CHAPTER - 14

SEMICONDUCTOR ELECTRONICS: MATERIALS, DEVICES, AND SIMPLE CIRCUITS
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Objective Questions/ T8 U¥

d) dgmideH T Rfsaar

Ans- d)
1 Universal Gate is - 6. 37¢f ATTeHT BT AT
a)  NAND b) NOR a dUWRMRIA IS b) Wm@fm%
o Bothaandb d  AND o dYdeIATed s d TIPS E
B ICIEC RIS Conductivity of semiconductors
a)  NAND b)  NOR a)  does not depend on temperature
o cHiFART d  AND b)  decreases with increase in temperature
Ans- 0 € increases with increase in temperature
2. The name of the given gate is - d)  none of these
—} Ans- 0
o 7. At what temperature the semiconductor behaves like
a)  NAND b) NOR a perfect insulator
¢ AND d OR a) oK b) o°C
frgmg e dram - 0 O°F d) 100°C
—} B | AUHE W 31 ATeTeh U qof TS B 1A
— HGER HIAT &
a)  NAND b)  NOR a) oK b) o0°C
o AND d OR ) O°F d 100°
Ans-a) Ans-  a)
3. The basic gates are 8. The most common material used in the manufacture
a)  OR,NOR,NOT b)  AND, OR,NOT of transistors is
¢ OR,NAND, NO d)  XOR,NOT,AND a)  Copper b)  Silicon
qac® o  Ebonite d  Silver
a)  OR,NOR,NOT b)  AND,OR,NOT ifsex & 7T ¥ yga waifere AT uaTd &
©  OR,NAND,NO d)  XOR,NOT,AND a)  diar by fafdsi
Ans-  b) o UeHREe d e
4. In p -type semiconductor What kind of impurity is  Ans- b)
foung 9. The gate shown in the picture works as which of the
a)  with valency of three b)  with valency of five following gate?
¢ withvalency oftwo d)  with valency of one
p -CT8Y Hefaraiss H &Y 31[gar fieft et @
a) WASTHATAHD b HYISTHA Yid Dl
o  HAISBATSI B d)  HASTHATI TP B
Ans- a) a) OR b) AND
5. The depletion layer of p-n junction diode consists of o NOT d)  none of these
a) electrons only Ao e s AN FTEM Har ?
b)  holes only
c¢)  both electron and holes
d) neither electron nor holes
p-nAfTsAE S FRA AT e §
a) Wsﬁa—a‘—r a) OR b) AND .
by Sae Rfrat o NOT d A DI TE
o sorgH 3k Rfrat Ans=
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10.

Ans-

Name the diode given in the figure

a) ZENER b) LED
c LDR d)  none of these
ARy sMs Sramaan|

a) ZENER b)
¢ LDR d)
a)

LED

ST A Plg 6l

Subjective Questions/fawafas U |

Ans-

Ans-
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What is a semiconductor?

The materials in which the electrical conductivity
lies between conductors and insulators are called
semiconductors. The electrical conductivity of a
semiconductor increases, when we add impurities and
by increasing the temperature and it is contrary to the
metals. They have negative temperature Coefficient of
resistance and they are formed by covalent bonds.
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§19 81t § 3% 37 &1 ST 8| 3TeATAD Dl
ATAhdT 8¢ 31T 8, 519 89 HAR[GIEA] I AT
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What are intrinsic semiconductors?

A semiconductor in which holes and electrons are
created only by thermal excitation across the energy
gap is called an intrinsic semiconductor. A pure crystal
of silicon or germanium is an intrinsic semiconductor.
In an intrinsic semiconductor the number of holes in
the valence band is equal to the number of electrons
in the conduction band. The Fermi level for an intrinsic
semiconductor lies midway in the forbidden gap.

A7 3refaTes T 82

Ush AHiebsacy 5 35371 3aRTe & UR dbdel IHo
Frildssacy Head 8l Fafee ar srlfam &1 g
fepeee Ueb 331 37efarTeres 81 Ueb 33 31efaeien o el
5 o fiforat &1 Toar Ire 85 ¥ seaeFl B g
& TSR BT Bl A37 AefaTeich & foy Wt ¥R afsfa
3R & 19 1 fRra grar 8l

What are extrinsic semiconductors? (or) What
is the effect of impurity states over intrinsic
semiconductor?

