
Si!l.:t I alifl 

� 1. � n-WfiR' t- F�@i:f>T-1 � Ri=t@f&a if� �-m � � t? 
(a) � cst9.tj@.lq; � f 31R fsitjqi� � �� f I
(b) � 3t(?(l,(,f@fq, � f • q:qtjqi"" � �� t,
(c) fcfcR (t?@) 3t(?qtj@4q, � f om q:qtjqi� � ��-t,

(d) fcfcR (t?@) C!l9.tj@.lq, � f � f�tj41"" � �� t,
errt 

(c) n-� 31cif=qfo1q; 'l Ge "lfT Si � � 1l tj=qtf�lvft cRq <Cr � �
vffilT i, n-� 31cif=q1clq; � � t4§ti�q; elm f<ITT 3tci4ti�q; ma t1

� 2. � 1 if�� "cfiiRl if� �-m P-� t- �� t-� � t?

ffl p-��Ge"llTSi1l����lRlfTOJ��tl 
�� � 11 � '1!ci4ti�q; tfm oo Et§'<i&lcf> wa t1 
� 3. cfilGR, mfc.tcfii-1 31R '1iqPl�q, � if � � � f1 � 
fcml@r � � � IDU � tj4t'1icfidl • � � IDU cft � f, "\lj) �: 
(E8)c , (E8)si � (E8)ae t" ciffliiR f, Ri=t@Asia if� �-m � � f?

(a) (Eg)Si < (Eg)Ge < (Eg)c (b) (Eg)c < (Eg)Ge > (Eg)si

(c) (Eg)c > (Eg)Si > (Eg)Ge (d) (Eg)c = (Eg)Si = (Eg)GI! 

� (c)cffl"iA"ij,���1)-q�mrsi����t1 
� 4. faRr cil'Pffl p-n � �, � p-� if n-� ctft aTR fcmfur iffl' f, � 

(a) n-�if�����fl
(b) � �'qqj..ij( .i$ cliRUT � t- 'tlR' Tf@"cfi<a fl
(c) p-�if �-�, n-�if ��� �ti
(d)��

�·� 

14 

�;Je1crtas $M�IPtcR1-qa1d, 
':lfa:tttti am ti(crt qRqa 
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� (c) � � p-n � it 3TIW � cl>T � � � � � 
� c6l 31R � t1 arn: p � it cf>TC\T c6l � n lff?f c6l 3NIITT 3ffi t1 
JN.:J5. �p-n�'tl\am���fcf;ln�t,�� 

(a)fcrqq��il
(b) cq�{gqcfi � %:lmr.fil���t1
(c)fcrqq�q;)���il
(d) � -q � q;)f�� I

� (c) � p-n � it 3Tir � � � � t, 3lmftra fct� fl it 
fct11q � "ij) fcttRIB � t arn: fct11q � (fl it) &frur m vl@T t1 

JN.:J 6. �cnl�lg f.li.t@f&d 'q�"q;R-��mftt 
(a) an'eJR, � � � 8)-511 cnl 3lJqJtf �am�� "@IA m;it

�I
(b) an'eJR������m;rr�1
(c) ��am�"t�����t1
(d)�����$nlftam�t1

ffl (b), (c)

i.e.,

�� �=le
Is

la = le. 
� 
V R =-
la 

=�-� 
le 

R oc _!_ 
le 

3ffi: Rin � � <1tif>iilj4i81 � t \3'i;q � � � Rin arc;q � � � 
amTRlff?f�&fJUJ�t��3Tir������t1 
JN.:J 7. fcfim����qlffilT� 

(a) ri ���"@IR�il
(b) �o1RFP=t.�'tl\�mcftt���-qftm-ij��t1
(c) � 31RFP=t �11\�mcftt 31R� �11\ ��ii
(d) �-ij�cliW-;nff1

lrtif 

(c) � m11 � oim f;tl:;J � w cpff t oim -qE1J � w � m11
��ti
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� 8. 3lt(R1l �blcfi(Uj 'q, �Ffcffi � 50 Hz 'tmf;r@ ��t?
m Riffl � � � <R1I R1SGcfi1tl qft f;r,fo � � t?

