CLASSIFICATION OF METALS, SEMICONDUCTORS

AND INSULATORS

1. On the Basis of Conductivity

Relative values of Resistivity and Conductivity are highly
different in metals, semiconductors and insulators.

1]

(i)

Metals ; They possess very low resistivity ‘p’ or high
conductivity o.

Resistiviy p = 10°7-107" Qm

Conductivity a = 107-10" Sm™'

Semiconductors : They possess intermediate level of
resistivity ‘p’ and conductivity ‘o’

Resistivity p = 1075 10" Qm

Conductivity & = 10°-10° §m”"

Insulstors: They possess very high resistivity or very low
conductivity

Resistivity p = 10-10" 2m

Conductivity a = e 1) R =

7 Semiconductors can be further classified on the basis of
chemical composition as |

i
{id}

Elemental Semiconductors: Si and Ge

Compound Semiconductors:

Inorganic : Cd5, GaAs, Case, InP ele.

Organic: Anthracene, doped Pihalocyanines ete.
Organic polymers : Polyeniline, polythiophene etc.
Most of the currently available semiconductor devices are
made wn of elemental semiconductors Si or Ge and
compound inorganic seniconductors.
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SEMICONDUCTOR, DIODE AND TRANSISTOR

Energy Bands in Solids
(Conductor, Insulator and
Semiconductor)

Energy Band

In 4 crystal due to interatomic interaction, valence electrons
of one atom are shared by more than one atom in the crystal.
Now, splitting of energy level takes place. The collection of these
closely spaced energy levels are called an energgy band.

Energy bands are formed duc to the continuous energy
variation in different energy levels. These different energy levels
in different electrons are formed because inside the cryseal, each
electron has a unique position and no two elecrrons is exactly at
the same pattern of surrounding charges.

Valence Band

Valence band are the energy band, which includes the
encrgy levels of the valence electrons. This band may be partially
or completely filled with electrons. This band is never empry.

Conduction Band

Conduction band is the energy band above the valence .
band. At room temperature, this band is either empty or partially
filled with electrons. Electrons can gain energy from external
electric field and contribure to the electric current.

The lower completely filled band is called valence band and

the upper wniilled band or partially filled is called conduction
bangd,

Difference beiween Conductor, Insulator and Semiconductor on the basis of Energy Bands

Conductor (Metal)

In conducior, either thera s no ensdgy gap
batwean 1ha conduction band which is
partially fitled with electrons and valance
band or the conduction band and valence
band overlap each olher

Thus, many electrons from bedow the larmi
level can shift to higher energy lavels above
the fermi level in the conduction band and
bahave as free alsctrons by acquiring a listhe
more enargy from any other sources

Conduction  Conduction

Elacinon # band hand
enegy £, FIEE Eg==0
e = M
band o]
| band | EE
Far matals

Insulator

Iy nswlator, the valence band s completaly
fifked, the condbction band is compietaly
emply and energy gap ig quite large and
that energy from any other sourca cannot
overczome it

Thus, electrons are baund to valence band
and are not Irse to move and hence, alaciric
conduction is not possible in this type of
material.

Empty condastion Band

Ep

Eg=3aV

Electron enargy

Ey Walancs

bangd

Semiconducion

In semiconductor, the valence band s lodally
filed and the conduction band s amply but
the energy gap betwean conduction band
and valence band, unlike insutaters is very
small

Thus, al room temperature, some alectrons
In the valence band acquire thermal energy
greater than energy band gap and jump over
to the conduction band whara they are frea to
move under the influence of even a small
electric field and acquire small conductivily.

oy

Ec

E; =38V

Elecangm iner

Ev
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Energy Band Gap

The minimum energy reguired for shifting electrons from
valence band to conduction band is called energy band gap
LB, %

£

Fermi Energy

It is the maximum possible energy possessed by free
electrons of a marerial ar absolute zero temperarure (i.e.0 K).

The wvalue of fermi energy is different for different
marerials.

If 3. is the wavelength of radiation used in shifting, the
electron from valence band to conduction band, then enargy

band gap s
| E,=hv=hc/h|
where, b is called Flanck’s constant and ¢ is the velocity of
light
The energy gap for differant materials iz differant.

Semiconductors

Semiconductors are the material whose conductivity lies
berween metals and insulators. They are characterised by
narrow energy gap (-1 eV) berween the valence band and
conduction band. At absolute zero temperature, all states in
valence band are full and all states in conduction band are
empty. An applied electric field cannot give so much energy to
the valence electrons thar they could cross the gap and enter
the conduction band. Hence, at low rtemperatures, pure
semiconductors are insulators.

Electrans and Holes in Semiconductors

At room temperature, however some of the valence
@lectrons acginre thermal energy greater than Eg and move
into conduction band, A vacancy is created in the valence
trand at each place where an electron wes present before
mawving inta conduction band. This vacancy is called hole, it
is a seat of positive charge of magnitude equal to the charge
of an electron. Thus, free electrons in the conduction band
and the holes are created in the valence band, can move
even under 3 small applied field. The solid is therefore
conducting,

On the basis of purity, semiconductors are of two types

1. Intrinsic Semiconductors

An intrinsic semiconductor is also called an undoped
semiconductor or j-type semiconductor, It is a pure
serniconducror withour any significant dopant species present.
The number of charge carriers is determined by the properties
of the marerial itself instead of the amount of impurities. The
number of excited clectrons is equal to number of hales i.c.
n, =n,. At temperature ( K, the valence band is full. The
encrgy gap is 0.72 ¢V and the conduction band is torally

empry.

Under the action of an elecrric field, holes move
towards negative potential giving hole current /. The
total current [ is the sum of the electron current /, and
the hole current /.

I=I_+1I,
Canduction
band
00 ¥
Band gap
Valence
band

2 Extrinsic Semiconductors

Those semiconductors in which some impurity
atoms are embedded are known as  extrinsic
semiconductors,

Extrinsic semiconductors are basically of two types
{5} n-type semiconductors
\#1) p-type semiconducrors

Doping The process of adding impurity to an intrinsic
semiconductor in @ controlled manner is called
doping.

(iy n-Type Semiconductors

The semiconductors in which majority charge
carriers are electrons and minority charge carrier are
holes are called n-type semiconducror.

Formation of m-type semiconductor When we
dope Si or Ge with a pentavalent element, then four of
its electrons bond with the four silicon neighbours while
fifth remains very weakly bound to its parent atom and
hence ionisation energy required to sex this electron free
is very small. 0.01 eV for Ge and 0.05 eV for Si are
energy required to make the electron free from the

IIIJ.I'.'JHI fﬂ!{ﬂ.

These electrons are almost free to move, In other
words, we can say that these electrons are donated by the
impurity atoms. So, these are also known as donor atoms
and the conduction inside the semiconducror will rake
place with the help of the negatively charged electrons.
Due to this negative charge, these semiconductors are
known as a-type semiconductors.

When the semiconductors are placed ar room
temperature, then the covalent bond breakage will take
place. So, more free electrons will be generated. As a
result, same number of holes generation will take place.
Bur as compared to the free clectrons, the number of
holes are comparartively less due 1o the presence of
donared electrons i.e. n, >>n,.
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We can say that major conduction of w-type
semiconductors is due to electrons, So, electrons are
known as majority carriers and the holes are known as the
minority carriers,

T [ . & Unbonded trée
e TR alpctron donated

by penlavalant

[+5 vadancy) atom

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

ONOX®
t -«5— Ebactran
000

]
Commonly used schematic representation for ntype
material which shows only the fived cores of the
substituent denors with cne additional effective positive
charge and its associated extra electron,

Donar core
T

(i) p-Type Semiconductors

The semiconductors in which majority charge carriers
are holes i.e. positively charged and minority charge
carriers are electrons are called p-type semiconducrors.

