ELECTRONIC DEVICES AND CIRCUITS

UNIT II - Diode Applications
Rectifier - Half Wave Rectifier, Full Wave Rectifier, Bridge Rectifier, Rectifiers with

Capacitive and Inductive Filters, Clippers-Clipping at two independent levels, Clamper-

Clamping Circuit Theorem, Clamping Operation, Types of Clampers.

2.1 Rectifier

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

2.1.1 Types of Rectifier Circuits
e Using one or more diodes, following rectifier circuits can be designed.
» Half wave rectifier (HWR)
» Full wave rectifier (FWR)
» Bridge rectifier(BR)

2.2 Half Wave Rectifier
e Half wave rectifier circuit uses only one diode.
e During positive half cycle of input a.c. supply, diode conducts and we will get the output at
load.
e During negative half cycles of a.c, supply, there is no output at the load.

2.2.1 Construction
e This rectifier circuit consists of a.c. voltage source, rectifying element ( p-n junction diode)
and resistive load , all are connected in series.
e The circuit diagram is shown in the Fig. 2.1.
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Fig. 2.1 Half wave rectifier
e To obtain the desired d.c voltage across the load, the a.c voltage is applied to rectifier circuit
using suitable step-down transformer with necessary turns ratio.
e The input voltage to the half wave rectifier circuit is a sinusoidal a.c voltage, having a supply
frequency of 50 Hz and is given by
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e, = Eg . sin ot

Where

2n f
f Supply frequency

The transformer decides the peak value of the secondary voltage.
If N1 are the primary number of turns and N2 are the secondary number of turns and Epm is
the peak (or) maximum value of the primary voltage and Esm is the peak (or) maximum

value of the secondary voltage then,
N> — Esm

Rf represents the forward resistance of the diode.

2.2.2 Operation

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 almost full positive half cycle.
This current is also flowing through load resistance RL hence denoted as load current iL.
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.
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Fig. 2.2 Waveforms of Half wave Rectifier
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. 2.2.
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2.2.3 Parameters of Half Wave Rectifier
e Average D.C. Load Current (Ioc)

e Average D.C. Load Voltage (Ebc)

e R.M.S. Value of Load Current (Irms)
e D.C. Power Output (Ppc)

e A.C. Power Input (Pac)

e Rectifier Efficiency (n)

¢ Ripple Factor (¥)

e Peak Inverse Voltage (PIV)

e Transformer Utilization Factor (TUF)
e Voltage Regulation

2.2.3.1 Average D.C. Load Current (Ioc)
e The average d.c value of alternating current is obtained by integration.
e 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 21 and then dividing it by the base

21r.
e Mathematically, current waveform can be described as,
i, = Imsinmt' _ for0swtsn
ip =0 fornswt<2n
where
I, = Peak value of load current
1 2 B A
Ipc = 3% !u. d(wt) = 5 {1,,. sin (t) d(wt)

e As no current flows during negative half cycle of a.c, input voltage, i.e. between wt = 11 to
wt =211, we change the limits of integration.

n
Ipc = 21_1;{1"‘ sin(ot) d(wt) = 12—';[-606(0“)]:

Im Im Im
ac -z—n-[C()S(ﬂ)-'C(B(O)] = - 'z—n- -1 ‘-1]=T

Ipc = l% = Average value

¢ Applying Kirchhoff's voltage law we can write,

" Egm
m = R, 7R, 7K,

Where Rs = Resistance of secondary winding of transformer.
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2.2.3.2 Average D.C. Load Voltage (Ebpc)
e Itis the product of average D.C. load current and the load resistance Rv.

Epc = IncRy
e Substituting value of Ioc in the above equation
Im
Epc = T R
- E sm R
(Rf+R, +Ry)n &
E
E = Sl
o x| +Rs +1
Ry

e The winding resistance Rs and forward diode resistance R: are practically very small
compared to RL.
¢ (Rf + Rs)/RcL is negligibly small compared to 1. So we get,

Boc = =P

2.2.3.3 R.M.S. Value of Load Current (Irvs)
e The R.M.S means squaring, finding mean and then finding square root. Hence R.M.S. value
of load current can be obtained as,

n n
I = le—nja,.. sin ot)2 d(me)=\l-23;[(lmzsin2 ot d(wt))
0 0
1 %1 -cos(2mt)]d(wt) 1 [t sin(2ot))®
. ‘mJﬁ{ 2 'I'"J’zi{T‘—:t I
= In2=(3) as sin(2r) = sin (0) = 0
.
Im
Irms = =

2.2.3.4 D.C. Power Output (Poc)
e The d.c. power output can be obtained as,

Ppc = Epclpc = IHcRe

e For half wave rectifier, we have Ipc = Im/ 11



DC
[T =
n
2
Ppc = 5 R
where Em
Im = Ry + R, + R,

EsmZRr
w2 [Rfg + Ry +R-]2

2.2.3.5 A.C. Power Input (Pac)
e The a.c. power is given by,

PAC = Ill'tMS[RL + R{ + Rl]
e For half wave rectifier, we have Irvs = Im/ 2

Pac = 2[Ry + R¢ + R

2.2.3.6 Rectifier Efficiency (n)
e The rectifier efficiency is defined as the ratio of D.C. output power to A.C. input power.

