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Chapter 8 

 

INVERTERS 



INVERTERS 
 

Transfer power  from a dc source to an ac load. 

Focus: Production of ac output from dc input 

 

Ç  FULL -BRIDGE CONVERTER  

Ç  SQUARE-WAVE INVERTER  

Ç  FOURIER SERIES ANALYSIS  

Ç  LTSPICE SIMULATION OF SQUARE -WAVE INVERTERS  

Ç  AMPLITUDE AND HARMONIC CONTROL  

Ç  HALF -BRIDGE INVERTER  

Ç  PULSE-WIDTH -MODULATED OUTPUT 

Ç  PWM DEFINITIONS AND CONSIDERATIONS  

Ç  PWM HARMONICS  

Ç  CLASS D AUDIO AMPLIFIERS  

Ç  SIMULATION OF PULSE -WIDTH -MODULATED INVERTERS  
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The full-bridge converter 

ÅBasic inverter circuit 

ÅOutput voltage 

Å+ Vdc 

Å - Vdc 

Å0 

ÅSwitch combination 

Half-bridge 



       Switches Closed Output Voltage, vo 

   S1 and S2  +Vdc 

   S3 and S4     -Vdc 

S1 and S3    0 

S2 and S4  0 
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THE SQUARE-WAVE INVERTER:  R -L Load 
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Example 8-1  Inverter with RL load  



Dealing with Negative SW current Å Switch currents iS1, iS2, iS3, iS4: 

positive and negative  

Å iS1 and iS2 = io 

Å iS3 and iS4 = - io 

Å Problem: Real SW may flow current 

only one direction 

Å Solution: Antiparallel Diode 

 



Fourier Series Analysis of Load Voltage and Current 



Example 8-2 Fourier Series Solution for Square-wave inverter 



Example 8-3 THD  for Square-Wave Inverter 



Example 8-4 Simulation of Example 8-1 



Example 8-4 Simulation of Example 8-1 



Example 8-4 Simulation of Example 8-1 



Example 8-4 Simulation of Example 8-1 



AMPLITUDE AND HARMONIC CONTROL  
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Å Square waveformôs harmonic 

voltage magnitude 

 

 
Å Modification of switching  -- delay 

angle Ŭ 

Å Harmonic voltage 

 

 

 

 

 

Å Amplitude of the fundamental 

freq. is controlled by Ŭ 

 

 

Å Elimination of n-th harmonic:  

Cos(90)=0, cos(n*Ŭ)=0 Ą 

 

 



Å Example 8-5 Harmonic Control of Full -Bridge Inverter  



 



Å Simulation of Example 8-5 



Å Simulation of Example 8-5 



 



THE HALF -BRIDGE INVERTER  
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ÅOnly 2 Switches 

ÅDivides the source voltage in 

to 2 parts by the capacitors 

ÅSquare-Wave Output 

ÅS1 Closed 

ÅVo = - Vdc/2 

ÅS2 Closed 

ÅVo = Vdc/2 

ÅAntiparallel Diode 

ÅFor negative current path 

in RL load case 

 



ÅPulse-Width -Modulated Output 

ïPWMôs benefit 

ÅDecrease THD in the load current 

ÅReduced filtering requirement:  high order harmonics 

ÅControl of output voltage amplitude 

ïPWMôs disadvantage 

ÅComplex switching control 

ï2 PWM schemes 

ÅBipolar & Unipolar Switching 

ïSinusoidal PWM 

ÅReference/modulating signal: sinusoid 

ÅCarrier signal: triangular wave 

 

 



Å Bipolar PWM  

 

 

 

Å The output alternates plus and minus 

the dc supply voltage Ą ñBipolarò 

Å Switching Scheme 

 

 

 



Å Unipolar PWM  

Å2 legs: A and B 

Å2 positions: Up and Down 

ÅS1 (up)  & S4 (down): Leg A 

ïOnly one is ON at any time and 

the other is OFF  

 

 

ÅS3 (up)  & S2 (down):  Leg B 

ïOnly one is ON at any time and 

the other is OFF  

 

 

ÅVoltage change: 0 Ą Vdc or 

VdcĄ 0  (no negative voltage) 

ÅVo = Vab = Va - Vb 



ÅComparison of PWM 

schemes 

ÅBipolar PWM 

ïSwitching transition is     

2*VdcĄ requires higher 

insulation Ą EMI 

problem  

ïHigh Load current ripple 

ÅUnipolar PWM 

ïSwitching transition is 

1*Vdc 

ïHigh effective switching 

frequency (twice) 

ïLow current ripple 



ÅPWM Definitions 

ïFrequency modulation ratio 

 

 

 

ÅHigher mf, higher harmonics 

ÅHigher mf, higher S/W frequency, higher loss 

ïAmplitude modulation ratio 

 

 

 

ÅPWM Considerations 

ïSwitches capable of carrying current in positive and negative directionĄ 

antiparallel diode 

ïReference Voltage:  Sinusoidal reference voltage (very low power) must be 

provided within the control circuit or from outside. 

 

 

 

 

 

 

 



ÅPWM Harmonics ï Bipolar Switching 

 ÅFourier series of bipolar PWM output 

ÅWhen mf = odd, the PWM output 

is in half-wave odd symmetry 



ÅPWM Harmonics ï Bipolar Switching 

 ÅFourier series of bipolar PWM output 

ÅWhen mf = even, the PWM output is 

NOT in half-wave odd symmetry 



ÅPWM Harmonics ï Bipolar Switching 

 ÅFourier series of bipolar PWM output 

ÅWhen mf = odd, the PWM output is in half-wave odd 

symmetry 

ÅFourier Series: an=0, cn = bn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÅPWM output Fourier Series 



ÅPWM Harmonics ï Bipolar Switching 

 ÅFourier series of bipolar PWM output 

ÅEach pulse examination (k-th pulse) 

 

 

 

 

 

 

 

 

 

 

 

 

ÅSum for the p pulses over one period: 



Å Normalized Frequency Spectrum for bipolar PWM  



Å Example 8-8 Bipolar PWM Inverter  



Å Example 8-9 Bipolar PWM Inverter Design 



Å Example 8-9 Bipolar PWM Inverter Design 



Å Example 8-10  (Simulation of Example 8-8) 



 



 



ÅPWM harmonics ï Unipolar Switching 

Å Some harmonics are absent 

in Unipolar PWM 

Å Harmonics starts around 

2*mf (instead of mf as in 

Bipolar PWM) 

Å mf is an even integer 



Å Example 8-11 (PWM inverter simulation) 

Mf = 21 



 


