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1. The energy band diagram show a paraholic E(X) dependencies for semiconductors J and 2 (as
shown in the following figure).
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(a) Which one (I or 2) has &largﬂelaﬂmneﬂ’mtiwmass?Explainwhy?.  {5%)
(b Calculate the effective masses for semicondnctor J and 2 in terms of free electron mass .
(h = 1.055 x 107 Jsec, g = 1.6 x 10 C, and m; =9.11 x 107 Kg) {(10%)

2 Show that the values of the Fermi-Dirac distribution function for a pair of energy syminetric abou

the Fermi level E, are complementary i.e. AE, + E)= 1- A&+ E) independent of temperature.
(5%)

3. Using the condition of n=p = n,, find the position of intrinsic Fermi level. (3%)

4.Acompemtesamicmdmturisdnpﬂdﬂﬂﬂlth¢smnemmnuaﬁun of donors and acceptors. The
cattier concentration will be equal to that of an intrinsic semiconductor. Does its resistivity also
equal to that of an inteinsic semiconductor? Explamn.
{(3%)

5. (a) Expimnﬂ:ne reason why in & p-n juaction, there is no discontinuity or gradient in the
equilibrium Fermi level E, - (10%})
() Plot the band diagram for & p-n junction i equilibrium, ucder forward bias, and undex reverse
bias. : (5%)

6. (2) Draw the high frequency small-signal equivalent circuit model of a bipolar junction transistor.
(5%)

{b) Derive the expression of the cutoff frequency f; in terms of the parameters of the equivalent
cirenit model. _ (5%)

7. What is the Kitk effect in a bipolar function fransistot? Please explain its physical origin. (10%}
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metal-oxide-semicomdnctor

8. For a given high frequency capaciiance-voltage characteristics of 2
capacitor (as shown in the following figure)
{2) What ig the oxide thickness? (Assurping the area of capacitor is 10600 pumn? ) (5%)
(b} What is the doping coneentration of the semiconductor substrate if the doping concentration
is constant? . {5%)
(c} What is the maximum degpletion width of the semiconductor substrate at the strong inversion
condition? (Hint: can be calenfated from the minimom capacitance) {5%)

(d) What is the threshold voltage? (Assuming oxide and interface charge are negligible, and work
function difference between metal and semiconductor is 28r0) (5%}
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(¢) From the sbove calculation and your knowledge, please list five items which afiect ihe

threshold voltage. (5%0)
(6, =8.854 x 10 F/m, ¢, = 3.9 g, and 55, = 11.9 55}

9. For @ given n-MOSFET wiikcannel width #; chaimnel length Z; and given threshold voltage Vx,
the oxide capacitance per it area Cox; and the electron mobility z,

(a) Please catculate the sififiion curcent a3 the n-MOSFET is biased at ¥ = 5V; Fo = 0V3 ¥ =

5V; Cox =345 meml;r= 10 pin; L = 1jam; g, = 500 e Pu=1V. (3%)
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{(b) For the given I, vs .?__-.uimmn Vs as showa in the following figure, what is the cause of

sanaratiofveligtent as the ¥y is greater than Vi, (please answer it in ane sentence)?

I, deain current; Pl Fammto-source voltage; V- gate-io-sousce voltage; Vpe,: drain voltage
- R oy T {5%)
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