Semiconductor Electronics - Materials,

Devices and Simple Circuits

1. Ge is doped with As. Due to doping, (2024)

(A) the structure of Ge lattice is distorted.

(B) the number of conduction electrons increases.

(C) the number of holes increases.

(D) the number of conduction electrons decreases.
Ans. (B) the number of conduction electrons increases.

2. Plot a graph showing the variation of current with voltage for the material
GaAs. On the graph, mark the region where: (2024)

(a) resistance is negative, and
(b) Ohm's law is obeyed.

Ans. Plotting the graph
Marking the region where:
(a) resistance is negative

(b) Ohm’s law is obeyed

>

- ’ "
Negative

‘resistance
region

Region where
Ohm’s law
is obeyed

«Current I (mA)—

A

Voltage V (V) —

3. Junction Diode as a Rectifier : (2024)

The process of conversion of an ac voltage into a dc voltage is called rectification
and the device which performs this conversion is called a rectifier. The
characteristics of a p-n junction diode reveal that when a p-n junction diode is
forward biased, it offers a low resistance and when it is reverse biased, it offers a
high resistance. Hence, a p-n junction diode conducts only when it is forward
biased. This property of a p-n junction diode makes it suitable for its use as a
rectifier.
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Thus, when an ac voltage is applied across a p-n junction, it conducts only during
those alternate half cycles for which it is forward biased. A rectifier which
rectifies only half cycle of an ac voltage is called a half-wave rectifier and one that
rectifies both the half cycles is known as a full-wave rectifier.

(1) The root mean square value of an alternating voltage applied

Vv
to a full-wave rectifier is —2. Then the root mean square value

72

of the rectified output voltage is :

(A) Mi (B) Vg
J2 J2
2V, Vv
C 0 D 0
(C) T (D) 5T Y
Ans.
V
a 2

(ii) In a full-wave rectifier, the current in each of the diodes flows for :

(A) Complete cycle of the input signal

(B) Half cycle of the input signal

(C) Less than half cycle of the input signal

(D) Only for the positive half cycle of the input signal

Ans. (B) Half cycle of the input signal

(iii) In a full-wave rectifier :

(A) Both diodes are forward biased at the same time.

(B) Both diodes are reverse biased at the same time.

(C) One is forward biased and the other is reverse biased at the same time.

(D) Both are forward biased in the first half of the cycle and reverse biased in the
second half of the cycle.

Ans. (C) One is forward biased and the other is reverse biased at the same time.
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(iv) An alternating voltage of frequency of 50 Hz is applied to a half-wave
rectifier. Then the ripple frequency of the output will be :

(A) 100 Hz
(B) 50 Hz

(C) 25 Hz

(D) 150 Hz
Ans. (B) 50 Hz

(v) A signal, as shown in the figure, is applied to a p-n junction diode. Identify the
output across resistance Ry :

/

+5V

-5V

) ﬂ
(A)
B) -10 VU

(®) —5VU
+5VH
(D)

Ans.

+5V
> ]
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Previous Years’ CBSE Board Questions

14.2 Classification of Metals,
Conductors and Semiconductors

MCQ

1. The energy required by an electron to jump the
forbidden band in silicon at room temperature is :

about
(a) 0.01ev (b) 0.05eV
() 07ev (df 1Liev

(1mark

2. The ___ , a property of materials C, 5i and Ge
depends upon the energy gap between their :
{2020)

conduction and valence bands.

m (2 marks)

the energy band diagrams for
insulator and a semiconductor.

basis of energy band diagrams.

BEX (3 marks)

5. Draw a plot showing the variation of resistivity
of a (i) conductor and (i) semiconductor, with the !
(2/3, Delhi 2014C) ;

6. Write any two distinguishing features between
conductors, semiconductors and insulators on the :
(A12014) (R °

increase in temperature.

basis of energy band diagrams.

14.3
MCQ

Intrinsic Semiconductor

temperature.

Reason (R) : The number of conduction electrons as
well as hole increase in an intrinsic semiconductor

{ 12. What
(a) Both Assertion (A) and Reason (R) are true and :

Reason (R) is the correct explanation of the :

with rise in its temperature.

Assertion (A)

(b) Both Assertion (A) and Reason (R) are true, but
Reason (R) is not the correct explanation of the :

(2023)

- M (2 marks)

7. Assertion (A) : The resistance of an intrinsic 11. Mame the extrinsic semiconductors formed when

semiconductor decreases with increases in its

e @)

density of holes but the crystal maintains an overall

charge neutrality.

Reason (R) : The charge of electrons donated by

donor atoms is just equal and opposite to that of the

ionized donor.

(a) Both Assertion (&) and Reason (R) are true and
Reason (R) is the correct explanation of the
Assertion [A).

(b) Both Assertion (A) and Reason (R) are true, but
Reason (R) is not the correct explanation of the
Assertion [A).

) Assertion [A)is true, but Reason (R) is false.

(d} Assertion (A) is false and Reason (R) is also
false. (2023)

9. Inann-type semiconductor, the donor energy level lies
What is meant by energy band gap in a solid? Draw :

a conductor, an |
(Term 11 2021-22) :
4. Distinguish between a metal and an insulator on the

(Foreign 2014) (8| _
— i 10. When the temperature of an n-type semiconductor

(a) atthe centre of the energy gap.
(b) just below the conduction band.
(c) just above the valance band.

(d) in the conduction band. (2020) ()

iz increased, then the

(a) number of free electrons increases while that
of the holes decreases.

(b) number of holes increases while that of the free
electrons decreases.

[c) number of free electrons and holes remains
unchanged.

(d) number of both the free electrons and the holes
increase equally. (2020 C)

a pure germanium is doped with (i) a trivalent and
(i} pentavalent impurity. Draw the energy band
diagrams of extrinsic semiconductors so formed.
(Term Il 2021-22)
is meant by doping of an instrinsic
semiconductor? MName the two types of atoms used
for doping of Ge/Si. (Term Il 2021-22)

13. Distinguish between and ‘extrinsic’
semiconductors. (Delhi 2015) (A |

‘intrinsic’

@g www.studentbro.in



Get More Learning Materials Here : i

Assertion (&)
(c) Assertion (A)is true, but Reason (R) is False.
(d} Assertion (A)is false, but Reason (R) is true.

(2023)

14.4 Extrinsic Semiconductor
McQ

8. Assertion (A) : In 'n’ type semiconductor, number |
density of electrons is greater than the number !

these energy levels play in conduction and valence

bands.

(i) Distinguish between n-type
semiconductors on the basis of energy band
diagrams.

