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Motivation

* Limitation of CE amplifier: It provides a good gain, but it fails to
drive a low-resistance (high-power) load.

+15V

Find the gain ok |—------- ,

. | -
Vi ” | ~ !__! Rload
34k 270 ____L__'




Motivation

Quick calculation:

R.=700Q Biasing: Vg =34V, Vg =27V
11.6k T Ic = Ig = 2.7/270 = 10 mA
|/ H _______ , Ve=15-001R. =8V

!__! Rigad Small-signal:

| o g, =1c/26mV =038 A/V
3.4k | | 270 -—== gain = g,,R, = 266 or 48dB
T Ry =R, =700 Q

Ry=r_ 1134kl 11.6k
\Equi‘valent circuit:
700
V; |:::|Rm éij Vo il_l_i Rioad




Solution

* Never load the CE amplifier directly! Use an output stage or buffer.

CE amplifier additional output stage
700
I ="
r""!
: $ | IM oot | | Rioaa = 102
; ] - 266v; Vo v, Vout _{T' load
Large input Unit Gain and

resistancel Small output resistance!
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Output Stage

=7
T o 1 B 1
Vin Rﬂl Vout : 1 Rlﬂad

An output stage 1s designed to
- deliver current to a load (R, << Rj.q)
- reproduce the voltage as faithfully as possible (low distortion)

- seamlessly load the previous amplifier stage (R;, >> R_, cg of previous

M stage)
Fanns




Emitter Follower (Class A)

Emitter follower Implementation
+V

R




Emitter Follower: Large Signal Analysis

If v, = constant, —_—
Linear, no distortion! { Vin =  VUhel + Vout

}) e For Q, :
+

KT L if ()1 is active.
Ubel = ——In-—
q 15




Emitter Follower: Large Signal Analysis

+ve cycle

gy = IQ + Iout Uin = Ubel T Vont
, +V : : .
-ve cycle e For () : LT if ()1 is active.
: 1

lertloue = lg Upol = —In-—

+ . q J-!.'31

Vin |\A

r.:-ut AISD,
.1 = 1o+ 5 : :
[] — C J H; if ()2 is active.
Vout - 1{{3 + L:ml.
Hence,

— kT Iop+ 1
0> Vin = — In ( Q Dut) F Vout
(q I.s:l

cc Weak nonlinearity
R TA S m




Emitter Follower: Signal Clipping

* We note that the good linearity is only maintained if both Q1 and Q2 are kept in active region.
« If Q1 saturates, the output voltage clips at the top.
» If Q2 saturates, the output voltage clips at the bottom.

) T('_'ﬂ.lt

t Operating range without
Q sanmates clippings caused by saturation:

Vc('_ VCEl (sat)

—(Vee — VeE2(sat) — Vibet) < 0 < Vee — VeE1(sat) T Vbe

Clipping may also happen if V., increases too much due

—(Vee—VeE2(san)
to very large load current | ;.




Emitter Follower: Signal Clipping

Vin Vout
Vee—VeE1(san > < When vy, goes too high, Q, saturates
/ \ around V,—Veg . The output
waveform clips at this max voltage.
1 f # T ¢ p -
Vin Vout
T 5 o+ n
VoV When vy, goes too low, O, saturates
ce™ ¥ CEX(sat) around —(Vee—Vcgasan)- The output
M waveform clips at this min voltage.
FEHHAR
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Class A: Power Efficiency

Recall the basic equation of power dissipation in any device:

Ly Efficiency = Output Power / Input Power
- |
T RO Fay = T /ﬂ v(t)it)dt Output power: AC power to load
‘ Input power: power taken from DC source

For the load resistor, assuming no clipping occurs, 1.€.. i, and v, are sinewaves,
we have the average power output:

T
| "
1 ; N . 92
Py = ? tout Uout S Zﬂ-ft dt
0

1 27
2 A . 2
— / Lout Vout SH1” 0 do
0

27
Q 1 ~

. — 5'3:_:1_1{.?-)'0111,
lout

At max load without severe clipping, @ = tout and Uout = Vee — VoE(sat)

| 1 1
M the max power output 1s Hmt,nmx — 5 [Q ( V}:r: — C(L'E(sa.t}) ~ 5

loVee
g @re
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Class A: Power Efficiency

