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In class B, the transistor is 

biased just off. The AC signal 

turns the transistor on.  

 

The transistor only conducts 

when it is turned on by one-

half of the AC cycle. 

 

In order to get a full AC cycle 

out of a class B amplifier, you 

need two transistors: 

• An npn transistor that provides the 

negative half of the AC cycle  

• A pnp transistor that provides the 

positive half. 

Class B AmplifierClass B Amplifier  
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Class B AmplifierClass B Amplifier  

  

Since one part of the circuit pushes the Since one part of the circuit pushes the 

signal high during one halfsignal high during one half--cycle and the cycle and the 

other part pulls the signal low during the other part pulls the signal low during the 

other half cycle, the circuit is referred to as other half cycle, the circuit is referred to as 

a pusha push--pull circuitpull circuit  
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Input DC power Input DC power   

TheThe  powerpower  suppliedsupplied  toto  thethe  loadload  byby  anan  amplifieramplifier  isis  

drawndrawn  fromfrom  thethe  powerpower  supplysupply  

TheThe  amountamount  ofof  thisthis  DCDC  powerpower  isis  calculatedcalculated  usingusing  

  

TheThe  DCDC  currentcurrent  drawndrawn  fromfrom  thethe  sourcesource  isis  thethe  

averageaverage  valuevalue  ofof  thethe  currentcurrent  delivereddelivered  toto  thethe  

loadload  

dcCCdci IVP )(
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Input DC powerInput DC power  

TheThe  currentcurrent  drawndrawn  fromfrom  aa  singlesingle  DCDC  supplysupply  hashas  thethe  

formform  ofof  aa  fullfull  wavewave  rectifiedrectified  signal,signal,  whilewhile  thatthat  drawndrawn  

fromfrom  twotwo  powerpower  suppliessupplies  hashas  thethe  formform  ofof  halfhalf--wavewave  

rectifiedrectified  signalsignal  fromfrom  eacheach  supplysupply  

OnOn  eithereither  casecase  thethe  averageaverage  valuevalue  forfor  thethe  currentcurrent  isis  

givengiven  byby  

  

TheThe  inputinput  powerpower  cancan  bebe  writtenwritten  asas    

pdc II 
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Output AC powerOutput AC power  

TheThe  powerpower  delivereddelivered  toto  thethe  loadload  cancan  bebe  calculatedcalculated  

usingusing  thethe  followingfollowing  equationequation  

  

TheThe  efficiencyefficiency  ofof  thethe  amplifieramplifier  isis  givengiven  byby  

  

NotNot  thatthat    

ThereforeTherefore  thethe  efficiencyefficiency  cancan  bebe  rere--expressedexpressed  asas    
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Output AC powerOutput AC power  

TheThe  maximummaximum  efficiencyefficiency  cancan  bebe  obtainedobtained  ifif    

  

TheThe  valuevalue  ofof  thisthis  maximummaximum  efficiencyefficiency  willwill  bebe  
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Power dissipated by the output Power dissipated by the output 

transistorstransistors  

TheThe  powerpower  dissipateddissipated  byby  thethe  outputoutput  transistorstransistors  asas  

heatheat  isis  givengiven  byby  

TheThe  powerpower  inin  eacheach  transistortransistor  isis  givengiven  byby  
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ExampleExample  

ExampleExample  11::  ForFor  classclass  BB  amplifieramplifier  providingproviding  aa  2020--VV  

peakpeak  signalsignal  toto  aa  1616--ΩΩ  speakerspeaker  andand  aa  powerpower  supplysupply  

ofof  VVCCCC==3030  VV,,  determinedetermine  thethe  inputinput  powerpower  ,,  outputoutput  

powerpower  andand  thethe  efficiencyefficiency  

SolutionSolution::  

TheThe  inputinput  powerpower  isis  givengiven  byby  

  

TheThe  peakpeak  collectorcollector  loadload  currentcurrent  cancan  bebe  foundfound  fromfrom  

    

pCCdci IVP


2
)( 
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ExampleExample  

SolutionSolution::  

TheThe  inputinput  powerpower  isis  

  

TheThe  outputoutput  powerpower  isis  givengiven  byby  

  