[EY
Ln

(i) Compare their conductivities at absolute zero

temperature and at room temperature.

14.5 p-nJunction
X (2 marks)

14. (a) Explain the formation of a p-n junction.

(b) Can we take one slab of p-type semiconductor
it to another n-type

and physically join
semiconductor to get a p-n junction? Explain

(2022 Q) (1) |

- IEM (1 mark)
(a} The resistance of a p-n junction is low when it is
forward biased and is high when it is reversed

17. Answer the following, giving reason :

biased.

(b) Doping of intrinsic semiconductors is a necessity

for making electronic devices.

18. Write the two processes that take place in the

OR

Explain with the help of the diagram the formation
of depletion region and barrier potential in a p-n
{2/3, Al 2018)

junction.
OR

Write briefly the important processes that occur |
during the formation of p-n junction. With the help :
of necessary diagrams, explain the term barrier
(Foreign 2015) :

patential.

(Delhi 2015C)

(Term Il 2021-22)

- XM 2 marics)

formation of a p-n junction. Explain with the help 25. Explain the formation of the barrier potential in a

of a diagram, the formation of depletion region and

barrier potential in a p-n junction. [(Delhi 2017) _Lﬂ -
T i 26. With the help of the circuit diagram, explain the

e @)

XM 3 marks)

: 14. Draw the energy band diagram of (i) n-type, and

(i} p-type semiconductors at temperatures T > 0

In the case of n-type Si-semiconductor, the donor
is slightly below the bottom of
conduction band whereas in p-type semiconductor,
the acceptor energy level is slightly above the top of
wvalence band. Explain, giving examples, what role do

energy level

i 14.6 Semiconductor Diode
(A12019, A1 2015 C) (1] :

and p-type : =
: 21. The threshold voltage for a {:| _
p-n junction diode used in

MCQ

100 3

the circuit is 0.7 V. The type

of biasing and current in the |

circuit are oasv

la) Forward biasing. 0A (b) Reverse biasing, 0 A

lc) Forward biasing, 5mA (d) Rewverse biasing, 2 mA
{2023)

: 22. Atequilibrium, in ap-njunction diode the net current is

(a) due to diffusion of majority charge carriers.

(b} due to drift of minority charge carriers.

lc) zero as diffusion and drift currents are equal
and opposite.

Id) zero as no charge carriers cross the junction.

(2020) (R

23. In an unbiased p-n junction diode, the p-side of the
junction is at potential as compared to that
on the r-side of the junction. (2020)

24, How does an increase in doping concentration
affect the width of depletion layer of a p-n junction

diode? (2020) (Ap]

p-n junction, (Term 1 2021-22) (1]

working of a silicon p-n junction diode in forward
biasing and draw its |-V characteristics. (2020 C)

27. Explain the term ‘depletion layer’ and ‘potential
barrier’ in a p-n junction diode. How are the (a) width
of depletion layer, and (b} value of potential barrier
affected when the p-n junction is forward biased?

{2020)

28. Draw V- characteristics of a p-n junction diode.

Explain, why the current under reverse bias is almost
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(5 marks)

19. {i) A germanium crystal is doped with antimony. With e i e ; :
the help of energy-band diagram, explain how the 2%9. The V-l characteristic of a silicon diode is as shown

conductivity of the doped crystal is affected.

(i) Briefly explain the two processes involved in the

formation of a p-n junction.

{iii) What will the effect of (1) forward biasing. and
(2) reverse biasing be on the width of depletion
(2023)
20. State briefly the processes involved in the formation
of p-n junction explaining clearly how the depletion :

(2/5, Delhi 2014) |

layer in a p-n junction diode?

region is formed.
OR

Explain with the help of diagram. how a depletion
layer and barrier potential are formed in a junction :
{375, Delhi 2014C)

- XM (2 marks)

diode.

ETXT (3 marks)

30. Draw V-l characteristics of a p-n junction diode.

Answer the following giving reasons :

(a) Why
independent of applied
breakdown valtage?

{b) Why does the reverse current show a sudden |

. X (3 mariks)

31 (a) Why is an intrinsic semiconductor deliberated A ; =
converted into an extrinsic semiconductor by 3%. With the help of a circuit diagram, explain briefly

increase at breakdown voltage? (2022 C)(1] |

adding impurity atoms?

(b) Explain briefly the two processes that occur in
P 40. )
(2020) :

3Z. Explain the formation of potential barrier and
depletion region in a p-n junction diode. What is
effect of applying forward bias on the width of :
{2020) :

p-n junction region to create a potential barrier.

depletion region?

33. In the following diagram, is the junction diode : ; Y
o NS Coogio I L DECN. e : 41. Draw the circuit diagram of a full wave rectifier and

forward biased or reverse biased?

J: |: I +5Y

—
-

{5 marks)

34. Draw the circuit arrangement for studying V-l |
characteristics of a p-n junction diode in (i) forward
biasing and (i) reverse biasing. Draw the typical V-l
characteristics of a silicon diode. Describe briefly

: (i) minority carrier injection i

the following terms

is the reverse bias current almost

voltage up to i ; ;
i 3B. Give two difference between a half wave rectifier

(1/3, A1 2017) (R |

e @)

independent of the applied voltage up to the critical
voltage. {2020)

in the figure. Calculate the resistance of the diode at
(i}1=15mhA and (i) V=-10V

A ima)
30
0 Silicon
15._ ------------ ‘Z
10 .
——1 05 0708 vy
1pA

(Foreign 2015) (An]

37. Write the characteristics of a p-n junction which
make it suitable for rectification.
(Term 11 2021-22) (R

and a full wave rectifier. (Term Il 2021-22)

how a p-n junction diode works as a half-wave
rectifier. (Term 11 2021-22)

Diraw V-l characteristics of a p-n junction diode.

(il Differentiate between the threshold voltage
and the breakdown voltage for a diode.

{iii) Write the property of a junction diode which

makes it suitable for rectification of ac voltages.

(Term 11 2021-22) (Ag)

explain its working. Also, give the input and output

waveforms. (Delhi 2019) (7 )
OR

A student wants to use two p-n junction diodes

to convert alternating current into direct current.

Draw the labelied circuit diagram she would use and

explain how it works. (2/3, 2018)
OR

Draw the circuit diagram of a full wave rectifier and

state how it works. {2/3, Al 2017)
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in forward biasing and (i) breakdown voltage in :
(2023) :

reverse biasing.
35. Explain briefly with the help of necessary diagrams,

the forward and the reverse biasing of a p-n junction
diode. Also draw their characteristic curves in the |

(5 marks)

Using the necessary circuit diagrams, show how the a2. (i}

two cases. (Defhi 2017)

OR

V-l characteristics of a p-n junction are obtained in
(i} Forward biasing.
(i) Reverse biasing.

