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Abstract Using first-principles calculations with the generalized gradient approximation (GGA) . the band structure
of the new B,Ga,_,Sb ternary alloys is studied theoretically, and the impact of the born incorporation on the band
structure of B, Ga,_ . Sb is also investigated. The result shows that, when boron relative mole content is between 0
and 18.75% , the value of T',. — I'is, band-gap energy is increasing monotonously by ~17.5 meV/% B with a small
band-gap bowing parameter (2.23 eV), while the value of X,. —I'15, band-gap energy is decreasing monotonously by
~12.8 meV/% B. When boron content x is below 10% , B.Ga,_. Sb is a direct band-gap alloy. In addition. the
formation enthalpies of B, Ga,_,Sbh alloys with born relative mole content at 6.25% , 12.5% and 18.75% are also
calculated, respectively. The comparison between the calculated formation enthalpies of B,Ga, . As and that of
B.Ga, . Sb indicates that the content of boron in B,Ga,_.Sb may be able to reach 7% relative mole.
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Table 1 GaSb’s band gaps (theoretical values and

experimental values)

e —Tis, Tise — Tise X — s Xse —ise Li.—Tus
0.28458 2.97647 1.52598 1. 13202 0. 6364 GGAM™
0.812 1. 141 0. 875 Exp. ™
2 DBSb Rgp T8 A MR T EAE
Table 2 BSb’s band gaps (theoretical values)

e —Tisy Tise — Disy X — s Xse — iy Li.— s
3.79468 3.22406 1. 63154 0. 84335 2.3557 GGAM™

3.05 1.32 LDAL
4.4 4.0 1.7 (4l

) This work, ™ Reference 14, [ Reference 12, [ Reference 13.
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Table 3 Symmetry, I'y. —I'15, band gap value and weight of
the super-cell (When the boron content is 6. 25%,
B, Gays Shys)
B’s position Symmetry Weight E, (eV)
(0,0,0) P-42M 1 0.40882
A4 PRMIREE R £ 5N 12,5 Y0 (B, Gay, Sbyg)  #E LAY
XEFRPE » Doe — Dis, BEBR 98 8 M HAL
Table 4 Symmetry, I'y. — I'15v band gap values and weights

of the super-cell ( When the boron content is
12.5%, B,Ga,,Shys)
Symmetry Weight E,(eV)

B’s position

(0,0,0)(3/4,3/4,1) CMM2 4 0.52218
(0,0,0) (3/4,1/2,1/2) P21212 4 0.53185
(0,0,0)(1/2,1/2,0) P-4M2 1 0.45834
(0,0,0)(1,1/4,1/2) P2221 4 0.51114
(0,0,0) (0,0,1) P-42M 2 0.45638

Weighted average of E,:0.5089
F 5 MR EE R & 1 18. 75 20 B (Bs Gays Shyg ) o 1 (19
XPFRPE » Doe — Dis, BEBR 98 8 M HAL
Table 5 Symmetry, I'y. — I'i5y band gap values and weights

of the super-cell ( When the boron content is
18. 75% ) B; G813 Sblﬁ )
Symmetry Weight E,(eV)

B’s position

(0,0,0)(3/4,1/4,0)(1/2,1/4,1/2)  P1 24 0.65269
(0,0,0) (1/2,1/4,1/2)(1/2,3/4,1/2) P222 13 0.562
(0,0,0) (3/4,1/2,1/2)(1/2,3/4,1/2) CM 24 0.62914

(0,0,0) (1/4,3/4,1)(1/2,1/2,1) CMM2 8  0.57664

(0,0,0) (1/4,3/4.,1)(3/4,3/4.1) P2 33 0.57152

(0,0,0) (0,0.5,1)€0.5,0.5,1) P-42M 3 0. 43093
Weighted average of E,:0. 598438
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Table 6 Calculated I'y. — T'y-. band gap values and bowing

parameters of B, Ga,_,Sb

Composition X  E,(x)(Ty. Tis) bowing, b /eV
Gays Shyg 0% 0. 28458

B, Ga,; Shy; 6.25% 0.40882 1.623744

B, Ga,, Sbys  12.5% 0. 5089 1. 960617

B;Ga;sShys  18.75% 0.598438 2.259927
By Sbys 100 % 3.79468
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gap values and B relative mole contents in ternary
alloy B, Ga,, Sb

