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Lecture (11)

Rectifier Circuits

A rectifier is an electrical device that converts alternating current (AC), which periodically
reverses direction, to direct current (DC), which flows in only one direction. The process is
known as rectification. Rectifiers have many uses, but are often found serving as
components of DC power supplies and high-voltage direct current power transmission
systems
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http://en.wikipedia.org/wiki/Electric_power_conversion
http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Power_supplies
http://en.wikipedia.org/wiki/High-voltage_direct_current
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Half-wave rectification

Circuit Operation

* Durmg the positive alternation, the diode 1s forward biased
and the full applied voltage 1s dropped across the load

Simple Half-Wave Rectifier
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The no-load output DC voltage of an ideal half wave rectifier is:

Vpeal
L’;ms — =
2
© m

Where:

Ve, Vave - the dc or average output voltage,

Vpeak - the peak value of the phase input voltages = Vi,
Vims - the root-mean-square value of output voltage.
n=~3.14159

Full-wave rectification

A full-wave rectifier converts the whole of the input waveform to one of constant polarity
(positive or negative) at its output. Full-wave rectification converts both polarities of the
input waveform to DC (direct current), and yields a higher mean output voltage. Two
diodes and a center tapped transformer, or four diodes in a bridge configuration and any
AC source (including a transformer without center tap), are needed. Single semiconductor
diodes, double diodes with common cathode or common anode, and four-diode bridges, are
manufactured as single components.
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http://en.wikipedia.org/wiki/Center_tap
http://en.wikipedia.org/wiki/Transformer
http://en.wikipedia.org/wiki/Diode_bridge

Physical Electronics lec.11 Dr. Suha I. Al- Nassar

The average and root-mean-square no-load output voltages of an ideal single-phase full-
wave rectifier are:

Vie = Vi = 20
:
Voa = 222

V2
The Diode Voltage :

The d.c voltage is clearly given as:
Vd_c = Id_c RL :Im RL/n
d.c voltmeter reads the average value of the voltage across it:

Vic =127 [ I Resin o da + [ Vi, sin a da
Vic =-ImRU/ ®

The a.c current (a root-mean-square) ammeter is:

lems =(1/27 1% da)*?
lrms =(1/27 [ Iy sin? o o)™

I ms= I/ N2 & Vims= Vi/ /N2
ripple factor (1) = (lrms /lq.c)

Rectifier efficiency:-

N =Pg.o/Pac *100%
CLAMPING CIRCUIT

A clamping circuit (also known as a clamper) is a special type of circuit that is used to limit
or clamp the output voltage to a specified range. will bind the upper or lower extreme of a
waveform to a fixed DC voltage level. These circuits are also known as DC voltage
restorers. Clampers can be constructed in both positive and negative polarities. When
unbiased, clamping circuits will fix the voltage lower limit (or upper limit, in the case of
negative clampers) to 0 Volts. These circuits clamp a peak of a waveform to a specific DC
level compared with a capacitively coupled signal which swings about its average DC
level.



http://en.wikipedia.org/wiki/Arithmetic_mean
http://en.wikipedia.org/wiki/Root-mean-square
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i.e clampers are used to change the D.C. level of a signal to a desired value Being different
from clippers, clamping circuits uses a capacitor and a diode connection. When diode is in
its on state, the output voltage equals to diode drop voltage (ideally zero) plus the voltage
source, if any. Now let us examine the clamping process for the circuit in below Figure
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CLIPPING CIRCUIT

Clipping Circuits are used to eliminate amplitude noise or voltage spikes, voltage
regulation or to produce new waveforms from an existing signal such as squaring off the
peaks of a sinusoidal waveform to obtain a rectangular waveform. In other words Clipping
circuit is a wave-shaping circuit, and is used to either remove or clip a portion of the
applied wave in order to control the shape of the output waveform. One of the most basic
clipping circuit is the half-wave rectifier. A half-wave rectifier clips either the negative half
cycle or the positive half cycle of an alternating waveform, and allows to pass only one half
cycle. Such a circuit has great applications in radars, digital computers and other
electronic systems for removing unwanted portions of the input signal voltages above or
below a specified level. Another application is in radio-receivers for communication
circuits where noise pulses that rise well above the signal amplitude are clipped down to the

desired level.
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In this diode clipping circuit, the diode is forward biased (cathode more positive than
anode) during the positive half cycle of the sinusoidal input waveform. For the diode to
become forward biased, it must have the input voltage magnitude greater than +0.7 volts
(0.3 volts for a germanium diode).

When this happens the diodes begins to conduct and holds the voltage across itself constant
at 0.7V until the sinusoidal waveform falls below this value. Thus the output voltage which
is taken across the diode can never exceed 0.7 volts during the positive half cycle.

During the negative half cycle, the diode is reverse biased (anode more positive than
cathode) blocking current flow through itself and as a result has no effect on the negative
half of the sinusoidal voltage which passes to the load unaltered. Then the diode limits the
positive half of the input waveform and is known as a positive clipper circuit.

Negative Diode Clipping Circuits
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Here the reverse is true. The diode is forward biased during the negative half cycle of the
sinusoidal waveform and limits or clips it to -0.7 volts while allowing the positive half
cycle to pass unaltered when reverse biased. As the diode limits the negative half cycle of
the input voltage it is therefore called a negative clipper circuit.

Clipping of Both Half Cycles
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If we connected two diodes in inverse parallel as shown, then both the positive and
negative half cycles would be clipped as diode D clips the positive half cycle of the
sinusoidal input waveform while diode D, clips the negative half cycle. Then diode
clipping circuits can be used to clip the positive half cycle, the negative half cycle or both.

The advantage of biased diode clipping circuits is that it prevents the output signal from
exceeding preset voltage limits for both half cycles of the input waveform, which could be
an input from a noisy sensor or the positive and negative supply rails of a power supply.
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The Zener diode is acting like a biased diode clipping circuit with the bias voltage being
equal to the zener breakdown voltage. In this circuit during the positive half of the
waveform the zener diode is reverse biased so the waveform is clipped at the zener voltage,
Vzp1. During the negative half cycle the zener acts like a normal diode with its usual 0.7V
junction value. We can develop this idea further by using the zener diodes reverse-voltage
characteristics to clip both halves of a waveform using series connected back-to-back zener
diodes as shown.

Full-wave Zener Diode Clipping

R4
+Ve @
y A T e
0,
o @ Vi Vaur 0 D\_/
7D, l

The output waveform from full wave zener diode clipping circuits resembles that of the
previous voltage biased diode clipping circuit. The output waveform will be clipped at the
zener voltage plus the 0.7V forward volt drop of the other diode. So for example, the
positive half cycle will be clipped at the sum of zener diode, ZD; plus 0.7V from ZD, and
vice versa for the negative half cycle.
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