D.C. output power _ Ppc
A.C.inputpower  Pac

n:

22 \L _ (4/m2)Ry

n = =
2 R¢ +Ry +R
l%[kr +R[_ +R;] ( ¥ L 8)

0406

n= L [Ri+K
Ry

e We know that, (Rf + Rs) << RL . So we get the maximum theoretical efficiency of half wave
rectifier as,

e If the efficiency of rectifier Is 40 % then what happens to the remaining 60 % power.

e It is present in terms of ripples in the output which is fluctuating component present in the
output.



2.2.3.7 Ripple Factor (¥)
e Itis seen that the output of half wave rectifier is not pure d.c, but a pulsating d.c.
e The output contains pulsating components called ripples.
e The measure of ripples present in the output is with the help of a factor called ripple factor
denoted by .

e Mathematically ripple factor is defined as the ratio of R.M.S. value of the a.c. component in
the output to the average or d.c. component present in the output.

R.M.S. value of a.c. component of output
Average or d.c.component of output

Ripple factor y =

e Now the output current is composed of a.c. component as well as d.c. component.
Let

e r.m.s. value of a. c. component
present in output

Ipc = d.c. component present in output

Igms = RMS. value of total output current

= [+
Ipms = 13 + 13
2
he = v Trms ~Toe

e As per definition

Ripple factor Jac

Ipc
2 - 12
Irms ~ Toe
" = I
DC
" 2
- )
Ipc

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

2.2.3.7.1 Ripple Factor (¥) for half wave rectifier
e Now for a half wave circuit, we have

lans = 3~ while Ipc =12
()|
Y (’:‘ o E:——l = /14674
T
Yy = 1211 .. Halfwave

e This indicates that the ripple contents in the output are 1.211 times the d.c. component
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2.2.3.8 Peak Inverse Voltage (PIV)
e 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 Esm.

PIV of diode = Eg, = Maximum value of secondary voltage = ® Epc|; ._,

2.2.3.9 Transformer Utilization Factor (TUF)
e The factor which indicates how much is the utilization of the transformer in the circuit is
called Transformer Utilization Factor (TUF)

D.C. power delivered to the load
A.C. power rating of the transformer

e A.C. power rating of transformer = Erws Irvs

Esm lr‘n
J2 2z

. E.‘q-IT‘I II‘I"l

242

e D.C. power delivered to the load = Ipc? RL

- (&)

Im 2R

T.U.F.

T.U.F.
Eﬁmlm
242
e Neglecting the drop across R and Rs we can write,
Esm = ImRy
2 .
TUF = Im> Ri 242
EE [ranL
22
n?
T.U.F = 0.287

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



2.2.3.10 Voltage Regulation
e The voltage regulation is defined as the change in the d.c output voltage as load changes

from no load to full load condition.
If (Vg )y = D.C. voltage on no load

(Vg JF = D.C. voltage on full load.
e Then voltage regulation is defined as,

. _ (Ve Ine — (Vae I¥FL
Voltage regulation = Vo e

Where

(Vachn

- =Im p _ Esm
Vac)rL = Ipc Ry = — RL_n{R;+R;+RL]xRL

2.2.4 Advantages of Half Wave Rectifier
e Only one diode is required
e Circuit is easy to design
¢ No centre transformer is necessary

2.2.5 Disadvantages of Half Wave Rectifier
e The ripple factor of half wave rectifier circuit is 1.21, which is quite high

e The maximum theoretical rectification efficiency is found to be 40% which is very low.
e TUF is very low showing that the transformer is not fully utilized.
e To minimize the saturation, transformer size have to be increased which increases the cost

Example : A half wave rectifier circuit connected to a 230 V, 50 Hz source, through
a transformer of turn ratio of 10:1. The rectifier circuit is to supply power to a 500
1 watt resistor and diode forward resistance is 100 Q .

Calculate :
1) Maximum, average and r.m.s. value of current and voltage.

2) Efficiency of rectification.
3) Percentage regulation.

Solution : Ep(r.m.s.) =230 V, Ny/N, = 10:1, Ry = 500 Q, Ry = 100 Q
N, _ _l_ Eq (r.m.s.)

Nl 10 Ep {rms.)

1
Es(r.m.s.) = -1-0-x230= 23V

V2 XEgrms) = ¥2%23 = 325269 V.
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2) . Poc

Voﬂ

3) (Vd.eINL

(Vaeo

%R =

Example A voltage of

Find the maximum d.c

rectifier efficiency.

E.m 32,5269
R;+RL = 1005500 ~ = 542115 mA ...Maximum current

= Ipc = le = 17.2561 mA ...Average current

= -l-;lforha]fw'ave:ﬂ.lossm

= IpcRyL =8628V
= lzDC Ry = 0.14888 W
= llthS (Ry +Rg) = 0.44083 W

= Ppc 014888
e x100 = omxmo = 33.7723 %

Esm 325269

o=l = 103536 V

= Epc =868V

_ (VacINL =(Vae)L
(Vdc)l. x100 = 20 %

200 cos wt is applied to HWR with the load resistance of 5 kQ.

