s
o

e — e

‘ il T'ﬂltrotluct'lc;n

Q.1 What 4 P-n junctiop p
Ans, : The two types of e

and n 1P, Xlringfc malerials are p type

® The
1e P type and type materialg are chemically
combined wity , special fabric

ation technique to
form P-n junction, !

] - »
On p-side there are large number of holes while on
n-side there are large number of free electrons.

——
&.2 ! Drift and Diffusion Current
———— o umTe ‘

Q.2 Write the difference between drift current
and diffusion current.
IS5 [INTU : Part A, Dec.-14, Marks 2]
Ans. : When a voltage is applied to a semiconductor
then free electrons move towards positive of battery.
Such a movement of free electrons is called drifting
and resulting current is called drift current.,
¢ When an impurity is added to intrinsic material, it
is called doping. If this doping is nonuniform then
the charge carriers either electrons or holes also
exist nonuniformly in the material. As these carriers
are of similar type, they repel each other so that
their distribution becomes uniform in the material.
Due to movements of such carriers, the current
flows, which is called diffusion current. The
movement of carriers without any external voltage,
due to their nonuniform distribution is called

diffusion. This plays on important role in the
working of the unbiased p-n junction.

| uNIT-1v | ‘
D P-N Junction and Zener Diode
x

) 5.3 : Theory of P-N Junction
(Formation of Depletion Region)
e ——

A

Q.3 Explain the formatlon of depletion Teglo |
an unblased p-n junction. B=5° [INTU : part A, Aug, 0
May-09, 12, 13,16, Dec.-1, Marks 3]'

n

Ans. : e In unbiased p-n junction, there are larg,
number of holes on p-side and large number free
electrons on n-side.

* Due to diffusion, the majority holes on P-side sty
diffusing into n-side while the majority free
electrons on n-side start diffusing on p-side,

*In n-region, the holes diffusing from P-side
recombine with the free electrons on n-side apq
become immobile positive jons, just near fhe
junction in n-region.

* In p-region, the free electrons diffusing from n-side
recombine with the holes on p-side and become
immobile negative ions, just near the junction in
p-region. ,

* The large number of negative immobile ions form
on p-side near the junction while large number of
Positive immobile ions form on n-side near the
junction. Due to this, further diffusion of holes and
free electrons stops due to repulsion.

* Thus there exists a wall near the junction with
negative charge on P side and positive charge on n
side. There are no charge carriers in this region.
The region is depleted off the charge carriers.
Hence this region is called depletion region,
depletion layer or space charge region.

The depletion region is shown in the Fig. Q3.1
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7~ Important Points to Remember T

+ In equilibrium condition, the depletion region
gets widened upto a point where no further
electrons or holes can cross the junction. Thus it
acts as a barrier.

+ Due to the immobile positive and negative ions
on the either sides of depletion region near the
junction, there exists potential difference across
the junction. This is called barrier potential,
built-in potential, junction potential or cut-in
potential of p-n junction. For silicon, it is about
0.7 V while for germanium it is about 0.3 V.

\

| 5.4 1 P-N Junctlon Diode |

Q4 Explain p-n junction diode.

Ans.: e The p-n  junction forms a popular
semiconductor device called p-n junction diode.

*Is two terminals are called electrodes, one each
ffom p region and n region.
* ! can conduct current only in one direction.
R,
*The p region is anode and n region is cathode.

oy symbol is shown in the Fig. Q4.1 The
*Towhead in the symbol indicates the direction of
e conventional current which can flow when an
“emal voltage i applied in a specific manner
"0 the diode,

PUBLICATIONS®. An up thrust for knawtedge

No charge carrier

— T 5-2
T PNjutionendZeerDio
JUnCﬁon I
1 |
“Veion | Immobile \
o ' f!(_ +veion I
*oo+ io]o! |
| ! [ 2 ‘
p region— .| ! © ®! o |
- 1| @ @ I: <—— N region ,‘
1
i ©le i . " - Free ',
+ 1
Holes/JO O+ E © @: .- o electrons \1
| @ @ : \
i : \
—_—
1
1

=——Depletion 5
region

Fig. Q.3.1 Depletion region

Direction of conventional current

=
A

L
p type

Anocde Cathode
[+ —O)

ntype

Fig. Q.4.1 Symbol of a dlode

| 5.5 :Operation of Diode

i‘ (Forward and Reverse Blasing)

—
Important Points to Remember
o Applying external voltage to p-n junction diode
is called biasing.
o Depending upon the polarity of external d.c.
voltage applied to diode, the biasing of diode is
classified as,

1. Forward biasing 2. Reverse biasing

g

Q.5 Explain the operation of diode under forward

and reverse blased conditions.
£33 [INTU : Part B, April-18, Marks 5]

Ans. : Forward Biasing :

e When an external d.c. voltage is connected in such
a way that p region is connected to positive and n
region to negative of the d.c. voltage then the
biasing is called forward blasing. It is shown in the

Fig. Q5.1
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(a) Farward blasing

Forward
current

- [ [
1y L

(b) Symhalic representation

Fig. Q.5.1

As long as applied voltage V is less than barrier
potential there is no conduction.

* When applied voltage V is more than barrier
potential, it overcomes the barrier potential and
reduces the width of depletion region. This is
because the negative of battery pushes the free
electrons against the barrier from n to p region

while positive of battery pushes holes against
barrier from p to n region.

* As applied voltage is increased, at a particular
value, the depletion region becomes very narrow

and majority charge carriers can easily cross the
junction.

e This large number of majority charge carriers
constitute a current called forward current.

* The current in the p region is due to movement of
holes so it is hole current. The current in the n
region is due to movement of electrons so it is
electron current. The holes in p region and
electrons in n region are majority charge carriers,
Hence the forward current is due to majority
charge carriers.

® The forward current in a diode is shown in the
Fig. Q.5.2.

Junction
i Electron current

Hola current

. Electron movements

Fig. Q.5.2 Forward current In a diode

— e -
T TECHNICAL PUBLICATIONS®. 40 up thrust for knowladge scod

§-1

|

P-N Junction anq Zen,,

"‘0-1.

ng :

everso Blasl

RWl | an external d.c. voltage is connectey
™ wen

: 3 5[](}1
region is connected to negative |
e o ; gt srminal of the d.c. vq) N
region to positive term Ollag, ;
lhg biasing i8 called reverse biasing. It g Shown('“

in
the Fig. Q5.3.

(a) Reverse blasing

D

=
v , T
1
(b) Symbolic representation !;‘:
i

Fig. Q.5.3

e In reverse biasing, negative of battery attracis the
holes in p region and positive of battery attracts gy,
electrons in n region away from the junction,

* This widens the depletion region and bamiy
potential increases. No majority charge carrier cq
cross the junction.

* The resistance of the reverse biased diode is very

high and the diode is said to be nonoperative in the
reverse biased.

* However due to increased barrier potential, the free
electrons on p side are dragged towards positive

while holes on n side are dragged towards negative
of the battery.

This constitutes a current called reverse current. I

flows due to minority charge carriers and hence its
magnitude is very very small.

For constant temperature, the reverse current i
almost constant though applied reverse voltage ¥
increased upto certain limit. Hence it is called

Teverse saturation current denoted as I, This ¥
shown in the Fig, Q.5.4.
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B - ; ~ P-N]unction and Zener Diode

| L
UN. z’ ' | \Wider depletion region :
U\d N - P G) ot N
| - e
" L‘ ‘E — ~—
0 -t L]
1//———4 fe—=
Vv Duwection of revarse current
(a) FloW of minority charge carrlers
Revarsa sal ‘
-1 A °°ﬂ51na::,aﬁrsggglg:t";?rl\peraturc ‘
!
R ' ,_I_L Ivohag‘-e () — :
= l‘ : Fig. Q.6.1 Forward characteristics of 2 diode
v . Py . . R
(b) Direction of reverse current e It is divided into two regions :
54 R blased dlod 1. RegionOtoP: As long as Vg is less than cut-in
Fig. Q.5.4 Reverse ased dlode voltage (V,) , the " fowing is very 1.

, The reverse current 1o is of the order of few 2. Region P to Q and onwards : When Vi exceeds Vy
microamperes for Ge and few nanoamperes for Si je. cut-in voltage, the depletion region becomta_s
diodes- very thin and current J; increases suddenly. This

e, increase in the current is exponential as shown
r?;.s : Volt-Ampere Characteristics in the Fig. Q.6.1 by the region P 10 Q.
% of a Dlode (v-I Characterlsdcs) e The point P, after which the forward current starts
he ; o increasing exponentially is called knee of the curve
a6 Draw and explain the V.l characteristics of and the corresponding voltage is called knee
er p-n Junction dlode. IS [INTU : Part B, Dec.-14, 16, 17, voltage.
g May-18, Aug.-18, Marks 5] o The reverseé voltage across the diode is Vg and
i i ' i is Iz hence gra h
Ans.: ¢ In forward biasing V; is the voltage across reverse curren\j ﬂ}rou%}; ;h:es::::v.[ ;:h Mactegrstfu
Y the p-n junction and J; is the forward current hence | of Iy a'gams.t g is ca
. graph of I; against Vi i3 called forward characteristics | of p-n junction.
of p-n junction. e As the reverse voltage is increased, reverse current
i i | i initi 11 voltage becomes
s The forward characteristics of a diode is shown in | increases initially but after a sma g \ '
the Fig. Q.6.1 ‘ constant equal to reverse saturation curren Io-
o | point is shown as P, in the Fig. Q6.2
e T _ f__;,lﬂﬂf-_f’——ﬂ——fwj——-
 gpa— ._l__ _‘-'_.—Jr——«— Rleverse. l "“""'__‘E'_—_——'_'""
| " preakdown voltag® (Vgr) - |
l \ o | | ._
-Vgr »———————'-*”‘**_ . 7:‘ |
t | Reverse |
————"" Gharp Knee 1 saturation \
P . increase pOim ! , current l
».4-___!;___‘__; In Cunent " F——‘l' — ’:l;— “ e '

- Fig 70 6 2 Reverse characteristics of p-n junction diode
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* Alter this, though reverse voltage fa increased, the
reverse current temains constant till polat A where
diode breakdown oevurs,

* The point A ja vcalled knee  point
Qrresponding voltage s called reverse breakdown
voltage of diode.

and the

* The complete V-1 characteristics of p-n junction
diode is the combination of ita forward as well as
reverse  chatacteristics, This is  shown In  the
Fig. Q.6.3.

l 5.7 : Diode Equation
Q.7 State the diode current equation and explain
the meaning of each term in it.
UD® [INTU : Part A, Dec.-06, 11, 17, 18,
May-05, 14, Marks 2]

y

P-N ,um‘H(m o Leney “{M‘

|1"1

The voltage pl|lllvnlclﬂ of temperature “““"Mca
o The v ent on temperature,

depen lenee

of diode curr

lemperature

pquivalent of W i

vollage
]c“lnll!l' nn,

T In ca

[« The
h-mpurnlurv

' .
Vg = kT volta whero k = [oltzmann's constant
I

| - J
| o 86271077 VP K, :
i J T = Tempernture in K
e Al room temperature of 27 C le. 1
T = 27 + 273 = 300° K the value of Vg s

A
02 % 107

( Importar

e The diode current equation is applicable for a])
the conditions of diode i.e. unbiased, forwarq
biased and reverse biased.

