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Major Concepts (16 periods) (_ Gonceptual kT
e Intrinsic and extrinsic semiconductors This chapter is built on R
o P & N types substances Introductory Electronics
e Electrical conductivity by electrons and holes Physics X
e PN junction
e Forward and reverse biased PN junction

characteristics

e Half and full wave rectification
e Uses of specially designed PN junctions
e Transistor and its characteristics
e Transistor as an amplifier (C-E configuration)

udents will be able to:

After studying this unit, the st
and extrinsic <emiconductors.

e distinguish between intrinsic
o distinguish between P & N type substances.

e explain the concept of holes and clectrons in semiconductors.

o cxplain how clectrons and holes flow across a junction.

e describe a PN junctions and discuss its forward and reverse biasing.

e dcfine rectification and describe the use of diodes for half and full wavc

rectifications
distinguish PNP & NPN transistors.

L

e describe the operations of transistors.

e deduce current equation and apply it to solve problems on transistors.
e cxplain the use of (ransistors as a switch and an amplifier.
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INTRODUCTION

Electronics is the branch of Physics in which we study about the emission,
flow behaviour, effects and control of electrons under the action of some devices,
such as, diode, transistor etc. These devices are called semiconductor devices because
the role of semiconductor materials is very important in fabrication of these devices.
For example, when P-type and N-type semiconductors are prepared in the form of a
single crystal such that its one half is P-type and the other half is N-type. Then the .
region dividing these two types is called PN-junction. The PN-junction is the first step
towards the fabrication of semiconductor devices, such as diode, transistor, integrated
circuits (ICs) etc. For example, a semiconductor diode consists of one PN-junction.
Similarly, a transistor consists of two PN-junctions and so on. These semiconductor
devices can be used as amplifier, filter, rectifier, oscillator, a switch and so many
others. In this unit, we will study intrinsic and extrinsic semiconductors, various
semiconductor devices and their fabrications. We will also explain the working
principle, function and application of these semiconductor devices.

17.1 INTRINSIC AND EXTRINSIC SEMICONDUCTORS

Semiconductors are classified into two classes:
I. Intrinsic Semiconductor II. Extrinsic Semiconductor

r I. Intrinsic semiconductors o
An intrinsic semiconductor also d 5

: called an undoped semiconductor is a G o
pure  semiconductor  without any }

significant impurity or dopant species

' added. ; e
In the previous unit, we have 4 . . @
studied that  the resistivity  of |
9..-/ E‘-—_—-‘-

semiconductor materials lies between x g
insulators and conductors. For example, F

germanium (Ge) and silicon (Si) are 6 a
semiconductor materials. In pure form '
and at low temperature i.e., at 0K, they g

act as insulators. Germanium and silicon Fie.17.1(8) Th ¢ silicon (Si) shai

. Fig.17.1(a) The centre atom of silicon (Si) shairs
have : crystalline slructu}'ﬂ and these its electrons with its four neighbouring atoms of Si
materials are tetravalent, i.e., each atom  and the number of electrons in outermost shell
has four wvalence electrons in its bccome eight.

outermost shell. Each atom shares its four |
valence electrons with each of its four neighbouring atoms as shown in Fig.17.1(a).
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In this way, the number of electrons in the
outermost shell become eight and their
atoms make covalent bond to onc another

as shown in Fig. 17.1(b). This
arrangement gives a very stable electronic
configuration lo semiconductor materials.

At absolute zero temperature, the
covalent bonds among the aloms arc very
strong and there are no free electrons.
Thus, in this condition the semiconductor
behaves as a perfect insulator. Similarly,

in terms of energy band, valence band is
completely filled, and conduction band 18
empty. Though the forbidden gap
between valence and conduction bands is
very small yet, there are no free clectrons
available to jump from valence band to
conduction bond as shown in Fig.17.2.
Therefore, semiconductor behaves like
insulator at low temperature.

When the temperature is raised cven
at room temperature, some covalent bonds in
semiconductor break down the clectrons
become free and leaving vacancies in the
valence band called holes where holes act as
positive charges. Let the covalent bond is
broken and an electron is free from site A
and it leaves behind a hole. The clectron
at site B may jump into the hole at site A.
Another hole is created at sitc B.
Similarly, another electron at site C may
jump into the new hole at site B and so on.
Due to the movement of clectrons, the
hole appears at site G whilc the electron
moves from G to A as shown in Fig.17.3.
Thus, both eclectrons and holes arc
movable charges and they contribute (0
conduction in semiconductor material.

covalen

Fig.17.1(b) The atoms of silicon (Si) malke

t bond to onc another.
Free Electrons

s

Conduction Bang

Valenee Bang

Lower Encrgy Band

— >

Fig.17.2 Valence band has no free clectrons,

Fig.17.3 Moment of electrons and holes in a
crvstal structure of a semiconductor
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In terms of energy band, when the Erieriy Band
temperature is increased, the valence f Frée Elecs
electrons can gain enough thermal energy \’é
to jump from valence band to conduction g % o
band as shown in Fig.17.4. The number of T
electrons from valence band 1o _ W ke
conduction band depends upon the 8@ ¥ b
temperature of the semiconductor. It is a Lower Evisay B
reason that semiconductor have negative S
temperature co-efficient of resistance. Lh

I  Extrinsic semiconductors B2 Ac b

The electrical conductivity of je ‘cle::i:'-::::fh ;iﬁmu;;u:tlf“" the energy bands
ORI sl wi S ibios: e Wil - oles which cause of
temperature.  The  conductivity of
semiconductor can be improved by adding impurity of either pentavalent or trivalent
atoms into a pure semiconductor. The process of adding impurity to a pure
semiconductor 1s known as doping, and the doped semiconductors are known as
extrinsic semiconductors. The doping should be done under a specific ratio of 1:10%
i.e., there should be only one atom of impurity in 10% atoms of pure semicunducmrj
The extrinsic semiconductors are classified into two classes.