. current component, r.m.s current, ripple factor, TUF and the

Solution : Comparing input voltage to Egny, sin (ot+¢), ¢ = 90°

Equ = 200V, Ry =5kQ
i, = E sm =200 _ 40 ma ... Rg=Rg=0
i Ry +R¢ +Rs  5x10°
1 40
Irms = —‘2"— s N 20 mA ... Half wave
I * I
y = [ -BMS | _1 where Ipc =-T-=127324mA
IDC ) T
\2
- - ¥ _ ream
12.7324
2
D.C. power output I5c R
TUF = E P = _DC

T AL

C. power rating of transformer (Esm I
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= 0.2865

(12.7324x 10~ 3)2 x 5x 107
- .

'200‘”4U>< 10 7 )

2 )\ 2 |
Note that for half wave rectifier Igys = 17
Pac = lgys R = (20x10° 3)2x 5% 10° =2 W
Poc = 12 Ry = (12.7324x 1073)2 x 5% 103 = 0.8105 W
% N = Poc . 100 = D—'S;':'—Sx 100 =40.528 %
PaC 2

2.3 Full Wave Rectifier
e The full wave rectifier conducts during both positive and negative half cycles of input a.c
supply.
e In order to rectify both the half cycles of a.c. input, two diodes are used in this circuit.
e The diodes feed a common load R. with the help of a centre tap transformer.
e The a.c voltage is applied through a suitable power transformer with proper turns ratio.
e The full wave rectifier circuit is shown in the Fig. 2.3.
e =E_.sin ot D,

N @ —— i

I 0 Eﬁc 1 ”,
~ é’ ¥
A.C. supply 1
1 n e g2
Center tap ___| @
transformer D2

Fig. 2.3 Full wave Rectifier
2.3.1 Operation

e Consider the positive half cycle of a.c input voltage in which terminal (A) is positive and
terminal (B) negative.

e The diode D1 will be forward biased and hence will conduct.

e While diode D2 will be reverse biased and will act as an open circuit and will not conduct.

e The diode D1 supplies the load current, i.e. iL=id1. This current is flowing through upper half
of secondary winding.

e The diode current and the load current are illustrated in the Fig. 2.4.
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During negative half cycle of a.c voltage, polarity reverses and terminal (A) becomes
negative and (B) is positive.

The diode D2 conducts, being forward biased, while D1 does not, being reverse biased.

The diode D2 supplies the load current, i.e. iL= is2. Now the lower half of the secondary
winding carries the current.

The diode current and the load current are illustrated in the Fig. 2.4.

It is noted that the load current flows in both the half cycles of a.c 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 output load current is still pulsating d.c and not pure d.c.

4 D, ON =——f= Dy ON = D, ON ==t D, ON D, ON
Secondary D, OFF D, OFF D, OFF D, OFF D, OFF
| voltage g |
(one half) 3™
e
1 " 0 13 4n T L“‘H
lay ‘
e /—\
-» —“‘
0 X 2n 3In dr 5r
|

Load voltage e, ]
E,,~E
Sav  SDC
Em ’
- -r--o -1 - - - L -y - P R + - - - - -
) ool
b 2n 3r an Sn

Fig. 2.4 Waveforms for Full wave rectifier
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2.3.2 Parameters of FWR
e Average D.C. Load Current (Ioc)
e Average D.C. Load Voltage (Ebc)
e R.M.S. Value of Load Current (Irms)
e D.C. Power Output (Ppbc)
e A.C. Power Input (Pac)
e Rectifier Efficiency (n)
e Ripple Factor (¥)
e Peak Inverse Voltage (PIV)
e Transformer Utilization Factor (TUF)
e Voltage Regulation

2.3.2.1 Average D.C. Load Current (Ioc)

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

e 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 21 and then dividing it by the base
21T.

e Mathematically, current waveform can be described as,

ip = lmsinmt' _ for0swts=
ip = Iy sin ot fornswt<s2n
where
I, = Peak value of load current
1 2% 1 n
Ipc = ﬁIlL d(wt) =2§Ii[_ d(wt)
0 0
lx
l.v=[lx= ;IJ‘” d(wt)
0
n
= ;lt-jlm sin ot dot
0
_Im [ n
-T[( cosmt)O]
=!—":~‘[—cosx - (= cos 0)]
I
= B +1-¢1) e COS 7= -1
e
DC = 7 for full wave rectifier

12



2.3.2.2 Average D.C. Load Voltage (Ebpc)
e The d,c. load voltage is,
21w Ry

Em = Im:RL =
e Substituting value of Im in the above equation
2Egm Ry
= 1
n [Re +Rs+Ry ]
2 Esm

- Re +R,
n [H-—RL ]

Epc

e ButasRr& Rs<<RLhence (Rt&Rs)/RL<<1
2Esm
= m

Epc

2.3.2.3 R.M.S. Value of Load Current (Irvs)
e The R.M.S value of current can be obtained as follows.

1 ix
Inms = J_f’-‘ | ifd(er)
o

e Since two half wave rectifier are similar in operation we can write

=
Igms = JZ %I [T sin wt]Z2d(wt)
0

-t RT3 b

1—-cos2mt

as sin2 @t = 5

SN i e == ) IO

- 1...‘/;—“(1:) as sin (2x ) = sin (0) = 0

Igms. =

I

2.3.2.4 D.C. Power Output (Poc)
e D.C. power output Poc= Epc Ipc = Ibc? RL
e For full wave rectifier, we have Ipoc = 2Im/ 11

