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1.1 INTRODUCTION

A typical d.c. power supply consists of various stages. The Fig.11 shows the block
diagram of a typical d.c. power supply consisting of various circuits. The nature of
voltages at various points is also shown in the Fig. 4 1.
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Fig. 1.1 Block diagram of Regulated Power supply with waveforms

The a.c. voltage (230 V, 50 Hz) is connected to the primary of the transformer. The
transformer steps down the a.c. voltage, to the level required for the desired d.c. output.
Thus, with suitable turns ratio we get desired a.c. secondary voltage. The rectifier circuit
converts this a.c. voltage into a pulsating d.c. voltage. A pulsating d.c. voltage means a
unidirectional voltage containing large varying component called ripple in it. The filter
circuit is used after a rectifier circuit, which reduces the ripple content in the pulsating d.c.
and tries to make it smoother. Still then the filter output contains some ripple. This voltage
is called unregulated d.c. voltage. A circuit used after the filter is a regulator circuit which
not only makes the d.c. voltage smooth and almost ripple free but it also keeps the d.c.
output voltage constant though input d.c. voltage varies under certain conditions. It keeps
the output voltage constant under variable load conditions, as well. The output of a
regulator is called d.c. supply, to which the load can be connected. Nowadays, complete
regulator circuits are available in the integrated circuit (IC) form.



1.2 RECTIFIER CIRCUIT

A rectifier is a device which converts a.c. voltage to pulsating d.c. voltage, using one
or more p-n junction diode.

The p-n junction diode conducts only in one direction. It conducts when forward
biased while practically it does not conduct when rever se biased. Thus if an alternating
voltage is applied across a p-n junction diode, during positive half cycle the diode will be
forward biased and will conduct successfully. While during the negative half cycle it will
be reversed biased and will not conduct at all. Thus the conduction occurs only during
positive half cycle. If the resistance is connected in series with the diode, the output
voltage across the resistance will be unidirectional i.e. d.c.

1.2.1. Important Characteristics of Rectifier Circuits

a) Waveform of the load current : As rectifier converts a.c. to pulsating d.c., it is
important to analyze the nature of the current through load which ultimately
determines the waveform of the load voltage.

b) Regulation of the output voltage : As the load current changes, load voltage
changes. Practically load voltage should remain constant. So concept of regulation
is to study the effect of change in load current on the load voltage.

¢) Rectifier efficiency : It signifies, how efficiently the rectifier circuit converts a.c.
power into d.c. power.

d) Peak value of current in the rectifier circuit : The peak value is the maximum
value of an alternating current in the rectifier circuit. This decides the rating of the
rectifier circuit element which is diode.

e) Peak value of voltage across the rectifier element in the reverse direction (PIV) :
When the diode is not conducting, the reverse voltage gets applied across the
diode. The peak value of such voltage decides the peak inverse voltage ie. PIV
rating of a diode.

f) Ripple factor : The output of the rectifier is of pulsating d.c. type. The amount of
a.c. content in the output can be mathematically expressed by a factor called ripple
factor.

Using one or more diodes following rectifier circuits can be designed.
1. Half wave rectifier
2. Full wave rectifier
3. Bridge rectifier
1.3 HALF WAVE RECTIFIER

In half wave rectifier, rectifying element conducts only during positive half cycle of
input a.c. supply. The negative half cycles of a.c. supply are eliminated from the output.
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D This rectifier circuit consists of

>| s resistive load, rectifying element, ie.

T R, ” p-n junction diode, and the source of

. .Qv_ e Epc SR, ac. voltage, all connected in series. The
S,;'_'g',::,;‘:.;" 1 J (® circuit diagram is shown in the Fig.1 2

input —®) o Usually, the rectifier circuits are
transformer operated from a.c. mains supply. To
Fig.1.2 Half wave rectifier obtain the desired d.c. voltage across

the load, the a.c. voltage is applied to
rectifier circuit using suitable step-up or step-down transformer, mostly a step-down one,
with necessary turns ratio.
The input voltage to the half-wave rectifier circuit shown in the Fig. 12 is a sinusoidal
a.c. voltage, having a frequency which is the supply frequency, 50 Hz.
The transformer decides the peak value of the secondary voltage. If N, are the primary

number of turns and N, are the secondary number of turns and E,, is the peak value of
the primary voltage then,

N: o Em
N, " E.
where E_. = The peak value of the secondary a.c. voltage.

As the nature of E_ is sinusoidal the instantaneous value will be,
l:: E,, sin ot

© = 2nf
f

Supply frequency

1.3.1 Operation

o e T St
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(a) Diode forward biased (b) Diode reverse biased

Fig. 1.3 Operation of half wave rectifier
During the positive half cycle of secondary a.c voltage, terminal (A) becomes positive
with respect to terminal (B). The diode is forward biased and the current flows in the
circuit in the clockwise direction, as shown in the Fig.13 (a). The current will flow for
almost full positive half cycle. This current is also flowing through load resistance R,
hence denoted as i;, the load current.



During negative half cycle when terminal (A) is negative with respect to terminal (B),
diode becomes reverse biased. Hence no current flows in the circuit as shown in the
Fig.1.3 (b). Thus the circuit current, which is also the load current, is in the form of half
sinusoidal pulses.

The load voltage, being the product of load current and load resistance, will also be in
the form of half sinusoidal pulses. The different waveforms are illustrated in Fig.14.
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Fig. 1.4 Load current and Load voltage waveforms for half wave rectifier
The d.c. output waveform is expected to be a straight line but the half wave rectifier
gives output in the form of positive sinusoidal pulses.
Key Point: Hence the output is called pulsating d.c. It is discontinuous in nature. Hence

it is necessary to calculate the average value of load current and average value of output
voltage.

1.3.2 Average DC Load Current (Ipc)

The average or d.c. value of alternating current is obtained by integration.

For finding out the average value of an alternating waveform, we have to determine

the area under the curve over one complete cycle i.e. from 0 to 2n and then dividing it by
the base i.e. 2m .

Mathematically, current waveform can be described as,

iy = L sin wt for0swtsn
ip =0 forn<wt<2n
where I, = Peak value of load current
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1% 1T
Ipc = EjiL d(wt) =Ejlmsm{mt}d{wt}
0 Q

As no current flows during negative half cycle of a.c. input voltage, i.e. between wt=n
to wt = 2 x, we change the limits of integration.

Inc

1% I .
5= { I sin(ot) d(0t) = 5% [~ cos(wt)] "

- %[cos(n)-cos(O)] - ’2;:[-1-1]-%"

Ipc = I—n"l = average value

Applying Kirchhoff's voltage law we can write,

Esm
L R¢+Ry +R;

where R| = Resistance of secondary winding of transformer. If R, is not given it should
be neglected while calculating 1.

1.3.3 Average DC Load Voltage (Epc)

It is the product of average D.C. load current and the load resistance R, .
Epc = IncRy
E\l‘\
(R[ + RL + R,) n

Ry

Substituting value of I, Epc I_E'. R, =

The winding resistance R, and forward diode resistance R, are practically very small
compared to R, .

= Em

Foc = R,+R,+1
n R:

But as R; and R, are small compared to R , (R; + R,)/R_ is negligibly small compared
to 1. So neglecting it we get,

Eum
Boc * =

Note : When R; and R, are finite, calculate I, then I and from that Epc as IpcR;. Do
not calculate E as E_ /= directly for finite R; and R,.

1.3.4 R.M.S value of Load Current (Irms)

The RMS means squaring, finding mean and then finding square root. Hence RM.S.
value of load current can be obtained as,



Igs = J%{nmsmm}zd{m;=‘j%£(x.ﬁ sin? wt d(ot))
_ 1 ¢ [1-cos(2wt)]d(wt) 1 ot sin2ot)]”
B z::{ 2 = 21:{2 i,
=1 %(;) as sin(2m) = sin (0) = 0
= Im
-2

ll.hﬁ = IT-'

1.3.5 DC Power Output (Ppc)

The d.c. power output can be obtained as,

Ppc = Epclpc = IhcRy

i Py 13
D.C. Power output = I} R = [T'tn-] = -n—";- Ry
I
Ppc = n—le.
_ Esm
i n = R;¥R +K,

P = EEle
oc n?[R; +Ry +R,]?