While using the diode current equation :

< 300 = 0.02586 V =26 mV.
it Points to Remember

Ans. : o The relationship between applied voltage V : be tak iti
and the diode current 1 is mathematically given by For forward biased, V must be 'ﬂ en positive and
the equation called diode current equation. we get current I positive which is forward curren;,
R ';,'/‘“v' ' j For reverse biased, V must be taken negative and
; =1, lc r —l] A we get negative current I which indicates that it is
S —————————— | reverse current
where I, = Reverse saturation current in amperes, | ~ —
. Q.8 For what voltage will the current in
V= d a p-n
Applied voltage junction Germanium dlode reach 90 % of its
n = 1 for germanium diode and = 2 for saturation value at room temperature ?
silicon diode D35 [INTU : Part A, Dec.-17, Marks 2]
Vy = Voltage equivalent of temperature in Ans. : n=1for Ge, I =90 % Iy, Vp =26 mv
volts [ Io[ev/an -1]
s - N
) I (TA) Forward \
characteristics i
I % I i
/.—Normql '
Reverse breakdown Loperating region ’
voltage i i
Ve Ver { 0 J < Knee f
) R ——. 1 VY . V' |
Knes f } ifl  cutin I
™ Breakdown Reverse |— Voltage |
reglon saturation |
i current !
1 Reverse = 1
‘ / characterislics| | i
| - Ip(nA) E
e - |
L | ] ]
g. Q.6.3 COmplate V4 oy T ———
Characteristics of a djoge

o
T TECHNICAL PUBLICATIONS®.

An up thrust for knowledga
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; T ———————.

I[eV/va6x1073 _

091 = 1]
> _3
\ 2000 =19 qe —V
X 26x103 - P19
V = 16,69 mV

e voltage across a silicon diod ‘
' ! e at
wnpﬂ”mre( 300 °K) is 0.7 V when 2 mA cu'::“:
through it. If the voltage increases t "
075 Vi calculate the new diode current. ’
0" [INTU : Part B, Dec.-13, May-04, Marks 5]

ans. V=07V T=300°K, I=2mA, n=2 forSi

I=1Iy(V7"VT -,
Vr = 26 mV at 300°K
2x 1073 = I, (e07/2%26x 107 _y
ie. I, = 28494 nA

Hence current at V = 0.75 V is,

[ = 2.8494 x 1077 [60.75/2x26x10’3 1]
= 52313 mA
010 Write the diode current equation and

mention how it supports reverse biased condition.
i : 0 [INTU : Part A, Aug.-18, Marks 2]

OR Justify the nature of V-l characteristics of
diode from Its current equation.

Ans. : Consider a current equation of a diode as,

I = Ie"/"VT -1)

« For forward biased condition, the bias voltage V is
positive hence e¥/MVT >>1 due to positive sign of
exponential index. Hence neglecting 1%

Iy = IoeV/nVT

o This justifies that forward characteristics

exponential in nature.

* For reverse biased condition, V is treated negative
hence exponential index has negative sign. Hence
€V/"YT <<1and can be neglected to get,

= Ii-1)=-Iy
* This justifies that the reverse current is constant
and equal to reverse saturation current. The
Negative sign indicates that it flows in opposite
direction to that of I;.

is

5

T

s

1

T P-N Junction and Zener Di".d_‘ =
L e ———
| 5.8 : Static and Dynamic Reslstance of DI(_)gf_B’
4__—..—'——"-—

erse resistance of 2

Q.11 Define forward and rev
.17, Marks 2]

diode. 0S5 [INTU : Part A, Aug.

y a diode to its

Ans.: s The resistance offered b ”
of a

forward current is called forward resistance

diode. It is in the range of few ohms.

s The resistance offered by a diode to its reverse

saturation current is called reverse resistance of a
diode. It is in the range of few mega ohms.

Q.12 Differentiate between static and dynamic
resistances of a diode.
0" [INTU : Part B, April-18, Aug.-18, May-19, Marks 5]

Ans. :

1. Static resistance : This is the resistance of pm
junction diode when p-n junction is used in d.c.
circuit and the applied forward voltage is d.c.
Hence this is also called d.c. resistance of a
diode. This resistance is denoted as R; and is
calculated at a particular point on the forward
characteristics as the ratio of the forward voltage

to the forward current at that point.

_ Forward d.c. voltage at a point
Forward d.c. current at the same point

| R¢
|

i
!
‘

Dynamic resistance : The resistance offered by
the p-n junction under ac. conditions is called
dynamic resistance denoted as r¢. It is also called
a.c. resistance of a diode.

o If AV; is the change in applied voltage and Alg is

the corresponding change in the forward current
then Al¢/AV; is the slope of the characteristics. The
reciprocal of the slope is nothing but the dynamic
resistance ry.

oV
TR (ale/avy)

_ 1
Slope of forward characteristics

The static and dynamic resistances are shown in the
Fig. Q12.1.
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o P-N Junction and 2'"" by l
nd,

|

Static resistance

_OA
oC lae

< Dynamic resistance

__AB _ Ay
“°Cb T a4

m

-

w© "T““““
&
=<

v

Fig. Q.12.1

|
i

Important Points to Remember

h_dithemaﬁ‘:“l Expression for Diode Resistance
B

* Use +ve gj 7 '
gn for V while ca i : :
reverse resistance, culating forward resistance and use -ve sign for V while calculating

\~,
—_—

———

Q.13 For a Ge lode, th . L o
’ e 'o = 2 A )
dynamic resistance valuey o roomu . :ll:::r ih:u :oltage of 0.26 V is applied. Calculate the forward and Teverse

. U5 [INTU : Part B, Jan.-10, 14, Aug.-06, May-12, Dec.-12, 16, Marks 5)
8. ; V-0.26V,Io-2;1A,r]-1forGe

r =NV .
Ioev/an . VT - 26 mV
For forward resistance, V is + 0.26 V,
[ = — 1x26x107 0.56
2106 o0.26/26x1073 (20
For reverse resistance, V is - 0.2¢ V,
r w __ 1x26x103
. =28634 M Q

2 %1076 00.26/26x10-3

@ : Temperature Dependence of Dlod:

e e

Q.14 Draw i
raw the V-l characteristics of P-n junction diode and shoy the shift with |
ficrease In temperature.

< b :
[INTU : Part A, Dec.g7, 14 May- 11, 18, 19, Marks 3]

G [INTU : part a, Dec.-18, Marks 2]

P
— . i i
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i P-N Junction and Zenet Diode

The reverse saturation current incy

—— €ases asg tom
Ip = 28110, T ~ Perature increases
R o B s
T LY, Yy
= Rever n
where Toz S¢ current at T, «c
and

1 = Reverse
IO current at Tl C

, The voltage equivalent of temperatyre V1 also j
. iner

eases as t ;
4 The reverse breakdown voltage increases a e emperature increases.

st saturation current at i) 40 °C and ij) 60n°(‘;l0(le Is 5 mA at a room temperature of 27 °C. Find the

I3 [INTU : Part A, Dec.-10, Marks 3]
Iol = 5 mA, tl = 27 OC'

l) t2 =40°C1At=t2—t1=13
= 213x5=123114 maA
/ “

T,=227°C Ty=27°C )

for Si for Si 1

!

|

. Breakdawn volfage 171 %
increases as temperature !

. Increases | ... l

For same V', forward \

. current is more at |[

Ity _higher temperature ;

{

VR “ 4 . 4 __.V' ]
I 1 ‘

g em-dono -
7

102_ __1
Cut in'voltage decreaseas ;

as temperature :

increases 1
T,=27°C R |
~ Reverse cument |
increases as temperature |

~ - inoases | 'Ir

e

Flg. Q.14.1 Effect of temperature on diode characteristics
g. Q.14.

Scanned with CamScanner



N

; P-N Juncti 4
?a-sil: E "‘E"’,‘i‘f‘ﬂ Elt_tl ronfu Enginuring 5-9 ' Il-lﬂ s 7"'01 |
1 ty = 60 °C, At =60 - 27 =33

Iy = 2%10)x5 = 49,245 mA
at 27 °C. Find the forward Curreng &

Q.16 The reverse saturat 0 uA
lon current of germanium dlode Is 100 4 f
Y 0. o rward current for same voltag,
= 0.2 V. If temperature Is Increased by 20 °C, find the new fo ¢Z [INTU ¢ Part B, Dec-04, u":: %)

V=02V
Ans.: Iy =100 pA, t; =27 °C, V = 02V, Vg = 26 mV, 1= 1 for Ge
I = Igg[e¥/™VT -1

= 100x1075[e%%/ 1x26x1073 _1j = 219,042 mA

New temperature is t, = 27 + 20 = 47 °C
T, = 47 + 273 =320 °K
8.62x107° x T,

5
n

8.62x1075 x320 = 27.58 mV

n

Ipp = 28T/10x1y,, AT =t;-t; =20
I, = 22910100 = 400 pA
I, = Ip[eY/"V12 -
= 400x107° [e°2/ b2758x107 _1) = 563,76 mA ...New current
§ 5.10 : Ideal Versus Practical Diode
Important Points To Remember

i _ ,
| ® Characteristics of ideal diode are shown in the Fig. 5.1.
‘ e It can be seen that cut-in voltage is zero and diode conducts immediately when forward biased.