2Im

Foc = ll;,cRL=[T]2RL
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Poc = — IR
DC 2 mSL
e Substituting value of In we get,
2
Poc = — = Ry

n2 (R,+R sz
(Rs+Ry +R)

2.3.2.5 A.C. Power Input (Pac)
e The a.c. power input is given by,

2
I
Pac = Igus(Re +Rs+Ry) '[‘%J (R +Ry+R)

12, (R + R+ R

e Substituting value of Im we get,

2
Pac = Eim = K%X(Rf +Rs+RL)
(Rr +Rs+Ry)
E!
P s
e 2(Rr +R; +R)

2.3.2.6 Rectifier Efficiency (n)
e The Rectifier Efficiency is given by

n = Ppc output
Pac input
4
n—zlnanL
lm(Rf +R’+RL)
2
8 R
n = 3

n2(Re +Rs+Ry)
e But (Ri+ Rs) <<Ru,

8 R - 8
n2(R) =2

“:

T

Yo NMmax = 81.2 %
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2.3.2.7 Ripple Factor (¥)
e As derived earlier, a general expression the ripple factor is given by

2
. _ Trms _
R.IPF]E fﬁctﬂr = [F] 1
e For full wave rectifier 'RMS = Im/¥2  and Ipc=2In/z
e Substitute the above values in ripple factor equation

2
, = | Im N2 ,nz B
Ripple factor J[?lm/n] 1= 5 1

Ripple factor = y = 0.48

2.3.2.8 Peak Inverse Voltage (PIV)
e The total peak voltage across diode is 2Esm.

PIV of diode = 2 Esm = ®Epcl .,

2.3.2.9 Transformer Utilization Factor (TUF)
e In full wave rectifier, the secondary current flows through each half separately in every half
cycle while the primary of transformer carries current continuously.
e Hence TUF is calculated for primary and secondary windings separately and then the

average TUF is determined.

D.C. power to theload
il power rating of secondary

2 2
%c Ro (Elm) RL

J2 2
¢ Neglecting forward resistance Rt of diode, Esm = ImRL
Secondary TUF. = % = — = 0.812
2

e The primary of the transformer is feeding two half-wave rectifiers separately.
T.U.F. for primary winding = 2 x T.U.F. of half wave circuit

= 2 x 0.287 = 0.574.
e The average T.U.F for full wave rectifier circuit will be
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Average T.U.F. for _ T.U.F. of primary + T. U.F. of secondary
full wave rectifier circuit a

574+ 0812
=05 ;081 = 0.693

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

2.3.2.10 Voltage Regulation
e For a full wave circuit,

2Em
(Vac v = —
(Vac )er = Ipc R

e The regulation can be expressed as,
- (V,
% R = (vdG]NL ( ﬂG}FLxlm
(Vae IFL

2.3.3 Advantages of Full Wave Rectifier
e The d.c load voltage and current are more than half wave.
e No d.c current through transformer windings hence no possibility of saturation.
e T.U.F.is better as transformer losses are less.
e The efficiency is higher.
e The large d.c power output.
e The ripple factor is less.
2.3.4 Disadvantages of Full Wave Rectifier
e The PIV rating of diode is higher.
e Higher PIV diodes are larger in size and costlier.
e The cost of centre tap transformer is higher.

Example : A full-wave rectifier circuit is fed from a transformer having a
centre-tapped secondary winding. The rms voltage from either end of secondary to center tap
is 30 V. If the diode forward resistance is 2 S and that of the half secondary is 8 Q, for a
load of 1k, calculate,

a) Power delivered to load,  b) % Regulation at full load,
c) Efficiency of rectification, d) T.U.F. of secondary.
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Solution : Given : Es = 30V, Ry = 2Q R = 8Q, R = 1kQ

Esm = Es 2 =30 /2 volt =42426 V
, _ E<m . 30/2 &
m 7 Ry +* R + Rg 2+1000+ 8
= 42 mA
2
Ipc = e Im = 26.74 mA
a) Power delivered to the load = I%C Ry = (26.74 x 1073 )2 (1kQ)
= 0715 W
b) Voc , no load = %E,m=;t2—x30«/5=27v
Vpe , full load = Ipc Ry = (26.74 mA) (1 kQ)
= 2674V
. VL - VL _ 27 - 26.74
= 097 %
. : _ _ D.C.output
c) Efficiency of rectification = e
i o= 2 1 B S—
T x2 l+1?.f+11,‘,,;2 l+(z+3)
RL 1000
= 0802 ie. 802 %
N 42 mA
d) Transformer secondary rating = Egms Irms = [30 V] 7
= 089 W
_ D.C. power output
x T.U.F A C nine
0.715
= R 0.802

2.4 Bridge Rectifier
e The bridge rectifier circuit is essentially a full wave rectifier circuit, using four diodes, forming
the four arms of an electrical bridge and is shown in figure 2.5.
e To one diagonal of the bridge, the a.c voltage is applied through a transformer and the
rectified d.c voltage is taken from the other diagonal of the bridge.
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!