1.3.6 AC Power Input (Pac)

The power input taken from the secondary of transformer is the power supplied to
three resistances namely load resistance R, , the diode resistance R; and winding resistance
R,. The a.c. power is given by,

Pac = liuslRy + R+ R

but Iavs = l—'zf‘— for half wave,

1%
Pxc = T(RL*Rf*RJ




1.3.7 Rectifier Efficiency (n)

The rectifier efficiency is defined as the ratio of output d.c. power to input a.c. power.
D.C. output power _ Py

A.C.mmput power Py
12

) w2 ot  (4/m)Ry
"= T “R{+R, +K,)
-%[R;+R| +R‘]
0.406
"SRR
] LT
( Ry ]

If (R; + R)) << R; as mentioned earlier, we get the maximum theoretical efficiency of
half wave rectifier as,

% Nmax = 0.406 x100 = 40.6 %

Thus in half wave rectifier, maximum 40.6% a.c. power gets converted to d.c. power in
the load. If the efficiency of rectifier is 40% then what happens to the remaining 60%
power. It is present interms of ripples in the output which is fluctuating component
present in the output. Thus more the rectifier efficiency, less are the ripple contents in the
output.

1.3.8 Ripple Factor (y)

It is seen that the output of half wave rectifier is not pure d.c. but a pulsating d.c. The
output contains pulsating components called ripples. Ideally there should not be any
ripples in the rectifier output. The measure of such ripples present in the output is with
the help of a factor called ripple factor denoted by y. It tells how smooth is the output.
Smaller the ripple factor closer is the output to a pure d.c. The ripple factor expresses how
much successful the circuit is, in obtaining pure d.c. from a.c. input.

Mathematically ripple factor is defined as the ratio of RM.S. value of the ac.
component in the output to the average or d.c. component present in the output.

R.M.S. valueof a.c. component of output

Ripple factor y = Average or d.c.component of output

Now the output current is composed of a.c. component as well as d.c. component.
Let I, = rms. value of a. ¢. component
present in output
Ipe = d.c. component present in output
R.M.S. value of total output current
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e = JBu-B.
Now Ripple factor = ll'f- as per definition
pC
\mms'l%c
TT I
= Irys 2_1
SK |~

This is the general expression for ripple factor and can be used for any rectifier
circuit.

Now for a half wave circuit,

y = 1211

This indicates that the ripple contents in the output are 1.211 times the d.c. component
i.e. 121.1 % of d.c. component. The ripple factor for half wave is very high which indicates
that the half wave circuit is a poor converter of a.c. to d.c. The ripple factor is minimised
using filter circuits along with the rectifiers.

1.3.9 Transformer Utilization Factor (TUF)

The factor which indicates how much is the utilization of the transformer in the circuit
is called Transformer Utilization Factor (T.U.F.)

The T.UF. is defined as the ratio of d.c. power delivered to the load to the a.c power
rating of the transformer. While calculating the a.c. power rating, it is necessary to
consider r.m.s. value of a.c. voltage and current.

The T.U.F. for half wave rectifier can be obtained as,
A.C. power rating of transformer = Egye lpns

— —



Remember that the secondary voltage is purely sinusoidal hence its r.m.s. value is 1/4/2
times maximum while the current is hall sinusoidal hence its r.m.s. value is 1/2 of the
maximum, as derived earlier.

D.C. power delivered to the load I} Ry

Im
(2™
D.C. Power delivered to the load
A.C. Power rating of the transformer

n '
- L
Epnlm

22
Neglecting the drop across R; and R, we can write,

Ea = LR

TUF

T.U.F.

"
g
ol
I
I
o
%

The value of T.U.F. is low which shows that in half wave circuit, the transformer is
not fully utilized.

1.3.10 Load Current

The load current i; which is composed of a.c. and d.c. components can be expressed
using Fourier series as,
i, = l,;i-:—t+%sinmt-%c032mt-1%tcos4mt ]
This expression shows that the current may be considered to be the sum of an infinite

number of current components, according to Fourier series.

The first term of the series is the average or d.c. value of the load current. The second
term is a varying component having frequency same as that of a.c. supply voltage. This is
called fundamental component of the current having frequency same as the supply. The
third term is again a varying component having frequency twice the frequency of supply
voltage. This is called second harmonic component. Similarly all the other terms represent
the a.c. components and are called harmonics.

Thus ripple in the output is due to the fundamental component alongwith the various
harmonic components. And the average value of the total pulsating d.c. is the d.c. value of
the load current, given by the constant term in the series, I/ n
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1.3.11 Peak Inverse Voltage (PIV)

The Peak Inverse Voltage is the peak voltage across the diode in the reverse direction
i.e. when the diode is reverse biased. In half wave rectifier, the load current is ideally zero
when the diode is reverse biased and hence the maximum value of the voltage that can
exist across the diode is nothing but E_. This is shown in the Fig.15
D

e 4{:}!*_

K - +
Ell'l'l

O T 3w

Fig. 1.5 PIV rating of Diode

Thus PIV occurs at the peak of each negative half cycle of the input, when diode is
reverse biased and not conducting,

PIV of diode = E_, = Maximum value of secondary voltage = = Encl,,_,
This is called PIV rating of a diode. So diode must be selected based on this PIV rating

and the circuit specifications.

1.3.12 Voltage Regulation

The secondary voltage should not change with respect to the load current. The voltage
regulation is the factor which tells us about the change in the d.c. output voltage as load
changes from no load to full load condition.

If (Vi) = D.C. voltage on no load
(Vie ). = D.C. voltage on full load

then voltage regulation is defined as,

(Wae Ine = (Ve I
(Vi Jer

Key Point; Less the value of voltage regulation, better is the performance of rectifier circuit.

Voltage regulation =

Example 1: A half wave rectifier circuit is supplied from a 230 V, 50 Hz supply with
a step down ratio of 3:1 to a resistive load of 10 kQ. The diode forward resistance is 75Q
while transformer secondary resistance is 10 . Calculate maximum, average, RMS values of
current, D.C. output voltage, efficiency of rectification and ripple factor.

10



Solution:

R=75Q T
230 V, 50 Hz e Output ‘gmm
supply
| >
Nﬁ“zl‘G.“

The given values are,
R;=75Q,R_=10kQ, R, =10Q
The given supply voltages are always r.m.s. values.

N 3., N 1
E,(RMS) = 230V, N_;=TI'E'N_f=-§
N, _ E,(RMS)
N, E,(RMS)
1 _ E,(RMS)
3 230
E.(RMS) = 76.667 V

This is r.m.s. value of the transformer secondary voltage.

E; = V2E(RMS)= v2x76.667 = 108.423 V
B 108 423

In = R3R, 7R, ~ 10+75+10x10°
= 10.75 mA
I, 10.75

Ly = Ipc= 5 =——=342mA

Ipms = =5 for half wave

1

o

75

= gy = 5.375 mA
Epe = d.c output voltage = I~ Ry
= 3.422x103%x10x103 =3422 V
Ppe = d.c. output power = Ep Ip- = 34.22x3.422x10"3

]

01171 W
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This also can be obtained as,

2 10.75x10-3)?
Poc l%gt =( > ) x10x103
n n

= 01171 W
Pyc = ac. input power = IZ, [Ry+R¢+R ]
= (5.375x10*)"[10475+10x103] = 02913 W

Poc _(nn 0171
%'ﬂ = PA—chm—leoo—m-l9%

The ripple factor is constant for half wave rectifier and is 1.21.
y = 121

Example 2 : A half wave rectifier with R, = 1 kQ is given an input of 10 V peak from
step down transformer. Calculate D.C. voltage and load current for ideal and silicon diode.

Solution : Given values are R; = 1 kQ, V_ = 10 V peak

Case i) Ideal diode
Cut in voltage VY =0V, R=0Q
EDC=%=%=3.18V
_ Epc 318 _
Ipc = =i =318 mA

Case ii) Silicon diode
Cut in voltage V, = 0.7 V

Emz - = = =296V

Epc
Ipc = 5— =29 mA
DC RL
Example 3 : A voltage V = 300 cos 100t is applied to a half wave rectifier, with
R; =5kQ. The rectifier may be represented by ideal diode in series with a resistance of 1 kS

Calculate : i) I ii) D.C. power iii) A.C. power iv) Rectifier efficiency and v) Ripple factor.
Solution : The diode circuit is as shown in the Fig.

R D
—W—D—
V = 300 cos 100t R
5kQ
b4 o
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The given voltage is V = 300 cos 100t volts

Compare with, E

ii)

Eom

R
R
I

Ripple factor

E, sin ot

300 volts

1 Kk = resistance in series with diode
5kQ, R =R;=00Q

Eom - 300
R+Ry +Rf+R 6x103

50 mA

I—"‘--~59=15.9151m.t
n n

I3.R, = (159154x10-%)2 x 5 x 103

1.2665 watts

Ius R+ R +R +R)

(IT"‘T{R+RL+&+&] aslm=12“-'fnrha]fwave

50%10-3
2

2
) x6x10% = 3.75 watts

P;'C><100= 12665

Pac 3.75 <100

33.77 %

(lms)’_l_ 25x10-3 '
Inc VYl 159154x10-2

1.211

Disadvantages of half wave rectifier circuit

The various disadvantages of the half wave rectifier circuit are,

1. The ripple factor of half wave rectifier circuit is 1.21, which is quite high. The

output contains lot of varying components.