TheThe  efficiencyefficiency  isis    

WP dci 9.23)25.1(30
2

)( 
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Maximum power dissipated by the Maximum power dissipated by the 

output transistorsoutput transistors  

TheThe  maximummaximum  powerpower  dissipateddissipated  byby  thethe  twotwo  

transistorstransistors  occursoccurs  whenwhen  thethe  outputoutput  voltagevoltage  acrossacross  

thethe  loadload  isis  givengiven  byby  

  

TheThe  maximummaximum  powerpower  dissipationdissipation  isis  givengiven  byby  
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ExampleExample  

ExampleExample  22::  ForFor  classclass  BB  amplifieramplifier  usingusing  aa  supplysupply  ofof  

VVCCCC==3030  VV  andand  drivingdriving  aa  loadload  ofof  1616--ΩΩ,,  determinedetermine  

thethe  inputinput  powerpower  ,,  outputoutput  powerpower  andand  thethe  efficiencyefficiency  

SolutionSolution::  

TheThe  maximummaximum  outputoutput  powerpower  isis  givengiven  byby  

  

  

TheThe  maximummaximum  inputinput  powerpower  drawndrawn  fromfrom  thethe  supplysupply  

isis  
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ExampleExample  

SolutionSolution::  

TheThe  efficiencyefficiency  isis  givengiven  byby  

  

  

TheThe  maximummaximum  powerpower  dissipateddissipated  byby  eacheach  transistortransistor  

isis    
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Class B Amplifier circuits Class B Amplifier circuits   

  

AA  numbernumber  ofof  circuitcircuit  arrangementsarrangements  cancan  bebe  usedused  
toto  realizerealize  classclass  BB  amplifieramplifier  

WeWe  willwill  considerconsider  inin  thisthis  coursecourse  twotwo  
arrangementsarrangements  inin  particularparticular  

1.1. TheThe  firstfirst  arrangementarrangement  usesuses  aa  singlesingle  inputinput  signalsignal  fedfed  
toto  thethe  inputinput  ofof  twotwo  complementarycomplementary  transistorstransistors  
(complementary(complementary  symmetrysymmetry  circuits)circuits)  

2.2. TheThe  secondsecond  arrangementarrangement  usesuses  twotwo  outout  ofof  phasephase  
inputinput  signalssignals  ofof  equalequal  amplitudesamplitudes  feededfeeded  toto  thethe  inputinput  
ofof  twotwo  similarsimilar  NPNNPN  oror  PNPPNP  transistorstransistors  (quasi(quasi--
complementarycomplementary  pushpush--pullpull  amplifier)amplifier)  
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Complementary symmetry circuitsComplementary symmetry circuits  

first arrangement first arrangement   

  
This circuit uses This circuit uses 
both npn and pnp both npn and pnp 
transistor to transistor to 
construct class B construct class B 
amplifier as shown amplifier as shown 
to the leftto the left  

One disadvantage One disadvantage 
of this circuit is the of this circuit is the 
need for two need for two 
separate voltage separate voltage 
supplies supplies   
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Complementary symmetry circuits Complementary symmetry circuits   

  
anotheranother  disadvantagedisadvantage  ofof  thisthis  circuitcircuit  isis  thethe  
resultingresulting  crosscross  overover  distortiondistortion  

  

  

  

  

  

  

CrossCross  overover  distortiondistortion  cancan  bebe  eliminatedeliminated  thethe  byby  
biasingbiasing  thethe  transistorstransistors  inin  classclass  ABAB  operationoperation  
wherewhere  thethe  transistorstransistors  areare  biasedbiased  toto  bebe  onon  forfor  
slightlyslightly  moremore  thanthan  halfhalf  aa  cyclecycle  
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Class AB biasing to solve Class AB biasing to solve 

crossover distortioncrossover distortion  
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Complementary symmetry circuits Complementary symmetry circuits   

  
AA  moremore  practicalpractical  versionversion  
ofof  aa  pushpush--pullpull  circuitcircuit  
usingusing  complementarycomplementary  
transistorstransistors  isis  shownshown  toto  
thethe  rightright  

ThisThis  circuitcircuit  usesuses  toto  
complementarycomplementary  
DarlingtonDarlington  pairpair  
transistorstransistors  toto  achieveachieve  
largerlarger  currentcurrent  drivingdriving  
andand  lowerlower  outputoutput  
impedanceimpedance  
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Second arrangement Second arrangement   

