ELEC-3140 Semiconductor physics Mid-term exam 1, October 15, 2025

Write your name, student number, degree programme, COurse code, and date of the exam on each

of the answer papers.

/]./ Explain briefly, but exactly (with a couple of sentences):

a) Wigner-Seitz primitive cell, by reciprocal lattice,
9 type IT band alignment, dj Dbiaxial strain,
g)y deformation potential, ))/ law of mass action.

= ,a')/ What are the two close-packing crystal structures? [How do they differ from each other
and why are they called close-packing structures? by Describe the division of crystal
defects by their dimensionality. Give an example of crystal defects in each category .y
Describe how to determine the Miller indices for a crystal plane and for a crystal surface in

a cubic crystal.

S ))/Describe shortly the main epitaxial growth methods and at least two techniques to
fabricate semiconductor single crystals. b) What is done in practice to set the type and
conductivity of an extrinsic semiconductor? And how do you then determine the majority
and minority carrier concentrations?

,4./ 2) Describe the four band model for direct-gap semiconductor band structurg/ What are the
four bands/ their separation in energy scale and what are their functional shapes/If the
semiconductor has an indirect band gap, what changes in this model? (4p) b) Describe how
the curvature of the band has an effect on the semiconductor parameters? Compare the

_properties of valence bands in the four band model. (2p)

5. A semiconductor structure, in which the charge carriers can move in two dimensions, is
called a quantum well. Therefore, the structure has energy barriers and a small dimension
in one dimension to create the confinement. Calculate the density of states function for a

quantum well with the width Z_ (this dimension is very small compared to the other two).

Constants:
m, =9,1001x 10" kg m, =L6725x10 kg m, = L6748 x 10 7 kg amu = 1,6605x 10 T kg
e=16021x10" C € =29979x10° m/s h=10345x10"" Js pg = 90,2732 % 107
& =88Hx10CN'm? K =1/4x uy = 1,266 x 10" mkgC™ K =p, / 4x |
1=6670x10" Nmkg™® N =6025%10%mol” R = 83143 JK 'mol* k = 1,3805 x 102K

Material parameters on the other side!



Table 1. Malorlal paramelers lor varlous zincblende-type semiconduclors. Latlice constant a (In A) at room temparalure
and elaslic constants ¢,,, €4, 8nd C,, (In 10" dyn cm~"; [15]). Valence-band average E, ., and hydrostatic deformalion
ithin Van de Walle’s model-solid approach (In eV; [5)). Spin-orbll splittings &,. band

polentlals &, and a (I as calculaled w
gaps E (), E,(X) E,(L) (at room temperalure) and shoar delormation potenilals b and d (in oV; [15) and {22], excepl where
Indicaled).
8 € ©a2 O’ Biov, O E,N Ef(X) EJlb) o a (N b d
062 —8.09 007* 358 2.45 a1* 2315 554 -1.6*

AIP 5.451 132 083 :
-T.49 0.28 2.95 218> 280° 247 564 -1.5"

AAs 5660 125 053 054 ' .
ASb 6438 088 043 041 066 085 222 1681° 221° 138 -697 —-14 -4
GaP 5.451 141 062 070 -7.40 000 2.74 2.26 263 170 -=T7.14 -15 -48
GeAs 5653 118 054 059 —092 034 1.42 191* 173* 118 =717 =17 —-48

GeSb 6006 085 040 043 —625 082 072 105° 076 079 -—68S -20 —48
-'.' -..,

InP 5869 102 058 048 -704 0.1 1.95 221" 205' 121 =504 -
-1.8 -

IAs @058 083 Q45 040 —086T 030 056 . .07 NNOISERDNEE—. ; !
InSb 6479 068 a8 030 =600 001 017 103 093¢ 038 -8.17 -2.1 -80

® Preseni work [18).
*[17].
=[21l.