2. The maximum theoretical rectification efficiency is found to be 40%. The practical

value will be less than this. This indicates that half wave rectifier circuit is quite
inefficient.
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3. The circuit has low transformer utilization factor, showing that the transformer is
not fully utilized.

4. The d.c. current is flowing through the secondary winding of the transformer which
may cause dc saturation of the core of the transformer. To minimize the saturation,
transformer size have to be increased accordingly. This increases the cost.

1.4 FULL WAVE RECTIFIER

The full wave rectifier conducts during both positive and negative half cycles of input
a.c. supply. In order to rectify both the half cycles of a.c. input, two diodes are used in this
circuit. The diodes feed a common load R; with the help of a center tap transformer. The
a.c. voltage is applied through a suitable power transformer with proper turns ratio.

The full wave rectifier circuit is shown in the Fig. 1.6

Fig. 1.6 Full Wave Rectifier Circuit

For the proper operation of the circuit, a center-tap on the secondary winding of the
transformer is essential.

1.4.1 Operation of Full Wave Rectifier

O
i S
A.C.Supply ' ®-
b3

@ 0020

Fig. 1.7 Current flow during positive half cycle
14



Consider the positive half cycle of ac input voltage in which terminal (A) is positive
and terminal (B) negative. The diode D, will be forward biased and hence will conduct;
while diode D, will be reverse biased and will act as an open circuit and will not conduct.
This is illustrated in the Fig.17

The diode D; supplies the load current, ie. iy = iy, .This current is flowing through
upper half of secondary winding while the lower half of secondary winding of the
transformer carries no current since diode D, is reverse biased and acts as an open circuit.

In the next half cycle of ac voltage, polarity reverses and terminal (A) becomes
negative and (B) positive. The diode D, conducts, being forward biased, while D, does not,
being reverse biased. This is shown in the Fig. 13 .

e ®_ 1011 e
(I
A.C.Supply H T *
—
L @* EI

Fig. 1.8 Current flow during negative half cycle

The diode D, supplies the load current, ie. i, = iy, . Now the lower half of the
secondary winding carries the current but the upper half does not.

It is noted that the load current flows in both the half cycles of ac voltage and in the
same direction through the load resistance. Hence we get rectified output across the load.
The load current is sum of individual diode currents flowing in corresponding half cycles.
It is also noted that the two diodes do not conduct simultaneously but in alternate half
cycles The individual diode currents and the load current are shown in the Fig 1.9

Thus the full wave rectifier circuit essentially consists of two half-wave rectifier circuits

working independently (working in alternate half cycles of a ¢) of each other but feeding a
common load. The output load current is still pulsating d.c. and not pure d.c.
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Fig. 1.9 Load current and voltage waveforms for full wave rectifier

Insinwmt

]

1.4.2 Average DC Load Current (Ipc)

-l sinomt

av

fan

., el sinat

= [ . sinwt

&:%Iitd(mt)
0

Consider one cycle of load current i; from
0 to 2n to obtain the average value which is
d.c. value of load current.

ip=1,sinwt 0Dsotsn

But for m to 2z, the current i; is again
positive while sin ® t term is negative during
n to 2n . Hence in the region = to 2=n the
positive i; can be represented as negative of
L, sin (@t).

n< ot <2n

- 2
%[]1, sin 0t d(wt) + [~1,, sin ot d(tm)]
0 n
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1 ® 2x
5 7’%[ I sin ot d(wt) - Isin wt d(mt)]
0 "

;—;[(-cosmt)g ~(~coswt); ]

= -li-"?t-[-cos1t+coso+c052u-cos1t]

but cost = -1
4l|||
= [D)+1+1-(-1)]= 52
Ipc = ZIT“‘ for full wave rectifier

For half wave it is I_/n and full wave rectifier is the combination of two half wave
circuits acting alternately in two half cycles of input. Hence obviously the d.c. value for
full wave circuit is 2 I /n.

1.4.3 Average DC Load Voltage (Epc)

The d.c. load voltage is,

21.R,
. 2Eum Ry 2 Eum
E = =
Substituting value of I, oe AR +R, +R,] Rr+R
TRy
But as R, and R, << R, hence R";LR <<1
2Em
E[x‘ = T
1.4.4 R.M.S Value of Load Current (Irms)
The RM.S. value of current can be obtained as follows :
1 n
lms = ﬁ "[ lid((ﬂl)
Since two half wave rectifier are similar in operation we can write,
2 .
1-cos 2wt 1-cos2mt
= in? B st
l"‘Jn {[ ]d( wt) as sin? wt 5
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1.4.5 DC Power output (Ppc)

D.C. Power output = Epclpc = . Ry

A
Poc = IRy =[Tm) Ry
4
Poc = —TaRe

Substituting value of [ we get,

4 Etn
n? (Ry+R;+R. )

Fx = IRL

Note : Instead of remembering this formula, students can use the expression Epclpe or
LRy to calculate Py while solving the problems.

1.4.6 AC Power input (Pac)

The a.c. power input is given by,
FH.C = lh(“r*'“. +“L}

2
- (3%](n,+g.+nL}
_ I(R+R +Ry)

- i

Substituting value of I we get,

Pac

E'|

: ]
P.Hf = —'g'm --:;X—K(R--}FL +R
(Re+R,+R. ) 2 %
E?
- . —sm .
re 2(Ry +R: +R;)
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1.4.7 Rectifier Efficiency (n)

_ Ppc output
N Poc input
SR
"= B(R+R, +Ry)
2
B 8 Ry
" = TR, +R,+K )
s L
But if R, + R, << R, neglecting it from denominator
_ 8Rg 8
O

% Noax = %xloo =812 %

This is the maximum theoretical efficiency of full wave rectifier.
1.4.8 Ripple Factor (y)

As derived earlier in case of half wave rectifier the ripple factor is given by a general
expression,

b

Ripple factor = [lm] -1
Inc

For full wave lgys = l./v2 and Iy = 21,/r so substituting in the above
equation,

: (21 ,nz
Ripple factor = [Zl.../n] -1= —8—-1

Ripple factor = y = 048

Key Point: This indicates that the ripple contents in the output are 48 % of the d.c.
component which is much less than that for the half wave circuit.

1.4.9 Peak Inverse Voltage (PIV)

PIV of diode = 2 E;, = nE[ﬂ:l][{-ﬂ

where E_ = Maximum value of a.c. voltage across half the secondary of transformer.
If the diode drop is considered to be 0.7 V then the PIV of reverse biased diode is,

PIV of diode = 2E_ -0.7

This is because only one diode conducts at a time.
19



1.4.10 Transformer Utilization Factor (TUF)

In full wave rectifier, the secondary current flows through each half separately in every
half cycle. While the primary of transformer carries current continuously. Hence T.UF is

calculated for primary and secondary windings separately and then the average T.UF. is

determined.
D.C. power to theload

Secondary TUF = power rating of secondary

b 2
I Ry [EIm] Re
Buos Tme  Eam, Iz
R
Neglecting forward resistance R; of diode, E_ = I_R,.

i‘.ﬁl’].:“ RL

Secondary TUF. = &
ary LR,
2

The primary of the transformer is feeding two half-wave rectifiers separately. These
two half-wave rectifiers work independently of each other but feed a common load. We
have already derived the T.U.F. for half wave circuit to be equal to 0.287. Hence

T.UF. d)r. .primary winding = 2 x T.U.F. of half wave circuit

8
=7 = 0.812

= 2x 0287 = 0.574.
The average T.U.F for fullwave circuit will be
Average T.U.F.for _ T.U.Fof primary + T. U.F of secondary
full wave rectifier circuit -
3 0.574; 0812 _ 0,655

.|Average T.U.F. for full-wave rectifier = 0.693

Key Point: Thus in full-wave circuit, transformer gets utilized more than the half wave
rectifier circuit.
Example 1 : A full-wave rectifier circuit is fed from a transformer having a
center-tapped secondary winding. The rms voltage from either end of secondary to center tap
is 30 V. If the diode forward resistance is 2 ) and that of the half secondary is 8 €, for a

load of 1k, calculate, a) Power delivered to load,  b) % Regulation at full load,
c) Efficiency of rectification, d) TUF of secondary.