Formation of p-type semiconductor In a p-type
semiconductor, doping is done with trivalent impuriry
atoms. Trivalent atoms are those which have three valence
electrons in their valence shell. Some examples of trivalent
atoms are aluminium, boron, etc. So, the three valence
dectrons of the doped impure atoms will form the
covalent bonds with silicon atoms. But silicon atoms have
four electrons in its valence shell. So, one covalent bond
will be improper.

So, one more electron is needed for the proper
covalent bonding. This need of one electron is fulfilled
from any of the bond berween two silicon atoms. So, the
bond between the silicon and impurity atoms will be
completed. After bond formation, the indium will ger
ionised. As we know that, ions are negatively charged. So,
indium will also get negarive charge.

A hole was created when the electron come from
silicon-silicon bond to complete the bond between indium
and silicon, Wow, an electron will move from any one of the
covalent bond to fill the empry hole. This will result in a new
hole formation. Se, in p-type semiconductor, the holes
movement results in the formation of the current, Holes are
positively charged. Hence, these conductors are known as
p-type semiconductors or acceptor type semiconductors.

L Hole

f 2]
‘el {

{a) Trivalent acceptor atom (In, Al, B, etc.) doped in tetravalent Si
or Ge lattice giving p-type semiconductor. {b) Commonly used
schematic representation of pype matenal which shows only
the fixed core of the substituent acceptor with one effective
additional negative charge and its associated hole.

When these conductors are placed at room remperature,
then the covalent bond breakage will ake place. In this type
of semiconductors, the electrons are very less as compared to
the holes i.e.ny >>n_. S0, in p-type semiconductors, holes
are the majority carriers and electrons are the minority
CarTiers.

The efectron and hale concentration in & semiconductor is
thermal equilibrium is given by n,n, = n’

The energy gaps of 5 are 5.0eM 11 8V and 0.7 eV

Sn s 3 group [V element as it energy gaps (s 0 eV

Example 1. The number of silicon atoms perm” is
5 % 10%8. This is doped simultaneously with 5 » 10%
atoms per m” of arsenic and 5 x 10*" perm* atoms of
indium. Calculate the number of electrons and
holes. Given that, n, = 1.5 x 10" m~?, Is the
material n-type ar p-type? NCERT

Sol. For each atom doped of arsenic, one free electron is received
similarly for each atom doped of indium, a vacancy is
created. So, number of free electrons introduced by

pentavalent impurity is NV 4 =5 10% m™
The number of holes introduced by trivalent impurity added

is .|""|l"|u=53'=;1l:.|1|'l‘|'!‘|.'1
S0, ner number of electrons added is
n, =Ny =Ny =5% 10" —5% 10%
=4.95% 10 m™ O]
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Now, by the law of mass action,

n.n, =u;‘
m (1L5%10')°
So, e e Sl
w, 495=10 11
= n, =4.54x10" m

As, n_>n; (number of holes). So, the material is mrype
semicanductor, m

p-n Junction

A p-n junction is an arrangement made by a close
contact of n-type semiconductor and p-rype
semiconductor. There are various methods of forming
p-n junction diode. In one method, an n-rype
germanium cryseal is cut into thin slices called wafers. An
aluminium film is laid on an n-type wafer, which is then
heated in an oven at a temperature of about 600°C.
Aluminium then diffuses into the surface of wafer. In
this way, a p-n junction is formed.

Formation of Depletion Region
in p-n Junction

In an w-type semiconducror, the concentration of
electrons is more than concentration of holes. Similarly, in
a p-type semiconductor, the concentration of holes is more
than that of concentration of electrons, During formation
of p-n junction and due to the concentration gradient
across p and n-sides, holes diffuse from p-side to m-side
(p—2n) and electrons diffuse from n-side to p-side

(n—> p).
The diffused charge carriers combine with their

counterparts in the immediate vicinity of the junction and
neutralise each other.

Thus, near the juncrion positive charge is built on
n-side and negative charge on p-side.

Einschoory il Electron diffusion
=R=4::1:
saad
el eadd n
=R=:01: 0
=1=7::1:!]
i | = Daplstion region

Fiee efilysion —
— bl il

p-n junction formation process

This set up potential difference across the juncrion
and an internal clectric field £, directed from m-side o
p-side. The equilibrium is established when the field £,
becomes strong enough to stop further diffusion of the
majority charge carriers (however it helps the minority
charge carriers to diffuse across the juncron).

The region on either side of the junction which becomes
depleted (free) from the mobile charge carriers is called
depletion region or depletion layer. The width of depletion
region is of the order of 107 m.

The potential difference developed across the depletion
region is called the potential barrier, Potencial barrier
depends on dopant concentration in the semiconductor and
temperature of the junction.

Semiconductor Diode or
p-n Junction Diode

A semiconductor diode is basically a p-n juncrion with
metallic contacts provided at the ends for the application of
an external voltage. It is a two terminal device.

A p-n junction diode is represented by Lpy” The
direction of arrow indicares rthe conventional direction of
current.

Forward Biasing and Reverse
Biasing of Junction Diode

The junction diode can be connected 1o an external
battery in two ways, called forward biasing and reverse
biasing of the junction,

Forward Biasing

A junction is said to be forward biased when the positive
terminal of the external bartery is connected to the p-side
and negative terminal to the n-side of the diode.

Flow of Current in Forward Biasing

In chis situation, the forward volage opposes the
potential barrier, due t which the potental barrier
decreases and depletion layer decreases. Under the effect of
external electric field holes in the p-region and electrons in
#-region, both move towards the junction.

These holes and

Hala Junction
electrons murually peregion | n-region jlaﬂrnn
combine just near the o— ifi — —

. & } O _L_L.E. — _
junction and cease to S, o

& i
exist. For each D_‘?"*D__; e
electron-hole s
combination, a covalent T 1
bond breaks up in the

. a2 I v L
p-region near the { |
W

positive terminal of the
barrery. OFf the hole and
electron so produced, the hole moves towards the
junction, while the electron enters the positive terminal of
the battery through the connecting wire.

Battery (Fonward bigsad)
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Just at this moment, an electron is released
from the negative terminal of the batrery which
enters the n-region to replace the electron lost by
combining with a hole at the juncrion.

Thus, a current called forward current, is
constituted by the motion of majority charge
carriers across the junction, In forward bias, the
juncrion diode offers low resistance.

Reverse Biasing

A junction diode is said to be reverse biased
when the positive terminal of the external bateery
is connected to the n-side and negative terminal
to the p-side of the diode.

Flow of Current in Reverse Biasing

In this situarion, the reverse voltage supports
the potential barrier, due to which the potential
barrier increases and depletion layer increases.

Under the effect of external electric field,
holes in the p-region and electrons in the n-region
are pushed away from the junction ie. they
cannot be combined ar the junction. Sa, there is
almost no flow of current due to majoriry charge
CATTIETS.

Junetion
Holg  peregion | Aregion  Eiectron
-";".g i H
e | i
. i J iple——
il L : |
=0y | —
a ! |l —

E

+ = E_
Baflery (Reverse biased)

However, a very small current due to
minority charge carriers, flows through across the
junction. This current is called reverse current.

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

The graphical relations berween voltage
applied across p-n junction and current flowing
through the junction are called I-V
characteristics of junction diode.

