


Differences between conductor, insulator and semiconductor
on the basis of energy bands

Insulator

conductor (Metal) Semiconductor
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In conductor, either there is no
energy gap between the
conduction band which is partially
filled with electrons and valence
band or the conduction band and
valence band overlap each other.

In insulator, the valence band
is completely filled, the
conduction band is completely
empty and energy gap is quite
large that small energy from
any other source cannot
overcome it.

In semiconductor also, like 'insulators
the valence band is totally filled and the

conduction band is empty bu_t the ¥
energy gap between conduction ban
and valence band, unlike insulators 15

very small.

the fermi level can shift to higher
energy levels above the fermi level
in the conduction band and
behave as free electrons by

Thus, electrons are bound to
valence band and are not free
to move and hence, electric
conduction is not possible in
this type of material.

Thus, at room temperature, some
electrons in the valence band acquire

thermal energy greater than energy

band gap and jump over to the
conduction band where they are free

to move under the influence of even a

acquiring a little more energy
small electric field and acquire small

from any other sources.

conductivity.
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1.3 Semiconductors

Semiconductors are the materials whose conductivity lies between metals and insulators. They are
characterised by narrow energy gap (~1eV) between the valence band and conduction band.

Classification of Semiconductor on the Basis of Purity

Intrinsic Semiconductors
Itis a pure semiconductor without any significant dopant species present.
n, =y =1
ies of electrons and holes respectively and #; is called intrinsic carrier

where, 7, and 7, are number densit
ductor is also called an undoped semiconductor or i-type

concentration. An intrinsic semicon

semiconductor.

The total current I is the sum of the electron current I, and hole current I,
I = I ¢ + I h v

Where, 1, = electron current, I, = hole current

Extrinsic Semiconductors A
Pure semiconductor when doped with the impurity, it is known as extrinsic semiconductor.



Extrinsic semiconductors are basically of two types:

n-type Semiconductor

In t'hIS type of extrinsic semiconductor
majority charge carriers are electrons and
minority charge carriers are holes, i.e. n, > ny,.

Here, we dope Si or Ge with a pentavalent
element, such as As, P or Sb of group V, then
four of its electrons bond with the four
silicon neighbours, while fifth remains very -
weakly bound to its parent atom.

Formation of n-type semiconductor is shown
below:

1% S - W
I o /’_\ e~ unbonded free

(+5 valency) atom

0 ------- ‘@1 ------- -------- - electron donated
S e ... e ... - by pentavalent

pentavalent donar atom (As, Sb, P, etc.) doped for
tetravalent Si or Ge giving n-type semiconductor

Donor energy level lies just below the

conduction band

Conduction band
""""""""""" - Ey=0.01¢eV

‘E“"o--&-o—-f-o—T

Eg=1eV J Donor levels

 Valence band
ntype

p-type Semiconductor

- In this semiconductor, majority charge
carriers are holes and minority charge
carriers are electrons i.e. 7, > 7,.

- In a p-type semiconductor, doping is done
with trivalent impurity atoms. i.e. Those
atoms which have three valence electrons

in their valence shell.

+ Formation of p-type semiconductor is shown below:
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Trivalent acceptor atom (In, Al, B, etc] doped in
tetravalent Si or Ge lattice giving p-type semiconductor

Acceptor energy level lies just above the valence band

anaug;fidn band

Eqg=1 eV‘r
0= 1] g Aoceptorievels ¥ o g o1 gy

p-type

« At equilibrium condition, #,n;, = n}

+ Minimum energy required to create a hole-electron

pair, Zv2 E
where, E; is energy band gap.
LI S paanu:
€. Lg= min —
max

Electric current, I = eA (n,v, + n,v;,)
where, A is area of cross-section and
v, and vy, are speed of electron and hole respectively.

* Mobility of charge carriers, u = % » where E is applied

electric field.
Hence, v, =W E and v, = ,E

* Electrical conductivity, ¢ = L= e,n, +
' B n
p eite huh)

where, 7, and n, are concentration of electron and
h1°1e respecg\;lelxlf and p, and p, are mobilities of
electron and hole, respectively, a

S v Ex! e Y. applying the formula
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1.4 p-n Junction

A p-n junction is an arran
contact of z-type semico
semiconductor.

gement made by a close
nductor and p-type

Formation of Depletion Regjon in p-n
Junction

During formation of p-n junction, due to the
concentration gradient across p and n-sides, holes

diffuse from p-side to n-side(p — ») and electrons
diffuse from »-side to p-side (n — p).

