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through the diode, thus damaging the device. By placing them 17 P
to a safe value of 14.3 mA for the same terminal voltage-
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9.6
Important Terms e across the following

While discussing the diode circuits, the reader will
terms ! Cd d d 1: di
| . ard bias iode. Every diode
(i) Forward current. It is the current flowing through for‘erfdlhif' value is exceeded, the
hf\s a maximum value of forward current which it can safely carl'Y'h manufacturers’ data sheet
diode may be destroyed due to excessive heat. For this reason. l”e
specifies the maximum forward current that a diode can handle safely
A _ jode
(ii) Peak inverse voltage. /1 is maximum reverse voltage that a diod

destroying the junction.
‘ . increases shi
If the reverse voltage across a diode exceeds this value, the reverse current S ShA
voltage is extremely important

and breaks down the junction due to excessive heat. Peak inverse
ured that reverse voltage

when diode is used as a rectifier. In rectifier service, it has 10 be ensured
e half-cycle of input a.c. voltage. As

across the diode does not exceed its PIV during the negativ Ve = iy g
a matter of fact, PIV consideration is generally the deciding factor In diode rectifier circuns. The
peak inverse voltage may be between 10V and 10 kV depending upon the type of diode.

(iii) Reverse current or leakage current. It is the current that flows through a reverse
biased diode. This current is due to the minority carriers. Under normal operating voltages, the

reverse current is quite small. Its value is extremely small (< 1pA) for silicon diodes but it is

appreciable ( = 100pA) for germanium diodes.

reverse current is usually very small as compared with forward
current for a typical diode might range upto 100mA while the
pA—a ratio of many thousands between forward and reverse

generally cOm

can withstand without

It may be noted that the
current. For example, the forward
reverse current might be only a few
currents.

9.7 ' Crystal Diode Rectifiers
~ For reasons associated with economics of generation and transmission, the electric power
sually an a.c. supply. :I'he supply vqltage varies sinusoidally and has a frequency of
o ng_and e':‘l’e‘:jtnc motors. But there are many applications (e.§
ﬁ m:vf: ':;‘ such a d-C-fstprly is required, the mains
owing two rectifier circuits can be used:-

' Full-wave rectifier

™ positive half-cycles
: mi@w“{ during negativé
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half-cycles, no current js conducted and hence no vollage appears across the load. Therelore
current always flows in one direction (i.e. d.c.) through the load though alter every half-cycle

=) Circuit details. Fig. 9.16 shows the circuit where a single ¢rystal diode acts as a half-wave
rectifier. The a.c. supply to be rectified is applied in series with the diode and load resistance Iy
Generally, a.c. supply is given through a transformer. The use of transformer permits two advan
tages. Firstly, it allows us to step up or step down the a.c. input voltage as the situation demands
Secondly, the transformer isolates the rectifier circuit from power line and thus reduces the risk
of electric shock.

OI"'""i_(m- The a.c. voltage across the secondary winding AB changes polarities alter every
half-cycle. During the positive half-cycle of input a.c. voltage, end A becomes positive w.r.f end
B. Thi}* makes the diode forward biased and hence it conducts current. During the negative hall
cycle, ®nd A is negative w.r.r. end B. Under this condition, the diode is reverse biased and i
conducts no current,. Therefore, current flows through the diode during positive half-cycles ol
input a.c. voltage only ; it is blocked during the negative half-cycles [see Fig. 9.16 (i)]. In this
way, current flows through load R; always in the same direction. Hence d.c. output 15 obtained
across R;. It may be noted that output across the load is pulsating d.c. These pulsations in the
output are further smoothened with the help of filter circuits discussed later.

H |
7
SUPSLY é Vin R ‘Iu ,{/\ /\ / \ |

B - vuul

L\/\, ,\/\/\1.