OR

Draw the circuit arrangement for studying the V-1 |
characteristics of a p-n junction diode in (i) forward :
and (ii) reverse bias. Briefly explain how the typical :

V-1 characteristics of a diode are ocbtained and draw

these characteristics.

14.7 Application of Junction Diode as a
Rectifier

(1 mark)

34. The ability of a junction diode to

pass only when it is forward biased.

(Delhi 2014) :

an alternating
voltage, is based on the fact that it allows current to

(2020)(® )

OR

Explain briefly, with the help of circuit diagram, the
waorking of a full wave rectifier. Draw its input and

output waveforms. {Delhi 2015C)

With the help of a circuit diagram, briefly explain
the working of a full-wave rectifier using p-n
junction diodes.

(i) Draw V-I characteristics of a p-n junction diode.
Explain how these characteristics make a diode
suitable for rectification.

{ili) Carbon and silicon have the same |attice

structure. Then why is carbon an insulator but

silicon a semiconductor? {2023)

formation of p-n junction diode. With the help of a
circuit diagram explain the working of junction diode
as a full wave rectifier. Draw its input and output
waveforms. State the characteristic property of a
junction diode that makes it suitable for rectification.

(2023)

44. Draw the circuit diagram of a half wave rectifier and

explain its working. (Al 2016) |_.P._ﬂ‘;

W\ CBSE Sample Questions /%

14.2 Classification of Metals, Conductors |
and Semiconductors :

MCQ

1.  Assertion (A) : The electrical conductivity of a i
semiconductor increases on doping. i
Reason (R) : Doping always increases the number I::F
electrons in the semiconductor.
{fa)l Both A and R are true and R is the correct :

explanation of A.
(b} Both A and R are true and R is NOT the correct :

explanation of A i
(c) Ais true but R is false.

(d) Aisfalse and R is also false.

['2022*23}

14.4 Extrinsic Semiconductor

X (2 marics)

2. In a pure semiconductor crystal of Si, if antimony is :
added then what type of extrinsic semiconductor :
is obtained. Draw the energy band diagram of this
extrinsic semiconductor so formed. (Term Il 2021-22)

3. Draw the energy band diagram when intrinsic :
semiconductor (Ge) is doped with impurity atoms of :
Antimony (5b). Mame the extrinsic semiconductor so

145 p-n Junction
umark}

mgyﬁl

e @)

obtained and majority charge carriers in it.
(2020-21) (Ag)

When a voltage drop across a pn junction diode
is increased from 070 WV to 0.71 V, the change in
the diode current is 10 mA What is the dynamic
resistance of diode? (2020-21) (Ap)

How does the width of a depletion region of a pn
junction vary if doping concentration is :ncreased'-“

(2020-21) (1]
+ 14.7 Application of Junction Diode as a
Rectifier
(1 mark)

In half wave rectification, what is the output
frequency if input frequency is 25 Hz. (2020-21)

Explain with a proper diagram how an ac signal can
be converted into de (pulsating) signal with output
frequency as double than the input fregquency
using pn junction diode. Give its input and output

waveforms. (Term 11 2021-22) (Ev]
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1. (d):Forsiliconitis 1.1 eV.
2. Conductivity

Theenergy gapbetweenvalenceband and conduction )
band is known as energy band gap in a solid. : 4. Metals : For metals, the valence band is completely

Ol i filled and the conduction band can have two possibilities-

T T e,

Semiconductors E<3g¥
x

Electron energy

o

fmm:hmm band either it is partially filled with an extremely small energy
ol / :E - gap between the valence and conduction bands or it is
E . 2 empty, with the two bands overlapping each other as
Conductors ¢ E“ I.;?V i shown in the figure.
Fil - H | ConductionBand | Conduction Band
frr i i
bamnd i
o Val Band Valence Band
J conduction band
i On applying even a small electric field, metals can conduct
T e, § g
Insulators : For insulators, the energy
E =3eV :
InsulaatnrsE ! ¥ g3p between the conduction and | Conduction Band I
£ E i valence bands is very large. Also, the

! conduction band is completely empty, Valence Band I

VT

E<3ey
]

as shown in the figure.
When an electric field is applied across such a solid, the

electrons find it difficult to acquire such a large amount of T —
energy toreach the conduction band. Thus, the conduction
band continues to be empty. That is why no current flows

through insulators.
5. (i) The resistivity of a conductor increases Two Distinguishing features :
non-linearly with increase in temperature. (i) In conductors, the valence band and conduction

Electronener gy

E T band tend to owverlap (or nearly overlap) while in
% % insulators they are separated by a large energy gap
and in semiconductors are separated by a small energy

E3p.
0 10K20K TiK] o 200K (0 (i) The conduction band of a mﬂu—::t‘ar has a large
(For low temperature) (For high temperature) number of electrons available for electrical conduction.

However, the conduction band of insulators is almost
empty while that of the semiconductor has only a (very)
small number of such electrons available for electrical

(i} The resistivity of a semiconductor decreases with
increase in temperature.

E conduction.
: Pcepoins (0
= The size of the energy gap between conduction
band and wvalence band for different materials is
o anok TIK) different.
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Concept Applied (& 7. (a): Assertion : Correct.

= With the rise in temperature the conductivity of  peason @ correct, the number of & or hole increase
a conductor decreases and the conductivity of a

A e in conduction band. They jump from valence band to

conduction band.

- ?‘““I ml Al 8. (a):When a atom is lonised, it creates a free electron
///////////////’ and also it creates a positively ionised donor atom. The
E E, {Er’ﬂ} charge on the free electron and the ionised donor are
Eommictons E E. ’ﬁ'/ /,’:r’_.':_';f equal and opposite. 5o, as long as the electron doesn't go

g — anywhere, the net charge remains zero.
trd %, 1b):In n-type semiconductor, the donor energy level

Empty lies just below the conduction band.
’{"tnnductlun band i )

E , T A i]ll.wlbil.ﬁ.s_ thf: ’tf:mp'ﬁﬁlt_uraf= |nn*ea5e-_=1 tT'E carrier
4 € ntration increases significantly. This is because
Insulators E e extra electrons are excited from the valence band to
F . E, the conduction band, due to which the number of free

electron - hole pairs increases.

11.

