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/"> Drive a load with high power. I

» Cellular phones need 1W of power at the antenna.
» Audio systems deliver tens to hundreds of watts of power.

» Ordinary Voltage/Current amplifiers are not suitable for

& such applications /
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Basic Stages

* Emitter Follower
¢ Push-Pull Stage and
Improved Variants

Large=Signal
Considerations

* Omission of PNP
Transistor

* High=Fidelity
Design

Heat

Dissipation

* Power Ratings
* Thermal Runaway
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Efficiency and
PA Classes

e Efficiency of PAs
* Classes of PAs




K Experiences low load resistance. \

» Delivers large current levels.

» Requires large voltage swings.

» Draws a large amount of power from supply.

tDissipates a large amount of power, therefore gets “hot”/
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>

» Distortion - Linearity

» Power Efficiency

» Voltage Rating — Transistor Breakdown voltage

L /
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W
I,=325mA(y) RL=802 =
VEE =i =5V
@ |4=R/(R ~+1g,) 0
For R, =8 Q,
1/g =0.8Q, thus, /. =32.5 mA

» As V, increases V_, also follows and Q, provides more current.

> For V, =4.8V, V_=4.0V, |, =500mA, I,=532.5mA
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Vee == +5V Vee T +5V
0.8V —_ q, I o— i
‘ RL I ‘ RL
© Vout © Vout
.\'1 {‘ I"I"l ;'
Vee -5V Vee -5V

(d)

(c)

> However, as V, decreases, V_  also decreases, shutting off Q,
and resulting in a constant V.

» For V, =0.8V,V_,=0V, | =0mA, I,=32.5mA
» ForV,=0.7V, V,,=-0.1V, | =12.5mA, Ig,=20mA
» When all current (32.5mA) flows to the load, V .=-0.26V
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> V, =0.5V, V

out

Vee == +5V /V 1% \

VBEI 4 ]gut +]1 :Ic1

out ?
IIfin 01 L
Vg, =Vr ln(]a /]S)

Vnut
’ Wy

é I/in_I/Tln I/Out_|_]1 i =I/0ut
1,=325mA(y) RL=80 = R, I

= /

ForV, =05V
=V

out

~—211 mV by a few iterations
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» ForwhatV, , Q, carries only 1% of 1,?

Vog mm= +5V
C \
V.
g Vi =V 0 s (10, - 1) R,
Vout L Ji S )

¢ l#' ¢
1,=325mA(y) Ri=8Q =

For I, ~0.01-1,
- — V. ~390 mV
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out

0.4

: T
-0.26 V —"

(a) (b)

» As V. decreases the output waveform will be clipped,
~introducing nonlinearity in I/O characteristics.
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» As V. increases, Q, is on and pushes current into R, .
> As V., decreases, Q,is on and pulls current out of R, .
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Vint |VB|52|

-

V
V

\

= Vin-Vgg+

~

for large +V,,

=V, +|Vge,| forlarge -V,

J

» For positive V,,, Q, shifts the output down and for negative V;,,
~ Q, shifts the output up.
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Vout b Vin—=VBe1

Dead Q1 on

Zone ‘\

Y

Q2 on \

Vin* | Vaezl

> However, for small V, , there is a “dead zone” (both Q, and Q,
- are off) in the I/O characteristic, resulting in gross nonlinearity.
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Vnut ‘ |I"Irirn""""rElE1

Dead Q4 on

Zone \\

Q2 on \

Vin ¥ |VBE2|

» The push-pull stage exhibits a gain that tends to unity when
either Q, or Q, is on.