Solution:

Given : E; = 30V, Ry = 20, R, = 80, R = 1k}
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E, = ERMS = 30 A%
Ewm = E.J2 =302 volt =42426V
l 4k Elﬂ St 30ﬁ
™ 7 R+ R, +R, 2+1000+8
= 42 mA
lpc = % lm = 2674 mA
a) Power delivered to the load = I3, Ry = (26.74 x 107 )* (1kQ)
= 0715 W
b) Voo , o load = %s...:%xsoﬁ:z?v
Voo, fullload = Iy Ry = (2674 mA) (1 KQ)
= 2674V
G - VL= Vi _ 27 - 26.74
%Regulahon - —VPL—X 'm——z-ﬁz—X]m
= 097 %
5 % : D.C.output
S 7 N . R .
n? l+Rr+R‘ n? |+(2+8)
Ry 1000
= 0802 i.e. 80.2%
42 mA
d) Transformer secondary rating = Egys lpus = [30 V][ 7 ]
= 089 W
' D.C. power output
TUF.' = %€ ut
0.715

1.5 Bridge Rectifier

The bridge rectifier circuits are mainly used as,

a) a power rectifier circuit for converting a.c. power to d.c. power, and

b) a rectifying system in rectifier type a.c. meters, such as a.c. voltmeter, in which the
a.c. voltage under measurement is first converted into d.c. and measured with conventional
meter. In this system, the rectifying elements are either copper oxide type or selenium
type.
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The basic bridge rectifier circuit is shown in Fig. 1 10

ﬂ_

Ao 3

A.C.Supply

Fig. 1.10 Bridge rectifier circuit

The bridge rectifier circuit is essentially a full wave rectifier circuit, using four diodes,
forming the four arms of an electrical bridge. To one diagonal of the bridge, the a.c.
voltage is applied through a transformer if necessary, and the rectified d.c. voltage is taken
from the other diagonal of the bridge. The main advantage of this circuit is that it does not
require a center tap on the secondary winding of the transformer. Hence wherever
possible, a.c. voltage can be directly applied to the bridge.

1.5.1 Operation of Bridge Rectifier

Consider the positive half of a.c. input voltage. The point A of secondary becomes
positive. The diodes D, and D, will be forward biased, while D; and D, reverse biased.
The two diodes D, and D, conduct in series with the load and the current flows as shown
in Fig. 111

Fig. 1.11 Current flow during positive half cycle
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In the next half cycle, when the polarity of a.c. voltage reverses hence point B becomes
positive, diodes D, and D, are forward biased, while D, and D, reverse biased. Now the
diodes Dy and D, conduct is series with the load and the current flows as shown in
Fig. 112

Fig. 1.12 Current flow during negative half cycle

It is seen that in both cycles of a.c.,, the load current is flowing in the same direction
hence, we get a full wave rectified output.

The waveforms of load current and voltage remain exactly same as shown before for
full wave rectifier.

1.5.2 Advantages of Bridge Rectifier

1) The current in both the primary and secondary of the power transformer flows for
the entire cycle and hence for a given power output, power transformer of a small
size and less cost may be used.

2) No center tap is required in the transformer secondary. Hence, wherever possible,
ac voltage can directly be applied to the bridge.

3) The current in the secondary of the transformer is in opposite direction in two half
cycles. Hence net d.c. component flowing is zero which reduces the losses and
danger of saturation.

4) Due to pure alternating current in secondary of transformer, the transformer gets
utilised effectively and hence the circuit is suitable for applications where large
powers are required.

5) As two diodes conduct in series in each half cycle, inverse voltage appearing across
diodes get shared. Hence the circuit can be used for high voltage applications. Such

a peak reverse voltage appearing across diode is called peak inverse voltage rating
(PIV) of diode.
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1.5.3 Disadvantages of Bridge Rectifier

The only disadvantage of bridge rectifier is the use of four diodes as compared to two
diodes in normal full wave rectifier. This causes additional voltage drop as indicated by

term 2R present in expression of I instead of R; . This reduces the output voltage.

Example 1

: The four semiconductor diodes used in a bridge rectifier circuit each
having a forward resistance of 0.1 Q and infinite reverse resistance, feed a d.c. current of
10 A to a resistive load from a sinusoidally varying alternating supply of 30 V (r.m.s).

Determine the resistance of the load and the efficiency of the circuit.

Solution : The given values are,

Now

Now

R,
Eom

01Q,Ih=10A,R, =09, E(RMS) =30V
E.(RMS) xJ/2 =2x30
424264 V

LI
n

nXIpe  mx10

2 2
15.7079 A
Eyn

2R r+ R, + R‘L

42.4264
2x0.14R;
2.7
250
2Ry =(102)x2.5=250 W
IM{IR["‘R; +RLJ
I, 15.7079
L =11.1071 A
2 J2
(111071 [2x0.1 +25] = 333. 092 W

%N = 'L"?xluu - —250-—-):1(!]
= P = 333.002
= 75.05 %
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1.6 Comparision of Rectifier Circuits

Circuit Diagrams

Half Wave

Full Wave

Bridge

b:é| DrEhn

Yy
w

4

[

=1 Ty

hn

I5.R. Parameter Half Wave Full Wave Bridge
1.]| Number of diodes 1 2 4
2. | Average D.C. current (Inc) I 2w Uy
n E K
3.| Average D.C. voltage (Epc) Eu 2Eym 2
n ] "
4. ] RM.S. current {lpus Er_ I I
(lns) 2 5 2
5.- DC mm {PI‘.T} I-J-RI. —4-|.1R illnl
.‘2 '2 mrs], ‘2 ml
6.| AC. power input (Pac) lA(Ru+ Re+ R,) 1R(Re + Ry + RL) 15(2R¢ + R+ R)
4 2 2
7.1 Maximum rectifier efficiency (n 406 % 812 % 812 %
8. Ripple factor (y) 1.21 0.482 0.482
8. | Maximum load cument ([—,,,J Esm E um E
R+ Re+ Ry Ry+ R+ Ry R+ 2R+ Ry

1.7 FILTER CIRCUITS

It is seen that the output a half-wave or full wave rectifier circuit is not pure d.c; but

it contains fluctuations or ripple, which are undesired. To minimize the ripple content in
the output, filter circuits are used. These circuits are connected between the rectifier and
load, as shown in the Fig.1.13

o—{
Rectifier
3 circuit
AC input
o—{

Pure
DC R

bm’ Pulsating d.c.

Filtered d.c.

L -

Fig. 1.13 Power supply using rectifier and filter
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An ac. input is applied to the rectifier. At the output of the rectifier, there will be d.c.
and ripple voltage present, which is the input to the filter. Ideally the output of the filter
should be pure d.c. Practically, the filter circuit will try to minimize the ripple at the
output, as far as possible.

Basically the ripple is a.c, i.e. varying with time, while d.c. is a constant w.r.t. time.
Hence in order to separate d.c. from ripple, the filter circuit should use components which
have widely different impedance for a.c. and d.c. Two such components are inductance
and capacitance. Ideally, the inductance acts as a short circuit for d.c., but it has a large
impedance for a.c.. Similarly, the capacitor acts as open for d.c. and almost short for a.c. if
the value of capacitance is sufficiently large enough.

Since ideally, inductance acts as short circuit for d.c., it cannot be placed in shunt arm
across the load, otherwise the d.c. will be shorted.

Key Point: Hence, in a filter circuit, the inductance is always connected in series with the
load.

The inductance used in filter circuits is also called "choke".
Similarly, since the capacitance is open for d.c., ie. it blocks d.c.; hence it cannot be
connected in series with the load.
Key Point: It is always connected in shunt arm, parallel to the load.

Thus filter is an electronic circuit composed of capacitor, inductor or combination of
both and connected between the rectifier and the load so as to convert pulsating d.c. to
pure d.c.

There are basically two types of filter circuits,
e Capacitor input filter
¢ Choke input filter
T.mhng from the rectifier side, if the first element, in the filter circuit is capacitor then
the filter circuit is called capacitor input filter. While if the first element is an inductor, it
is called choke input filter. The choke input filter is not in use now a days as inductors

are bulky, expensive and consume more power. Let us discuss the operation of a capacitor
input filter.

1.8 Capacitor Input Filter

Filter circuit
. The block schematic of capacitor input
Rectifier . ?RL filter is shown in the Fig.114 Looking from
circuit T the rectifier side the first element in filter is a
o capacitor.