i. N-type semiconductors  ii.  P-type semiconductors

N-type semiconductors

When an impurity of pentavalent
(valency 5) element like arsenic (As),
antimony (Sb), phosphorous (P) etc is
added to a pure semiconductor
(germanium, silicon) in a specific ratio
then such doped semiconductor is called
N-type semiconductor. An impurity of
pentavalent element like phosphorous is
added to a pure silicon. The phosphorus TR Mt o BB B s ik
has five valence electrons in its outermost Pii‘spﬂnrus Pi.] thcir invﬂl:.:::ot?und; hﬁu":::“::;nc free
shell and silicon has four wvalence clectron.

electrons. Therefore, the four valence
electrons of phosphorus atom form covalent bonds with the four neighbouring silicon

atoms. As there is no room in the Si crystal for the fifth electron of the phosphorus

atom thus it becomes free as shown in Fig.17.5. It means each added phosphorus atom
provides a free electron. In this way we have a number of free electrons which cause

Electron

~ o Covalent Bond

A ) 5
o ..._,_,..-"'"
G "



of conduction in such extrinsic semiconductor. Since pentavalent elements provide
free electrons to the semiconductor crystal, so this type of extrinsic semiconductor is
called donor or N-type semiconductor. In N-type semiconductors free electrons are
majorily charge carriers while holes are treated as minority carriers.

P-Type semiconductors

When an impurity of trivalent
element (valency 3) like boron (B),
gallium (Ga), Indium (In) etc. is
added lto a pure semiconductor
(germanium, silicon) in a specific
ratio then such doped semiconductor
is called P-type semiconductor. To
explain the formation of P-type \ \ \
semiconductor, consider a trivalent  Fig.17.6 Doping of Silicon Si atoms with Boron 1. their
impurity like boron (B) which is  covalentbonds have one free hole.
added 1o a pure silicon. Boron has three valence electrons in its outermost shell while
silicon has four clectrons. Therefore, the three valence electrons of boron form
covalent bonds with four neighbouring silicon atoms, this leaves one of the four
silicon atoms with an unsatisfied bond i.c., leaves a vacancy called holes as shown in
Fig.17.6. Since one added atom of boron provides one hole.”so. a small amount of
boron added to pure semiconductor provides a number of ]mlc:;. These hole act as
Eﬂﬂili\’c GI“‘_FE-G C;m'iﬂl‘ HT;:J catlusc of conduction in the extrinsic semiconductor called

-type semiconductor. As the crcated hole accepts the e 5 g

semiconductors are also called acceptor semicnndpuclnrs. ]rlc;l-rt(;r’;::; ;;nlilsgnzul{ﬂ;?-
holes are majority charge carriers while clectrons while minority charge carriers.

17.2 THE PN JUNCTION

In this case semiconductor J
materials (Silicon or Germanium) are =
fabricated m such a way that its one half F-typo lﬁ*‘i’i‘;ﬂ:if...
is doped by P-type impuritics and the on
other half by  N-type impurities. The
boundary dividing the two halves as =
shown in Fig.17.7 is known as PN-
junction. The PN-junction has important ; Bamer |
role in the fabrication of semiconductor ~ !'#17-8 A deflection region layer at the PN-
devices such as diode, transistor, solar ' O
cell etc.

Electron

Covalent Bond

P-H junction

Fig.17.7 The formation of PN-Junction.

\ Vg



We have discussed that P-type semiconductor has holes as majority charge
carriers and N-type semiconductor has free electrons as majority charge carriers.
Therefore, there is a great concentration of holes in P-type than in N-type. Similarly,
concentration of electrons is greater in N-type than in P-type. Thus, there is diffusion
of majority carriers across the junction and they are allowed to recombine to one

another. That 1s, holes diffuse from P—type el P.region
to N-type. So P-type losses holes and this :

: ity ® -0.95 @il @, 0 00
creates a region of negative charges called ®E-@ bl oioproor
immobile negative charges. Similarly, @_@_Qﬁg@@ %EB ok G+G?g
electrons diffuse from N-type to P-type | © g 9569 g o 90, 5t O
and N-type losses electrons. This creates 0200.00i0/0%%+0
a region of positive charges called n;a;';u
immobile positive charges. These two | Lover
regions of positive and negative immobile | |
charges produce the narrow region at the V . :
junction called depletion region as shown 51 | I
in Fig.17.8. Once the depletion region is e
formed then further diffusion of charge O\

|

carriers across the junction stops. Thus, . ; ;
hat depletion | ts as Fig.17.9 Applicd potential Vi, across the PN-
one .can say that depletion layer acts a.. a junction
barrier to the moment of charge carrier
across the junction. The width of the depletion region depends upon the concentration

of the majority carriers i.c., more the carriers concentration less is the width of the
depletion layer and vice versa.
The depletion region consist of two oppositely immobile charged layers on its

two sides. So the separation of these oppositely charged layers causes of potential
barrier across the junction which is called junction or barrier potential as shown in

Fig.17.9. Barrier potential depends upon
level of doping, temperature and nature of Anode Cathode

materials. The typical value of potential \ N I /

barrier is about 0.3V for germanium and ©— \‘ O

0.7V for silicon.
The PN-Junction is indeed an Fig.17.10 A symbol of semiconductor diode.

electronics device, named as a junction  Armow represents P-type and bar N-type.

diode or semiconductor diode. The

symbol of semiconductor diode is shown in Fig.17.10, which consists of an arrow and

a bar. The arrow represents P-type and it is called anode, Whllﬂ bar represents N-type

and it is called cathode.

Y
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17.3 BIASING A PN-JUNCTION

The process of applying an external voltage across the PN-Junction or any
other semiconductor device is called biasing. In case of PN-Junction, there are two
types of biasing.

