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Table 1. The comparisons of binding energy of BiTiO3 in nine possible structures.

45 C12C1

PNMA R3CH P1-— P1211  P4MM C1C1 C1213

PM-3M

AEbin/e\/

-0.007 -0.042 —-0.065 —0.054 —0.166 —0.147 0

—0.006 —8.164

AByi, NEFEMINE GRS C1C1 S G R ZEE.

1 (MTIFM) BiTiOs I C1C1 451
Fig. 1. (color online) C'1C1 structure of BiTiOs3.
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& 20 LLAE B, 4T BiTiOs i E g ) - fE 5,
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1.1 eV; 1 B hgla T 1 geT, CBM A VBM 43 Az T
L(EG Z) sA M r, BN 2.9 eV, HHIE 2 (b) 7] PA
F i, BER R E bR R A AR, AR
3 BiTiOg S HitE, S Fi9 1.0 uB. CBM Al VBM
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AEF] — w4k, I HAEPIAS B BET7 17 e o,
FOR M AL A7 A — € BE LI L, DR BiTi03
[AIFEHT B A~ A

spin up

K2 (a) BiTiOs ABERM FHfAEH4544; (b) BiTiOs &
AEIE; (c) BITiOs AER LK REA 45

Fig. 2. (a) Spin-down band structure; (b) total density
of states ; (c) spin-up band structure of BiTiOs3.

#*2  BiTiOz % — i B X th & 5 #5 k 2172 VBM M
CBM [¥RHIE g B 1E
Table 2. Eigenvalues of VBM and CBM for BiTiO3

at high symmetry k points in the first Brillouin zone.

L M A G Z %4

Ec.up/eV 1139 1.418 1.221 1670 1.139 1.659
Ey.up/eV —0.037 —0.072 0  —0.15 —0.037 —0.185
EC.down/eV 0.858 1231 1.057 1.481 0.858 1.664

Ev-down/eV —2.034 —2.031 —2.079 —2.174 —2.034 —2.139

Ecup F1 Byup 45 51 E e 0BS540 o 8 005 K
VTE SRR TEOASAE B 1, Ec-down B! Ey-down
S350 1 HE 16 B B A 5 M BB e A SRR
TR A R
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A% B E Bl O-2p & ML T 5Tk, Bi-6p Al Ti-3d
FITTEREL . —0.671—0 eV [X ] i 25 % 5 £ B iy
Ti-3d Z& ¥ 5, Bi-6p A1 O-2p M TRk E D>, 12 S
0.937—3.731 eV X [H] [ 25 % & £ Bl Ti-3d &k
&, WA /> E Bi-6p M1 O-2p &L T BT 454
Bl 2 AP 3 0] 1, AE ORI, ST AL
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J7FF1 O Ji 7 2 [AAEE SR ZU LN VE . R, Bi-
TiO3 Y HE ¥ Hi iz 1 o7 S B+ 28 8 3 B Ti-3d
M O-2p SHTIRE.
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—12 k
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B3 (MTLEf)(a) BiTiOs C1O1 451 ) BT 5%
(b) Bi M EFAEE; (o) TiMBETFEEE; (d) Oy
Fig. 3. (color online) (a) TDOS of BiTiO3 of C1C1 struc-
ture; (b) PDOS of Bi; (c) PDOS of Ti; (d) PDOS of O.
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0 [l N, BiTiOs & ML = A5 7] R A B o s
e1(BE) S eo(F). B4 (a) RM, afh (8% [100]) J5
[ F1 b il (B [010]) 77 0] B0 A5 A FLH e (0) 33K
7.554, ¢l (B [001]) 75 ) H A A B H e (0) N
7.608, AEH FEUT. 0—12.923 eV At BVLEIN, BEH
NSOt RE B B3GR, = AN TJ7 18] 1 g HB IR I AR AL
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T AR LS —. 5 L B EI8ME, E = 2.354,
8.163 eV I, [F] iy 5 X I& 3 f /MA; T [001] 77 17]
M7EE = 1.692, 3.577, 11.934 eV I HHBLEE —. &
L=, B o= 2.303, 8.469 eV I, PiIIAF
BME. 2RSS 8. B A R
JE 0 R B A R AE BN R R a g PR B,
K4 (b) /T WL, 7£0—0.876 eV REHE L A, [100] J7
[ A1 [010] 75 M) g0 #ONZE, 7E0—0.978 eV Al

1l [001] —— [100] (2)
rrrrrr (010]
10 [100] —— [001]
o sb [010]
Z o
® o4
=
2 2
= o N
SV
—4 1 1
0 10 20 30
AEE/eV

USRI €0

~ 4}

0 1I0 2IO 30
AbiE eV

EI4 (RAIRE) BITIOs WA MRS (a) /s il

SEES; () S BR B R B

Fig. 2. (color online) Dielectric functions of BiTiOgz:

(a) real part; (b) imaginary part.