Ans-

4.
Ans-

4.
31R-

5.
Ans-

It is an impure semiconductor made by doping process
thereby reducing the band gap up to 0.01 eV.

In the case of n-type semiconductor, the donor
energy level is very close to the unfilled energy band
(Conduction band). So it can easily donate an electron
to that unfilled state.

In the case of P-type semiconductor, the acceptor
energy level is very close to the filled energy band
(Valance band). So it can easily accept the electrons
from the filled state.

aTeg 31efaTeres T B &2 (@) 3ATafe 3TefaTds IR
3R[geraT Hi fRafa &1 ot guTa #ar &

& SO UfehdT GRT 1141 1T Ueh 31R[GEN AHlchsacy
g5t d5 19 0.01 ev AH BT FATAT B

n-cTey AHhsdex & HTH H, 3R Ta1 del 0T
3571 93 (SR §3) & a8 DI 8IdT &l a1 T§ 37T
A HsRME 85 T Uh sade = T IR AT &l

p-CT3U AHIhsdex & HIHM H, Widhdi Hall R 1R §U
%31t §5 @i §3) & g8 HA BT Bl a’ru's'%ﬁgu
Hatf §3 A sl o 3T A WHR IR oo &l

Differentiate n-type and p-type Semiconductors.
N-type
1. Impurity atom is pentavalent

2. Donor level lies close to the bottom of the conduction
band

3. Electrons are the majority carriers and holes are the
minority carriers

P-type
1. Impurity atom is trivalent

2. Acceptor level lies close to the top of the valence
band.

3. Holes are the majority carriers and electrons are the
minority carriers.

n-e18q 31T p-eT8u Ariheaex ¥ 31ar B

n-cIsyu

1. 31RIGTE WRHTU] YIS &

2. 3R Al SR 35 & I & PRI el &

3. Sofac i 988 aTee B1a € 3R B¢ 3Tcuieas
CIC GRS

p-cIsq
1. 3R[GTE TRHTY] FEA1sTh &
2. THTE IR Ioiv d5 & M & HAe fRua rar 2l
3. B TEIR S dT6h 81 & 3T Soiae (4 3TeaaTDH
qT8h 8ld &l
What are donor and acceptor impurities?

A semiconductor in which the impurity atoms are added
by doping process is called Extrinsic semiconductor.
The addition of impurities increases the carrier
concentration and conductivity. There are two types of
impurities.

1. Donorimpurity which leads to N-type semiconductor.

2. Acceptor impurity which leads to

semiconductor.