Forward Biased Characteristics

The circuit diagram for studying forward biased characteristics is
shown in the figure. Starting from a low value, forward bias voltage is
increased step by step (measured by voltmeter) and forward current is
noted (by ammeter). A graph is plotted berween voltage and current.
The curve so obtained is the forward characteristic of the diode.

AR A AR A

Forward curment ()
= Ky W & th =

o 0 ;
0 0i 02 03 04 05
13 b Forward Voltage (V)

At the start when applied voltage is low, the current through the
diode is almost zero. It is because of the potential barrier, which
opposes the applied voltage. Till the applied voltage exceeds the
potential barrier, the current increases very slowly with increase in
applied voltage (04 portion of the graph).

With further increase in applied voltage, the current increases very
rapidly (AB portion of the graph), in this situation the diode behaves
like a conductor. The forward voltage beyond which the current
through the junction starts increasing rapidly with voltage is called
knee voltage. If line AB is extended back, it curs the voltage axis at
potential barrier volrage.

Reverse Biased Characteristics

The circuit diagram for studying reverse biased characteristics is
shown in the figure.

£ n —_—
P Reverse Voltage (V)
10 B -6 4 -2 0 =
T T T <
@ - 0], &
Wi e 12 =
o L
AR AR AR 1 :i.
VNN T L
Braakdown g @
voltage B
Battery 48 g
1HH} 0
iH R}
{a) )

In reverse biased, the applied voltage supports the flow of
minority charge carriers across the junction. So, a very small current
flows across the junction due o minority charge carriers. Motion of
minority charge carriers is also supported by internal potential barrier,
so all the minority carriers cross over the junction.
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Therefore, the small reverse current remains
almost constant over a sufficiendy long range of
reverse bias, increasing very lirtle with increasing
voltage (OC portion of the graph). This reverse
current is voltage independent upro cerrain
voltage known as breakdown voltage and this
voltage independent current is called reverse
saturation current,

Avalanche Breskdown If the reverse bias is
equal to the breakdown voltage, then the
reverse current through the junction increases
very rapidly (CD portion of the graph), this
situation Is called avalanche Breakdown and
the junction may get damaged due to

excessive heating if this current exceeds the
fated value of p-n junction

Diode as 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/volrage.

Principle

From the V-/ characteristic of a juncrion
diode, we see that it allows current to pass only
when it is forward biased. So, if an alternaring
voltage is applied across a diode, the current flows

y in thar part of the cycle when the diode is
forward biased. This property is used to rectify the
current/voltage.

There are two ways of using a diode as a
rectifier, i.e
(1) Diode as a half wave recrifier

(&) Diode as a full wave rectifier

) Diode as a Half-Wave Rectifier

If the AC voltage to be rectified is connected
to the primary coil of a step-down transformer.
Secondary coil is connected to the diode through
resistors &), across which, output is abtained.

Transtormar A y

Circuit diagram of half-wave rectifier

Working

During positive half cycle of the input AC, the p-» juncrion is
forward biased. Thus, the resistance in p-n junction becomes low and
current flows. Hence, we get output in the load.

o (=)

E ; . !nput.ﬁ.fl.:

T i | | i

SN [\

2 DL:;tpi.ﬂ -m]laga

I M
&) f

Input and output waveform

During negative half cycle of the inpur AC, the p-n juncrion is
reverse biased. Thus, the resistance of p-n junction is high and
current does not flow. Hence, no ourpur is in the load.

(i) Diode as a Full Wave Rectifier

In the full wave rectifier, two p-n juncrion diodes, D, and D, are
used. This arrangement is shown in the diagram below.

4 Eiﬂda 1{Dy)

-

Centre
X

Working

During the positive hal” cycle
of the input AC, the diode D, is
torward biased and the diode D,
is reverse biased. The forward
current flows through diode D,.

During the negative half
cycle, the diode D) is reverse
biased and diode D, is forward

biased. Thus,

through diode D,.

Thus, we find that during
both the halves, current flows in
the same direction.

: ]
+ -
Diode 2(02) 3 A Output

Y

0l

Circuit diagram of full wave rectifier

A
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Optoelectronic 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:

1. Light Emitting Diode
(LED)

It is a heavily doped p-n juncrion diode
which converts electrical energy into light
energy. This diode emits spontanecous
radiation, under forward biasing. The diode is
covered with a transparent cover, so that the
emitted light may come out.

Its symbol is y -

&

o n

Working

When p-n junction is forward biased,
electrons and  holes moves towards opposite
sides of juncrion through it. Therefore, there
are excess minority carriers on the either side
of the juncrion boundary, which recombines
with majority carriers near the junction.

On recombination of electron and haole,
the energy is given out in the form of hear and

T

p p R

= o0
V-I Characteristics

V-I characteristics of LED are given
below, which is similar to that of a simple
junction diode. But the threshold voltages are
much higher and slightly different for each
colour, The reverse breakdown wvoltages of
LEDs are very low.

The colour of light emitted by a given
LED, depends on its band gap energy. The
photon emitted by an LED is of energy equal
to or slightly less than the band gap energy.
Forward current conducted by the juncrion
determines the intensity of light emitted by
LED.

A low voltage DC supply is required to operate an LED. Current
drawn by LED's is of the order of milliampere, So, in practice, a resistor
of suitable value is joined in series with the LED to limit the current upto
the safe value required.

1 {mA)
anr [ewlp]
zﬂ _______
) ]
10}------/1
10V 1y ;
16 05 08 {valt)
B

LEDs Advantages over Incandescent low power lamps
It has the following advantages over conventional incandescent low
power lamps,
(f) Fast action and no warm up time required.
(i7) The bandwidth of emirted light is 100 A to 500 A. So, its nearly
{not exactly) monochromaric,
(i) Long-life and ruggedness.

{iv) Low operational volage and less power consumed.
{#) Fast on-off switching capability.

2 Photodiode

A photodiode is a special type of junction diode used for k:}\
detecting oprical signals. It is a reverse biased p-n junction

made from a F]muwsr.nsi:ive material. In photodiode, current n
carriers are generated by photons through photo excitation. Trs P
symbol is +
Construction

A photadiode fabricated with a transparent cover to allow light to fall
on the diode and operated under reverse bias.

Nt | Sep—
p-side | n-side
]

!
I
I
.
i
]

Working

When the photodiode is illuminated with light (photons), with
energy greater than the energy gap of the semiconducror, then electron
hole pairs are generated due to the absorption of photons. These charge

carriers contribute o the reverse curtent.

PLASMA : F-13/5 SREET NO.1, NAFEES ROAD, JOGABAI EXT, NEW DEL HI-110025.Ph-011 26988514



V- Characteristics

SN 2 mA

Its V-I characreristics are shown in the
figure, given below. We observe from the
figure that current in photodiode changes Reverse bias
with the change in light intensicy (/) when 5 ol
reverse bias is applied. E § :

I;

3‘ s‘otar call i b= ly>la> T

Solar cell is a p-n junction diode, which converts solar energy into
electrical energy.

VR

Too L__Metalised
surtace 'iﬂgﬂgfm{'zﬂj
. s = &
n n
5 P
lts symbol is
Construction

It consists of a silicon or gallium-arsenide p-n junction diode packed
in a can with glass window on the top.

Daplation
tegion

Working

When photons of light (of energy hv>E ) falls ar the junction,
electron hole pair are generated near the junction and they move in
apposite directions due to junction field. They will be collected at the
rwo sides of the junctien, giving rise to a photovoltage berween the top
and bottom meral elecrrodes. The top metal contact aces as positive
electrode and bortom meral contact acts as negative electrode. When an
external load is connected across metal electrodes, a photo current flows.