This space charge region on either side of the
junction together is known as depletion region.
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Depletion region is the small region in the
vicinity of the junction which is depleted of free
charge carriers. Width of depletion region is of the
order of 10 °m. The potential difference developed
across the depletion region is called the potential
barrier.

Semiconductor Diode/
p-n Junction Diode

* A semiconductor diode is basically a p-n
junction with metallic contacts provided at the
ends for the application of an external voltage.

* A p-n junction diode is represented as

R D | n :

Anode Cathode

* The direction of arrow indicates the
conventional direction of current (when the
diode is under forward bias). :

* The graphical relations between volt.age applied
across p-» junction and current flowing through
the junction are called I-V.

I-V (Current-Voltage) Characteristic
of p-n Junction Diode

Forward Biased Characteristic

* Junction diode is said to be forward bias whfen
the positive terminal of the external batte.ry is
connected to the p-side and negative terminal to
the »n-side of the diode. _
Similarly, if the positive terminal of a battery is
connected to #-side and negative terminal to the
p-side, then the p-n junction is said to be reverse
biased. The circuit diagram and I-V -
characteristics of a forward biased diode is
shown below:

(D

Ge

Forward current (mA)
=L NGB O ) TSPen

A

0 0.1 0203 0.4 05
(@) Forward bias (V)

(®)

() In forward biasing width of depletion layer
decreases.

(i) In forward biasing resistance offered
Rporward =10Q =250

Reverse Biased Characteristic

In reverse biased, the applied voltage supports the
flow of minority charge carriers across the .
junction. So, very small current flows across the
junction due to minority charge carriers.



The circuit diagram and I-V characteristics of a
reverse biased diode is shown below.

Reverse bias (V)
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(7) In reverse biasing width of depletion layer
increases.
(77) In reverse biasing resistance offered
RReverse = IOSQ
(7i1) Reverse bias supports the potential barrier

and no current flows across the junction
due to the diffusion of the majority carriers.

: : . Vv
* The DC resistance of a junction diode, fp¢ = =

* The dynamic resistance or AC-resistance of

AV
junction diode, ryq = —
] AC = 47

1.5 Diode as a Rectifier

The process of converting alternating

voltage/current into direct voltage/current is

called rectification. Diode is used as a rectifier
| for converting alternating current/voltage into
direct current/voltage. There are two ways of
using a diode as a rectifier i.e.

Diode as a Half-Wave Rectifier

- Diode conducts corresponding to positive half

I cycle and does not conduct during negative half
cycle. Hence, AC is converted by diode into
unidirectional pulsating DC. This action is known
as half-wave rectification.

Transformer

|+— Output — |

The input and output waveforms have been

given below:

& (@

= lnputAF
[0} | ! ) i
S i confonld Mo o,
= U Ut
oc : : 1 !
& i i i i
o f ' : i
o i Output voltage |

o i i i i
o 1 I : I
3 oo {
>

(b) t
Input and output waveforms

Diode as a Full-Wave Rectifier

In the full-wave rectifier, two p-n junction diodes,
D, and D, are used. Its working is based on the
principle that junction diode offer very low
resistance in forward bias and very high resistance

in reverse bias.
Transformer

Clrcuit diagram of full-waye rectifier




The input and output waveforms have
been given below:

Waveform at B Waveform at A

/N
i (ii) \_/

Due toiDue toi Due toi Due toi
Dy i D> } Dy,{ Dy

Output waveform
(across Ry)
O

* The average value or DC value obtained from a
half-wave rectifier,

IDC=I'Q'
4

* The average value or DC value obtained from a
full-wave rectifier,

I
IDC=2—0
T

* The pulse frequency of a half-wave rectifier is
equal to frequency of AC.

* The pulse frequency of a full-wave rectifier is
double to that of AC.

