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fier :
It is a device which converts alternating current and voltage to direct current
d voltage. sl
~ Rectifiers are of two types.
S
n . 1. Half-wave Rectifier

= 2. Full-waye Rectifier

9 Half-wave Rectifier :

. In half wave rectification the rectifier conducts current only during positive half
cycles of input a.c. supply while the negative half cycle is suppressed i.e., no current is
conducted and hence no voltage appears across the load.
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~ during the negative half cycles. oo s
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Circuits details : Gl _ er T

- Thecircuitemploys two diodes D, and D,. A centre tapped secondary winding AB is
used with two diodes connected so that each uses one half cycle of input a.c. voltage e,
-_c'_ii_bde D, utilises the a.c. voltage appearing across the upper half OA of sécondary wind.irig
for rectification while diode D, uses the lower half winding OB.

Operation :

' During the positive half cycle of secondary voltage, the end A of the secondary
winding becomes positive and end B negative. This makes the diode D, forward biased
and diode D, reverse biased. Therefore diode D, conducts while diode D, does not. The
conventional current flow is through diode D, load rectifier R, and the upper half of
secondary winding, as shown by the arrows.

During the negative half cycle end A of secondary winding becomes negative and
end B positive. Therefore diode D, conducts while diode D, does not. The conventional
current flow is through diode D,, load R, and lower half of winding as shown by the arrows.

" From the figure it can be observed that current in the load R is in the same direction

“for both half cycles of input a.c. voltage. Therefore d.c. is obtained across load R . r
iz ] b b ; SOV
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simall#aslcach di odL ';'utilises ony (:nlt“:r"f half of th
ndary voltage. i | | ¥ :
- * The diodes used must have

high peak inverse voltage.

ge across the half :

] ‘winding i.e.,
PIV=2V._ _ g
 V_=Maximum voltage across the half secondary winding.
- Full Wave Bridge Rectifier : i ol ‘ R
~ The-need for a centre tapped power transmitter is eliminated in the bridge r

- Construction : ' p

1 1 -Pcak inverse voltage is twice the maximum volta

Ac @P

" ¥ Supply

A

Wi It contains four diodes D, D,, D, and D,
_.E_;v_e figure. The a.c. supply to be rectified is annl:
: Pndg_e,,l;hrough the ..trqnsformer. Between other t
R, is connected. - |
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Operation :
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- end Q positive. This makes diodes D, and D, forward blased whereas diodes D, and D3 are

- reverse biased. Therefore only diodes D, and D, conduct. These two diodes will be in
series through the load R, as shown in figure below. It can be observed that current flows
from A to B through the load i.e., in the same direction as for the positive half-cycle.
Therefore d.c output is obtained across R, .

T ' HaliP

()

A.C ,\)
Supply

”u:"’ b + Q
~ Advantages : .

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

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

2 of each dlode is equal to the maximum secondary 'itage cf tr
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Efﬁcleucy of full wave rectifier :

The ratio of d.c. power output to the applied input a.c. power is known as '
efficiency i.e.,

I . i
Rectifier efficiency = d.c power output

Inputa.c. power

’!.." 2 3 | '-l‘_-" .:_ S IR

D.C. power output :

We know that the output current is .
pulsating direct current. Th |
‘find the d’ c. pdvder average current has to be found out, erefore‘ "

Sl

We know that Idc=ZI_m_

AR 20
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w full wave rectification efficiency is