A.C.Supply

Fig. 2.5 Bridge Rectifier
2.4.1. Operation

e Consider the positive half of ac input voltage.

e The point A of secondary becomes positive. The diodes D1 and D2 will be forward biased,
while Ds and Da4 reverse biased.

e The two diodes D1 and D2 conduct in series with the load and the current flows as shown in
Fig. 2.6.

ey

A

E e e o o e s e o et
Transformer M ¥

secondary

an
vome 6 n 2n wt

g

g

:

o

¢ o
z

O‘:’O

IZPI

K

N
%

ol

Fig. 2.6 Waveforms of bridge Rectifier

During negative hall cycle, the polarity of a.c voltage reverses hence point B becomes
positive diodes D3 and D4 are forward biased, while D1 and D2 reverse biased.
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Now the diodes Ds and D4 conduct is series with the load and the current flows as shown in
Fig. 2.6.

It is seen that in both cycles of a.c input, the load current is flowing in the same direction.
The waveforms of load current and voltage remain are shown in figure 2.6.

2.4.2 Expressions for various parameters of Bridge Rectifier

The bridge rectifier circuit, being basically a full wave rectifier circuit.
All the derivations discussed previously for a full wave rectifier circuit using two diodes are
applicable for a bridge rectifier circuit.

The relation between Im the maximum value of load current and Ipc, Irvs remains same as
derived eatrlier for the full wave rectifier circuit.

2m

Im
and IM:?E

In each half cycle two diodes conduct simultaneously. Hence maximum value of Load
current is,

Inc =

_ Esm
b = Rs+2R; +R

The remaining expressions are identical to those derived for two diode full wave rectifier and
reproduced for the convenience of the reader.

_ 2Esm
No¢ = e iy, ===
P = Y3 - 4 2
be = IDCRL~';2—|m Rp

Pac = Ic(Rs+2Rp +Ry)
12, (2R¢ +Rs+Ry)
2
S8R
n? (Rs+2R¢ +Ry)

T‘:

% Nmax = 812 %
y = 048

The transformer utilization factor is 0.812.
PIV rating of the diode is Esm

2.4.3 Advantages of Bridge Rectifier

e Power transformer of a small size and less cost may be used.
¢ No centre tap is required in the transformer secondary.

The transformer gets utilized effectively

It is suitable for applications where large powers are required.
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e |t can be used for high voltage applications.

2.4.4 Disadvantages of Bridge Rectifier
e Use of four diodes

e Due to 2Ry, this reduces the output voltage

2.5 Comparison of Rectifier Circuits

Circuit diagrams
Half wave Full wave Bridge
'pii*thn !
Ny g onshally & v
o
Sr. No. Parameter Half wave Full wave Bridge
1. Number of diodes 1 2 4
2. | Average D.C. current (Ipc) Im Un AUp
n n n
3. | Average D.C. voltage (Epc) Esm 2Eum 2Em
n n n
4, RM.S. current (Ipns I_I'Il ley I
toe) z 7 7
5. | DC. output 2R 4 n 4
power output (Ppc) mn L F]"RL F[LRL
6. | AC. power input (Pac) (R + R+ Ry) B(Rr+Ry+Ry) |3 (2Re+ Ry # RL)
2 2
T Maximum rectifier efficiency {\1,] 408 % 812 % B12%
8. | Ripple factor (y) 1.21 0.482 0.482
9. | Maximum load current (1) Esm Esm Esm
Ry+Re+RL Ri+Re+ Ry R+ 2R+ R
10. | PIV rating of diode E 2 Egn Eam
11. | Ripple frequency 50 Hz 100 Hz 100 Hz
12. | TUF. 0.287 0.693 0.812
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2.6 Filter Circuits

Definition of filter:
e Afilter circuit is one which removes the ac component present in the rectified output and

allows the dc component to reach the load.

Rectifier |D.C.+ ‘
%-‘ circuit Ripple ‘Fltcr Filtered d.c.
A.C. input
o —| -1 o t—

Pulsating d.c.
Fig. 2.7 Rectifier and filter
e Itis seen that the output of a half wave or full wave rectifier circuit is not pure d.c.
e But it contains fluctuations or ripple, which are undesired.
e To minimize the ripple content in the output of rectifier, filter circuits are used.
e These circuits are connected between the rectifier and load as shown in the Fig. 2.7.
e An a.c input is applied to the rectifier.
e At the output of the rectifier, there will be d.c and ripple voltage present, which is the input to
the filter.
e |deally the output of the filter should be pure d.c.
e Two components which are used in filter circuits are inductance and capacitance.
e Aninductor allows dc and blocks ac. A capacitor allows ac and blocks dc.
e In afilter circuit, the inductance is always connected in series with the load.
e In afilter circuit, the capacitance is always connected in parallel with the load.