[ Forward biased  II Reverse biased

I Forward biased PN junction
When a PN-Junction is connected H:wrwmlrplouun agon

to a battery (source) such that the positive e R =
terminal of the battery is connected to P- 5,6 99% o6
type and the negative terminal of the —to o i%% o

H 2 § G Q
battery is connected to N.-t}tpc :.15 shown 8 54 ME 8 o
in Fig.17.11, then such biasing is known T s =
as forward biased PN-Junction. In i
forward biased, the majority carriers of |

Batlery

cach region are repelled by the terminals
of the battery towards the junction. Thus,
the width of depletion region is further decreased, which results in less resistance
across the junction. When the potential difference is applied across the junction then
at certain value of voltage i.c., 0.7V for Si and 0.3V for Ge, the majority charge carrier
gains enough energy to cross the junction. Thus, the flow of current starts in the circuit
called forward biased current whose value can be increased by increasing the applied
voltage.

"“- -
Forward biased characteristics of @

the PN-junction

Fig.17.11 Forward Biasing of a PN-junction.

The graph between the applied 4 R .
forward voltage across the PN-junction =—= E Z
diode and flow of current through the = + e
diode is known as forward biased mvV N

characteristics of the PN-junction diode. 7
A schematic circuit diagram for

forward biased PN-Junction diode is I-’ig.]_'LII A schematic eireunt diagram for forward

shown in Fig.17.12. When the ﬂppliﬁd biased characteristics of a PN-junction diode.

voltage across the diode is increased, the

current through the diode also starts increasing which can be observed on a voltmeter

and a milli-ammeter. Now when different values of the applied voltage and current

are drawn on a graph then we have a curved line OPQ called forward bias
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Electrical circuit has passive

' characteristics of a diode as shown in Fig.17.13.
I
components (resistor, capacitor,

The reciprocal of the slope of this curved lineis |

+|+ equal to the resistance of the diode. i.e.,

] - inductor etc.) that converts |

I'= electrical energy into other form of

e : ﬂ . energy such as: light, heat, sound,

AV etc.

AV e Electronic circuit has active

r= — components (diode, transistor etc.)

Al (17.1) . that controls the flow of electrons

. g for rticular task such as
The nature of such curved line is arnplif!;zr, rectifier, oscillator, ete. }

explained as; initially when the applied voltage
is increased from zero value, the current |
also increases but at very slow rate due to
the barrier potential. It is represented by
the section OP of the curved line, where
" the barrier potential is 0.3V for Ge and
0.7V for Si. This voltage is also called
~ knee voltage. Once the applied voltage
exceeds the knee voltage, the current
through the diode increases rapidly. It is
represented by the section PQ of the s =
curved line. Below the knee voltage, we ~Voliage
have:'a eurve line but above the knee Fig 1713 A forward biased cheracteristics of a
voltage, there is a straight line. i.e., where [ljl;‘_":.i;,‘ due to the applicd voltage V and flow of
diode behaves like an ordinary conductor.

Current

i

1
|
|

cuirent 1,

[ Reverse biased
When PN-Junction is connected to I

a battery in such a way that its P-type is *F-;rpe___
connected to negative terminal of the o
battery and its N-type is connected to I
positive terminal of the battery as shown o8 [#C[ak o
in Fig.17.14 Then such biasing is known I D
as reverse biased PN-junction. In reverse Negalive lon Pt

biasing, the majority carriers of each sides
" of the PN-Junction are attracted away —! I+
from the junction by the terminals of the Bani,r,
| battery. Therefore, the width of the
depletion region is further increased, and  Fip.17.14 Reverse biasing of a PN-junction,

5

Wide depletion region
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the junction offers a high resistance. Thus, there is no flow of current through a diode
due to the majority carriers. However, a very small current of the order of micro-
amperes flows due to minority carriers called reverse current which can be neglected, .

Reverse bias charvacteristics 3
The graph between the applied ;

reverse voltage across the PN-junction
diode and the reverse current through the Nl -
. : i -+ [—
diode is known as reverse biased ——d— 72
T i
P

characteristics of the PN-junction diode.

A schematic circuit diagram for
reverse bias PN-Junction diode is shown
in Fig.17.15. The reverse voltage across

Ehc diode 1s 1n:?rcascd from zero value and Fig.17.15 A schematic-circuit dingram for roverse
1s C{}I‘I‘GSPDIHJIHg value of reverse current biased eharacteristics of a PN-junction diode.

is very small i.c., of the order of Db

microampere. It is due to the reverse e vz

biasing of a diode, there is high resistance V,(V)< \]/ )
across the junction. This small reverse Pe’ Z
current is due to the minority carriers and Reverss daturation

graphically it is represented by the section
OPQ as shown in Fig.17.16. When the
reverse vollage is incrcased beyond the
limit at point P, the minority charge
carriers gain large kinetic energy and they
may break the junction of the diode. If the 1{1)
junction of the diode breaks, the reverse gy 17,16 Reverse biased characteristics ofa diode
current increases very rapidly. This large  due to the applicd reverse voltage V and reverse
reverse voltage is called breakdown  currentl. '

voltage. After breaking the junction, the

reverse current increases very sharply. It is represented by the section PQ as shown

in Fig.17.16.