Pe __Qly/m)’Ry

s
n=

- 18 P i

—0 | (re +

4 [JE) o
—{x R,

_0-812R; _ 0-812

rr+R. [ XL
Ry ‘ < N e
Therefore Maximum efficiericy = 81.2% | W ¥
This is double the efficiency due to half wave rectifier. Therefore a full wave rectifier
istiiceas effective as a half wave rectifier. | i SR
of rectifier output :

b

Wc know that the output of a rectifier is pulsating d.c. i.e., the output cont:nps .c.
cor w nent as well as d.c. component. The a.c. cbmponent is responsible fortlmpnl R

actor :
ratio of r.m.s value of a.c. component to the d.c. component in th

own as ripple factori.e., Soam A Y e
: ST A

r.m.s value of accomponent _ lu
valueof d c.component

CLor = -



as well as a.c. compone

: | I. sd. c.
ent of a recuﬁer contain i npple

finition we can get

e | 12

rms_Idc

I [N o

or, £ = — I, ~ T
Idc dc

- = Ripple factor = i I Idc
' : Idc

= Ripple factor =
%

For Half wave rectification :
In half wave rectification

bns =1 12
Idc - I—-m /ﬂ:

T’n ¥ fom

S

RJpple factor = [Im /2] -1=1.21
: Herg a.c. component exceeds the d.c. component in the output of a half waver ' o]
results in greater pulsation of the output. Therefore hal
mqa of a.c. mto d C.
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5 bl
he observed that in the output of a full wave rectifier, llnd c ‘.

e a.c. compopent. Consequently, the pulsationg in the output wmbq _
d.mcnﬁer For this reason, full wave rectification is invariably used for conversion
of -_.'_xi_." C.* i ]
. ; M : > . - * TR

A filter ckt. is a device which removes the a.c. component of rectifier output but
dn d.c. componcm 1o reach the load.

Aﬁllcr cktis generally a combination of inductors (L) and capacitors (C). If capacitor

#u: readily but does not pass d.c. at all. While an inductor opposes a.c. bu!allows
‘g_npass through 18

i or— Ale
Rectifier output > ‘Component | Rl%(- Pure d.c output
| ; | filtered $
: I Filter circuit E
t—
(a.c) o 1
\ . (de). 1k =i
af Filter Circuits :
Thc most commonly used filter circuits are capacitor filter, choke input ﬁlu'ﬂ'

citor input filter or n-filter. { S5
“apacitor Filter :

S
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ol ; i | i the
he e dz:af qpa,rter cycle (pemt A), the caPﬂC“"r is recharg |
i1 aygltpge. As this occurs, the capacuor __

. rectifier voltage starts to decrease. AB.
u, “;@ lnad and voitage across it decreases as shown by lmese lmmedlately _the
H 'ﬂ‘e '_voltage across load will decrease only slightly becau ”

o l comes and recharges the capacitor.
d gam andt

he output vo] tage wave fonn e

Tittle npple is left in the OUtPUt X
Ily near the peak value of,

¢

S *‘lt can be observed that a
i U The output voltage is hngher as it remains substantla
i S 'l'zecnfier output voltage.
g - * The capacitor filter circuit is extremely popular because of its low cost, small siz
lltﬂe weight and good characteristics.
* For small load currents (say upto 50 mA), this type of filter is preferred.
*tis cqrq;nonly used in transistor radio battery elininators. : |
2. Choke input filter : L
B e Ir A 1 .__!TY=Y1'\__3 €

A.C+D.C
comEPnent e . et 4

: 1 and 2 of
Qﬂﬁgﬁlgm o "he Passﬂfgc- ofa.. compqp t
ent b

\ iy =




reacta cd filter capamtor b’y passes W_ ~omponent DU _
it to flow through it. Therefore only d.c. component reaches the

pacitor input filter or n-filter :
kS i 5
- 'h?ﬂ: L ¥
i [ —— g g g ) S
> 4
e .
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I * It consists of a filter capacitor C, connected across the rectifier output, a choke L in
series and another filter capacitor C, connected across the load.

* The pulsating output from the rectifier is applied across the input terminals of
the filter.
} * 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, C, by passes an
appreciable amount of a.c. component while the d.c. component reaches at the choke L.

* 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 un by passed a.c. component is blocked.

