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1. (10%} Calculate the quasi-Fermi levels (Bt — F; and B; — Ep,) at 300K (room
temperature) for a semiconductor with M, = 10%cm~2, 7, = 10us, n; = 10¥%em™3,
and Gy, = 10%8cm=335~1, kT=0.026eV.

2. (10%) Sketch the electric field diagram for the charge distribution shown in
Fig.P3. 3
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3. ;
(5%) (a) A p*n dicde is reverse-biased with Vg, and the charge stored in either hall j JE:*
. . _ A
of the junction is . =,
Q = QANd'xd = A\/E'E'I(sfoh&u + VR]Nd‘ 3,.‘.,?
Show the depletion-layer capacitance can be written /",j
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(5%) (b) Explain how to obtain the donor density Ny and the built-in voltage ¥,
from this 7z versus Vi plot?- ‘

4.
(5%}, (a} Sketch the energy-band diagram for an n¥pn transistor at equilibrium and
EY g
under the normal active mode of operation.
{5%; (b} Sketch the mincrity-carrier density in the base at (i} normal, and (ii) sal-

uration.
LN
o {5%) (a) Let’s consider a thin layer of charge (J, per unit area located a6 = from the
metal as shown in Fig.P5. Note that the ¢}, induces charges in metal and silicon at
Vi = 0. Sketch the electric field distribution for Ver = 0.
e (5%) (b) Find the gate voltage (Vg = Vi) bo realize the flai-band condition (i.e. the
stal Qude " electiic field is zero at. z*.) Sketch the electzic field distribution for Vy = Vi .
my-P5 » o o
6. For a p* polysilicon gate, the Fermi level is essentially piuned at £, (le. E; = £,

in pt region). The work-function difference for the MOS system is

¢'m#. = [:E'-unc - Eu) - (Euuc - Efa]

where Iy, is the Fermi level of the substrate.
(5%) {a} For an n-type substrate, show

N,

by = By = KT 35
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(5%) (b} For a p-type substrate, show
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Pme = kT 0 A
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I, Considers A 52’},50-5 ,&éﬁrﬁﬁ*ﬁézﬁér’ Sager,

£a) a/-&r.r‘y-f, AT LHPIrEsS IOt far J‘ﬁfﬁ W&/M;ié ,?;:umzz,rén
sA pelivesn He allpared onedes in e ﬁ;}?;Mm/
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B for a Ltager epenled 2T A wavtlength AT 0,65 ur
with, 2he ﬁ—:fmc Live ouden ‘a:y‘ actove’ rezion 7= 3,58
L= 2004 , and AN = 3;5’,&%’; tshomale SA .
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