ELEC-3140 Semiconductor physics Mid-term exam 1, Oct 26, 2016

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

1. Explain briefly and exactly (with a couple of sentences):

a) reciprocal lattice, b) zinc-blende lattice structure,
c) dispersion relation, d) type I band alignment,
e) vacancy, f) modulation doping.

2. a) Describe the division of crystal defects by their dimensionality. Give examples of crystal
defects in each category. b) Describe the quantum structures by dimensionality. Also sketch
the density of states (DOS) function for each one of them along with the bulk DOS. Place all
the DOS functions in the same graph and be careful where you start each of the curves on the
energy scale.

3. a) Describe how to determine the Miller indices for a crystal plane and for a crystal surface in
a cubic crystal. b) Describe the main epitaxial growth methods and their operation principles.
Compare the advantages and disadvantages of these methods.

4.  a) Pseudomorphic Gag.Ing.cAs layer has been grown epitaxially on an InP substrate. Calculate
the relative lattice mismatch and the vertical component of the lattice constant of the layer on
the InP substrate. b) Calculate the energy band gap of the layer material without the strain
effects. c) Calculate the real energy band gap value with the strain effects included.

5. A hypothetical semiconductor has a density of states function approximated by
3/2
N(E) o« C-JE-E. ,
where C is an arbitrary constant. Calculate the energy at which the electron occupation has its

maximum in a non-degerate (not highly doped) semiconductor crystal. You can use the
Maxwell-Boltzmann distribution.

Constants:
m, = 90,1001 x 107" kg m,=16725x10 "ke  m, = LE6T48x 107" kg amu = 1.6605 x 107 kg
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TABLE 5.2-2 Energy Gaps of the Binary Ili-V Compounds

Type of Experimental energy gap, E, (eV) Temp sepend
Compound  energy gap 0°K Rel.  300°K Refl of energy gap. E(T)(eV)
AlP indirect 252 a 245 a 2.52-3.18 x 10°“TAT + 588y
AlAs indirect 229 b 2163 b 2.239-6.0 x 10™*T?)(T + 4081
AlISb indirect 1.687 ¢ 158 d 1.687-497 x 10-*TAT + 213)
GaP indirect 2338 ¢ 2261 e 2.338-5771 x 1074TAT +372)
~)GaAs direct 1519 f 1424 ¢ 1.519-5.405 x 107*TIAT + 204)
GeSb direct 0810 A 0726 | 0810-3.78 x 107 *TIAT 4 94y
InP direcl 14 ) 1Ly 1.421-3.63 % 10™*TIAT + 1627
InAs direct 0420 & 0360 I 0.420-2.50 x 10°“T’AT + 757
InSb direct 0236 m oz 1 0.236-2.99 x 107*TAT + 140Y

TABLE 5.3-3 Seleclad Properiles of lil-V Binary Compounds

Electron Conduction band  Valence band Dielectric Refractive Thermal

afinity effective mass effective mass constant index conductivity
Compound x(eV) Rel m, Ref. m,  Ref [ Rel. at E, M Rel o (W/cm-deg) Ref.
AIP N - - 0.70my S - - 3021 y 09 T
AlAs - 0.15m, @ 019m, 101, 4 3178 q 091 ]
AlSb 3.64 a 0.12m, h 098my S 144e, >34 ? 057 r

\_ GaP 40" b 0s2m, | 060my J Il 8 3452 aa 0 r
GoAs 405 c 0.067Tm, k 048m, Kk 13.1ey 3655 bb 044 T
GaSb 403 < 0.042m, h 04dm, | 157e 382 «cc 033 VA
InP 44 d 007m, m 064m; n 124¢p v 3450 dd 0.68 I
InAs 454 e 0023m, m 040m, o 146, W ~352 w 027 T
InSb 459 ¢ 00145my p 040my P 177, x ~40 ee 0.47 n
Table 1. Mastorial p for varlous de-t s. Lallice & (In A) at room lemparature

and elaslic constants ¢,,, Cys 8nd C,, (in 10" dyn cm
poleniials a, and a,(I") 8 calculaled within Van de Walle's model-solid approach (in eV; (5)). Spin-orbit 8|

-1, [15)). Valence-band average E, ., and hydrostatic deformation
plittings A, band

gaps E,(IN), E,(X). E (L) (at room temperature) and shear deformalion potentiala b and d {in eV; |15] and {22), excep! where
indicaled)
L Cyy €y Cu’ Eyev 4, E(N E (X) Eft) a, o () b d
AP 5.451 192 063 082 —809 007" 2358 245 3.11* 315 554 -186*
AlAs 5660 125 053 054 —749 028 295 218 280° 247 564 -15*
AISb 6.138 088 043 041 -~8.68 0.65 222 1.61° 221 1.38 -0.97 -14 -43
GaP 5451 141 062 070 =740 008 2.74 226 263 170 -7.4 -15 -48
~>GsAs 5653 118 054 053 ~-892 034 142 191* 173* 118 =747 -17 -40
e GaSb 6098 088 040 043 ~—8.25 0.82 072 105° 076° 079 —085 -20 ~48
InP 5860 102 058 048 704 0.1 198 221" 205" 127 -804 -18 -42
—3inAs 6.058 0.83 45  0.40 -8.67 0.38 0.30 1.97¢ 107" 1.00 -8.08 -18 L
InSb 6.479 0.68 qso 0.30 -0.00 0.61 0.17 1.03¢ 0.83¢ 038 -8.17 -2.1 ~80

* Present work | 18].

o).
21).
“[10).

Tabie 2. Band gap (al ) and spin-orbil split-

ting bowing paramelers.
C(E,) C(4;) Reference
AlAs,Sb, _, 0.84 0.15 (18]
AlGs,_,P 00 0.0 )
AlGs,_,As 037 00 117,271
Al,Ga,_,Sb 047 0.30 f21)
Alin, _.P 0.0 00 {22, 18]
ALln, _,As 0.70 0.15 [22, 18)
GaP,As, _, 0.21 0.0 122)
GaAs,Sb,_, 12 0.60 122, 18}
P 0.79 0.0 [22, 28)
0.38 0.18 {23, 29]
0.42 0.0 (22)
InP,As, _, 0.28 0.10 124, 18]
InP,Sb, _, 13 0.75 125, 18]
InAs,Sb,_, 058 12 {22, 29 g