  
AsAs  statedstated  previouslypreviously  thethe  secondsecond  arrangementarrangement  
whichwhich  usesuses  twotwo  equalequal  inputinput  signalssignals  ofof  oppositeopposite  
phasephase  hashas  toto  bebe  precededpreceded  byby  aa  phasephase  invertinginverting  
networknetwork  asas  shownshown  belowbelow  
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QuasiQuasi--complementary push pull complementary push pull 

amplifier second arrangement amplifier second arrangement   

  
InIn  practicalpractical  powerpower  amplifieramplifier  circuitscircuits  itit  isis  
preferablepreferable  toto  usesuses  npnnpn  forfor  bothboth  transistorstransistors  

SinceSince  thethe  pushpush  pullpull  connectionconnection  requiresrequires  
complementarycomplementary  devices,devices,  aa  pnppnp  highhigh  powerpower  
transistortransistor  mustmust  bebe  usedused..  

ThisThis  cancan  bebe  achievedachieved  byby  usingusing  thethe  circuitcircuit  shownshown  
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ExampleExample  

ExampleExample::  ForFor  thethe  circuitcircuit  shown,shown,  calculatecalculate  thethe  inputinput  
power,power,  outputoutput  powerpower  andand  thethe  powerpower  handledhandled  byby  
eacheach  transistortransistor  andand  thethe  efficiencyefficiency  ifif  thethe  inputinput  
signalsignal  isis  1212  VVrmsrms  

SolutionSolution::  

TheThe  peakpeak  inputinput  voltagevoltage  isis  

  

TheThe  outputoutput  powerpower  isis  
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ExampleExample  

SolutionSolution::  

TheThe  peakpeak  loadload  currentcurrent  isis  

  

TheThe  dcdc  currentcurrent  cancan  bebe  foundfound  fromfrom  thethe  peakpeak  asas  

  

  

TheThe  inputinput  powerpower  isis  givengiven  byby  

  

TheThe  powerpower  dissipateddissipated  byby  eacheach  transistortransistor  isis  givengiven  byby  
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Crossover DistortionCrossover Distortion  

If the transistors Q1 and Q2 do 

not turn on and off at exactly 

the same time, then there is a 

gap in the output voltage. 
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Class B Amplifier PushClass B Amplifier Push--Pull OperationPull Operation  

• During the positive 

half-cycle of the AC 

input, transistor Q1 

(npn) is conducting 

and Q2 (pnp) is off. 

 

• During the negative 

half-cycle of the AC 

input, transistor Q2 

(pnp) is conducting 

and Q1 (npn) is off. 

Each transistor produces one-half of an AC cycle. The transformer combines the 

two outputs to form a full AC cycle. 

This circuit is less commonly used in modern circuits 
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Amplifier DistortionAmplifier Distortion  

If the output of an amplifier is not a complete AC sine wave, 

then it is distorting the output. The amplifier is non-linear. 

 

This distortion can be analyzed using Fourier analysis. In 

Fourier analysis, any distorted periodic waveform can be 

broken down into frequency components.  These 

components are harmonics of the fundamental frequency. 
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HarmonicsHarmonics  

Harmonics are integer multiples of a fundamental frequency. 

 

If the fundamental frequency is 5kHz: 

 

1st harmonic  1 x 5kHz 

2nd harmonic 2 x 5kHz 

3rd harmonic 3 x 5kHz 

4th harmonic 4 x 5kHz 

etc. 

 

Note that the 1st and 3rd harmonics are called odd harmonics and the 

2nd and 4th are called even harmonics 
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Harmonic DistortionHarmonic Distortion  

According to Fourier 

analysis, if a signal is not 

purely sinusoidal, then it 

contains harmonics.  

2626  
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Harmonic Distortion CalculationsHarmonic Distortion Calculations  

The total harmonic distortion (THD) is determined by: 

100
A

A
%Ddistortion harmonic nth %

1

n
n 

100DDDTHD %
2
3

2
3

2
2  

Harmonic distortion (D) can be calculated: 

where  

A1 is the amplitude of the fundamental frequency  

An is the amplitude of the highest harmonic 
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Power Transistor Derating CurvePower Transistor Derating Curve  

Power transistors dissipate 

a lot of power in heat. This 

can be destructive to the 

amplifier as well as to 

surrounding components.  


