
15. POWER AMPLIFIER CIRCUIT

Sound signals amplif ied by the audio f requency amplif ier circuit are amplif ied again by the power

amplifier so they have enough power to drive the speaker.

A small signal amplif ier circuit treats low-level signals and utilizes only a small part of the transistor's
potential, while a power amplifier circuit utilizes virtually all of a transistor's potential to obtain a

large output.

(A)
(mA)

P
Load line

P

0
(v)(v)

(a) Small signal amplification (b) Large signal amplification

lFig. 15-11

To use most of a power amplifying transistor's potential, relatively large input signals are required.

Even when a detector output is applied directly to a power amplifier circuit, a sufficient output
cannot be obtained and the transistor is insufficiently used. Therefore, the detector output must be

first amplified by a small signal amplifier and then be applied to the power circuit.
Additionally, the power circuit controls the collector current to obtain a large output. For that
purpose, its circuit conf iguration differs f rom a small signal amplifier circuit in the following ways.

lf there is a resistance on the output side, such as in a RC connection circuit, power loss due to the

resistance increases.

To minimize the loss, the power circuit is provided with a transformer connection circuit, push-pull

circuit, etc.

Power circuits are classif ied into two types: Class A power amplif ication circuits and Class B push-

pull circuits.
o Class A power amplifier circuit:

Transistor working point is approx. at the center of the load line.

o Class B push-pull circuit:
Transistor working point is at the cut-off point. Two transistors are combined.

81



15-1. Class A AmPlifier Circuit

(1) Theoretical circuit

line

OutPut waveform A

OutPut waveform B

T:

Tr

lFig. 15'21

Base current l:

lnput waveform A

lnput waveform B

-+
Vc

A indicates class A amPlification

B indicates class B amPlitication

lFig. 15'3I

O

tFig.15-2]ShowsabasicClassApoweramplifiercircuitwhichcomposesatransformer
connection circuit. rrrnrtorrar T, is referred io as "output transformer" which provides the

optimum road to the transistor for obtaining a desired output as well as supplying transistor

output to load ,"riato, R' effeCtiverv. rran"stormer T, is referred to as "input tfansformer"'

whichperformsmatchingbetweensignalsourceinternalresistlnclj:y::..:,edanceof
the former stage) uni trJn.irtor impedance for more effective signal transmission' Power

efficiencyofClassApoweramplifiercircuitshasatheoreticalmaximumof50%'TheDG
power source supplies power, u9* 

"_1 
;nich is taken out by load Rr as output power' and

50% Of which is consumed by transistor cotector dissipation as heat' rn actuar cases'

powerefficiencyislowerthantheabovefigures.Apowerefficiencyof50%canbeobtain.
ed only in theoretical transistor and transformer applications'

t
lc

t
l*,- Allowed collector dissiPation curve

P (oPerating Point)

o An amplifier circuit' in which the operatin;

point is chosen at the middle of the load lin:

as shown in [Fig' 15-3]' is called a class I

amPlifier circuit'

o N/'laximum output can be obtained when a

load value is determined so thatthe load li':

contacts the allowed collector dissrpatt:-

curve.

lc,

Io

lmin

lr

Load line

Vo Vru*

[Fis. 1s'a]
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(2) Single tYPe

5:.1 22

The ideal output transformer, used for

impedance matching of the output circuit, is

0a at DC and -Q at AC. Also, the current and

voltage can be effectively used without any

drop.

As a matching transformer, the necessary

impedance of the PrimarY with an 8()

secondary can be obtained by the winding

ratio. The relation is calculated as
Nl 2
lIr

11 = ' o7-
N2 -t

and it can be chosen to be any arbitrary value.

