1 a S:Iﬂ ——
Pl‘lnted Page Roll N¢

B.TECH.
Year: 204 Sampester: TV

MINOR TEST (EXAMINATION): 2025-26

rime: 2 Hr,
Note- Answer all questions:

- .~ Semiconductor Devices and Applications-

LY.
e
Fis "

§

- - *1
£

Max. Marks: 30

FQ]. Attempt any Three parts Of the follovwng (Umt—l &-
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Define effective mass of an electron. Derive the

ra)
expressjon of effective mass using the E-k relation. .

|

2,3

1) | Using the relation necT ™, discuss how the mobility of
charge carriers changes with temperature within the range

of 100K to 400K.

2,3,
4

¢)/| Derive the expression -for thewidth of the depletion
) / region W of an open-circuited P-N. junction in terms
& | of Vo, Na, Np, and permittﬁrity E. .

3,4

d) | Consider a silicon pn Junctlon at T =300 K witha p-type
doping concentration of/Na =2 %:10'7 ¢m®. Determine the
/ n-type d0p1ng concentration “such that the maximum
electric field is Emax = 2.5 x 10° V/cm at a reverse-biased

voltage of VR =25 V.

3,4,

Q2. Attempt any Three parts of the follomng (Unit 1)

a) State and explam Maxwell—Boltzmann approximation.

Mention its validity condition. Assuming the Boltzmann.
apprommanon apphes write the equations for n0 and p0
in terms of the Fermi energy.

3,4,

/b) State and explain the mass-action law. show how to
-1 calculate the minority carrier concentration in an n-type
semiconductor if the donor concentration (Np) is known. _

2,3,
4,3

c) | Consider a gallium arsenide sample at ‘T=300 K with
doping concentrations of Na=0 and Ng=10'6 cm®. Assume
complete ionization and assume electron and hole
mobﬂmes given in Table. Calculate the drift current

den51ty if the applied elecmc field is E=10V/cm.

v Jn (cm?/V=5) Ity (cm*/V-s)
1350 430

8500 400
3900 1900

Silicon
Gallium arsenide

T 23

Germanium
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1d Explain n-type and P-type semiconductors and the role of 2,3
donor and acéeptor impurities. S—
Q3. | Attempt any Three parts of the following,
a)- | Sketch the depletion region charge profile, electric field 42, 3,
: ~profile E(x), electrostatic potential ¢(x), across the
/{/ depletion region of an abrupt P-N junction at
’ equilibrium,
2 b) | Discuss the effect of doping concentration on the w-idth of 3.4,
the depletion region in a P-N junction diode with the 5 |
diagram, =
/SN, )
¢) |-Derive the expressmn for maximum e]ectuc " field 3,4
intensity Emay in the depletion region of an open-circuited
PN junction and show its relationship with Y0 and W.
| 9) | A silicon diode indicates forward current of 2mA and 3,4,
/ - | 10mA when forward voltage are 0.6V and 0.7V 5
e respectively. Estimate the operating temperature of the
diode junction. :
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BL - Bloom’s Taxonomy Levels (1- Remembermg, 2~ Understandmg, 3- Applymg, 4 — Analysmg, 5-
Evaluating, 6 - Creating)
CO — Course Outcomes
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