Fig. 1.14 Capacitor input filter
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1.8.1 Full wave rectifier with capacitor input filter

The same concept can now be extended to the capacitor filter used in full wave
rectifier circuit as shown in the Fig.1 19

ey
.,,.,?J éIIH; .

Fig.1.19 Full wave rectifier with capacitor input filter

hnniediatel}r when power is turned on, the capacitor C gets charged through forward
biased diode D, to E_,, during first quarter cycle of the rectified output voltage. In the
next quarter cycle from ; to m, the capacitor starts discharging through R,. Once capacitor

gets charged to E_, the diode D, becomes reverse biased and stops conducting. So during
the period from 325 to n, the capacitor C supplies the load current. It discharges to point B

shown in the Fig.1 2y At point B, lying in the quarter = to —:-;1—3! of the rectified output
voltage, the input voltage exceeds capacitor voltage, making D, forward biased. This

charges capacitor back to E, at point C.

The time required by capacitor C to charge to E_, is quite small and only for this
period, diode D, is conducting. Again at point C, diode D, stops conducting and capacitor
supplies load and starts discharging upto point D in the next quarter cycle of the rectified
output voltage as shown in the Fig.1 20 At this point, the diode D, conducts to charge
capacitor back to E_,,. The diode currents are shown shaded in the Fig.1 20

Fig.1.20 Charging and discharging of capacitor input filter



In this circuit, the two diodes are conducting in alternate half cycles of the output of
the rectifier circuit. The diodes are not conducting for the entire half cycle but only for a
part of the half cycle, during which the capacitor is getting charged. When the capacitor is
discharging through the load resistance R, both the diodes are non-conducting. The
capacitor supplies the load current. As the time required by capacitor to charge is very
small and it discharges very little due to large time constant, hence ripple in the output
gets reduced considerably. Though the diodes conduct partly, the load current gets
maintained due to the capacitor. This filter is very popularly used in practice.

1.8.2 Expression for Ripple Factor

Consider an output waveform for a full wave rectifier circuit using a capacitor input
filter, as shown in the Fig. 121

Fig.1.21 Derivation of ripple factor

Let T = Time period of the a.c. input voltage
% = Half of the time period
T, = Time for which diode is conducting
T, = Time for which diode is nonconducting.
' During time T, capacitor gets
charged and this process is quick.
During time T,  capacitor gets
Vv discharged through R;. As time constant

R,C is very large, discharging process is

very slow and hence T, >> T,.

Let V; be the peak to peak value of
ripple voltage, which is assumed to be

T2

Fig. 1.22 Triangular O‘PProxlmﬂon of ripple triangular as shown in the Fig.1 22
voltage
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It is known mathematically that the r.m.s. value of such a triangular waveform is,

ms

Ve
2J3

During the time interval T;, the capacitor C is discharging through the load resistance

Ri. The charge lost is,
Q

But i =

Q

v

dQ
dt

]

E’ idt =Ipc T

As integration gives average or d.c. value

Hence Ioc Tz = CW;
Ipc T;
Vi = ———
C
T
Now, T, +T: = 5 Normally, T; >> T,
I 1
Th+T1; = T;:-i 'l-'\!]'llﬂ'.l‘f'."f:T
v = oc| T] TocxT _ Inc
rTC 2| 2C T2
_ Enc
But ID: = R,
V. = =22 = peak to peak ripple vol
Sl Tol TRk p PP tage
_Epc
. V, 2fCR, 1 . v,
Ripple factor = === = x , Since Vi = ——
PP Eoc = 243 Enc ™3
, 1
Ripple factor = ——— for full wave
PP 4/3fCRL

For half wave rectifier with capacitor input filter the ripple factor is,

Ripple factor =

1
2J3ICR,

for half wave

The product CR; is the time constant of the filter circuit.
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1.8.3 Advantages and Disadvantages of Capacitor input filter

The advantages of capacitor input filter are,

1. Less number of components.

2. Low ripple factor hence low ripple voltage.

3. Suitable for high voltage at small load currents.

The disadvantages of capacitor input filter are,

1. Ripple factor depends on load resistance.

2. Not suitable for variable loads as ripple content increases as R, decreases.

3. Regulation is poor.

4. Diodes are subjected to high surge currents hence must be selected accordingly.

Example 1 : A full wave rectifier is operated from 50 Hz supply with 120 V (rms).
It is connected to a load drawing 50 mA and using 100 uF filter capacitor. Calculate
the d.c. output voltage and the r.m.s. value of ripple voltage. Also calculate the ripple

factor.

Solution : E, ., = 120 V, f = 50 Hz, Ipc = 50 mA, C = 100 pF
Ep = V2 By = V2x120 = 169.7056 V
For full wave rectifier,

1
Epc = Esm-lInc [m]
50x10-*
= : - = Vv
169.7056 1x50%100x10° 167.2056
v _ Ix _ 50x10'3

) T 4T3 IC  4x+/3x50x100x10-6

"

14433 V
The ripple factor is given by,

~ Viems)  1.4433
Y e 167,286

8.63x103

1.9 Inductor Filter or Choke Filter
In this type of filter, an inductor (choke) is connected in series with the load. It is

known that the inductor opposes change in the current. So the ripple which is change in
the current is opposed by the inductor and it tries to smoothen the output. Consider a full
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wave rectifier with inductor filter which is also called choke filter. Fig. 1 23 (a) shows the
circuit diagram while Fig. 1.23(b) shows the current waveform obtained by using choke
filter with full wave rectifier.

o

Fig.1.23 (a) Circuit diagram of choke filter

Fig.1.23 (a) Current waveform of choke filter

1.9.1 Operation of Inductor filter

In the positive half cycle of the secondary voltage of the transformer, the diode D, is
forward biased. Hence the current flows through Dy, L and Ry. While in the negative half
cycle, the diode D; is reverse biased while diode D; is forward biased. Hence the current
flows through D;, . and Ri. Hence we get unidirectional current through R,. Due to
inductor L which opposes change in current, it tries to make the output smooth by
opposing the ripple content in the output.

We know that the fourier series for the load current for full wave rectifier as,

iL = 1a |:2 j—mazml—i l:us*imt]

® 3n 157
Neglecting higher order harmonics we get,
. 21, 41,
ip = —— —— cos2mt
R n

Neglecting diode forward resistances and the resistance of choke and transformer
secondary we can write the d.c. component of current as

21, 2Va
n =R
W,
as I, = R_:

While the second harmonic component represents a.c. component or ripple present and
can be written as,

I, = v_; for a.c. component
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Now Z = R +j2X, = [RE+4a? £ ¢
where ¢ = tan-! 2:"
L
N |
"7 JRI+40? 2

The ripple present is the second harmonic component having frequency 2m .

Key Point: Hence while calculations the effective inductive reactance must be
calculated at 2w hence represented as 2X), in the above expression.

Hence equation (1) modifies as,

TR 3g RI+402 2

1.9.2 Expression for the ripple factor

i'l. - cnﬁ(Z{M-lﬁl

Ripple factor is given by ,

L rms

Ripple factor = Toc

|
where | = -= of a.c. component
- 4V
- 3V2n R} +40? 12
B 2Vn
while l[x‘ - R—Rt
4V,
322 JR? +462 12
= Ripple factor = = v RE
2V
RRL
2 1
W2 408 12
]+
R{
- . 4o L7
Initially on no lead condition, B, — = and hence =3 — 0.
i
2
- Ripple factor = —— = 0472
PP 33

This is very close to normal full wave rectifier without filtering.
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212

But as load increases, R, decreases hence E:\:z - >>» 1. 50 neglecting 1 we gel,
L

) 2 1
Ripple factor = —  ——
PP W2 (40?2
R{
o= ok
3J2.wL

So as load changes, ripple charges which is inversely proportional to the value of the
inductor.

Key Point: Smaller the value of Ry, smaller is the ripple hence the filter is suitable for
low load resistances i.e. for high load current applications.

nee to use in an inductor filter

{a). What should be the value of inducta o exceed 5% for a

N le 1 : : ]
" full-wave rectifier operating ar 50 Hz, if the ripple is not

connecied 1o d

00 0 load. . .
k'{?‘t Répeat the above problem for the standard aircraft power frequency of 400 Hz

Solution. (a) Given: f= 50 Hz; y=35%= 0.05 and Ry = 100 £2.

We know that ripple factor 1),
100 0.075

L v -
005 =3F o L 32x@rxsoyxL L

. L = 0.075005=15H Ans.
{b) Given: f =400 Hz; v = 0.05 and By = 100 QL

We also know that ripple factor (),

0.05 = — Ry o 100 I Sl
32w L 32 x@ux400)xL 10661
L = 1/{106.6 = 0.05) = 0.188 H Ans.