" de

SRTCM R :?-:L-f'“"““ggg‘ SR
— TN me B — | S A,Z_ , e
m{:_h - }-*‘“wa N
—_— - “_(-6_: B ol ¥ — ﬂ"‘(rbﬁaswum——-_—
s : b - T’% N p—d e
Pouty »—3=2 N3 VAL nce ewm

——e 2 X
\

e Pt-zre_smzmunuz.m&_ —

Lif'L-ﬂ:ig%g_ (-anm,rwcr. ‘Mud'oﬁ {&_Earmed 0’)——
, apt —genmman lum wakh o Qofdadlw
\moqm ~ . .

b ENEE Bam d.me BOM

-

S B

i ELecTasn ?7—’.:3‘5;—'* ONbUUTZON GAND  Tolon
e AN -

i Vet A Trpyurary X ExBRYY GAND (b f

| Engpy oy - Oy § . Sl

- . 7—@‘ D DR =, SRS PRT-IVeT-S0y W1 —
) (U NonEs ¢ / -'“ 1
| 05 typecSEMIGMKTOR =

[Topper’s Answer, 2022] '
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12, Intrinsic semicanductors have very small conductivity
at room temperature. When certain impurities in
small amount (= 1 part per million) are added to an
intrinsic semiconductor, electrical conductivity of doped
semiconductor increases to a great extent and made it
useful in many practical applications. Pentavalent atoms

and trivalent atoms are used for doping Ge/5i.
Pentavalent atoms such as - As and Sb etc
Trivalent atoms such as - Aland B etc

13,

Intrinsic
Semiconductors

Extrinsic
Semiconductors

(1]

These are pure
semiconducting
tetravalent crystals.

These are semiconducting
tetravalent crystals doped with
impurity atoms of group Il or
group V.

fii)

Their electrical
conductivity is low.

Their electrical conductivity
is high.

i)

There is no permitted
energy state

There is permitted energy state
of the impurity atom between

Get More Learning Materials Here : i

betwesn valence and
conduction bands.

valence and conduction bands.

14. The required energy band diagrams are given below:

E.: L ]
c 3
= 001 &V

E O—0 :

Electran ener gy
‘N

fa)
Energy band diagram of
n-tpe semiconductor
atT=0K

(i)

-
L]
L]

Electron energy

Energy band diagram of
semiconductor
atT=0K

At absolute zero temperature (0 K) conduction band of :
semiconductor is completely empty, e, o = 0. Hence :
the semiconductor behaves as an insulator. At room
temperature, some valence electrons acquire enough
thermal energy and jump to the conduction band
where they are free to conduct electricity. Thus the :

Energy band diagram of
p-Bype semiconductar
atT>0K

In n-type extrinsic semiconductors, the number of free
electrons in conduction band is much more than the
number of holes in valence band. The donor energy
level lies just below the conduction band. In p-type
extrinsic semiconductor, the number of holes in valence
band is much more than the number of free electrons
in conduction band. The acceptor energy level lies just
above the valence band.

15. (i) The reqguired energy band diagrams are given
below:
- - &

5| e — ——
1le Fe {7

= 0001 eV E ™ E = D05
5 ' | —— E
3| & o0 - E : }
o —_— = EE v -

{a) ib)
Energy band diagram of Energy band diagram of
n-tpe semiconductor p-type semicanductor
atT=0K atT»0K

! flow of current when reverse biased.

¢ (b} Intrinsic semiconductors have very small conductivity
: at room temperature. When certain
i small amount (= 1 part per million) are added to an
¢ intrinsic semiconductor, electrical conductivity of doped
i semiconductor increases to a great extent and made it
useful in many practical applications.

impuritiss in

18. Two processes that take place in the formation of a

p-n junction are diffusion and drift.

g —\V—>

e 0 ui— 1i. s o0

o o c:ni— +i. . »

o o oj-|+i® ©o e

o @ o|-|+|e e e
m & www.studentbro.in
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semiconductor acquires a small conductivity at room : When p-n junction is formed, then at the junction free

gelectrons from n-type diffuse over to p-type, thereby
filling in the holes in p-type. Due to this a layer of positive
charge is built on n-side and a layer of negative charge is
¢ built on p-side of the p-n junction. This layer sufficiently
grows up within a very short time of the junction being
16. (a) Two processes that take place in the formation :
! carriers (lLe., electrons and holes) across the junction.
. Thus a potential difference V, of the order of 0.1 to 0.3 V
: is set up across the p-n junction called potential barrier
or junction barrier. The thin region around the junction
containing immobile positive and negative charges is
known as depletion layer.

i 19, (i)
When p-n junction is formed, then at the junction free new obtained semiconductor is extrinsic semiconductor
electrons from n-type diffuse over to p-type, thereby : ie.n-type and electrons are majority charge carriers.
filling in the holes in p-type. Due to this a layer of positive
charge is built on n-side and a layer of negative charge is
built on p-side of the p-n junction. This layer sufficiently |
grows up within a very short time of the junction being
formed, preventing any further movement of charge
carriers (Le. electrons and holes) across the junction. !
Thus a potential difference Vi of the order of 0.1t 0.3 V i

is set up across the p-n junction called potential barrier i (il}] Two processes that take place in the formation of a

or junction barrier. The thin region around the junction p-n junction are diffusion and drift.

containing immaobile positive and negative charges is

temperature.

{Key Points ({7

= In n-type semiconductors, electrons are majority
carriers and holes are minority carriers.

of a p-n junction are diffusion and drift.

p —V—> a
e © aE— +E- s 0O
o o aE— +E¢ s ®
6 o6 o0;-|+,8 o e
o e aE— +EI . @

known as depletion layer.

(b} No, because surface of both crystals have some
roughness and contact at atomic level is not possible
when slabs of p-type of n-type semiconductor are

physically joinsd.

17. {(a) In forward biasing, the forward voltage opposes
the potential barrier. As a result, potential barrier height is

increase in forward voltage shows large increase in forward
current. Thus resistance in forward bias is reduced.

Thus a potential difference Vi of the order of 0.1 to 0.3 V
is set up across the p-n junction called potential barrier
or junction barrier. The thin region around the junction
containing immaobile positive and negative charges is
known as depletion layer.