Nr = Number of primory turns

a

zt 2000-

b

a

b

200C)+
200Cl

Equivalent circuit

IFig. 15-51
Nz = Number of secandary turns

Zr= PrimorY imPedance

Zz = SecandarY imPedance

For example in a class A amplif ier circuit, if there is a +0.05V voltage variation (input signal) at

the base-emitter, the collector current varies +250mA from the standard 250mA. For example

when it is +A250mA, a reverse voltage appears alZ1. Since its polarity is the same with Vgc-,"

voltage Vg of Q is increased. Therefore, the maximum of V6 is
lc

Vc: Vcc * eo

+ 40.05
0.64

+ 40.05

250m

+ 0.64+40.005V
V6 <-

lc 250mA
+A250 mA

0

+ z1

200Qn

+

€o

a Er * 250mA

l,l
Vcc

[Fig. 15-61 Class A amplifier circuit

Therefore output voltage eo (peak to peak) can varies in level up to 2 times the maximum

Vcc.

+ Aic -T-
+e.

CE z) 50v
(Vcc)

[Fig. 15-71

Epp p-r)0

E
Vcc = eo =tf

@o * AisZl
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(3) Class A push'pull amplifier circuit

Rr

Q:

IC:

lul

Collector current Current through R1

lFig. 15'91

* side transistor Q1 outPut

L

Although push-pull means that both

transistors operate alternately, in a

class A push-pull amplif ier the phase of

the inputs to Q1 and Q2 are made

opposite and then amPlified.

Since the characteristics of Q1 and Q2 are equal, i.1 : is2' i.1

and i.z flow in the same direction with the same phase, flows

through R; and then drives the speaker. The relation between

ZrandRris 7t
2Rr = ...21 :. At - t

Note: Zr : Load impedance for single type

R1 must be selected to be half the load impedance (Zr) of the

class A single tYPe.

lf this relation is ignored, distortion and output power are

satisf ied.

The push-pull output power (Pp) can be expressed as:

^ 2Vcc'4lc,p: g-

On the other hand, the output power of the single system (Ps)

can be expressed as

oo - 2Vcc'2lc
8

and when compared to push-pull, Pp/Ps=2, the output of

the class A push-pull amplifier is 2 times that of the single

type.

Combined output

Advantages

Since the transistor is alwaYs

amplifying the signal as shown in Fig'

20-'10, switching distortion is not

generated.

,-
Disadvantages

Current must always flow through the

transistor. As a result, much heat is

generated and the power eff iciency is

greatly reduced.

e1

But

B

0

Collector c,.rrrent

IC,

Qr

- side transistor
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Qr

o

O
Current through RL

lCr

0

€1

e1

e.
Q:

(Fig. 21-8) Class A push-Pull
amplilier circuit
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15-2. Class B Amplifier Circuit

(1) Outline of Class B Amplifier Circuits

Push-pull amplifier circuits

lc

Load line Qr

-J\-r]-l(

Cut-off point
P (Working Point) lnpLr1

Output

0

(a) IFig. 15-11] (b)

As shown in IFig. 15-11 (a)], Class B power amplifier circuit, the transistor working point is

set at the cut off point for amplification. Therefore, during one half-cycle of the input signal,

the collector current flows and the output waveform becomes a half-wave. Therefore,

identical input and output waveforms cannot be obtained.

To compensate for this, two transistors with the same characteristics are used. One amplifies

the positive hdlf of the signals and the other amplifies the negative half. As a result, the two

am plif ied half -waves co m pose the output sig nal. ln th is way, very large outp uts can be obtained.

Characteristic
curve of Qr

Ve

Output signal Output signal
I r a racteristic
:;rve of Qz

Switching delay
Bias voltage

lnput signal @

VLT

1

lc

0)
o)(!

=o

in

I

-l
I

l_ ___ ___
I

Curve instead of
straight (distortion)

I

lnput signal
I

(When a suitable base bias is applied)

lFig. 15-131

(When the base bias is 0)

IFig. 15-12]

o Sincethebasebiascurrentis0,thiscircuitoperatesonlyduringhalftheperiodoftheinput
signals as shown in output waveform@ Since it cannot be used as it is, it is used in the push-

pull amplifier circuit.
o Although as an advantage, its power efficiency is high, its disadvantage is that switching

distortion is always generated due to its operation. This is because the 2 transistors operate

alternately * to - and - to *.
This switching does not occur smoothly and appears as distortion.

