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Read the question a0d the powible amwery befere attempting say cakeulations. Wrie yorer
name on the first page (each page if you separate the pages for any reason).

7 n | Section 1 (69 poines) Multiple ehveice Ciicle the correct answer. (50 pte)  There is no
LL-/ penalty for guessing. An edocated goess with at lesst 50050 probabality is passible on
most problams. There Is no partial credit on Section | (Maltiple chobee)..

1. (4 pts) A samnple of GaAs is doped with Arsenic (Ng = 2x10™ ‘em’ ). What s the
approximate equilibnum concentramion of hales in the sample ot 100 K.
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2 (4 pes) A sample of Germanium has n intrinsic concentration of 2.4 x 10" /om
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in the conduction band of 3 x 10™ . It has n-type dopeg N, = 10*
doping N, = 7x10". What is the position of the Fermi level
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sampde of 1ol will strongly abworb.
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collisions of T = 10 nsec. When doped enly with substance A o a concentration
of X, 1= 0.2 nsec. When doped anfy with substance B at a concentration Y.
¢« 0,3 mwee. What is the approximase nsean time between collisions when doped
with both substances?
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9, (Spts) silicon is usiformly Mluminated 1o prodoce steady state CCess
camrieny of 107 /cm’ (both electrons and holes). 1f the recombination lifetime is
10 nsec (10 seconds), approximately how long will it take for the excess char
1o reduce to 10" /e’ (making it nearly intrinsic again).
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Referring 1o the hand edge disgram shove, answer the followsng questions. You may
sxsume that the doping varies slowly roughout and that charge neutrality s
maintained. The semscondector is solalal. No calculatsoes are neoessary. Choose
only 000 answer (Ihare sy be more than ome correct answer... choose cee oaly!)
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L. (3 pts) Where is the electron concestration highet?
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12. (3 pes) At which of the following pairs of points is electric fleld equal in
magnutode and e’
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6s) Is the scmcvetsctor in equslibeium?
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15, (3 pts) Where is electric field nearly zero (choose e, there is more than one
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Section 2: Problens (60 pointy)

Show your wok. Full crodit for the coerect snswer with work shown. :::f"."""“"
(coerect ander of magninade) get partial credit. Generous partial credit ""“am'“'
answer with the cormect ideas \f sleae and bricf. Negative eredit for imelevant

equations.

__ S.(30pts) Opeical Switch ‘
L Consider a thin slice of pure (intrinsic) silicon ssiformly illuminated as

Cg/ The slab s thi cmvegh o that carricrs are peneratod unifoly throughout

shoan below.
under steady-

state {hamination.

4) (10 pt) Write an expression for the resistance of the slab when there is o
umination. We want the cad 10 ond resistance in terms of charge,
? coacentrations, mobilitics and dimensions. %mhﬁﬂwﬂw
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8) (5 pt) Cabcwlate the resistance (without ilfemisation) under the conditions that t=

L} LOpm, L= 100 um, W = 25um {additional ‘)lmnddu_lw&
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€1 (10 pt) Write an exprossion fioe the resstance under dllumination, Use Gy b0
sigmify the uniform optical geweration tate of dectron-bole pairs. Dfine sny
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resistance 107 lower than the resisance in b). Calculate a;:ml.
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