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Fig. 1 Crystal structure of bulk Bi, Te;
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Fig.2 Band structure of bulk Bi; Te; and total and disperse density of states of bulk Bi, Te;

3 Bi,Te; RIFENTE THIRFERETN

FIBESE Bi, Te, SARLER AR T 9 ML F 2549 2840, BRI T Bi, Tey HUARLE — 2% W AR 5] 2 %0 i 28 N 1Y HL 7 45
¥ o ELAR B RS BN L SR TE @ s by Bl S . S A% DL AR HE ] e /R L E XK e=Aa/a=Ab/b=Ac/c ITHESH
MEER 5 2w —2L .

Bi, Te; BN AR REHFZ5 M NI 3 T/ . 1 26 vl LAAR BA S b 7 e, 0 48 JF R B0 Bi, Te, B i B 271 P
R FLRE 9 28 728 Th ks B T8 A AR R MO 100 B IO A8 O R BCAE B B JE AR R L M TR A IR ER A T G . 1
AT LAt B 2 I A8 A 38 0, s B 58 B B =2 3 K, L 0. 21 eV AR FR ] 0. 299 eV,



%5 FHEREE-HREEREBLTe; HBARENRERTHRFEMEA 135

5 5 5

\% e \% p—
O — [E=028¢ é 0<§Eﬁ;0.29 5 i Oif\/éEgzo.m -
— —_— —
e ——— == = : B — _—
557 = | & -5t = 5 -5 |
r 2 4
fured | —
_10<A/> -10F /_\//’> —10X>\/\
e ——— F = | P ———
- | — | = | | =
- - 15
Bz F G I Be—7 F & L b7 I3 c L
a hifh 1% b FifH 2% c JE4E 1%
5= 0.15
- " .
\ﬁ%ﬁﬁ 0.10}
0= [E=02le é 0.05
= = O T S
[ % < o000} o T
ki 2 -0.05}
_10<ﬂ\_\/x —0.10} \\\
15>/¥/ by
- ~020L— - - s -
G Z F G L 2% 1% 0% 1% 2%
&
d 4 2% e Ml TR 571 IS 8 1 7K ST Bl 1 A8 9 A5 1k

B 3 Bi.Te, UK TR L

Fig. 3 Band structure of bulk Bi, Te;under strain with tensile ratio
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Fig. 4 Band structure of 1QL-Bi, Te; film and total and disperse density of states of 1QL-Bi, Te; film
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Vol. 33 No. 5 Journal of Chongqing Normal University (Natural Science) http://www. cqnuj. cn 137

5 4518

Bi, Te, SR T ELHA BoF 0K PR BE G S 140 Bt 0 DUAN A I R AL T G i AR BRZI 9 0. 177 eV, i
o TR R {E 0. 165 eV, FE—2% ~2% N AEVE T . Bi, Te, HeA B B Re M A ko4, (F 2 B 5 2 A8 P TR 46
B AR AN W7 3G O L B 8 BE BE 2 35 O, A 0. 21 eV ARAEE 0. 299 eV, R AR AE 5 B 5 B Y X Rl AL A IR T
ety AR B 2 A= 0 ELAZ A B2 R X 850K il IS RE B AR AT AR BT IR . X T Bi, Tey B QL ¥ T 2R EE
T e Bz B R AT BRTEEE N 1. 031 eV 42 F] 0~ 3 Y0 R AR T, & A T 42607 B R A i AR {F It 25 AR
BT Sl R S I M /N A B I A R A 2R M R0 L T A A TR B K P O R B S s B R AR DX
] B AL . DL sk 2 AR A g 0 i A8 5 B0 R 0 B 3 O L DL TS R R R R ML T 45

B AXR AT ERFDELE LT IRBFRIAGFHUS FERPRT LR FRBRMAMRF AR

B A AR M IR AR R

CE e

[1] Liu C,Hughes T L,Qi X L,et al. Quantum spin Hall effect
in inverted type-II semiconductors[J]. Physical Review
Letters,2008,100(23) :4-6.

[2] Zhang H,Liu C X, Qi X L,et al. Topological insulators in
Bi, Se; , Bi; Teyand Sb,; Te; with a single Dirac cone on the
surface[ J]. Nature Physics,2009,5(6) :438-442,

[3] Hossain M Z, Rumyantsev S L, Shahil K M F,et al. Low-
frequency current fluctuations in graphene-like exfoliated
thin-films of bismuth selenide topological insulators[]].
ACS Nano,2011,5(4) :2657-2663.

[4] Xia Y. Qian D, Hsieh D, et al. Observation of a large-gap
topological-insulator class with a single Dirac cone on the
surface[ J]. Nature Physics,2009,5(6) :398-402.

[5] Xue L,Zhou P, Zhang C X, et al. First-principles study of
native point defects in Bi,Se; [J]. AIP Advances, 2013, 3:
052105,

(6] B #i. 5k 8. 857 v, 5. 3 EMN A 2 4 Bi, Ses 550 4K 19 BF 5%
L] AR, 2013,271 1) : 7-12,

Lii L,Zhang M, Yang L. Q.et al. Recent advance in topolo-
gical insulator Bi,Se; bulk crystal[ J]. Materials Review,
2013,27(11) . 7-12.

[7] Kul'bachinskii V A, Ozaki H, Miyahara Y, et al. A tunne-
ling spectroscopy study of the temperature dependence of
the forbidden band in Bi, Te;and Sbh, Te;[J]. Journal of Ex-
perimental and Theoretical Physics,2003,97(6) :1212-1218.

[8] Baker H. ASM handbook (volume 3) :alloy phase diagrams
[M]. Ohio: ASM International Materials Park,1992.

(9] MEFH, TN, B AKEE . 25, NbSi, & 5 5 FE AR S 3 ) 244k
R 5 — PR IR BT (). # B 2A 4, 2015, 64(8) :65-71
Pu C Y,Wang L.Liu L X,et al. Pressure-induced structural
transition and thermodynamic properties of NbSi, from
first-principles calculations[ J]. Acta Physica Sinica, 2015,
64(8):65-71.

[10] Zhang W,Yu R,Zhang H J,et al. First-principles studies

of the three-dimensional strong topological insulators
Bi, Te; » Bi;Se; and Sb, Te;[J]. New Journal of Physics,
2010,12(6):1906.

C110 SRARE AR, X R, A5 0 A8 X B0 2 — it Ak 47 e 4 52 w1

SRS (], Y B2, 2012,61(22) - 227-232.
Wu M S,Xu B, Liu G,et al. The effect of strain on band
structure of single-layer MoS; :an ab initio study[J]. Acta
Physica Sinica. 2012,61(22) :227-232.

First-principle Investigations of the Electronic Structure of Bi,Te; under Strain

GUAN Jianxiang'®, CHEN Lei*?, ZHU Shize’, DUAN Lianwei’

(1. Department of Information Technology, Yancheng Kindergarten Teachers College, Yancheng Jiangsu 224000;
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3. College of Physical and Electronic Engineering, Jiangsu Normal University, Xuzhou Jiangsu 224000, China)
Abstract: The electronic structures of Bi, Te; bulks and films were investigated systematically by using first-principles and their elec-
tronic structure under strain was also investigated. The results show that Bi, Te; bulk is a direct band gap semiconductor with value
of 0.177 eV, and Bi, Te; single-QL (Quintuple layer) film belongs to indirect band gap semiconductor and its band gap value is
1. 031 eV. As their strain smaller than 3%, the bucks and films can keep their energy band structure, but their band gap values
change and are linear with the strain rate.

Key words: first-principle; Bi; Te;; strain; electronic structure
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