Example 17.1
How much is the forward current for 0.7V of forward voltage when the
resistance across the PN-junction is 5C).
Solution:
Forward current =1Ip=?
Forward voltage = Vg =7
Resistance across the junction=r= 50

@
e —




As Ve =L
I, = Ve = oL 140mA
r 50

17.4 RECTIFICATION

Majority of the electronic devices like radio, TV, computer etc., require the
D.C. sources for their operation. The D.C. sources are cells, batteries etc. These D.C.
sources are not only expensive and short-range supply but their voltage are also low.
On the other hand, the supply of A.C. sources are long range with high voltage and
its cosl is also very low. Therefore, A.C. is more useful then D.C. and it can be applied
to the electronic circuit only when it is converted into D.C. In this regard, we have a
rectifier circuit which is used to convert A.C. into D.C. by using the property of a
diode. i.e., a diode allows current to pass only in one direction, i.c. when it is forward
biased.
There are two types of rectifications

I Half wave rectification 11 Full wave rectification

I Half wave reetification
The schematic circuit diagram for half wave rectification is shown in
Fig.17.17. The circuit consists of an A.C. source, transformer, diode D, and a load

I 1. (Pulsating)

MU oy el S v DC output

~ ~ Primary Secondary D i .
[N\ [\ i I N
\ = ||‘r! \ / . = il
v H‘\_.’f J
T
Fig.17.17 A schematic circuit diagram for half wave rectification using a single diode.-

resistor Ry connected in series with the

diﬂ'dﬂ. v . Input Signal
As we know that A.C. signal [\ f \\ / \ \
% B . | S — .. J— ] - e Time, 1
consists of a positive and a negative half - \ f \/ \ /L\\/
cycle. When A.C. signal is applied to the <—~r—’{§ - \
input of rectifier circuit, during positive v, Output signal
halt.' c':ycle*the Ell:lDdE of the d.i[]dﬂ becomes Q__{l___ f \ {" \ T
positive i.e., it makes diode forward
biased and the diode conducts, so there is

Voltage dI‘CIp across the load resistor Ry. Fig.17.18 Input and outpmt signals of half wave
rectification due to a single diode.
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During the negative half cycle of A.C. the anode of the diode becomes negative
i.e., it makes the diode reverse biased and the diode does not conduct. Thus, there is
no voltage drop across the load resistor Ry, For the next A.C. cycle the same process
is repeated and so on. Hence at the output we have half wave rectification as shown
in Fig.17.18. The result shows that there is no smooth D.C. signal at the output but

there is a pulsating D.C. signal. Therefore, this pulsating output signal can further be
smoothened by using the filter circuit.

11 Full wave rectification

One of the
disadvantages of the half
wave rectification is that the
power ol half single is wasted,
about 50%. To overcome this
problem, we introduce a full
wave bridge rectifier. It is
used most [requently in
electronic circuits, A
schematic circuit diagram for
full wave bridge rectifier is .
shown in Fig.17.19(a). The
circuit consists of A.C.
source, f(ransformer, four
diodes connected in the form
of bridge loop and a load
resistor Ri.

When A.C. is applicd
then due to positive half cycle
node P becomes positive and
node Q negative. Therefore,
the diodes Dy and D; become
forward biased and they
conduct during first half of
A.C., while, the diodes D3 and
D4 becomes revers biased and
they do not conduct as shown
in Fig.17.19(b). Thus, there is
voltage drop across the load

=

Fig.17.19(a). A schematic circuit dingram for full wave bridge
rectification using four diodes.

Fig. 17.19(b). Due to positive half cyele, Dy and Dy are forward
biased and conduct current, while Ds and Dy are reversed biased,

Fig. 17.19(¢). Due to negative half cyele, Dy and Dy are forward
biased and conduet current, while Dy and D are reversed biased.

&




resistor Ry due to the diodes D, and D:.

Similarly, during negative half h Input Signal

A
[\\/\/\/

Output signal

cycle, the node P becomes negative and
the node Q positive. So, this time the [

diodes D3 and D4 become forward biased
and they conduct, while, the diodes D
and Dz becomes reverse biased and they
do not conduct as shown in Fig.17.19(c). g,
Thus, there is a voltage drop across the ° ]
load resistor Ry due to the diodes D3 and
Da. For the next A.C. cycle, the same
process is repeated. By combining these
two results, we have full wave
rectification. Graphically, the full wave rectifier signal is shown in Fig.] 7.20.

17.5 TRANSISTOR

Like a diode, a transistor is also an important semiconductor device in which
we study the transfer of charge carriers through a resistor. It is being used as an

amplifier, switch etc.
A transistor consists of a single crystal of semiconductor in the form of two

PN-junction with three electrodes named as emitter, base and collector.

In a transistor, a thin layer of one type of semiconductor is sandwiched between
the two thick layers of the other type of semiconductor. For example, the Fig.17.21
shows that the thin layer of P-type semiconductor 1s sandwiched by the two thick
layers of N-type semiconductor. It is named as NPN transistor, Similarly, Fig.17.22
shows that a thin layer of N-type semiconductor is sandwiched by the two thick layers
of P-type semiconductor. Which is named as PNP transistor.

The symbols of NPN and PNP transistor are also shown in Fig.17.21 and
Fig.17.22. The electrode with an arrow is emitter, the central electrode is base and the

i_

"'P

sl

Time, r

Fig.17.20 Input and output signal of full wave
bridge rectifier. ?

C
Base .
Emitter l Collector

7
— -9

Emitter - Base _T Collector - Base
JUHCﬂﬂI’I Junction

me

Flg 17.21 A NPN-transistor with its symbol, where the P-type semiconductor is sandwiched
between two N-type semiconductors.
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third one is collector. 1t is noted that the direction of the arrow representing the emitter

of the NPN transistor is outward. And, the direction of the arrow of the PNP transistor
is inward, which shows the direction of conventional current.

Now we are going to explain the functions of the three electrodes. The emitter

has greater concentration of impurities as compare to the collector. Its main function
is to supply the charge carriers either electrons or holes.

Base
Emitter

Collector

]

Emitter - Base

Collector -Base

Junction

Junction

1

Fig.17.22 A PNP-transistor with its symbol, where the N-type semiconductor is sandwiched between

two P-type semiconductors,

The central region, base of the
transistor is very thin, of the order of 10
6m. Its function is to control the flow of
charges. The collector region of the
transistor is made physically larger than
the emitter region. The function of the
collector is to collect the majority charge

carriers coming from the emitter through
the base region.