1.10 LC Filter or L section Filter

This is also called choke input filter as the filter element looking from the rectifier
side is an inductance L. The d.c. winding resistance of the choke is R, . The circuit is also
called L-type filter or LC filter. The circuit is shown in the Fig.1 24

D—
~ ué,j O

- clﬂs Eoc =R
= L Te

Fig. 1.24 Choke Input Filter
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The basic requirement of this filter circuit is that the current through the choke must
be continuous and not interrupted. An interrupted current through the choke may
develop a large back e.m.f. which may be in excess of PIV rating of the diodes and /or
maximum voltage rating of the capacitor C. Thus this back e.m.f. is harmful to the
diodes and capacitor. To eliminate the back e.m.f. developed across the choke, the
current through it must be maintained continuous.

This is assured by connecting a bleeder resistance, Ry across the output terminals.

We have seen that the lowest ripple frequency for a full wave rectifier circuit is twice
the supply frequency of a.c. input voltage to the rectifier. Let f, in Hz, be the supply
frequency. Then angular supply frequency will be w rad/s, where ® = 2 n f. Then the
lowest ripple angular frequency will be “20 " rad/s.

1.10.1 Derivation of Ripple Factor

The analysis of the choke input filter circuit is based on the following assumptions :

Since the filter elements, L and C, are having reasonably large values, the reactance
X of the inductance of L at 2wi.e. X, = 2w L is much larger than R . Also the reactance
X is much larger than the reactance of C, X at 2was,
- .
2wC

Let R be the equivalent resistance of bleeder resistance R and the load resistance
R, connected in parallel. Then,

Xc

Rp Ry
RB + RL
We will assume that reactance of C at 2w’ is much less than R, i.e. X <<R.

R = Rg||Ry =

The capacitance C is in parallel with R. Hence the equivalent impedance of X and R
will be nearly equal to X, as per our assumption.

L:E
o
.

c== Rp2 Egnc %RI.

al

Input to the . - "
filter R=Rgll R,

Fig. 1.25 Diagram for derivation of ripple factor

The input voltage e, , to the choke-input filter is the output voltage of the full wave
rectifier, having the waveform as illustrated in Fig. 1 25. Using Fourier series, the input
voltage “e, ” can be written as,

2 4

4
e. = E ———cos2wt—-—-cosdmt....
" m[ n 3n 15n ]
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where Eyn = themaximum value of half secondary voltage
of the transformer.

The first term > Egm. in the Fourier series indicates the d.c. output voltage of the
n

rectifier, while the remaining terms ripple. The amplitude of the lowest ripple
component, which is the second harmonic component of the supply frequency, is 31
n

while the amplitude of the fourth harmonic component, 5w, is %‘ . The amplitude of the
T

fourth harmonic is just one-fifth or 20% of the amplitude of second harmonic
component. The higher harmonics will have still less amplitudes compared to the
amplitude of the second harmonic component. Hence all harmonics, except the second
harmonic, can be neglected. The equation for “e;,” can now be approximately written
as,

e = Egp |i %—:—Kmszmt]

The d.c. current in the circuit will be,

LR
lm = i3
R, +R
R = Rg||R.
Epcacrosstheload = Ipc R= 2 Em ,r
n R, +R
Eoc = 2 Eam
L 1+E§.
R
Normally, R, is much less than R, i.e. R, <<R
Then, Epe » 2 B,
n

Thus the choke input filter circuit gives approximately constant d.c. voltage across
the load. In other words, this filter circuit is having better load regulation compared to
that of capacitor input filter in which case the d.c. load voltage depends upon the d.c.
load current drawn. Let us calculate the ripple factor for choke input filter, based on the
assumptions already made.

The impedance Z, of the filter circuit for second harmonic component of input, i.e.
at 2a, will be,

— H —I
Z, = m,}+u2mL:|+[ jlmC”R]

But, ﬁ <<R,and 20 L >> R,, as per assumptions.
©
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Hence, 1Z,] = 2ol

Second harmonic component of the current in the filter circuit, will be
4 4

—E — E
I _ g N ig ™
- Z, 20L
The second harmonic voltage across the load is
1 1
E = I x R 1
m = Tam [mc" }” m 5 eC
Since, —I—{{R
2wC
4 B,
E = [. x ! 23’[ * l
m =T TheC 20l 2eC
B, - 4 _Em __Ew
7 3m 40’ LC 31@?LC
Eoms = E_?-m:E—m
2 3 firne’LC
Hence the ripple factor is given by,
Ripple factor = Eoms
Epc
= Em » 1
32z’ LC 2 Em
“[-l-.l;.li
ity
= [ 1+=2x but R, <<R
6w’ LCV2 R
) 1
Ripple factor = ——
w 62’ LC

It is seen that the ripple factor for choke-input filter does not depend upon the load
resistance unlike the capacitor input filter.

1.10.2 Advantages of Bleeder Resistor
for optimum operation of the inductor.

preload on the supply.
discharging path

current necessary ,
ion of the supply by acting as _ '
handling the equipment, by acting as 4

1. It maintains the minimum

2. 1t improves voltage regulat

3. It provides safety to the persons
for capacitors.
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Ex.1 't Determine the ripple factor of an L-type choke input filter comprising of a 10 H choke
and B uF capacitor, used with a full-wave rectifier. Compare the above result with a
simple 8 F capacitor input filter with a load current of 50 mA and also 150 mA,
assuming the d.c. output voltage to be 50 V.

Neglect d.c. resistance of choke and assume supply frequency of 50 Hz.

Sol. : The given values are

L=10H, C=8yF, Ip- =50mA and 150 mA, Epc =50V

i) For choke input filter
, - 1 i} 1
6+2 0 LC 62 (2nf)® LC
_ 1
6&{21:)-:5[]}1!1{]5-:8:-:1[!'&
= (.01492
ii) For capacitor input filter
R N
4 J3fCR,
E
For Ipc=50mA, R, = —2€ =9 T =1x10° Q
Ic  50x10°
T = !
V3 x50x8x107® x1x 103
= 0.36
For Ipc =150mA, R, = -2 =% ___1,403 g
Ic  150x10° 3
1
Y = 7
4/3x50x8x107° x[élxlﬂa
= 1.082

It can be seen that as load current increases, the ripple content also increases in case
of capacitor input filter.

1.11 CLC Filter or 1 Filter

This is a capacitor filter followed by a L section filter. The ripple rejection capability of
n filter is very good. It is shown in the Fig. 1 25
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. D
P Hé L:R, :

= Cy c, Eoc 2R,
o D =T -+ T s

Fig. 1.26 1 type filter

It consists of an inductance L. with a d.c. winding resistance as R, and two capacitors
C; and C;. The filter circuit is fed from full wave rectifier. Generally two capacitors are
selected equal. This circuit is basically a capacitor input filter since the first element
looking from the rectifier side is a capacitor. All the features, advantages, disadvantages
discussed previously for the capacitor input filter using single capacitor are applicable
equally to the = filter.

The rectifier output is given to the capacitor C,. This capacitor offers very low
reactance to the a.c. component but blocks d.c. component. Hence capacitor C, bypasses
most of the a.c. component. The d.c. component then reaches to the choke L. The choke L
offers very high reactance to a.c. component and low reactance to d.c. So it blocks a.c.
component and does not allow it to reach to load while it allows d.c. component to pass
through it. The capacitor C, now allows to pass remaining a.c. component and almost pure
d.c. component reaches to the load. The circuit looks like a = hence called = filter. To
obtain almost pure d.c. to the load, more such = sections may be used one after another.

The output voltage is given by,

E[x. = Em_'v%_lu‘k‘

where V, = Peak to peak ripple voltage

R, = D.C. resistance of choke

Now V; = -l-z% for full wave

and & % for half wave

1.11.1 Ripple factor for 1 filter

The ripple factor for this filter is given by ,

ﬁ!quxQ

Ripple factor =
PP XL Ry
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The various reactances X, , Xc,, X are to be calculated at twice the supply frequency
since the circuit is fed from a full wave rectifier circuit.

