
DC power supply 
and rectifier



DC Power Supply

Transformer – Scale down AC voltage
Diode Rectifier – Rectify AC voltage (AC to DC)
Filter – Filter out high frequency component/smooth out input
Regulator – Regulates voltage to the load (simple circuit can be 
made from zener diode)



AC signal (e.g. sinusoidal wave)

Time (s)

Voltage (V)
3 

-3 

Peak voltage (Vp) =?

Peak-to-peak voltage (Vp-p)=?

Root mean square voltage (Vrms)=?

DC voltage/average voltage (Vdc)=?

If frequency=50 Hz, t1, t2=?

t1 t2

2
p

rms

V
V =



Transformer

Input
/Primary

output
/Secondary

coil magnetic

V1 V2

Ideal transformer

Winding n1 turn n2 turn

2

2

1

1

n
V

n
V

=
+

- -

+



Rectifier

1. Half wave rectifier

2. full wave rectifier



Half-wave Rectifier

The diode only conducts when it is in forward bias, hence only half of the AC cycle 
passes through the diode.
The diode is OFF during the negative cycle. 
Diode is reverse biased, and is therefore open circuit. No output during this cycle



Half-wave Rectifier

Half-wave rectifier operation. The diode is considered to be ideal.

•A half wave rectifier (ideal) allows 
conduction for only 180° or half of 
a complete cycle.
• The output frequency is the same 
as the input. 
•The average  voltage VDC or VAVG
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Half-wave Rectifier

•Peak inverse voltage = is the maximum voltage when it is in reverse bias.

•The diode must be capable of withstanding this amount of voltage.
PIV = Vp

PIV



Full-wave Rectifier

A full-wave rectifier allows current to flow during both the positive and 
negative half cycles or the full 360º.

Note that the output frequency is twice the input frequency
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Full-wave Rectifier

This method of rectification employs two diodes connected to a center-tapped 
transformer.
The peak output is only half of the transformer’s peak secondary voltage.

Center tap



Full-wave Rectifier Center tap

Note the current flow direction during 
both alternations. Being that it is center 
tapped, the peak output is about half 
of the secondary windings total 
voltage. 

Each diode is subjected to a PIV of the 
full secondary winding output minus 
one diode voltage drop.
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Full-wave Rectifier Bridge

The full-wave bridge rectifier 
takes  advantage of the full 
output of the  secondary 
winding.

It employs four diodes 
arranged such that current 
flows in the same direction 
through the load during each 
half of the cycle. 



Full-wave Rectifier Bridge

The PIV for a bridge rectifier is approximately half the PIV for a center-tapped rectifier.
Note that in most cases we take the diode drop into account.
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Half-wave Rectifier with Filter

A capacitor-input filter will charge and 
discharge such that it fills in the “gaps” 
between each peak.

This reduces variations of voltage. 

The remaining voltage variation is called 
ripple voltage.



Rectifier with Filter

The advantage of a full-wave rectifier over a half-wave is quite  clear.

The capacitor can more effectively reduce the ripple when the time between 
peaks is shorter.



Half-wave Rectifier with Filter
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Peak inverse voltage , PIV =Vp



Full-wave Rectifier with Filter
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PIV =2Vp (center tap); 
PIV = Vp (bridge)



Rectifier with Filter

Diode conducts current for only small portion of the period
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Power Supply with Filter and Regulator

Regulation is the last step in eliminating the remaining ripple and 
maintaining the output voltage to a specific value. Typically this 
regulation is performed by an integrated circuit regulator. There 
are many different types used based on the voltage and current 
requirements.



Power Supply with Filter and Regulator

A : B

+

_

D1

D3D2

D4 i

C
VZ

R

RL VRL

Vin
VSource VTmp

Transformer
Full Wave Rectifier

Analog Filter
Zener Regulator

Load

Zener Regulator



Power Supply with Filter and Regulator

How well the regulation is performed by a regulator is
measured by it’s regulation percentage. There are two
types of regulation, line and load. Line and load
regulation percentage is simply a ratio of change in
voltage (line) or current (load) stated as a percentage.

Line Regulation = (VOUT/VIN)100%
Load Regulation = (VNL – VFL)/VFL)100%
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