1.6 Optoelectronic
Junction Devices

Semiconductor diodes in which carriers are
generated by photons. i.e. photo-excitation, such
devices are known as optoelectronic devices.
These are as follows:

Light Emitting Diode (LED)

Itis a heavily doped forward biased p- junction

diode which spontaneously converts electrical

ﬁner gy into light energy, like infrared and visible
ght,

Its symbol is

Metallised
contact

A forward biased LED
V-I characteristics of LED are shown below:

1 (mA)

30f Silicon

28] e
154 == ——~~

G

-10V

0 05vosy Yo
I(1A) ‘

LEDs has the following advantages over
conventional incandescent low power lamps.
(a) Fast action and no warm up time required
(b) It is nearly monochromatic
(c) Low operational voltage and less power
consumed, long life, ruggedness

(d) Fast ON-OFF switching capability in
nanoseconds.

Photodiode

A photodiode is a special type of junction diode
u.sed for detecting optical signals. It is a reverse
biased.p-n junction made from a photosensitive

material. Such a way that light can fall on its
junction.
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Depletion

Its symbol is

i \\ Cathode
N

Anode
V-I characteristics of photodiode are shown
below:
1(MA)
Reverse bias
5 Q= %
I g 2
I3 23
Iy
L>L>Dhb>1 I(mA)

We observe from the figure that current in
photodiode changes with the change in
light intensity (I), when reverse bias-is
applied. In light operated switches.

Solar Cell

Solar cell is a p-n junction diode which converts
solar energy into electrical energy. It is based on
the photovoltaic effect. Its symbol is

/ L
L AAAAAA
vyyYvyYvyvy
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fo) n
Photo current through an flluminated p-n junction
V-I characteristics of solar cell are shown below:
1

Open circuit voltage(Voc)

Dyl

ISCLJShvort circuit current (Isc)

The materials used for solar cell are Si and GaAs.

Zener Diode
a reverse biased heavily doped p-n

iode is
Zener diod in breakdown

junction diode. It 1s operated
region.

Its symbol is

V-I characteristics of Z
below:

ener diode are shown

1 (mA)

Reverse bias Forward bias

v, =

! ——V

—

1 (uA)

- Zener Diode as a Voltage Regulator When
the applied reverse voltage (V) reaches the
breakdown voltage (V,) of the Zener diode there
is a large change in the current. So, after the
breakdown voltage V,, a large change in the
current can be produced by almost insignificant
change in the reverse bias voltage i.e. Zener
voltage remains constant even though the
current through the Zener diode varies over a

x}zlvide range. The circuital arrangement is shown
ere.

* This breakdown in a diode due to the band to
band tunneling is called Zener breakdown.

I
Rs
Unregulated I
voltage —e
L Load Regulated
R, voltage, Vz

@
L o

—
ad

Circuit diagram of Zener diode as voltage regulator




60. (i) Refer to Ans. 52,

(ii) Refer to Ans. 46, 3)

(2)

61. (i) Refer to Ans. 56.
(3)

(ii) Circuit diagram of p-y junction diode as
half-wave rectifier is shown below:

p-n

+— Output —

m
Diode conducts corresponding to positive half
cycle and does not conduct during negative half
cycle, hence AC is converted by diode into
unidirectional pulsating DC.

This action is known as half-wave rectification.

|
|
|

(o
.

62 (i) Refer to Ans. 52. ' (3)
From these two graphs we see that the
junction diodes operates mainly in forward
bias, this characteristic of junction diode can
be used to make it a rectifier.

(i1) Refer to Ans: 40. (2)

U Time

I
I
|
I
|
I
|
I
|
T
|
I
I
I
I

Input
voltage

Time

Output
voltage

m

[TOPIC 2] Transistors and Its Applications
and Logic Gates

2.1 Junction Transistor

Ajunction transistor is three terminal
semiconductor device consisting of two p-#
junctions formed by placing a thin layer of
doped semiconductor (p-type or n-type) between
two thick similar layers of opposite type.

There are two types of transistor:

[p-n-p transistor

Here, two thicker segments of p-type (termed as
emitter and collector) are separated by a
segment of n-type semiconductor (base).

