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Control of surface electronic states for anatase Ti02 thin film by interface
engineering
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We have investigated the electronic structure of polar/nonpolar oxide
heterointerfaces between (001)-oriented LaFe03 film and Nb:SrTi03 substrate with different
interfacial termination layer using x-ray photoemission spectroscopy. A certain built-in potential
forms in Nb:SrTi03 substrate for the LaFe03/SrO-Nb:SrTi03, while almost flat band is maintained even

after the LaFe03 deposition for the LaFe03/Ti02-Nb:SrTi03. Since the estimated charge in the
depletion layer is not sufficient to solve the polarity mismatch, the electronic reconstruction are
presumably occurred in both sides of the LaFe03 film and the Nb:SrTiO3 substrate. Moreover, the
valence band spectra of thick LaFe03 films rigidly shifts ~0.4 eV by changing the interfacial
termination layer. This result indicates the different internal potential formation in LaFe03 film
depending on the interfacial polarity, supporting the abovementioned interpretation on the possible
electric reconstruction in LaFe03 layer.



¥ X C—19, F—-19—1, Z—19.

1. WFEBRAE SO &

AL -8R, BB R—71C L - Thitxk
KOS ER., & OIITBERE W72
etz R~ I (1], T, Hie BT R—
Tk & LTOmYE S ERRIERR L) R I A T
B Em AEGESER S TVWA, T,
SIEEE ~D R 72 B K —7 % /el
L. BBEIE RT3 RE O A R IREESE
HoEsl LTINS FIETHDI[2,3],

IGHEF X ZNE T, BT 3 A~
DICHANMFEEI NS 7 - 2 —8R gk F
2 (TiO2) IZHF B L, Wit chr 7
WV UET v (LaAlOs) R E O RE D
T A E RIS BF F— 7 ICH D #
AT, M Ta, bl T X9, Fmikimikis
NOTN1IRTERRD —oDO~T ik
(TiO2/AlO2-LaAlOs & % VM E TiOs/LaO-
LaAlOs) OEY 53z XL v, TiOg HEEE~D
B R—T7%2FEB Lz, SHITSERIR 2
DEITLTEF F—=F L7 TiO: IO E
FTNA AL L TOFRMEERIET R, &~
a v M —ESEERLZOFMEZIT > 72,
FOFER., TiO:2 K & LaAlOs 5ok & o St
UG OFEVNZ L0 | BEERENR K E A
6T DHERZE-, 2O L1k, RS
I L% TiO2 MO £ HEIRIEE L 2R
LTS (Kle, d), LLARRL, 2
VE CHmAEE & R R e & OBRME
W& B L7amrgefilid 7 <, IS K m T
EHETWBON, REBEMBERMEBITSELNT
|AYAQ” N,

a. J(; c
REGEE | s |
(TiO2) 0 =im nETE
— > :
AN, G % L s
- i+ ! .
EEEAR + T | I8 |
(LaAIO3) | [T F- !
HiR | REEE O HZ
b. - d.
,i* 0 _ NEES |
FEEHE | ] y !
(TiO2) P P |
= >
77777777777 " 83 Nﬂ\@
+ + | |
mEEE | T B W .
(LaAIOg) | |: !
BiR | pEpEE EE

1 ABRTEY#S HHEEOHHER (a.b)
BFUHFBHRERABTHRFSINDBRAM (c.
d)O

2. e B
EOXIMEEEBL O NE TOM

FER R Z Y LT, AMFFETIE [£iHE IREE
2R B R i IR IR B D) 12O\ T

CK—19 (dtm)

HONZTHZEZAMNET D, TDD,
SIS 217 - 72 TiO2/LaAlOs ~7 =1
MEEZER L, 0 TiO: HEOEIREER
LICBE$ 2098217 O,

3. WFZED JiiE
ARFZETIE, L= —HFRo ¥ Fo—
(MBE) ¥ % B#fifi L T+ L~ CHUEIE
Z I L 7= TiOo/LaAlOs ~7 = 1& 4 {E
L. Z®EH TiO: HEOE IREEDE(L %
Z OB REIC X0 BRI 5,
Zhicky, Rl o=7Y k5%
FARBERIENE 2 ML 5, BRMIZIE, R
72 P &S B T X > TR R o J7 16 &
A U 7=aB 2 ERL L. OB RE 1o EllE
BLOMEFBERE AT ) 2 & T, BIREE
EACIT®E 2 BB A AL & R B R O &
5% FEBRIICRE L, R EE IRIEOHIEE
IZOWTHLMNZT 5,