* The filter capacitor C, by passes the rest of the a.c. component. Therefore, only

nt appears across the load.
1 | power supply with the help of block diagram (DC Power Supply) :

ouldliiieyu vwidl udliiou
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i Bl Therefore before rectification a step down transformer is employed to dec
valtage to the required level. ;

~ Function of Rectifier :
* It converts AC into pulsating D C:

s o e

' * The rectifier may be half wave or full wave.

[ -

" * Mostly bridge type full wave rectifier is preferred.

Functlon of Filter : .
* [t removes the ripples from the output of rectlﬁer and smooths it out.

* The output received from the filter is constant till the mains voltage and load is
kept constant.

* If either of the two is varied, dc voltage received at this point changes.
* Therefore, a regulator is employed at the output stage. |

* [t is a circuit that keeps the output dc voltage constant even if the AC mains vol 2 J}
constant even if the AC mains voltage or load varies.

* Usually zener diode or glow tube voltage regulator is used.

stor Connections :

i 'éutput. This can be done by makin g one té€rminal of the tranmstor commo!
put. Accordingly, there are three types of transistor connections. -




" Ls '
¥ o 1 - .t




Foi ; ! -‘ Tails | s, SR, SRR
| less than umty pracncal value of o in commercial t}-angisf_é“ :

S The whole emitter current does not reach the collector because a small percen
result of electron hole combination occurring in base area gives rise to base currepg
3 As,;the collector base junction is reverse biased, therefore, some leakage current ﬂows;_

~ to minority carriers.

Therefore, the total collector current consists of : 5

(i) The part of emitter current which reaches the collector terminal i.e., .
s ,;H A -(:i-.i),The leakage current I .

*. Total Collector current Ic = ocIE +1

leakage”
et I =0, a small leakage current still flows in the collector circuit, '
| S0 L 0 = Icgo  (Collector-base curent with emitter open) k
&5 w1 _.a'I +I
'._,.-NowI =1, +I

SL=al +1)+1,,
- L=al +ol,+1..,

- =slel-w=al +1,,

I
+-CBO
lxe




= N8 mV

(i) The emitter current I increases rapidly with small increase in emitter-base voltage

V- 1.e Input resistance is very small.

(ii) The emitter current is almost independent of Collector-base voltage V . i.e the
emitter current is almost independent of collector voltage.

Input-Resistance :

: It is the ratio of change in emitter-base voltage (AV,,) to the resulting change in
emitter current (Al) at constant-base voltage (Vgp) ice, '

AV

Input Resistance, , = —"- at'constant V

E

inp..ut resistance is of the order of few ohms.
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tpt remstance is

IE=4mA

IE=3mA

N

L/’—_r I,=2mA
| g o

_—

Collector - Coment

IE=1mA
IL=0mA "

AT : : —
P Collector - base V_, (volts)
| voltage

Jutput Resistance :
It is the ratio of change in collector-base voltage (AV ) to the resulting chang in

- collector current (Al ) at constant emitter current i.c
e
; AVcg

o at constant.1 .

L ."l ¢ j
1 Output resistance is of the order of several terms of kilo-ohms.
-'h - 2.Common-Emitter Connection :

T

st o In CE Connection the input is applied between emitter and base while the outp

L

abtmned across collector and emitter. Since emitter is common to both input and out
| "_-'refore this connection is called as common emitter connection.




"'%"a” mg 2 e ;swm

atip of ch mumwcuawmm‘“’“‘ v
m Impllﬂcation factor i.e

K -" f-_ Ma

Tlle value of 8 is generally greater than 20. Usually its value ranges from 20 to 500.
n between B and o ;

£ and o = al,

We know that =
p= AIB Al

Butl =1 +1.
or Al = Al + Al
- orAl =AI_-Al.