To find the total power drawn from the power supply:

+V..

o

R

_ VCC

Class A has a poor efficiency,
but very low distortion — high-
fidelity!
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Average current and voltage drawn from supply by the class A
output stage 13

Thus, power supplied to the output stage 1s
P supply — 2Vl Q

Hence, the max [efficiency 1s

1 1
. _ §IQ(VCL, — VCE-(sat)) ~ §IQV::C _ 959
max Woolo 2, I,

ONLY 25%!!



Example: Power Efficiency

* Suppose we wish to find the efficiency of the following Class A power amplifier.

Here, Io=500mA, V.. =15Vand Vegen=02V

+V..=+15V

l I8 Suppose R, =80 Q and vipeary = 12V

‘ : Vout(peak) — 12V

lout(peak) = 150 mA which 1s less than /q.
[5=500mA O |
<> R; =80 Q No clipping occurs!
Y

— P =05x12x0.15=09W
Pp=2x15x05=15W

Efficiency n=6 %




Push-Pull (Class B)

* The main disadvantage of Class A power amplifier is the poor efficiency because of the large dissipation even
at zero output.

» To improve efficiency, we may try to eliminate the dissipation at zero output. That means, we aim to design
an amplifier whose dissipation is zero when v,, = 0.

+Vee Solution: Class B push-pull output stage

Use two complementary active devices.
Each conducts for half cycle.

Basically, 1t 1s emitter follower circuit.
O, and O, are cutoff at v, = 0.
Ry Vou Actually, O, and Q, are cutoff for lv;, |< 0.7V
— (O, conducts when v;, > 0.7V
(O, conducts when v;, < 0.7V
Clipping occurs similar to class A 1f | v, l1s

’ .
m —Vee too large, exceeding the supply IV.—Vegeay |
B nAR




Push-Pull (Class B): Distortion

N clipping

_( Vc c VCE(sat )

N

clipping
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Push-Pull (Class B): Power Efficiency

* Each device only conducts for half cycle, 1.e., 180°. So, the current waveform for
each device is a half -sinusoid.




Push-Pull (Class B): Power Efficiency

Efficiency = Output Power / Input Power

Output power: AC power to load
Input power: power taken from DC source

* For simplicity of analysis, we 1gnore the crossover distortion.

I supply

Supply current Input power Output power
L P = 2V, P = = iouti
— T 1(}1dt supply — £ Veedsupply load — i?z'out?ﬂut
0 . 2-{/:‘?.(??*}0]11: 1 'ﬁgut
1 T . o =~ 5T
= 9 Tout Sin 6d6 TR 2 Ry
T Jo
1 T 1 rE:’q‘_‘rl.lt
—_= —1 t — —
T ou T RL
- 2
10 .
9 = Pload 2R T Uput
Efficiency — 2 V.. - A\
Paupply pon RL out 1 Lcc



Push-Pull (Class B): Power Efficiency

The best efficiency 1s when the output voltage 1s the greatest possible without clipping.
Usut,max — V:f:r: — VCE(Sa,L)

Thus, the maximum efficiency 1s

T Vee — V(?E{Sa,t.) -

max — (&7
S SR ) &

MUCH BETTER THAN CLASS A AMPLIFIER!

Problem is distortion
To have high efficiency & low distortion — need class AB amplifier




Appendix
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Class AB amplifier

* To eliminate the crossover distortion, we may bias the active devices

so that they conduct a small quiescent current near the crossover v, =
0. Don’t let them cutoft!

+V..




Class AB amplifier

* Here, for v,, <0, Q2 turns on and out follows . But since the diodes maintain a const ant total bias voltage

across the BE junctions of both Q1 turns Q2, V5 of O2 decreases by the same amount that Vg of O1
increases. Thus, Q1 stays on, but only allows a very small current to flow.

* Similarly, for v. > 0, we have the same situation, with Q1 and (2 interchanged.

+Ve.

Vout

Vae2

, » Vin
RL Vout
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