-V Characteristics

The -V characteristics of solar cell are
shown in the figure. We can see in the figure,
that it is drawn in the fourth quadrant of the
coordinate axes, because a solar cell does not
draw current but supplies the same to the load.

I
Open circult voltage (Vae)
V

o

Iil.'
Short cireult currani

4. Zener Diode

Zener diode is a reverse biased heavily
doped p-n junction diode. It is operared in
breakdown region.

Zener diode is designed to operate in the
reverse breakdown voltage continuously
without being damaged.

This can be achieved by changing the
thickness of the depletion layer to which the
voltage is applied. Current
through the zener diode is —P—
controlled by an external Symbol of
resistance. Zener diode is anicK diade
represented by the symbol.

-/ Characteristics

The V-f characteristics of zener diode is
shown below and we observe that when the
applied reverse voltage (V) reaches the
breakdown voltage (V) of the zener diode,
there is a large change in the current.

| irmdj

Roverse bags | Fonward bias

L]

O] —=y

I (Al

But after the breakdown voltage V., a
large change in the current can be produced by
almost insignificant change in the reverse bias

voltage.
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Zener Diode as a Voltage Regulator

This is the most important application of a zener diode.

Principle

When the applied reverse voltage (V) reaches the breakdown volrage (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.c. zener voltage remains constant even though the current through
the zener diode varies over a wide range.

Zener diode is joined in reverse bias to the flucruating. DC input voltage through a
resistance R,

The constant outpur voleage is taken across a load resistance connected in parallel
with zener diode.

Ay

Unregudated
voliage

Ragulated
voliage, Ve

Load
A

Circuit diagram of zener diode as voltage reg;ulatur

Analvtical treatment

Let V., and V_ be the unregulated input de voltage and output voltage
across R, respectively . Let V, be the Zener voltage of the diode.
The value of the series dropper resistor R is so chosen that the diode operates
in the breakdown region under Zener voltage V, across it. If I be the current
drawn from the supply, I, the current through the diode and I; the current
through the load, then

I=1,+1; (Kirchhoff's current law)

Unregulated input

Working

Here, when input DC
voltage increases beyond a
certain  limit, the current

through the circuit rises sharply,
causing a sufficient increase in
the voltage drop across the
resistor R . Thus, the voltage
across the zener diode remains
constant and alse the output
voltage remains constantat V', .

When the input DC voltage
decreases, the curremt through
the circuit goes down sharply
causing sufficient decrease in
the voltage drop across the
resistance.  Thus, the voluage
across the zener diode remains
constant and also the ourpur
voltage across R, remains
constant at V.,

Hence, the ourpur voltage
remaing constant in both
condirions.

Regulated output

or

L=1-1

If R, is the resistance of Zener diode, then

Below V,, I is negligibly small. So,
RI can be neglected.

Vo=Vy=LR; =L|R,
Applying Kirchhoff's voltage law,
RI -I-sz "i.i’r. ar \’2 Evi- Rl
WhenV, <V, , thenl, =0,V =V, .

When V, increases beyond V, , the voltage drop across R changes in
such a way that V_ =V, = constant.

When V, is fixed but I, changes (say increases), then [, changes
(decreases) in such a way that I is constant. So, drop IR is constant. Thus, V,
remains unchanged.

Fig. shows a plot of V_ versus V.. It is clear from the graph that
the output voltage remains constant in the Zener region,

For getting constant regulated ouf-
pit, operate the diode in Zener re-
gion and do not allow current to
exceed a safe value, The series drop-
ping resistance has to be chosen

appropriately.

vV, —»
Plot of V, versus V|
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Junction Transistor

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

A transistor has three doped regions forming two p-n
junctions between them,

There are two types of transistors.

L. m-p-n transistor Here, two segments of n-type
semiconductor are separated by a segment of
p-type semiconductor.

2. p-n-p transistor Here, two segments of p-type
semiconductor are separated by a segment of
n-type semiconducror.

\\\ﬁn ﬁ
E.&\\\ c

4 ' I‘ B ILLI-I
F@“ C
B

P-np transistor

M+9-7 transisioe

Three segments of a transistor are called emitter (£),
base (B) and collector (C).

A junction transistor is a transformer of resistance,
which can be achieved by interchanging the biasing
across the junction triode. Thus, it is called a junction
transistor.

Biasing of Transistor

The emitter in p-n-p transistor is given a positive
potential, while the collector is given a negarive potential
with respect to base in #-p-n transistor, connectors are
reversed. Thus, the emitter-base juncrion on the left is
forward biased (low resistance) and base-collector
junction on the right is reverse biased (high resistance), A
transistor is a current driven device, in which collector
current is controlled by base current.

Transistor Action or
Working of Transistor

p-n-p Transistor

From figure, we can sce thar the emitter-base junction is
forward biased. Collector-base junction is reverse biased.
n-Basa

Emi ian p-Cal
- IHEfEE?I_qu fhector
= e |
I Fo o — | 7 . Fe
E [ tet= | g
e— Jode| g—s
E [ i ! a— I::
— e —
B | Gt —
g
Wi ¥
14 s = fe
s Sl
Ver fe VYoo

Flow of charge carrier in p-n-p transistor

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

The resistance of collector-base junction is very high. So,
the voltage of Vi (Viy) is very high (i.e.45 V),

Thus, holes which are majority carriers in emitter are
repelled towards base resulting in emirter current (J o

The base being thin and lighely doped (n-type) has low
density of electrons, thus when holes enter the base region,
then only a few holes gets neutralised by the electron hole
combination which results in base current (/ &)

The remaining holes pass over to the collector due to high
negative potential of collector, resulting in collector current
(1r).

As one hole reaches to collector, it gets neutralised by the
flow of one electron from the negarive rerminal of the bartery
Ve to collector through connecting wire, At the same time, a
covalent bond is broken in the emitter, the electron goes o
the positive terminal of the battery V¢ through connecting
wire and hole produced begins to move towards base to repeat
the process again.

When the hole coming from emitter combines with the
electrons in base, the deficiency of electron in the base js
compensated by the flow of electron from negative terminal of
battery Vg, to the base through connecting wire.

Thus, the current in p-n-p transistor is carried by holes
and at the same time, their concentration is maintained.
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Bur in external circuit, the current is due to the flow of
clectrons,
Thus in this case,
Iy =1y +1- [Using Kirchhoff s law]
In the base, [, and [ flow in opposite directions.

n-p-n Transistor

In this transistor, the emitter-base junction is forward
biased and its resistance is very low. So, the voltage of Vi is
quite small.

The collector-base junction is reverse biased. The
resistance of this junction is very high. So, the voltage of
Vi (Viy) is quite large (= 45 V). Electrons in emitter are
repelled towards base by negative potential of Vi on
emirrer, resulting emitter current J¢.

The base being thin and lightly doped has low densiry
of holes, thus when electrons enter the base region, then
only a few holes get neutralised by eleciron hole
combination, resulting in base current (/ ). The remaining
clectrons pass over to the collector, due w high positive
potential of collector, resulting in collector current (/) .

As, one electron reaches to collector, it gets neutralised
by the flow of one electron from the negative terminal of
the battery V, - 1o collector through connecting wire. Then,
one electron flow from negative terminal of bartery Vi-to
positive terminal of bartery Vg and one electron flow from
negative terminal of Vg to emitter.

