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C6 — Power amplifiers — class A, B, AB Intro

» 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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C6 — Power amplifiers — class A, B, AB

» What is a power amplifier?

gain

= large signal or output amplifier

1n
Vi Power
; I amplifier
;

out

R )

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits

Intro

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

Po = Vo1
Pi = Vil
po>pi



C6 — Power amplifiers — class A, B, AB Intro

» Placement & usage

in out
Input Intermediate | Vi Power
> stage i stage :’ "l amplifier Vio
;'

[

» usage: audio systems (loudspeakers, headphones) — to increase sound volume

= final stage of a circuit

Right speaker Left speaker

Power
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C6 — Power amplifiers — class A, B, AB Intro

» Placement & usage

in out
Input Intermediate | Vi Power
> stage stage ; ' amplifier lis
:

[

= final stage of a circuit

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

Receiver

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 6


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

C6 — Power amplifiers — class A, B, AB Intro

» Requirements

= |ow output resistance (can deliver output signal without loss of gain)
= (very) high efficiency (enhances battery life)

= good linearity (non distorted output signal)

0 - .
\/V}%MS2 + Viyes + Ve, + - THD < 1% for Hi-Fi amplifiers

THD = 7
RMS1 RMS voltage = effective voltage

THD — total harmonic distortion

RMS — root mean square

Vrmsi- RMS value of the it harmonic of the original signal, i = 2, 3, 4, ...
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C6 — Power amplifiers — class A, B, AB Intro

» Power transfer
PPS

- -

-

: Power
P EID amplifier
|
I—

Py
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Pi+PPS=Pd+PO

P; - power from the input source

Ppg - power drawn from the power supplies
P, - dissipated power (heat)

P, - power delivered at the output (on R,)

P, << Ppg

n=— efficiency of the stage

n [%] orn € (0,1)



C6 — Power amplifiers — class A, B, AB Intro

» Power gain

Assume sinusoidal regime, average power:

y :5:<Vo> (R; + Rs)?
; _(@)2 1 7 PP\l RiR
> \V2) Ry 2R, o\ p
I Rk, Ay~ (2) 2
Py = z(—l> = R; : vk
V2 2(R; + Rs)?
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C6 — Power amplifiers — class A, B, AB Intro

» 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

Amplifier Classes Efficiency
100%

efficiency of the stage 75%

50%

25%

Fo
n=5—
Pps

0%

The less time T is active during a period, the higher the efficiency
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C6 — Power amplifiers — class A, B, AB Intro

» Power amplifier classes

Class C?:feur(\:l':‘lm eff?i?:ﬁcy Notes

A t=T 25% Small-signal amplifiers

B t.=T772 78.5% Audio amplifiers; crossover distortions
AB T2 <t.<T 78.5% Audio amplifiers; no crossover distortions
C t.<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 Interleaved PWM amplifier

mode

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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C6 — Power amplifiers — class A, B, AB Class A power amplifier

» Class A - circuit Type of configuration?

emitter follower for variable input voltage

common collector (CC) topology

V; =07V —to bias 7

How can we implement the current source?
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C6 — Power amplifiers — class A, B, AB Class A power amplifier

» Class A — operation

vO=v1_UBE=UI_O.7

Vo
Vo

Vee — Vek
veer — Vee

Vg T, Vo T, Vg l

Vomax = Vec — Veesar = Ve

lo 7 — reaches saturation

Vimax = Vomax + 0.7 = VCC + 0.7

vid, vy !, vegr !

Vomin = —Vee T Veeisat ® —Vec
Current source
Vor —V 7, — reaches saturation
Il@ [ = cC BE2 o . 07 ~ — 0
R Vimin = Vomin T = VCC + 0.7
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C6 — Power amplifiers — class A, B, AB Class A power amplifier

> Class A — VTC

vy = V) — vgg = v; — 0.7 Vo Vomax = Vec — Veesar = Vec
4 Vimax = Vomax T 0.7 = Ve + 0.7

Vee— Vesat ® Vel ————

- -
Vet 0.7 vy

7, (sat)

Vet Veasat ® Ve
Vomin = —Vee + Veeisar ® —Vec
Vimin = Vomin T 0.7 = =V + 0.7
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C6 — Power amplifiers — class A, B, AB Class A power amplifier