This can be improved upon by applying a suitable a suitable base shown in [Fig. 15-13].
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(2) Class B Push-Pull Amplifier Circuit

Typical Class B push-pull amplifier circuits are described below'

'' i;::::::ff :::l ;J::::i[J""j"l'o " "'o't 
t ran srorm e rs r n th i s tvpe' the tran sro rmer

is connected to iwo transistor's collectors'

. 
?;:il:[[11""i:,::t#[:;',il1*""" the connectins point of two transistors and the

earth.lnthistype,nooutputtransformersarerequireo'rrr-erefore,itisreferredtoas.,oTL
(OutPut Transformer less)" tYPe'

a) DEPP circuit

J Operatingj principte of DEPP circuit

r Qr

Qz

Tr 1z
Tr

\,
t*'t'*, I

L
[Fig' 15'1a]

lnapush.pullamplifiercircuit,twoopposite-phasesignalsarealternatelyappliedtothe
two transistors to provide two alternate collector currents'

e: -hE'
OutPut

& w
Qr

ic:

lFig. 15'151

Whencollectorcurrentsicrandiczflowthroughthecentertap(commonterminal)of
transf ormer T:' a cornPosite output ls oOtained * tn" secondary side' This transf ormer is

referred to as..output transformer,,. lnput transformer Tr provides two opposite-phase

signals and matche, .n",o,,.", stage with transistor input impedance. outputtransf ormer

T,isdrivenbytwotransistoroutputsanoprovioeasuitableimpedancetoQ,andQ,.
Therefore, t,un,fo,*"rs Tr and T: must n"u" u center tap' Power efficiency of Ctass B

push.pullamplifiercircuitsareideallyatmaximumofTS.5o/o.Whenthereisnoinputsignal,
no collector current flows' Therefore' Class B power amplifier circuits are far more

efficient than Class A circuit'
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IFig. 15-16] shows a typical Class B push-pull amplifying circuit'

To prevent crossover distortion, resistor R, and R, provide a slight bias to transistors

Q, and Qr.

hl

Tr
T:

R:

lFig' 15'161

since the two transistors operate alternately and their outputs are combined' if there are

fluctuations in their characteristics such as hr", asymmetric distortion is produced in the

outPUt waveform.

Therefore, in push-pull amplifier circuits, two transistors with the same characteristics

must be used.

ln a class B push-pull, Vu. of Q1 and Q2 are selected to be near the cut-off point (actuall)ra

current is made to f low to eliminate the non-linear portion) and below this voltage' a current is

not made to flow. ln other words, class B only amplifies half a wave' so it cannot be used in a

single tyPe.

The outPut Power PP is

Pp=
2Ycc 4lc

B

Therefore it is 2 times that of the class A single type'

Since the direction of current in the transformer is always opposite' DC magnetization is

cancelled resulting in low distortion' The main advantage of the push-pull is that even

harmonics are cancelled and distortion is eliminated as shown in IFig' 15-17]'

{*E- Second harmonic

IFig. 15.171
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b) SEPP circuit
since DEPP circuits use input and output transformers' characteristics are degraded and

circuit size and cost are increased'

Toremedythisproblem,anewpush-pullcircuitwithouttransformerswasdeveloped

Q,

Tr
ic,

lnput

lFig. 15-181

Dispensing with the output transformer, a transformer is used only in the lnput side and

opposite-phase inputs are applied to transistors Qt and Qz for push-pull operation'

Transistor output can be applied to load RI, through a capacitor without the need for an

output transformer'

such a circuit is referred to as,,SEpp (singre Ended push-puil)circuit", or"orl (output

Transf ormerless) circuit"'

This circuit, however, requires a special transformer having two separated secondary

windings, and therefore, it is n.ot now used in practical applications.

(1 )ComPlementarY SEPP circuit

o Outline ol complementary SEPP circuit

Q1 (NPN)

lnput

or
(PNP)

lFig. 15'191 Complementary SEPP circuit

Use of pNp and NpN transistors having the same characteristic can allow push-pull

operation without the need for input and output transformers'

A push-pull circuit combining PNP and NPN transistors having the same characteristic is

referred to as "complementary sEPP circuit". This name is given because two transistors

(PNP and NPN) have the same characteristics but the polarities, complementary'

ln this way, the two complementary transistors allow push-pull operation without the need

for signal phase inversion by an input transformer'

TransistoroUtpUtcanbedirectlyconnectedtoloadRr.withouttheneedforatransformer.

