5 35 % b = S SR — A
2015 4 7 J ACTA OPTICA SINICA %

TiOq %0\ i fAS Bk it eh R ¥ PS5 HL 185489 55
YA PR U MR 5 — VE D B 50

- : s # )
XA BEIt gERl T A PRE?
LA JRVEHE TR 2R R 2A 2R B M R TEE SA R YT, 1500805
s E BB AN FF R TS FE S MR TR =, K& A 130022

HE  TiOs H/\ ARG R 55 (CaCus Ti, O1: » CCTO) BYFEAS 4L, HiE X R E CCTO JefFir FPERE R
FEI, ALK AIIEET A G2 PERE R A B R 5 A R Fa s HE A RERARIE . v TR TiOs FUN A E
% CCTO &R T A i 2P Re sk, LA & Ti.O STEME M T CCTO R B BLA E 28 ks fir
1) CCTO BT, IR F 5L T 9% B2 pRES Y 5 — P i SR 41 T i o 6 = RS RN A T T T LA 4544 i % 5 4
MADCEERETH S /00T 1TSS SRR, A LRI 25 (57 X T LAY 45 F4 F H 9% 85 40 AT 6 Wik 25 132 Il & 1154
53 =PRI (4 A1 H BRI, DT 4F 1 S A D' 2% M B A 4 5 38 L SO S WO RO H S 2R A () AR L AR S T
CCTO St RE Y 45 1) S 2 DG SR AE A

KR AR BRIRAES A5 0L 5 Y M T SR — MR

FESES 0436 XHEFRIREE A

doi: 10.3788/A0S201535. 5116002

Effect of TiO; Octahedron Structure Defects on the Electronic Structure
and Optical Properties of CaCu;Ti,O,; by First-Principles
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Technology, Harbin , Heilongjiang 150080, China
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Abstract  TiO; octahedron structure is the basic framework of CaCu;Ti,O0;; (CCTO), which associates with
performance of optical and electronic properties. the investigation of dielectric and optical properties under various
frequency region contribute to reveal origin of high dielectric constant. In order to explore the contributions of TiOs
octahedron to optical and electronic properties under various frequency region and the impacts of titanium and oxygen
element, the model of ideal CCTO bulk, CCTO with oxygen vacancy and titanium vacancy are established, the
structure, electronic density distribution and optical properties of three models are calculated and analyzed by plane-
wave pseudo-potential method of first-principle calculation based on density functional theory. The calculated results
show that oxygen vacancy and titanium vacancy have significant influences on structure and electronic density
distribution, moreover, the optical properties such as refractive index, reflectivity, absorbance, and optical
conductivity are deduced from the calculated dielectric function of three models above, and oxygen vacancy affect
anisotropic of CCTO optical properties crucially.
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Fig. 1 Theoretical model of CCTO unit cell
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Table 1 Lattice constant of ideal CCTO, and that with oxygen vacancy and titanium vacancy

(asbsc) (asfs7)
Vo (0.75329 nm,0. 74799 nm,0. 74283 nm) (89. 840°,89. 998°,89. 999°)
Vi (0. 74847 nm,0. 74888 nm,0. 74767 nm) (88.837°,91. 085°,88. 901%)
Viae (0. 74624 nm, 0. 74624 nm,0. 74624 nm) (90°,90°,90%)
Exp” (0. 74037 nm,0. 74037 nm,0. 74037 nm) (90°,90°,90°)
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Fig. 2 Electronic density of ideal CCTO and with oxygen vacancy
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Fig. 3 Electronic density of ideal CCTO bulk and with titanium vacancy.
(a) The electronic density in XZ plane; (b) the electronic density of oxygen atoms around titanium atoms
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Fig. 4 Real and imaginary part in dielectric function of CCTO with oxygen vacancy, titanium vacancy and bulk
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Fig. 5 Refractive index and extinction coefficient of ideal CCTO bulk, and with oxygen vacancy and titanium vacancy
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Fig. 6 Absorbance of ideal CCTO bulk, and with oxygen vacancy and titanium vacancy

O vacancy

1

|
ot Do
S U

Ti vacancy

[\
(2]

)
5
0]

>
=
=

1
-

5
A2
o

|
o
()]

CCTO bulk

30 40
Frequency/eV

Bl 7 BAR CCTO e L AT A gk == i CCTO [t G4

Fig. 7 Optical conductivity of ideal CCTO bulk, and with oxygen vacancy and titanium vacancy
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Fig. 8 Reflectivity of ideal CCTO with bulk, and with oxygen vacancy and titanium vacancy
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