(iiiy (1) Forward biased : As forward voltage opposes
the potential barrier and effective barrier potential
decreases. [t makes the width of the depletion layer
smaller.

e @)

formed, preventing any further movement of charge

As germanium is an intrinsic semiconductor. The

4| Conduction Band |

E‘ Eg-0Dlev Donar level
o Eg=072eV
£

]

Lel Valence Band

p 'P vl'.'l_}

n

-ooi— ai--a

cq:rc:i- -i---

o o ol-|+1 e o e
I I

o ® o |-|+, % @ @

: When p-n junction is formed, then at the junction free
glectrons from n-type diffuse over to p-type, thereby
reduced and the width of depletion region decreases. 5Small : filling in the holes in p-type. Due to this a layer of positive
charge is built on n-side and a layer of negative charge is
built on p-side of the p-n junction. This layer sufficiently
In reverse bias, barrier potential height increases. For :
large increase in reverse voltage shows small increase in

reverse current. Thus, resistance of p-n junction is highto ©

grows up within a very short time of the junction being
formed, preventing any further movement of charge
carriers (e, electrons and holes) across the junction.

containing immohbile positive and negative charges is
known as depletion layer.
21. (a): 0.7v

@ www.studentbro.in



Get More Learning Materials Here : i

(2} Reverse biased : As reverse wvoltage supports the
potential barrier and effective barrier potential increases.
It makes the width of the depletion layer larger.

20. Two processes that take place in the formation of a
p-n junction are diffusion and drift.

W

o R + o
= +

- 3

* 0O O 0|
* & & @»
® o & @|=

o 0o o =

a ]
=] ]
+] ]

When p-n junction is formed, then at the junction free
electrons from n-type diffuse over to p-type. thereby
filling in the holes in p-type. Due to this a layer of positive
charge is built on n-side and a layer of negative charge is
built on p-side of the p-n junction. This layer sufficiently
grows up within a very short time of the junction being
formed, preventing any further movement of charge
carriers (lLe. electrons and holes) across the junction.
Thus a potential difference Vi of the order of 0.1 to 0.3V
is set up across the p-n junction called potential barrier
or junction barrier. The thin region around the junction

25.

Here, the applied voltage (0.5 V) is less than barrier
potential (0.7 V).

Thus, it is an example of forward biasing and there is no
flow of current.

So, answer is (a) forward biasing, 0 Amp.

22. [c): Zero as diffusion and drift current are equal
and opposite.

23. In an unbiased p-n junction diode, the p-side of the

junction is at higher potential as compared to that on the
n-side of the junction.

24,

Concept Applied @

= Increasing doping concentration increases charge
carriers.

When there is an increase in doping concentration
carrier concentration increases. The associated increase
in potential difference causes an electric field which acts
opposite to the potential barrier. This results in reducing
the potential barrier and hence the width of depletion
layer decreases.

lis-toren . o po_aumhm_mm_m_gom_um_m&_

0&L
The
Side

P-side
and.__the

- e Dt -usmn
\,// We/ p.side
/ ?"mm Yh Side - and.

«u____.ﬁ_s_\dL.d.LE(‘ vSe  out
4 Tesp mebdﬁ Qe 10
—_le NG eLATONS
the £ sde )

1

Diffvaion  ced Daifd R

haS  Moxe holes tmn,i :
N cide  Whas maoze = e
Hente  the holes

the Llectrons  Fxam tho

ta_the 0 Side oaod Pl

Concertzation zadrefy .
o Hne ‘_a_Agf_ddeﬁﬁ

m

ltoves: bemiod  an fopiSed

pOSitIve
@, Neox: &hL_Jd,UﬂLNOﬂ
o fuuthes ., _as the. o
to n_Side. .,

Qec :,Q.LQ.LMC.D.E&

] \.__the ¢ side

I daﬂmi _positively Changed) . Meae a
Chasge Stasis s devdap

leayés
aliv
o€ ¢ negotive Chazge

e @)

laﬁmz, of
in the nesde

c&m prom @ cide Aiffm.

‘pehind _Qne lonisech
=) - Heny

Stosts to_develap

eazr _the d\)nc&don_

@g www.studentbro.in



|- _’r\m

ol

c::eare __an___eleckric Seld o,

nsdldﬂy‘%%ged @lbé

J%erss._af_o gzpo,sz te S
"botuieen the g,um:k_oo

AiB.
lon -(alled. the depetion zegln. _
¥_[!\mnm\-a Lhaug,e_came z;s_ae_hhe evthezs 5xde;_

Q78 Quagpk— by ths pledaic on_ld._m_:thijepleboh

i AL.Gi00- _in_m__mm_._zr_eseegbﬂ magonity 2does
Bt eQuilliosiom  (wifd oment and diffusion” tozen az¢
Lavaol. . P ) : : H .

¢ _The ,.-,m.iem» —olifference l&f(f_b is 006 duelnpec!l e

e,

the

¢ This
N | o WS 1) -é'u 100 A

| of oppasite chorges in  the de Letinr. :
ion. e colledd__ _the  Yoppiex getenti
12 how e hovs iex”__porential @Hdzumpd in

P ORGENON Feg0 T

A . 1
; — Poide B (W, == Pt\ aé)f‘d—;on
’ o 58e . !

{ | 22 Eectochied lf o

(V") B8 o Borrier W‘Mﬂ)

24, Forward biased ch

; _[Topper's Answer, 2022]
aracteristics ; The circuit diagram  portion of the graph), in this situation, the diode behaves

for studying forward biased characteristics is shown in  like a conductor. The forward voltage beyond which the
the figure. Starting from a low value, forward bias voltage  current through the junction starts increasing rapidly
is increased step by step (measured by voltmeter) and  with voltage is called threshold or cut-in voltage. If line

forward current is note

d (by ammeter). A graph is plotted  AB is extended back, it cuts the voltage axis at potential

between voltage and current. The curve so obtained is  barrier voltage.
the forward characteristic of the diode. 27. Depletion layer : The small region in the vicinity of

allls

Battery
(a)

the junction which is depleted of free charge carriers and
has only immaobile ions is called the depletion layer.
Barrier potential : Due to accumulation of negative
charges in the p-region and positive charges in the
r-region sets up a potential difference across the junction
sets up. This acts as a barrier and is called potential barrier
Vg which opposes the further diffusion of electrons and
holes across the junction.
(a) In forward biasing the width of depletion layer
00102030405 reduced and the external applied field is able to overcome
Voltage (V) the strong electric field of depletion layer. In reverse
(b) biasing the width of depletion layer increases and the
electric field of depletion layer become more stronger.