When the electron coming from emitter combines with
the holes in base, the deficiency of hole in the base is
compensated by the breaking of covalent bond there.

The electron, so released flows to the positive rerminal
of battery Vg, through connecting wire.

Thus, in #-p-n transistor, the current is carried inside
as well as in external circuit by the electrons.

Thus in this case also,

Ip=1Ig+1- [Kirchhoff's Istlaw]

In the base, [ and /- flow in opposite direcrion.

p-Bago
n-Emiter Region p-Collector
r '|I_._|| k.

- - ] | —

— e —
Epo— led=! e=—niE
B m—— P —
D | p—

fe B :
Vea ¥eo I
fa
/1 —lilil=
| "t JI'_. i|I|I|
Veg Ve

Flew of charge carries in n- p-n transistor

Common-Emitter Transistor
Characteristics

To study the characreristics of a n-p-ni transistor in
common-emitter mode, required circuit is shown in the
figure, Here, base-emitter circuit is forward bjased with

battery Ve and emitter-collector circuit is reverse biased
with bartery V..

From circuit diagram, we come across to know that it
is made up of two sections i.e. inpur and ourpur.

T'hese two characreristics can be studied as,

(il Emitter or Input Characteristics
It is a graphieal Al

relarion between the 100

emitter voltage and the

. |3|'J -
emitrer current by n
keeping collec i |

ping collector voltage a5k

constant is called input 5
characteristics of the <Ne g
transistor. Adjust
collector-emitter voltage
ar a suitable high value V., (say =+ 10 V), It is
necessary so as to make the base-collector juncrion
reverse biased. Now, with the help of rheostar, gradually
increase the value of base-emirter voltage V. in small
steps and note the corresponding values of base current

I

c

DZ 040608 1.0 ,“::-.,-,

Input resistance It is defined as the ratio of change in
basc-emitter voltage (AV, ) to the resulting change in the
base current (Al ;) at constant collector-emitter voltage
(Vi ). It is reciprocal of slope of 1,-V,, curve,

AVyp

Input resistance, R, =

Wy g consmmnm

(1) Collector or Output Characteristics

A graphical relation berween the collector voltage and
collector current by keeping base current constant is called
output characteristics of the rransistor. To study the
output characreristics of transistor, we keep value of base
current [, fixed (say at 10 pA ) wirh the help of V', . Now
gradually change the value of V. and note the values of
collector current /.
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Plot 7¢ -V graph. Repeat the process for different
constant values of /.

The ourpur characteristics are shown as,

e 1

'E io Eas..—f- <;|||rlr_;|-1 ul, A |

= f

E_ g 7.—= GO i

'E al Al

E E 140 nd,

et = 30 iy

g 4

L] I.M I

§ T

. 1

S 2 | "“‘

O & & 8 & 0 1004 18

Cofectar 1o emiller waltags (Vi) i vols

Qutput Resistance From the ourpur 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,

V.
Qutput resistance, ry =[ AVer ]
Al ! = constant

= Reciprocal of slope of [ -V curve

Current Amplification Factor 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-emirter voltage when the
transistor is in active state.

Al - ]
ﬂ!-ﬂ VCIT = pohstant

[ts value is very large (Ba- >>1).

Transistor as an Amplifier
(Common-Emitter Configuration)

Pac :(

An amplifier is a device which is used for increasing the

amplirude of inpur signal.
Principle

In a transistor, there are two p-n junctions, one is forward
biased (low resistance) and other is reverse biased (high
resistance). The weak input signal is applied across the
forward biased junction and output signal is taken across the
reverse biased junction. Since, the inpur and ourpur currents
are almost equal, the outpur signal appears with a much

higher voltage, because of high outpur resistance.
Working

The circuit diagram for p-n-p transistor as an amplifier is

shown in the figure given below:

le
s g
pn-p A,
E
~ & vee Ll ~
Inpidt f e ?""CC j Output
AC |I £ AC
Signal _V[ g Ic Signal
BE

Circuit diagram of transistor as an amplifier

The emirter-base circuit is forward biased by a low
voltage battery V ;¢ , that means the resistance of input circuit
is small.

The collector-emitter circuir is reverse biased by a high
voltage battery V-, that means the resistance of ourpur
circuit is high. R, is a load resistance connected in
collector-emitter circuit. The weak input AC signal is
applied across the base-emitter circuit and amplified output
signal is obrained across collector-emitter circuit. When no
AC voltage is applied to the input circuir, we have

lg=lg+l. vl

Due to collector current /. the volrage drop across
load resistance (R, ) is / - R; . Therefore, the collector-emiter
voltage Vi is given by

Ver =Vee = 1Ry

When the input AC volrage signal is applied across

base-emitter circuit, it changes base-emitter voltage and

hence, emitter current [ ; changes which in turn changes

the collector current /. So, the collector-emitter voltage

V. varies in accordance with Eq. (ii). This variacion in
V. appears as an amplified ourpur.

Gains in Common-Emitter Amplifier
o and [} parameters of a transistor are defined as

Ty

o ='r—c~an:l|3n=f—"7.u is about 0.95 1o 0.99 and f is abour
E B
20 to 100.

The various gains in a common-emitter amplifier are
as follows:
(! DC Current Gain

It is defined as the ratio of the collector current to the
base current and is denoted by Ppc. Thus,
Ir _ Tellg

Jlrl‘_'
i = fote =0, +1,.]
Bfﬂ: fﬁ f}_——f{_- I-Jr,l-l'*ﬂr.lrE £ H :
p=—" [ra=fc ]
-2

PLASMA : F-13/5 SREET NO.1, NAFEES ROAD, JOGABAI EXT, NEW DEL HI-110025.Ph-011 26988514



il AC Current Gain

It is defined as the ratio of the change in the collector
current to the change in the base current at a constant
collector-to-emitter voltage and is denoted by P

Thus,

The value of P is from 15 to 100, for a trapsistor,

Transconductance (g,,) It is defined as the ratio of
the change in the collector current to the change in the
base-to-cmitter voltage at constant collector-ro-emitter
volrage and is denoted by g,

> Al
Thus, =| —L
an [av, l.
E
We can express it in terms of B, g, = Me M
: Al, AV,
Al 2
Al , Al
la resistance of the input circuir]
_

The unitif g, s (Ohm ™) or S (siemen).

(1. ACVoltage Gain

It is defined as the ratio of the change in the output voltage
to the change in the inpur voltage and is denoted by A,.
Suppose, on applying an AC input voltage signal, the inpur base
current changes by A/, and correspondingly to the ourpur

cullfecmr current changes by A/.. If R and R, are the
resistances of the inpur and the outpur circuits respectively, then
fIL.- - ‘ﬁf{' xRum = ﬂ"rc ® Rnur
AlpxRy, Alp R,

_ Now, Al [ Al g is the AC current gain P, and R /R,
is the resistance gain. )
Ay =PBac * Resistance gain

Since By >>at 4, the AC voltage gain in common-emirter

amp[?ﬁfr is larger as compared to that in common-base
amplifier, although the resistance gain is smaller,

(v AC Power Gain

It is defined as the rario of the change in the ourpur power
to the change in the input power, Since, :

Power = Current = Voleage
We have, AC power gain = AC current gain

x AC voltage gain
=Pac ¥ Ay =P, x(B, x Resistance gain)
=[5 * Resistance gain

Since [l == 4, the AC power gain in commuon-emirrer

amplifier s extremely  |a as et
common-base amplificr. e compared o that in

In the given circuit diagram, o voltmeter V is
connected across a lamp L. How would

¢ ™

= maf
e
L=

=

{i) the brightness of the lamp and

(i) voltmeter reading V be affected,
if the value of resistance Ry fs decreased? justify
YOUr answer. Delhi 2013

The given figure in question is common-Emitter (CE}
configuration of an p-p- n transisior. The base-cmitter
junction is forward biased and collector base junction
is reverse biased, [1
As, the base resistance B, decreases, the input circuit
will become more forward biased thus decreasing the
base current () {i.e. less number of recombination in
base due 1o reduction in area of base) and increasing
the emitter current (/). This will increase the
collector current (f-)as i, =Tg + I-.

