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EECE 352
Midterm October 2006
Closed Book. Only pens, pencils allowed. No calculators. Time: 50 minutes.
Equation list and periodic table provided on last 2 pages.
Total marks: 95

1. (2) What is the conductivity of a semiconductor at 0 Kelvin?
=0 sneg o & are ‘fAé/‘WH] peomdfed o CH
2. (2) A photon strikes a metal of work function W. Which of the following is true of the
kinetic energy of the gjected electron, KE (circle the best answer):
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3. (4) Which of these wavefunctions (from the same 2D particle in a box) has the:

A } B ¢ )

+ ’Z v i"‘ '%/— Z& ‘ .
(a) Highest kinetic energy? (circle) A C D None 07 2 baver =7 )(

(b) Largest average momentum vector? A B C D /?,U,9 =0 pver He L .

4. (4) Using an arrow show the location with the highest probability density. Point to a location
where the potential energy

. 4/ Wove, 'C)()C/ 0f) is very low.
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5. (a) (3) Show the filling of the 1s and 2s orbitals in Lithium (Li) by sketching horizontal lines
representing their approximate relative energies and filling (for the ground state) with arrows
representing electrons with spin. (b) (4) Show how these orbitals split by depicting the states
generated from these orbitals when 5 atoms are brought together.

Energy

Ls
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(c) (2) Do you expect Lithium to be (circle) an:

(a) Insulator

(b) Semiconductor
(CPMetal

(d) Can’t tell because bands may overlap.

frend shouws o %F,//e;;l gon'él‘ From s ocbital

6. (4) The figure below shows that Ithe drift velocity reaches saturation, and may even drop with
increasing field. (a) Why does the drift velocity reach a limit (circle the best answer)?
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(i) Because carriers reach a terminal
velocity, so increasing field cannot increase
speed.

(ii) The field distorts the crystal, pulling
nuclei to one side and electrons to the other,

thereby slowing electrons down.
(iii) Yhe field begins to significantly affect

the average speed and kinetic energy of
electrons, leading to a heating of the lattice
and increased scattering.

(iv) At high speeds the electrons tunnel past
impurities and lattice scattering points.
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7. (5) True or False (Wrong subtracted from Right). Mobility typically
i. is inversely proportional to effective mass. @

ii. is reduced by increasing doping density. @ /F/ \ . :
iii. increases with increasing temperature. it ® P&*‘
iv. depends on field when the applied field is small. T ‘

v. drops at very high fields. '

8. (a) (3) A very wide and thick crystalline block of material sits at x>0. Assume that for x <0
the potential energy U is constant. Which of the followmg equations best approximates the
wavefunction of an electron in the valence band when it is outside the crystal (x<0)? (/( )[) Ld\»

(1)Ae +B.e™

(i) A-¢" +B.e*
A-ek"
1v) A-sin kx
(v) The electron cannot be found outside the material because its total energy is less than
the potential energy.

‘Ilunne/p'b\Jc, = Jec&)’g “\j Qkp&nﬁnf, f

9. A semiconductor is doped with 10'? cm™ Phosphorous (P) atoms and 10'” cm™ Boron (B)

atoms.
(a) (4) What two equations must be satisfied in order to solve for the density of electrons in

the conduction band and the density of holes in the valence band?
Y T VNV R VA YA

(b) (4) What are the densities of electrons and holes in the conductlon and@}ee@trég bands,

respectively? (Provide approx1mate numbers ) (n, = 1010 cm’ )

F” > [\//A an —-[0 Cm ,./O cM -:/0 cm
-3
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Mo = 7= 2 T3 =l com

U' C

Po i
(c) (4) Write an expressmn for the position of the Fermi level relative to the valence band |

edge”/\/ exp( & gV)) = L‘:v :@\AT,ZA("A%)

(d) (4) A field E is applied to the semiconductor along length, L and through a cross-
sectional area, 4. Derive an expression for the total current. Express this current in terms of
1., Po, fundamental charge +e, the length L, the area 4, the mobilities s, and w4, of the
electrons and holes, and the voltage, V.
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10. (9) Explain why conductivity in a doped semiconductor increases from low temperatures (A),
then decreases (B) and finally increases again (C).
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11. (2) (a) If AE) is the probability of finding an electron in a state having energy E, what is
the probability of there not being an electron in that state?

- £1B)

(b) (4) Under certain conditions the probability of finding an electron in a state of energy £

in the conduction band is exp(~ LE;TEFJJ . Derive a similar expression for holes in the
valence band. YL 5
f - - | e T %
h E-EF T E-] T T i
4 e %7 |+ &%P & & \
In Are vlomee bond: ELER ~EeLF *

=y e Ty

(c) (2) Under what conditions does the approximation in part b apply?

\E-Eel» kT

12. (2) In a metal at extremely low temperatures (very close to absolute zero) what is the
number of electrons having energies higher than the Fermi level?

h= Zevo.

See ‘H@‘é Qfg@ 4 gf\({‘“{ﬁh ?{; _@/}ﬂm (ap@q .
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13. An x=L wide, y=t long, by z= ¢ thick slab of material is modeled as an infinite square
well, with a potential inside of U=0.

(a) (6) Write out differential equations for the time independent wavefunctions in each direction,
wi(x), wy(y) and y,(z). In doing so, express the total energy, E, as the sum of the energies E,, E,,

and E,. You do not need to show your steps (these equations are the result of separ%t)lon of
variables). E (_}) \-\) \Y o k‘) L\)*) \-]'7 \Yg i \\)1\\’%"5 \\)j 4~ L}) \\)7 /\l
. = — D 21}%
1 S 7

- 9 \ > Y A\ \ >?\\%2.-
Brrhyries “;“m‘\wﬁfu Gy
f@ —C{H3 = mAcip,

(b) (6) Use the boundary conditions to solve for y;(x)in terms of quantum number #, (show your
work). Write out the solutions for y;(y), & y.(z) in terms of the boundary conditions and », or 7,
(no normalization required). Note that the dimension in the x direction is L, and it is # in the y and

Zdimﬁom@‘:‘.} G % = i E?\\)f ‘) W (=" \DH=O
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(c) (2) Write out the normahzatlon co%dltlon for iy (x,y,z) showing the limits of 1ntegrat10n (no

need to solve).
Gty )| ey de
E%Dm

(d) (4) Show that E = —;—l— [k2 +k+ kz] and express this in terms of n,/y and nz
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L= - T4

(e) (6) Write out the lowest 6 energy states assuming that L=1000-z. Which term(s) in the
expression in (d) can be neglected near the bottom of the band?
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(e) (3) Which material geometry is best approximated ugg a lb échroedmger Equatlon

a. A tiny sphere.
@ A nearly atomically thin wire.
c. A wide, long but very thin layer.

d'. A large cube. / l {