Al

Now we can write, p=———
. P Alg — Al

Al / Alg

8 or B= (Dividing both numerator and denominator of R.H.S by AL)

-Connection, I, 1sthelnputandCurrentandI 1stheoutput _' »
a1, =1, 1

-
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T .;

w'ﬁ[ 1= —l—- ICBO =1Icgo (Collector-emitter current with base opéi'f

Now we can write [ = —l—a— I +1cgo
=0

or. I =P, ( B= W) k.

~ Characteristics of Common-Emitter Connection :
i Iﬁput characteristic :

It is the curve between base current I and base-efhitter voltage V, g at

A collector emitter voltage Vi
- R

I, (mA)




Value oi“r for a CE ckt is of the order of a few hundred ohms
Output Characterlstics :

-

Tt is the curve between collector current I.. and Collector-emitter voltage V. at
constant base current 1)

[,=20 pA
1,=15pA
I,=5pA
— L=5pA

> Vg

The following points may be noted from the characteristic curve :

(i) The collector current I . varies with V for V_, between OV and IV only. Aﬁer
| thls, collector current becomes almost constant and mdependem of N

(ii) The value of V , upto which collector current I. changes with VCE is calle't"_l{'as_
knee voltage O

(m) The trans:stor is always operated in the region above knee voltage.

(w) Above knee voltage, I. is almost constant.

I-.’ ‘., -




|

Signal
! |

(Common collector NPN ckt.) (Common collector PNP ckt.]r '

nt Amplification Factor (y) :

The ratio of change in emitter current (AL ) to the change in base current (Al
]mm!m as currént amplification factor, i.e., -

; ’;_[2;_ r ‘..'. ’.’

vl

408 *i'U' _;_ ._.-,_._'. .
A '5 ""- Jf'.;f £
iy "- "'
|

L kil s
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erator and deunnnator by I, we can get

e

Expression for Collector Current :
We know that I = ol +1.B_
Alsol =1 +1 -IB+(aI +1

c

AL (l-0)=1 +1_

CBO)

on Ig =lg =(B+DIg+(B+Dlcgo
Transistor Biasing :

The proper flow of zero signal collector current and the maintenance of proper
colletor-emitter voltage during the passage of signal is known as transistor biasing.

Need of Biasing :
(1) To keep the base-emitter junction properly forward biased and collector-base
" junction properly reverse biased during the application of signal. v
(ii) It should ensure proper zero signal collector currentand V . i.e it should estab
tbe operatmg pomt in the centre load ine curve.

auldIlIieu widl udliliou



nt B and I is called as stability factor i e,

' Stability factor=s = dle 4t constant I, and .

' dlco e

In order to achieve greater thermal stability, it is desirable to have as

tactor as possible. i

The general expression of stability for a C.E configuration can be obtai
[=BL+B+1I,

Différenliating above expression w.r.t I , we can get,

= ddTC[BIB +(B+ 1)ic0]
=1= BdIB+(B+1)dIC0
E de; B+1) {-_-ﬁggzl
1 S {0 | FURIRES
il uh

or,| = dlg
* % 7. ¥z l—' S
e

es of Biasmg -



- (1) Here, a high resistance R, is connected between the base and +ve end of supply
for npn transistor and between base and negative end of supply for pnp transistor.

- (i1) The requ1red zero signal base current is provided by V. and it flows through R ..
as the base-emitter junction is forward-biased.

Clrcmt Analysis :
“Let I = Required zero signal current.

IC
2 B (L= BLs)

~ Inclosed ckt. ABENA, applying KVL, we can get
- Ve =LRy+ Vg
2t -f)fl?, IBRB % VCC it VBE
' _ Vee = VEE e (1)




' h".:'z'..

: dlg
In this method, 1, is independent of I . Therefore, e 0

So,S=B+1 : .
Due to large value of S in a fixed bias, it has poor thermal stability.

Advantages : o \
(1) This biasing ckt. is very simple as only one resistance RB 1s required. -
(ii) Biasiiig conditions can easily be set and the calculations$ are simple.