Emitter Base Collector

p-n-p transistor

n-p-n transistor

Here, two thicker segments of n-type
semiconductor (emitter and collector) are separated

by a segment of p-type semiconductor (base). 3
Emitter Base Collector 8 ,

{

{

B
n-p-n transistor

Transistors Schematic
Representation

n- p-n transistor

p-n-ptransistor




Transistor Action or
Working of Transistor

p-n-p Transistor

From given figure, we can see that, the
emitter-base junction is forward biased.
Collector-base junction is reverse biased.

n-Base
p-Emitter p-Collector
— e —— e
o—s l'odo | o—
et ST
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o— o= | o—s
o—s | o~ L o—
B
EB I, Vs le
= Ny= +|,|:
TN R
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Flow of charge carriers in p-n-p transistor
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p-n-p
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2 VIB Ic

pr i |
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Action of p-n-p transistor
and its biasing

The resistance of emitter-base junction is very
low. So, the voltage of Vgg (Vgg) is quite small
(i.e.,1.5V).

The current in p-n-p transistor is carried by

holes and at the same time their concentration

is maintained.
But in external circuit, the current is due to
the flow of electrons.

In this case,

1, =1, +1, [using Kirchhoff’s law]

where, I, = emitter current
I, =base current’
and 1, = collector current

n-p-n Transistor e
In the base, I, and I flow in opposite dlr‘CCtlonS. In
this transistor, the emitter-base junction is forward

biased and its resistance is very low.
So, the voltage of Vg is quite small.

p-Base
n-Emitter n-Collector
e,
ey
— | T i ~—
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o— |1 o
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Flow of charge carriers in n-p-n transistor
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Action of n-p-n transistor and its biasing

The collector base junction is reverse biased. The
resistance of this junction is very high. So, the voltage
of Ve (V) is quite large (45 V). In n-p-n transistor,
the current is carried inside as well as in external
circuit by the electrons. Thus, in this [1, << 1,]case

also, Ip=Ig+1I. [Kirchhoff's first law]
In the base, I; and 1. flow in opposite direction.

Transistors Configuration

(1) Common Base (CB) mode
(i) Common Emitter (CE) mode
(#7f) Common Collector (CC) mode

2.2 Characteristics of a
Transistor

The graphical representation of
the various current and voltage
transistor are called transistor ¢

the variations among
variables of a
haracteristics.



common Base Transistor
characteristics

Here emitter-base circuit is forward biased with

battery Vg and collector-base circuit is reverse
biased with battery

VCC .

The common base characteristics of a transistor are
of two types:

(i) Emitter or Input Characteristics A graphical
relation between the emitter voltage and emitter
current at constant collector voltage, is called
emitter or input characteristics. The graph is
plotted between emitter current and
corresponding emitter voltage.

I (At Vgg =~ 4V, V= -2V
10

—
oo

N O

Emitter current A,

%
0.2 0406 0810 =V
Emitter-base voltage (Vgg) —

(i) Collector or Output Characteristics A
graphical relation between the collec.tor voltage
and collector current at constant emitter
current, is called collector or output
characteristics. The graph is plotted between
collector current and corresponding collector

voltage. ‘
T oA (lg ) Base current
—_ 1 | | 1 i £ OmA
S RGO
%15 : 1 1 | :/e=15mA
= P T T T T !
gwf: L Lk sagimA
Sz — \ i
1 ol i i it s
B oy | bds S G BRI

5V 10V1i5v20v25V Ves V)
Collector voltage (Vcg) —

(ii) Collector or Out

Common Emitter Transistor
Characteristics

Here, base-emitter circuit is forward biEiIS(.fd with
battery Vg and emitter- collector circuit is
reverse biased with battery V.

_mA+
"
Ic
g Cn -n e
—o—E)" +('P zVCC
E “TVee ‘T
Ra ar I}
C’)_VBE Ie
VBB Ip le le

..||F

These two characteristics can be studied
as shown below:

(i) Emitter or Input Characteristics A

graphical relation between the emitter
voltage and the emitter current

by keeping
collector voltage constant is called input
characteristics of the transistor.
Ib(nA)
100}~
Vee =10V
801
60|
40
20
BE@
1 | ’ 1 1
02 04 0 M
04 06 08 10 Vae(V)

Input resistance It is defined as the Q VG?
ratio of change in base-emitter voltage o8,
(AVgg) to the resulting change in the base
current (Al,) at constant collector-emitter
voltage (V). It is reciprocal of slope of

I, -Vgg curve. Input res

istance,
R, =|AVee
Al

Ve = constant

; Jutput Characteristics A
graphical relation between the collector

voltage and collector current by keeping
base current constant is called

It output
characteristics of the transistor.
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16
Collector to emitter voltage (Vag) in volts

NOTE  From the output characteristics, we define

output resistance of transistor as the ratio of :
change in collector-emitter voltage to the

resulting change in collector current at constant
base current. Thus, output resistance,

[AVCE ]
o= \
le Ip = constant

= Reciprocal of slope of I, - V¢ curve.