» When V,, is very small, the gain drops to zero.
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+0.6 V ---3--f------------\--~-- Crossover
: Distortion

» For large V., the output follows the input with a fixed DC offset,
however asn\lin becomes small the output drops to zero and
causes “Crossover Distortion.”
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Vour A
‘V) Vin® ‘VEEE‘
BE2

(@) (b) (©)

[VB = Vggq t |VBE2|J

=V

» With a battery of V inserted between the bases of Q, and Q,,
~ the dead zone is eliminated.
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D2 Y Dy Y °© Vout
R
Vin® ’ I: Q2 Vino * Qo R
(a) ®)

» Since Vg=Vgg,+|Vge,|, @ natural choice would be two diodes in
series.

> l,in figure (b) is used to bias the diodes and Q;.
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vmé_l li —— Ve

! %1

Usually 7/,

‘ unless V.. =0

out

_ 1, tlows even when V= 0. y
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I, =0 when

"

V

out

=0if7 =1,

~

/
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I o, 1
III"I"in‘j_I: Q4

» A CE stage (predriver) is added to provide voltage gain from
~ the input to the bases of Q; and Q,.
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» For bias point analysis for V=0, the circuit can be simplified
~ to the one on the right, which resembles a current mirror.

_ [S,Ql
/ cl1 — 7 "[ 03‘
S,D1
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» Assuming 2rj is small and (g,,,+g,,,)R, is much greater than 1,

Av = _gm4 (rﬂ'l DrﬂZ)(gml +gm2)RL
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R =~ 1 n 103 || To4
g t8&m2 (&m +&m) T |l 722)

» If B is low, the second ternp of the output resistance will rise,
which will be problematic when driving a small resistance.
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» Compute the required bias current

~

/Predriver (CE stage): 4, =5
OutputStage: 4, = 0.8 for R, =8 Q)

IBnpn zlepnp ZIOO’ [Cl zIC2 /

ey

ok 1
=R,
4 -1': /gml T &m2 :(2 Q)_l = 8m1 ® &m2 ®
| ‘ Thus, ICI z]CZ ~ 6.5 mA
¥ |7, =400 Q1200 Q=133 Q
Em4 '(1”7[1 ! rﬂ2) |:1+(gm1 +gm2 L] 4

<> ga =(133Q) 7 => Iy = Iy ~195 uA/

24
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2 Vout
R

» 195 pA of base current in Q, can only support 19.5 mA of
collector current, insufficient for high current operation (500 mA
for 4V on 8 Q).
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out

Composite /
Transistor

1
Rou ~
t (ﬁZ +1)gm3

» Instead of having a single PNP as the emitter-follower, it is now
combined with an NPN (Q,), providing a lower output

resistance.
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Composite /

Transistor

nnnnnn

\

R, +

(£+1)

1
gm T

7, ﬁy
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& EE é)gnﬂ{ Vin
Vl'nc.
U

2= Yn2

]
i

ngVT[?

~Vout)
Y

:"vﬁl.ll
Ry

/

Fout

\

1

Comparing with the standard EF,

1

~y
~y

o

(B, +1)

gm3 +

r72'3

1 (ﬂ2 +1)gm3

/
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r]‘tj EE (égmﬂ{ Vin —If'nui} %RL
Fin{':.
4 =
2= Vra (W) InVn2
Transistor - =
o N
1 R
_ L
Lin = B Vin — Vin
3 R; +
\ (ﬁZ T 1)gmB» Y,

\rin = P5(Fr + DRy +15

/
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» |, is added to the base of Q, to provide an additional bias
current to Q; so the capacitance at the base of Q, can be
charged/discharged quickly. Additional pole at the base of Q,.
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—0 v.:.m * © vﬂ“t
V: o—I: Vin
I Qa
Qs Q2

(a) (b)

MinV, =0 Min V,, =Vyp,
Vi ® VEBz‘ Vi ® VEB3‘ + Ve,
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AAA

» As V_, becomes more positive, g,, rises and A, comes closer to
unity, resulting in nonlinearity.