88

....i
.

l

RI-



o Operating principle of complementary SEPP circuit
Q, in a complementary SEPP circuit is aPNP type. Qr and Q: bases are connected together
and therefore receive the same input signal simultaneously.
Since, however, Q, is an NPN type, it operates when the base potential is positive with
respect to the emitter. Q, is a PNP type and operates when the base potential is

negative. That is, even if the same signal is applied to Q, and Q, simultaneously, only
one of them operates at any one time. Therefore, as shown in [Fig. 15-201, when sine
wave input Vi is applied, both base potentials become positive during the positive half
cycle of Vi and only Qr (NPN) operates to allow collector current ic, to flow through
load RL. At that time, Q, (PNP)does not operate because of its reverse input.

Qr

ic,

+
0

Q:

[Fig. 15-20]

During the negative cycle of input V,, both bases are negatively biased. Therefore, only ez
(PNP)operates to allow collector current ic, to f low through RL as shown in [Fig. 15-21].
Collector currents icr and ic: flow in the opposite directions to provide an amplified sine
wave output.
ln other words, since Q, (NPN) and Q, (PNP) have opposite polarities, they alternately
operate to complement each other and perform amplification.

u
ic, I

+ lrr

f-v tu
0

Qr

[Fig. 1s-21]
lF.g.1s-221

o Features of SEPP circuits
SEEP circuits have the following advantages compared with Class B push-pull amplifier
circuit using input and output transformers, because their input and output transformers
are larger, reduce low frequency gain and generate DC dissipation.
1) Small circuit
2) Economical

3) Better frequency characteristics
4) lmproved power efficiency

ic,

Q:
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c) Desirabte transistor lor the class B amplifier

Carrier charge

lnput signal

Movement of the carrier change is

delayed by the instantaneous ON-OFF

[Fig. 15-231 Movement of charge within the transistor

The higher the frequency of the signal, the harder it is for the transistor to keep up with the

instantaneous ON-OFF switching. As a result, the movement of the carrier charge on the output

side is delayed (distorted).

Although recently this has been improved by using transistors that can respond at high speeds

to high frequencies, the delay cannot be completely eliminated in class B amplifiers.

ooooo
ooooo
ooooo
ooooo

ooo
ooo
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I

I

Class A output stage

power source)T

I

_l
Amp 2

15.3. Class A +

T
I

I

I

Amp 1 (for speaker)

-:Jt (Signal passage)

Low voltage
floating power
sou rce

Output

High voltage fixed power

Class B output stage _l

Amp 1 output Low voltage power source (+)
Am 2 output

High voltage power source ( )

IFig. 15-24]

o Class A* amplification

It is the minimum requirement for class A operation to allow idling current of at least

1/2 of the peak current at the maximum output and to use only thelinear range of the

output amplifying element. Therefore, to readuce the heat generation while satisfying

these requirements, the supply voltage must be lowerbd'

However, simply lowering the supply voltage is not sufficient since the output tran-

sistor is saturated on to allow power generation. To prevent this saturation, the collec-

toremitter voltage of the transistor is kept constant by making the power source

floating at the central point and by driving the central point with the second amp.

This is the class A+system. This system, based on class A operation, has excellent

features which cannot be achibved with conventional class A amps, with respect to

eff iciency and performance.
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15-4. New Class A

The "new class A" having the low distortion of class A along with the efficiency of class B.

Technics "new class A"/synchro-bias circuit is set up so that the same f ixed bias current is always

flowing in both transistors during reproduction of both the positive and negative half cycles of the

signal. Therefore, the output transistors never turn off, no matter what conditions of signal

reproduction are present. Furthermore, the distortion-free quality of class A amps is achieved

since there is no switching distortion and there is no nonlinearity in the load seen bythe predriver

voltage amp stage. Yet this "new class A" operation is accompanied by power conversion effi-

ciency on a par with class B amplifiers.