The current amplification factor (B) of a
transistor in CE configuration is defined as the
ratio of change in collector current to the change
in base current at a constant collector-emitter
voltage when the transistor is in active state.

Al
BAC = (—lc ]
Aly Vce = constant

Its value is very large (Bc >>1)

Region of Operation of Junctions

Collector

Region junction

Emitter junction

Cut-off Reverse biased ~ Reverse biased

Active Reverse biased  Forward biased

Saturation Forward biased Forward biased

2.3 Transistor as an Amplifier
(CE configuration)

An amplifier is a device which is used for
increasing the amplitude of input signal. The
circuit diagram for p-n-p transistor as an
amplifier is shown in the figure given below:

A

Vce !

1 H 1| AW

]
l

(o
\J Vee Output
Input | y 4 AC
AC =[5> ) signal
signal” Uke b P

Circult diagram of transistor as an amplifier

When no AC voltage is applied to the input circuit,
we have

Ie=Ib+IC (l)
Due to collector current 1., the voltage drop across

load resistance (R; ) is I_R, . Therefore, the
collector-emitter voltage Vy is given by

Veg = Ve — IcR;

Gains in Common-Emitter
Amplifier .

o and  parameters of a transistor are defined as

L

...(ii)

1 : 3
()= -Ii and B = I—‘.oc is about 0.95 t0 0.99 and B is
e b

about 20 to 100. The various gains in a
common-emitter amplifier are as follows:

(f) DC Current Gain It is defined as the ratio of

the collector-current to the base current and
is denoted by Byc.. Thus,

BDC=I—C=I\C= IC/Ie
Ty WIS SO AL

(3 c

o [".Ie=1b+1c]
B=-2_

1-o
(if) AC Current Gain |t is d
of the change in the collect

the change in t}le base-current at a constant
collector to emitter voltage and is denoted
by Bac. -

Thus, B AC = (&)
V,

b

The value of B is from 15
transistor.

[ra=1/1,]

efined as the ratio

to 100, for a

(iit) AC Voltage Gain ¢ is defin, ) i
: ed
the change in the outp U

; . ut voltage to the change
in the input voltage anq i denoted by A4,,. g




Suppose, on applying an AC input voltage
signal, the input base-current changes by
AI, and correspondingly the output
collector-current changes by Al . If R, and
R, e the resistances of the input arllnd the
output circuits respectively, then

Now, Al ./ Al, is the AC current gain f .

(v) AC Power Gain It is defined as the ratio
of the change in the output power to the
change in the input power.

Since, power = current x voltage, we have

. AC power gain = Shange in output power
Change in input power

= AC current gain x AC voltage gain
=Pac X 4y
* Relationship between o and
g o
P s
p

¥

Voltage gain = Current gain X Resistance gain

Feedback

When a portion of the output power is returned
back to the input in phase, this is termed as
positive feedback.

-

and o

Input

Transistor

amplifier ‘,
Feedback

b ikl di
2.4 Analog and Digital Circuits
Analog Circuits

Circuits use signals (current or voltage) in the

8 . r
form of continuous, time-varying voltage o
Current.

LOutput

A sinusoidally varying alternating voltage as shown

in figure is the simplest analog signal. The

electronic circuits which process analog signals are

called analog circuits.
V

s Py /30
Nfim i\

Digital Circuits

Circuits use two discrete level of current or voltage

which are termed as binary signals. These two
values are represented as 0 and 1 (low or high i.e.
ON or OFF)

The electric circuits which process digital signals
are called digital circuits.

V
5V Level 1
oV e L—’
JiH Level 0 !