Bl [001) J M e . MREFT RITT LLE H, 1X
s TEX —Re VG %A M\ VBM ERIE 2
CBM. HRER(E & T HEUE R, AT R A BRIE HHR
¥ Kk, 7£0.97814.736 ¢V AE EJL I,
BEE NG RE R B R, =ANT7 M e IH AR 4L,
E = 1.793, 5.106, 14.736 eV i}, [100] 77 [ A1 [010]
T E R LS L 5B L B EIRME, E = 2.609,
10.914 eV I [&] i P ik 21 fe /ME; 11 [001] 7 18] )
£ E = 2.150, 4.545, 14.227 oV I L — 85—,
HZIEME, E = 2.762, 11.016 eV I J§UGE £ i/
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el (E) Meq(B) 5w EE, H5(001] J7 K
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PN 7 11 ) S A MR B e A A IF), B 5 [001] J7 1)
12 A R B IE A AR ). X B BiTiO3 ff A )6 %
PRI () 45 1) S PEAS IR AR R, Sl 45 1) )

HAE TR SR BRI R AR SR S
HAHREL R

N(w) =n(w) + ik(w), (2)
g1 =n? — k2, (3)
Eg = 27’Lk, (4)
wle=1% (K- K), (5)
B (n—1)% + k2
h= n+1)2 + k2’ ©)
a= %52, (7)
2kw 4km
Q= c = /\707 (8)

o(E) = 01(E) +i0a(E) = ~i —[e(w) = 1] (9)

A0, £ [100]+ [010] F1[001] J7 ] k., X2 2
AAHIE], DRAE Ja T G e B freh, R AR %
AN TJ7 AT 2 T B R] . AR Sk 4 [100] 77 1)
Torhr. B &, NoAEIHE, n ARSE,
kAT REL, o1 NEANHRECLH, o ARNHE
R BRI, KORBER, RARS RZEL, o AR R
, c HHE, o NOGHF I, o AR FH
.

K15 (a) A BIiTiOs I & 47 5 %, H & A &1 Bi-
TiO3 FIERT 52 ng 4 2.749, 16 1] WG MR AE X [t
6T BB IR 04T S e n SIS, TAE AT WO
14 151 BE DX 4T 5 28 m 5 26 6 1 BB 5 110 38 177 T ek 1
K. 1£6.533—10.609 eV it [l N H 6 Rk KT47
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Bl5 (c) N BiTiOs I R &5 e FReE K
%, MET%N, E = 7.654 ¢V A1 14.787 ¢V, 435l
PSS — AR SR AN WS 0ge; A2 R IS B A IR AR

3.5

3.0

2.5

2.0t

1.5}

EEEIES

1.0}
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HEE /eV
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BE T V0 B P A R B L (105 em 1) IIRIR R
B, EERIUNE SR

I T R AR 1R T R S R A O
BRI YESE, EE 5 HRHE LR
FLSLHE oy RN L RR U 30 e FLARXNS B, tH ARSI
WG ORI BE BRI L. B 5 (d) A BiTiOs G L
SERMREETIIIKR, BB, /£ E < 30 eV
MReEToH, St FRELH oy H = IEE S, F
BB B ANV A6 R I BB R 2 Sl 1.736,
5.106, 14.736 eV. X BL1X L FE 5 A /1 FL R AR 0 2o
RE IR FIREE = AN IEAY.

0.5

0.4}

0.3F

Rt

0.2}

JEHL SR

:N o2

0 10 20 30
B /eV

5 (MFIEE) (a) BiTiOs MR E; (b) BiTiOs MIRHE; (c) BiTiOs MWLIKE; (d) BiTiOs HtH F3

Fig. 5. (color online) (a) Complex refractive index; (b) reflection spectra; (c) absorption spectra; (d) con-

ductivity of BiTiOs3.
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B T 12 Z0 AT O R e 7 LA S
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Abstract
BiTiO3 of C'1C'1 structure is found to be the most stable phase according to our first-principles calculations for nine
possible structures, with corresponding optimized crystal parameters of a = b = 5.606 A, ¢ = 9.954 A; o = 8 = 105.1°,
~v = 61.2°. Subsequently, we have investigated the electronic and optical properties of BiTiOs in C1C1 structure. It is
found that BiTiOg is a semiconductor with an indirect band gap with its energy band near Fermi level being dominated
by O-2p and Ti-3d levels. Additionally, the dielectric function, refractive index, and reflectivity of BiTiOg are also

calculated, and it is shown that the optical properties of BiTiO3 are nearly isotropic.

Keywords: BiTiOj3, electronic structure, optical property, first-principles
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