' e In reverse biased, the reverse current is zero so it acts as an open switch.

|
?
|
i
|

Flg. 5.1
- B - e — e s A-""’_‘__
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“ ; ComP™r® ideal and practical diode. o
ol
W
]’sr- Ideal diode Practical diode
o N
" The cut-in voltage is I¢ has Enite bt ;m;u !
) R zero- cut-in voltage,
[ The mrern?d forward !t s Smau—ﬁ n;te e
I }  lesistance 1S ZeTO. internal forward
: B o resistance.
= -:I'he voltage drop There is i"mi; s
3 ACT0SS forwa_rd biased  drop across fox:f‘dge
| ideal diode is zero. biased practical diode
" It acts as a short . It does no; ;C;a; : it
cireuit (close.d switch)  short circuit in forward
in forward biased biased condition.
( condition.
’5" The internal resistance  The internal resis:a.n*ce'
is infinite in reverse is very high but finite
| piased condition. in reverse biased
condition.
It acts as on open It does not act as an 7
drcult (open switch) in  open circuit in reverse
reverse biased biased condition. It
condition. carries very small
reverse current.
7. It does not exist in All the diodes are
practice. practical diodes.
5.11 : Equivalent Circuits of Diode
} ;
Q.18 Explain the second and third approximations
of diode.
./-’ .#A_.____.._,,_._..‘.-.__—.-n,—.w_-
‘ ’
)
—— V' =0.7 \}
Vr constant
‘ (a) Silicon dlode
9 R
T' e ——
CHMICAL PUBLICATIONS®- An up thrust for knowledge

Ans, ;

nction ﬂ'{‘lz‘)'“D" ]
T — fy

de @ Practic

n of dio - d is

very S
forward voltag®
cut-in voltag® of

drop of silico®

= PN

Second approximatio
the dynamic resistance of a diode is
neglected, Due to this, the diode
(:l-:op is assumed constant equal to
e diode. Thus the forward voltage
diode is assumed constant equal t0 its cut-in vol;l%e
of 0.7 V while that of germanium diode is of 0 ce
The reverse current is very small and neglected R
the diode js assumed to be open circuit in reve.rse
biased condition. The second aPPro’dmauon
characteristics is shown in the Fig. Q.18.1.
; The approximation
of straight
linear

Third approximation of diode
of characteristics with the help of pieces
lines is called third approximation or
piecewise approximation.

* To obtain this approximation, Vg = Vp = Vy (cutin
voltage) is marked on the voltage axis and then a
straight line is drawn with a slope equal to the
reciprocal of the dynamic resistance (rq) of the
diode.

e Thus the approximation consists of two straight
lines, one horizontal and other with slope (Y/rgq) as

shown in the Fig. Q.18.2.

& Straight
line 2
Straight
line 1\ Slope 1/rg
Cen Vo vV

Fig. Q.18.2 Linear plecewise approximation

—
——
—_—

V=03V
constant i

(b) Germanium diode |
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i e G5 [INTU + Part A, March7y, 4,

Q.19 Draw the varlous equlvalent circuits of a diode. [ a
linear model.

OR Draw the equivalent circult of an ideal diode and that of a plecewlise 0" [INTU ¢ Part A, May-18, Mari, 2|

ewlse linear model of a diod,

. lec
OR Draw the equivalent circult and V- characteristics of an Ideal and p 055" [Part B, May-19, Map,, 5)

i~vde by a battery and reg
Ans.: For the analysis of various circuits, it is necessary to repiace th¢ dfo:uen model of diode. Tn a1
depending on the approximation. This circuit is called equivalent circuit or dr Much
circuit models the reverse biased diode is assumed to be open circuited-

{ T " Drop across d k
Type Model in forward biased V-1 chnrnt;te_l_iftic’_ " s ,,l.',’de
e — e e e ‘.
Ideal diode | \
. blo 1
| |
;‘ 3 | Vi =0
! [=0,V,=0 hl 0 i
| |
| |

Piecewise linear

withr; =0Q I !
+l - [ I 1 ‘ Vi =V.
VY 4\/0 f 1

=0 : 0 vy |

i

s

|

Piecewise linear g

with finite Iy /|

i \l' = \’-’ + If ff

v, —=tly D slope = 1)r,
o—4 F—-Mr/'w—@—o b l

Table Q.19.1 Dlode equivalent circuits

Practically in reverse biased condition, the diode is assumed to be open circuit hence the equivalent
circuit of diode in reverse biased is an open switch.

5.12 : Applications of Diade

Q.20 State the applications of diode.

S [INTU : Part A, Dec.-08, May-12, Maris 2]
Ans, : The various applications of p-n junction diode are,

1. Rectifiers which are further classified as half wave, full wave and bridge rectifiers
2. Clipper circuits to remove unwanted portions of waveform.

3. Clamper circuits to add d.c. level to waveform.

_—Ng
T
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" fj;ddf" ard Electromics Enpmie™y 9-13 P-N Junction and Zener plode
YoltaB? qultipliers such as voltage doubler, * Applying kVL, vV, = v, -I|R,
f. etc ’
goltape triple? lLe. Iy = - _YJ_ » Vin

s electromic and operational amplifier R R -(Q2L1)

/arioV
5 cuits such as voltage lo curtent converters, log * The equation (Q.16.1) is called equation of d.c. load
d y ntilog amplifiers, precision rectiflers, line. It Is stralght line of slope ~1/R
an ‘ '
protection circuits etc. e For d.c. load line analysis, draw the line as per

; bt e ' p fon (Q.21.1) on the diode cha '
; lod equat e characteristics given
613 I,Qﬂfl Llrle ;}n?}ygls_ of Dloce ~ in the datasheet.

e load line on the V-l characteristice .« For this, the two points are,
ou 7
a2 D"od. and state Its significance.. ‘ v
of s d) £ (INTU : Part B, Aug.-17, Marks 5] Point A, Vp =0V, I = 2
L
. - i ircuit shown in the
Ans, ; Consider simple diode dr Point B, I =0 A, Vp =V, V
Fig. Q211 s
B « The line joining points A and B is called d.c. load
V- | line of a diode.
I’ o o This is shown in the Fig. Q21.2.
: ' : e Q Point : There exists only one point on the d.c.
Vg — ?L Vo

load line as per the forward characteristics of the
_‘[ I 5 diode. It is the intersection of the forward
L 7  characteristics and d.c. load line of the ‘diode. This
is called operating' point, quiescent point or Q

point of the device.

Fig. Q.21.1 n
¢ The graphical analysis which gives precise
relationship between V¢ and I without using diode
approximation is called d.c. load line analysis of a

o It is also called d.c. biasing point for the diode.

diode.
// o B T \‘
(na) o T 1
A I Forward For d.c. load line i
80 T characteristics ; —v g
of diode PointA: (0, 2
i L ntA: RL) g
Iy 1 Q Point Point B : (Vi 0) 11
40 = |
! i
l z
04!
|
!
20 !
: 5
10 f load line . [[
E
1 V¢ (volts)— %
0ot 1% 2 f i,
Cut-in voltage Vq l !
l Fig. Q.21.2 D.C. load line analysis of diode
R CHINICAL PUBLICATIO _
'T. NS®. an Up thrust for knowledge @!
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n . J2=N Junction and ;
asic Electrical and Electronics Engineering - I.'l and Zep,, iy,

5. 14 : 7unm' Dloda .

ghow the breakdown reglon

r dlode and
05,14,16, May-0B,13,18, Myy,, f

t u’ D‘C¢’

//Q'-ﬁ? What Is zener dlode ? Draw the V-l characterlatics of n Zene
‘ i [INTU ¢ Par

WIJHTU ; Part A, M.rCh°17' M‘m' 2]

OR Draw V-I characterlstics of zener dlode. kd
» ’ ' '
Ans. : ¢ A zener diode is a silicon p-n junction semiconductor device which 18 operated in Its reverse brea |
region. |
e The zener diodes are fabricated with precise Current !
limmnﬂ 1

breakdown voltages by controlling the doping Cathode K

level during manufacturing. T |
Reverse |

e The Fig. Q22.1 (a) shows the symbol of zener Vi Doy
diode while the Fig. Q.22.1 (b) shows the the J_ vollagem

operation of zener diode in reverse breakdown

region. Anodo A
« When the reverse voltage is applied to zener (8) 8ymbol (b) Revorse blasing
diode, at a certain reverse voltage, the reverse Fig. Q.22.1 Zener dlode
breakdown occurs and current in the zener diode
d knee or zener knee of the reverse

increases rapidly. The sharp change in the zener current is calle
characteristics.
\n
« {ilte- reverse bias voltage at which the breakdown occurs is called zener breakdown voltage, denoted
as V. This value is carefully designed by controlling t
« The V-I characteristics of zener diode is shown in the Fig. Q.22.2.
« For zener diodes, pracncally two currents are specified. The Izmin
zener diode to maintain its reverse breakdown operation.
is the maximum current which zener diode can ta

he doping level during manufacturing.
is minimum current through the

o The Iz ax ke safely maintaining its reverse
breakdown operation, i.e. constant V7 across it.

e o s et et 8 e e

‘/
J
Forward characteristics .7
similar to the conventional 7
diode |
VR:' T ] ;—V’
Knee point —s{= - - -~ - = - - - - [gm}
n
" % ek GEEEEE 1
_ Reverse Ea { “men
characteristics '
E - R
Ly
o5 Operating
bt 4;\‘ region

Flg Q.22.2 V4 Characteristics of zener diode




T el end Electromivs Pugineering ik - P-N Junction and Zener Diode
- ,

and xener breakdown mechanisins,

avalanche
" PE[INTU : Part D, Dec.-12, 14, 16, March-17, Marks 5]

o2 fplatn t

2 rener breakdown mechanisms. O [INTU ¢ Part A, Aug.-17, Marks 3]

oR t‘;plaln th
b & Recakdown d
o 1f reverse volt
« Due to the Ninctic energy assoclate
is collision of minority carriers

ue to the avalanche Efect :
at a particular value, velocity of minority carriers increases,

A

age is increased,

d with the minority carrlers, more minority carriers are generated
h with the atoms. The collision make the clectrons to break

when there

the co-valent bands.

are available as minority

another atoms to generate m

carriers and get accelerated due to high reverse voltage.

o These electrons ore minority carriers. This is called carrier

They again collide with
multiplication. o | -
Finallv large number of minority carriers move across the junction, breaking the p-n junction. These
L] bl LR ‘ ‘ .
large mumber of minority carriers give rise to a very high reverse current T
; Jlanche effect and the mechanism of destroying the junction 1s called reverse

« This etfect is called av InEHe '
; voltage at which the breakdown of a p-n junction OCCUIS 15 called

breakdown of a p-n junction. The
reverse breakdown voltage.

Breakdown due to the Zener Effect :

+ When a p-n junction is heavily doped the depletion region is very narrow. |
« Electric field is voltage per distance and due to narrow depletion region and high reverse voltage, it is
intense.

« Such an intense field is enou
« Such a creation of free electrons is called zener effect which is different than the avalanche effect.

These minority carriers constitute very large current and mechanism is called zener breakdown.

gh to pull the electrons out of the valence bands of the stable atoms.

e aw These effects are required to be considered for special diodes such as zener diode as such diodes are

fivays operated in reverse breakdown condition.

» between zener and avalanche breakdown. IS [INTU : Part A, May-09, Dec.-12, Marks 3]

Zener breakdown G Avalanche breakdown 1’
L Breakdown is due to intense electric field Breakdown is due to the collision of accelerated 1
across the junction. charge carriers with the adjacent atoms and due to

L

carrier multiplication.