17.5.1 Transistor biasing

Baso

!

Emittor Collector

Forwrrttl Dlssed Junttias Rpvers Dinse Jumstiss

S e

Fig.17.23 Binsing ol NPN-transistor.

The application of voltage across the two junctions of a transistor is called

biasing of a transistor. For normal
operations of the transistors cither NPN or
PNP, their emitter-base junctions should
be forward biased and collector-base
junction should be reverse biased, such
biasing of the transistor is taken place by
using two batteries. The one batlery is
applicd the forward voltage Vpp across
the emitter-base junction, while the other
one is applied the reversed voltage Vee

Emitier Baso Colloclor

L ' !

r

™
Jrm— 1

-II-.-

s

Forward Rlased Junslion Roveran Blasod Juncticn

= ...I'.l -
—HIH‘ L I.H' —
Un_ 1) i ] \'“_

Fig.17.24 Biasing of PNP-transistor.

across the collector-base junction as shown in Fig.17.23 and 17.24.
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17.6 TRANSISTOR CONFIGURATION

A transistor has three electrodes named as; emitter, base and collector. Two
batteries Vg and Vcc are being used to operate the transistor, such that Vi, is applied
across the input section of the transistor and V. across the output section. Thus, two
electrodes are required for the input section and two for the output section, but the
transistor has three electrodes. Therefore, one electrode of the transistor should be
common to the input and output section of the circuit. This is named as common
configuration of a transistor. There are three configurations of a transistor.

[ Commen emitter
configuration (CEC)

In this configuration, emitter of the
transistor is common to both input and
output sections of the circuit as shown in
Fig.17.25. In this case, the input signal is
applicd between the base and emitter.
And, output signal is taken from the

collector and emltter. Fig.17.25 Common emitter conliguration of
NPN- transistor

Collecior, C

QOutput
N| Emitter, E

Y

§ Common base configuration
(€ 'BC) Emi

. , mitter, E Collector, C

In this configuration, base of the L N N

transistor is common to input and output
sections of the given circuit. The input
signal is applied between the emitter and
base. And, the output signal is taken from Base, B
the collector and base as shown in Fig.17.26 Common Base configuration of NPN-

Fig. 17.26. transistor,

it Common collector

configuration (CCC) Emitter, E
In this configuration, collector of N

the transistor is common to both the input

and output sections of the circuit. The

z £ . ; Input

input signal is applied between the base N] Collector, C

and collector. And the output signal is A {

taken from the emitter and collector as

shown in Flg] T.27- _ Fig.17.27 Common collector configuration of
NPN-transistor,

Input B Output

Basa, B
Cutput
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17.7 ERATION OF A TRANSISTOR

In the previous section, we have
studied that a transistqr can operate only EMTTER | COLLECTOR
when its emitter-base junction is forward
biased and collector-base junction is it Wi EP L M s :
reverse biased. Let us consider the
operation of NPN transistor, as shown in —tm
Fig.17.28. As the emitter-base junction of ~ Ves| FORWARD FORWARD — Yee
the transistor i1s forward biased. Due to the o s
applicd forward voltage, so the electrons
from emitter cross the junction and enter e A7 L,
the base region, where base is very thin ('X_ ?ﬁ
and lightly doped region. Therefore, the b
chenlr‘ntion of electrons from the SIGNAL R, 2
emitter is more than the hole from the Yi,
base. Thus only a few clectrons (about [
2%) recombine with the holes to | 1|M,
constitute the base current. While most of VHIBI ‘v '
the free electrons (about 98%) do not . , S _

: . Fig 1728 A Qoaw of a current in PN-transistor.
combine with the holes but move through
the thin base region to the collector
region. As collector i1s alrcady reverse biased, and its reverse voltage attract these free -
electrons from the basc region, therefore it causes collector current. In this way, the |
flow of charge carriers in a transistor is possible i.e., when the emitter current *I;" |
flows into the transistor, a very small amount of it ‘I’ flows out of the base, the rest
of it ‘I¢’ flows out of the collector. Mathematically, this relation of current in a .
transistor is cxpressed as;

le=Ilg+Ic...... (17.2)

This relation shows that the collector current ‘I’ is much greater than the base

current ‘In’, but it is less than the emitter current ‘Ig’. These can be expressed in terms

of ratios, 1.€.,

e
|

—AAAANA

a=d2 (173
IE
il B=1c .. (174 ;
II! #

' where o and P are known as current gain. The typical values of o and [3 are 0.99 .
and 100 respectively for germanium transistors whereas, 0.995 and 200 respectively




for silicon transjistors. These results show that a smal] variation in the base current
causes a large collector current. It js named as current ﬁmphﬁcatmn It means a

‘ transistor can be used as an amplifier.
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The cun ved line that js obtained
and curre:nl by usmg a hamgslur st ,lg_mwn
as characteristics of a transistor. There are
two important characteristics of a
transistor named as input characteristics
and output characterjstics. Let us consider
the opératjun of commeon emjtter NPN
trapsistor as shown in Fig.17.29. The o ' : o
vojtage at the base with respect to emitter Figdid 23 \\ " ‘ R

is Ve, voltage at collector with respect Lo
base js Ve and the vollage at collector with respect to emitter is Vce.