2.6.1 Types of filter circuits

Capacitor filter (C Filter)

Inductor filter (or) Choke filter (L Filter)
L Section filter (or) LC Filter

- Section Filter (CLC Filter)

2.6.2 Capacitor filter (C Filter)
Half wave, full wave or bridge giner circuit

Single phase o—+—— - —~ -
50 Hz, Rectifier c _L_ R v

A.C. circuit T L °

supply o—— R — -

Fig. 2.8 Block Schematic of capacitor filter

e The block schematic of capacitor filter is shown in the Fig. 2.8.
e Looking from the rectifier side the first element in filter is a capacitor.
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2.6.2.1 Capacitor filter with Full Wave Rectifier

The capacitor filter used in full wave rectifier circuit as shown in the Fig. 2.9.

] “ Eam Fier

‘ '
o= ey T F
e 1 Esm C == E w  Eoe

B 2@ T
Fig. 2.9 Capacitor input filter with Full wave rectifier

When power is turned on, the capacitor C gets charged through forward biased diode D1 to
Esm, during first quarter cycle of the rectified output voltage.

In the next quarter cycle from 11/2 to 1T the capacitor starts discharging through Rv.

Once capacitor gets charged to Esm, the diode D1 becomes reverse biased and stops
conducting. So during the period from 11/2 to 1 the capacitor C supplies the load current.

It discharges to point B shown in the Fig. 2.10

Capacitor discharges

A-B ---> Capacitor Discharges
B-C ---> Capacitor charges

Vo!

Fig. 2.10 Waveforms of Capacitor input filter with Full wave rectifier

At point B, lying in the quarter 1 to 311/2 of the rectified output voltage, the input voltage
exceeds capacitor voltage, making D2 forward biased. This charges capacitor back to Esm at
point C.

The time required by capacitor C to charge to Esm is quite small and only for this period,
diode D2zis conducting.

Again at point C, diode D2 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. 2.10.

At this point, the diode D1 conducts to charge capacitor back to Esm.

The diode currents are shown shaded in the Fig. 2.11.

When the capacitor is discharging through the load resistance RL both the diodes are non-
conducting. The capacitor supplies the load current.
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Fig. 2.11 Operation of Capacitor input filter with Full wave rectifier
e Expression for ripple factor of full wave rectifier circuit using a capacitor filter is given below.

Ripple factor = - for full wave

4J/3 fC Ry

e The product CRLis the time constant of the filter circuit.

e From the expression of the ripple factor, it is dear that increasing the value of capacitor C,
the ripple factor gets decreased.

e Thus the output can be made smoother, reducing the ripple content by selecting large value
of capacitor.

2.6.2.2 Advantages of C filter
e Less number of components.
e Low ripple factor hence low ripple voltage.
e Suitable for high voltage at small load currents.

2.6.2.3 Disadvantages of C filter

Ripple factor depends on load resistance.

Not suitable for variable loads as ripple content increases as RL decreases.
Regulation is poor.

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

Example ;: Calculate the value of ‘C * that has to be used for the capacitor filter of a
full wave rectifier to get a ripple factor of 0.01 %. The rectifier supplies a load of 2 kQ while
the supply frequency is 50 Hz.

Solution : The given values are,

Yy = 0.01%, R =2kQand f =50 Hz
For a capacitor filter with full wave rectifier,
1
or = —_—— w100
¥ 43 fCR
0.01 -
X = =100
4~/3 % 50x Cx 2000
C = 14.433 mF
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2.6.3 Inductor filter with Full Wave Rectifier

In this type of filter, an inductor (choke) is connected in series with the load.

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 wave rectifier with inductor filter which is also called choke filter.

Fig. 2.12 shows the circuit diagram while Fig. 2.13 shows the current waveform obtained by
using choke filter with full wave rectifier.

2
I
>

Fig. 2.12 Circuit diagram of Inductor filter

Without Inductor Filter

With Inductor Filter
Voltage

(Vo)

Ve

<4

Time
Fig. 2.13 Output Voltage waveform of Inductor filter

In the positive half cycle of the secondary voltage of the transformer, the diode D1 is forward
biased. Hence the current flows through D1, L and Rv.

In the negative half cycle, the diode D1 is reverse biased while diode D2 is forward biased.
Hence the current flows through D2, L and RL.

Hence, we get unidirectional current through Rv.

Due to inductor L which opposes change in current, it tries to make the output smooth by
opposing the ripple content in the output.

Expression for ripple factor of full wave rectifier circuit using an Inductor filter is given below.

Ry
3J2 .eL

Ripple factor = y =

So as load changes, ripple charges which is inversely proportional to the value of the
inductor.
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2.6.3.1 Advantages of series inductor (L) filter
e The series inductor (L) filter reduces the ripple in the DC output of rectifier circuit.
e It has low ripple factor at heavy load currents i.e. low load resistance.

2.6.3.2 Disadvantages of series inductor (L) filter
e |tis bulky and more costly.
e |t gives low output DC voltage for larger value of inductance.
e It has poor voltage regulation.
e It has high ripple factor for light loads i.e. small load currents.

2.7 Clipper Circuits (or) Limiters (or) Slicers
e The circuits which are used to clip off unwanted portion of the waveform, without distorting
the remaining part of the waveform are called clipper circuits or clippers.
e A diode is most important element of any clipper circuit.

