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Abstract The valence band maximum (VBM) and conduction band minimum (CBM) of Al-doped GalnAsSb alloys
substrated on GaSb are calculated by using an analytic approximation based on the tight binding method. The relative
positions of the VBM and CBM between AIl-GaInASSb and GaSb determine band alignement type, valence band offset
(VBO) and conductin band offset (CBO) for the heterojunctions. In this study, aluminium doping is assumed to be
substituted in the cation site and limited up to 20 % because it can easily oxidize and degrade materials. It is found that
the Al-doped alloys exhibit type-II band alignments over the entire composition range and make the band gaps increase,
whereas the VBO and CBO decrease. The decreasing rate of VBO is higher than that of CBO, which implies the Al
components play a decisive role in controlling electrons at the interface. The Al-dopled GalnAsSb alloy has a direct band
gap induced by E(I') with a considerable distance from the E(L) and E(X), however, E(I') approaches to E(L) and E(X) in
the high Sb concentration (Sb > 0.7-0.8) which might affect the electron mobility and degrade the optical quality.
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Table 1

Calculated VBM and CBM for six binary semiconductors GaAs, GaSb, InAs, InSb, AlAs, and AISb. The s and p atomic orbital energies
and bond lengths of the cation and anion atom are taken from Ref.v13 and the band gap E, are chosen as the experimental data at room

temperature from Ref. 15

-V g (eV) g; (eV) & (eV) g, (eV) d (A" E, (D) (eV) VBM (eV) CBM (eV)
GaAs -11.37 —4.90 -17.33 -7.91 2.448 1.433 -9.537 —8.104
GaSb -11.37 -4.90 -14.80 —7.24 2.639 0.751 -8.707 -7.956
InAs -10.12 —4.69 -17.33 =791 2.623 0.354 -9.183 -8.829
InSb -10.12 —4.69 —-14.80 —7.24 2.805 0.230 -8.414 —8.184
AlAs -10.11 —4.86 -17.33 =791 2.442 3.027 -8.732 -5.705
AlSb —-10.11 —4.86 —-14.80 —7.24 2.657 2.300 -8.272 -5.972
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Fig. 1. Three different band alignment types of heterojunctions; (a) GaAs/InAs for the type I, (b) GaAs/AISb for the type II, and
(c) InAs/InSb for the type III.
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(1) Table 2014 B ule} 7do] Al=0% < # Sb(z)
= Z718l wiEt EN)E 0.322eVelA 0.751 eVE =
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Table 2

Variation of the principal band gaps (E(I'), E(L), E(X)), VBM, CBM, VBO, CBO, and band types for the 0% Al-doped alloy
Gayn, __ Sb,As, |, lattice matched to GaSb along the lattice matching conditions

;,_z 0 E,I) (eV) E, L) (eV) E,(X) (eV) VBM (eV) CBM (eV) VBO (eV) CBO (eV) Band type
0.013, 0.1 0.322 2.238 1.318 -9.111 —8.788 0.404 0.833 111
0.118,0.2 0.336 2.118 1.264 -9.070 -8.734 0.363 0.778 111
0.224,0.3 0.351 1.984 1.200 -9.027 -8.676 0.320 0.720 I
0.331,0.4 0.373 1.845 1.135 -8.984 -8.611 0.277 0.655 I
0.440, 0.5 0.408 1.708 1.075 -8.941 -8.533 0.234 0.577 I
0.550, 0.6 0.451 1.585 1.025 -8.896 -8.445 0.189 0.489 I
0.660, 0.7 0.521 1.468 0.990 -8.850 -8.329 0.143 0.373 II
0.772,0.8 0.598 1.369 0.968 -8.803 -8.205 0.096 0.249 II
0.886, 0.9 0.678 1.284 0.958 -8.756 -8.078 0.049 0.122 I
1.0, 1.0 0.751 1.21 0.955 -8.707 -7.956 0 0 -
Table 3