L Imml Characteristics

This s the curved line between
» I8 (bA)
base current g and base-emitter voltage p\
Vi at constant collector-emitter voltage 5l

B G Vee,
When Ve increases by increasing 4

Vaus, 1 also starts chreabm*? kecpmg M E
constant, if different values of Vise and Ige
!- are drawn on the graph of ls versus Vg
then there js cuwrved line as shown in
Fig17.30 which is known as inpuf p
characteristics of a transistor. The i [
reciprocal of the slop of such curved Jine 0 07 14 21 28 35

{0 fnput chareteristics of 2 (ransistor

is equa) to the input resistance R of the Fig,17.30
transistor. That is,

T
B TN
. - | ; &]B )
l TR - (17.5)
&MBF




11  Output Characteristics

This is the curved line that is
obtained due to the relationship between
collector current le and collector-emitter
voltage Ve at fixed value of base current
Iy,

For output characteristics ol a
transistor, Vin is adjusted (o gel a fixed
value of In while Ve is zero at this stage.
Now when Vg is increased by increasing
Vee from zero in steps, Ie also starts
increasing  rapidly  from  zero o ils
maximum vadue ot fixed value of Iy, The
transistor at the maximum value ol I¢ is
known as saturation level. Graphically,
the characteristics curve of a transistor
where I varies from zero 1o the saturation
level is shown between the two points A
and B in Fig. 17.31(a). It may be noled thal
a small amount of collector current [lows
even when base current Iy is equal to zero.
This is termed as culofl or non-
condueting state of a transistor. When Ve
exceeds the saturntion level, collector
current  becomes  almost  constant  and
operation of the transistor enters into the
active or lincar region. Graphically, such
lincar characteristics of o transistor s

shown belween the two points 13 and Cin
Fig.17.31(a). I Ve is allowed to increase
too far, collector-base junction breaks
down and the collector Iec increases

T

Fig.17.31(a) le versus Vep curve for 1 value ol ln
under saturation active and breakdown regions,

Fig7.31(b) Output characteristics ol a ransistor
in terms ol family curves,

rapidly. It is represented by a line above the point Cin Fig, 17.31(a),

Apnin, Vigeis adjusted to get another fixed value of base carrent Ty nnd Ve iy
reduced 1o zero. By repeating the same procedure, we have another curved
characteristics of a transistor and so on. Thus, we obtain a family characteristics
curves ol a transistor when Ie verses Ve which is plotted for several fixed value of

L s shoswn i Fip, 17,3 1H(h),

Y




Example 17.2 ;
In a transistor Ie s TmA and Iy is 200pA | caleulate 1,

Solution:
lc=1mA
Ig = 20uA =0.02mA
Ig=?

According (o the basic equation [or flow of current in a transistor

I = 1oy
I: = 1mA + 0.02mA
[e=1.02mA

Example 17.3
In an clectronic circuit, the emitter current ol a transistor 18 2.2mA and ity
collector current is 2mA., Caleulate the value ol @,

Solution: ! R T | ‘
Emitter current = I = 2.2mA | Diode and (ransistor are  active
Coll cctor current =1c=2mA | components and they do not obey ‘
Q=7 I Ohm's law,
L
ll e _{'_.
I'IE
_ 2mA
2.2mA
a =09

Fxample 17,4
Calculate the emitter current in a transistor when its basc current is S0pA ang
the value of current gain is 100,

Solution:
Fmitter cureent = Iy =9
Base current = Iy = S0pA = 0.05mA
Current gain= [} = 100 FOR YOUR INFORMATION
The current gain is defined as In most electronic circuit, the currept 1
| is only o small fraction of an amperge,
= A SO typleal value o curent 1y,
Iy opleetronde clienit i TOmA,
le = Bl
=100 % 0.05mA
lc =5mA

@




Ilge=Ig+ Ic
It =0.05mA + 5mA
: Ie=5.05mA
17.8 TRANSISTOR AS AN AMPLIFIER

An amplifier is an electronic circuit which converts.a small input A.C. signal
into a large output A.C. signal under the action of a transistor. The amplification takes
place under the following three configurations i.e., common base amplifier, common
emitter amplifier and common collector amplifier, but common emitter amplifier is
used mostly.

Consider the operation of a common emitter NPN transistor as shown in
Fig.17.32. The emitter-base junction is forward biased by using a battery Vps and a
resistor Ry called base or input resistor, whereas collector is reverse biased by using
another battery Vec through a resistor Rc known as collector or load resistor. The
input A.C. signal is applied in the basc and emitter section of the circuit. And the
output signal is taken out from the collector-emitter section. In the absence of any
input signal. the transistor is working in its normal mode. Now when an A.C. signal
1s applied at the input terminals of the circuit, then during the positive half cycle of
the signal, the base of the transistor which acts as driven element becomes more
positive and it increases the forward biasing across the emitier-base junction.
Therefore, more electrons flow from the emitter to the collector through the base and
it causes of an increase collector current Ic by f times the input base current Ig

(1. =l ). As aresult, a greater voltage drops across the collector load resistance Rc
due to the increased oollector Ic. Thus, we have a large output half A.C. cycle but in

+V:|I'I
' | Input signal

Ve

Output signal

Fie.17.32 A schematic cirele diagram for amplifier using common emitler NPN-transistor
g £ I £

L L N
S s



the negative direction. i.e., there is a phase difference of 180° between the input and
output signals.

Similarly, during the negative half cycle base becomes less positive and the
forward biasing across the emitter-base junction is decreased. Therefore, there are a
few electrons that flow from emitter to collector through the base. There is a very
small collector current. In this condition, a large voltage drops across the load
resistance Rc by Vcc. Thus, we have again a large half positive cycle of A.C. which
is opposite in direction to the input signal as shown in Fig.17.32. For the next cycle,
the same process is repeated. In this way, a transistor converts a small input A.C.

signal into a large A.C. signal. - '
Analytically, the amplification of common emitter NPN transistor 1s explained

as; Due to forward biasing, the base-emitter junction presents a very It:':w internal
resistance to the A.C. signal. It is represented by r.i and appears in the series with the

base resistance Rg. Thus, Is in terms of rei is given as:

bV
r':i
But Vge = V;(Input voltage)
So =% ...(17.6)
rei
By definition of current gain ()
|
B =_C
IH
I. = ﬂ ...... (17.7)
2

Now, the output voltage (V, =V ) in the output section of the given circuit

can be determined by using KVL. i.c.,
Vee =IcRe+ Vg
V. =Vou-The e (17.8)

Putting the value of I from Eq. 17.7 in Eq. 17.8

BVRe .79

Vo = Vee =
This is the output voltage of a transistor without applied input sigﬁal. If an input signal
is applied then both input and output voltages are increased. So Eq.17.9 becomes -

- V.+AV.)R
Vu+avu=vcc+ﬂ( AR (17.10)
_ = .

