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Table 2. Calculated VBM and CBM for semiconductors A and B and their band
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Figure 1. Band alignments of GaAs, GaSb, InAs and
InSb. Below and above lines correspond to
the VBM and CBM, repectively.

Table 1. The s and p atomic orbital energies of the
cation and anion atom are taken from Ref. 11
and the TB parameters Vxx and band gap Eg
are determined from the band calculation with
sp®s* n.n. TB method based on Ref. 9.

M-V | &(eV) | gleV) | leV) | eleV) | V,, |EleV)
GaAs | —11.37| —4.90 | =17.33 | —=7.91 | —-6.323 | 1,43
GaSb | —11,37| —4,90 | -14,80 | —=7.24 | —=6.127 | 0.75
InAs | -10.12 | -4.,69 | -17.33 | =791 | -5,516 | 0.35
InSb | -10.12 | —4.,69 | -14,80 | —-7.24 | =5,519 | 0.23

alignment types.

A/B 060 | B ev) | B e | Egen | M0 B
GaAs/GaSb —8.872 —7.442 —8.035 —7.285 type — II
GaAs/InAs —8.872 —7.442 —8.745 —8.395 type — I
GaAs/InSb —8.872 —=7.442 —7.860 —=7.63 type — I
GaSb/InAs —8.035 —7.285 —8.745 —8.395 type — III
GaSb/InSh —8.035 —7.285 —7.860 —7.63 type — I
InAs/InSb —8.745 —8.395 —=7.860 —7.63 type — III
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Figure 2, Three different band alignment types of heterojunctions. (a) GaSb/InSb for the type I, (b) GaAs/GaSb
for the type Il, and (c) InAs/GaSb for the type lll,
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Table 3. Composition dependent band alignments for the alloy GalnAsSb lattice matched to GaSb and InAs.

A B Eup(D(EV) | Eopp(D(EV) | EypyID (V) | Eqp,,(ID(eV) | A=) (type)

GaSb InSho 0g7AS0,913 —8.035 —17.285 —8.668 —8.328 111

GaSb Gao 151n0 85500 224As0 776 —8.035 —17.285 —8.567 —-8.101 111

GaSb Gao_s11no 19Sbo 827AS0 173 -8.035 —7.285 —8.148 —7.398 11

GaSb GaSb —8.035 —17.285 —-8.035 —17.285 -

InAs InAs —8.745 -8.395 —8.745 —8.396 -

InAs Gao 15In0 a5Sbo, 137AS0 563 -8.745 -8.395 -8.643 -8.160 I

InAs Gao 1] no 19Sbo 740AS0. 260 =8.745 —8.395 —8.222 =7.421 111

InAs GaSbo,913AS0,087 —8.745 —8.395 —8.108 =7.299 111
1—y=0913(1—2) — y=0.9132+0.087 9] JHH] x@} yof| W= 11 7R} wef 2A Aw w] Z9H
lattice matched to GaSb 35 F5F9T) Gaxdni—ShyAsy S GaSbQ} InAs 2R} Agt
1-y=—09132+1—>y=0913z AA AABAA L) MEgBAlE T 2 At Rl
lattice matched to InAs 9) e} A 183} A 113 Alo|2] WleAEge]o] Aoz} Lol
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Electronic Structure of GaxIn;,SbyAs.:

Band Alignments Based on UTB Calculations
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The valence band maximum and the conduction band miminum of GaAs, GaSb, InAs,
and InSb (constituent binaries of the quaternaty alloy Gaxln;<SbyAs.y) are calculated by
using TB analytical approach method. The band alignment types of their heterojunctions
are determined directly from their relative position of band edges (VBM and CBM). For
example, the GaAs/InAs, GaAs/InSb, and GaSb/InSb are in a type-I, the GaAs/GaSb in a
type-1I, and the GaSb/InAs and InSb/InAs in a type-Ill, respectively. The composition
dependent VBM and CBM for the GaIn;«SbyAs,., alloy are obtained by using the univeral
tight binding method. For the alloyed heterojunctions, the band alignments can be controlled
by changing the composition which induce a band type transition. For the alloy
GayIni«SbyAs,.y lattice mathced to GaSb, the type-II band alignment in the region of x <
0.15 is changed to the type-IIl in the region of x = 0.81. On the other hand, the alloy
Gayln;«SbyAs,.y lattice mathced to InAs has the type-II band alignment in the region of
x =< 0.15 and the type-IIl band alignment in the region of x = 0.81, respectively.

Keywords : GalnAsSb, Band alignment, Valance band maximum, Conduction band minimum,

Universal tight binding

* [E-mail] kshim@kyonggi.ac.kr

oF2ZIZOR) 20(6), 2011 467