2.7.1 Classification of Clippers
e Series clipper
e Parallel Clipper

2.7.1.1 Series clipper
e When the diode is connected in series with the load, it is called Series clipper.
e A series clipper can be used to clip off the entire positive or negative half cycles of input
waveforms.
e |t also can be used to clip off the portion above the certain reference voltage or below the
certain reference voltage.

2.7.1.2 Parallel (or) Shunt Clipper
e When the diode is connected in parallel to the load, it is called Parallel Clipper.

2.7.2 Types of Series clipper
e Series Negative Clipper
e Series Positive Clipper
e Series Clipping Above Reference Voltage Vr
e Series Clipping Below Reference Voltage Vr

2.7.3 Series Negative Clipper Circuit

&
[ ]

Input
r%-- U1
¥
0=

Fig. 2.14 Negative series clipper
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2.7.3.1 Operation:
e Consider a circuit shown in the Fig. 2.14 where diode is connected in series with the load.
e For a positive half cycle, the diode D is forward biased and hence the voltage waveform
across RL looks like a positive half cycle of the input voltage.
e While for a negative half cycle, diode D is reverse biased and hence will not conduct at all.
Hence there will not be any voltage available across resistance RL.
e Hence the negative half cycle of input voltage gets clipped off.
e The input waveform and the corresponding output voltage waveform is shown in the Fig.
2.15.
V.

Fig.2.15 Input and Output waveforms

2.7.4 Series Positive Clipper Circuit
e It is similar to series negative clipper, a circuit which clipps off positive part of the input can
be obtained.
e The positive series clipper can be obtained by changing the direction of diode in negative

clipper circuit.
- +
|° O * o

D
Input V, Load ;HL V, Cutput

Fig. 2.16 Positive series clipper

e The Fig. 2.16 shows positive series clipper circuit in which diode direction is opposite to that
in negative series clipper circuit.

2.7.4.1 Operation:
e For positive half cycle of input, Vi > 0 and diode is reverse biased. Hence it acts as open
circuit and Vo=0.
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e For negative half cycle, when Vi <0, the diode conducts. The output voltage Vo available is
same as input voltage.

e Thus, entire negative half cycle of input is available at the output.

e The output waveforms for sinusoidal input waveform is shown in the Fig. 2.17.

. Input

Posmve ls

/chppedoﬂ \ Output
_VF..--_.'.U ' -

m | !
Fig. 2.17 Waveforms of series positive clipper

2.7.5 Parallel (or) Shunt Clippers
e In a parallel clipper circuit, the diode is connected across the load terminals.
e |t can be used to clip or limit the positive or negative part of the input signal, as per the
requirement.
2.7.5.1 Types of Parallel (or) Shunt clipper
e Shunt Negative Clipper
e Shunt Positive Clipper
e Shunt Clipping Above Reference Voltage Vr
e Shunt Clipping Below Reference Voltage Vr

2.7.6 Parallel Clipper with Positive Clipping
e The Fig. 2.18 shows the basic parallel clipper circuit in which diode D is connected across

the load resistance RL.
e The resistance R1 is current controlling resistance.

|

) D
% andR f

in parallel

Fig. 2.18 Basic parallel clipper
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2.7.6.1 Operation:
During positive half cycle of the input Vi, the diode D becomes forward biased and remains

forward biased for the entire half cycle of the input.
As RL is in parallel with diode no current flows through it and output voltage Vo = OV as

shown in the Fig. 2.19.

Fig. 2.19 Operation during positive half cycle
During negative half cycle of input, the diode is reverse biased and acts as open circuit.

e The entire current flows through RL as shown in the Fig. 2.20.

Fig. 2.20 Operation during negative half cycle

ViR,
R, +R,
Thus, Vo a Viand there exists straight line relationship between the input and output voltage.

e Hence using potential divider rule V, =

[ ]
e The waveforms are shown in the Fig. 2.21.

n! '21!

t

Ri*RL |  Positive half cycle of
input clipped off

Fig. 2.21 Waveforms for parallel clipper
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2.7.7 Clipping at two independent levels

This type of clipper combines a parallel negative clipper with negative bias (D2 and Vr2) and
a parallel positive clipper with positive bias (D1 and Vr1).

Such a clipper circuit can clip at two independent levels depending upon the bias voltages.
Fig. 2.22 shows the circuit of a clipping at two independent levels.

Vi

+ Vmax

= V"'iy

Fig. 2.22 Circuit diagram of a clipping at two independent levels

2.7.7.1 Operation:

During the positive half cycle of the Input signal, the diode D+ is forward biased, while diode
D2 is reverse biased.

Therefore, the diode D+ will conduct and will acts as a short circuit and the diode D2 will not
conduct and will acts as an open circuit.

So, the voltage Vr1 appears across output terminals.

During the negative half cycle of the Input signal, the diode D2 acts as a short circuit while
the diode D1 as an open circuit.

So, the voltage Vr2 appears across output terminals.

It may be noted that the clipping levels of the circuit be varied by changing the values of Vr1
and Vra.

If the values of Vr1 and Vr2 are equal, the circuit will clip both the positive and negative half
cycles at the same voltage level.

