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The optical properties of the spinel LiTi, O, thin film
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SONG Hao-Nan', JIA Yan-Li*, JIN Kui’, YANG Xiu-Lun'
(1. School of Information Science and Engineering, Shandong University, Jinan 250100, China;
2. National Lab for Superconductivity, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract; Transition-metal oxides LiTi,O, thin film was epitaxially grown on MgAl,O, (001 ) substrate
by pulsed-laser deposition. The X-ray diffraction indicates that the film was successfully grown with
high quality and single cubic spinel phase. The Raman-active phonons were studied by Raman spectros-
copy. Using spectroscopic ellipsometry, we also determined the refractive index and extinction coeffi-
cient of the film in visible-near-infrared region. Band structure and density of states (DOS) of LiTi, O,
were carried out by first-principles calculations. The theoretical calculations are consistent with the ex-
perimental results, and the optical constants is well identified by the theoretical band structure.
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1.1 Hm#l&E

£ MgAl,0,(001) 3 |~ bR FH ik o i o iR
12:(PLD) il % 1 LiTi, 0, BAMEIE. th T HA RN A
SEFIY MgAl O, BLJR Y s % 805 LiTi, 0, B4R
i i RO G I BE AR 4% , BT LALCR %26 R e 8
TRAUESME B B GF (45 & it A A E V. $E AT Sy
Li, Tis O, K % , SR HIbR o [T 285 B oz ks il 4, 7EAIR AU
SYFEARASTR  BEA AL Lis Ti Lol y4: STfESEE R A5
BRI R Lis Ti el 121 AR K EAR A
%54 10 Torr, KeF 4> FHOC I EE AR K 5 H,
WOLRER % X 0.7 J/em® , BT AR Pt IS TR
JELRHFTE 800 C.
1.2 F—HRETE

BT B BRI (DFT) A28 — 1 s B 5
BFSE R ME G T 9 73 2 — A% SCR ) Material
Studio #4114 Castep ( Cambridge Serial Total Ener-
gy Package ) B4 58 . Castep J& DL T 85
12 PRI I 2 — 1 D B R 431 3l 0 2 Sk SR A Y R
1, 38 T B AT AR S5 40 9 AT B R 3R 7R
DFT HEZE T, % FH #8 % #¢ (ultrasoft pseudopoten-
tial ) AR T3, ) SCRR BE L ( GGA ) HEATAZ
1E, 3% F§ GGA ") Perdew-Burke-Ernzerhof ( PBE)
S b B AL T AR B SE TR AR AN IE 1 TR, A
PEFHAY 2 LiTi, 0, By 3 x 1 x 1 # M, % 6 > Li
BT 12 Ti g7 A1 24 4> O B G skl
i, T AR T RE I 400 eV, A1 BLIHIX YR 3R 6
x 6 x 6 fJ Monkhorst-Pack $55k k s gE47180K 0.
F A CSIRE MRS B 1 & N AR T35 5 x 10°
eV, MifEFZERE A i L AR s 0. 01 eV/A, Py
M FIAKTF 0.02 GPa.
1.3 ZBNE

R YR TSR E A 5 A5 NaioAFM

Bl 1 LiTi,0, i 3 x 1 x 1 i i f
Fig.1 The 3 x1 x1 supercell of LiTi,0,.
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RIS, N ] LUE R T,
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Fig.2 (a) Temperature dependence of re-
sistivity for LiTi,O, film, (b) AFM image
of LiTi,O, film, (c¢) XRD pattern of Li-
Ti, O, film
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SR (004) 749 77 1) L -3 R R
D = K\/Bcosh , (3)
Horp D ik RGT K R E %, K=0.9,40 2y X 28
RIPE, A = 1. 54 A,ﬁ KB, B = 0. 146° =
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Fig.3 Raman spectra of the spinel MgAl,O,
substrate and spinel LiTi, O, thin film under 532
nm excitation
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BORUET MgAL O, JLJEHY E, A5, FLIE A H S0
Tk B TR AR B AL = Bt
TP B P2 BUR RS LTI H 0, WA T A1 E
JEELAT T TR Y ¢ BlANAE. LiTi, O, WA IR T B9 $L
S EgE T LIS E] 4 NSRS SRS, 25k 342 em™
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498 em™ BTG B, B, A2 T 429 em AT 626
em’ &b B BT B UG S IR B, BRI A
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RUHRIE 9 22 & LiTi, O, A% i (1502 68 hir 2 Bl A
RoUe (o Fe AR — 202 X 37 77 43 A 45 R R 3
f2F 600 em™ J5i AL LAY A, A DU T A H A S Y
TR T (6 45 A8 AF G, 117 600 em™ 8% LR (45 114
P 55 pl /TR 1) kS 45 44 4 G AR B 2 — 1k I
PRAG TR AT LAAS B AL 5 1) Li-Ti-O & &+ Li-O
AN Ti-O BB 2330 2,012 A Fn2.02 A, —
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PE A E AR S T 2 e By 25
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& 4 o4 LiTi, 0, [RERT &5 F FIZS 2 . AR e Y
SEFG RIS A0, Ti 3d BEE T4 1l 730 53k
RO LiTi,0, I 48 F8E. 7F LiTi,0,
Hr, A L (), (07),, Hoh Ti i
+3.5 M, ROZE %A Ti 7 LA T (50% ) A
Ti ** (50% ) W FF A7 1. ARYE REAF BEIE , 16 LiTi,0,
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Kl 4 (a) LiTi,O, WEEH &5, (b) LiTi,0, H Li 2s &A1Y
PDOS, (¢) LiTi,0, 1 O 2p 5% PDOS, (d) LiTi,O, 1 Ti
3d %% PDOS, (e) LiTi,0, [ TDOS

