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{ 1) Calculate the position of the Fermi level from the intrinsic Fermi level £, in
equilibritim in each of the following sitvations. Assume the material s sihicon at

room temperature and n; = 1% 10 em™ ( Logyp2 = 0301 and Logynd = 0.477)

-

(2) Ny =1x107 em™ and N =1x10%cm™ (5%)

(b)) Np =1 1017 e~ Mg =1 101%™ and a deep acceptor located al f;
wilh NIIDE!&; —5x10%em™ (5%)
(€) Ny=1x 10" e with a deep denor located at 0.25 K from condoction

band edge F- with ¥ Dree = S 10Pem™3 and a deep acceptor located at

A

E; with Ny =1x10" e (5%

(2) A N-type silicon samnple { & 5 = | » 104 o) contains Np=1x 1655 ™
weneration/Tecombination venters located at the intrinsic Fermi level E; with

2

J:1t:-d1_[}|_1"5.:;|'-a-1 . Assame the thermal

caItier capfure oross section o, = o I

velocity of carmer i3 vg, = vy, = 1% 107 em { sec.

{a) Caloulale the generation rae if the region is depleted of mobile carners.
(5%)
(1) Calculate the pensration rate in a region where only the minority-casrier
concentrafion bas been reduced appreciably from itz equilibriam value.
{5%)

3. (a)Explain the origin of Zener breskdown and avalanche breakdown.
{b)Based oni{a), discuss which of these twn breakdown mechsnisms will be
enhanced if the doping levels of the seniiconducter increase.

(c)Based on{a}, discuss which of these two hreakdown mechanisms will he
enhanced if temperature increases. (15%)

4.Supposed you are given two diedes, one with PN junction and the other with
Schotiky junction, and you are allowed only to measure the 1-V (current-

voltage) at various temperatures; discuss how tn distinguish the Schottky diode
from the PN diode.(10%)
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5.{a}n integrated circeits, a transistor may he connected as a diode. Sketch five
possible diode configurations along with the minority-carvier distribution in the
hase for npn transistor.(10%)

(b}Use the doping profile and carrler distribution to compare the diode
performance in speed, conductance, and breakdown voltage if the impurity
profile of the double-diffused trunsistor is asswmed, (5%)

6.A n-chunnel JFET has the following data at 300K: N, =10"cm, Np=8x

10¥%em ™, the metallurgical channel thickoess a is (.75 it m, and the channel
length L is 20 ;zm. Qualitatively prediet what happens to (1) internal pinchoff
voltage ¥po, {2)drain-to-source current Ing, and (3jtranscondactance, gm, if
(a) Np; is increased.

{b} 7 is decreased.

(e} L is decreased. (10%)

7.(a)Plot the cross-sectional view of a p-well CMOS structore and explaim how
does latch-up phenomenon occur.(9%)
{b)LIst three methods that can prevent latch-up. (6%)

8.The experimental C-V¥; curve shown helow was ohserved under the following
conuditions : The d.c. hlas was changed very stowly from point (1} to point (2).
At point (2} the V. sweep rate way increaed substantially. Hpon ayriving at
point (3) the sweep was stopped and the capacitance decayed to point (4).
Oualitatively explain the observed characteristi c. (10%%)




