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IntroC6 – Power amplifiers – class A, B, AB

➢To begin with

▪ What is a power amplifier? How is it different from a voltage amplifier? 

▪ Where are power amplifiers used? What requirements do they need to meet? 

▪ How is the performance of a power amplifier measured? Who gives the name/class? 

▪ Power amplifiers w/ BJT or MOSFET? 

 Both are possible, but we’re studying BJT power amplifiers only. 
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IntroC6 – Power amplifiers – class A, B, AB

➢What is a power amplifier? 

= a circuit which provides little or no voltage gain, but significant current
gain

= large signal or output amplifier

𝑣𝑜 ≈ 𝑣𝑖 𝐴𝑣 ≈ 1

𝑖𝑜 > 𝑖𝑖 𝐴𝑖 > 1

𝑝𝑜 = 𝑣𝑜 ∙ 𝑖𝑜

𝑝𝑖 = 𝑣𝑖 ∙ 𝑖𝑖

𝑝𝑜 > 𝑝𝑖

Power 

amplifier
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IntroC6 – Power amplifiers – class A, B, AB

➢ Placement & usage

Power 

amplifier

▪ final stage of a circuit

▪ usage: audio systems (loudspeakers, headphones) – to increase sound volume 

https://ae01.alicdn.com/kf/S5db3d8c5d73742b2af7ad2d554564a06b.png
https://ardushop.ro/ro/home/1995-mini-amplificator-audio-stereo-pam8403-5v.html?gad_source=1&gclid=Cj0KCQiA_qG5BhDTARIsAA0UHSKWBzob-X9Tb3gzKrfuELlMHVesRUdsX6kaJ-gDfiRAPAVofoBNAjgaApxnEALw_wcB
https://thumbs.static-thomann.de/thumb/thumb248x248/pics/prod/560494.webp


450MHz RF Power Amplifier Module 5.0W ...
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➢ Placement & usage

Power 

amplifier

▪ final stage of a circuit

▪ usage: radiofrequency (RF) transmitters – to increase the power of the 
transmitted signal (communications systems) 

https://images.app.goo.gl/txCgBY115zWKW8Nb6
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➢Requirements

▪  low output resistance (can deliver output signal without loss of gain)

▪  good linearity (non distorted output signal)

𝑇𝐻𝐷 < 1% for Hi-Fi amplifiers

𝑇𝐻𝐷 =
𝑉𝑅𝑀𝑆2

2 + 𝑉𝑅𝑀𝑆3
2 + 𝑉𝑅𝑀𝑆4

2 + ⋯

𝑉𝑅𝑀𝑆1

THD – total harmonic distortion

RMS – root mean square  

RMS voltage  effective voltage  

𝑉𝑅𝑀𝑆𝑖 - RMS value of the ith harmonic of the original signal, i = 2, 3, 4, ...

▪  (very) high efficiency (enhances battery life)
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➢ Power transfer 

𝑃𝑖 << 𝑃𝑃𝑆

𝜂 =
𝑃𝑜

𝑃𝑃𝑆

efficiency of the stage

𝑃𝑖 + 𝑃𝑃𝑆 = 𝑃𝑑 + 𝑃𝑜

𝜂 %  or 𝜂 ∈ (0, 1)

𝑃𝑖 - power from the input source

𝑃𝑃𝑆 - power drawn from the power supplies

𝑃𝑑 - dissipated power (heat)
𝑃𝑜 - power delivered at the output (on RL)
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➢ Power gain

real input voltage source (Rs ≠ 0)

𝑃𝑜 =
𝑉𝑜

2

2
1

𝑅𝐿
=

𝑉𝑜
2

2𝑅𝐿

𝑃𝑖 = 𝑅𝑖

መ𝐼𝑖

2

2

= 𝑅𝑖

𝑉𝑖
2

2 𝑅𝑖 + 𝑅𝑠
2

𝐴𝑝 =
𝑃𝑜

𝑃𝑖
=

𝑉𝑜

𝑉𝑖

2
𝑅𝑖 + 𝑅𝑠

2

𝑅𝑖𝑅𝐿

If Ri>>Rs 𝐴𝑝 ≈
𝑉𝑜

𝑉𝑖

2
𝑅𝑖

𝑅𝐿

Assume sinusoidal regime, average power:
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➢ Power amplifier classes 

The classes are defined in relation to the interval of time in which the amplifier device 
(transistor) is active, expressed as a fraction of the period of the input signal. 