Fig.4 (a) The band structure of LiTi,O,, (b) the PDOS of
Li 2s states in LiTi,O,, (c) the PDOS of O 2p states in Li-
Ti,0,, (d) the PDOS of Ti 3d states in LiTi,O,, (e) the
TDOS of LiTi,0,

RAEMBEAEN,O0 2p BUIETEIR Li Ji58 Ti 51
HPZHL IR R AR S s e SR R i Al
Ti Jii ¥ 3d BB Y B RE & A7, T DL SRR %
FE(TDOS) % O 2p B AN Ti 3d HLiE 4 HE, If
HARYE /3 A% B2 (PDOS) , O 2p BB Al Ti 3d #
TETE TiO, 1F/\ Tl AR S e A7 3 v HAA AR 5 (%) AH B A
F LT Li 2s BB LA O 2p B & A2 G
AN e E B S E T, Ti 3d HE 7354
2 MERES e, PUER 3 MR EHED v, B8, H e, B
B LB Z B A ES. K4 451 7 LiT,0, 1Y
AW, H 0 2p BTN FE5.03 eV, H 5 Ti
M1, BLIE [ AT B A 2. 26 eV, 1T Ti /Y e, FLIE A t,,
HEEZ A BB K 0.8 eV. I 45 5 Massidda
AT SE R N I B TE R 4.70 eV, lif 5 Ti
(6, BUE A B 2. 64 eV, Ti [ e, BLIE M 4, B
T Z [ AR L RERR A 1. 36 eV, AH—3K. i T i
— B R S B T A R FRATT N FH A [ i
PROGIEITEATSE T LiTi, 0, B SOG4
2.4 EREHRLIENIRE R

[ 5(a) 2 LiTi,0, i BEAE 70°F1 75° T 091 I
S0 5 11 AR L 1) 00 I 2. 45 Ry A 78 35 B Y
AHAEEAY (air/roughness/ 8 JEE A4 6L/ BE G ) , H: rb R B
JZ3E H] Bruggeman A5 2504 B BSR4 iR, 25 S5 T
H 50% KRS 2 BE e E 1.3 nm (P57 AFM Il
X)), AR HERRBELRE J2 %5 5 i a2 8 B0 52 ) 5 &
JIE 2 (001) MgAL O, B Akl IS, I H G2 A E
A (WL E3C[23 ]) . U AR SR H BB s 3
Drude FERVFI IR SR L (0] S v+ 5 A% AR Y
Lorentz AR ARIEK F >t g 37 1 5 119 (8§ 784 Drude 11
Lorentz {0 F0R5E AU AH W (1) 3 38 2002 (5-8) . AR SR
TS SR8 AR 2% DU 4R - €0 BB AL TE P> A7 B2 T ()
B X Aw S B T LA, ol LUE B R &5 8] T 1R 4
ALEE R (ILE S (a)). R 1 450 TS 18- 1E
25 VU T BB R I d A H UL A 280, LiT, O, T
AL R A 194. 8 nm.
Drude:g,(A) = P -D* A /[1 + (A+E)*] ,(5)

e(A) =E=D %) /[1 +(A=E)’] ,(6)

