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Rectifier Circuit

Overview

The bridge rectifier, or a full-wave bridge rectifier, is made up of four separate p-n junction diodes, an
alternating supply, and a load resistor. Bridge rectifiers or diode bridge rectifiers have four diodes that
create a closed loop, referred to as a bridge. The fundamental benefit of the bridge rectifier circuit is
that it does not require a central tape transformer, which decreases its size.

The input of one side of the bridge is connected to the single winding. The load resistor is on the other
side of the bridge, as shown in the bridge rectifier diagram below:

b v v

d 7 ] 4 ag
I 1€ 4
|
1

— k -1 -

[ Pure DC 5V
|

L L) T

alage ] »aged CIane 3 slage 4
e Rectifier | : | | G
— = Transformer = Circuit | == Filterp = Regulatar | -

sTage 3
stagel '

Pulsating DC

| S

'

Basic Equations

The following different terminologies and units are used for the calculations around alternating
voltages:

e VPeak (Vp or Vmax): The maximum instantaneous value of a function as measured from the
zero-volt level. For the waveform shown above, the peak amplitude and peak value are the
same, since the average value of the function is zero volts.

e VPeak—-Peak (Vpp):The full voltage between positive and negative peaks of the waveform;
that is, the sum of the magnitude of the positive and negative peaks.

e Vrms : The root-mean-square or effective value of a waveform.
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* Vavg or VDC : The level of a waveform defined by the condition that the area enclosed by the
curve above this level is exactly equal to the area enclosed by the curve below this level.
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These values can be easily converted to each other. The way formulas for these conversions differ
upon the the waveform that applies (sinus, triangle, square). The relevant basic conversions are:

Sinus
*Vp =Vpp / 2
eVdc =Vavg = ( 2 * Vp)/m
eVrms = \p / V(2)

Vrms = Vpp / (2 * V(2))
e Vpp = V(2) * Vrms

Triangle

e Vdc = Vavg = Vp / 2
eVirms = \p / V(3)

Square

*Vp = Vpp / 2
e Vdc = Vavg = Vp
e Vrms = \Ip

Transformer

Rectifier
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After the rectifier the output voltage is a positive pulsed DC as shown in the picture below.

TR R
ov LA voc

)

wesultant Cutput Waveform

The output voltage of the rectifier is lower +/- 1.4V lower then the input voltage. This is due to the
forward-biased (conducting) voltage over two diodes. Due to voltage over the diodes the maximum
peak value is:

e Vp_out = Vp_in - 2 * 0,7V

The term Vin defines the voltage coming from the secondary windings of the transformer (or input
voltage). The average Vdc value can be calculated with the formula below:

e Vdc_out = Vavg out = 2 * Vp/m

Current

Using Ohm'’s law to derive the current, we should note that two types of resistance will limit the
current, the load resistance (RL), and the forward resistance of the diode (Rf). Note: We can find the
forward resistance using the diode’s |-V characteristic. The maximum current can be calculated with:

e Imax = Vmax / ( 2 * Rf + Rl )

Where R/ is the load resistance, Rfis the forward resistance of the diodes. Vmax is the maximum AC
voltage.

Filter / Capacitor

Calculation of ripple voltage

The value of the ripple voltage will depend on a number of factors:

e the value of the smoothing capacitor - the higher the value of the capacitor the smaller the
ripple voltage for a given load

e the size of the load - the smaller the load resistance the larger the load current and so the
larger the ripple voltage.
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Resultant Output Waveform
We can improve the average DC output of the rectifier while at the same time reducing the AC
variation of the rectified output by using smoothing capacitors to filter the output waveform.
Smoothing or reservoir capacitors connected in parallel with the load across the output of the full
wave bridge rectifier circuit increases the average DC output level even higher as the capacitor acts
like a storage device.

For a full wave rectifier the ripple voltage can be calculated with the following formulas:

eVir =\Vp / ( fr * Rload * C )
eVVr = Iload / ( fr * C )
Where:

e Vris the peak-to-peak ripple voltage

e lload is the load current

e fris the frequency of the ripple. Due to the rectifier this value is twice the frequency of the
transformer. 50 Hz for half-wave rectification and 100 Hz for full-wave rectification.

e Cis the capacitance of the smoothing capacitor

Calculation of ripple Factor

For a full wave rectifier with filter the ripple factor can be calculated with the following formula:
e Ripple factor =1 / ( 4V3fCR )

Calculate the ripple factor of the output waveform as the ratio of the ripple voltage or current (also
known as the RMS voltage) to the DC voltage.

e Ripple factor

v ( (Vrms / Vdc )% - 1
e Ripple factor 1

)
v ( ( Irms / Idc )2 - )
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DC output Voltage
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For a full wave rectifier with filter the output voltage can be calculated with the following formula:

eVdc = Vp - ( Idc / 4fC )

Substituting Idc with Vdc / R this becomes:

eVdc = Vp * 4fRC ) / ( 1 + 4fRC )
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