Classes: A, B, AB, C, D, E, F, G, I, S, T, etc

𝜂 =
𝑃𝑜

𝑃𝑃𝑆

efficiency of the stage

The less time T is active during a period, the higher the efficiency

https://www.electronics-tutorials.ws/wp-content/uploads/2018/05/amplifier-amplifier19.gif


11Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits
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➢ Power amplifier classes 

Class
Conduction 

interval
Max.  

efficiency
Notes

A tc = T 25% Small-signal amplifiers

B tc =T/2 78.5% Audio amplifiers; crossover distortions

AB T/2 <tc <T 78.5% Audio amplifiers; no crossover distortions

C tc <T/2 90% RF transmitters

D switching mode 80%-95% PWM and passive filtering

E switching mode 90% RF transmitters

G more efficient version of class AB

H similar to class G 100% Power supply modulated by the signal

I similar to class B, switching 
mode

Interleaved PWM amplifier

S, T similar to class D, switching 
mode

Classes A, B, AB – C6, Lab 7, Seminar 4; Class D – C13 (in 2025 ☺)
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➢Class A - circuit 

𝑉𝐼 = 0.7 V – to bias T

𝑣𝑜 ≈ 𝑣𝑖

Type of configuration? 

emitter follower for variable input voltage

common collector (CC) topology

How can we implement the current source? 
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➢Class A – operation

Current source 

vBE

vO iO

vCE1

T – reaches saturation

𝐼 =
𝑉𝐶𝐶 − 𝑉𝐵𝐸2

𝑅

𝒗𝑶 = 𝑣𝐼 − 𝑣𝐵𝐸 = 𝑣𝐼 − 0.7

𝑣𝑂 = 𝑉𝐶𝐶 − 𝑣𝐶𝐸

𝑣𝑂 = 𝑣𝐶𝐸1 − 𝑉𝐶𝐶

𝑣𝐼 ↑,  𝑣𝑂 ↑,  𝑣𝐶𝐸 ↓

𝒗𝑶𝒎𝒂𝒙 = 𝑉𝐶𝐶 − 𝑣𝐶𝐸𝑠𝑎𝑡 ≈ 𝑽𝑪𝑪

𝑣𝐼𝑚𝑎𝑥 = 𝑣𝑂𝑚𝑎𝑥 + 0.7 ≈ 𝑉𝐶𝐶 + 0.7

T1 – reaches saturation

𝑣𝐼 ↓,  𝑣𝑜 ↓,  𝑣𝐶𝐸1 ↓

𝒗𝑶𝒎𝒊𝒏 = −𝑉𝐶𝐶 + 𝑣𝐶𝐸1𝑠𝑎𝑡 ≈ −𝑽𝑪𝑪

𝑣𝐼𝑚𝑖𝑛 = 𝑣𝑂𝑚𝑖𝑛 + 0.7 ≈ −𝑉𝐶𝐶 + 0.7

13
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➢Class A – VTC

14

0.7

-0.7

T (sat)

T1 (sat)

VCC + 0.7

-VCC + 0.7

-VCC + VCE1sat ≈ -VCC

VCC – VCEsat ≈VCC

𝑣𝑂 = 𝑣𝐼 − 𝑣𝐵𝐸 = 𝑣𝐼 − 0.7

𝒗𝑶𝒎𝒊𝒏 = −𝑉𝐶𝐶 + 𝑣𝐶𝐸1𝑠𝑎𝑡 ≈ −𝑽𝑪𝑪

𝑣𝐼𝑚𝑖𝑛 = 𝑣𝑂𝑚𝑖𝑛 + 0.7 ≈ −𝑉𝐶𝐶 + 0.7

𝒗𝑶𝒎𝒂𝒙 = 𝑉𝐶𝐶 − 𝑣𝐶𝐸𝑠𝑎𝑡 ≈ 𝑽𝑪𝑪

𝑣𝐼𝑚𝑎𝑥 = 𝑣𝑂𝑚𝑎𝑥 + 0.7 ≈ 𝑉𝐶𝐶 + 0.7
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➢Class A – maximum output voltage swing