Occurs for zeners with zener voltage less Occurs for zeners with zener voltage greater than
than 6 V. 6V.

|

The temperature coefficient is negative.

‘The temperature coefficient is positive.

4, '
The l_’rec'ikdown voltage decreases as The breakdown voltage increases as junction
______ Iunction temperature increases. temperature increases.
5’ —‘_.*. ———— e e e et A — e oA g tn g e . - N - - — ~ _',,W, ——t
i : :he V-I characteristics is very sharp in  The V-I characteristics is not as sharp as zener
reakdown region. breakdown.

Q25 Compare zener

P diode with conventional p-n junction diode. USS[INTU : Part A, May-12, Dec.-08, Marks 3]
M
Irscmm e A ——— Dicooi’

———
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Al

R:“_lr‘{ {“‘. “
D Mgl aivd
Ava,, Hlscrreny,, a5 |
| ey p-N Janction and Zen,, ‘
b4 1 “‘Is“ {

T

No, | A “
» | | p-N juntlioﬂ dlode

o Ceaer diagy
Perated i ggy ctie | i plased condition and never
¢ breakidown condinun “'_”M"] I 'ﬂf“;w breakdown cemdition.
ve {

i ratend I fleat
T ‘ upe \ opefation liea Inv
(l\l:dl:ts\‘:tm“ veglon al operation Ites in thind The ‘"‘l"ﬁ‘"“ replor oo I

: {rant .

) (uac Clooratind (mA

! ragon

=V gy Lo -V / V
! Operating —
i region
'

The diode resistance in revers¢ blased condition is Vm'y\

i3 Dynamic zener resistance fs very small in revers?
breakdown condition. ‘ high-

oo e ! ‘ diode 8 mbol is,
( 4 | Zener diode symbol is, The p=t junction ’

= [q +
" Ip

Iz
rd biased is in same

vag ! : : i forwa
> ion i i ite to that of The conduction when '
~ The conduction in zener 13 opposit D e e e the symbol, e

* arrow in the symbol, as operated in breakdown
j biased.

region. s
capability is very high. The power dissipation ca

| to zener diodes. 7 7
7.  Applications of zener diode are voltage regulator, Applications of p-n ju_nction diode are rectifiers,
. protection dircuits, voltage limiters etc. | voltage multipliers, clippers, clampers and many
‘ " electronic devices.

_(; ']'Vhe;ov;er Ad;sgi,;m-m pability is very low compared
’ |

|
E
|
|

f 5.15 : Zener Diode as Regulator

Important Points to Remember

‘o A circuit used after the filter circuit in a power supply which makes the d.c. output voltage smooth and
ripple free and keeps it constant irrespective of changes in the load or in input line voltage is called voltage

regulator.
Q.26 Explain how zener diode acts as a voltage regulator.
B [INTU : Part B, May-06, 09, 11, 19, Dec. -08, 12, 14, 17, Marks 5]

OR Justify the statement : ' A zener diode can be used as a voltage regulator.'
B [INTU : Part B, Aug.-17, March-16, Marks 5]

Ans. : » A shunt voltage regulator using zener diode is shown in the Fig. Q.26.1. (See Fig. Q.26.1 t )
' ; 6.1 . Q.26.1 on next page)
e The zener diode has a characteristics that as long as the current through it is betw - th
voltage across it is constant equal to zener voltage V,. o Tz 20 fzm |

pecoo!
R

1 ]
T recrmicar PUBLICATIONS®- An up thust for knowledge
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. O"O,le ﬂ

0,26.1 Zoner diode as a shunt regulator

Flg
. Fig: Q.26.1 we can write,

v, = Vz and [n[z;[l":

\/ V.
rrent I = =% = _Z

R~ R ~ “onstant and

y,, increases: then the total current T increases,

[ o) ‘}‘ js constant as Vz is constant. Hence the

[ pul Lt [ increases to keep I} constant,

! 5imﬂaf1Y if V;, decreases, then current I decreases,
f -Bu! 0 keep I, constant, I; decreass.
|
i

in both cases, as long as I is between I,

" o But ' .

[ i 1 Lna the Vz i-e. output voltage V, is constant,
-‘ fus the changes in input voltage get
]

| ampensated and output is maintained constant.

J‘. Regulation with varying load :
' The input voltage is constant while the load
| sistance Ry is variable.

| 1As Vi, is constant and V, = Vy is constant, then for
onstant R the current I is constant.

| =V,
[ I=ER—Z— constant =1y + Iz

1

_: 1[f R, decreases, I} increases and to keep I con.stax?t
| L decreases accordingly. But as long as .1t is

between I, . and Iz, output voltage Vv, will be
| onstant,

! 'Similarly if R, increases, I, decreases and to keep .I
; as long as it

! onstant I, increases accordingly. But ;
- Z v, will
] i between L and Tymax output voltage Yo

be onstant,

and
*Ths the changes in the load get compensated an

J
! v
i "iput is maintained constant.

|
]
lodge
TTfCHNICAL PUBLICATIONS®- An up thrust for kno¥ v

PN funcifon and Zener Diode

Q.27 What are the )imiatlons of zénar voltags
regulator clrcult ? I (INTY 1 Part A, May-19, Marks 2]

Ang, ;1 Large power loas In serles resistance.

2. Toor efficlency due to power losa.

3. The dc, output voltage changes due 10 zenet
reslastance,

4. Changes in 1, produce changes In zener current,

5. The output voltage ia not adjustable as v, = Vz.

6.

Can not be used for large load currents,
Q.28 State the applications of zener dlode.
U@ [INTU 3 Part B, May-09, Marks 2]
Ans, : « The various applications of zener dlode are,
L. As a voltage regulator.
In voltage clipper circuits.
For controlling the output amplitude.
As a reference voltage in comparator clrcuits.

As a standard voltage source in calibrating the
instruments,

aos W N

6. In various protection circuits.
7. For amplitude limiting in oscillator circuits.
8. In various types of wave shaping circuits.

Q29 For a zener regulator shown In the
Fig. Q.29.1, calculate the range of Input voltage
for which output will remain constant.

Vz =61V, Iz, = 2.5 mA,

llmax = 25 mA, Ty = 0Q

R
SR TR R
' Constant
Vin 1k RLVOﬂVl

-

Fig. Q.20

Ans. : Ry = 1K Vz=61V
- [, = Y Ol e 6.1 mA constant
" LRy, 1x10°

For Vln(m{n)! IZ = IZmln = 2.5 mA

. ] = ]me * II. w25+ 6.1 = 8.6 mA

\_\___T_____/W__m
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Basic Electrical and_ Electronics n tineering -
Vintminy = Vz + IR « 6,1 + B.6x103%2.22107
= 2502 V
i Vln(muy Iy = [zmax = 25 mA
L= Ty + 1 = 25 4 6.1 = 31.1 mA
Vinmax) = Vg + IR = 6.1 +31,1x1073 »2.2210°

= 7452 V

-

P-N Junction and Zere, by

Thus the range of input voltage is 25.02 V to 74,52 V, for which output will be constant

Note : MCQ and Fill in the Blanks of Unit-IV are given after Chapter 6.

END..

Scanned with CamScanner



-1 |

e et ot s . s

UNIT

e

_.__—-—-—-v—————-'-"———‘

e

Rectifiers and Filters

o

[64: Rectiflers |

r what is need of rectifler ? List different types

Jﬂcﬂﬂ"f"
ﬁ’{JNm ¢ part A, Dec.-09, 12, 18, March-17, Marks 2]
many electronic circuits, d.c. supply is

:In

8. .

» sred 0 provide power supply to many
,Prach'cally d.c. supply is to be obtained from

available a.C- supply.
,The pT junction diode conducts in only one
direction. In forward biased condition it conducts
heavily while in reversed biased condition it is
ractically acts as open circuit and does not
onduct at all. Hence alternating voltage when
applied to diode, the output varies only in one
direction and hence p-n junction diode can be
conveniently used to convert a.c. supply to d.c.
supply.
+ A dircuit which is used to convert a.c. voltage into
pulsating d.c. voltage using one or more p-
- junction diodes is called a rectifier.

« Thus the rectifier is very much essential component
of many electronic circuits. ’

1 The various types of rectifiers are,

1. Half wave rectifier

A 2 Full wave rectifier using 2 diodes and

| i_Bl_'jdge rectifier

i

./,

]

| -B

.

(a) Diode forwarth_;Esed

A

Q.2 With a neat circuit dia
wave forms explaln the operation

\6.2 . Half Wave Rectifier j
gram and necesnary
of half wave

May-05, 08, 09, Aug.-08,

rectifier. U3 [INTU ¢ Part B,
Dec.-12, 13, 17, Marks 5)
Ans.: s The circuit ‘diagram is shown in the
Fig. Q.2.1.
D
Ry

e The turns

i

Singlephasec %“
A.C.Supply L

=
Input B

transformer

Fig. Q.2.1 Halfwave rectiflor

A sinusoidal ac. voltage, having frequency of
50 Hz is applied to rectifier circuit using suitable
step-down transformer, with necessary turns ratio.

The
mathematically given by,

transformer  secondary  voltage e¢g i8

%
\ : l with w= 27 f and
| €5 = Egpy sin wt |

‘ f = Supply frequency

=

ratio of transformer decides
secondary voltage e which is applied to rectifier.

@ng o

Fig. Q.2.2

D

—---ﬁ '\

R, ficv |
- . I

(b) Dlo_de reverse blased
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' I i | ]
i D D
' BT OFF
Secondary e =3 o
Voltage —_— -
G. [i] :l R 3 i
N -
I] Epc ™ average vatuea
Load _ S ] T el b o~ (BRI T
volta T — - B e e e 4 - N et
[ %9' Y n |
i " 1 T L1
1 '

ve rectifior
Fig. Q.2.3 Load current and load voltage waveforms for half wa
Operation of the Circuit : . e If the transformer ratio is Ny : N, then,

\ ;

* During the positive half cycle of input a.c. voltage, | | E, (rfns) Egn _ N2
terminal (A) becomes positive with respect to w —(_n;_s_) “E m b 'X_\I—l
terminal (B). The diode is forward biased and the Ep -
current flows in the drcuit in the clockwise | |
direction, as shown in the Fig. Q2.2 (a). This | | Where, B, = Transfom secondary volisge
current is also flowing through the load resistance |
Ry hence denoted as i; (load current).