M R a] RLFE 2 A B A X EE OR 5 B 0— 10,
08 Y07t il N » B, Gay—, Sb Ay B He w7 BA B, HH 45 B
Yo FEME/NT 1 eV BA N 68 45 4 B v [ 1Y
B I35 R RV S GaAs, N BiH N £
AHYNE DA 7] BGaSb Fifi % ] 1 A& i 38 i 3
FLHRBRIT BE B (R A8 R BB Bl JF A GaSb J5 L i
KABETT it S BOL A8 A R LU BGaSb #Y#HF
Wit 5 I B 178 5 A ) 398 g R AT
3.3 BGaSb K&

149 1% BGaSb #y Wi fh — 58 & AL 43 %) BSb #1 GaSb
Z IR &S R TE B B R (15%0) . ML 3 v, Xt e
BGaAs fil InGaAs W8 55 - 7T A1 Al 11, [ 45 2%
PR 5 AiAs 2 C B, JOHE B . T B B e
RE TR AT BAM AWV G & H e, B
FRE T & a iR ). AR AR G 4 iy fe b
JOL AR AN BE B A 2 S o - 3 o 2 A R 48 10 A RE
BT A AT R AR 2% . TR GO RS AT R Ok 1
o SR B R R SRR A < 420 Y AT RETE

ZJLA B.Ga, ., Sb I kS RN

AH(x) = Epusy — [2Ews + (1 =2 Ecs ] (3)
Horbr, AH () I8 U Evcas i BGaSb 9 2 fE &,
Eys, 9 BSb By EBE & . Ec.s,  GaSb By B BERE. A
SO T WA X R % S 6. 256,12, 500 Fil 18.
75201 BGaSh BYTE WG AR 23 5K 57. 62 meV/
atom,113. 66 meV/atom,163. 66 meV/atom., A LA
BB 5 = 0, BGaSb By JE A R B
R WA AR IE AR B & B BOR, 5 i BGaSb
P8 X2 A AR AR

3 22X T BGaSb.BGaAs fll InGaAs 1y ik
& RS L. NI AT LU B BGaSh 1B MUk Ak T



o 1 29 %

206 e #
- —e— B,Ga,—,Sb -
200 --m- B,Ga;—,As o
%~ --a—In,Ga;—,As o
S 5 160 -
=l
g 5 120
=
S
b= é 80 -
==
E < 40
0_|\|"’F'|’\.| L1
-2 0 2 4 6 81012 14 16 18 20 22
x /%

3 ZILEY B.Ga,—.Sb 5 B,Ga,—, As.In,Ga,, As 1§
T L L
Fig. 3 Comparison chart of the formation enthalpies of
B,Ga,—,Sb, B,Ga,_, As and In,Ga,_, As
BGaAs fll InGaAs Z[f], InGaAs fYJE & RAK, H
ERAE 0— 1002 Z A 1), InGaAs #B RE 77 £ 5 1M
BGaAs MJE B KSR K, %5 0 i 8 1 3F A 2 WAR A
B H AT RGE 0 B IR AR TN T AL
Ja RN T ARG WIE B s A G 4 0 XE ) R R AR s
I’§l 3 XTGBT LAl BGaSh H gl 8y I A i 5 % RS
REN 70 A AT o (BT VE Y, R I Y A
= ,ﬁ\ﬁaafﬁﬁéﬁﬂfﬁi (R N 7 S S B0 b A T i 0 AL
) EERERA

4 ok B

SCECRH 32 JRFHEREAL T SIAL L T & 4
S 1) TC R0 HE Y o O A 5 — M B A A b R
J SRR B SR AL A B R 22 T S 4 G R RE L R T
SRR AL AT 32 SR 458919 B, Gay . Sb il
FARTEE IR £ 8 43 Wk 0.6, 25% .12, 5% ,18. 75 %,
100 % i, B, Ga,—, Sb ) Ty — D5, CH BRI F1 X,
— Do, (RHEERGTD REPR TEBE(H . B & B IR A1
K. BGaSb £ 4x 1 B BT 19 R B 98 2 AR
B FEx=0~6.25%,6.25% ~12.5%,12. 5% ~
18. 75 %6 Z [H] , B 42 BRI 1) Rl 2t 95 B 174 38 4 31 Ky
20. 64 meV/%B.16. 8 meV/%B.15. 04 meV/%B,
FAM T B, Ga,, Sb B UK TE 2 =6.25%,
12.5%,18. 75 % i, H I UG 43 51k 0. 05762 meV/
atom.0. 11366 meV/atom.0. 16366 meV/atom. [#
Z NI A= B30, BGaSh (1 T 1k 2 5 i
¥ BGaSb % ks 5 BGaAs Fl InGaAs WTE 44

BEAT RS BG T AE GaSb w3 A8 HE A 1R 80 1)
ANRAIR TY A .