Current [ma)

e I T S T R Y -}

At the start when applied voltage is low, the current (b} As forward voltage opposes the potential barrier and
through the diode is almost zero. It is because of the effective barrier potential decreases. It makes the width
potential barrier, which opposes the applied voltage. Till of the depletion layer smaller.
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the applied voltage exceeds the potential barrier, the

Lanswer Tips (7]
= The height of potential barrier in p-n junction diode is
proportional totemperature in kelvin.

current increases very slowly with increase in applied
voltage (OA portion of the graph). With further increase
in applied valtage, the current increases very rapidly (AB

28. 4 (b) During breakdown woltage, enormous covalent
bond breaks. As a result large number of charge carriers
¢ increases. Therefore current increases at breakdown

voltage.

Forward bias

L
!.r

. i : 31 (a) Intrinsic semiconductors have wvery small
OMwvoltage W, i conductivity at room temperature. When certain
- 0.65 Vfor Si . impurities in small amount (=~ 1 part per million)
-02Vior Ge : are added to an intrinsic semiconductor, electrical
i ponductivity of doped semiconductor increases to a great

vl i extent and made it useful in many practical applications.

The reverse current is due to minority charge carriersand (b) Two processes that take place in the formation of a

even a small voltage is sufficient to sweep the minority : PN junction are diffusion and drift.

q'l:'. &

Reverse
current - 30 pA

Reverse blas

+ * i n b i e\ =
carriers from one side of the junction to the other side i P ; B 1
aof the junction. Here the current is not limited by the S Rt Tre & &
magnitude of the applied voltage but is limited due to the o 0 Ci-|+ie @ ®
H 3 & 3 y 3 N i I
Func?ntratmn of the minority carrier on either side of the : 6 o o!'_|+'a o @
junction. i i
) ) o ® 0o |- |+, 8 @ @
2%, i) From the given curve, we have

When p-n junction is formed, then at the junction free
glectrans from n-type diffuse owver to p-type, thereby
filling in the holes in p-type. Due to this a layer of positive
i charge is built on n-side and a layer of negative charge is

voltage, V = 0.8 volt for current. | = 20 mA
voltage, V' = 0.7 valt for current, [ = 15 mA
= Al=(20-15mA=5x10"3A

= AV={08-07)=01V

= Resistance, R=2Y
Al

L g0t
5x107
=R=200

(i) For V=-10V, we have

built on p-side of the p-n junction. This layer sufficiently
grows up within a very short time of the junction being
: formed, preventing any further movement of charge
i carriers (ie, electrons and holes) across the junction.
i Thus a potential difference V of the order of 0.1 to 0.3 V
is set up across the p-n junction called potential barrier
: or junction barrier. The thin region around the junction

i containing immobile positive and negative charges is
i known as depletion layer.

i 32, Two processes that take place in the formation of a

pn junction are diffusion and drift.
«—V,—>

l=-1uA=-1x10"%A

%:lﬂxlﬂ? L]
1xd0

= R=

30. IV characteristics of a p-n junction : The [V 2 . : n
characteristics of a p-n junction do not obey Ohm's law. i Lol T Sl s T . T
The I-V characteristics of a p-n junction are as shown in o o ol-|l+le & »
the figure. i | |
1 {mA) a4 a o o : - i : ] a .
o #& ol-|il e =

When p-n junction is formed, then at the junction free
i glectrons from n-type diffuse over to p-type, thereby
filling in the holes in p-type. Due to this a layer of positive
i charge is built on n-side and a layer of negative charge is
built on p-side of the p-n junction. This layer sufficiently
¢ grows up within a very short time of the junction being
VIv) formed, preventing any further movement of charge
I ¢ carriers (ie. electrons and holes) across the junction.
[ar vl © Thus a potential difference Vg of the order of 0.1 to 0.3V
i is set up across the p-n junction called potential barrier
i or junction barrier. The thin region around the junction

02 04 046 08 10D

=3
W (a)
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{a) The current of order in reverse bias is due to the
drifting of minority charge carriers from one region to

another through the junction. A small amount of applied
voltage is sufficient to sweep the minority charge carriers :

through the junction. 5o, reverse current is almost
! charged ion in the p-region and positive charged ion

independent of critical voltage.

in the n-region sets up a potential difference across !
i of minority charge carriers across the junction. 5o, a very

the junction sets up. This acts as a barrier and is called

potential barrier Vg which opposes the further diffusion :
. charge carriers.
In forward biasing the width of depletion layer reduced :
and the external applied field is able to overcome the
: cross over the junction.

" ey . ! Therefore, the small reverse current remains almost
33. Voltage at p side is less than the voltage at n side of constant over-2- ssifficienthe fong range-of reverse hias
increasing very little with increasing voltage (OC portion
: of the graph). This reverse current is voltage independent
: upto certain voltage known as breakdown wvoltage
i and this voltage independent current is called reverse
. saturation current.

forward current is noted (by ammeter). A graph is plotted
p- type semiconductors, holes are majority carriers and
: glectrons are minority carriers, if a battery is connected
to the semiconductor material, the p-type material may
acquire additional electrons, injected into the p-type
¢ from the n-type by the flow of electrons from the battery.
(i) Breakdown wvoltage in Reverse Biasing : It is the
minimum voltage that must be applied across the diode
! for the current to start flowing through it.

of electrons and holes across the junction.

strong electric field of depletion layer.

the diode so it is in reverse bias.

24, 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

between voltage and current. The curve so obtained is
the forward characteristic of the diode.

Ge

Current [ma)
[ o T N T N Y s -]

A

=

00102030405

Woltage (V)
—_—

! || | =
UL
Battery

(a) (b

barrier voltage.

e @)

! containing immobile positive and negative charges is
: known as depletion layer.
! Depletion layer : The small region in the vicinity of the

junction which is depleted of free charge carriers and has
only immobile ions is called the depletion layer.
Barrier potential : Due to accumulation of negative

In reverse biased, the applied voltage supports the flow
small current flows across the junction due to minority

Motion of minority charge carriers is also supported by
internal potential barrier, so all the minority carriers

(il Minority carrier injection in forward biasing : In

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

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 (OA 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 threshold or cut-in voltage. If line
AB is extended back, it cuts the voltage axis at potential

8
7
7 6
Es
E 4
3
a 2
1
”'Il_ 00102030405
I ]
Battery M
{a) (b
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Reverse biased characteristics : The circuit diagram for :

studying reverse biased characteristics is shown in the
figure.

.1—
“oltage (V)
-10-8-6-4-2
=,
Breakdown [ 4 F
voltage & =2
=
g ¥
103
o
{b)
.‘—
Voltage (V)
-10-8-6-4-2
‘.—
4 2
Breakdown [ 4 F
=
T
8 E
= |
- l | | |+ 1ﬂu
Battery D
(a) {b)

In reverse biased, the applied voltage supports the flow
of minority charge carriers across the junction. 5o, a very
small current flows across the junction due to minority
charge carriers.