Variation of the principal band gaps (E(I'), E(L), E(X)), VBM, CBM, VBO, CBO, and band types for the 5% Al-doped alloy
AlysGayIn, _ Sb,As, , lattice matched to GaSb along the lattice matching conditions

x=0.05

y,2 E,I) (eV) E, L) (eV) E(X) (eV) VBM (eV) CBM (eV) VBO (eV) CBO (eV) Band type
0.067, 0.2 0.358 2.152 1.295 -9.033 -8.675 0.326 0.719 I
0.174,0.3 0.375 2.022 1.235 -8.993 -8.618 0.286 0.662 I
0.282,0.4 0.397 1.886 1.171 -8.952 —-8.555 0.245 0.599 I
0.392,0.5 0.430 1.750 1.111 -8.910 —-8.480 0.203 0.524 I
0.502, 0.6 0.477 1.623 1.06 —8.868 -8.391 0.161 0.435 11
0.614, 0.7 0.537 1.508 1.022 —-8.824 —-8.287 0.117 0.331 I
0.726, 0.8 0.634 1.395 1.001 -8.779 -8.145 0.072 0.189 I
0.840, 0.9 0.684 1.321 0.982 -8.733 —-8.049 0.026 0.093 I
0.955, 1.0 0.754 1.244 0.977 —8.687 —7.933 0.02 0.023 I
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Variation of the principal band gaps (E(I'), E(L), E(X)), VBM, CBM, VBO, CBO, and band types for the 10 % Al-doped alloy
Aly,GayIn, _,_ Sb,As, |, lattice matched to GaSb along the lattice matching conditions

; ol EM@EV) EML)@EV) E)EV) VBM(eV) CBM(eV) VBO(eV) CBO(eV)  Bandtype
0017,02 0391 2.181 1328 8,996 8,605 0.289 0.649 I
0.125,03 0410 2,054 1.271 8958 8548 0251 0.592 i\
0233,04 0433 1.920 1.209 8919 8486 0212 0.530 1
0343,0.5  0.466 1786 1.150 ~8.880 8414 0.173 0.458 i\
0454,06  0.512 1.658 1.098 8839 8327 0.132 0371 i\
0.567,07 0572 1.541 1.059 8798 8226 0.001 0270 o
0.680,08  0.642 1.439 1.032 8755 8113 0.048 0.157 N
0.795,09 0716 1.349 1.016 8711 7997 0.004 0.039 I
0911,1.0  0.783 1.269 1.008 8,667 7.884 0.04 0.072 i\
Table 5

Variation of the principal band gaps (E(I'), E(L), E(X)), VBM, CBM, VBO, CBO, and band types for the 15 % Al-doped alloy
Al sGayIn, _,_ ,Sb,As, _, lattice matched to GaSb along the lattice matching conditions

;_Z 0.15 E,(I) (eV) Ey(L) (eV) E,(X) (eV) VBM (eV) CBM (eV) VBO (eV) CBO (eV) Band type
0.075,0.3 0.451 2.089 1.311 -8.924 -8.473 0.217 0.517 11
0.185,0.4 0.475 1.956 1.251 —8.887 -8.412 0.180 0.456 II
0.295, 0.5 0.507 1.823 1.192 —-8.849 —8.342 0.142 0.386 I
0.407, 0.6 0.551 1.695 1.140 -8.811 —8.260 0.104 0.304 11
0.520, 0.7 0.608 1.578 1.098 -8.771 -8.163 0.064 0.207 I
0.634,0.8 0.674 1.475 1.070 -8.731 -8.057 0.024 0.101 I
0.750,0.9 0.745 1.383 1.051 -8.689 -7.944 0.018 0.012 I
0.866, 1.0 0.810 1.300 1.040 -8.646 -7.836 0.061 0.120 I
Table 6

Variation of the principal band gaps (E(I'), E(L), E(X)), VBM, CBM, VBO, CBO, and band types for the 20 % Al-doped alloy
Aly,Gan, _ Sb,As, |, lattice matched to GaSb along the lattice matching conditions

x=0.2

v,z E,I) (eV) E L) (eV) E,(X) (eV) VBM (eV) CBM (eV) VBO (eV) CBO (eV) Band type
0.025,03  0.498 2.122 1.355 ~8.889 -8.391 0.182 0.435 11
0.136,0.4 0.524 1.992 1.296 —8.855 —8.331 0.148 0.375 1I
0.247,0.5 0.555 1.861 1.237 -8.819 —8.264 0.112 0.308 1I
0359,0.6  0.596 1.734 1.184 -8.782 -8.186 0.075 0.230 11
0473,0.7  0.650 1.616 1.142 ~8.745 -8.095 0.038 0.139 11
0.588,08  0.714 1.510 1111 ~8.706 ~7.992 0 0.036 11
0.704,09  0.781 1417 1.090 ~8.667 ~7.886 0.040 0.070 11
0.822,1.0  0.844 1.331 1.075 -8.626 ~7.782 0.081 0.174 1l
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Fig. 2. E(I') energy gap variations as a function of Sb(z) con-

centration with y chosen to be lattice matched to GaSb for

fixed x of AlGaln, . SbAs, , [x=0 (solid line), x=0.1
(dashed line), x =0.2 (dotted line)].
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