� 3f.it���AC"ij;�cffi�qRcTTt���
� "ij; 3m) "'qw ll qffi � qRffi t, � � � � � "'qw q;)
��ti��� ct) f;r1@ � = 50 Hz��� ct)
� 3l'Tcffer =2 x 50= 100Hz

�9. CE-��lg2kn'*��*ft:m"t{{t;qf.r�2V 
t, -qf.{���cfiT qm�� 100 t, � �� 1 kn tm 
Ffiffl � (signal) � � � '-1m q[<qi(t;\t, �I
ettif � t, � � (R001 ) = 2 kn = 2000 !l 

��1jUJTq,{13 )=100 
� �(\1aut )=2V 

311UR �(Rin)= 1 kn= 1000!1 

� t'flll (Av)= Vou1 =� Rout 
½'n Rin 

���Nn)= Vau1
� (Root /Rin} 

2 

100(2000/1000) 

= 0.01 V 

311UR �(/a)= ½'n
Rin 

= 0·01 = 10 x 10-6 A= 10 µ 
1000 

�10.�*���m-<11f.@-ij�����i,� 
� qft � � 10 � � qft � � 20 ti � Fmr � 

• 0.01 �tmf;r,fo��cfiT��I
� � t, JI� Jfqtfcf> cJ>T � 'ffill (A½)= 10

� Jfq$p cJ>T � 'ffi�, (Av2)=20 
� � {V;}=0.01 V 

� 'ffi� {Av)= \{, = Av. x Av. V; 1 2 

Va = 10 x20
0.01 

\{, =2V 
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� 11.� p-n <Mc!lsi<fls 2.8eV� 3RR@q@3t4'i:li(iicfi � efcldild t1 cf1.IT 
�6000nmclft�q;r�'cfi'{�t? 

� � (E)= he= 6.6 x 10-34 x 3 x 108 
eV [·.-1m =109 nm]

A 6000 X 10-9 
X 1.6 X 10- 19 

= 2.06 eV 

� 3RRra 2.8 eV t � � E � 3RRra � q;iJ t (E < E9 ), are: p-n � cfi
71<fi � cM ��<JR� t1 

� 12.R-t�cfiT.f �aif qft� 5x 1Q28 ltfil m3 ti ��lft� � 
�5x1&2 �ltfilm3 ���5x1&0 �"Mam3 ��� 
�'ti� om-i@clft � cfil� �I� t"fc6 n

1 
= 15 x ld6 m-31

� � � n-Jfcf;Jt qjJ l � p-Jfcf;Jt q;r? 
� �vfFffltfcl;���cCJ�����llltamoTt 
�1Tq;R�11��c1mmort1 
are:���� mq;;J � � � � 

I\ = N = 5 x 1 a22 m 3 ... (i) 

����� 

I\ - nh 
= 5 X 1 Q22 - 5 X 1 <J20 
= 4.95 X 1Q20 

(/\ + nh )2 = (f1e - nh )2 + 4f1enh 

... (ii) 

f1e + nh 
= �(4.95 X 1a22)2 + 4(1.5 X 1016)2 ... (iii) 

� (iii) q � (ii) q;) � lR,

2f1e = 4.95 X 1a22 + �(4.95 X 1a22)2 + 4(1.5 X 1016 )2 

f1e = _! [4.95 X 1a22 + �(4.95 X 1a22)2 ] 
2 

= 4.95 X 1 Q22 /m3 

31il', nf = nh x 'll 
_ nf _ (1.5 X 1016)2 nh - - - -'-----'--

"1 4.95 X 1a22 

= 4.54 X 109 /m3 

3@; � � � � (TlJ = 4.95 X 1a22) � � "ffisZn (nh = 4.5 X 109 ) � 

� t1 3@: � n-lfiffi' q;r � t1 
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� 13. � � 31lcc1Wfi -q � � E8 cfif ltR 1.2 eV t1 � �
•lfa:tft<ftdl � 11fa:tft�dl qft �-q � cfi1:r t � 'ffl'l 'tR f.riR ';nff ti�
600 K � 300 K 'tR i:ti�qidlaif c1iT � �t? 1'W �fcf;� � � "i
qft 'ffl'l f.rimn � 'SlcfiR � mcft t,

� = n0 
exp-( :;T ) 

�,n0 �fteroq;t'1 
� � l � �� n; =�e-Ea f2kaT � � � E

g 
= 1.2eV

T= SOOK�. 