Ci

i




Subtract Eq. 17.9 from Eq. 17.10

AV, = PAVRE e (17.11)
I-n'.-i
By definition of voltage gain (Av)
o AV,
VoA,
A, =-— Re e (17.12)

(=]
This is the voltage amplification of a transistor. Negative signs shows that input and
output signals are out of phase. Eq.17.12 shows that voltage amplification of a
transistor depends upon Rc and 1. Since Rc is always greater than r, so output
voltage in a transistor is greater than its input voltage.

Example 17.5

For a germanium crystal transistor, the current gain is 200 and voltage drop

across a load resistance of 2kQ) is 4volt. Find the base current for common emitter
configuration.

Solution:
Current gain=f§ =200
Voltage drop =Ve =4V

Output resistance =R¢ = 2kQ = 2 x10°Q
Base current =1y = ?

As Ve=IcRe
o Ve
Re
Ic= 4"'2 =2x107A
2x10°Q2
lce=2 mA
Now [3=]—‘3
IB
]H:-[_F
N
2x107°A
[g=
200




17.9 TRANSISTOR AS A SWITCH

Like a diode, a transistor can also be tight B
used as switch under its cutoff and saturation
regions. That is, a transistor is in cutoff region
when its base-emitter is reverse biased.
Similarly, it is in saturation region when its
base-emitter is forward biased. These two
states acts as an open and closed switch. It 18
explained by considering the operation of
common emitter NPN transistor under (wo
different cases.

In the first case, the emitter-base
junction is not forward biased, the base
current Iy is zero. Therefore, the collector
current is also zero under this condition, the
transistor behaves as an open switch. Thus,
the: bulb is switched OFF as shown in
Fig.17.33.

In the second case, the emitter-base
junction is forward biased, there is an increasc
of base current. This causes maximum :
collector current. Under this condition, the transistor acts as a closed switch. Thus,

the bulb is switched ON as shown in Fig.17.34. .
- bk Rt SUMMARY X ‘ .

o Semiconductor: The solids whose resistivity or conductivity lies between
_insulators and conductors are known as semiconductor. €.g. germanium and
silicon. There are two types of semiconductor.

e Intrinsic Semiconductor: An extremely pure form of semiconductor is known as
intrinsic semi-conductor.

o Extrinsic Semiconductor: When an impurity of either trivalent or pentavalent
atoms is added into a pure semiconductor then this is called extrinsic
semiconductor.

o N-Type Semiconductor: When an impurity of pentavalent atoms is added to a
pure semiconductor then it is known as N-type semiconductor.

e P-Type Semiconductor: When an impurity of trivalent atoms 1s added to a pure
semiconductor then it is called P-type semiconductor.

e PN-Junction: PN junctions are formed by joining N-type and P-type
semiconductor materials in the form of a single crystal.

Fig.17.34 Transistor as a closed switch,




IS =S |

¢ Biasing of PN=Jiiiictions The process in which the potential differenice is applied
across the PN=Jufiction is calied biasing:
Eorivatd biased PN:diinefion: When PN-=Juriction is conineeted to a battery siich
that P=type is cotiniected to positive terimitial and N=type is connected with riegative
terttiinial of the battery; stich biasing is calied forward biased:
& Reverse biased PN=hinetion: Wiien PN-Juifiction is coinected to a batiery siich
- fhat P=type is confiected with {he niegative terminal and N-type with the positive
teriiifial of (e battery, siich biasing is cailed reverse biased.
Seiiii-Condiictor_Diode: Diode is indeed a PN=junction which converts |
alterhating curieiit (A.C.) into direct cuirent (D.C.) |
s Reetifiers Rectifiet is afi electrotic eireuil that eonveits A.C. ifto D.C: under the |
actioi of 4 diode aiid the process of eonversion of A.C. iito D.C. is kiown as. |
reetification. There are (o type of rectifications:
I Half wave rectification Il Full wave rectification
¢ Traisistor: Trafisistor is di elecironic device which coiisists of twe PN=Junétiofis
with thiree electiodes tamed as emitler; base and eoliector. There are two kinds of
(rarisistors; NPN did PNP
o Biasing of 4 iFARASISEOF: A tiansistor operates oiily wher iis emilter-base juniction
is forwaid bias dind collector-base jufiction is reverse bias:
s Aiiiplifier: Aiiplifier is aii electronie circuit tiat converts a small input A.C.

sipiial ifilo a latge otitpiit A:C. signal tinder the action of a tratisistof:
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0 Seleet the best aption ol the following guestions,
i A pefifianium at 0K is | -

(8) Conduictor (b) Sericondiictor

(¢) lisulator (d) P&N types seinicondiictor
2. By inereasing the letperaliire; the condictivity of thé semiconductor is

(@) Decreased  (b) Iiicreased (¢) Constait (d) Not affected

3. Wiiich oie of Uie followiiig is aii inlriiisic semicoiidictor?
(@) Boron ~ (b) Copper - {e) Indiuim (d) Silicon
4 In exlriiisié seitiiconiductor; the doping level should be if the ratio
@i:40° (B ides  (e) 1:10® (d) 1:10°
S i P-Aype seimiconductot; the doping of Silicon is taken place with

(@) Bivaleat  (b) Trivalent (¢) Tettavelent  (d) Pentavalent
6. Wher P-typé afid N-type seiticondiictor ai¢ combiied then we have a |
(a) Resistor ~ (b) Capacitor (¢) Diode (d) Triode
The depletion region i PN-=Juiiction carries

@

e |
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9.