Hence,
Xo ‘:TJT:T
Xcz=ﬁ
XL = 2wl

1 1
Ripple factor = ﬂ[ﬁ]{gﬁ]
_ V2
" 80’ LG C2 Ry

Since this = type filter employes three fitering elements, the riple is reduced to the

great extent.
If C, and C, are expressed in microfarads and frequency f is assumed to be 50 Hz
then we get,
e V2
8(2nx 50)° x(C. x108xCy x10¢ xLxRy )
5700
LCGR,

where C, and C, are in pF, L in henries and R, in ohms.
1.11.2 Advantages and Disadvantages of T Filter

Advantages
Th~ »arious advantages of filter are,

. : filter is much
1. For a same total value of L and C, the ripple factor of 1
rultiple LC section filter.

i be achieved.
7 digher d.c. output voltage at high load currents can
3. The output is very much smoother.

smmaller than

Disadvantages
Ti.o various disadvantages of n filter are,
1 The voltage regulation is poor.
2. Higher values of PIV raling for the diodes.
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Example 1 t Calculate the ripple factor for a n type filter, employing 10 H choke

and two equal capacitors 16 pF each and fed from a full wave rectifier and 50 Hz
mains. The load resistance is 4 k €1

Solution : The given values are,
C=C=16pF L=10H R =4k} = 400002, f = 50 Hz

8w LC,C;R, 8(21( O)LCICIRL
V2

- 3 = 5.56x10"4
8(2nx50)" x10x16x10® x16x 10 x 4000

Thus the ripple is 0.055% which shows that with = filter the output is almost pure d.c.

1.12 Comparision of Filter Circuits

Type of filter

pare ' L c LC n l

E i

ED;fI'HJ load) 0.636 Esm Eim Eun !rl'lhc -
[ Euc,{iﬂadbc] 0.636 Egn Egn — ‘_E% 0.636 Egm Eum T _i'l

1 1 42
Ripple foctor 1) Ei"?mq_ 43RG B8J2w’LC B’ LGGR,
PIV 2 Egm 2 Esm 2 Esm 2 Ewm

Key Point: Above comparison is for full wave rectifiers with filters and diode, transforiaer
and filter element resistances are neglected.

1.13 Regulators

None of the electronic circuits work properly with unregulated power supply. They
require constant voltage supply regardless of the variations in the input voltage or load

current. In order to ensure this, a voltage stabilizing device, called voltage regulator is
used.

Key Point: The voltage regulator circuit keeps the output voltage constant inspite of
changes in load current or input voltage.

Thus a voltage regulator is a must for every electronic circuit. But it is also necessary
to build an unregulated supply before a voltage regulator is connected to a given circuit.

A voltage regulator is a device designed to keep the output voltage of a power supply
as nearly constant as possible.

40



+0O

As shown in the Fig.1.27 the

input to a voltage regulator
circuit is unregulated d.c. input

grge%ulaled 0 2 Regulated voltage, while the outptut .of the
P o0 tBge reguiator D.C. Vo RL  voltage regulator circuit is

|
regulated d.c. output voltage,

o

V, . Which is almost constant.

Fig. 1.27 Voltage regulator

1.13.1 Voltage Regulator Characteristics

1.13.1.1 Load Regulation:

The load regulation is the change in the regulated output voltage when the load
current is changed from minimum (no load) to maximum (full load).

The load regulation is denoted as LR and mathematically expressed as,

LR = VNL - VFL
where Vau = load voltage with no load current
Vg = load voltage with full load current

The load regulation is often expressed as percentage by dividing the LR by full load
voltage and multiplying result by 100.

Wt = VL

% LR =
VeL

x 100

1.13.1.2 Line Regulation or Source Regulation:

The SR is defined as the change in the regulated load voltage for a specified range of
line voltage, typically 230 V £ 10 %.

Mathematically it is expressed as,

SR = VHL - VLL
where Vi = load voltage with high line voltage
Vi = load voltage with low line voltage
The percentage source regulation is defined as,
% SR = R x 100
Viom
where Viom = nominal load voltage

1.13.2 Basic Voltage Regulator
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The basic voltage regulator in its simplest form consists of,
1. Voltage reference, Vg

2. Error amplifier

3. Feedback network

4. Active series or shunt control element

The voltage reference generates a voltage level which is applied to the comparator
circuit, which is generally error amplifier. The second input to the error amplifier is
obtained through feedback network. Generally using the potential divider, the feedback
signal is derived by sampling the output voltage. The error amplifier converts the
difference between the output sample and the reference voltage into an error signal. This
error signal inturn controls the active element of the regulator circuit, in order to
compensate the change in the output voltage. Such an active element is generally a
transistor.

1.13.3 Types of Voltage Regulators

Depending upon where the control element is connected in the regulator circuit, the
regulators are basically classified as,

1. Series voltage regulator
2. Shunt voltage regulator
Each type provides a constant d.c. output voltage which is regulated.

1.13.4 Shunt Voltage Regulator

The heart of any I+

voltage regulator circuit v, - I, Vi=Ve
is a control element. If T len
such a control element is e
connected in shunt with Control Sampling lIL
the load, the regulator Eloment Circult
circuit is called shunt [Loed |
voltage regulator. The
Fig.128 shows the block Reference Com?:ramr
diagram of shunt voltage vokage error amplifier] Feedback

regulator circuit. sigred
Fig.1.28 Block diagram of shunt voltage regulator

—o
Regulated

1
—
—
-
.

The unregulated
input voltage Vy,, tries to provide the load current. But part of the current is drawn by the
control element, to maintain the constant voltage across the load. If there is any change in
the load voltage, the sampling circuit provides a feedback signal to the comparator circuit.
The comparator circuit compares the feedback signal with the reference voltage and
generates a control signal which decides the amount of current required to be shunted to

42



keep the load voltage constant. For example if the load voltage increases then the
comparator circuit decides the control signal based on the feedback information, which
draws the increased shunt current L. Due to this the load current I; decreases, hence the
load voltage decreases to its normal value.

Key Point: Thus the control element maintains the constant output voltage by shunting the
current, hence the circuit is called shunt voltage regulator.

1.13.5 Series Voltage Regulator

If in a voltage regulator

circuit, the control element is v, Control V'i. (=Va)
connected in series with the load, Unregulated  LElement Regulated
the circuit is called series voltage
regulator circuit. The Fig.1.29 m S;Wr\‘g‘m
shows the block diagram of series
voltage regulator circuit.
Reference _| Comparator
The unregulated d.c. voltage voltage circuit Peodhack signel

is the input to the circuit. The
control element, controls the Fig.1.29 Block diagram of series voltage regulator
amount of the input voltage, that

gets to the output. The sampling circuit provides the necessary feedback signal. The
comparator circuit compares the feedback with the reference voltage to generate the
appropriate control signal.

For example, if the load voltage tries to increase, the comparator generates a control
signal based on the feedback information. This control signal causes the control element to
decrease the amount of the output voltage. Thus the output voltage is maintained constant.

Key Point: Thus, control element which regulates the load voltage based on the control signal
is in series with the load and hence the circuit is called series voltage regulator circuit.

1.13.6 Zener diode as a shunt regulator

The simplest shunt voltage regulator circuit uses a zener diode, to regulate the load
voltage. The Fig. 1 30 shows the arrangement of zener diode in a regulator circuit.

R

+ A4
—e | — I

v, +
Untegt;nlated * DK vz
z

l

-

<—.:P

-]
—q O>QOr
=

0

Fig. 1.30 Zener diode as a shunt regulator
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1.13.6.1 Regulation with varying input voltage

The Fig. 1 31 shows a zener regulator under varying input voltage condition.
It can be seen that the output is

V\'}mﬁ ———r Vs = V7 is constant.
| I Iy v vV,
Constant 5 I = 5= = 5= = constant
V# R, Vo=V, R "Ry
l. AndI=1z+ 1
""" Now if Vi, increases, then the total current

constant. Hence the current I increases to

keep Ii constant.

But as long as Iz is between Izmin and Izmi, the Vz ie. output voltage V, is constant.
Thus the changes in input voltage get compensated and output is maintained constant.

Similarly if Vi, decreases, then current 1 decreases. But to keep I. constant, Iz
decreases. As long as Iz is between [zma and Izmin, the output voltage remains constant.

Steps to Analyse Zener Regulator with Varying Input

The steps are,

1. Calculate the load current which is constant
L = Yo_Vz
L Ry, R.p

2. To find Vigminy, the current through zener must be Izmin to keep it reverse biased.
I

]

vz""IKR

vinhni‘n}
3. To find Vis(max), the current through zener must be maximum equal to Izma.

I = Iy + Izma

v = V,+IxR

mnimax)

- 4. Hence the range of input is Visimin) t0 Viniman for which output will be constant equal
to Ve

Using the same steps, for given Vi, range the resistance values can be obtained and
zener regulator can be designed.

The maximum power dissipation in the zener diode is given by,

Pp = Vz lzimay
The zener diode must be selected with power dissipating rating higher than Pp.
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1.13.6.2 Regulation with varying Load

The Fig. 1.32 shows a zener regulator under varying load condition and constant input

voltage.