EP = Transform primary voltage

Q.3 Derive the expression for the d.c. load

e During negative half cycle when terminal (A) is |
ne atige wigth respect toC)t'ernun' al (B), diode becomes current, average d.c. lond voltage and r.m.s. value
revgerse biased 'I;pus it acts as an ope'n circuit. Hence of load currént for the half wave md:,ﬁm.
. : U5°[INTU : Part B, May-08, Q9, 12,
no current flows in the circuit as shown in the | Aug.-08, Dec.-10, Marks 5)
Fig. Q.2.2 (b).
g Q (b)_ . the load . Ans.: o The average or d.c. value of the load
¢ cT:::ntthies ;rgitf::;r?;ti‘a;:}:&szd:llsoms:s ea current (Ipc) : It is obtained by integration.
iy ’d | : = s of lp 3 ) : ' Mathematically, current waveform can be described
e The load voltage, being the product of load current | as,
i i in the fi f half | ; g
and load resistance, will also be in the form of ha ‘ i = L sinat for0Swtsn

sinusoidal pulses. The different waveforms are

illustrated in Fig. Q.2.3. | and i, = 0 fornSwts2n

T Tt e e = .
; Important Points to Remember % : where I, = Peak value of loadzcurrent
‘» | T n
| « The peak value of the load current is given by, | ! Inc = _Zl—n j iy d(wt) = :)_1__ jlm sin(wt)d(et)
A ] o Bm % 0 “Ta |
N s
' R +Ry +Ry | e As no current flows during negative half cycle o

| :
i !

where R, = Resistance of secondary winding a.c. input voltage, i.e. between wt=rtowt=2%

f we change the limits of integration.

' of transformer

| » Ry = Forward resistance of diode 5 ~ Ipc = i_nJ(;l"‘ sin(wt)d(wt) = %%[——cos(u)t)];

o If R, and R; are not given they should be
' neglected while calculating L, |

I 1
- -i"‘_"t[cos(n)-cos(o)]. - ]zﬂn[_l_“ = -‘;"1
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l

I Ipe = L!! = Average value
H sftaga (Epg) s It ?
[ he average d-€. Ioml veltaga (Epc) ¢ It ta tho praduct of average D.C. load current and the load resistance Ry

1 E

” Ca 3 L hm wmin

’ Ppe = Tpely = 3 B = Ry n, IR, )n

« The winding resistanca Ry and forward diode resistance Ry are practically very small compared to Ry
henes neglecting them,

Ry
Hpe ""ﬁu' \

The RM8 value of the load current (lams)
« The RMY means squaring, finding mean and then square root, Mathematically it is obtained as,

R T 7 n
1 ; 2 L2 02
TgMa = \[2_’; lj)(l,,.sm o)~ d(mt) J;nj(;]'“”" ot d{wt)

20t 1 [mt sin2mt| "
s 1y Jzijl Sl = Iy Jﬁ{%_ e }u -1 %I(g]J% ... Sin(2m)=sin(0) =0
IITI = Ebln

1 _ .. _
s = =5- 40 Er sy = Tams Ru= 75 Ri==5

De ." \e ripple factor, State Its expresslon, Obtain Its value for half wave rectifier.
UF [INTU : Part A, March-16, Dec.-16, May- 13, 17, Marks 3]

rage ot d.c. component present in the output.

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

I Ripple fhctor y =

| 12 |2 I 2
[ Ripple factor = ,ll[';GC, = 'Wl':)C = [ 1“;‘(‘:5] -1 ...As per definition

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

« For a half wave circuit, Ippyg = %I‘a while Ipc = ILT‘I‘-

’ 1= 414674 = 1.21 ... Halfwave

L
T recrnicat puBLIZATIONS®. An up thrust for knowledge
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Q.8 Deline PIV and TUF. 1

CR[INTU 1 Part A, Doc.-14, Marks 2) |

A“-‘| 1 l‘]\' H " 13 lh" lh\ﬂk ||\Vprﬁ‘\ \'"“i\“l‘ uppl'nrlnu

“;;“‘v"" the diede in the reverso direction when the
diode 13 In roverse Dlased condition, Thia is also
N \] "

called PV rating of the diode, For half wave rectifier

PIV rating of the diode i3 B

"UR -«
TUR : 1t is transformer utilization factor of the clreult,
It is defined as the ratio of d.. power delivered to

the load to the a. power rating of the transformer
used,

Mathematically it is given by,

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

‘TUF =

Q.6 Define the percentage voltage regulation.
D" [INTU : Part A, Dec.~16, 18, May-18, Marks 2]

Ans. : ¢ 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.
o If (V. )y = D.C. voltage on no load

and (V. )p. = D.C. voltage on full load then voltage

regulation is defined as,

(Ve It = (Vae L « 100
(Mac DFL

» % Voltage regulation =

e Less the value of voltage regulation, better is the
performance of rectifier circuit.

Q.7 Derive the expression for the efficiency of the
half wave rectifier and prove that the maximum

efficlency is 40.6 %. ‘
IS [INTU : Part B, Dec.-14, Marks 5]

Ans. : The a.c. power input to half wave rectifier is
given by,
Pac = Ty ®Rs +Rp+Ry)
elm. _ Em
2 (Rg+Rp+Ry)x2

. -
4(Rg +Rg +Ry)

2
2R, = Eom __
Poc = IpcRe [(R5+Rf+RL)n] Re

P TecHnicAL PUBLICATIONS®: An up thrust for knowiedge

7 erlﬂrna.,“”'” ¥
5
: . 'pC 100 and using above, 0
: 4 R 0
1 o [
[ +

and R, ) << Ry, hence neglect R, 4 g
\

Practically, (R { the maximum efﬂciency

from the denominator to g€
1 <R
_—X L
. %100 = 40.6 %

D e s

%Nmax = TRy,

Thus the maximum efficiency of half wave rectifier i

40.6 %.
e half wave rectifier operate,

from 230 V, 50 Hz supply. The load resistance |,

d current.
. Find out the output voltage an
5 kQ. Fin 3 [INTU : Part B, May-17, Marks 5)

Q8 A single phas

Ans. :
R, = 5 kQ, E;(RMS) = 230 V

Eg = 2% E(RMS)=325.269 v

Im Ry 5x10
I, 65054
I = - = 22 = 20707 mA

Q.9 A sinusoidal voltage whose V, = 12 V is
applied to half-wave rectifier. The diode may be
considered to be ideal and Ry = 1.5 kQ is
connected as load. Find out peak value of current,
RMS value of curmrent, DC value of current and
ripple factor.

I5° [INTU : Part B, Dec.-12,14,16, March-16, Marks 5]

Ans.: Vp =E; =12V, R =15kQ

| =.Eﬂ_=8mA
m RL

I

I
IDc = I = 2546 mA

n
Ipms 12
r= [‘i———] -1=1.211
. DC
e
Dicopl.
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| z S
P jode whose Intemal resistance s 20

ol Ly power 0 8 100 Q loag g, 11n 5
0 ,uP' gource of supply. Calculate L) p ov
(H.M.Q- i pC load current, m ac enk lopg

t, load
:ﬂ“fnﬂgﬂl"“on from no load to gjyey, |Mdt:un-mt,
L ® g [INTU : Part B, Dec.-1, May-

19, Marks 6]
rectifier,

|
| . qingle diode means half waye
| oAnd T

Ry = 1008 Re=200, R wpgq

g‘ " Em = V2 XE(RMS)
= V2 x110 = 155,563 V

. Eom
I Im R +R +R, " 1.2963 A

1
Ipc = - =04126 A

; | Im _ 0.6481 A

Ievs = 2
= IpcRy, = 0.4126 x 100
= 4126 V = (Epc),

Esm

Epc

= 49517 V

EpcINe =
_ (Epe)nt —(Epc)L

- Epc)r

%100 = 20.01 %

0.41 An ac supply of 220 V is applied to a half
wave rectifier circuit through a transformer with a
tums ratio of 10 : 1. Assume the ideal diode.

Find - 1) dc output voltage, ii) PIV.

05" [INTU : Part B, Dec.-17, Marks 5]

. - N1 _q0.
" Es(rms) = .I.\J_z_ = ._1_
Eymg Np 10
0
Bme) = 757 =2V
Y For ideal dinde,
” Epe = -m - 9903 V

) PIV = E,, =31112 V

l

Rectifiers and i ke

T —

6.3 : Full ani Bectlﬂer

Q12 Draw the circult diagram of ol w::;
rectifier with centre tapped LEppaOIEES f the
explain Its operation. State the PIV rating t; 13
diode. B [INTU ¢ Part B, May-08. B% 5]
March-16, Dec.-11, 12, 13, 16, Aug.-18, Mar
Ans, : e The full wave rectifier circuit is shown in the

Fig. Q.12.1.

85=Egmsin ot

s

A.C, Supply

Center tap_‘

transformer

Fig. Q.12.1 Full wave rectifier

e It uses a center tap transformer.

o It uses two diodes which feed a common load
resistance R, . ‘

e The a.c. voltage is applied through a suitable power
transformer with proper turns ratio. :

Operation of the Circuit :

e Consider the positive half cycle of ac input voltage
in which terminal (A) is positive and terminal (B) is
negative due to center tap transformer.

e 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.
The diode Dy supplies the load current, ie. ij= iy, .

¢ 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. The diode D,
supplies the load current, i.e. if = iy,.

¢ 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.

!ﬁw—-ﬂ—_&ﬁ————_——ﬁ
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e T—[{T'T_’

Secondary _D,ON _|_D,ON—

voltage —
(ona halr) | D,OFF | D, OFF__
Esm f

' Load ;
!' ourrent | . - .
f o mat a7 £il-=a= ; [ 5,
3r 4 ,,_F__L—

- ' ot
| f Load i ZL___________,__ N av = ;Ej
'voltage _ '-_: t_j:,
A A
. TS TTE Iy i
e M;\;;;onns for full wave rectifier

Fig. Q.12.2 Load current and voltage

rresponding half cycles.

e The load current is sum of individual diode currents flowing in €O
hown in the

« The waveforms of secondary voltage (one half), load current and load voltage are s
Fig. Q.12.2.

PIV : When one diode is reverse biased then the net voltage across the reverse biased diode is the full

voltage across the entire secondary of the transformer which is 2E,,. Hence the PIV rating of the diode

in centre tap full wave rectifier is 2E;p,. -
Important Points to Remember

o R; = Forward resistance of diodes and R; = Load resistance

¢ R, = Winding resistance of each half of secondary

= Maximum value of a.c. input voltage across each half of secondary winding
ESI'TI _

—— ey

* E¢m

S ———

—

US"[INTU : Part B, May-06, Sept.-06, 08, Dec.-14, Marks 5]

rectifier.
Ans. : The average or d.c. value of the load current (Ip() :
» Consider one cycle of the load current i; from 0 to = to Load ImSinwt
_ oa
obtain the average value which is d.c. value of load current
current.
iL = IlnSin ot 0swot<n t
0
v 17, 17
Iav = IDC = '-TEI!L d((!)f) . EJ.Im sin ot dwt
0 0
Fig. Q.13.1 Load current waveform
e——————————-— s ———————
B — e —
I*TECHNICAL PUBLICATIONS®- An up thrust for knowledge ——
Decone

o The maximum value of the load current, I, = IR TR ,
g, TRINE RIS ;

Q.13 Derive the expressions for d.c. load voltage, d.c. load current and the rms current of full wave

Scanned WIEII Lambcanner
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‘“l
‘.lr - lI'\\ by 6-7
f ?‘.(“mﬂ un)g'l . : Rectifiers and Vilvers
N ? [« Con g .
b1

|
\

A“'“o pC Load Voltage (Eoc) .

