
Half-wave rectifier (EC diode 6.sqproj)
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Figure 1: Half-wave rectifier.

Question: In the half-wave rectifier circuit shown in Fig. 1, the source voltage has an

amplitude Vm = 15 V and frequency f = 50 Hz. Consider the diode to be ideal (i.e., Von = 0 V).

With R= 500 Ω, what is the minimum value of C if the output ripple is to be limited to

VR = 1 V? What is the peak diode current imax
D in that case?

Solution:

Fig. 2 shows Vi, Vo, VD, ID, and IC versus time. When the diode is off, the capacitor

discharges through the load resistor (see the interval T2 in the figure). The capacitor current

is nearly constant and is given by

C
dVo
dt
≈ C

VR
T

= IavgR =
Vm + (Vm − VR)

2
× 1

R
. (1)

Solving this equation, we get

C =
14.5 V

500 Ω
× 20× 10−3 sec

1 V
= 580µF. (2)

The peak diode current can be estimated by first computing ωTc in Fig. 2 as

(Vm − VR) = Vm cos(−ωTc)→ ωTc = cos−1
(

1− VR
Vm

)
= cos−1

(
1− T

RC

)
. (3)

The peak diode current is then given by

IpeakD = C
d

dt
(Vm cosωt)

∣∣∣∣∣
t=−Tc

+
Vm − VR

R

= −ωCVm sin(−ωTc) +
14 V

500 Ω

= ωCVm sinωTc + 0.028

=
[
(2π × 50 Hz)× (580× 10−6 F)× (15 V)× sin 21◦

]
+ 0.028

= 0.98 + 0.028 ≈ 1 A.
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Figure 2: Voltage and current waveforms for a half-wave rectifier.

SequelApp Exercises: If R is 200 Ω, what is the minimum value of C required to limit the

ripple voltage VR to 1.5 V? What is imax
D in that case?

Verify your answer using SequelApp.
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