Hrp, P ACE THALIRE D 5B T K R E
JF-¥ H AR
Lorentz:e,(A) = A w A7 ()\2 - L(z))/[ ()\2 —Lé)2 +

Y % A*] , (1)
e(A) = A= y/[(A =L +y % A7]
, (8)

Horp ARRBREE Ly ALy NIETE.
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FS  (a)75° Fi170° A5 R i LiTi, O, 55 4 Ot
T, oA 5 a5 R SO, 41 2k W 2k O LG B,
(b) LiTi, O, FERR 167 1 B , H o 151 S %) Rz 4 4
Hi, BRSO TR ) — - A

Fig.5 (a) Experimental ( green/pink dots) and Simula-
ted (red/blue lines) ellipsometric spectra cos (2 ) and
sin(2¢ )cos( A ) of LiTi,O, thin film at the incident an-
gles of 75° and 70°, (b) Refractive index and extinction
coefficient for LiTi, O, thin film at room temperature, the
inset shows the second derivative of the imaginary part of
the corresponding dielectric function

%1 LiTi,0, ##B% Drude- Lorentz 2 &{iE 8 (=SS
Table 1 The best fitting parameters in the Lorentz oscilla-
tors and Drude model for the LiTi,O, film

Lorentz A Ly/pm y/pum
Peak 1 4.018705 1.655550 1.573365
Peak 2 0.674966 1.057313 0.633824
Peak 3 0.331477 0.379688 0.064937
Peak 4 0.856379 0.286395 2.6694E-3
Drude P EHl/lau(um’l) D(p,m’l)
2.332912 0. 176578 1.696921

K5 (b) Hga il 1 LiTi, 0, MY 67 % Euth
2R FEACA A FL R BT X A L R K SR U
B, AT IE R 3 AT, AL T 0. 74 eV,
1.17 eV 1 3.26 eV. HAFIRAMAMNR A L 1)
i P 4 A Th AR AR 2 B AR R Li-

Ti, 0, M BHEANE A 13 S E AT B R AT 1 2 K0T DA
NH=RK:EBE TSRS T HENE MR,
ARCNARS 4 8 5 1 (R W L A 55 85 LA K il F iR
FE LV 4R B d P 5> 24 7 A Y E far BR
. MR 3K B 43 B 45 2R 2R B LiTi, 0, M R H A B
BRI R
PR REHT 45 Fa) RIS 2% B 43 A 1] LA K S i A A S
L AEH L AR AR IR A, T, AT LU R T
0.74 eV Wi > . S — 1k S5 Al LA
FIERRAIHER T, T 3d LB/ 5h e, PLiH
H 4, 08 T e, BUIE A v, PUIE Z A A58 R 4%
BRAT, " H SR T2 R R e R AL O 8
F RS W ImCIE R 2 467 F 1. 17 eV 1 3.26
eV FIRIESF 51U T 0% (2p) —Ti* " (0, H1iE)
0 (2p) —>Ti**" (e, B ) 2 1A] A L faf 56 4%, a1 —
HZ 28, v LS e, BB A o, BUHE Z (B A9 B
HEEIFERBCH 2. 09 eV. Jenif i 8 — Pk s FR I A 1S
F e, PUBEH 1, HIEZ RN 0. 8 eV, IZ(HILER
M2 BT 2 (R 25 5% 5 58 e A E W ER 4, I A BE
AR R . WA A bl LUE 31,
T RE M 532 e, BUIEF v, BB R 56 M Red , — 4
REA TR RE Z (Rl I RE 22 (H R BN 2. 48 eV,
TZAE 5 FRATTAM D e i i 56 000 45 1) SO fB 3y — B T
PSS SR 2 0] i 22 S AT BB IR A T8 brAs K
T R R S AR R ) SR N TR ) = F AR

3 it

R IO Bk g CRR O vk LBl il 2 7 g o
4 8L LiTi, O, SPHEHE RS, W LAY R4 (9 45 ot 1k
DA A v B e e SR R 3 5 o — PR PR R T
LiTi, 0, WYREHF S5 H I LSS B, 45 6 h S iU O
T ARG S B T LT, O, AR A A 8 X
AEH AT AT BRI 00, 38 B T A ML 5
TR T LiTi, 0, B Wt iy < Js bk, I B
Hr 1 LiTi, 0, PR CE 72, 45 R R LiTi, 0, 1f
R — A ML & A1 45 0 i U TR R AR I e, B
A G P Z B RER 220 2. 09 eV.
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