» Class A — maximum output voltage swing

e =1+ip=1+2
l = l = —_—
C 0 RL

. v V
lCmax:I-I_ Omax:I_I_ cc

Ry Ry
; . _ VOomin __ Vee
lo Lemin = 1 + R, R,

7= (ap implies icpmin > 0

Current source RL

_ Veec = Vaee
Il@ [ = -

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits
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C6 — Power amplifiers — class A, B, AB Class A power amplifier

» Class A — powers

vi(t)zvisinwt i =£
v,(t) =V, sinwt ° Ry

i,(t) =1I,sinwt

Average power from the power supplies

l’*"@ Pps = Ppsy + Pps_ = Veclc average T Vecl

AN

v, (T V,sinwt
] =]
lC,average p . ZVCCI

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

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 16



C6 — Power amplifiers — class A, B, AB Class A power amplifier

» Class A — powers

Instantaneous output power
U,2(t) VP (sinwt)?
R, R

Po(t) = ip (L), (L) =

lvﬂ Average output power

61, 0l 0
V242
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C6 — Power amplifiers — class A, B, AB Class A power amplifier

» Class A — efficiency
Average efficiency
1702
P, 2R, Uy

1= Pos  2Voel  4VooR,1

l 5, Maximum average efficiency
o

‘70 = Vec Nmax

R, as small as possible, but keeping the maximum output swing (R = V¢)
RLI —_ VCC

NMmax = 25%

1
Tmax = p T WeeVee 4
IRL 7 =<20%

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 18



C6 — Power amplifiers — class A, B, AB Class A power amplifier

» Class A — waveforms

Assume the criteria for
maximum efficiency are met:

Vo = Vec
RLI = VCC

Y Pl'__!'
FC'C." J—

v, (t) =Veesinwt

A
KRVAY

Veg(t) = Ve — vo(0)

L

pr = ic(®)vce(t)

L

U
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C6 — Power amplifiers — class A, B, AB Class A power amplifier

» Class A — summary

(72
7 o Pps = 2Vl
2R,
1
Mmax = Z = 25%

- emitter follower for variable input voltage
- common collector (CC) topology

- 7— always on

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits



C6 — Power amplifiers — class A, B, AB Class A power amplifier

» Class A — example
+Vee=+12V

T ||i
l ¢ Vogon= 0.7V, Iy = 0.2 A, R, =75 Q,
veE v,(B) = 0.7+6sinw¢ [V]

D R -
1 a) Plot the VTC v(v;). The current source is active
IBiaSl vas Ry lVo for vs> OV. Indicate the transistor state (of7, a5 exc)
L for every region of the VTC.

-Vee=-12V
b) Plot V](t)I VO(DI /0(01 VCE(Z) and /C(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.

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 21



C6 — Power amplifiers — class A, B, AB Class B power amplifier

> Class B — circuit

Ve

g KD_. TERL I:Ilvo

- each transistor conducts for half a period
- complementary pair of transistors

- push-pull arrangement

VO =
l/Omax =
Vomm =

Can 7, 7, be (on)/(off) at the same time?

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 22



C6 — Power amplifiers — class A, B, AB Class B power amplifier

» Class B — operation
v; € (=0.7V; 40.7V) T,,- (off) vo =0V ip =0

+Vee

Uy > 0.7V

'I'TCC
v, = 0.7V T;-(on), T, - (off) v; < =07V T, - (off), 7, - (on)
Vo =V; —Vggr =V; — 0.7V Vo =V — Vg, =V; + 0.7V
ip >0 ic1 = lp icp =0 ip <0 ico = —lp ici=0
Vomax = Vec — Veeisat = Vee Vomin = —Vec + Veezsat = —

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 23



C6 — Power amplifiers — class A, B, AB Class B power amplifier

> Class B — VTC

Vomax = Vec — Veeisar = Vee

VooV eratrV oo

v —07V, 1,207V
v, = 4 0,v,€ (=0.7V; +0.7V)
UI+O.7 V, 14 <-0.7V

Aot

ra r
VetV episaf=Vee

Vomin = —Veec + Veezsar ® —Vec
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C6 — Power amplifiers — class A, B, AB Class B power amplifier

» Class B — waveforms

crossover distortions

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits
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C6 — Power amplifiers — class A, B, AB Class B power amplifier

Ve

» Class B — waveforms

- assume ¥, — high enough to neglect crossover
distortions

5 1ve
vo(t) =V,sinwt  Veeol-7 I -
-V oo
Vo = Vec A -
2 1P pr1(t) = vep1(t) - i1 (D)
o T/rcc ------------- ME— VCC -
pi 4R
Vﬂ [ €1 L
ic1(t) =vo(t)/R, R, Y
7, - (on) s
172 1fa Po(t) = vo(t) - ip(L)
Voo
T/CC
Veg1(t) = Vee — vo(0)

