
4. Full-Wave Rectifier 

• Better than Half-wave rectifier – utilization of the entire cycle 

• Less ripple than half-wave rectifier 

• Topics 

• Bridge rectifier (focus) & center-tapped rectifier 

• Uncontrolled full-wave rectifier 

• Controlled full-wave rectifier 

• Single-phase only 

• Load types: R, R-L, and R-L-E 

ckims
Rectangle



Figure 4.1 

SINGLE-PHASE FULL-WAVE RECTIFIERS 

BRIDGE RECTIFIER  

 

• D1 & D2 conduct together 

• D3 & D4 conduct together 

• Load voltage vo = vs or –vs 

 

 

 

 

 

 

 

• Source current  is = iD1-iD4 

• is = io or –io 

• isRMS = ioRMS 

• Output voltage: fundamental freq  

      = 2* (freq of the source ) 

• Fourier series: even terms 
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Figure 4.2 

CENTER-TAPPED TRANSFORMER RECTIFIER 

 

• Only one diode conducts at a time 

• 1 diode voltage drop  

• Load current is always positive 

• vS1=vS2= vS*{(N2/N1)/2 } 

• Vo = vS1 or – vS2 

 

 

 

 

 

 

 

• Transformer provides electrical isolation 

• Output voltage: fundamental freq  

      = 2* (freq of the source ) 
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• Bridge Rectifier with R load 

 

 

 

 

 

• Load voltage 

 

• Average (dc) voltage: 

 

• Average current: 

 

• RMS current: 

 

 



• Bridge Rectifier with R-L load 

 

 

 

 

 

• Load voltage Fourier series 

 

 

 

• Average current: 

 

• Harmonic currents: 

 

 

 



• Example 4-1 



• Example 1 simulation  



• Large L  (L = 1 H) 



• Capacitor Filter for Full-Wave 

Rectifier 

• Similar to Capacitor filter in 

half-wave rectifier 

• In full-wave, capacitor 

discharge is smaller. 

• Ripple is one-half of half-

wave rectifier 

• Peak voltage is slightly 

lower: 2 diode drops (instead 

of 1) 

• Output Voltage: 

 

 

 



• Capacitor Filter for Full-Wave Rectifier 

• The angle θ  is where the ON 

diodes become reverse biased (ref. 

p.89) 

 

 

• Max voltage = Vm 

• Min voltage is determined when 

the other pair of diode turns ON at 

wt = π + α 

 

 

 

• ‘Solve” in Smath for α 

 



• Capacitor Filter for Full-Wave Rectifier 

• Ripple voltage = Vmax-Vmin 

 

 

 

• If  the time constant R*C is large, 

 

 

 

• Then Vmin: 

 

 

• Ripple voltage (approximation) 

 

 

 

 

 

 

 

 

 

 



• Example 4-4 



Figure 4.10 

Controlled Full-Wave Rectifiers 
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• Output voltage adjustment 

• Diode  SCR (Thyristor) 

• Delay angle α by gate pulse 

• Bridge rectifier 

• Center-tapped rectifier 

• R Load case 

• Average voltage 

 

 

• Average output current 

 

 

• RMS current 



• Example 4-6 (R Load case) 



• R-L load case of controlled full-wave rectifier 

• 1) DCM analysis 

• Similar to controlled ½ wave 

rectifier 

• Load current: 

 

 

 

 

 

 

 

• Same as in ½ wave controlled 

rectifier (except that the 

period is π instead of 2*π ) 



• Example 4-7 



 



• R-L load case of controlled full-wave rectifier 

• 2) CCM analysis 

• Load current still positive at 

wt = π + α 

 

• Applying to the current eqn 

 

 

• Therefore, CCM condition 

 

 

 

 

 

 

 

 



• R-L load case of controlled full-wave rectifier 

• 2) CCM analysis – continued 

• Analysis of output voltage and 

current  Fourier Analysis 

• Voltage waveform: 

 

 

 

• Average (dc) voltage: 

 

 

 

• Amplitudes of harmonic terms 

 

 

 

 



• R-L load case of controlled full-wave rectifier 

• 2) CCM analysis – continued 

• Analysis of output voltage and 

current  Fourier Analysis 

 

• Average current:  

 

• Amplitude of harmonic current: 

 

 

 

• RMS current: 

 

 



• Example 4-8 



 



• Example 4-9 (simulation of Example 4-8) (using vSW instead of SCR) 