(i)

>

Fig. 9.16

Disadvantages - The main disadvantages of a half-wave rectifier are :

(i) The pulsating current in the load contains alternating component whose basic frequency
is equal to the supply frequency. Therefore, an elaborate filtering is required to produce steady

direct curre
o yer only half the time. Therefore, the output is low.

a.c. power
7 Let V=V,, Sin@ be the alternating voltage
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50 = ——es 3 300
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1T x 825 x 50
V o —————
" 300 162V

Hence a.c. voltage of maximum value 162 V is required.
9.9 Full-Wave Rectifier

| In ftll]i\\’;l\'c rectification, current flows through the load in the same direction for both
h:ll!—{)’lcl.u‘\‘ of Input a.c. voltage. This can be achieved with two diodes working alternately. For
1hc_pmm\'c half-cycle of input voltage, one diode supplies current to the load and for the negative
half "'.‘"CI"‘ the other diode does so ; current being always in the same direction through the load.
Thcrcio.rc. a full-wave rectifier utilises both half-cycles of input a.c. voltage to produce the d.c.
output. The following two circuits are commonly used for full-wave rectification :

(i) Centre-tap full-wave rectifier (ii) Full-wave bridge rectifier

9.10 Centre-Tap Full-Wave Rectifier

The circuit employs two diodes D and D, as shown in Fig. 9.19. A centre tapped secondary
winding AB is used with two diodes connected so that each uses one half-cycle of input a.c.
voltage. In other words, diode D, utilises the a.c. voltage appearing across the upper half (OA)
of secondary winding for rectification while diode D, uses the lower half winding OB.

VOUl
-—— B
I
A.C. i g
SUPPLY +
' D, D2 D, D2 {
Fig. 9.19

vcle of secondary voltage, the end A of the secondary
. This makes the diode D, forward biased and diode
ts while diode D does not. The conventional current
d the upr f of secondary winding as shown by
condary winding becomes negative

j does not. The conventional
 as shown by solid arrows.
is in the same direction for
oss the load R;. Also, the

DDCI 1)
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Fig. 9.20
acros
Peak inverse voltage. Suppose V,, is the maximum voltage ;;Crhes its maximum valye
winding. Fig. 9.20 shows the circuit at the instant secondary voltage (; de D, is non-conducting,
in the positive direction. Ay this instant, diode D, is conducting WhIlCd aoun dziode. C()nsequemly\
Therefore, whole of 1} secondary voltage appears across the non-con l;? Cfondal’)' winding i,
the peak inverse voltage is twice the maximum voltage across the half-s ‘

PIV = 2 Vin

s the half secondary

Disadvantages
(i) It is difficult to locate the centre tap on the secondary winding.

rs alf of ansformer secondar
(11) The d.c. output is small as each diode utilises only one-half of the tran y
voliage.

(ti1) The diodes used must have high peak inverse voltage.

9.11 Full-Wave Bridge Rectifier

The need for a centre lapped power transformer is eliminated in the bndg; rectifier. It
contains four diodes D, D;. Dy and D4 connected to form bridge as s‘hown in Fig. 9.21. The
a.c. supply to be rectified is applied to the diagonally opposite ends of lhf: bridge through the
transformer. Between other two ends of the bridge, the load resistance R; 1s connected.

P Vln

SECONDARY
VOLTAGE

Fig. 9.21
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seen that again cu , i :
positive h'll&} cyc|err-?:l flows from A 10 B through the load i.¢. in the same direction as for the
alf-
- therefore, (.. output is obtained across load R;.

AC
SUPPLY

(1) (i)
Peak inverse volta : i iR ,
mum secondary voltage m_?:- T:le peak inverse vnll:.lgc (PIV) of cac“lj diode is cquu: to the maxi-
is positive and end O ne aldiT DHSCL qupnsc durllr'lg half ;ycle of input a.c., end P of scconflz‘xry
whils diodes By and D g e. Under such conditions, diodes D and Dy are forward hlqscd |
and Dj can be f‘cplaccddb‘;rcwriz: r;: bhinsed'. vings e Gogos Ameaniiuerec T Ghocies Dy .
in Fig. 9.23 (ii). shown in Fig. 9.23 (i). This circuit is the same as showr

=]
'Y + ~2A
AC AC + +
\')
Supply Supplyg n &k Dz_*_ D,
) E— a —o0 B

(1r)

Fig. 9.23

‘ Rcfer@ng to Fig. 9.23 (i), it is clear that two reverse biased diodes (i.e., D, and D, ) and
the secondary of transtormer are in parallel. Hence PIV of each diode (D, and Dy ) is equal to
the maximum voltage (V,,) across the secondary. Similarly, during the next half cycle, D, and
Dy are forward biased while D) and Dj will be reverse biased. It is easy to see that reverse

voltage across D) and Dj is equal to V.