T= 300K �. 

k
8 

= 8.62 x 10-5 eV/K 

n600 
= �e -Eg I 2k8 x 600 

n300 
= nr13-Eg /2k8x 300 

� (i) q;) � (ii) � � � lR, 

n600 =e[-::a(� - �)] 
n300 

i( 
1 1

) 
= 82k8 300 600 

=e2x 

= e 11 .6 = (2 .718)11 .6

= x105 

lfAT 'qfolcf>dlQ wim: a600 
� 0'300 t1 

0'600 = n600 = 1.1 x 1D5
0'300 n300 

... (i) 

... (ii) 

(·: e = 2.718)

(·: O' = enµ6 )

� 14. � p-n � �-q � I cm� 'SlcfiR � � � � t 

l=l0 ex{�-1) 
2ksT 

� I0 cm «ffifi«r� �cffi't, V ��ftm "tR cTIRffi  •�� 
oTII ��� �'a¥U ��� SfiUiiciiqi t1 [�"«� � 
t, k8 i:fl�\1\qH � (8.6 x 10-5 eVIK) t a¥U T "WI afCJ t1 � � � �
� � � I

0 
= 5 x 10-12 A a¥U T = 300 Kt, aGf

(a) 0.6 V 31UR�lqi � � � 31UR�lqi f;JRT � 'ffi'1ft?

(b) *��fuu"tRcTIRfficm�0.7V cfi\�ffl �-q��ll
�? 

(c)1'Jfcrq;�fc6cRT't?
<d> * qf(=qR�,qi (ofifilt) cTIRffl cm 1 v-« 2 v °qi\� m � q;r 'qR � mr?
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� � t', 1
0 

= 5 x 10-12 A, T = 300 K

k8 = 8.6 x 10-5 eV/K 

= 8.6 X 10-5 X 1.6 X 10-19 J/1(

(a) � (V) = 0.6 V

eV = 1.6 x 10-19 
x 0.6 = 23_26 

k8T 8.6 x 1O-s x 1.6 x 10-19 x 300

� � � 'tfiftq;'(Uj 

(b)� V=O.7V

[ ev 1) 

I= l,,e ksT 

= 5 X 10-12 (823.26 -1) 
= 5 X 10-12(1259 X 1010 -1) 
;:: 5 X 10-12 

X 1259 X 1010 = 0.063 A

eV _ 1.6 X 10-19 X 0.7 27 _14 
k8T 

-
8.6 x 10-5 x 1.6 x 10-19 x 300

�-1 
I= 1,/lsT 

= 5 X 10-12
(8

27.14 -1) 
= 5 X 10-12(6.07 X 1011 -1)
= 5 X 10-12 

X 6.07 X 1011 = 3.035 A
� � l!J = 3.035 -0.063 = 2.9 A 

(c) Af;::2.9A, � AV:::O.7-O.6=O.1 V

•l�lt-'tcf> � Rd = AV 
l!J 

= 0·1 = 0.03448 0
2.9 

(d) � � �'tql�'< 1 V � 2 V °il � mffl t mt 1'flT1l1T � 10 = 5 x 10-12 A
m1ft � � � � ll � � "fflm t,

Ji'9I 15.anfflftt;f-q<?l'-qm��fl ��fcf;-qftqtf (a) OR �<fit 'lffif 
�qi«fft�-qftqtf (b) AND �<fit 111ftf cfiNcifflf'tl 
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OR-ire 

�;:::?�I�{ \:\\'If?. ?}p;l{ f%�0f( �rff?f:\� 
o o o 1 ·o
0 1 1 0 1 

1 0 0 1 

1 1 1 0 1

A cf 8� tc � t OR -ire� NOT -ire 1 q;r � D� NOT -ire 2 
q;r�y��Dt'I • 

0 
0 

am: � OR -ire � "WIFf t'I 

(b)-ire� 

B 

NOT-ire2 

0 
1 
0 
1 

0 
0 

1 
0 
1 
0 

0 

0 

0 
0 

1 
1 
1 
0 

0 
1 
1 
1 

y 

0 
0 
0 
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!,.:i}.· ... ·-�\.,i//:: 1• ;, .,.:-Jr- · :,\ ;'; :(::.'.�,--r::rt:1