P-type

Donor impurity means it donates the electron to the
semiconductor materials and Acceptor impurity means
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it is ready to accept an electron to form the covalent farfa 4T & ? " faen snafa aq gof adr
bond in semiconductor materials. feewr &t ffa sngfa aar 2
5. Te 31t el 3txpgfert aar € IR fear mar gAY hradw (Far mgf= 50 8¢
MR- 5 qfldhsaez § SIUT Ufehdr gRT 31R(GTE URATU] U 378 T fCehRI & oy, T (Frie
qsﬁ%%ﬁmﬁﬁmﬁm(my ™ 31qfe $7Yc iad ¥l & §RTeR Bl &l
Ped &l 3wefaal A 31fdRed aes Aiedr 3 -
. 3 ' & 31t Ueb 37€f T RERY & AU 31m3eqe hiad =
%ﬁﬁﬂ;‘«’ ITAGDAT 96 ST el 3TR[GIE™T & UhR 503?_??
Ny 2
. T PRI & ey, 3M3cYc WHiaddT $79C
1. STAT 3R[GEdT 311 U-2T8Y Aichsder a8l %ﬁﬂﬁﬁ?"
2. TiepTd 3R[GET 511 W-2T3q AHfdhsdes Tl 8| 37c: quf 4 feeamrt 3 fey 3m3eye g™t = 2 x 50
ST 3TR[GErT 1 374 & fob ue 31efareies Al o) =100 &3l
&5 78 3_5'; HRAT & 3'ﬂ_‘rﬂ ff!’ fid E.Ii famqgg?r 3?1; 8. Explain, with the help of a circuit diagram, the working
o of a p-n junction diode as a half-wave rectifier.
U U soiagi- Bl WIHR B & [y IR erdT
2l Ans- Rectifier- A rectifier is a circuit which converts an
X alternating current into direct current.
6. What are the differences between a conductor and a
semiconductor? p-n diode as a half wave rectifier-
Ans- Conductor A half wave rectifier consists of a single diode as shown
. . . Lo in the circuit diagram. The secondary of the transformer
1. The conductor is a material which has low resistivity gives the desired a.c. voltage across A and B.
2. They will not behave as an insulator at any In the positive half cycle of ac, the voltage at A is
temperature. positive, the diode is forward biased and it conducts
3. They have positive coefficient of resistance current.
Semiconductor
1. The semiconductor is a material which has resistivity
lying between the conductor and an insulator.
2. The pure form of semiconductor can behave as an
insulator at zero Kelvin.
3. They have a negative temperature coefficient of
resistance. ;
6. Hsae 3R TS & I F971 3R E Tranelcmmer
FR-  Psae <A
1. s Yo Ul Al @ 5t ufcRieasdr o ®
BT g
. . = Input a.c.
2. 9 fopT ot ITUHTH R U faqares & €U § AdER S _ i
TE hedl . ol ST
. i
3. 37 VA1l & TUTich EFTH el & | g 4 ] E E i
Srfreseee | Output
) 8 i E E ] _i\rcdtage
1. Aichsder U Ul |l & Sradhy gfaRierdsdn ) | i , i
@hsacy 371 U sIeieR b ara g &l 5 7 O L
2. 3TEMATASD BT G FU SR Bfed W U PaTeich
& ¥ 1 AGER R HepelT 8 In the negative half cycle of ac, the voltage at A is
3. 37705 UTaRTEN ST ATIHT TOTid FBUTIHE Bidl 2 negative, the diode is reversed biased and it does not
e . . conduct current.
7. In half-wave rectification, what is the output ) .
frequency if the input frequency is 50 Hz. What is the Thus, we get output across R, during positive half cycles
output frequency of a full-wave rectifier for the same only. The output is unidirectional but varying.
input frequency. 8. U 3d-avn fGedt & §9 ® p-n Gfe ss &t
Ans-  Given Input frequency = 50 Hz HEAYUTAT IRy 3TRE & Terdar ¥ aussul
For a half-wave rectifier, the output frequency is equal to 30X |EEEISI.?'I feEPHrY e aRRay & 57 garadf o 1 fee
the input frequency. e o aRafdd e 31
Therefore output frequency for a half-wave rectifier=50 Hz g;%?g'g &% 99 MdTwreR 31 T fREdrh
For a full-wave rectifier, the output frequency is twice . ) .
the input frequency. 37¢f TR QDR o e SIS B & St fob uRuy
. 3 H ey man &l SwrR @ fediue gifed
lger??OreHoutput frequency for a full-wave rectifier = 2 x ek Ko 2 T 3R ﬁ?;}ﬁ Sl
= z
. . ac. P EATHS 3TETH H, A TR dleedl g1 il o,
7. 31ef @it fegaeor & afe fraer 3ngfd soHz & & e L
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T & BUITHS 31 U, A TR alees] BUTHS &Il
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HaT 8l

decreased.

(i) Inreverse bias,the width of the depletion region is
increased.