When I increases which flows through the lamp, the
voltage across the bulb will also increase thus making
the lamp brighter and as the volimeter is connected
in parallel with the lamp, the reading in the volimeter
will also increase. [

Sol.
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Draw the general shape of the transfer characteristics
of a transistor in its CE configuration. Which regions of
this charocteristic of o transistor are used whern, it
works

i) osaswitch? (i) osan amplifier? All India 2010C

Sol. I and g are Usefu
fear amiplifier appdicatio
Cutolf  Actwa

region  region

wlf . 1
ll.:_ i

.

i
1
| Satunaon regon
i

| —_
1

| i

| i

i i

i i

)

Translor charaatonsis of boee bigsod ransistor 113
(r} The transfer characteristics of a transistor in CE
configuration is used as a switch in cut-off and

saturation region. 1
(/1) The active region of transfer characteristic curve is
used as an amplifier. [1]

Output characteristics af an n-p-n transistor in CE
configuration is shown fn the figure,

i
]
] "
'
¥
' B
i B

O Z 4 6 8 101214 16 18
Vee V) —
Determire,
(i) dynamic output resistance (i) DT current gain
(i) AC current gain ot an opercting point ¥, =10V, when,

fg =30 pA. Delhi 2013
Sol. (i) Dynamic output resistance is given as,
R = .-.}V”
) \ Al 1y = constan
- 12-8 - 4
36 -34px107  0.2%107
=20 ki}
(i) DC current gain,
-S54
-] K
35=10°"
- 30 = JO™
=E;-L! =11667

(i} AC current gain,
g Al _(#47-35mA _12x 107!
o Alg (40 -30} pA  10= 107"

= 120

A potential barrier of 0.4 V exists across p-n

Junction,

(1) If the depletion region is 40 107" m wide, what is
the Intensity of the electric field in this region?

(if) If an electron with speed 4=10° m/s approaches
the p-n junction from the n-side, find the speed with
which it will the p-side.

Sol. Given V =04V

{3) d=4%x107"m, E=7
(b) ¥ =4 =10 mys, ¥, =2
] v
(f] Elcctric field, E =— = s -
d 4107

lif) Suppose V, be the speed of electron when it
enters the depletion laver and V, be the speed
when it comes out of the depletion layer.
According to principle of conservation of energy,
KE before entering the depletion layer = Gain in PE
+ KE after crossing the depletion layer

=1 10" V/im

1
= ;mk‘]’=fxi’+£-nﬂ":l

::r;—:-:"?.h: 107" x @ =10%

=16x107" x 0.4 + é x9.1x 107 < ¥

= ¥, =139 %10 mys

The current in the forward bias is known to be more
(~mA) than the current in the reverse bias (~pA). What
is the reason then to operate the photodiodes in reverse
bias?

Sol. Consider the case of an n-type semiconductor. Obviously,
the majority carrier density (n) is considerably larger than
the minority hole density g (i.e., n ==>p). On illumination,
let the excess electrons and holes generated be An and Ap,
respectively:

n'=n+An PF=p+Ap
Here o’ and p” are the electron and hole concentrations ai

any particular illumination and # and p are carrier
concentrations when there 15 no illumination. Remember

Ar = Ap and n >>p, Hence, the fractional change in the
majority carriers (.., An/n) would be much less than that
in the minority carriers (i.e., Ap/p). In general, we can state
that the fractional change due to the photo-effects on the
minority carrier dominated reverse bias current is more
easily measurable than the fractional chan ge in the forward
bias current. Hence, photodiodes are preferably used in the
reverse bias condition for measuring light intensity,

A p-n photodiode is fabricated from a semiconductor

with band gap of 2.8 eV, Can it detect a wavelength of
Sol. Energy of the incident photon with a wavelength of 6000 nm
he  6.63x107 x3x10
L 6x10™
The photodiode need an energy of 2.8 eV 1o give response
to incident light. As E < E_ the given photodiode cannot
detectthe radiation of wavelength 6000 nm.

E= = 0.207 eV
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1. Inan n-type silicon. which of the following statements
Is true:
(a) Electrons are majority carriers and trivalent atoms
are the dopants.
{b) Electrons are minority carriers and pentavalent
atoms are the dopants,
(c) Holes are minority carriers and pentavalent atoms
are the dopants.
(d) Holes are majority carriers and trivalent atoms
are the dopants.
Sol. For n-type silicon, statement ¢ is true.
2. Which of the statements given in previous gquestion is

true for p-type semiconductors?

Sol. For p-type semiconductors, statement (d) is true.

a

Carbon, silicon and germanium have four valence
electrons each. These are characterised by valence and
conduction bands separated by energy band gap
respectively equal to (E )., {Jt-:'a]iﬁcI and {'E;}l'.:ﬂ' Which of
the following statements is true?

(a) (E)g < (E)g, < (E )¢

) (E)e < (E)g, > (E)

(€) (E)c > (E)g > (E)g,

(d) (E).=(E)g = [EE}G,,

Sol. The energy band gap is largest for carbon, less for silicon

4.

and least for germanium.

So, the correct statement is (<)

(E)e = (Egg > (E)q,

In an unbiased p-n junction, holes diffuse from the
p-region to p-region because

{n} free electrons in the n-region attract them.

{b) they move across the junction by the potential
difference.

hole concentration in p-region is more as compared
to m=region.

all the above.

(c)

(d)

Sol. In the unbiased p-n junction, holes diffuse from the

5.

p-region to n-region because holes concentration in the p-
region 1s high as compared to a-region,

When a forward bias is applied to a p-n junction, it
{a) raises the potential barrier.

{b) reduces the majority carrier current to zero,
{c) lowers the potential barrier.

{d) none of the above

Sol.

Sol.

Under forward biasing the movement of majority charge
carriers across the junction reduces the width of depletion
layer or lowers the potential barrier,

The number of silicon atoms per m® is § = 10*. This Is
doped simultaneously with 5 x 10** atoms per m’ of Arsenic
and 5 = 10*" per m* atoms of Indium. Calculate the number
of electrons and holes. Given that m = 1.5 x 10" m™. Is
the material n-type or p-type?

We know that for each atom doped of Arsenic one firee
electron is received. Similarly for each atom doped of
indium a vacancy is created.

So, the number of free electrons introduced by pentavalent
impurity added n, = N, = 5 x 10¥ m™*

The number of holes introduced by trivalent impurity added
n,=N_=35x10¥ m

We know the relation

n n =nt i)
Nown, —m =5 108 — 5 = 10
=495 = 107 A1)
So, {n, + :rb]: =, - n*I: +dn n,
{n, + HJ,}: =(a. = r:.,i,ll1 + 4 ”.':

n, 4, = (495x107) +4(1.5x10") i)

Adding equation (i) and (ii}

2, =495x 107 + (495 107) +4(1.5x 10"y

" =é[43531ﬁ“ + (495 107) |
n, = 4,95 x 107 m™
Now using eguation (i)
g = 1o (L5X10"Y
Yoo 495x 10

So, n_ == n,, the material is of r-type.

