wer supply filtering



*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
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Filters

We have now used diodes to produced a pulsed dc
signal.
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- Ripple is departure of waveform from pure dc (flat,

constant voltage level)

. Frequencyz so far we have seen pulsed dc at the same frequency
as the input (*2 wave) or twice the line frequency (full wave
rectifier)

- Amplitude z a measure of the effectiveness of the filter
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voltages
for half- wave and fulwave for the sam:
filter capacitor

Ripple Same slope
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(a) Half-wave

(b) Full-wave



- “Fhe voltage when the filter
capacitor discharge through
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General Filter Consideration

- WHY NEED FILTER??
- WHAT IS THE FUNCTION OF A FILTER??
- TYPES OF FILTER 22




Filter Circuits

AYVHY 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
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Figurel.1l

The amount of ripple voltage is denotediaple factor (r).




, Ripple Factor f

Ripple is the ac variation voltage.

The level of ripple islargely affected by the
effectiveness offiltering action by a capacitor.

- rmsvalueof accomponenof asignal
averagevalueof asignal

ripplevoltage(rms) - Vr(rms)
dcvoltage Vdc

%r = 3100




s Half-wammpple Factor

DC output: Vdc =0.318Vm

AC Ripple output:

Vi(rms)=0.385Vm

Ripple Factor:
Vr(rms)

%r = 3100

Note:Vm is the peak rectifier output voltage.

~0.385Vm
0.318Vm

3100=121%



" —  Full-wave Rectifier Ripple Factor//

DCoutput:  Vdc=0.636VmM

AC Ripple output:

Vi(rms)=0.308Vm
Vr(rms)

Ripple Factor:

%or = 3100
The fullkwave rectifier has a significantly lower ripple factor.
~ 0.308Vm

3100=48%

0.636Vm



uestion:

What is the ripple factor of a sinusoidal signal having
peak ripple of 2V on an average ob0V?

Solution:
v
V,, =50
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* Alternate Definition

Defined also for current
- 1. = effective value of ac harmonic component
- l4. = average of dc component

23 2 2
Irms_\/ldc-l_lac SO

L = \/| 22 ForY>wave rectifier r = 1.21
ac rms dc

For full-wave rectifier r = 0.48




Diode Applications

Half wave rectifier and equivalent circuit with piece-
wise linear model
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Half Wave Rectifier

We Initially consider the diode to be ideal, such that \/
=0and R =0
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Half Wave Rectifier
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Z &k Othe (|deal) diode is an open circuit (it
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“Half Wave Rectifier

In this simplified (ideal diode) case the input and
output waveforms are as shown
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The diode must withstand a peak inverse voltage
of Vy



Half Wave Rectifier

The average d.c. value of this halivave-rectified
sine wave Is

Vav = . eﬁ/lvl singdqg + Ou
2P & ¥
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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 useraservoir or
smoothing capacitorin parallel with the output (load)
resistance.
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| Smoothed Half Wave Rectifier
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Circuit with reservoir Output voltage
capacitor

The capacitor charges over the perigodt, ,nen indiode
IS on and discharges frogtdt; when the diode Is off
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Smoothed Half Wave Rectifier

When the supply voltage exceeds the output voltage
the (ideal) diode conducts. During the charging period
(t<t<ty)
Vo =V Sin (Wt)
(The resistance in the charging circuit is strictly R; which

we have assumed to be zero. Even for a practical diode
R:.C will 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 (t,<t< t3) and
V, =V exp{- t9/RC}
x EAOA1,00 K

- At time t3the 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.
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- Smoothed Half Wave Rectifier

- V,=Vy exp{-t3/RC}° Vy [ I (t5/RC)]

- The changein voltage DV is therefore approximately
given by V\, t3/RC

- For a the half wave rectifier this discharge occurs for a
time (t5 - t,) close to the period T =1f, with f=
frequency.

- Glving the required result:




Ripple Factor

(ripple voltageout)
V(averageut)

s rms
& ==

Low r indicates better filtering



“Half Wave Rectifier
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the equivalent circuit we obtain, for v, >V._.
V;ZV.:ZI1R -IR=0

l.e.
- L
(R - R)
Vo =1 = = (Vi-VC)OVi-VC

(R +R)
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MNoereaI Half Wave Rectifier
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FullWave (Bridge) Rectifier

During negative half cycles yis negative.

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

Meanwhile diodes Dland D2 are reverse biased.
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FulfWave (Bridge) Rectifier

\/M

—~

%

Current always flows the same way through the
load R.

Show for yourselfthat t he average d.c. value of
this full -wave-rectified sine wave ISV, = 2Vy/p
(i.e. twice the half-wave value)
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| ZenerRegulation Circuit
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Since the load is in parallel with the diode, the voltage drop across
RL is always the same as acrossM\dRd is \Z = constant Zener
voltage

The input voltage V must be greater than V

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.