4. HFIERE

WV CIX, S 2 il L7z TiO: #
B/ LaAlOs Fob~7 v i 2 /ERL L TiO2
P D K EIREER L O EZIC OV T
W4y JEE 2 WD TEEMIC RS = &
WCHD AT, LD LZei s, UA KRR
X v 7 Th 5 LaAlOs Ebi e & < .
KB REDNRETHD Z ERNbhro
77 FZTHFER S 2 LB L, ROy
YK TH 5 LaFeOs D B IR AEH|fH1C
B0 fATZ,

X 2 |2 dl i L 72 LaFeOs (5 u.c.)
/Nb:SrTiOs ( LaFeOs/TiO2-Nb:SrTiOs &
LaFeOs/SrO-Nb:SrTiOs) ~7 affiE, B XL
OZMHE LTO Nb:SrTiOs £ D Ti 2p N
WRYENL AT NV EIRT, RO =R F—
AL & Ll % & | TiOs #& 0 F i Tl & |
HEVEVRRSNRN—JT, SrO &t
HTIXEZRERICE2bDEEZLND
EiEA = RN X —l~DWHMER Y 7 hHE
HWInTnb, oI, liEFEHART ML
DOFER (M 2b) 1B WTIE, &% TiO:
B SrO X %2 5 Z & T, LaFeOs R DA
B H AT MANRZORRER->T-F %
EAEA TR —ICHK 0.4 eV F2EY Oy
Rz 7 FLTW5S, 2O LiL, Sk
[ DEMT & 5 LaFeOs @il o> N s
BN TWSEEZHND,

PLEORERIL, ABFFECIRE L7z, e
FoMR D S i & O HIlAEIZ K D PN EE 5 il A
ERIELTZHOTH Y, 10O -8k
MEHZ I 21k - BERESIEIO Tk & LTl
I FTRE CTd B HAR N IC 70 D L WiFF S B,



Intensity (arb. units)

R T
@ Tizp| | ®) Valence
i Al Ka band
LaFe0/Sr0- Al K
Nb:SrTiO LaFeOy/SrO- .

Nb:SrTiOg

Bare
Nb:SrTiO;

LaFeOy/TiO,-

LaFeOy/TiO,- Nb:SrTiOg

Nb:SrTiO3

1 L 1 1

1 1 1 Il 1
462 460 458 456 454 8 6 4 2 E

Binding energy (eV) Binding energy (eV)

K2 (a) Ti2pREER, b) BEFHFABFAA
7 kL.

5. ERRIEGHIE

(BF

g WFIEHEE R ONEREDFEE 1

=Y

MR Rm 3

1.

(F 33 fF)

B. S. Y. Kim, M. Minohara, Y. Hikita, C.
Bell, and H. Y. Hwang
"Atomically-engineered epitaxial anatase
TiO2 metal-semiconductor field-effect
transistors"

Appl. Phys. Lett. 112, 133506 (2018).

K. Yamamoto, Y. Hirata, M. Horio, Y.
Yokoyama, K. Takubo, M. Minohara, H.
Kumigashira, Y. Yamasaki, H. Nakao, Y.
Murakami, A. Fujimori, and H. Wadati
"Thickness dependence and
dimensionality effects of charge and
magnetic ordering in LasSrzsFeOs thin
films"

Phys. Rev. B 97, 075134 (2018).
arXiv:1703.09995 (2017).

R. Yukawa, M. Minohara, D. Shiga, M.
Kitamura, T. Mitsuhashi, M. Kobayashi,
K. Horiba, and H. Kumigashira

"Control of two-dimensional electronic
states at anatase TiO2 (001) surface by K
adsorption"

Phys. Rev. B (2018) in press.

M. Takayanagi, T. Tsuchiya, W. Namiki, S.
Ueda, M. Minohara, K. Horiba, H.
Kumigashira, K. Terabe, and T. Higuchi
"Unexpected Metal-Insulator Transition
in Thick Ca1xSr«VO3 Film on
SrTiOs (100) Single Crystal"

Appl. Phys. Lett. 112, 133106 (2018).