9. W & HeTqdT A p-n A & 31q&ra 83 &
Z:g a?r atman HIYI Gfer 81 W s 9isrE S
Primary 6} mﬁﬁﬁﬁmﬁ
il .
= )  geafefRie s ¥
IR- ﬁﬁpnmﬁmémﬂaﬁamﬁ
e B HicdT arel &t § A Hied] are &= # famRa e
o §l 50 YR n-&F A seide i p-&F & faaRka &
i ST & 37R S8l 3 el A FanfSia giese e 81 St
% 8l 531 bR, p-& A B¢ n-8 o fqafke €1d & 51l
& input a.c 33??;’[%?1} %ggﬁaﬂ?m'—rs‘raéﬁﬁlsq
E 5 ufehy gAGCIA- QQﬁQIEH el STdT &l
o
§ 1 | Output Junction Vp Fictitious battery
8 _lvoltage
o
E S
g > 1
3 UBR, 9 Pael ADRIGTD AT bl P aRM R F@ @l
3 SIS e e 1 3 e § e @@@@I i@@@@
BId1 AT & |
. o . CACACACH ©|® PPe®
o. With the help of a suitable diagram, explain the
forma.tion.of depletion regions i|‘1ap-f1 jupction. How @ @ @ @ |@|®| @ @ ’ @
does its width change when the junction is
(i) forward biased, and @ @ @ @ |E‘) l ®I @ @ @ @
(ii) reverse biased? ptype | | n-type
Ans- As soon as a p-n junction is formed, the majority charge
carriers begin to diffuse from the regions of higher SR & U p-8F o &R -ve 399 € 59 g 3k
concentration to the regions of lower concentrations. R P UTT n-87 § BR +vedT0T & 994 & 34T
Thus the electrons from the n-region diffuse into the FREdREm M s RE S IIIT S a3
p-region aqd whe.re .they combine with the holes a.nd et 8F SR gad 311a2T ared! ol St el @ 3R
get neutralized. Similarly, the holes from the p-region B FRIT 3T 8Id &, 37981 U3d 971 1T & Heoeirdl
diffuse into the n-region where they combine with the 2 | 379erg uRa o U fauraicr Ve & 31T REL]
electrons and get ngutr}alized.This process is called mﬁq—dmmga@ﬁ;q—gwﬁqﬁmgﬁ
electron-hole recombination. gAaeT 37k B¢ & 3m) yaR o1 faver Har &l
Junction Ve Fictitious battery 0} %mﬁf‘eﬁ‘ T H A& &7 DI 1SS HH & Tl
|
(i) g?ﬂﬁf?ﬁﬁ' T ¥ 3198 &F Y GISTS ¢ STt
|
lol@l
@ @ @ @ @ ® @ @ @ @ 10. (i) With the help of circuit diagrams, distinguish
|@ @f between forward biasing and reverse biasing of
Q @ @ @ @ @ @ @ a p-n junction diode.
@ @ @ @' |@ I'@)I @ @ ’ @ (i) Draw V-l characteristics of a p-n junction diode
|® |®| "
@ @ @ @ @ @ @ @ (a) forward bias,
pype I l S (b) reverse bias.
The p-region near the junction is left with immobile
-ve ions and the n-region near the junction is left with
+ve ions as shown in the figure. 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. In the depletion region, a potential
difference Vg is created, called potential barrier as it
creates an electric field which opposes the further
diffusion of electrons and holes.
() Inforward bias,the width of the depletion region is
BefT-12 (ifdedn oy i i $5-Hg-39 TEaw e RO 3 (2024)




Ans-

10.

11.

Ans-
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i
@ Forward biasing Reverse biasing
P P "
| B
= =il

(if) V-I characteristics of a p-n junction diode

(a) Forward bias (k) Reverse bias

| j: Knee voltage

Forward bias (V)

Reverse bias (V)

Break down
voltage

Forward current (mA)

(wr) Jwauna asianay

(i) ufrgy 3T & wergar | fed! p-n Afer srls
& ufelie amafdn aur uafefRie safdn o
fade S50l

(il p-n A TS &1 V-1 3Tfuceoie 3RfEa
@5y

Q) 3ufefRie arafdm
@ uafefie srafim

i
@ Forward biasing Reverse biasing
B et P "

| B

= bl

¥

(if) V-I characteristics of a p-n junction diode

(n) Forward bias (b) Reverse bias

| j’: Knee voltage

Forward bias (V)

Reverse bias (V)

Break down
voltage

Forward current (mA)

() yuaung asianay

Draw a labeled diagram of a full wave rectifier circuit.
State its working principle. Show the input-output
waveforms.

p-n junction diode as full wave rectifier

A full wave rectifier consists of two diodes and a special
type of transformer known as center tap transformer as
shown in the circuit. The secondary of the transformer
gives the desired a.c. voltage across A and B.

During the positive half cycle of a.c. input, the diode D,
is in forward bias and conducts current while D, is in
reverse biased and does not conduct current. So we get
an output voltage across the load resistor R.

11.

12.

Centre tap Diode D,
2 transformer
Figure
on
E
z e Input wava;c!rm
a2 i I N
£ I I I I
I | | ]
-
= I | | 1
3 I | | 1
o' |Due to |Due to | Due to | Due to |
i) Oy | Dy Bt D
§ I | I Y oo
= Ouiput waveform
>

Figure

During the negative half cycle of a.c.input, the diode D,
is in reverse biased and does not conduct current while
diode D, is forward biased and conducts current. So we
get an output voltage across the load resistor Ry.