(iii) There is no loading of the source by the biasing ckt. Since no resisteris e loye
across base-emitter junction. T8

Disadvantages : 8
(1) Provides poor stabilisation.

(ii) Stability factor is very high. Therefore there are strong chances of thennal nawa
2. Emitter Bias Circuit : | +V

‘CcC

-l.'
=
=N

¥
.‘\_'-




\pplying Kv1 to the base—emitter ckt. we can iet T Lo
- :'_%nn '”{ et Vie=0 '

I'-‘. o "-‘-a‘-’lm.= IRy + Vo + IR, '

' ‘Nowl,_."laandlc BIB=:»IB —BE—

Substituting I, = [./B in the above equation we can get

VEE =['!'BE—)RB +IERE +VBE

or, VEE-VBE =IE(RB/B+ RE). 3
or, Iy = Vee — VBE
Rg +Ry /P

Since 1 =1g, we have

[.—_YEE~ VBE
E SRR, /P

Alternatively applying kvl to the collector side of the emitter bias ckt, we can get

VCE = VCC o3 VEE _IC (RC - RE)
3. Voltage Divider Bias met.hod ' g
~ (i) This is the most widely used method of provndmg biasing and stahllis’aul

-

canned wit
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Circuit Analysis :
Let I, = Current flowing through R .

Smce I, is very small therefore, it can be assumed with reasonable accurae.
current flowing through R, is also I .

Collector current I
i

Now voltage across resistance R,is




Hi:: ' | - From the above equation it is clear that I..does not depend upon B Though I JO

1 Vi but in practice V2>>Vg:. So 18 prachcally independent of V. Thus. I is

“almost independent of transistor parameters and hence stabilisation is good
Collactor emitter voltage Vo

- Applying KVL to the collector side,

Vee =lc Re + Vg +1 Ry,

=IC Rc+vCE+IC RE ('.'IEEI(':)

= IC (RC + RE) + VCB

or, VCE = VCC _'IC (RC +RE)
Stability Factor :

In this method S = 1

This is the smallest possible value of s and leads to the maximum possible
thermal stability.

4. Feed back Biasing :

(i) In this method, one end of R, is connected to the base and the other end is connected
to the collector.

(ii) The required zero signal base current is determined by collector base voltage V

I.+1

i 4 |J'J‘ﬂ‘

RN T Y Sl g Fii T




Ves _ Ve ~ VBE \here Ig = I | ¥
Ip Iy p r

Here stability factor S < f+1 M
Therefore. this method provides better thermal stability than the fixed bias.

or, RB -

Advantages :
(i) It is a simple method as it requires only one resistance R. * Il
(ii) The ckt. provides some stabilisation of the operating point. s s
Disadvantages : -
(i) Stabilisation is not good, as stability factor is very high.

(ii) Provides a negative feedback which reduces the gain of the amplifier.
Amplifier : n_
It is a device which raises the strength of a weak signal applied at the i mpll ' ”
Single Stage Transistor Amplifier :

When only one transistor with associated circuitary is used for arap if
signal. the circuit is known as single stage transistor amplifier.

Ampllﬁcation Process of Transistor :
' -'.1) 'When a weak signal is glven to the basc of ﬁ'anmstnr,

“3.5

|||-
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(iii) As the value of R is quite high (usually 4-10 k), therefore, a large voltage -
appears across R .

(iv) Thus, a weak signal applied in the base ckt. appears in amplified form in collector
ckt. In this way a transistor acts as an amplifier.

Working principle of single stage CE transistor Amplifier with voltage divider
biasing : +V .

%RI ¢ ¢

C
—]
§ R, Output
Input signal R, =
vh I CE vm
Signal l

>

n be classified in a no. of ways such as :

= e VAT G A NRRES ’
g ' g e
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Mﬂl 0 coupling melhods nmpllﬂers are divided into 4 typu"

(a) Class A

(b) Class B

(¢) Class AB

(d) Class C 3

~ (a) Class - A Amplifier : These are used to amplify speech signals
5015 4%

(b) Class - B Amplifier : These amplifiers produce a large power output ¢
used at broadcasting stations.