» d.c. load voltage is, 2
,he d I age is, By = lpcR, = 3’-11“_“‘!_
n

substimting value of B

T
Epc = ——ton Ry

%\ - .
L LR(‘ +R+ R, ] - 2B
n\l-ﬁﬂi‘_&
Ry

. put as Ry anifs << Ry, hence I_"_f_ﬁﬂi «l
EDC = 2Esm |
» n

——
i 2

RMS Load Current ( lgys ) : Mathemntically it can be obtained as
1 2n [ K

Trms = 5= {i2d(at) = [2x L
ZE‘L Ld(at) 2X-2—1-1:‘!][Imsm(ml)]2 d(mt)

cdrcuit has tw ifi imi
o The . . 0 half wave rectifiers similar in operation operating in two half cycles hence
integration term is splitted as above.

17 = -
Igms = In.[= sinz(mt)d(mt =] 1¢1-cos2mt d 1 (nt__sin('th) - l‘}t_’k
n \Jn.!] ) =1y n{)————-z d(wt) = T, | ey e . o 7|3

| Lo =™ and By rener = Tenge Ry = SR
‘ RMS 2 L(RMS) = 'RMS L NG L

044 For a full wave rectifier, show that its maximum efficiency Is 81.2%.

DS [INTU : Part B, March-14, Dec.-04, 11, May- 07, Aug.-18, Marks 5]
Ans, ; Maximum theoratical efficiency : |

+ D.C. Power output = Epclpc = 12D(: Ry

2 E? 4
Poc =(21m } R( = _42_ sm KRy = — 3R

-

| AC power input Poc = I%,‘MS(R

I

‘ 2

l 2 12 (Rp +Rg+R)

| iy |

o i e

Mﬁ ory -
TECHNICAL PUBLICATIONS®- An up thrust for knowledge
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* Substituting value of 1, we get,
b Ll“_’____,-
P » .._,-._.| ““ T H(Rf F R, + 1Ry, ) (RI’ PR Ry, )
(Re 4R R )t
i " ll]“ Ry 8 Rl.

—h—
e output L e ?_(‘i-;—+ R+ -
e mput 13 (Re FRg Ry)

BaBe 2 08 —=

2

Rectifier efTlciency 1) =

o But if R + R, << R, neglecting it from denominator,
SR 8

Nimax ™ = "
max KI(RL) ﬂl

% My = Ji—%-: 100 = §1.2 %

... ® |
+ Part A, Dec.-17, Aug.-18, Marks
Q.15 Derive the ripple factor for full wave rectifier. U (INTU 0|

Ans, ¢ Ripple factor :
* The ripple factor is given by a general expression,

2
Ripple factor = [il!‘.“_s] -1
DC

« For full wave IRMS I / J— and IDC = 2[,“ /mso subshtutmg above,

; ’ 2
Ripple factor =y = [2“[‘ /;/;] -1= Eg——l = =048
nm

* 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.

I, = 32.527 mA
Q.16 A single phase full wave rectifier operates 1' Ipc =20.707 mA
from 230 V, 50 Hz supply. The load resistance Is
10 k2. Draw the waveforms of all the diode

currents and repreeent the values.
035° [JNTU : May-17, Marks 5]

Ans, : B,(RMS) = 230 V, R = 10 k2 |

Diode 1
current

Me= o

Byn = v2 E, (RMS) = 325.269 V "
A Im 51“— = 32,527 mA
i
: I 2 - .
v pDe * T = 20.707 mA I \ current (load)
L I R
R Boc = IpeRy = 207072V foo- tfmme e NN P A, A
b
E The waveforms are shown in the Pig. Q.16.1, —

h&umwhmmmnmnm un fhrunf for knawladna
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\ Pasté Elegtrival and Electronics !.Tngfnurhw G-9 Rectifiers and Filters

QAT A il wave reciifier clrcult uses fwo silicon diodes with a forward resistance of 20 2 each. A DC
voltmeter connected ucross the lond of 1 UQ reads 65.4 volis, Calculate
) lme 1) Average voltage across each diode

i) Ripple (actor 1v) Transformer secondary voltage rating, U5 [INTU : May-12, 09, Dec.-04]
Ans, 1 R( = 2 Q ' R‘. =1k ' F‘DC =554V

Ipe = r, ——— = 554 mA

-4 21 nx 55.4x 1073
Ipc = —Ttm fe, I, = L?L-EW.OZZ mA
87.022
f i l - N & I il
) rms 5 72 61.5338 mA

ot

il) Average voltage across each diode = Ipc Ry =1.108 V

(e Y, _ (6153382
iit) Y (IDC 1 = (W} -1 =0.4834
E¢m —Diode drop
iv) I R TR,
i.e. Egm = 87.022 % 107 x 1020+1.108 = 89.87 V

E; (rms) = -ET’E"l = 63.548 V

0.18 State the advantages and disadvantages of centre tapped full wave rectifier.
_7 U3 [INTU : Part A, May-07, Dec.-11, Marks 3}
¥ 'gtﬁ! : Advantages and Disadvantages of Full Wave Rectifier
» The advantages of full wave rectifier are, '
1. The d.c. load voltage and current are more than half wave.
2. No d.c. current through transformer windings hence no possibility of saturation.
3. T.UF. is better as transformer losses are less. |
4. The efficiency is higher.
5. The large d.c. power output.
6. The ripple factor is less.

* The disadvantages of full wave rectifier are,
1. The PIV rating of diode is higher.

2. Higher PIV diodes are larger in size and costlier.

3. The cost of centre tap transformer is higher.

- |
= 6.4 : Full Wave Bridge Rectifier |
i,

Q.19 Draw the circuit dlagram of full wave bridge rectifier and explain its operation with waveforms.

oy
3

Caie D" [INTU : Part B, May-06, 08, 09, 13, 19, Dec.-13, March-16, Mark

P ECHNICAL PUBLICATIONS®: An up thrust for knowledge

| /oy
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- RtC”ﬂt‘n and r”
B_"fi‘f&?"{ffﬂl ﬂﬂd_flfffrgﬂ{qfngineeﬂng - ___7f_'}.o.....-»—»—"""‘ AT [JNTU 1 Part A, Aug.-18, Marks j)
OR Draw the circui load.
rcuit of full wave bridge rectifier with ¢ during positive and negagy,,

oidal Inpt
I?R Show the current paths in a full wave bridge rectifler for a sinus o [INTU : Part A, April-18, May, 3]
alf cycles.

Ans. ; ¢ The basic bridge rectifier circuit is shown in Fig. Q.19.1. ———

‘/’
| .
J
i Singl
f ptzr;gs: sm sin ot
| 50 Hz
i AC. Suppry
|
|
x
|
.‘\\\ e St ——t
Fig. Q.19.1 Bridge rectifier circuit
* The bridgé rectifier circuit is essentialvly a full-wave rectifier circuit, using four diodes, forming the
four arms of an electrical bridge.
* To one diagonal of the bridge, the ac voltage is applied through a transformer if necessary and the
rectified dc voltage is taken from the other diagonal of the bridge.
Operation of the circuit :
* Consider the positive half of ac input voltage. The point A of secondary becomes positive. The diodes
D; and D, will be forward biased, while D; and D4 reverse biased. The two diodes D; and D,
conduct in series with the load and the current flows as shown in Fig. Q.19.2.
!‘/I" "\\\
|
| |
|
|
i
|
: f
; |
[ [
.\\ |

e e

Fig. Q.19.2 Current flow during positive half cyclo

o In the next half cyqle, when the polarity of ac voltage réVerses hence point B b
D; and D, are forward biased, while Dy and D, reverse biaseq. Now the dj ¥
series with the load and the current flows as shown in Fig. Q.19. 3 e

omes positive diodes
D5 and D conduct is

o It is seen that in both cycles of ac, the load current js fl i
owing in the same directj
ection hence,

full-wave rectified output. we get a

N TECHNICAL PUBLICATIONS®- An up thrust for knowlsdge
—— 1 |
bacoot
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I

" A Rawtifiers and Filtes
: Q
M
. F\l (rocton of \
."\ % ah (et \
U" : A~ , c ra‘mmn saifn ‘.1
w ‘ it ‘ -“ . ‘ A
\ '::;_‘ - Y 0\ \
E AN e
. -j \ S, \‘
. ]- -—--»\_._g_,g ot 1.
Q. Qe .
} Current fow durtng negative hait oycla
R wavedforms of load current and valtage are shawn in the Fig. Q 19.4
a‘_ :
I S
Transhormey l
sﬂo“}d«y Q| -
woitaga \
Load \
Qurrent

(W .._c_!n‘.___
R+ 2Ry ¢ R,

Fig. Q.19.4 Waveforms of bridge rectifier
—— """ Important Polnts to Remember
+ For bridge rectifier, in each half cycle two diodes conduct hence in the various expressions Ry
must be replaced by 2R;.

‘~.
. Egq ‘\
h R, +2R¢ +R :
!1
‘tll
| SO . Np— \
* ER.\S"‘“RL f'j(ns+2R,-+RL) ‘lr
\
4

’Pm=~'l13)c RL =—1‘2‘la\ Ry and l

N ‘

* Py = I
\

s (Rs ¥ 2R¢ +Ry )=

S —

L PUsLIcanows®- MW"“W""M
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Basi, 5 _ . iﬁePaMF{I
—astc Flectrical and Electronics Engineering 6-2 S ‘
.‘ T Ry, e

°N, = - % Nimax = 812 %,

n? (Rg+2R; +R, )

i

|

f i

! ripple factor y = 048, T.UF.=0.812 ondary winding of the transforp,

f * The Eg, is the maximum value of a.c. voltage across full sec

| used.

| .

l * PIV rating for the diodes used in bridge rectifier is Esm- R =S
e B IS [INTU : Part A, Aug.-17, Mars 3{

Q.20 What are the advantages of bridge rectifier ?
Anmns, : Advantages
former flows for the entire cyql,

1) The current in both the primary and secondary of the power transt and less cost may be useq
and hence for a given power output, power transformer of a small size '

2) No center tap is required in the transformer secondary.