——ANMN/
I I
V‘.\ :'_-
Constant :_-

Fig. 1.32 Varying load condition

The input voltage is constant while the load resistance R, is variable. As Vi, is constant

and

V., = V7 is constant, then for constant R the current | is constant.

Vin = Vz
I = "—R— constant =1, + 1,

Now if R. decreases so I, increases, to keep I constant Iz decreases. But as long as it is
between Izmin and Izmix, output voltage V, will be constant. Similarly if Ry increases so I.
decreases, to keep | constant Iz increases. But as long as it is between Izmn and Izmi,

output voltage V, will be constant.

Steps to Analyse Zener Regulator with Varying Load

The steps are,
1. Calculate total current [ which is constant.

| = Yn—Vz
R

2. To find [umin]- Iz = [zmax

lLlTnml = I- Ime

3. To find lymax, Iz = lzmin

ILEmnu'l = I - lzgin

4. Thus limin 0 I is the range of load current for which output voltage remains

constant,

The maximum power dissipation in zener remains same as,

Pp = Vi Lzma
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1.14 Advantages of IC Voltage Regulators

The various advantages of IC voltage regulators are,
1. Easy to use.

2. It greatly simplifies power supply design.

3. Due to mass production, low in cost.

4. IC voltage regulators are versatile.

5. Conveniently used for local regulation.

6. These are provided with features like built in protection, programmable output,
current/voltage boosting, internal short circuit current limiting etc.

1.15 Classification of IC Voltage Regulators

The IC voltage regulators are classified as shown in the Fig.1 33,

| IC Volage regulators |

Fixed Adjustable Switching
voltage regulators voltage regulators regulators

Fig. 1.33 Classification of IC regulators

1.15.1 Three terminal fixed voltage regulators

As the name suggests, three terminal voltage regulators have three terminals namely
input which is unregulated (V,), regulated output (V,) and common or a ground terminal.
These regulators do not require any feedback connections. The Fig. 1 34 shows the basic
three terminal voltage regulator.

- Voltage "‘;u
lator
(input) | e (output)
Ground

Fig. 1.34 Three terminal voltage regulators

The capacitor C;;, is required if regulator is located at appreciable distance, more than
5 cm from a power supply filter. The output capacitor C, may not be needed but if used
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it improves the transient response of the regulator i.e. regulator response to the transient
changes in the load. This capacitor also reduces the noise present at the output. The
difference between V;, and V, (V,, — V,) is called as dropout voltage and it must be
typically 20 V even during the low point ou the input ripple voltage, for the proper
functioning of the regulator.

1.15.2 IC series of 3 terminal fixed voltage regulators

The popular IC series of three terminal regulators is pA78XX and pA79XX. The series
MAT78XX is the series of three terminal positive voltage regulators while nA79XX is the
series of three terminal negative voltage regulators. The last two digits denoted as XX,
indicate the output voltage rating of the IC.

Such series is available with seven voltage options as indicated in Table 1

Device type Output Voltage Device type Output Voltage
7805 50V 7905 -50V
T806 6OV T906 =60V
T808 BOV Te08 =80V
T812 120V 7912 =120V
TB15 150V 7915 =150V
7818 18.0 VW T918 - 180V
7824 240 V 7924 -240V

Table 1

The 79XX series voltage regulators are available with same seven options as 78XX
series, as indicated in Table 13.3. In addition, two extra voltages =2 V and -5.2 V are also
available with ICs 7902 and 7905.2 respectively.

These ICs are provided with adequate heat sinking and can deliver output currents
more than 1 A. These ICs do not require external components. These are provided with
internal thermal protection, overload and short circuit protection.

1.15.3 Adjustable regulator using 78XX series

Though IC 78XX series regulators

P SCRREE. | I - o+  have fixed value of the regulated

Vin 3 R Vet  output voltage, by connecting two

- ' - resistances externally, an adjustable
'h output voltage can be obtained.

2R, The typical connection of 78XX IC

= i - regulator to obtain variable output

- voltage is shown in the Fig.q 35
Fig. 1.35 Adjustable regulator using IC 78XX
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R;
Vo = VES[I+R‘}

where Vn'.-g = Regulated fixed voltage of IC

By varying R,, variable output voltage can be obtained.

1.15.4 Need of Switched Mode Power Supply

A linear regulator power supply has following limitations :

1. The required input step down transformer is bulky and expensive.

2. Due to low line frequency (50 Hz), large values of filter capacitors are required.
3. The efficiency is very low.

4. Input must be greater than the output voltage.

5. As large is the difference between input and output voltage, more is the power
dissipation in the series pass transistor.

6. For higher input voltages, efficiency decreases.

7. The need for dual supply, is not economical and feasible to achieve with the help
of linear regulators.

Thus in modern days, to overcome all these limitations Switched Mode Power
Supplies (SMPS) are needed.

1.15.5 Block diagram of SMPS

A switching power supply is shown in Fig.136 . The bridge rectifier
and capacitor filters are connected directly to the ac line to give
unregulated dc input. The thermistor R, limits the high initial capacitor
charge current. The reference regulator is a series pass regulator of
the type-

Its output is a regulated reference voltage
V..t which serves as a power supply voltage for all other circuits. The
current drawn from V,, is usually very small (~ 10 mA), so the power
loss in the series pass regulator does not affect the overall efficiency
of the switched mode power supply (SMPS). Transistors @, and Q,
are alternately switched off and on at 20 kHz. These transistors are
either fully on (Vig ... ~ 0.2V) or cut-off, so they dissipate very little
power, These transistors drive the primary of the main transformer.
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The secondary is centre-tapped and full wave rectification is achieved

by diodes D, and D,. This unidirectional square wave is next filtered
through a two stage LC filter to produce output voltage V..
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Fig.1.36 Block diagram of switched mode power supply
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The regulation of V, is achieved by the feedback circuit consisting

of a pulse-width modulator and steering logic circuit. The output voltage
V, is sampled by a R,R, divider and a fraction R,/(R,+R,) is compared
with a fixed reference voltage V, in comparator 1. The output of this
voltage comparison amplifier is called V., and is shown in Fig. 137(a)

Trianguiar waveform

control
Triangular N ‘ PP, /\{ N
wave 40kHz o e\ = S Z AN Z X
L R o T S

PWM's output v, ;& 5

e e e
40kHz o _.‘ c

20kHz v, o s ' : i d

20kHz Vs

Drive for Q1
20kHz v, , p

Drive for 02

20kHz Vo g
Q.-ON

Switched 1 Q,-ON

1 |
vanstomer — VA_ore _oee W) ore _ore
primary /// 7/ :

Q,-ON Q,—-ON
Ve —J __L i

Fig.1.37 Waveforms of switched mode power supply
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Veontrol 18 applied to the (-) input terminal of comparator 2 and a
triangular waveform of frequency 40 kHz (also shown in Fig.1.37 (a))
is applied at the (+) input terminal. It may be noted that a high
frequency triangular waveform is being used to reduce the ripple. The
comparator 2 functions as a pulse width modulator and its output is
a square wave v, (Fig. 1.37 (b)) of period 7(f = 40 kHz). The duty cycle
of the square wave is T\/(T, + T,) and varies with V... which in
turn varies with the variation of v,.

The output v, drives a steering
logic circuit shown in the dashed block. It consists of a 40 kHz oscillator
cascaded with a flip-flop to produce two complementary outputs vg
and vg shown in Fig. 1.37(d) and (e). The output v,, and vy, of AND
gates A, and A, are shown in Fig. 1.37 (f) and (g). These waveforms
are applied at the base of transistor @, and @,. Depending upon
whether transistor @, or @, is on, the waveform at the input of the
transformer will be a square wave as shown in Fig. 137 (h). The
rectified output vg is shown in Fig. 137 ().

An inspection of Fig. 136 shows that the output current passes
through the power switch consisting of transistors @, and @,, inductor
having low resistance and the load. Hence using a switch with low
losses (transistor with small Vig .., and high switching speed) and a
filter with high quality factor, the conversion efficiency can easily
exceed 90%.

If there is a rise in dc output voltage V,, the voltage control V..
of the comparator 1 also rises. This changes the intersection of the
Veontrat With the triangular waveform and in this case decreases the
time period T in the waveform of Fig. 1.37 (b). This in turn decreases
the pulse width of the waveform driving the main power transformer.
Reduction in pulse width lowers the average value of the dc output V.
Thus the initial rise in the dc output voltage V, has been nullified.
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