A 

0 0 0 

1 

0 

0 0 

0 

B 

am:�� <ffl � JTq;R � 'iFflm vIT � t1 

·:_\A/:·:\::·{:)�\_ .. ·· <�ft\t;\
0 0 1 

0 

� AND 't)cq;r � at� NOT 't)cq;r ��at, ffl �A�� 
y� 
�� 

r.1-;;1.-i:::·A� �:·,:�:··, · -.:trY�/;·�� 
0 

1 0 

� NOT1'c�WJAt, am:�� �&mmtfttl 

� 17.� ffi � � -qftq?.J � � t � NAND � � t1 � � 
� IDU cfit � cf@t '(fi{; tjfffi41aif c1il atMAf4RUI �I 

(a) 

� (a)1'c��

AND�1 

A 

B 

A 

y B 

(b) 

AND�2 

y 
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A B C · D  E 
! 

y 
------·--- ----- ---�·----r· ----

0 0 0 1 1 0 

0 1 0 1 1 0 

1 0 0 1 1 0 

1 1 I 1 0 0 1 

AND .)c 1 cpf �Ct� NOT .)c 1 q;y � 1fi C � t o2ll ONOT .)c 1 

q;y � � AND .)c 2 cpf � t AND .)c 2 q;y � o2ll NOT .)c 2 q;y 

� Et, Y � f.Ma t 

0 0 

0 1 

1 0 

1 1 

3IB: � 7lt ��AND .)c � t1 

(b) .)c fcl�

AND�1 

A 

B 

A' s ·

0 0 

1 0 

0 1 

1 1 

AND -are 1 q;r f;rm C t 

AND -are 2 q;J � D t 

NOT -are 1 q;J � £ t 

C 

0 

1 

0 

1 

� NOT -are 2 q;J � 1ft' F t1 

o. 

0 

0 

1 

1 

E 

1 

0 

1 

0 

y 

0 

0 

0 

F 

1 

1 

0 

0 

ANO-are 3 cpl� Gt� NOT -are 3 cpl� 1ft G ti 

3IB: <16 OR -are � � ti 

:G ·Y

1 0 

0 1 

0 1 

0 1 
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A 

0 

1 

0 

���ORllc"ij;WiRtl 

B 

0 

0 

1 

y 

0 

� 18.�-q ��NOR Tic� qftq� q,'t � � � � � qftq� 
��cl$ �3TT (OR, AND, NOT) i:ffl' �mfur �I 
(�A= 0, B = 1 � � NOR Tic�� A � B, 0 � � � trct>R Y = 1 
ID1TJI � trct>R A� B�� ���y �l{Amt:a�I OR, AND, 
NOT�q,'t��������mt:a�I) 

A 

B 

A 

B 

A.·

0 
1 

0 
1 

B c 

0 0 
0 1 

1 1 

1 1 

QRTg2 

y 

D E Y. 

1 1 0 
0 0 1 

0 0 1 

0 0 1 

OR llc 1 q;y � C t q2fl NOT lTc 1 q;y � 0 t � NOT llc 2 q;y � 0
t, OR llc 2 q;y � E t � NOT llc 2 q;y � 1ft E tt Y 3ffeaiJ � t1 

A 

0 

1 

0 

� "fl'R'Ofi 

B 

0 

0 

1 1 

y 

0 
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� 19.m-q��� NOR ��'iR'�cf>l� (�) �
�I -ey;rr � IDU � � �aif (OR, AND, NOT) cfil 3iMf.t�fRd
�I

(a) 
� (a)"lIB�� 

A 

A 

B 

(b) 

A B y 

0 0 1 

1 1 0 

OR 7IB cpl � B t � NOT 7IB cpl � � B t1 

3@: � ·"lIB NOT 7IB 'ij) "WJR ti 

OR�1 

A 

B 

A 

0 

y 

1 

0 

a 

A 8 l C D E I F G 

0 0 0 0 1 1 

1 0 1 0 0 1 

0 1 0 1 1 0 

1 1 1 1 0 0 

OR"lIB 1 cpl� Ct c1m NOT"lIB 1 cpl� -ifi Ct 

OR � 2 cpl � 0 t � NOT � 2 cpl � 1fi O t 

NOT llc 1 cpl f;J7ra Et� NOT 7IB2 cpl� Ft 

OR 7IB 3 cpl � G t c1m NOT 7IB 3 cpl � -ifi G t 

1 

1 

1 

0 

y 

0 

0 

0 

1 
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am: AND 11c � � � 

·A

0

1

0

0 

0 

y . , 

0 

0 

0 
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