)/8RL. Circuit S
— Po(ac)=VL%(p)/2RL. _"‘\ ‘.r
NS
® Eﬁ:ICIenCy Robert L. Boylestad, Electronic Devices and Circuit Theory,
8th Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
_Pofae)
om PAdc) X 100%
Py(ac) VZ(p)/2R, ™ Vip)
[y — 0) = 0 = — —— o
Yo M) P,dc) X 100% el 2/ IP)] x 100% T Vee > 100%
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Power Considerations- Class B Power
Amplifier

* Example 15.7(Boylestad):

For a class B amplifier providing a 20-V peak signal to a 16-() load (speaker) and a
power supply of Ve = 30 V, determine the input power, output power, and circuit

efficiency.
N\
R
OneHalf
Circuit
. F
Vi L—% 7 Load
\
"/ .
|
| One Half o
Circuit
—.\ )ll-—
s
Robert L. Boylestad, Electronic Devices and Circuit Theory,
8th Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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Maximum Power Considerations
Class B Power Amplifier

. Ma?(imum output power is e« Maximum % Efficiency, n
delivered when Vi(p)=Vcc. — 1% =[ Po(ac)/ Pi(dc) ]* 100
— Maximum Po(ac)=Vccz/2RL

COMSATS

F2
. . — = —L2R 1000
* Corresponding maximum Peak ac Vel (2/m)(VedR)]
current
— l(p)= Vec/RL

- n% = ; X 100% = 78.54%
« Maximum average current from
power supply

— Max lde= (2/m) l(p)=2Vec?/mRL * Check the formulae for Maximum
power dissipated.

*  Maximum input power
— Max Pi(dc)= Vec*(max ldc)
— Max Pi(dc)= 2Vec/mRL

1/13/2015 © Muhammad Tilal 13
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Maximum Power Considerations
Class B Power Amplifier
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* Example 15.8 (Boylestad):

For a class B amplifier using a supply of Ve = 30V and driving a load of 16 (), de-
termine the maximum input power, output power, and transistor dissipation.

Robert L. Boylestad, Electronic Devices and Circuit Theory,
8t Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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Maximum Power Considerations
Class B Power Amplifier

¢ Example 15.9 (Boylestad):

Calculate the efficiency of a class B amplifier for a supply voltage of Ve =24V
with peak output voltages of:

(@) V(p) =22 V.

(b) V(p)=6V.

Robert L. Boylestad, Electronic Devices and Circuit Theory,
8th Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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Class B Power Amplifier Circuit

* There are multiple circuits to ¢ There are many arrangements to
obtain a class B power amplifier split a single input into two
operation. opposite polarity signals.

* For a push-pull configuration, one ¢ These arrangements include

possible method is to split a — Transformer Coupled Method.
single input signal into two — BIJT Method.
opposite polarity signals. — Op-amp Method.

* These opposite polarity signals « All these arrangements are

are fed into two similar input known as phase splitter circuits.
circuits (with each operating for

alternate cycle) to get a full 360
degrees of operation.

1/13/2015 © Muhammad Tilal 16
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Phase Splitter Circuit for Class B PA

Vee

A\
V

s Lk
ﬂv :géjﬂv P! \/\ | . C[Z_ Av .

ol TR,
LN N

VBV,

- To push-pull
cireuit

EF
\/ \/ Robert L. Boylestad, Electronic Devices and Circuit Theory,
8th Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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Transformer Coupled Push Pull Circuits

* A transformer splits the input signals into opposite polarity signals
which are connected to the input of two transistors.

Output transformer - K o
cC
drives the load in push
pull fashion. B
AN ee

Biasing network ‘ -

Q1 operates during 15t
half cycle and Q2 in 2™

[
half cycle.
« s N ,
Phase-splitting Push-pull circuit Push-pull output Load
input transformer connection transformer

Robert L. Boylestad, Electronic Devices and Circuit Theory, 8" Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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Complementary Symmetry Circuit

Bissead i by

inpul sigral \
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input signal Robert L. Boylestad, Electronic Devices and Circuit Theory,
8th Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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Class AB Power Amplifiers

* Class AB operation is a mode of < Inthe absence of the input signal,
operation in between Class A and a very small amount of collector
Class B. current flows thereby preventing

any crossover distortion.

e Class AB operation two
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complimentary transistors biased
with very small voltage at the
base of the transistors.

This biasing configuration keep
the amplifier close to its cut off
state.

An input AC signal will cause the
transistor to operate in its active
region.

This arrangement causes the
efficiency of Class AB better than
Class A and removes the cross
over distortion present in Class B
amplifiers.

© Muhammad Tilal
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Class AB Power Amplifiers

Class AB Qutput Waveform
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* Power Amplifiers
— Amplifier Distortion.
— Class C Amplifier.
— Class D Amplifier.
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