Mation of minority charge carriers is also supported by
internal potential barrier, so all the minority carriers
cross over the junction.

Therefore, the small reverse current remains almost
constant over a sufficiently long range of reverse bias,
increasing very little with increasing voltage (OC portion
of the graph). This reverse current is voltage independent
upto certain voltage known as breakdown voltage

and l:hrs mil:age lndependent nurremt |5 -:,atiad reverse
saturation current.

34, The ability of a juction diode to rectify an alternating
voltage is based on the fact that it conducts only when it
is forward biased.

Z7. Rectifier is based on the fact that, a forward bias p-n
junction conducts and a reverse bias p-n junction does
not conduct.

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 voitage. Till
i the applied voltage exceeds the potential barrier, the
i current increases very slowly with increase in applied
: wvoltage (OA 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 threshold or cut-in voltage. If line
AB is extended back, it cuts the voltage axis at potential
! barrier voltage.

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

It consists of a diode D connected in series with load
resistor R, across the secondary windings of a step-down

i transformer. Primary of transformer is connected to a.c.

supply. During positive half cycle of input a.c, end A of the
secondary winding becomes positive and end B becomes
negative. Thus, diode D becomes forward biased and
conducts the current through it. 5o, current in the circuit

i flows from A to B through load resistor R;.

>

During negative half cycle of input ac., end A of the
secondary winding becomes negative and end B becomes
positive. Thus, diode D) becomes reverse biased and does
not conduct any current. 5o, no current flows in the
circuit. Since electric current flows through load R, only
during positive half cycle, in one direction only i.e., from A
to B, so d.c. is obtained across R,.

40. {i) HimA) 4

1001
BO+

Gor Ge si
40T

Reverse voltage +— 20

38. Differences between half wave rectifier and full ;1‘-:3"0 -HF -'?ﬂ-?ﬂ —l’éﬂﬂ .. — 3V
wave rectifier are: Viv) 02 04 06 0B 10
[~ — Forward voltage
Half wawve rectifier Full wave rectifier 4+ -2
() | A half wave rectifier | (i) | Full wave rectifier ;;;3 =
is an electronic circuit is an electronic h
Get More Learning Materials Here : & m @& www.studentbro.in
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which conwverts only circuit which
one-half of the AC converts entire
cycle into pulsating cycle of AC into
DC. 1t utilizes only half pulsating DC.

of AC cycle for the
CONVErsion process,

(ii) | Output freguency of | (i)
half wave rectifier
is equal to the input

Qutput freguency
of full wave rectifier
is double the input

frequency. frequency.
3%, Half wave rectifier:
]
A
Transformer .
Primary g H % Secondary R, Output

B Y

Centre- Tap

Transformer

' Diode Dy
¥

between A and B as shown in the circuit.

During positive half cycle of input ac, end A of the :
secondary winding becomes positive and end B negative. |
Thus diode Dy becomes forward biased, whereas diode |
D, reverse biased. So diode Dy allows the current to flow :
through it, while diode D); does not, and current in the |

circuit flows from Dy and through load R, from Xto Y.

circuit flows from Oz and through load R, from Xto Y.

e @)

i {ii) Threshold voltage : In forward bias, current first
increases very slowly, till voltage across diode crosses a
certain value. After this voltage, diode current increases
i significantly even for very small increase in diode bias
voltage. This voltage is called threshold voltage.
Breakdown woltage : & very small current flow through
p-n junction, when it is reverse biased. The flow of the
current is due to the movement of minority charge
carriers. If the reverse bhias wvoltage is continuoushy
: increased, for a certain reverse voltage, the current
through the p-n junction will increase abruptly. This
reverse bias voltage is thus known as breakdown voltage.
(iii} Since junction diodes conduct in forward bias and
: does not conduct in reverse bias, it is used in rectification
of ac voltages.

© 41. Two p-n junction diodes can be used to make full
{ wave rectifier which is used to convert alternating
¢ current into direct current.

i Thus diode Dy becomes forward biased, whereas diode
i D; reverse biased. 5o diode Dy allows the current to flow
i through it, while diode D, does not, and current in the
¢ dircuit flows from D; and through load R, from X to Y.

i Dwuring negative half cycle of input ac, end A of the
i secondary winding becomes negative and end B positive,
: thus diode Dy becomes reverse biased, whereas diode D;
! forward biased. 5o diode Dy does not allow the current
- . i to flow through it but diode D, does, and current in the
A full wave rectifier consists of two diodes connected in | it flows from D and through load R, from X to Y.
parallel across the ends of secondary winding of a center :
tapped step down transformer. The load resistance R
is connected across secondary winding and the diodes :

“IN N

Input-Output waveforms

¢ Since in both the half cycles of input a.c., electric current

During negative half cycle of input ac., end A of the : through load R; flows in the same direction, so d.c. is

5Etum_13ryr winding becomes negi_ltfve and end B Rﬂ"'it]"'e‘ obtained across R,. Although direction of electric current
thus d'ﬂdE_DI becumf_-ﬂ reverse biased, whereas diode D, ¢ through R remains same, but its magnitude changes with
forward biased. 5o diode D; does not allow the current : time, so it is called pulsating d.c
tofiow tirough It but diace Dy coes, and.current In the. | (ii) If an alternating voltage is applied across a junction

diode, then the current will only in the part where it is

@ www.studentbro.in



in forward biased. This property of junction diode can be

0 - : used to rectify.
5 i Forward bias
r}‘ i vV,
= il | i P
Input-Cutput waveforms ':"r I O Mﬁgt 'l.r-"r
. y : Reverse -0.65Y for 5
Since in both the half cycles of input a.c., electric current : ctrrent-30 pA ~0.2 'V for Ge
through load RL flows in the same direction, so dc. is : .
obtained across RL Although direction of electric current : Reverse bias %
through RL remains same, but its magnitude changes : ’
with time, so it is called pulsating d.c. : (i) Carbon and silicon both are the elements of the
i carbon family and have 4 valence electrons in the valance

42. (i) Two p-n junction diodes can be used to make ! heil
i shell.

full wawve rectifier which is used to convert alternating :
current into direct current. i The 4 bonding electrons of C and 5i are in the second
i and third orbit. Hence. energy required to take out
an electron from these atoms will be least for silicon
: and highest for carbon due to this, the number of free
electrons for conduction will be significant in silicon but
¢ will be negligibly small for carbon. That is why carbon is

i an insulator while silicon is intrinsic semiconductor.