=43x10"m

In an intrinsic semiconductor the energy gap E_ is
1.2 ¢V, Its hole mobility is much smaller than electron
mobility and independent of temperature. What is the
ratio between conductivity at 600K and that at 300K?
Assume that the temperature dependence of intrinsic
carrier concentration n_ is given by

EE
2k, T

where n, is a constant. k, = 8.62 * 10-% eV K-

no=n g, exp [—

PLASMA : F-13/5 SREET NO.1, NAFEES ROAD, JOGABAI EXT, NEW DEL HI-110025.Ph-011 26988514



So] »

Sol.

Conductivity is given by o= e (n_p_+
For intrinsic semiconducter n, = n, = n,
Also mobility of holes (i) << mobility of electrons (u )
So, conductivity @ = en L,

Temperature dependence of intrinsic carrier concentration

"y By

" T
= me

So, conductivity

au,r

S=eni, = e, e
where ey n, = 0,= constant

E-
hence a=g.e
Conductivity at 600K
I3V
o, = 0,8 Higthe] ---f'l
Conductivity at 300K
1.2 eY

o, =g,e -Lif)
Dividing (i) by (ii)
[ose uaa] e O 1

HH*~ 1II-'!‘-I| !

Lea = TR

=Elll=]x|ﬂ5

Ml L

3
S0, Ogoney = 107 Oy

Conductivity increases rapidly with the rise of temperature.
In & p-n junction diode, the current [ can be expressed
as

=1, H]l[::yr = l]
"

where [ is called the reverse saturation current, Fis the

voltage across the diode and is positive for forward bias

and negative for reverse bias, and [ is the current through

the diode, k, is the Boltzmann constant (8.6 * 10~ eV/K)

and T is the absolute temperature. If for a given diode

I,=5% 10" A and T =300 K, then

{a) What will be the forward current at a forward
voltage of 0.6 V7

{b) What will be the increase in the current if the
voltage across the diode is increased to 0,7 V7

(¢} What is the dynamic resistance?

(d) What will be the current if reverse bias voliage
changes from 1 V 1o 2 ¥?

The current [ through a junction diode is given as

2 e
{=1,|exp [E—,—l}

| TAET)
102 A, T= 300K,

* 107 eVK!
107 x 1.6 x 1077 K,

- -1
]
= o=
o x

(a) When V=106V
eV 16x107 %06 600
kT B6x16x107 %300 B6x3

.rfl"
L 1=l exp| —— |1
{ﬂpuhf] ]

=5 = 1072 [exp (23.26) -1] A
= § % 01 [12586 x 10" - 1] A
=5 x 1077 » 1.2386 = 10" A
= (.062593 A,

(b} When F=10.7YV,
el 1L6=10"" =07
k,T 86x%16%10" x300

ol

= 5§ x 107" [exp (27.13) - 1] A
=52 102 = [607 = 10"-1]A
=5% 10" =607 % 10" A=3035A
Increase in current, Af = 3,035 - 0.06293 = 2972 A,
() ForAF=07-06=01V Al=29T2 A
AV _ 0% _oosn
AP 2972
{d) For both the voltages, the current [ will be almost
equal to /, showing almost infinite dynamic resistance
in the reverse hias.
I =1, ==5x107" A,
In half-wave rectification, what is the output frequency
if the input frequency is 50 Hz. What is the output
frequency of a full-wave rectifier for the same Input
frequency.

=23.26

=127.13

Dynamig resistance, f, =

Sol. In half wave rectification, only one ripple is obtained per

cycle of the output,

W

~
T
M}/\ X 0N

Ipruat ‘

L 3

Output frequency of a half wave rectifier
= input frequency = 50 Hz
In full wave rectification, two ripples arc obtained per
eyele of the outpur.
OQutput frequency = 2 = input frequency =2 = 50 = 100 Hz
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Input

Al a R
T T U

10. The F-I characteristic of a silicon diode is shown in the
figure, Calculate the resistance of the diode at
(@) I, =15 mA and

L%
*

(b) Vﬂ =—10V.
HmA)

04 _
j—S5ilicon
|

-] | 1 PR :

- e

10 fremmergf i

W a ;1
-1 A0S 0E Fivy

Sol. Considering the diode characteristics as a straight line
between [ = 10 mA to [ = 20 mA.
Calculate the resistance using Ohm's law
{a} From the curve, at / = 20 mA,

F=0& V. /=10mA, V=07V

rn ™ AVIA = 0.1 V10 mA = 10 Q

From the curve at ¥'== 10 F, f = - | pa,

Therefore slope of the graph

ry, =10 VilpA = 1.0 = 107

I1. In a Zener regulated power supply a Zener diode with
Vz = 6.0 V is used for regulation. The load current is
to be 4.0 mA and the unregulated input is 10.0 V. What
should be the value of series resistor R.?

Sol. The value of R, should be such that the current
through the Zener diode is much larger than the load
current, This is to have good load regulation; Choose
Zener current as five times the load current, fe., 1,=20
mA. The total current through R, is, therefore, 24 mA,
The voltage drop across R is 10.0 - 6.0 =4.0 V. This gives

Rg = —4'&& = 167 Q. The nearest value of carbon

(24 x107) ]

resistor is 150 L. So, a series resistor of 150 Q is

appropriate. Note that slight variation in the value of the

resistor does not matier, what is important is that the
current /, should be sufficiently larger than /.

(b)
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Zener diode as DC voltage regulator

12. Why are 5i and GaAs are preferred materials for solar
cells?

Sol. The solar radiation spectrum is shown in figure.

Y

Solar lrradiance {iniensity )

I T T

The maxima is near 1.5 eV, For photo-excitation, hu = E |
hence semiconductor with band gap ~ 1.5 eV or lower 15
likely to give better solar conversion efficiency. Silicon
has E_~ 1.1 &V while for GaAs it is ~ 1.53 eV. In fact,
GaAs is better (in spite of its higher band gap) than Si
because of its relatively higher absorption coefficient. If
we choose materials like CdS or CdSe (£~ 2.4 eV), we
can use only the high energy component of the solar energy
for photo-conversion and a significant part of energy will
be of no use.

The question arises: why do we not use material like PbS
n[f-.'s ~ 0.4 &V} which satisfy the condition hv > E_for
maxima corresponding to the solar radiation spectra? [f we
do so, most of the solar radiation will be absorbed on the
top-layer of solar cell and will not reach in or near the
depletion region. For effective electron-hole separation,
due to the junction field, we want the photo-generation to
occur in the junction region only.

From the output characteristic shown in figure, calculate
the values of B__ and j,, of the transistor when ¥ is
10V and 1. = 4.0 mA.