3) The currents in the secondary of the transformer are
Hence net d.c. component flowing is zero which reduces 5
As two diodes conduct in series in each half cycle, inverse voltage appearing actoss diodes get

shared. Hence the circuit can be used for high voltage applications.
|

in opposite directions in two half cycles,
the losses and danger of saturation.

4)

5) The transformer gets utilized effectively.
ES°[INTU : Part B, April-18, May-19, Marks 5)

Q.21 Compare two diode full wave rectifier with bridge rectifier.

Ans. : Comparison with two diode rectifier
Full wave rectifier using four diodes

Sr. No. , Full-wave rectifier using two diodes
L. ! It uses centre tapped transformer. It does not use centre tapped: transformer.
x ‘ One diode conducts in each half cycle of input. Two diodes conduct in each half cycle of mput
= . The voltage drop across the diode is due to Rg only. ~ The voltage drop across t_he diodes is due to 2Ry,
4. The output voltage is more. - The output voltage is less. -
5. _ The transformer is less effectively used. - The transformer is used more effectively.
| TUFis 0.693. ' TUF is 0.812.
7. The PIV rating of the diode is 2 Eg,. The PIV rating of the diode is Egp,

Q.22 A bridge rectifier is used to supply d.c. load of 20 A at 20 volts from 117 volts source. What is the
EZ"[INTU : Part A, Dec.-14, Marks 3]

rating of power transformer ?

Ans. : IDC = 20 A, EDC =20V
_ 20y 2 2Im
IDC = 'En-? ie. 20 T
; I, = 31416 A

Mo iciinae Drar inATIONSS- An up thiust for knowledae
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Bm = Im Ry ang R, “_R\\
L The

B "
T\“‘

B ™ Ty T 2RAMV

Ratt

g of transformer = B ol e 99914 %

=1Q

JLALG X = N v

A r————

-

Rectlfiers and Filter?

R, =R, =00

12 21 g .‘I)a 461 VA

LG.S 3 Compnrlsun nl‘ m.ctlnms \

& half wave, full wave and brldgn rectifler circults,

,cnﬂ“"__,_‘....-~~~
|

B P ———

s

Half wave

Clreuit dlagrams

Full wave

Bridge

i

B [INTU @ Part B, March-17, n.c.-n. Marks 5]

i ———
e ettt s

ID._RL!

,—'-.-“‘M“_ Ao - - ]

sr. No. Parameter \ Half wave Full wave Bridge
- T Number of dmdes \ 1 2 I
L e e S - 2
| 2 Average d.c. current (IDC) \ .‘.%1. %\_ ‘ Zn
. 1 - 2E 2E
3 Avemge de. voltnge (Enc) & E%u. “i}m R Mffm :
NER e m : ; i
IE £ RMS Cun‘ent (]RMB) \ _l?l}. _jl‘i ‘ A—?_ e

5. DC. power output (poc) i lm‘:[, -T-t-,‘—l}“RL ?\mRL
‘l n . Avsagianet —-— arh e kR e B e S
) 2 2

| s AC. power input (PAC) R (Re+RERy) L IRQR R, R,)

|
* FRITIOTTY PR TP
\ %,,(RL + R+ Ry)
T

|

1

7 Maximum rectifier efficlency oy B e mne et
Y 101 L oam | 0.482
e o _ Ripple factor (Y) . e : £ T E ‘
il E, LT sm
\‘ g Maximum load current (1) l\ T-""“J{ H{?ﬁ(‘; \ R, Rf+ll1 Ry+2R (+ R
] I — -
T e - o M 2R \ E
L PV rating ot‘ diodo W (.S B \ I
K ‘ 50 Hz 00Hz | 100 Hz _
. R)pple frequency R \ ' !
1 . 1| 0.287 0.693 \ 0.812
\.__ T\U-P- .
S
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6.6 ¢ Need of Filter

Q.24 What |s purpose of using fitters with m""'t::':mm | art A, MRS, 11, Dee.si2, May- 06, 11, 19, Maiky 1)

arsle ‘
Ans. : ¢« The output of a rectifier virauit iy not pute ey but it containe fluctuations of ripples, whj, Aty
undesired,
¢ To minimize ihe ripple content in the output, filter clicuits are ueed, sinatlon of bolk &
* The filter is an electronte erenit composed of capacitor, inductor or com :ms Aid "
connected between the rectifier and the load 8o as to convert pulsating d.c. to f‘ _ :;l‘l
* The filter circuits are connected between the rectifier and load, as shown i the Pig. Q.24.1,

l.c.
Rectifier | DC+ " Pure R I._.__Flllemd(
O : Filter s
‘ |
f AC input circuit Ripple Dec =
o 5———1

| Iﬂlm.
X Pulsating d.c.

e e i e e T ——— e —

Fig. Q.24.1 Rectifler and filter

put Filter)

[ 6.7 : Capacitor Filter (Capacitor In_

S ~ Important Point to Remember
‘ * In capaditor filter circuit, a capaditor is connected in shunt with the load resistance. Looking from the
*- rectifier side, the first element in the filter is capacitor hence it is also called capacitor input filter,

N - —— .

Q.25 Explain the operation of capacitor filter circuit with half wave rectifier.
US°[INTU : Part B, Dec,~13,18, May- 08, Aug.-08, Marks §)
Ans.: e The drcuit diagram of half wave rectifier with ;
shunt capacitor filter is shown in the Fig. Q.25.1.
* During the positive quarter cycle of the input,
the capacitor C charges to peak value of the
Input ie. Eg,. This is point A as shown in the
Fig. Q.25.1.
* When input decreases, the C remains charged at
Esm and diode gets reverse biased.

«
Shunt capn{l\w
Fig. Q.25.1 Shunt capacitor filtor with HWR

* The capacitor C supplies the load Ry and starts
discharging.

* Due to large time constant, capacitor discharges very little from By«

* The capacitor supplies load for full negative half cycle and next part of positive half cycle till input is
less than capacitor voltage. P

* At point B, the capacitor starts charging as diode gets forward biageq

a8 input ex 5 capacitor
voltage. put exceeds capacite

RTECHNICAL PUBLICATIONS®. An up thrust for knowledge i
oFcOM
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e rl i
r { r
| |
ey LI ‘J : ; j
L ' i | ' )
31 A 5 } ' § l
ch ; o |
qre :' ‘ : E ’ E : | |
! T T 1
] N V! 1-1! (
% 4 | H \ |
ad | i H .
i ¢ ! ' i e ! | |
o | | A bl
voltag@ v ) oy iR
! ] ] l
SRt ]
Al | 1 o8 F + -
: Y \ H C‘IA I
il [ I |
vy | 4 pod |
ol r 2n | | ol |
Ca aveforms of shunt capacitor filter with
Fig. Q252 W O

" « The point B is shown in the Fig. Q.25.2.

e As the discharging of capacitor is very small and
charging time is very small, the ripples in the
output get reduced considerably.

o The input and output waveforms are shown in the
Fig. Q252

926 Explain the operation of capacitor filter
it with full wave rectifier.

‘3

:» The Fig. Q26.1 show the capacitor input
By with full wave rectifier.

Capacitor
filter
Full wave rectifier b, 1 .
centre tap :' r : T+
or bridge type H !
! 1 C 5 Ry Epc
SO N

T

Fig. Q.26.1 Capacitor filter with full wave rectifier

* The full wave rectifier may be center tap or bridge
rectifier.

* Immediately when power is tumed on, the
capacitor C gets charged through forward biased

dioc.ie D, to Eg, during first quarter cycle of the
rectified output voltage.

t
T TECHNICAL PUBLICATIONS®. an up thrust for knowledge

¢ In the next quarter cycle from >

Rectiflers and Filters

gton, the capactor

starts discharging through R, Once capacitor gets
charged 1o E,., the dlode D; becomes reverse
blased and stops conducting,

| * 50 during the perfod from g to 7, the capacitor C

supplies the Joad current. It discharges to point B
shown in the Fig. Q.26.2.

A-B —= Capacitor dinchiarges
B-C—= Capacitor tacharges

v,
C
om| "+ x ® . ~
. SRR P PEY A : "~
Q“‘il E :. I". ‘f': I‘.‘ ""-: ': “..
VAR EEIRY ER I
.'-:: E"‘_J"l". .\i "'j ;‘ %
of mp =nam 2n 3n

Diode current

Fig. Q.26.2 FWR output with capacitor filter

3n

= 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.

¢ At point B, lying in the quarter = to

¢ 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. Q.26.2. At this
point, the diode D, conducts to charge capaditor
back to E . The diode currents are shown shaded
in the Fig. Q.26.2.

e When the capacitor is discharging through the load
resistance Ry, both the diodes are non-conducting
The capacitor supplies the load current.

* The operation remains same if full wave rectifie
with two diodes is replaced with bridge rectifier. 1
a bridge rectifier, C charges through D, and D, |
one half cycle and it recharges through Dy and I
in next half cycle.

\\Wh

DECO!
~—
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Ans, : » Consider an o
using capacitor filter as
* Let Ty = Time for whi

utput of full wave rectifier
shown in the Fig. Q.27.1.

ch diode is conducting

T, = Time for which diode is non conducting

® During T, capacitor is charge
discharged. Practically, T,

* The Fig. Q.27.1 shows
ripple voltage.

d while during T, it is
>>Ty.

triangular approximation of

* For triangular wave,
V,

r

—_—

Vr(ms) = 274

FEET e
=

; Where, V, = Peak to peak ripple voltage.
: ® The charge lost by C during T, is Q = CV, But,
i Iy
F Q = f idt
T2

Q = [idt=cv,
0

| * But, integration gives average value here
[ E

E vk
| T
P-T=T+T, but, T, >>T, henceT]+T2=T2—§
Inc [T]_ Inc !
B
Epc - Epc
S —— 'I = —_—
3 T 2CfR; DC TR,

R ——

6-1fi_ e ——

. Rectifiers ana gy,

r is defined as, 1 .
i tage

s value of ripple vol = Vet

= d.c. valueof voltage R\

e The ripple facto
Y =

v, /243
Y= TEpc

[ 1
7T aErCR

i.c.

|
| - FW
|
|

For half wave, ripple factor becomes double hence,
e For ’
—
! i
2J/3fCRL |

Y:

T T e

Important Points to Remember

‘e The d.c output voltage from a capacitor filter is,
| .C.