2 % x ™

Ning Yongqgiang, Zhou Tianming, Zhang Badin et al..
and characterization of InAs-rich GalnAsSb alloys on GaSb
substrates by MOCVD[J]. J. Cryst. Growth, 1998,191;: 39~
43

2 T. Anan, M. Yamada, K. Nish et al..
operation of 1. 30 pm GaAsSb/GaAs VCSELs [ ] ]. Electron.
Letr. , 2001, 37 566~567

Werle P. A review of recent advances in semiconductor laser based
gas monitor[ J]. Spectrochem Acta A, 1998,54(2):197~236

R. M. Biefeld, J. G. Cederberg, G. M. Peake et al.. The
growth and characterization of GalnAsSb and AlGaAsSb on GaSh

—

Growth

Continuous-wave

w

S

by metal-organic chemical vapor deposition [ J]. J. Cruyst.
Growth, 2001, 225. 384~390

H. K. Choi, S. ]J. Eglash, G. W. Turner et al.. Double-
heterostructure diode lasers emitting at 3 um with a metastable
GalnAsSb active layer and AlGaAsSb cladding layers[J]. Appl.
Phys. Lett. » 1994, 64. 2474~2476

D. Z. Garbuzov, R. U. Martinelli, R. J. Menna et al..
InGaAsSb/ AlGaAsSb laser diodes with continuous-wave operation up
to —39 C[J]. Appl. Phys. Lett. » 1995. 67: 1346~1348

Kohn, W. Sham, L. J. Self-consistent equations including
exchange and correlation effects[J]. Phys. Rev. A, 1965, 140
1133~1167

Ziegler, T.. Approximate density functional theory as a practical

o

o

2. 7’]1.m

-

oo

tool in molecular energetics and dynamics[J]. Chem. Rewv. ,
1991, 91; 651~667

Juan, Y. M., Kaxiras, E., Gordon, R. G.. Use of the
generalized gradient approximation in pseudopotential calculations
of solids[J]. Phys. Rev. B, 1995, 51: 9521~9525

10 Perdew, J. P..
correlation energy of the inhomogeneous electron gas[ J]. Phys.
Rev. B, 1986, 33. 8822~8824

Ferhat M. , Bouhafs B. , Zaoui A. et al..
of structural and electronic properties of BSb[J]. J. Phuys. :
Condens. Marter, 1998, 10; 7995~8006

Bachir Bouhafs, H Aourag and M Certier, Trends in band-gap

©

Density-functional approximation for the

1

—_

First-principles study

1

[SS)

pressure coefficients in boron compounds BP, BAs, and BSb[J].

J. Phys. Condens. Matter, 2000, 12, 5655~5668

RETESE. ARG T2 SR AR 5 A A R D], dba . db 5t g

HLFC 2%, 2007, 55~56

Laurian Escalanti and Gus L. W, Hart, Born alloying in GaN[]].

Appl. Phys. Lett. , 2004, 84, 705~707

5RO ERES. BkLA@[M] JLE AL T RAL, 1996, 86

16 Agrawal B K, Agrawal S, Yadav P S, er al.. Ab intio
calculation of electronic properties of Gaj—, Al.N alloys[J]. J.
Phys:Condens Matter, 1997, 9. 1763

17 G. L. W. Hart, A. Zunger. Electronic structure of BAs and
boride [I[-V alloys[J]. Phys. Rev. B, 2000, 62: 13522~13537

18 Guo Baozeng, Properties, preparation and applications of GaSb
[J]. Semicond. Optoelectron. , 1999,20

19 M. E. Groenert, R. Averbeck, W. H. osler et al..
growth of BGaAs by molecular beam epitaxy[J]. J. Cryst.
Growth, 2004, 264. 123~127

1

w

1

S

—
w

Optimized