(4) Positively charge (b) Negatively charge
(¢) Both positively and negatively charge (d) No mobile charge carrier
The potential differefice dcross the silicon PN-junction is
(8) 0.3V (b) 0.5V (¢) 0.7V (d) 0.9V
Whieti P-type of the PN-=Jutietion is connected with the negative terminal and
N-type with positive terminal of the battery, the width of the depletion region
(a) decredses  (b) iricredases (¢) remain constant (d) vanished
iii forward blasing, the knee voltage for Germanium PN=junction is
(4) 0.3V (b) 0.7V (¢)3V (d) 7V
Oiie of the most important property of a diode
(a) Allow cuirrent in one direction  (b) Allow curtent i bidrection
(¢) Use s 4ii amplifier (d) Use as an oscillator
The niimber of diodes used in 4 bridge rectifier is
(4) One (b) Two (¢) Three
Transistor stands for
(a) Transfer of Resistarice (b) Transfer of charge carriers
(¢) Transfer of power (d) Transfer of voltage
Which region of the transistor 1s most wide iti terms of area? '

(d) All have equal area

(d) Four

(4) Emitter (b) Base (¢) Collector
fii biasitig of a tratsistor, which region must be reverse biased?
(4) Emitter-Bise (b) Collector-Base
(¢) Eititter-Collector (d) None of these
The thickiiess of the base tegion of a transistor 18
(@) 102m (b) 10*m (¢) 10°%m (d) 10%m
Which one of the following relation is true for a transistor?
(a)le=lc=Ia (b)le=ls=Ic {c)u=%5- (d)]}':-;—‘-"-
' 5 E

Which one of the following relations holds for cutoff mode of transistot?
(@) le=1s (b) le = B, (€) Ic = aly (d)Ic=0
The flow of charge carriers in a transistor is controlled by
(a) Emitter (b) Base (¢) Collector (d) All of them
if the base current of a silicon transistor is 0.01mA, its collector current is
(a) 0.99mA (b) 9.9pA - (€) 0.1mA (d) imA
Vg drops across the load resistor of a transistor when
(a)Ie=0 (b) le = 1Ip (e) le= al; (d) Ie= Pl
When a transistor starts its working in its active region
(a) Before its saturation (b) After its suturation

(&) After its cutoff (d) At the end of its cutoff

@




D —— ]

23. A transistor is used as a switch when it operates in its
(a) Normal mode (b) Active mode
(c) Breakduwn mode (d) Saturation and cutuﬂ‘ mnde

* SHORT QUESTIONS

% leun;,u;hh belwcen intrinsic and extrinsic semiconductors?

7, What are the advantages of extrinsic semiconductor over the intrinsic
semiconductor?

3

Under what conditions, the scmlcanduclor materials behave as conductor and
as an insulator.

.- What is meant by the process of doping?
5 What are the facts about holes?

6. What do you know about the depletion region in PN-Junction?
™. What is the diffusion in the PN-Junction?

8. How can the conductivity of semiconductor be increased by increasing the
lemperature?
9, How does the width of depletion region in PN-Junction increases and

decrcases?
10. How does a diode convert A.C. into D.C.?
11.  What is the rectification of a diode?
12.  Distinguish between half and full wave rectifications.
13.  What is the biasing ol a diode?
14.  Distinguish between forward and reverse biased characteristics of a diode.
15.  What is meaning of a transistor? |
16. How docs a transistor opcrate?
17.  How does the biasing of a transistor take place?
18.  Why is the base region of a transistor thin and lightly doped?
19.  Why is the collector of a transistor anode wider than the emitter and the base?
20.  Why the input resislance of a transistor is low while its output resistance is
high?
21.  Why the current gain o is less than?

22.  Why a common emitter configuration transistor is mostly used? ,
23.  Under what conditions a transistor acts as an open and a closed switch?

24, What do you know about the saturation, cutoff and active regions of a
transistor?

S

OMPREHENSIVE QUESTIONS

I State and exphm intrinsic and extrinsic semiconductors.

What do you know about the N-type and P-type semiconductors? Explain the
development of N-type and P-type semiconductor crystals.




wherep=1,2,3,... and n=p+ ]
and Ry ——E—":=l.usn4n 107 m!
The resall of Eq.19.14 is the
same as that of the empincal formula in
Eq.19.6 for wavelengths of spectral
lines, so it is concluded that when
different transilions of electron are
taking place from the higher orbits the
lower orbits as shown in Fig.19.5 then
we have Lyman, Balmer, Paschen,
Bracketl- and Pfund senies. All lhese
spectral senes are shown on energy
]:E\"EI EI.'i.E.ETHm ('l;ig']g'ﬁ}' Fae AWS Teansihion of eleclmn Sy viris Gl

shiflvs ig Fvdiugen atont.
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If the electrons of hydrogen alom jump from outer orbits (n = 2,3, 4, .yt
the 1 erbit {p = 1) then we have a set of spectral lines called the Lyman serics and i
is the ultraviolet region of electromagnetic spectrum. The wavelength of this series is

calculated as;
LB 1Y a0 1) B
A help® o ATl n=2734.

E fel]
a 0.00
) 0,544 2
4 I 0.820 4
3 8 -1.512
Paschan
sariag
2 Eafmﬂr -3.401
Seres
Lyman
SEMeS
1 -13.606

Fig- 16 Encrpy level diggrum of hydrogen sfom,