» Using negative feedback, linearity is improved, providing higher
fidelity.
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» Qg and r are used to “steal” some base current away from Q,
when the output is accidentally shorted to ground, preventing
short-circuit damage.
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ay

~

1 (7 Vp sin wt :
?.[0 (11+ R, J-(VCC—VPsma)t)dt

1 ¢T

45

L

Vp

2

4

=1 Ve ZII(VCC

» Maximum power dissipated across Q, occurs in the absence of

a signal.
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» Avg Power Dissipated in the Current Source I,

+
Vin0—|:01 _VCE
L ':IV
R
1,(¥) L

/ 1 T \

—— VEE e =), ]l(Vp sina)t—VEE)dt
N — ]1 'VEE Y.
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1

Pav,NPN — ;

™

T/2

2
Vee Ve Ve _Vp

1 ¢7/2 ,
:?.‘-0 (VCC—VPsma)t)-

Vpsin wt

dt

Ry

(a) \

TR,

4R,

Ry

|

Vee Vp)

7;4/

» No power for half of the period.
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-V
O N
o, By NPN = ?.‘-o Ic-Vegdt
InL o .
1 (772 : Vp sin wt
. { ! :?.‘-0 (Vee —Vpsinat)- R, dt

W A :

‘ = _ Vee -V B Vp _ Ve [ Vee B Vp

TR, 4R, R\ © 4

(a) \ /

» No power for half of the period.
» Maximum power occurs between V=0 and 4V, /mr.

2
P _ VCC ’VP

av,max

> when VP=2-@
TR, T
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(o g
p 1

av.PNP = 7 T/Z‘ICHVCE‘dt

_1er . Vpsin ot
_?J‘TQ(VP s1na)t—VEE)-(— R ]dt
_ Ve Vp Vp’ Vo[ Ver Vb

\

|

7R, 4R, R,

T 4

)
/

(b)

» Maximum power occurs between V=0 and 4V /m.

— VCC2 ] VP

P

av,max

|

2
TR,

when V)

:2.@
T

|
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Heat

Dissipatiun‘\

e

-a— Package

» Heat sink, provides large surface area to dissipate heat from
. the chip.
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Vire— Q5
._I::a1 =VT In ]DIIDZ

L5 pils.pa
I I
D14 l oV Vg1 + Vg =Vr ln—I L4V, In - L2
t 8,01 5,02
DE E ou
Ry =V, In Haller
! I: Q = Iso1ls.02
Vino_l:; Qq With the same V7,

Vee Ipilpy _ _leiles
wmls,m Iso1ls 02 /

Vv, I I
cc ﬁm+VD2=VT1nID1 +VT1nIDN
S,D1 S,D2

» Using diode biasing prevents thermal runaway since the
currents in Q, and Q, will track those of D, and D, as long as
their I.’s track with temperature.
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» Efficiency is defined as the average power delivered to the load
divided by the power drawn from the supply

Power Delivered to Load P

out

~ Power Drawn From Supply Voltage P +P,

out

\

Emitter Follower
"NEF =735 V]g/ZRL
Vp /2RL + 1 (Vee =Vp/2) =1 Vi
Vr it/ = Y and — Ve =V

\\ 4Vcc R; /

» Maximum efficiency for EF is 25%.
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» EF designed for full swing operates with half swing.
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| ; Y

R, R
_ Ve /2R,
) Vlz/zRL + 1 (Vee =Vp/2) =1 Vi
_ Vi 2R,

- v %
VZ/2R, +%(VCC —Vp/z)+%-VCC
L L

NEF

Thus,
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/ Push-Pull Stage \

Ve
_ 2R,
"y (Vo T
2R, R, \ 7w 4
_zVp

N e /

» Maximum efficiency for PP is 78.5%.
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[Class A: High linearity, low efﬁciency}

0 i | -

4 ) S
(@)
I'c
V\ /\ Class B: High efficiency, low linearity
e T 2T T
(b)
I o -
/\ /\ Class AB: Compromise between
: i / - Class A and B
T 2T 't
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