15

vBE

vO iO

vCE1

𝒊𝑪 = 𝐼 + 𝑖𝑂 = 𝐼 +
𝑣𝑂

𝑅𝐿

𝒊𝑪𝒎𝒂𝒙 = 𝐼 +
𝑣𝑂𝑚𝑎𝑥

𝑅𝐿
= 𝐼 +

𝑉𝐶𝐶

𝑅𝐿

𝒊𝑪𝒎𝒊𝒏 = 𝐼 +
𝑣𝑂𝑚𝑖𝑛

𝑅𝐿
= 𝐼 −

𝑉𝐶𝐶

𝑅𝐿

T – (aF) implies 𝑖𝐶𝑚𝑖𝑛 > 0

𝐼 −
𝑉𝐶𝐶

𝑅𝐿
> 0 

 𝑹𝑳𝑰 > 𝑽𝑪𝑪

Current source 

𝐼 =
𝑉𝐶𝐶 − 𝑉𝐵𝐸2

𝑅
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➢Class A – powers

16

𝑣𝑖(𝑡) = 𝑉𝑖 sin 𝜔 𝑡

𝑣𝑜(𝑡) = 𝑉𝑜 sin 𝜔 𝑡
𝑖𝑜(𝑡) = መ𝐼𝑜 sin 𝜔 𝑡

መ𝐼𝑜 =
𝑉𝑜

𝑅𝐿

Average power from the power supplies

𝑃𝑃𝑆 = 𝑃𝑃𝑆+ + 𝑃𝑃𝑆− = 𝑉𝐶𝐶𝑖𝐶, 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 + 𝑉𝐶𝐶𝐼

𝑖𝐶(𝑡) = 𝐼 +
𝑣𝑜(𝑡)

𝑅𝐿
= 𝐼 +

𝑉𝑜 sin 𝜔 𝑡

𝑅𝐿

𝑖𝐶,𝑎𝑣𝑒𝑟𝑎𝑔𝑒 = 𝐼
𝑃𝑃𝑆 = 2𝑉𝐶𝐶𝐼

Same power is consumed regardless the magnitude of the input voltage (even if no 
input variable voltage is applied) => reduced circuit efficiency. 
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➢Class A – powers

17

𝑃𝑜 =
1

𝑇
න

0

𝑇
𝑉𝑜

2

𝑅𝐿
sin

2𝜋

𝑇
𝑡

2

𝑑𝑡

𝑃𝑜 =
𝑉𝑜

2

2𝑅𝐿

For sinusoidal output voltage and current:

𝑃𝑜 = 𝑣𝑜_𝑟𝑚𝑠𝑖𝑜_𝑟𝑚𝑠 =
𝑉𝑜

2

መ𝐼𝑜

2
=

𝑉𝑜
መ𝐼𝑜

2
=

𝑉𝑜
2

2𝑅𝐿

𝑝𝑜(𝑡) = 𝑖𝑜(𝑡)𝑣𝑜(𝑡) =
𝑣𝑜

2(𝑡)

𝑅𝐿
=

𝑉𝑜
2(sin 𝜔 𝑡)2

𝑅𝐿

Instantaneous output power 

Average output power 
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➢Class A – efficiency

18

𝜂 =
𝑃𝑜

𝑃𝑃𝑆
=

𝑉𝑜
2

2𝑅𝐿

2𝑉𝐶𝐶𝐼
=

𝑉𝑜
2

4𝑉𝐶𝐶𝑅𝐿𝐼

𝜂max
𝑉𝑜 = 𝑉𝐶𝐶

RL as small as possible, but keeping the maximum output swing ( 𝑅𝐿𝐼 ≥ 𝑉𝐶𝐶) 

