ELEC-3140 Semiconductor physics Mid-term exam 1, Oct 19, 2022

Write your name, student number, degree programme, course code, and date of the exam on each
of the answer papers.

1. Explain briefly and exactly (with a couple of sentences) the following terms/definitions:
a) wurtzite lattice structure, b) reciprocal lattice,
c) type II band alignment, d) quantum dot,
e) reactive ion etching, f) law of mass action.

2. a) Describe the division of crystal defects by their dimensionality. Give at least one
example in each category. (2p.) b) Draw and describe the four band model for
semiconductor band structure. What are the four bands, what are their functional shapes
and how the curvature of the band has an effect on the semiconductor parameters? If the
semiconductor has an indirect band gap, what changes in this model? (4p.)

3.  a) Describe shortly the four main epitaxial growth methods. In addition, mention at least
two techniques to fabricate semiconductor single crystals and ingots. b) Describe what
methods or phenomena can be used to engineer the value of the semiconductor band gap
energy and other band properties.

4. a) What are the two close-packing crystal structures? How do they differ from each "other
and why are they called close-packing structures? b) Pseudomorphic GagssIng4sP layer has
been grown epitaxially on a GaAs (100) substrate. Calculate the relative lattice mismatch
and the vertical component of the lattice constant of the layer on the GaAs substrate. c)
Using the layer material in part b, calculate the energy band gap of the layer (you don’t
need to take strain effects into account) and use that to find the emission wavelength of the
compound. The bowing parameter of GalnP is 0.79.

5. A hypothetical semiconductor has a density of states function approximated by
D(E) « C-(E-E.)”,
where C is an arbitrary constant. Calculate the energy at which the electron occupation has

its maximum in a non-degenerate (not highly doped) semiconductor crystal. You can use
the Maxwell-Boltzmann distribution instead of the Fermi-Dirac distribution.
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Constants:

fl

m,

-
]

m
I

16021 = 10

- 10

91001 107" ke

(‘

88544 x 10 2C*N " ?

7 = 6,670 x lO'"!\’mzkg'2

Material parameters:
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Latlice constant a (in A) at room lamperature

Indicaled).

a Cy Ciy O’ Ever & Ef(N  EM EM e CXin] b d
AP 5.451 132 0863 062 —~0.00 007 388 245 311 318 ~5.54 -1.8*
AlAs 5.660 125 053 054 -T.49 0.28 298 2.18* 280° 247 —-6.684 -1.5°
AlSb 8.138 080 049 041 =0.60 0.65 222 1.8%* 221 1.906 -0.97 -14 ~4,3
QaP 5.451 141 082 070 -—7.40 0.08 274 220 283 .70 =7.14 =15 -48
GeAd 3.653 116 054 0.59 -8.82 0.34 142 191 1.73* .18 -717 -1.7 —48
GaSb 6088 088 040 047 025 0.62 0.72 105 076 079 -—005 =20 ~-48
InP 8.880 102 059 048 --7.04 0.11 138 2211 205 127 -804 =10 -42
inAs 0.058 0.83 48 0.40 =087 038 0.5 1.97¢ 1.0r* 1.00 -~3.08 -18 -38
inSb 0.479 0.68 38 0.30 =9.00 0.01 0.17 1.03¢  003¢ o090 =617 -2.1 -80
* Prasent work {18), )
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