Advantages
(i) The need for centre-tapped transformer is eliminated.
(ii) The output is twice that of the centre-tap circuit for the same secondary voltage.

(iii) The PIV is one-half that of the centre-tap circuit.

Disadvantages
(i) It requires four diodes.
(ii) As during each half-cycle of a.c. input two diodes that conduct are in series, therefore,
voltage drop in the internal resistance of the rectifying unit will be twice as great as in the centre

a0 circuit. This is objectionable when secondary voltage is small.

-Wave Rectifier
process of full wave rectification. Let v = V,,sinf be the a.c. voltage

912 Efficiency of Full
e the diode resistance and load resistance respectively. Obviously,

-1p. 9.24 SNOWS UIC
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Example 9.18. :
power supply B (I('I;'|-,.,.:1 ,’Z;:' er supply A delivers 10V dc with a ripple of 0.5V r.m.s. while the
Solution V23V de with a ripple of ImV, which is better power supply ?

The lower the ri
he ripple factor of a power supply, the better it is.

For power supply A

0.5

_v,"iﬂ m.s.)

Ripple factor = X
i — = ——x 100 = 5%
Ve 10
For power supply B
Ri . vm (r.m.x.) 0.001
ipple factor = ——— = ——— x 100 = 0.004%
Vu'( 25

Clearly, power supply B is better.

9.15 Comparison of Rectifiers

Es_.wo. Particulars " | Half.wave | Cemtretap | Bridge type |
] No. of diodes 1 27 - *4; ]
2 Transformer necessary no yes no
3 Max. efficiency 40.6% 81.2% 81.2%
4 Ripple factor 1.21 0.48 0.48
5 Output frequency fin 2 fin 2 fin
6 Peak inverse voltage Vo, 2V, Vi

9.16 Filter Circuits

Generally, a rectifier is required to produce pure d.c. supply for using at various places in
the electronic circuits. However, the output of a rectifier has pulsating *character i.e. it contains
ac. and d.c. components. The a.c. component is undesirable and must be kept away from the
load. To -do so, a filter circuit is used whick removes (or filters out) the a.c. component and

allows only the d.c. component to reach the load.
A filter circuit is a device which removes the a.c. component of rectifier output but allows

the d.c. component to reach the load.

E
- i

= |

A.C. COMPONENT RL$ *— PURE D.C.
FILTERED OUTPUT
FILTER CIRCUIT
Fig. 9.32

nic circuit, it will produce a hum.



* —-—y,—

principles of Electronue

158
e load as showy

acitors (C) The
HtOr passes ac
but allows
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Obviously, a filter circuit should be installed between the "cC“;l; r'l;lgdcup

n Fig. 9.32. A filter circuit is generally a combination of inductors (.'» ‘A capac

filtering action of L and C depends upon the basic electrical prlnuplLL opases B.C.

readily but does not *pass d.c. at all. On the other hand, an inductor - /( [:ﬁd C can effectively

d.c. 1o pass through it. It then becomes clear that suitable network ("l v;d‘ |
remove the a.c. component, allowing the d.c. component 10 reach the 104

9.17 Types of Filter Circuits
The most commonly used filter circuits are capacitor filter.
input filter or n—filter. We shall discuss these filters in wrn.
(1) Capacitor filter. Fig. 9.33 (ii) shows a typical cap
c;!pncnor C placed across the rectifier output in parallel with lo
of the rectifier is applied across the capacitor. As the rectifier vl cle
capacitor and also supplies current to the load. At the end of quarter €

choke input filter and capacitor

acitor filter circu'nl. It qmsuu of a
ad R;. The pulsating }1[[1‘}'1 voltage
‘:1ge increases, 1l cll;;rg&-g the
[l’oinl An l‘lu 033
(it)], the capacitor is charged to the peak value V,, of the rectifier voltage. Now, !'hc re'L“'ller
iclt - , _ : -~ h the load and voltage
voltage starts 10 decrease. As this occurs, the capacitor discharges through th £ o
reougs il flee. across parallel combination.of R-C) decresses & shown by l!‘c line / '? ( 1%'111'.}‘,
(i11). The voltage across load will decrease only slightly because immcdlalely}thfg lzlul )“ age
peak comes and recharges the capacitor. This [?l:ocesx is repeated again ‘and aEmn an the output
voltage wave form becomes ABCDEFG. It may be seen that very little ripple 1s left 1n 1h<c Om,p}“'
Moreover, output voltage is higher as it rem;lins substantially near the peak value of rectifier
output voltage.