𝜂max = 25%

Maximum average efficiency 

IRL 𝜂 ≤ 20%

Average efficiency 

𝑅𝐿𝐼 = 𝑉𝐶𝐶

𝜂𝑚𝑎𝑥 =
𝑃𝑜

𝑃𝑃𝑆
=

𝑉𝐶𝐶
2

4𝑉𝐶𝐶𝑉𝐶𝐶
=

1

4
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➢Class A – waveforms

19

𝑣𝑜(𝑡) = 𝑉𝐶𝐶 sin 𝜔 𝑡

𝑖𝑐(𝑡) = 𝐼 +
𝑣𝑜(𝑡)

𝑅𝐿

𝑣𝐶𝐸(𝑡) = 𝑉𝐶𝐶 − 𝑣𝑜(𝑡)

𝑝𝑇 = 𝑖𝐶 𝑡 𝑣𝐶𝐸(𝑡)𝑉𝑂 = 𝑉𝐶𝐶

𝑅𝐿𝐼 = 𝑉𝐶𝐶

Assume the criteria for 
maximum efficiency are met:
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➢Class A – summary

20

𝜂max =
1

4
= 25%

Class A power amplifier

𝑃𝑜 =
𝑉𝑜

2

2𝑅𝐿

𝑃𝑃𝑆 = 2𝑉𝐶𝐶𝐼

𝑣𝑜 ≈ 𝑣𝑖

- emitter follower for variable input voltage

- common collector (CC) topology

-T – always on
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➢Class A – example

21

vBE,on = 0.7 V, Ibias = 0.2 A, RL =75 Ω, 
vI (t) = 0.7+6sinωt [V] 

a) Plot the VTC vO(vI). The current source is active
for vCS > 0V. Indicate the transistor state (off, aF, exc) 
for every region of the VTC.

b) Plot vI(t), vO(t), iO(t),vCE(t) and iC(t).

c) What is the average value of the power dissipated
by the load and average efficiency?

d) Explain why the average efficiency is less than the
maximum average efficiency possible for this stage.
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➢Class B – circuit

22

- each transistor conducts for half a period

- complementary pair of transistors

- push-pull arrangement

vO = ?
vOmax = ?
vOmin = ?

Can T1, T2 be (on)/(off) at the same time? 
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➢Class B – operation

23

𝑣𝐼 ≥ 0.7 V

T1 – (on), T2 – (off) 

𝑣𝑂 = 𝑣𝐼 − 𝑣𝐵𝐸1 = 𝑣𝐼 − 0.7 V

𝑖𝑂 > 0 𝑖𝐶1 = 𝑖𝑂 𝑖𝐶2 = 0

𝑣𝐼 ≤ −0.7 V

𝑣𝑂 = 𝑣𝐼 − 𝑣𝐵𝐸2 = 𝑣𝐼 + 0.7 V

𝑖𝑂 < 0 𝑖𝐶2 = −𝑖𝑂 𝑖𝐶1 = 0

T1 – (off), T2 – (on) 

𝑣𝑂𝑚𝑎𝑥 = 𝑉𝐶𝐶 − 𝑣𝐶𝐸1𝑠𝑎𝑡 ≈ 𝑉𝐶𝐶 𝑣𝑂𝑚𝑖𝑛 = −𝑉𝐶𝐶 + 𝑣𝐶𝐸2𝑠𝑎𝑡 ≈ −𝑉𝐶𝐶

𝑣𝐼 ≤ −0.7 V

𝑣𝐼 ≥ 0.7 V

𝑣𝐼 ∈ (−0.7 V; +0.7 V) 𝑣𝑂 = 0 VT1,2 – (off) 𝑖𝑂 = 0

Class B power amplifier
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➢Class B – VTC

