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Chapter 3 

 
HALF-WAVE RECTIFIERS 

(The basics of Analysis) 



  R LOAD 

  R-L LOAD 

  LTSPICE SIMULATION 

  R-L-E LOAD 

 THE FREEWHEELING DIODE 

  HALF-WAVE RECTIFIER WITH A CAPACITOR FILTER 

  CONTROLLED HALF-WAVE RECTIFIER 

  LTSPICE SOLUTIONS FOR CONTROLLED RECTIFIERS 

 

HALF-WAVE RECTIFIERS 
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Figure 3.1 

THE HALF-WAVE RECTIFIER – RESISTIVE LOAD 
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• Example 3-1 



Figure 3.2 

R-L LOAD 

Kirchhoff’s Voltage Law: 
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Positive Half-cycle: forward-biased 
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Apply the initial condition to get coefficient A  

In terms of angle (wt) 



• Diode remains forward-

biased longer than π  (up to β 

[extinction angle]) 

• Current does not stop 

abruptly in inductor(L) 

• The output voltage is 

negative from π to β 
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The current goes to zero at angle β 

Solution for β?    Transcendental equation  ‘solve” in Smath 
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Current in half-wave rectifier circuit: 

RMS current: 

Average current: 



Example 3-2 



LTSpice simulation of Example 3-2  





Example 3-4 



Example 3-4 



Example 3-4 (without parametric sweep) 



Example 3-4 (without parametric sweep) 



Example 3-4 (without parametric sweep) 



Figure 3.7 

THE FREEWHEELING DIODE 

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 

Half-wave rectifier (WITHOUT freewheeling diode) 



Figure 3.7 

THE FREEWHEELING DIODE 
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• Vs>0: D1 ON & D2 OFF 

• Vs<0:  D1 OFF & D2 ON 

D1 ON & D2 OFF 
D1 OFF & D2 ON 



Figure 3.8 
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Figure 3.9 
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Fourier Series of the output voltage 

ac current amplitude (by phasor analysis) 



• Example 3-7 



• Example 3-7 



• Example 3-7 in LTSpice 



• Example 3-7 in LTSpice 



• How can we reduce the Load Current harmonics? 

• Increasing Zn (which means increasing L since R is 

the load) would reduce Harmonic Currents 

• If L/R  ∞, then  

Then current ripple 

is twice the first 

harmonic term, I1 



• Example 3-8 
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• Example 3-8 



Half-wave rectifier with CAPACITOR FILTER • Capacitor in parallel for reducing the 

ripple in the output voltage 

• Filtering role of high frequency 

• Capacitor is charged to Vm at wt=π/2. 

• The capacitor discharges in to the load 

resistor 

• At some point, source voltage is less 

than the output voltage  diode 

reverse-biased  output current 

decays exponentially 

 

 

 

 

 

 



Figure 3.11 

Half-wave rectifier with CAPACITOR FILTER 
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• The exact moment of diode-OFF 

•   iC          =      iC 

• d/dt (vs) = d/dt (vo) 

•     ON          OFF      diode     

 



Figure 3.11 

Half-wave rectifier with CAPACITOR FILTER 
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• The next period 

• When source voltage is the same as the 

output voltage, Diode is forward-biased. 

• The moment of diode ON is wt=2π + α 

 

 

• Calculation of α:  Smath ‘solve’ 

 

 

• Current in the resistor 

• Current in the capacitor 



Half-wave rectifier with CAPACITOR FILTER 

• Source current = Diode current 

 

• Peak capacitor current occurs when the diode 

turns on at wt = 2π+α due to the abrupt change 

(charging) 

 

 

 

• Resistor current at wt = 2π+α 

 

 

 

• Peak diode current:  



Effectiveness of capacitor filter 

• Is determined by the smoothness of the 

output voltage  

• Is the time constant τ=RC is longer than 

the sine wave period, output would be 

nearly constant dc 

• Peak-to-peak ripple voltage  

– ΔV = Vmax-Vmin 

– Vmax = Vm 

– Vmin=v(2*π+α)=Vm*sin(α) 

 

 

– Assume,                     and  

 

– Vmin = 

 

– Ripple voltage:  

 

 



Effectiveness of capacitor filter 

• Peak-to-peak ripple voltage  

 

 

 

 

 

• How to reduce the ripple voltage? 

– Increasing the filter capacitance C 

• The effect?   
– Diode turn-on duration is decreased 

– Diode peak current is increased 

(why?  ID = IR, so keep the average 

value as IR, during the short period 

of conduction, the current iD must be 

high) 

– Increasing the source voltage frequency  



• Example 3-9 



 



 



• Example 3-9 LTSpice Simulation (C=100uF) 



• Example 3-9 LTSpice Simulation (new C=3333 uF) 



Figure 3.13 

CONTROLLED HALF-WAVE RECTIFIER 

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 

• Control of dc-level of the output 

• Use Thyristor (SCR) instead of Diode 

• SCR:  

• ON – Gate control 

• OFF – reverse-biased (current=0) 

• R-load case 

• Gate signal applied at wt = α  (delay 

angle) 

• Average Output Voltage: 

 

 

 

• RMS Output voltage: 



• Example 3-10 (R-load case) 



• Controlled Half-Wave (R-L load case) 

• SCR ON: current = forced response + natural response 

 

 

 

• At wt=α, current = 0 

 

 

• We get A: 

 

• Final current equation: 

 

 

 

 

 

 



• β (extinction angle), at which current is zero 

 
• β is obtained by a transcendental equation  

Solve in Smath 

• α: delay angle,  γ=β-α : conduction angle 

• Average (dc) Output voltage 

 

 

• Average current 

 

 

 

• RMS current 

 

• Power absorbed by the load:   

 



• Example 3-11 



 



• Example 3-11 in LTSpice 


