


Chapter Objectives 

> Discuss the basic concept of voltage filter

> Discuss the principles of Discrete voltage 
regulators

> Discuss the principles of IC voltage regulators

> Discuss the practical applications power supply



Filters
·We have now used diodes to produced a pulsed dc 

signal.

·-ÏÓÔ ÅÑÕÉÐÍÅÎÔ ÒÅÑÕÉÒÅÓ ȰÒÅÇÕÌÁÔÅÄȱ ÄÃ

·7Å ÍÕÓÔ ÒÅÍÏÖÅ ÔÈÅ ȰÒÉÐÐÌÅȱ

·Ripple is departure of waveform from pure dc (flat, 
constant voltage level)
· Frequency ɀso far we have seen pulsed dc at the same frequency 

as the input (½ wave) or twice the line frequency (full wave 
rectifier)

· Amplitude ɀa measure of the effectiveness of the filter



Comparison of ripple
voltages 

for half- wave and full- wave for the same 
filter capacitor



The voltage when the filter 
capacitor discharge through Rl



Power Supply Diagram



Power Supply BlockDiagram



General Filter Consideration

·WHY NEED FILTER??

·WHAT IS THE FUNCTION OF A FILTER??

·TYPES OF FILTER?? 



Filter Circuits

ÅWHY NEED FILTER??

The output from the rectifier section is a pulsating DC. The 

filter circuit reduces the peak-to-peak pulses to a small ripple 

voltage.



Ripple Factor

The amount of ripple voltage is denoted as ripple factor (r).

Figure 1.1



·Ripple is the ac variation voltage. 

·The level of ripple is largely affected by the 
effectiveness of filtering action by a capacitor.
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Half-wave Rectifier Ripple Factor

DC output: 

AC Ripple output:  

Ripple Factor: 

Note:Vm is the peak rectifier output voltage.
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DC output: 

AC Ripple output:

Ripple Factor: 

The full-wave rectifier has a significantly lower ripple factor.
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Full-wave Rectifier Ripple Factor



Question:

·What is the ripple factor of a sinusoidal signal having 
peak ripple of 2 V on an average of 50 V?

·Solution:

Vp = 2

Vdc = 50
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Alternate Definition

·Defined also for current

·Iac = effective value of ac harmonic component

·Idc = average of dc component
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For ½-wave rectifier r = 1.21

For full-wave rectifier r = 0.48



Diode Applications
·Half wave rectifier and equivalent circuit with piece-

wise linear model

Ideal  Vc Rf

vi
vi

v i   = VM sin (wt)



Half Wave Rectifier
·We initially consider the diode to be ideal, such that VC 

=0 and Rf =0



Half Wave Rectifier
Ɇ 4ÈÅ ɉÉÄÅÁÌɊ ÄÉÏÄÅ ÃÏÎÄÕÃÔÓ ÆÏÒ vi >0and since Rf =0   

v0ºvi

Ɇ &ÏÒ vi < 0the (ideal) diode is an open circuit (it 
ÄÏÅÓÎȭÔ ÃÏÎÄÕÃÔɊ ÁÎÄ

v0º0. 



Half Wave Rectifier

·In this simplified (ideal diode) case the input and 
output waveforms are as shown

The diode must withstand a peak inverse voltage 

of VM



Half Wave Rectifier
·The average d.c. value of this half-wave-rectified 

sine wave is 
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Half Wave Rectifier
·So far this rectifier is not very useful.

·Even though the output does not change polarity it has 
a lot of ripple, i.e. variations in output voltage about a 
steady value.

·To generate an output voltage that more closely 
resembles a true d.c. voltage we can use a reservoir or 
smoothing capacitor in parallel with the output (load) 
resistance. 



Smoothed Half Wave Rectifier

Circuit with reservoir 

capacitor

Output voltage

The capacitor charges over the period t1 to t2 when the diode 

is on and discharges from t2 to t3 when the diode is off. 



Smoothed Half Wave Rectifier

·When the supply voltage exceeds the output voltage 
the (ideal) diode conducts. During the charging period 
(t 1 < t< t2)

vo = VM sin (wt)

(The resistance in the charging circuit is strictly Rf which 
we have assumed to be zero. Even for a practical diode 
RfCwill be very small)



Smoothed Half Wave Rectifier

·When the supply voltage falls below the output 
voltage the diode switches off and the capacitor 
discharges through the load.
·During the discharge period (t2 < t< t3 ) and 

vo = VM exp {- tȭ/RC}                                     

×ÈÅÒÅ ÔȭК t- t2

·At time t3 the supply voltage once again exceeds the 
load voltage and the cycle repeats



Smoothed Half Wave Rectifier

·The resistance in the discharge phase is the load 
resistance R.

·RC can be made large compared to the wave period.

·The change in output voltage (or ripple) can then be 
estimated using a linear approximation to the 
exponential discharge.



Smoothed Half Wave Rectifier
·vo = VM exp {- tȭ/RC} ºVM [ 1- (tȭ/RC)]

·The changein voltage DV is therefore approximately 
given by  VM tȭ/RC

·For a the half wave rectifier this discharge occurs for a 
time ( t3 - t2 ) close to the period T = 1/f, with f= 
frequency.

·Giving the required result: 
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Ripple Factor

out) V(average

out) voltage ripple(V
r rms=

Low r indicates better filtering



Half Wave Rectifier

·)Æ ×Å ÄÏÎȭÔ ÃÏÎÓÉÄÅÒ ÔÈÅ ÄÉÏÄÅ ÔÏ ÂÅ ÉÄÅÁÌ  ÔÈÅÎ ÆÒÏÍ 
the equivalent circuit we obtain, for v i >Vc: 

viɀVcɀi Rf - iR =0

i.e.
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Non-Ideal Half Wave Rectifier

VM



Full-Wave (Bridge) Rectifier

·During negative half cycles vi is negative.

·Current is conducted through diodes D3, 
resistor R and diode D4

·Meanwhile diodes D1 and D2 are reverse biased.

vi



Full-Wave (Bridge) Rectifier

·Current always flows the same way through the 
load R.

·Show for yourself that t he average d.c. value of 
this full -wave-rectified sine wave is VAV = 2VM/p
(i.e. twice the half-wave value)



ZenerRegulation Circuit

Since the load is in parallel with the diode, the voltage drop across 

RL is always the same as across VR1 and is VZ = constant Zener 

voltage

The input voltage V must be greater than VZ.

Zener MUST be operated under load.  If not, the zener is still 

delivering power (more than usual) and may melt.  Recall that the 

zener can draw large currents all at the same voltage.