M. Minohara, R. Yukawa, M. Kitamura, R.
Kumai, Y. Murakami, and H.
Kumigashira

"Growth of Antiperovskite Oxide CasSnO
Films by Pulsed Laser Deposition"

10.

11.

Submitted (2017).
arXiv:1710.03406 (2017).

M. Minohara, Y. Hikita, C. Bell, H. Inoue,
M. Hosoda, H. K. Sato, H. Kumigashira,
M. Oshima, E. Tkenaga, and H. Y. Hwang
"Dielectric collapse at the
LaAlOs/SrTiOs (001) heterointerface
under applied electric field"

Sci. Rep. 7, 9516 (2017).

arXiv:1403.5594 (2014).

T. Katayama, A. Chikamatsu, Y.
Hirose, M. Minohara, H. Kumigashira, 1.
Harayama, D. Sekiba, and T. Hasegawa
"Ferromagnetism with strong
magnetocrystalline anisotropy in A-site
ordered perovskite YBaCo20s epitaxial
thin film prepared via wet-chemical
topotactic oxidation"

J. Mater. Chem. C 6, 3445 (2018).

M. Takayanagi, T. Tsuchiya, K
Kawamura, M. Minohara, K. Horiba, H.
Kumigashira, and T. Higuchi
"Thickness-dependent Surface Proton
Conduction in (111 Oriented
Yttria-stabilized Zirconia Thin Film"
Solid State Ion. 311, 46 (2017).

G. Shibata, M. Kitamura, M. Minohara, K.
Yoshimatsu, T. Kadono, K. Ishigami, T.
Harano, Y. Takahashi, S. Sakamoto, Y.
Nonaka, K. Tkeda, Z. Chi, M. Furuse, S.
Fuchino, M. Okano, J.-i. Fujihira, A.
Uchida, K. Watanabe, H. Fujihira, S.
Fuyjihira, A. Tanaka, H. Kumigashira, T.
Koide, A. Fujimori

"Anisotropic spin-density distribution and
magnetic anisotropy of strained thin
films: Angle-dependent x-ray magnetic
circular dichroism"

npj Quant. Mater. 3, 3 (2017).
arXiv:1706.05183 (2017).

M. Kobayashi, K. Yoshimatsu, T.
Mitsuhashi, M. Kitamura, E. Sakai, R.
Yukawa, M. Minohara, A. Fujimori, K.
Horiba, and H. Kumigashira

"Emergence of Quantum  Critical
Behavior in Metallic Quantum-Well
States of Strongly Correlated Oxides"

Sci. Rep. 7, 16621 (2017).
arXiv:1706.02433 (2017).

W. Namiki, T. Tsuchiya, M. Takayanagi, S.
Furuichi, M. Minohara, M. Kobayashi, K.
Horiba, H. Kumigashira, T. Higuchi

"Electron Conduction of
Ndo.6Sr0.4Fe03s-¢ Thin Film with Oxygen



12.

13.

14.

15.

16.

17.

Vacancies Prepared by RF Magnetron
Sputtering"
J. Phys. Soc. Jpn. 86, 074704 (2017).

M. Ochi, N. Namiki, M. Minohara, K.
Horiba, H. Kumigasira and T. Higuchi
“Oxide Ion Conduction of
BaCeo.80Zr0.10Y0.1003-a Thin  Film  with
Oxygen Vacancies”

Trans. Mater. Res. Soc. Japan 42, 97
(2017).

T. Higuchi, S. Furuichi, W. Namiki, M.
Takayanagi, M. Minohara, K. Horiba, H.
Kumigashira, and T. Tsuchiya
"Hole-Proton Mixed Conduction of
Perovskite-Oxide Thin Film with Oxygen
Vacancies and Lattice Distortion for
SOFC Electrode"

ECS Transactions 78, 1973 (2017).

M. Takayanagi, T. Tsuchiya, M. Minohara,
M. Kobayashi, K. Horiba, H.
Kumigashira, and T. Higuchi

"Surface Electronic Structure of
Proton-doped YSZ Thin Film by
Soft-X-ray Photoemission Spectroscopy"
Trans. Mater. Res. Soc. Japan 42, 61
(2017)

T. Onozuka, A. Chikamatsu, T. Katayama,
Y. Hirose, I, Harayama, D. Sekibe, E.
Tkenaga, M. Minohara, H. Kumigashira,
and T. Hasegawa

"Reversible Changes in Resistance of
Perovskite Nickelate NdNiOs Thin Films
Induced by Fluorine Substitution"

ACS Appl. Mater. Int. 9, 10882 (2017).