1 d
Epc = Esm —Ipc [Tff] WEELREE a

1
Epc = E¢m —IDC[—2 fC] for half wave

- The ripple voltage present in the output with
! capacitor filter is,

Ipc
\" e volts for full wave
MRMS) ~ 4 31 C
Inc
d V = volts for half wave
e My =5

o The r.ms. ripple voltage is given by,

VI(RMS) - EDC x Ripp]e faC‘tOI‘

~

Q.28 A 50 H: transformer having 60 V mms on
each side of the centre tap supplies a full wave
rectifier circuit. The circuit load is 210 O with a
shunt capacitor filter of 1000 UF. Find the ripple

factor. U° [INTU : Part B, May-18, Marks 5]
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..v-*"‘"“
g . @V, Ry 2100,
: Fyre!
L C - 1000 uE, [ = 50 Hz

l__ « Rippl
V"I (CR, pple factor for EW.R

1
YT /A% 50x1000x1076 =210

= 0.0137

Ry ———

6.5 :‘ [nd}FW Fliter or Choke Flltermi

I -
e

in the operation of full wave rectifier

e o !W!'mr filter with necessary diagrams.
. st g3 [INTU : Part B, Dec.-14, 16, Marks 5]

current (alternating current) through it.

; _he Fig- Q291 shows the circuit diagram of
: _lf:““:“_c rectifier with inductor filter.
4l
k. Inductor filter
\ ; —" e IS © .
e FWR L 1
A caﬂ;rm RV,
gridge ype .
J hadl 2’4 —
‘ Fig. Q.29.1 Inductor fitter with FWR
f'_-‘.- operation
-1, 4 inductor has a property to oppose the change in

1, when current through an inductor changes then an
| .t is induced in it. This is called back e.m.f. This
‘{ emf opposes the cause producing it which is
change in current.
+Thus when rectified output is given to the series
{ indudtor, it opposes the changing current which are
fipples and it allows only d.c. to reach to the load.

+This makes the output smooth, removing ripple
wntents from it.

‘For the operation of this filter, there must be
current through the inductor all the time. Hence

- § % filter is not used with half wave rectifier and
%y used with full wave rectifiers.

4 '8 ripple factor is given by,

e rTee—— T |

Rectifiers and Filtery

» It can be seen that, smaller the value of Ry. smalle?

is the ripple factor hence this filter is suitable lm.
low load resistance ie. high load currend
applications.

» For redudng ripple factor, L can be increased but
practically high value of L malkes it bulky and l:rg;
in size. Also jts dc resistance increases whi
reduces the output voltage.

e The Fig. Q292 shows the wavefo

inductor filter.

rms with series

) = 2=z | =

Fig. Q.29.2 Waveforms of series Inductor filter

e As inductors are bulky, costlier and more power
consuming, series inductor filters are not used, now
a days.

Q.30 Derive the expression for the ripple factor of

a full wave rectifier using inductor filter.
S [INTU : Part B, Aug.-17, Marks 5]

Ans. : For the full wave rectifier,

I, = Vm ...Neglecting Ry
L
An _ 2V
Ipc = — 7R, (1)

while the load current i can be expressed interms of
harmonics as, ’

R S
IL —‘_—t——ﬁ-coszmt

...Neglect higher order terms

with the second harmonic component, i, can be

Vo

In = = | w+(2)
Z  [R2+@aLy

Note that Z = R +j 2X; = R + j2wL as the ripple
frequency is 2f.
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2y 4V,

iL_ —_ m

T 3nfR2 +@uL)?

1L = Ipc- a.c. component present in iy

-(3)

Ims = "2 of ac. co in i
rms B .C. component present in iy,

vy,
3n/R2 +(20L)2

(4)

x

L
73

-~ Ripple factor =

I
I‘;’C" and use (1) and (4)

Vg,
3\/:?1:\/12{ +(2wL)?

2V,
Ry
a2, 1
3\/2— 4(.021.2
1+ :
Ry
As lc::ad:Z current increases, R; decreases hence the
2
term a0 2L >> 1 and 1 can be neglected.
L
. 2 1
Ripple factor = —X——
= 3V2 [40?12
52
RL :
P Ry
. i Ripple factor =y = =
. 3J2 oL _

6.9 : L-section, Choke Input or LC Filter

i

i'[ “ Important Points to Remember

e The filter element looking from the rectifier side
is an inductor so it is also called choke inputf

filter.
@1 Explain the operéﬁon of L-section filter with

/

i

]

L g

full wave rectifier.

ES°[INTU : Part B, Dec.-11,14, May-12, Marks 5]

' Ans. : » The Fig. Q.31.1 shows L-section or LC filter
- with FWR.

CHNICAL PUBLICATIONS® An up thrust for knowledge

e e,
B - Fe==="""""71
! -
]
FWR b ‘
Center tap . Rev
of ) r
Bridge type . —3.
A
‘[ “section filter

Fig. Q.31.1

Operation ' . _
e The rectifier output which is pulsating d.c is

applied to the choke L. The inducto.r offers very
small resistance to d.c. and hence 1% allows 4.
component to pass to the load and it blocks

component.

t of the ripples aré blocked by an indlfctm but
the remaining Tipples are blocked by capaditor C. |
offers small reactance to a.c. ripples and &
connected in shunt with the load, it bypasses the
remaining ripples-

e The capacitor C offers high reactance to d.c. hence
it blocks d.c. component.

o Thus due to X; and X reactances of L and C,
almost pure d.c. component is available to the load.
Due to the double filtering effect, the output of this
filter is very smooth.

¢ Mos

e Its ripple factor is given by,
‘ 62 0> LC

. =27

eIt can be seen that the ripple factor is no

dependent on the load resistance, which is it
important advantage. It remains constant at all th
loads.

e The Fig. Q.31.2 shows the waveforms of LC filter.

Output
voltage
Output of

/ Rectified LC filter
’/-.\ ’(\\ ’f\\ l‘\ I"\
A A \/(.'/ ~ e
p' & NSNS

! Al T T N
f V \\ \/, V\ ' \ f
! W ! \ ) Vg
A \ ‘f \\ ‘l \| ] (N
] Y
0 L L1 y Y
2n n
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Baslc Electrical and Llectronics Engineering

bleeder resistance.

Q.34 Compare capacitor input filter and LC filter.

Rectifier
circult

thjf"‘"] and p,
6-20 ’ =

S X CPC IV rat
e If current through L is interrupted, it develops large back e.m-f. which ma::j::rcurd P g of ¢,
diodes and voltage rating of capacitor C. This may damage diodes and €ap o i ey
* To avoid this, inductor I, must carry minimum current all the "0 :‘Zrminals, which is ca;l:;
interruption. For this purpose a resistance Ry Is connected across the outpu 2|

* The bleeder resistance 1s shown in the Fig. Q.33.1.

Bleeder
rosistance

o

Fig. Q.33.1 LC fiiter with bleeder reslatance

Ans. : Comparison between capacitor input and LC filter

pF [INTU : Part B, Aug.-17, 18, Marks 5)

Capacitor Input Filter

f

LC Filter

— -

1

{
Y
1

, load resistance.

3, " Possibility of large back e.m.f. is absent hence
| bleeder resistance is not required.

| The surge current is possible which is limited by |
| using surge Iimiﬁng resistor.

1. ; The first element of the filter as looked from
rectifier side is capacitor.

5. } 'I'he regulanon is poor.

; ’I‘he first element of the ﬁlter as loolred from rectifier sldg

| is lnductor

| &

Possibxhty of large back e.m.f. which is harmful to diodes|
- and capamtor To avoide this, bleeder resistance is used.

/ The npple vohage is a function of load current i.e.| ' The ripple voltage is not

|
{

6. | Not suxtable for vanable loads.

‘ always charges to peak value

— b e 1 et et

Normally used for single phase, hxgh voltage,

| ' fixed load applications.

e b e

; The npp]e factor is,
' 1
Y= 3731CR,

... for full wave

| ' The d.c. output voltage is higher as the capacitor

Sultable for vanab]e loads.

The d.c. output voltage is low compared to capacitor
mput filter.

—4

The npple factor is,

' Used in polyphase rectifier systems employmg mercury

' The surge current through diodes is absent.

P _ i
i The regulation is better.

)
i
S |
t
|

!

)

dependgnt on the load.

|
{

|

LS. N = s |

i

{

¢

== SR ey |

i
{ are recufxers

\
— ——— b e

) S

6~/*032LC e for full wave
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.~.-‘\' 8.1 | ||‘n‘\ - B 3} eclifierd aoid Filterd
svatian at iy AL TR TP W GG Filtwy \
, (ho PRYIRTE W Wave faeti e .
e ! T
B aal '\ i ¥ Wl 4 o |
g QB ANV REthen wity MU e, gy 1 Fat 8, ey, ks O]
o :
 FWR e B RRE
Uailley \ap "“UPB\—; S L \
O : . L ‘
Bilitaa tya = sag, :E, m Y,
DS — l\_ \ '] 1

Flg. Q.64
ation
T ectifer WPV B BIVER 10 the caar .
e © tha vapacito Uy which 18 connected in parallel with the output of the

] ah. 4 .

et T \‘c\“d\f“\“‘ Offera ve .
o= aelloF Oy by baases ¢ ¥y .‘““' reaclance (o the a.e, component but blocks d.c. component,
(i CapATHiOT Ly Ypaddea moat of the a0, omponent,

Jhe de vomponent then reachen to the dhoke |
qnpanent and very low mactanee (almont
Alow (U reach to load while It allowa e,

The choke L offers very hiph reactance to a.¢
7e00) to d.e. S0 It blocka ae, component and does not
: component to pans through 1,

e capacitor €3 now allows o pans remalning ac. component by offering very low reactance to a.c.
pplea. Thua almost pure die, component reaches to the load.

,ihe tipple factor for thia filter Ia,

N2

B \E| (—.;Q RLA ‘!&

) =

o =21l

ot can be seen that the ripple factor {ncreascs as oulput
N, decreases de. Toad current increases, Thus this voltage
iler 18 not suitable for high load currents hence

Qutput of filter Rectifiar output
tis preferred for light loads, ‘ ~— y —

, \ t
e Blg, Q382 shows the waveforma of n ™M) \ \\\ ",
v \ |
fil!\‘l“ \\ : E \\ :l
¥ \ -l
+The output of this filter 1y very smooth but it 18 0 f n 3n
fuitable only for light loads. Flg. Q.36.2 Waveforms of r filtar
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Q.36 State the advantages and disadvantages of pi
section filter. IS [INTU : Part A, Marks 3]

Ans. : Advantages and Disadvantages
¢ The various advantages of = filter are,
1) The ripple factor is much smaller than LC filter.

2) Higher d.c. output voltage at high load currents
' can be obtained.

3) The output is very smooth.
4) Easy from design point of view.
5) Useful for light loads.

e The disadvantages of = filter are,

dorasrarescras FASRITETS LBSLUPSLLS

1) It is bulky due to more number of filter
components.

2) Higher PIV rating for the diodes is requlred
3) Regulation is poor.

4) The large value of input capacitor C, in
necessary.

et e A b e ¥ Bh 2 ma LS P e

5) The inductor of high current rating is required
hence costly.

A

L R OIN w e ¥ e AR R s e T R U
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