Centre- Tap
Transformer

43. Two processes that take place in the formation of a
p-n junction are diffusion and drift.

A full wave rectifier consists of two diodes connected in il —V,—> n
parallel across the ends of secondary winding of a center @ 0o oi-|+i @ ® o
tapped step down transformer. The load resistance R; | :

is connected across secondary winding and the diodes : R Ml (R B
between A and B as shown in the circuit. o o oj:|l+ie o =
During positive half cycle of input ac. end A of the | 5 % Bl (418 = @
secondary winding becomes positive and end B negative. : L .

When p-n junction is formed, then at the junction free :

electrons from n-type diffuse over to p-type, thersby : i

filling in the holes in p-type. Due to this a layer of positive : W Claitaave tachilen D
charge is built on n-side and a layer of negative charge is TR A X
built on p-side of the p-n junction. This layer sufficiently : Sskiovrpiaigs i

grows up within a very short time of the junction being : '

formed, preventing any further movement of charge : PrhﬂmEHg éfh‘-zmndary k, Output
carriers (ie., electrons and holes) across the junction. : T l

Thus a potential difference Vpof the orderof 0.1 t0 0.3V | 3
is set up across the p-n junction called potential barrier : ¥

or junction barrier. The thin region around the junction It consists of a diode D connected in series with load
containing immobile positive and negative charges is | resistor R, across the secondary windings of a step-down

known as l:ieph_ztl'nn layer. ; : ; : transformer. Primary of transformer is connected to ac.
If_ an alternating mitage_ - applled_ Ao J“ndm_“ ¢ supply. During positive half cycle of input a.c., end A of the
diode, then the current will flow only in the part where it ol frling bac 4 dend B i
is forward biased. This property is used for rectification. : TR _ary bkl e _WE e i i
Two p-n junction diodes can be used to make full wave Thus, diode D becomes forward biased and conducts the
rectifier which is used to convert alternating current into current through it. 5o, current in the circuit flows from A

direct current. : to B through load resistor R;.
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Centre- Tap

Transformer Ve
- ] Diode D, i a s
X I I I |
..1;
= i Ve, | i 1 i
H i
, Dutpu cl S
T

| During negative half cycle of input ac. end A of the
A full wave rectifier consists of two diodes connected in | secondary winding becomes negative and end B positive.

parallel across the ends of secondary winding of a center | Thus diode D becomes reverse biased and does not

tapped step down transformer. The load resistance R . conduct any current. 5o, no current flows in the circuit.

is connected across secondary winding and the diodes | _ g :
between A and B a5 chown in the circuit. i Since electric current through load R; flows only during

During positive half cycle of input ac, end A of the ; positive half cycle, in one direction only ie. from A to B,

secondary winding becomes positive and end B negative. : 50 d.c. is obtained across R;.
Thus diode Dy becomes forward biased, whereas diode ;

D, reverse biased. So diode D, allows the current to flow : i CBSE Sample Questions >
through it, while diode D; does not, and current in the : °
circuit flows from Dy and through load R from X to Y. i 1. lc):The electrical conductivity of semiconductor

During negative half cycle of input ac., end A of the | jncreases on adding an appropriate amount of suitable

secondary winding becomes negative and end B positive, impurity or doping. It can be done with an impurity which

thus diode Dy becomes reverse biased, whereasdiode D | ;_ _jactron rich or electron deficient. (1)

forward biased. So diode Dy does not allow the current :
to flow through it but diode D, does, and current in the | 2. Antimony (Sb) is a pentavalent impurity. So, when

circuit flows from D, and through load R, from Xto Y. antimany is added to pure 5i crystal, a n-type extrinsic
v, 4 semicanductor would be obtained.
0 /-\ i Energy level diagram of n-type semiconductor
A : : i E E F—— =
Yor |~ NN : g i ¥,
: i a i | o
0 >t : 0.01 & E,
Input-Output waveforms £ 2 Ey o0 -
: o —_———
Since in both the half cycles of input a.c., electric current : e
through load RL flows in the same direction, so dc is : )
obtained across RL. Although direction of e_lectric current Energy hand diagram of
through RL remains same, but its magnitude changes ! n-type semiconductor
with time, so it is called pulsating d.c. ! aT=0K (2)
3. When antimony is doped with germanium n type ! Centre- Tap

semiconductor is formed. The required energy band ;[-rar-'-s-f-c-'m:"

diagrams are given below :
1 e
%
8 ¢ e -
R
5 =0.01 eV E, (1)
% 2 o0 A full wave rectifier consists of two diodes connected in
- parallel across the ends of secondary winding of a center
fal : tapped step down transformer. The load resistance R,

Energy band diagram of n-type

e o ke AT SO : i connected across secondary winding and the diodes

Get More Learning Materials Here : & m @& www.studentbro.in



Get More Learning Materials Here : i

4. Given Al =10mA, V; =070V, V; =071V

change in voltage

Dynamic resistance, ry= :
change in current

_AV_(071-070)V _,

. Here, input frequency = 25 Hz

For a half-wave rectifier, the output frequency is equal to

the input frequency.

7. Two p-n junction diodes can be used to make full
wave rectifier which is used to convert alternating
! time, so it is called pulsating d.c. (2)

current into direct current.

In n-type extrinsic semiconductors, the number of free i between A and B as shown in the circuit.

electrons in conductors band is much more than number During positive half cycle of input ac., end A of the

of holes in valence band. The donor energy level lies just secondary winding becomes positive and end B negative.

below the conduction band, Here the majority charge Thus diode Dy becomes forward biased, whereas diode

. i Dsreverse biased. 5o diode Dy allows the current to flow
carriers are electrons. (2) i : it :

! through it, while diode D5 does not, and current in the
circuit flows from Dy and through load B, from Xto Y.

i During negative half cycle of input a.c., end A of the
secaondary winding becomes negative and end B positive,
: thus diode D, becomes reverse biased, whereas diode D,
i = : forward biased. So diode D, does not allow the current
Al 10x107% A (1) | to flow through it but diode Dy does, and current in the

5. If the doping level is further increased, then even circuit flows from D and through load R, from X to Y.

maore number of free electrons and holes are generated. !
This will create a large electric field at n-side and p-side.
This electric field dominates the opposing electric field
from the ions. This decreases the width of depletion :
region. (1)

[
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O ; l : I:—I

Input-Output waveforms

Since in both the half cycles of input a.c., electric current

5o, output frequency is also 25 Hz. (1) © through load R, flows in the same direction, so d.c is

obtained across R,. Although direction of electric current
through R; remains same, but its magnitude changes with

e @)
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