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits



C6 — Power amplifiers — class A, B, AB Class B power amplifier

» Class B — powers & efficiency

Average power from the power supplies

1 T ) 1 T/2 V, sin wt 1VecV, (T/2 . 27
PI_;I-S = ;f() VCC lCl(t)dt = ;fo VCC 2 dt = __Of Sln?tdt

1233 T R; “O
n RL (7 For VO — VCC PPSmaX — —

Pos = Pis + P = —cclo ™Ry

PS PS PS = T R,

Average output power

o . V2.
Py = Vormslorms = Z_RL For Vo = Ve POmax — Z_RL
Average efficiency
-~ .
)7:P0:VOE RLA :E& For V0=VCC _77:_785(y

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits



C6 — Power amplifiers — class A, B, AB Class B power amplifier

» Class B — summary

r 2
o ee p [z _ 2Vic
= — PS T

‘ T, Omax 2 RL max T R L

Vi R
l() - l""ﬂ T
1 1, Mmax = Z = 78.5%

Ve

- 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

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 28



C6 — Power amplifiers — class A, B, AB Class B power amplifier

» Class B w/ additional OpAmp and global NF

’-———————.

o
=

T,,-(off) Vo =0
no feedback

{ e \ Class B amplifier
+V : :‘/ Vp,0a = A Vp
s K vy = VF =V = — v,
N : : a - open-loop gain of the OpAmp
* > L | . Arm7ar = 2 - 10°
- _ | I
) | lr"
‘JC) : lVO’OA : Q R, " When Vooa € (=0.7V; +0.7 V)
| |
| |
| |
| |
l |

VooaA = A" Vj

S ——— > v; € (=0.7V/a; +0.7 V/a)

" the NF loop is active and vp =0 Vg = V;

VTC? Crossover distortions?
Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 29



C6 — Power amplifiers — class A, B, AB Class AB power amplifier

> Class AB — circuit

The complementary transistors are
biased with a small current.

Vr
c ~y
VBfaSN 0-7 V
VBias
I = Ise Vr

No more crossover distortions!
V, -positive  Vo(t) = v;(t) + Vpigs = Vpen = v (1)

V, -negative  vo(t) = v;(t) = Vpias — Vaep = v;(t)

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 30



C6 — Power amplifiers — class A, B, AB Class AB power amplifier

> Class AB — VTC

vo(t) = v, (t) &

VCC‘ VCEH sal‘:j VC’C’ .................

T, - (off) VC’C" VC’ESEIILP‘I

Solutions to generate 1, ?

jas"

Vet Verpsat=Vee

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 31



C6 — Power amplifiers — class A, B, AB Class AB power amplifier

» Class AB — biasing using diodes

Voo

+V
o IBI(IS l
Dy
y
I D,
Vo
Vo
_ _ _ 7 - driver transistor
R should allow the currents in the diodes and in from previous amplifier
the bases of the transistors, even for maximum stage

output current
Sizing R —see Seminar 4

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 32



C6 — Power amplifiers — class A, B, AB Class AB power amplifier

OPTIONAL

» Class AB — biasing using V;-multiplier

Voo

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 33



C6 — Power amplifiers — class A, B, AB Class AB power amplifier

OPTIONAL

» Class AB — high output currents

i )
1 lzc

Ve

i

(7o
Compound pnp configuration

(preferred in IC)

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 34



C6 — Power amplifiers — class A, B, AB Class AB power amplifier

OPTIONAL

» Class AB — short-circuit protection

+Vee Elements for short-circuit protection:
- T,R,Whenv,>0
T * T,R,wWhenv,<0
anz'
0 When v,> 0
Rpp If Rynip <0.7V
RL Vo
T; — (off); ip= R
T, "
-V
o «c . _ VBE1 oy 0.7V
If i, increases, T; turns (on)when Ry, ip = 0.7V igmax = — =
Ryn Rpn

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 35



C6 — Power amplifiers — class A, B, AB Class AB power amplifier

» Class AB — summary

+Vee

vo(t) = vy(t)

o Powers & efficiency — same as for class B
V& o Al
VC_I' Pomax = Z_}QL PSmax T RL
T
Nax = Z = 78.5%

- no more crossover distortions — assuming perfect match between V,, ,,and Vg

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits



C6 — Power amplifiers — class A, B, AB

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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