24

𝑣𝑂𝑚𝑎𝑥 = 𝑉𝐶𝐶 − 𝑣𝐶𝐸1𝑠𝑎𝑡 ≈ 𝑉𝐶𝐶

𝑣𝑂𝑚𝑖𝑛 = −𝑉𝐶𝐶 + 𝑣𝐶𝐸2𝑠𝑎𝑡 ≈ −𝑉𝐶𝐶

𝑣𝑜 =  ቐ

𝑣𝐼 − 0.7 V, 𝑣𝐼 ≥ 0.7 V
 0, 𝑣𝐼∈ (−0.7 V; +0.7 V)

 𝑣𝐼+0.7 V, 𝑣𝐼 ≤ −0.7 V

T1 – (on)

T2 – (off) 

T1 – (off)

T2 – (on) 

T1, 2 – (off)

Class B power amplifier
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➢Class B – waveforms

25

𝑉𝑖  − 0.7

−𝑉𝑖  + 0.7

0.7 

−0.7 

crossover distortions

Class B power amplifier
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➢Class B – waveforms

26

𝑉𝑜 = 𝑉𝐶𝐶

𝑣𝑜(𝑡) = 𝑉𝑜 sin 𝜔 𝑡

- assume 𝑉𝑜 – high enough to neglect crossover 

distortions

𝑣𝐶𝐸1(𝑡) = 𝑉𝐶𝐶 − 𝑣𝑂(𝑡)

𝑖𝐶1(𝑡) = 𝑣𝑂(𝑡)/𝑅𝐿 
T1 – (on)

𝑝𝑂(𝑡) = 𝑣𝑂(𝑡) ∙ 𝑖𝑂(𝑡)

𝑝𝑇1(𝑡) = 𝑣𝐶𝐸1(𝑡) ∙ 𝑖𝐶1(𝑡)

Class B power amplifier
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➢Class B – powers & efficiency

27

𝑃𝑃𝑆
+ =

1

𝑇
0

𝑇
𝑉𝐶𝐶 𝑖𝐶1(𝑡)𝑑𝑡 =

1

𝑇
0

Τ𝑇 2
𝑉𝐶𝐶

𝑉𝑜 sin 𝜔𝑡

𝑅𝐿
𝑑𝑡 =

1

𝑇

𝑉𝐶𝐶 𝑉𝑜

𝑅𝐿
0

Τ𝑇 2
sin

2𝜋

𝑇
𝑡 𝑑𝑡

𝑃𝑃𝑆
+ =

1

𝜋

𝑉𝐶𝐶
𝑉𝑜

𝑅𝐿 𝑉𝑜 = 𝑉𝐶𝐶 𝑃𝑃𝑆max =
2

𝜋

𝑉𝐶𝐶
2

𝑅𝐿

For

𝑃𝑂max =
𝑉𝐶𝐶

2

2𝑅𝐿

𝑉𝑂 = 𝑉𝐶𝐶For

𝑃𝑃𝑆 = 𝑃𝑃𝑆
+ + 𝑃𝑃𝑆

− =
2

𝜋

𝑉𝐶𝐶
𝑉𝑜

𝑅𝐿

𝑃𝑂 = 𝑉𝑂𝑟𝑚𝑠𝐼𝑂𝑟𝑚𝑠 =
𝑉𝑂

2

2𝑅𝐿

Average power from the power supplies

Average output power

𝜂 =
𝑃𝑂

𝑃𝑃𝑆
=

𝑉𝑂
2

2𝑅𝐿

𝜋

2

𝑅𝐿

𝑉𝐶𝐶
𝑉𝑂

=
𝜋

4

𝑉𝑂

𝑉𝐶𝐶

Average efficiency

𝑉𝑜 = 𝑉𝐶𝐶For
𝜂max =

𝜋

4
= 78.5%

Class B power amplifier



Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits

C6 – Power amplifiers – class A, B, AB

➢Class B – summary

28

𝑃𝑃𝑆max =
2

𝜋

𝑉𝐶𝐶
2

𝑅𝐿
𝑃𝑂max =

𝑉𝐶𝐶
2

2𝑅𝐿

𝜂max =
𝜋

4
= 78.5%

-   each transistor conducts for half a period

- crossover distortions - how do we get rid of them?