T feesrit uftay &1 Amifea i syl
3 B fAgid B 9d1$7| $9qe-3113eYe dawbid
Rl

guf @71 feeest & ¥4 & 41-U4 5TeRM 3MS
U e 99 Afae®rar ¥ &l s1aTs 31R U (321 yebr
BT CIIBINR 81dT & 5 Aex U iR & ¥ H
STHT 51T & 341 o wfdhe ¥ fezamar mar 8 1eiaseriR
?riﬁ?ﬂwaﬁ?ﬁumém%traﬂ?aﬁﬁgaﬁa?ah

|
U & ADBRIAB 318 Th B SR ¢, SA1E D, 377
I § B 37R FHe BT IATA Bl & srafe D, Rad
IS o & 3R I BT AT 81 bRl &1 AT eH @IS
A RSP UR Ueb HT3CYC dleesT fHete 8l

Diode D,
Timary|
coil

A

Secondary coil

Centre tap Diode D,
i transformer
Figure
o
£
E Input waveform
5 >r
a ]
= 1
1
o 1
« |
1
g' Due to |Due to | Due to | Due to |
] D, D, D, D, i
4 et
= Output waveform
= Figure

AC & THRIHD 378 b & SR $1Y¢, 31413 D, e
A f2e) ITas I & 37k e BT AT Tl _RAT &
519fdp STAE D, Bikas (3UfefRich) aTuws 1 # 37k wie
T AT BT &l a7 e @18 M RL P IR U
T3eYE aleesT fietar &l

Draw V-l characteristics of a p-n junction diode.
Answer the following questions, giving reasons:

1. Why is the current under reverse bias almost
independent of the applied potential upto a critical
voltage?

FWMEIRA. — N IF-Te-3R T e RAawor ¥ (2024)
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Ans-

12.

HeT-12 (ifahn

2. Why does the reverse current show a sudden
increase at the critical voltage?

Name any semiconductor device which operates under
the reverse bias in the breakdown region.

1. In reverse bias of p-n junction diodes the small
current is due to the minority carrier and hence
resistance is also very high. Increase in voltage
leads to a very-very small increase in reverse
bias currents so we conclude that in reverse bias
reverse current is almost independent of applied
potential up to a critical voltage because after
this critical voltage, current increases suddenly.

Characteristics
F{mA)

N

1004

80+

0204060810 Al

I (uA)

2. In reverse bias, reverse current through junction
diodes is due to minority charge carriers. As reverse
bias voltage is increased, the electric field at the
junction becomes significant. When reverse bias
voltage becomes equal to zener voltage, electric
field strength across the junction becomes high.
Electric field across the junction is sufficient to pull
valence electrons from the atom on the p- side and
accelerate them towards the n-side. The movement
of these electrons across the junction account for
high current which is observed at breakdown reverse
voltage.

Zener diode and photodiode operate under reverse
bias.

p-n Tf=1 31A18 &7 V-1 31fareTerfores 30|
®RYT gard g0 fAafafad gl & 39 -

1. URafefis 9o & d8d dic fhfedm dleest
mmwﬁmﬁmﬂmwﬂaaﬁ

2. fqufka grT wifde aleedl UR 319G gefa a4l
Rl &2

et 37T o1 fAf@g N s aa o
Ui 919 &b 37drid g B! &l

1. p-n STRM 3418 & Raxd 910 & 3767 &RT 3710
qIEPH B HRUT 8lct & 3R sAfey ufeRre oft sga
3feres 81T 8l aloest H gefer A fRas a1as arid of
ggd BHH Jgd Bl 8, & fwpy FAdred §
o o<t ara o faxd die Uas fopfeard st b
favTataR 7T I BdT © 91fos 39 fohfeda
gTecsT b 916 HC IAM® 96 AT 8l
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Ans-

Characteristics
F(mA)

s

100 -

804

0204060810 ¥

L{pA)

