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|. shurt gquestions.

{A) Write down the order of magnitude and the wnit ol the intringic carrier concentraton and
dleciron maobility of i at room lemperalure {4%)

(B) Write'down the Einstein relationship. {2%)

{CY Explain how the guasi-Fermi levels are defined and their relationship te cuwrrem densities
{4%)

2. Discuss the origin of the capacitance of a P unction under {a) reverse bias

and {b} forward bias You don't have to derive the detailed mathematical expressions, Guly (ne
physical origin and their dependence on applied bias are important Yoo may just draw
diagrams 1o show the charge distnibution prodile and descnbe hrietly, (15%)

3. In the following structures of YN junctions,
{A} please plol the glectric field distributions as the voltage V| 15 applicd to tes P/N junctions.
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(B} In the above (hees cases, which vase has the largest eleciec tield and which case has the
smallest eleciric field? {5%)
(C) In the above three cases, which structure could have 2 maximum ficlds? {5%)

4.

(A) Write down the expression of the theeshold voltage ¥, for an ideal MOS structure with n-
type subsiraie and explain the meaning of each tecm. (5%}

(B} In practice, there is a flat-band voltage shift ¥ for expenmentally measured F| as
compared fo the ideal theoratical expression given in (A). Write down the expression of the
flat-band voltage /., in term of work function difference ¢, and fxed inerface charge
density (3. (5%}

() Explain how thesc two factor ¢, and (J. can be determined from the measurement of
of MOS capacitors with different oxide thickness. (5%)
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5. For a long—channel MOSFET,

(A) wrile down the f,, )7, refationship in the square-law theory. (5%

(B} define the saturation voltage ¥, beyond which the drain current satyrates and Gind the
drain satueation current [, . (5%)

(€} There are parasitic resistance R and K, which exist between the source/drain terminal and

the chunnel. Find out the £, -1, relationship in the square-luw theary under the influence
of & and &, . (5%)

6. {20%

(A) Drazv the energy band diagram for a metal 1o n-type semiconductor junction Assume thal
the work function of the metal is larges than that of the semiconductor, that is. g4 > ¢¢,,
where g4, and g4, are the wark functivs of the metal and the semiconductor, respectively.
Denote the electron affinity of the semiconductor as gy, Find oul the Schutiky barrier
hesight and the contact potential

{B) Draw the cnergy band diagram for a metal 1o p-type sermicondustor junctions. Assume in
this vase g, < ¢¢,. Denote the clectron affinity of the semiconductor as gy. Find out the
Schottky battier height and the contagt potential.

{C} Draw the energy band Jiagram for case {a), but with g < 4@, What is the electneal
hehavior of this juncrion?

(L) Draw the e¢nergy band diagram For case (b), but with gf, > gd. What is the clectrical
behavior of this junction?