In short, the operation of a clipping at two independent levels is given below.

Input v, ‘ Output v, Diode status
v, > Vg v, = Vg D, ON, D, OFF
~Vra < v; < Vgi Yy i W D, OFF, D, OFF
v, < =Vpa Vo = =VRra D, OFF, D; ON
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2.8 Clamper Circuits
e The circuits which are used to add a d.c. level to the a.c. output signal is called as Clamper
circuits.
e The capacitor, diode and resistance are the three basic elements of a clamper circuit.
e The clamper circuits are also called d.c. restorer or d.c. inserter circuits.

2.8.1 Clamping Circuit Theorem
e Clamping Circuit theorem relates the area of the output waveform when diode conducts to
the area of the output waveform when diode is OFF.
e |t states that, under steady-state conditions, the ratio of area in forward direction As to that of
reverse direction Ar of output voltage is equal to the ratio of diode forward resistance Rs to
resistance R connected across diode.

A, Ry
A, R

2.8.2 Types of Clampers
e Depending upon whether the positive d.c. or negative d.c. shift is introduced in the output
waveform, the clampers are classified as,
a) Negative clamper
b) Positive clamper

2.8.3 Negative Clamper
e A simple negative clamper which adds a negative level to the a.c. output is shown in the
Fig. 2.23.
e It consists of a capacitor C, the ideal diode D and the load resistance RL..

o

‘I;s- lC' D Ry 03

., A

Fig. 2.23 Negative clamper

2.8.3.1 Operation:
e During the first quarter of positive cycle of the input voltage Vi, the capacitor gets charged
through forward biased diode D upto the maximum value Vm of the input signal V..
e The capacitor charging is almost instantaneous, which is possible by selecting proper
values of C and R in the circuit.
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e The capacitor once charged to Vm, acts as a battery of voltage Vm, as shown in the Fig.
2.24.

Vin.
f’ al; ‘t

J |

Fig. 2.24 Operation of Negative clamper during first quarter of positive cycle

o

y
-

e Thus, when D is ON, the output voltage Vo is zero.
e As input voltage decreases after attaining its maximum value Vm, the capacitor remains
charged to Vm and the diode D becomes reverse biased.

e Due to large RC time constant the capacitor holds its entire charge and capacitor voltage
remains as Ve =Vm as shown in the Fig. 2.25.

C
1L )
i = i
Vm
Vi D OFF R Vo=V,~Vy

! T 1

Fig.2.25 Operation of Negative clamper during negative half cycle

In the negative half cycle of Vi, the diode will remain reverse biased.

The capacitor starts discharging through the resistance RL..

As the time constant RLC is very large, it can be approximated that the capacitor holds all its
charge and remains charged to Vm, during this period also.

Hence, we can write again that,

Vo:Vi'Vc:Vi'Vm

for negative half cycle

v°=-vW fOfv.=0
Vo= 0, for Vi = Vn
Vo=—2Vm, foer=“Vm
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2.8.3.2 Waveforms:
e Assuming ideal diode, the input and output waveforms are shown in the Fig. 2.26.

e The peak to peak amplitude of the input is 2 Vm.

e Similarly, the peak-to-peak amplitude of the output is also 2 Vm.

e Thus, the total swing of the output is always same as the total swing of the input, for a
clamper circuit.

1=V
V! )
-V ud i 1
" 0 i I \’t
D. C. level P
of P
“Yn v = Tomlswing
added "Vm m
Output
oL bt il ki besis
it ) OFF
Initial
charging of C
D ON

Fig. 2.26 Negative clamper waveforms
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2.8.4 Positive Clamper

e By changing the orientation of the diode in the negative clamper, the positive clamper circuit
can be achieved.
e The circuit is shown in the Fig. 2.27.

C

+ I
0
> |

i D R

Vv
Jt °

Fig. 2.27 Positive clamper

-

|

2.8.4.1 Operation:

e During the first quarter of negative half cycle of the input voltage Vi, diode D gets forward
biased and almost instantaneously capacitor gets charged equal to the maximum value Vm
of the input signal Vi with the polarities as shown in the Fig. 2.28.

S - p
. 17 -

Fig. 2.28 Operation of Positive clamper during first quarter of negative half cycle

e The capacitor once charged to Vm, acts as a battery of voltage Vm with the polarities as
shown in the Fig. 2.28.

e This is because RC time constant is very large hence capacitor holds its entire charge all
the time.

Thus when Vi= Vm, the output voltage Vo is 2 Vm.

In the positive half cycle, the diode D is reverse biased.

The capacitor starts discharging through Rv.

But due to large time constant, it hardly gets discharged during positive half cycle of Vi. This
is shown in the Fig. 2.29.

Fig. 2.29 Operation of Positive clamper during Positive half cycle
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e Hence, Vo =V;+ Vn

V.. = V., for Vt =0
Vo = 2Va for Vi = Va
v- = n’ h VI -— v-

2.8.4.2 Waveforms:
e Assuming ideal diode, the input and output waveforms are shown in the fig. 2.30.

|
|
|
|
|
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Fig. 2.30 Positive clamper waveforms
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