L. (30 pts) The partial differennal diffusion equation 1n space and time for excess holes mn the
absence of an elecmne field 15
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{2) What 15 the difference between p and ap7 (3)
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(L) If the boundaries are at x=0 and x=100um. and Sp(x=0)=10°cm” and
5p{1=lﬂﬂym]=lﬂﬁcm'3 for all 1, nse the diffusion equation above (no elecmc field) o
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{c) The Dnft-Diffusion equaton for holes 13
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Use this to determune the direction of hole diffusion current at the boundanes for part (k).
Explain vour answer. (10}
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{10 pts) Show that the slope of the bands m a band diagram 15 properticnal to electnc field.
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3020 pts) A Fem-long, 1 1ok mirmsie sen.un:nnducmr of bandgap 0.62eV (mtrinsic
concentration at 300K=10"cm ™) is illumunated with 10' photons/sec of wavelength 1um at
x=lcm and 3um at x=2cm, respechively, 1n spots of diameter lmm The camer hfetime for

h electrons and holes 15 10us.
{2) What 15 the steady-state carmier conceniration at x=1em and x=2cm? What 15 the
difference between quasi-Fermm energies and mtnnsic Fernu level for both carmers and at

both places? (10) - he [ 24 puim N ( 24V 7 é_j
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G’Z’CW\/ () (k) Draw Tile band d.wg?am ihCIL.F-I]lE guasi-Fermm levels for electrons and heoles, assunung
o 1 fa)tmn coefficient D=1000cm”/s. Label the axes with units. {:.j
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{c) Assuming nobtiat the semicofrfitztor is p-tvpe. mzl Pr=
Fen.m energies on ancther band diagram. (3)
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4. (10 pts) An otherwise nmsic senuconductor sample at room temperature 15 doped with
acceptors from one s1de so that No=Npexpi-ax), where n,==Np, and x 15 distance from the surface
toward the bulk.

{a) Determune the electnic field that exists m the sample m equlibrium. Show that your
answer has the nght units. (3)
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(k) Fnd the electrostatic potenfial associated with this field and draw the band diagram with A /

appropriately labeled scale and umits. Label the side with the highercdnping c\:;?c enfration. {3)
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5. (30 pts) Data from the Haynes-Shockley experiment, using the configuration above, 15
shown below.
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From 1t, find
{2) mobility (3)
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{b) diffuzion coefficient (5}
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(c) What type 13 the semuconductor? (3)
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{d) Are the above properties of electrons or holes? (3) .P__ 4_7{36

{e) How could vou measure the cammer hifetime? What other measurement 15

necessary’ (3) |
C[’\-hr\ﬂe \foH'hjL — TI’\IS O(’\-AP\JQ‘S WV‘SH' ’i_I’V‘C Tleb\

‘{A\—%(nkf S,‘jht-\ + 'Q‘f" + &K(Jone.h{-f‘\\ AC(,AV
o M f debereme .

{f) What temperature was the experiment performed at? (3)

2200 K



