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€ral ll'l:tru:ti{mS: Silicon: m*=0-26 mp Nc = 2.8x10" cm?, Nv = 1.04x10" ¢m?, n; = 1.5x10® ;3 E, =1.1 eV,

Re| F
nuhu“ Permittivity ¢=11.8, .= 1350 em?/V-s, p, = 480 cm?/V-s. Other Constants: kT=0,026 ey at 300K,

t2mann’s constant k= 8.66x10° ¢V/K, €:=8.854 x10™ F/cm, q=1.6%10" C, m(=9.1x10>" kg.

Answer ALL Questions
(10 X 10 = 100 Marks) o
a) Determine the drift mobility and the mean scattering time of condugtion
electrons in copper at 300 K, given that the conductivity of copper is
5.9%10° Q. The density of copper i5 8.96 g cm 3 and its atomie mass is
63.5 g molL, if the mean speed of the conduction electrons in Cu fs roughly
1.6 % 108 m 51 \yhat is the mean free path between collisions?

b) A brass disk of electrical resistivity 50 nQ m conducts heat from a heat source
to a heat sink at a rate of 10 W. If its diameter is 20 mm and its thickness is
30 mm, Whatls the temperature drop across the disk, neglecting the heat
losses from tﬁj;su rface? ;

a) Calculate the density of states per unit wolume with energies between
Oand 1ev. L

b) Calculate the energy in terms of %r and Er at which the difference betweé?e;‘
the Boltzmann approximation and the Fermi-Dirac function is 5% of the ©

FErmi-.ﬂﬁ‘alzj?ﬁnctjon,

An n-type Si wafer has been doped uniformly with 10 antimony (Sb)
atoms cm™. Calculate the positian of the Fermi energy with respect to the Fermi
energy Eg in intrinsic Si. The above n-type Si sample is further doped with 2x10%/
boron atoms cm>. Calculate the position of the Fermi energy with respect to the

Fermi enei‘gy Eri in intrinsic Si. Draw the energy band diagram and label the

calculsted Fermi level positions. (Assume that 7= 300K, and kT = 0.0259 eV).

masses of electrons and

holes in Si are approximately 1.08m. and C e, respectively, and the
electron and hole drift mobilities at roo pteémperature are 1400 and
450 cm? V-1 s, respectively, calculate thétintrinsic concentration and
intrinsic resistivity of Si. ’
Assume that, in an n-type semiconductqfi_% at T = 300 K, the electron
concentration varies linearly from 1 x 10%8t0 7 x 10" cm® over a distance of
diffusion current density if the electron diffusion

b)

0.1 cm. Calculate t
coefficient is D = 22.: cm?/s.
A PN-Junction is formed’gf'uslng“a p-type silicon 5uhstra'fe as shown below. The
p-type substrate is doped with an Impur_i‘g cugcentrahon of 104cm3 and the
n-well is created by a uniform doping of 10%" cm for a depth of 100 nm using an
ion-implantation technique.

a) Calculate the relative position of @ Fermi-level from the respective band
edges and draw the energy band diagrams of P-type semiconductor and

N-type semiconductor regions.
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Oraw the energy band diagram of the PN-Junction and label Fermitevel *pa
iti ilibrium condition [
tion under thermal equili ;

?n:pute the built-in potential of the PN-junction and |;;|bE!1|qit 0'1; the energy

band diagram. Assume that Ne=2.81x10%m 3, Ny=1.83x10 "cM =

e

e

b)

¢

6. Consider an ”'wpﬁ’-‘sﬁﬁample doped with 1315 donors cm=3. The Eength of t[%
sample, L, is 100 um; the eross-sectional area, A, of the sample is 10 um * 10 prm.
The two ends of the sample are labelled as 8 and C. The electron affinity () OfSi
is 4.01 eV and the work functions, , of four gotential metals for contacts at B
and C are listed in Table. The effective density'of states at the conduction BEEes
is 2.8 x 10" m3. Assume temperature T = 3[]_?;-{.
Toble: Work functioi$ n et |

175 5.1 !»' p
1 ST N L 3 :
a) Ideally, wh h metals wﬂlre?jftlna Schottky contact? ' ﬁ‘ -
b) Ideally, whichmetals will result in an Ohmic contact? %

c) Sketch ‘;p.p'_-ill\}‘_cha_ cteristics when both B and C are ohmic contacts. '- .'
~Whatis the rela_tiuns‘,_@b' between | and V2

7. For a silicon onesided abrupt jurnction with M = 15 % 10° cm? and

No = 2 x 10" em?, calculate the depletion width ‘and the maximum or peak

electric field (Emaxor Ereax) at the junctions '

g a) Determine the collector and emit

: Transistor (BJT). Assume a common

base current of I = 40 pA. Also, assu

forward-active mode. Also draw its ener

b) D ribe the BJT in the common em
diagram. Draw the schematic input and
iag'.aﬂ: "_t- regions in the output characteristics..

rrents of a NPN-Bipolar Junction
er current gain of B = 200 and a
at the transistor is biased in the
and diagram.

- configuration through a clear [5] ‘
utput characteristics. Explain |

- ideal Al-Si0;-P-Si MOS capacitor wiﬂ@.;;.{é}nm Si0; dielectric-:fg.'hickness, [120]

(0¥ substrate doping, find the applied gﬂltage: and the electric field at

- orface required to make the silicon surface |nt.rinsic. Also, draw the
_equilibrium energy band diagram of the above MD.S Specitor. ‘

m;ﬂl Wil ‘Siinrtiiores fon Ferroelectric materials properties with suitable [5]

disgrams and also list out various applications.

b) With neat schematic diagrams, explain various polarization mechanisms in  [5]
dielectrics,
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