
Chapter 3
Diode Circuits



Rectifier



Rectifier Circuits

 A DC power supply is required to bias all electronic circuits.

 A diode rectifier forms the first stage of a DC power supply.

Diagram of an Electronic Power Supply

 Rectification is the process of converting an alternating (ac) voltage 
into one that is limited to one polarity.

 Rectification is classified as half-wave or full-wave rectifier.



Rectifier Parameters

Relationship between the number of turns of a 
step-down transformer and the input/output 
voltages  - transformer ratio

The peak inverse voltage (PIV) of the diode is the peak value of the voltage 
that a diode can withstand when it is reversed biased 

Duty Cycle: The fraction of the wave cycle over which the diode is
conducting.
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Half Wave Rectifier



Equation of VO and current when diode is conducting

• v
s
< V, diode off, open circuit, no 

current flow, Vo = 0V

• v
s
≥ V, diode conducts, current flows, 

vo = v
s
– VD

𝑣𝑂 = 𝑖𝐷𝑅 = 𝑣𝑆 − 𝑉𝐷

𝑖𝐷 =
𝑣𝑆 − 𝑉𝐷

𝑅

+  VD -

V

5V

1

VD + VO – VS = 0



• v
s 

< V, diode off, open circuit, no current flow, v
o

= 0V

• v
s 

> V, diode conducts, current flows and v
o

= v
s
– VD

Consider a sine wave where v
s

= vm sin t and vm is the peak value

Notice that the 
peak voltage of Vo 
is lower

vs > V

V

vm



Consider the rectifier circuit in the figure below. Let R = 1 k, and the diode 
has the properties of V = 0.6 V and rf = 20 .  

Assume vs= 10 sin t (V)

i. Determine the peak value of the diode current

ii. Sketch vO versus time, t. Label the peak value of vO.

vs

Example 



SOLUTION 

0.6 + IDrf + IDR – 10 = 0
ID = (10 – 0.6) / 1020 = 9.22 mA



• Peak Inverse Voltage – Half Wave

• Duty cycle – Half Wave



• Peak Inverse Voltage is also known as Maximum 
Reverse Biased Voltage

• The objective is to know whether the diode can withstand 
a certain voltage when it is reversed and to avoid damaging 
the diode – each diode has PIV rating. 



v
R

No current flow, 
hence, Vo = 0 V

Using KVL
-vR + 0 + vs peak = 0

vR = vs peak

We know that the diode is 
reversed biased during 

negative cycle

Diode is off, open circuit

Hence, for the example just now, the PIV for the diode is 10 V

-vR+vo+vs = 0



• Duty cycle is the fraction of the wave cycle over which the diode 
is conducting with respect to the full wave of the cycle

0.6 = 10 sin (1 )
1 = sin -1 (0.6/10) = 3.44

At second quadrant for sine wave: 176.56

Hence for this example:

Duty cycle =
θ2 − θ1
2π

𝑋 100% = 48%

10 sin ( )

2 =180 - 1



A half-wave rectifier circuit is connected to a 2 kΩ load as shown in the figure. Assume 
that the input of the transformer is connected to a 120 V(rms), 60 Hz power supply, the 
turns ratio of the step-down transformer is 10:1, the diode cut-in voltage Vγ = 0.7 V 
i. Calculate the peak output voltage, vo

ii. Determine the peak diode current, iD

iii. Determine the fraction of conduction angle of a cycle when diode is conducting.

iD

vo = 16.27 V
iD = 16.27 / 2 = 8.135 mA
Duty cycle = 48.69%



Full Wave Rectifier

• Center-Tapped

• Bridge



𝑣𝑃

𝑣𝑆
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𝑁1

𝑁2



 Positive cycle, D2 off, D1 conducts;

vo– vs + VD = 0

vo = vs - VD

Full-Wave Rectification – circuit 
with center-tapped transformer

 Since a rectified output voltage occurs during 
both positive and negative cycles of the input 
signal, this circuit is called a full-wave rectifier.

 Also notice that the polarity of the output 
voltage for both cycles is the same

 Negative cycle, D1 off, D2 conducts;

vo– vs + VD = 0

vo = vs - VD

+  VD -

+  VD -



vs = vm sin t

V

-V

Notice again that the peak voltage of Vo is lower 

since vo = vs - VD

vm

• vs < V, diode off, open circuit, no current flow, vo = 0V

1
2

3 4

3 =180 + 1

4 = 360 - 1



PIV FOR CENTER-TAPPED RECTIFIER



- vR +

Using KVL
-vR + vo + vs peak = 0

-vR + (vspeak - VD) + vs peak = 0

vR = 2vspeak - VD

For center tapped, at each cycle, there 
will one diode off and one diode on and 
vo will have a value

Diode is off, open circuit

off

on

Because diode D2

is on, there is 
current in R, and 

vo = vs - VD



• A full-wave center-tapped rectifier circuit is shown in the figure below. 
Assume that for each diode, the cut-in voltage, V = 0.6 V and the diode 
forward resistance, rf is 15. The load resistor, R = 95 . Determine:

i. peak output voltage, vo across the load, R

ii. Sketch the output voltage, vo and label its peak value. 

25: 1

125 V (peak 
voltage)

( sine wave )



• SOLUTION

i. peak output voltage, Vo

vs (peak) = 125 / 25 = 5V

VD+ ID (95) - vs (peak) = 0

V +ID(15) + ID (95) - vs (peak) = 0
ID = (5 – 0.6) / 110 = 0.04 A

vo (peak) = 95 x 0.04 = 3.8V

ii. 

V

-V

3.8V



𝑣𝑃

𝑣𝑆
= 
𝑁1

𝑁2



 Positive cycle, D1 and D2 conducts, D3 and D4 off;

VD + vo + VD – vs = 0
vo = vs - 2VD

Full-Wave Rectification –Bridge Rectifier

 Negative cycle, D3 and D4 conducts, D1 and D2 off

VD + vo + VD – vs = 0
vo = vs - 2VD

Also notice that the polarity of the output voltage for both cycles is the same



PIV FOR BRIDGE RECTIFIER



Using KVL
-vR + vo - vR + vs peak = 0

-2vR + (vspeak - 2VD) + vs peak = 0

2vR = 2vspeak - 2VD

vR = vspeak - VD

For bridge rectifier, at each cycle, there 
will two diodes off and two diodes on 
and vo will have a value

Because diode D3 and D4

is on, there is current in 

R, and vo = vs - 2VD



Summary of PIV

Type of Rectifier PIV

Half Wave Peak value of the input secondary voltage, vs (peak)

Full Wave : 
Center-Tapped

2vs (peak)- VD

Full Wave: 
Bridge 

vs (peak) - VD



1
2

𝐷𝑢𝑡𝑦 𝑐𝑦𝑐𝑙𝑒 =
𝜃2 − 𝜃1
2𝜋

𝑋 100%

Multiply by 2

• DUTY CYCLE FOR FULL WAVE