< T

E

E 1o [Esrmm:ntﬁa'”— -
=

= 8 == 1
E e

g 5-{:‘_ w::
N =
ki ,ﬂ}_ 20
a ¢  — [TTEY

fi 2 i ﬁ B 16 12 14
Collector to emitter voltage (Fig) in volts

Fig.: (a) Typical input characteristics, (b) Typical output charactenstics,

Sol. Consider two characteristics for two values of [; which lie
above and below the given value of /. = 4.0 mA, So we
choose the output characteristics for 1, = 30 uA end
F. = 20 pA. To determine ac current gain, we draw a
ﬂ . - =
vertical line correspending to V. = 10 V. Then

Al (4.5-30)mA _L5x107 . .
=|—k = = = =13
P M,LJ_,W (30-20)pA 1010
To determine i, we calculate the two values of B, for

the two characteristics chosen and find their mean.
For {-=4.5 mA and [ = 30 uA,

I
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o - lc 45mA g
I, 30pA
For I_=30mA and I, =20 A,
P L. S
20 pA
Hence B wooot 20 o150

14, In figure the V', supply can be varied from 0V to 5.0V.
The Si transistor has B, = 250 and R, = 100 kL2,
R =1Kk8Q, V.= 5.0V. Assume that when the transistor
is saturated, V. = 0V and V. = 0.8V. Calculate (m)
the minimum base current, for which the transistor will
reach saturation. Hence (b) determine V', when the
transistor is *switched on’. (c). Find the ranges of V|
for which the transistor is ‘switched off and “switched on’.

Sol. Given at saturation V. = OV, V. = 0.8V
Ver = Vo = Icfe
£ = ir"mfRE = 5.0V/1.0 kQ = 5.0 mA
Therefore [, = //p = 5.0 mA/250 = 20 pA
The input voltage at which the transistor will go into
saturation is given by
Vie = Vg = LRy * Ve

=20 pA = 100 kQ + 0.8V = 2.8V
The value of input voltage below which the transistor
remains cutoff is given by

V= 0.6V, ¥y, =28V
Between 0.0V and 0.6V, the transistor will be in the
‘switched off” state. Between 2.8V and 5.0V, it will be in
‘switched on” state.
Note that the transistor is in active state when [, varies
from 0.0 mA to 20 mA. In this range, [ = B/ is valid.
In the saturation range, [. < B/,

15. Two amplifiers are connected one after the other in
series (cascaded). The first amplifier has a voltage gain
of 10 and the second has a voltage gain of 20. If the
input signal is 0.01 volt, calculate the output ac signal.

Sol. Total voltage gain can be calculated as
Ay =4y x Ay,
A =10 x 20 = 200

16, For a CE-transistor amplifier, the audio signal voltage
across the collector resistance of 2 k£ is 2 V. Suppase
the current amplification factor of the transistor is 100,
find the input signal voltage and base current, if the
base resistance is 1 kf2.

Sol. Here R. = 2 kQ = 2000 £,
R,=1kQ=10000, =100, V=2V

F,
(i) antsgegain.?:-=% or 2 00

i i V 1000
#  Input signal voltage, V', = 0.01 V.
. I. V,IR.
Pl . s 13
(i) p I, I
Base current,
o 2 0P A=10pA

*“BR. 1002000

17. You are given the two circuits as shown in figure. Show
that circuit {a) acts as OR gate while the circuit (b) acts
as AND gate.

4 % A
¥ ¥
u B
a) (b)

Sol. Let us first find the Boolean expression for logic circuit

NOR
" X=A+B Y=X=dA+B
(a) Y
8 NOT
Here X=A+ 8

ad Y=F=(4+8)=4+8
Sa, above logic circuit provide output as OR gate,
Now let us find the Boolean expression for logic circuit

waT

—r_ NOR
A
O o ) i
g Yomid =8

By De-morgan’s theorem we know {JH E)=d'3

So, above logic circuit provide output as AND gate
18. Write the truth table for a NAND gate connected as

given In figure.

J._::}—-r

Here the input A is connected at both points.
Sol. The Boolean expression for NAND gate will be

Y=(d-A) or ¥=4
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Truth table

A A AA Y=4q

0 0 0 1
| 1 1 1]

The circuit operates like a NOT gate.

19, You are given two circuits as shown in figure which
consist of NAND gates, Identify the logic operation
carried out by the two circuits.

4 —i

B -»——J'_C} ¥
ral

‘ | >

B ¥

(&)
Sol. (a) Let us find Boolean expression for given logic circuit

ao—7g

- AE Y= {(ABHAB)
5e !_,f ]

so0, output ¥ =!}_ﬂ'-ﬁ} —AB=AB
Hence logic circuit upcrﬁtcs as AND gate.
{b) Let us first find the Boolean expression for logic circuit

sy—q_‘n ] _’)’_'1‘
ib)

By De-Morgan's theorem

{TE] =4+ 5 =A+ B
5o, the given logic eircuit function as OR gate.

20. Write the truth table for circuit given in figure below
consisting of NOR gates and identify the logic operation
(OR, AND, NOT) which this circuit is performing.

(Hint: A =0, B =1 then A and B inputs of second NOR
gate will be 0 and hence ¥ = 1, Similarly work out the
values of ¥ for other combinations of 4 and 8. Compare
with the truth table of OR, AND, NOT gates and find

the correct one.)
Sol. Let us find the Boolean expression for the logic circuit.

So, output ¥ = ¥ =r[g+5}=3+ B
Hence, the output of given logic circuit shows that logic
circuit acts as OR gate.

Truth Table
First NOR gate Second NOR gate
A| B |48 |x=T78 |a=x|8=X|¥=X
D|a ] ] 1 | i
[ 1 ] ] 0 1
I | @ 1 0 (1] 0 i
1|1 1 i ] 0 1

21. Write the truth table for circuit given in figure consisting
of NOR gates only. Identify the logic operations (OR,
AND, NOT) performed by the two circuits.

[EY]

e

B
Sol. Boolean expression for logic cireuit (a)

Y=o
A

Here the given NOR gate with short circuil input is acting
as NOT gatz.
Boolean expression for logic circuit (b)

So, output by De-Morgan's theorem
v=(4+B)=48
Hence the logic circuit act like AND gate.

A B |x=d+H| ¥=X
0 0 1 0
i 1 | 0
1 ] | ]
1 1 0 i
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Write two characteristic features to distinguish between
n-type and p-type semiconductors.

Sol.

(1) In n-type semiconductor, the semiconductor is doped
with pentavalent impurity. The electrons are majority
carriers and holes are minority carriers or n, > >n,,
(., = number density of electrons, 1, = number
density of holes),

In energy band diagram of n-1ype semiconductor, the
donor energy level E, is slightly below the bottom of
conduction band £, and thus, the electron can move
te conduction band, even with small supply of energy.

Ece—re .

__l;__,,----a_
| ) aegores
E, 0.01 eV | ] —E,

n-type P-typa

Jo.01 eV l Ee

(i) In p-type semiconductor, the semiconductor is doped
with trivalent impurity. The holes are the majority
carriers and electrons are the minority carriers
Le ity >>n..

In energy band diagram of p-type, the acceptor energy
level is slightly above the 1op of valence band E L
Thus, even with small supply of energy electron from
valence band can jump to level, £, and ionise the
acceptor, negatively.

Sol.

The current in the farward bias is known to be more (mA)
than the current in the reverse bias (uA). What is the
reason, to operate the photodiode in reverse bias?

When photodiode is illuminated with light due to breaking
of covalent bonds, equal number of additional electrons
and holes comes into existence whereas fractional change
in minority charge carrier is much higher than fractional
change in majority charge carrier. Since, the fractional
change of minority carrier current is measurable
significantly in reverse bias than that of forward bias.
Therefore, photodiode are connected in reverse bias.

There are two semiconductor materials A ond
B is made by doping Germanium crystal with
indium and arsenic respectively. As shown in
the given figure, it is biased with a battery. Will
the function be forward bias and reverse bias?

Sol. As, semiconductor A is doped with indium, so it
behaves as p-type semiconductor and B is doped
with arsenic. It behaves as -ty pe semiconducton
50, ligure shows that it is forward bias condition,
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