Make them too small to matter – class B w/ additional OpAmp and global NF

OR

Eliminate them by compensating the ± 0.7 V – class AB

Class B power amplifier
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+VPS

-VPS

RL

Class B amplifier

vO, OA

𝑣𝑂,OA = 𝑎 ∙ 𝑣𝐷

𝑣𝐷 = 𝑉+ − 𝑉− = 𝑣𝑖 − 𝑣𝑜

𝑣𝑂,OA ∈ (−0.7 V; +0.7 V)

𝑣𝑂 = 0Tn,p – (off)

no feedback

𝑣𝑂,OA = 𝑎 ∙ 𝑣𝑖

𝑣𝑖 ∈ (−0.7 V/𝑎; +0.7 V/𝑎)

When

𝑣i > −0.7 V/𝑎
When the NF loop is active and 𝑣𝐷 = 0

𝑣i < −0.7 V/𝑎

Tn – (on), Tp – (off), 

Tn – (off), Tp – (on), 
𝑣𝑂 = 𝑣𝑖

𝑎 - open-loop gain of the OpAmp

𝑎𝐿𝑀741 = 2 ∙ 105

VTC? Crossover distortions?
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VBias ≈ 0.7 V 

𝐼 = 𝐼𝑆𝑒
𝑉𝐵𝑖𝑎𝑠

𝑉𝑇

vI - positive 𝑣𝑂 𝑡 = 𝑣𝐼 𝑡 + 𝑉𝐵𝑖𝑎𝑠 − 𝑉𝐵𝐸𝑛 ≈ 𝑣𝐼 𝑡

vI - negative 𝑣𝑂 𝑡 = 𝑣𝐼 𝑡 − 𝑉𝐵𝑖𝑎𝑠 − 𝑉𝐵𝐸𝑝 ≈ 𝑣𝐼 𝑡

The complementary transistors are 
biased with a small current. 

No more crossover distortions!

Class AB power amplifier
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𝑣𝑂 𝑡 = 𝑣𝐼 𝑡

Solutions to generate VBias?

Tn – (on)

Tp – (off) 

Tn – (off)

Tp – (on) 

Class AB power amplifier



Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits

C6 – Power amplifiers – class A, B, AB

➢Class AB – biasing using diodes

32

R should allow the currents in the diodes and in 
the bases of the transistors, even for maximum 
output current

Sizing R – see Seminar 4

T  - driver transistor 
from previous amplifier 
stage

Class AB power amplifier
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𝑉𝐵𝐵 = 1 +
𝑅1

𝑅2
𝑉𝐵𝐸1

OPTIONAL

Class AB power amplifier
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OPTIONAL

Darlington npn configuration

Compound pnp configuration 

(preferred in IC)

Class AB power amplifier
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➢Class AB – short-circuit protection
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OPTIONAL

Class AB power amplifier

Elements for short-circuit protection:
• T1, Rpn when vo > 0
• T2, Rpp when vo < 0

When vo > 0

when 𝑅𝑝𝑛𝑖𝑂 = 0.7 VIf  iO  increases, 𝑇1 turns 𝑜𝑛

𝑅𝑝𝑛𝑖𝑂 < 0.7 VIf

𝑇1 − (off); 𝑖𝑂 =
𝑣𝑂

𝑅𝐿

𝑖𝑂𝑚𝑎𝑥 =
𝑉𝐵𝐸1,𝑜𝑛

𝑅𝑝𝑛
=

0.7 V

𝑅𝑝𝑛
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Class AB power amplifier

𝑃𝑃𝑆max =
2

𝜋

𝑉𝐶𝐶
2

𝑅𝐿
𝑃𝑂max =

𝑉𝐶𝐶
2

2𝑅𝐿

𝜂max =
𝜋

4
= 78.5%

- no more crossover distortions – assuming perfect match between VD, on and VBE

Powers & efficiency – same as for class B

𝑣𝑂 𝑡 = 𝑣𝐼 𝑡
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Summary
➢ Intro
➢ Class A power amplifier
➢ Class B power amplifier
➢ Class AB power amplifier

Next week: Feedback circuits

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits
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