*Bi SEPP class A driver Darlington
output stage

tB,
Current

Zero signal

+

\lcol
oo o

INPUT
fu_

Rrr:Rr, OUT PUT

Rr::-Rl Rr

_)
I 0

rco"

Zero signal
Current

-Br
synfn,*f"d'._"-j

[Fig. 15-25] "new class A" circuit

[Fig. 15-25] shows the entire circuit used in the new class A amplifier;the block enclosed byttrc

dotted line is the synchro-bias circuit which is the key to the success of this revolutionary coo'

f iguration.

The FET differential (Qr) cascode first stage and voltage amp Q2 with constant current load Cb"

along with SEPP-connected transistor Qq and Qs use bias 1 for class A operation as an emitE
follower output stage driver circuit.

Bias 2 is for the positive half cycle output stage, and bias 3 is for the negative half cycle output stagR

so that forward bias is always applied to the driver and output transistors so they are never turnd
off . Bias 2 and 3 are set at exactly the same voltage Vrz so that a fixed current will be supplied byll:
stabilized current supply circuitry.

B:
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During zero signal conditions the quiescent current, lco, which f low in the Qs and Q, output tran-

sistors is the sum of lco, determined by bias 1, and lco, determined by bias 2 and 3.

Therefore. , -, ,,' ICO - lCOl T lCO2

Where,
I cot

Vr r - (Vee+ +Vees +VaEo *Veez +Vers *Veeg +Ve 1 +Vp2 )

2Re

2V rz - (VeEo *Vaez +VaEa +Veeg +Vos +Vo+ )

formula 2

t_lco2 - 2Re

When a signal is being reproduced, if, for example, the signal is swinging through the positive half-

cycle, the current l. will flow in the positive side of the output stage, and the voltage generated

across the emitter resistance will be REr X lo.

Therefore, the negative output side's collector current determined by bias 1 will decrease but

because bias 3 operates as a f ixed voltage source, the quiescent current lgq2 dcloss the base emitter

junctions of Q, and Qq will be maintained by forward bias so that the transistors will not be turned off .

The same thing happens during reproduction of the negative half cycles since bias 2 provides

forward bias for positive output transistors Qo and Qs so that quiescent current lcoz is maintained.

Because none of the transistors switch on and off there is no switching distortion generated during

signal reproduction.
ln addition, the load seen by Q+ and Qr varies very little during positive and negative signal swings,

even at the zero cross-point. At the same time, Q+ and Qs oPerate in a class A emitter follower so that

the voltage amp (QJ operates into a load having no nonlinearity. The result is that the circuit as

a whole offers performance that is equivalent to class A amps yet completely eliminates the

problems of class B amps.

ln the synchro-bias circuit, the diodes Dr and D2 through which the signal passes, and the other

diodes D, and Do through which the current for nonswitching output transistor operation during

signal reproduction passes, are all high speed diodes which precisely follow the signal, even at high

f requencies.

Bias 2 and Bias 3 operate in such a way that the positive and negative signal swings and zero cross-

points are perfectly synchronized, and it is from this synchronization that we have given the circuit

its name "synchro-bias".

Employing SLPT's (super linear power transistors), high speed diodes, and other advanced

semiconductor technology, along with our concentrated power block configuration to prevent

electromagnetic induction distortion, this "new class A" power amplif ier as an entire component

performs with the same outstanding quality that until now has been possible only with class A amps.
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(+) side transistor

Current keePs flowing

(-) side transistor

No switching and No delaY

lnput lFig. 15-261

(Photo a-l)

Output transistor current wave{orm

(Photo a-2)

Output signal waveform and distortion

l
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Amplification degree
refore NFB (a)

-.....q!S:::

NFB amount (c), amount
of corrected distortion

1 6. ADDITIONAL CIRCUITS

16-1. Feedback Circuit
With feedback, part of the output signal of the amplif ier is fed back to the input terminal and added

with the original signal to improve the electrical characteristics of the amplifier'