The capacitor filter circuit is extremely popular because of its low leﬁ smiall size, littte
weight and good charactenistics. For small load currents (say upto 50 mA). this type of flter 1s
preferred. It is commonly used in transistor radio battery eliminators.

Tf . Vv
B Vv RECTIFIER C‘L RL
T '1‘ OUTPUT

.‘I ‘L ";’: P A i ‘]-

(i1)
Fig. 9.33

(ii) Choke input filter. Fig. 9.34 shows a typical choke input filter circuit. It consists of
a Tchoke L connected in series with the rectifier output and a filter capacitor C across the load.
Only a single filter section is shown, but several identical sections are often used to reduce the

e F.t? o

(1)

pulsations as effectively as possible.

The pulsating output of the rectifier is applied across terminals 1 and 2 of the filter circuit.
As discussed before, the pulsating output of rectifier contains a.c. and d.c. components. The choke
) ition to the passage of a.c. component but negligible opposition to the d.c.
is that most of the a.c. component appears across the choke while whole

finite reactance to d.c. Ford.c.,f=0

| SO Al NG RN
B Coan AExOxc

low d.c. (o pass through it.

and therefore X; = 0. Hence inductor passes d.c, quite readily. For
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of d.c. component passes through the choke on its way to load, This results in the reduced
pulsations at terming] 3

‘._, B /lii]{. pe— - —— .
¢ aAcC.+DC \
COMPONENT i

VEYY

/ —— C =~ LOAD =
) ) =< A VAVAVAWAVAVAN

A A

e -

Fig. 9.34

AL terming s rectif : 9 a.c

'Imnll 3. the rectifier Output contains d.c. component and the remaining part of a.c

compone ‘hich has man: : Auee

' pone n; which has Mmanaged (o pass through the choke. Now, the low reactance of filter capacitor
ypasses the a.c. ¢ . T :

Y] 1€ a.c. component but prevents the d.c. component to flow through it. Therefore, only

l.c. co it reachec tha
¢-C. component reaches the load. In this way, the filter circuit has filtered out the a.c. component

from the rectifier -
culier output, allowing d.c. component to reach the load.

(i11) Capacitor input filter or n-filte

, r. Fig. 9.35 shows a typical capacitor input filter or
*r-filter. It consists of a filie

I capacitor €y connected across the rectifier output, a choke L in
series and -lll(‘lh(‘.l' filter capacitor C5 connected across the load Only one filter section is shown
UL Sever: antical car are

but several identical sections are often used to improve the smoothing action.

prT e
1
1o RO
MUECHFILI i ,,I : [ }u)m)
ouTPUT | C, T b:-~'~
20 ' :

Fig. 9.35

The pulsating output from the rectifier is apphied across the input terminals (i.e. terminals
I and 2) of the filter. The filtering action of the three components viz Cy,L and C, of this filter
is described below :

(a) The filter capacitor C, offers low reactance to a.c. component of rectifier output while
it offers infinite reactance to the d.c. component. Therefore, capacitor C| bypasses an appreciable
amount of a.c. component while the d.c. component continues its journey to the choke L.

(b) The choke L offers high reactance to the a.c. component but it offers almost zero
reactance to the d.c. component. Therefore, it allows the d.c. component to flow through it, while
the **unbypassed a.c. component is blocked.

itor C, bypasses the a.c. component which the choke has failed to
pponent appears across the load and that is what we desire.

lig. 9.36 has a d.c. resistance of 25 Q. What is the d.c.
choke has a peak value of 25.7 V ?

filter circuit appears like Greek letter 7t (pi) and hence the name

A