2. gegiefRies 9199 B3R SIS & HTeny A g
HIC TIIRAD 31T dTEHT & HRUT BT &l
S 8 e 9/ aleesT gl 83TRE W fagd
a7 37T &1 ST &l 319 Fiad 199 aieesT 3R
aleesT & SRT6R &1 71T &, 1 STaRE o REK:EI
drehd 31fae 8 STdT & STRE & U a4
TRATU] { U118 W doid seiagi-i &l Eid 3R
3 UI-9158 &1 31R 9¢H & iU vaf 81 9z
Yot areest IR 39 seag i bl SN TTTd 8l & a1 3
&TRT BT BT g1 &l

3R 3/TS 37R Wil 3MTs e 919w & dsd &M
P Bl
Write distinguishing features between conductors,
semiconductors and insulators on the basis of energy
band diagrams.

Distinguishing features between conductors,
semiconductors and insulators:

(i) Insulator

In the insulator, the valence band is completely filled.
The conduction band is empty and the forbidden
energy gap is quite large. So no electron is able to
go from valence band to conduction band even if an
electric field is applied. Hence electrical conduction is
impossible.

(ii) Conductors (Metals)

In metals, either the conduction band is partially filled
or the conduction and valence band partly overlap each
other. If a small electric field is applied across the metal,
the free electrons start moving in a direction opposite to
the direction of the electric field.Hence, metal behaves
as a conductor.

(iii) Semiconductors

At absolute zero, the conduction band is empty and
the valence band is filled.The material is an insulator
at low temperature. However the energy gap between
valence band and conduction band is small. At room
temperature, some valence electrons acquire thermal
energy and jump to the conduction band where they
can conduct electricity. The holes left behind in the
valence band act as a positive charge carrier.

FHMEIRA. — e IF-He-3R T e RFaRor ¥ (2024)
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13.

Conduction band
cB

cB

Conduction

Eg>3eV band

!

vB
Valence band

E <3eV

Valence
band

VB

Insulators Metals (conductors) Semiconductors

F311 408 3E] & TR UR ITeiob], 3TefaTeiah] auT
fageiasi & A faftre fave fAfeo)

B3Iy, AidssacH 3R §eier & g fafre fave -
() SR

¥ 3o I3 @isi 99) QA dve F RT &I 8
AT § WTe! 81T & 3R afsid 311 3aA=Te Il a8T
a1 81 $AfAU IS Y Siag - doid o8 A HSRME &3
AT §8) T e 511 A 8, Mal ol fagld &F @man
STQ 31 fae[d aTei=T 3R7=7a Bl &l
(i) PSR (€T
g3t B, a1 At Ao &8 3111 T A R BT & AT
AT 3R doiw a3 3111 0 A U R d 3ifaare
B Bl afe a1 IR Ueh Bie] faed &5 @ 31 &,
GIRCS I CEE] & &1 farm & faudla faem #
T AT [F PR <d €l 37cT: &1 ATeich ol Hifc AdER
Bl &l
(jii) 3TERITATD
[ Piod UR, SR d3 [T 81T & 3R Joid ds
TR Bl 8l HeaTeies HH dI9HH WR U THMcT
a1 8l BTl doidl 85 37R HSRM I3 & a1 Hafl
®T 3R BT 81dT 8l FMW &S dIAH R, TS dois
AT ATdTd 35311 UTed @l & 3TR hsRM 95 H Pa
STTdl & 78t 9 fag]d &l TaTei- &3 Adhd 8l Ao 93 1
e BIs MY B¢ oIS 37d%1 a6 & 9 H drd
P &l
Conduction band
cB

cB

Conduction
band
Eg < 3deV

vB
Valence band

Valence
band

VB

Insulators Metals (conductors) Semiconductors
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14.

Ans-

14.

Draw the truth table of a NAND and AND gate.
AB- Input

X-Output

Truth table of a NAND gate-

A B X
o o) 1

o 1 1

1 o] 1

1 1 [0}

Truth table of AND gate-

A B X
[0} o [0}
[0} 1 (o}
1 o (o)
1 1 1

NAND 371R AND e &1 HadT aRU §91871

AB-3Ye (Fa=ft fRwren
X-3113eqe (Aid fuen
U NAND TTE I I dT HRUA-
A B X
o o 1
o 1 1
1 (o] 1
1 1 (o]
U AND T 1 T dT ARUA-
A B X
(o} [0} [0}
(o} 1 [0}
1 o (o}
1 1 1
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