Digital signal or pulse

2.5 Logic Gate

A gate is a digital circuit that follows certain
relationship between input and output voltage.
Logic gates are building blocks of electronic
circuits. In logic gates, there exist a logical
relationship between output and input(s)

It has one output but one or more inputs.

* Truth Table It is a table that shows all possible

input combinations and the corresponding
output combinations for a logic gate.

* Boolean Operators Just as in ordinary algebra,

mathematical operators like addition, subtraction
and multiplication are used, similarly, in Boolean

algebra three basic operators like OR, AND and
NOT are used.

* Boolean Expression The expression shows the

combination of two Boolean variables that

results into a new Boolean variable is known as
Boolean expression.



Basic Logic Gates A
There are three basic logic gates: 1—[_4 "—r‘;’—’ l: Y
+ ! }_R /
OR Gate waT & zev S i
Boolean cxprcssioh of OR gatc is given as O‘L' g :'""'""_:% —————— : -
Y=A+B. realisation of AND gate |

(a) It has two or more inputs and one output. |
(b) In this gate, if any one of the input or all the NOT Gate ‘

inputs are 1, then output is 1. Boolean expression of NOT gate isgivenas Y = 4.
R A (a) It has one input and one output.
B d (b) It gives an inverted version of its 'input i.e. if
Truth Table input is 1, then output is 0 and vice-versa.
I T Symbol A A
Fiv Rty =i L LT
2 : g Truth Table
TPy 1 1 A Y
o o 0 1 i
1 1 1 1 0
——————— h\
PR g DA ~el e
i ~—_‘i >i——' ~ \ N
‘\ D1 \\\ : \\\
1 i Lo 2 : o
H R,/ :! -lll“-——:l\_‘\
= o —i—pt—1 3 i AT
/ o
T5V B [ b, 81 5 1 | i
l s A i P ::"—'__'
0=
' 1
Realisation of OR gate _I_—. !
:.5 V : ="
1 /v —_—__=-
AND Gate 1 :
Boolean expression of AND gate is given as =0 E //
|
I
[

Y=A4-B
(a) It has two or more inputs and one output.
(b) It has output 1, only when all inputs are 1.

Realisation of NOT gate

Symbol i D——y Combination of Gates
B=% o : gt B
_ Various combinations of three basic gates can be
TruthTable e useld to produce complicated digital circuits,
L A n . AP which are also called gates. Different
X (.)_w- : ’ combinations of basic gates are given below:
oo Wi Aot v el ) NOR Gate '
i (sAIp0E) RS 6 ST < Boolean expression of NOR gate is given as




Here NOT operation is applied after O gate,
If all its inputs are 0, then jts output will be 1.

A
symbol B:DO-Y=A+B

Tetith T8
ol d M| YAy B
0 \Q\___ul —
B st . e W (.
Lo % 0 0

NAND Gate (NOT AND)

Boolean expression of NAND gate is given as
Y=A-B.

Here, AND gate followed by a NOT gate.

If all the inputs are 1, then output will be 0.

Symbol A }y
! g A
Truth Table
A B Y=A-B
et 0 1
0 1 1
—_ l 0 T l
1 1 0

NAND and NOR gates are called universal gates.
XOR Gate

Boolean expression of XOR gate is given as
Y=4.B+4.B=40B

A y
Symbo] 5
Truth Table
0 0 0
0 1 :
— l 0 _L—’—-
1 1 0

XNOR Gate

Boolean expression of XNOR gate is given as
Y = A-B=AB + AB.

Here, XOR gate is followed by a NOT gate.

Symbol @ :)Do— y
Truth Table £
A B Y=AB
0 0 1
0 1 0
1 0 0

1 1

—

Some Useful Laws of Boolean Algebra

(/) de-Morgan’s Theorem It states that the
complement of the whole sum is equal to
the product of individual complements and

vice-versa. "
(a) A+B=4.B
(b) AAB=4+B

(if) Commutative laws
(a) A+B=B+4
(b) A-B=B-4
(iii) Associative laws
(a) A+(B+C)=(A+B)+C
(b) 4:(B-C)=(A-B).C
(iv) Distributive laws
(@) A:B+C)=A-B+A.C
(b) (A+B)-(A+C)=A+B.C
(v) Absorption laws
(a) A+A-B=4
(b) 4-(A+4)=4
() A-(A+B)=4.B