1I1

(¢) Class - AB Amplifier : This type of am

plifier is used in the loudspeakeg
of many good radio receivers. b

(d) Class - C Amplifier : Class - C Amplifier is useful for radio frequency powe
amplification. ency | oW

3. Classification according to frequency range of operation :

A
Aocordmg to frequency range of operation amplifiers are classified into three tyg
such as :

| (at) Audio Frequency Amplifiers

(b) Radio Frequency Amplifiers .
- (¢) Video Frequency Amplifier e

(a) Audio frequency amplifier It "
WMB iie., 20 Hz o 20 KHy, p is used to amplify the mgnals lytng




Circuit Description :

(i) The input capacitor C_allows only the A.C signal to flow in where as emitter by
pass capacitor C_ offers low reactance path to the signal.

(11) Wuhoul C,, the voltage gain of each stage would be lost.

(111) The res:slor R .R,and R, _ provides the necessary biasing and stabilisation. |

(iv) The coupling capacitor CE allows amplified AC signal of one stagemmm |

the next stage but blanks D.C. 1

mti()ﬂ - : “ __ .

(i) When AC signal V is applied to the base of first transistor 'I'i, its amphﬁd orm
esistance R .. - ~ -

el =

‘appears across the colleclor r
i (ll) This amplified signal dcveloped across RC is fed to the base of next tr

'f-" hrough coupling capacitor C,. O
F ) Again the 2nd state amplifies the signal, .
i ﬂwﬂwwern!lgaln(} =G xG X .. xGisinmamd.

l|l 1’
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2 WS 3.
(o

50 Hz 20 kHz
_ Frequency
(Frequency Response Come)

-eqp};pcy'_range (50 Hz to 20 KHz) i.e., audio frequency range, th

frequency increases, reactance of C,. decreases which tends to in,

at the sametime, lower reactance means higher loading of firs
ain.

range of frequencies over which the gain is equal to 70.7% of the

e f—f, is the bandwidth.
andwidth of an amplifier is the ran
alls by 3dB from maximum gain.

Elrt:
-':-él'-"_ ‘I Yl

»,

ge of frequency at the limits

oo’ R 3 i':'-.:.‘l'w"" et
RS ARG
1 Sl b Taghe pfe s

- = .-. .\\-‘. - ' i s W_I g
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_."'Wwitsmploys resistors andca ors which 2
y are light in weight, I
ey wcupy less space. 7 e et IR o

STSTRIGE s S

Rk (1) Low Voltage and power galn . _ N "-I |
(ii) They have the tendency to become noisy with age particularly in most climates.
(i) Impedence matching is poor. |

Applications :
(i) They have excellent audio fidelity over a wide range of frequency. Therefore,

they are widely used as voltage amplifiers.
Oscillator : |
Itis a device which converts DC energy into AC energy at very high frequency.
Itis a device which generates AC signal of various frequencies.
Transistor Oscillator :
The essential components of transistor oscillator are :
1. Tank circuit 2. Transistor Amplifier 3. Feedback circuit
Cl Transistor|
L Amplifier |
Feedback |
circuit 5 .
1. Tank circuit ;

“ (ii) The frequency of oscillations in the circuit depends upon the values of
e C 'gm capacltance of the capacitor. \



-

L
f=
nJL,C,

2. Colpit’s oscillator

fe |
2n,/LCy
—-J-—— Total capacitance
|C' C,+C, B
3 Han‘.ley oscﬂlator

1
f=—#
2nCLT

Ly=L,+L, +2M

M = Mutual inductance
4. Phase shift oscillator

£ e
s 2nRC V6

'~
e

o * M R1=R2=R3=R

. ?“' - C,=C,=C,=C
n Bridge Oscillator
T

r

A )eis‘s'{{
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