(1) NFB (Negative feed back)

NFBisacontroltechniquenecessarytoreducethedistortionofanamplifier.Whenatransistor
amplifiesasignal,theinputwaveformandoutputwaveformdonotalwayscoincide'Thisisthe
cause of distortion. With negative feedback, a part of the amplified signal is fed back to the

input side and the output waveform is compared with the input waveform' lf distortion is

generated, there is a change in the shape of the input waveform and output waveform' and an

attemptismadetocorrectitsothat:inputwaveform=outputwaveform.

lFig. 16-1I

Aye (amplification degree after applying NFB)

Ao

lFig. 16-21

An : amplification degree
Ao : distortion
D,, : output imPedance

B : NFB circuit

Ao =- n*o =*-
1+Ao.p 1 _a

Ao'P

ZNr (output impedance after applying NFB)

zo

=--Zo-=1+Ao'B

D1,1e (distortion after applying NFB)

Do

D^

1+Ao.0

Ao

1 +B
Ao

Ao=- z*r=*=o

Ao

f.o
lAo=* Drur=f=O

Although Ao:-is assumed in the above equations, this assumption is necessary for an ideal

NFB amp. lf Ao is infinitely large, an ideal NFB amp will be realized with distortion:0, output

impedance : 0 (damPing factor).

ln reality Ao:- is not obtainable. (Ao is usually 104 - 10s)

However even if Ao is a finite value, the distortion becomes

DsrrNF-1+A"R

and is greatly improved. The larger Ao is' the closer Dvp approaches 0'
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U ntit now, output wavef orm@was obtained by amplifying a distortion-f ree wavef orn@with Ao.

Now, a part of@is taken (wavetorm@),is passed through feedback circuit@ and has its polarity

reversed (waveform@).

Combining it with input waveform@results in waveform@

lf this signal is amplif ied with Ao, which distorts it like waveform@ a signal similar to waveforn^@

is output. The amplif ier gain decreases by the amount of NFB since part of the output is sent

back to the input.

Since the frequency characteristic extends by the amount of the decrease, the f requency range

is greatly improved compared to the open characteristics.

@ is tne
combination of

@ ano@ \

lnput Output

IFig. 16-3]

Open characteristic

Level (gain) drop Characteristic after NFB

Open
Extended f
characteristic

Af ter f eed bac k -------*1

[Fig. 16.41 Comparison of the open characteristic and the characteristic alter NFB.

(2) PFB (positive feedback)

When a signal is fed back in-phase with the input signal, the gain increases.

A part of this increased output is sent to the input in the same proportion and is then added totf:
input signal. As a result, the signal increases even more.

ln the electrical circuit, this feedback is repeated instantly manytimes and the outputof thearqp
is increased to infinity.

Amount of feedback
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(3) LEB (Linear Feedback)

a) Principle of LFB Amptification

lJ}ji:"nvenient 
to consider the ideat NFB amp as represented berow, where Ar and A:

input
Do

output

NFB circuit

A,:1st stage gain
A::2nd stage gain
Do:distortion without NFB
Zo=output impedance without NFB

IFis. 16-5]

lf it is possible to make 41 infinite, 41.A2 will also be inf inite. when NFB is appried to such an amp,idear characteristics can obtained, and distortion wi, drop to zero.

o ANr (GAIN WITH NFB)

= Al'Az
,1Ar-Az.g

1

1

Ar Az
+p 1

--+6
p

O ZruT (OUTPUT IMPEDANCE WITH NFB)
Zs -ZsZn =v-n1+-.p -;=u, '+ Ar .Az.A

o Drur (DISTORTtON WtTH NFB)
Do Do

= Do-
, 1 Ar .A2.0 1+*.P 0

Let us examine positive feedback (PFB) as a possible means of obtaining infinite A,

i-------- --"1

input +
Dr Dl

output

NFB

D .A, amp drstortlon without pFB

D.:A, amp distortion without pFB

IFis. 16.6]

The'1st stage (dotted rine wiil have a gain determined as

1 - ,A1.e

PFB
a

p

Ar pr
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