T. Wakita, K. Terashima, T. Hamada, H.
Fujiwara, M. Minohara, M. Kobayashi, K.
Horiba, H. Kumigashira, G. Kutluk, M.

Nagao, S. Watauchi, I. Tanaka, S.
Demura, H. Okazaki, Y. Takano, Y.
Mizuguchi, O. Miura, K. Okada, Y.
Muraoka, and T. Yokoya

"Ce 4felectronic states of

CeO1-xFsBiS2 studied by  soft
photoemission"
Phys. Rev. B 95, 085109 (2017).

X-ray

S. Furuichi, T. Tsuchiya, M. Minohara, M.
Kobayashi, K. Horiba, H. Kumigashira
and T. Higuchi

"Structural and Electrical Properties of
BaPrOs4 Thin  Film with  Oxygen
Vacancies"

Trans. Mater. Res. Soc. Japan 42, 15
(2017).

18

19.

20.

21.

22.

23.

24.

S. Furuichi, T. Tsuchiya, M. Minohara, M.
Kobayashi, K. Horiba, H. Kumigashira,
and T. Higuchi

"Ton Conduction of BaPrOs-q Thin Film
with Mixed Valence State for SOFC
Anode Electrode"

ECS Trans. 75, 99 (2017).

W. Namiki, T. Tsuchiya, M. Minohara, M.
Kobayashi, K. Horiba, H. Kumigashira
and T. Higuchi

"Electron-Ton Mixed Conduction of
Ndo.6Sro.4FeOs Cathode Electrode Thin
Film for Solid Oxide Fuel Cell"

ECS Trans. 75, 83 (2017).

M. Takayanagi, T. Tsuchiya, M. Minohara,
M. Kobayashi, K. Horiba, H.
Kumigashira and T. Higuchi

"Proton Conduction on YSZ Electrolyte
Thin Films Prepared by RF Magnetron
Sputtering"

ECS Trans. 75, 115 (2017).

T. Tsuchiya, K. Kawamura, W. Namiki, S.
Furuichi, M. Takayanagi, M. Minohara,
M. Kobayashi, K. Horiba, H.
Kumigashira, K. Terabe, T. Higuchi

"Resonant Photoemission and X-ray
Absorption Spectroscopies of Lithiated
Magnetite Thin Film"

Jpn. J. Appl. Phys. 56, 04CKO01 (2017).

Y. Kobayashi, T. Koike, M. Okawa, R.
Takayanagi, S. Takei, M. Minohara, M.
Kobayashi, K. Horiba, H. Kumigashira, A.
Yasui, E. Ikenaga, T. Santo, and K. Asai
"Ce  Core-Level Spectroscopy, and
Magnetic and Electrical Transport
Properties of Lightly Ce-Doped YCoO3"

J. Phys. Soc. Jpn. 85, 114704 (2016).

F. Gunkel, C. Bell, H. Inoue, B. J. Kim, A.
G. Swartz, T. Merz, Y. Hikita, S.
Harashima, H. K. Sato, M. Minohara, S.
Hoffmann-Eifert, R. Dittmann, and H. Y.
Hwang

"Defect Control of Conventional and
Anomalous  Electron Transport at
Complex Oxide Interfaces"

Phys. Rev. X 6, 031035 (2016).

T. Mitsuhashi, M. Minohara, R. Yukawa,
M. Kitamura, K. Horiba, M. Kobayashi,
and H. Kumigashira

"Influence of kl-broadening on ARPES
spectra of the (110) and (001) surfaces of
SrVOs films"

Phys. Rev. B 94, 125148 (2016).



25.

26.

217.

28.

T. Katayama, A. Chikamatsu, K. Yamada,
K. Shigematsu, T. Onozuka, M. Minohara,

H. Kumigashira, E. Ikenaga, T.
Hasegawa
"Epitaxial  growth and electronic

structure of oxyhydride SrVOzH thin
films"
J. Appl. Phys. 120, 085305 (2016).

M. Minohara, M. Kitamura, H. Wadati, H.
Nakao, R. Kumai, Y. Murakami, and H.
Kumigashira

"Thickness-dependent physical properties
of LausSrzsFeOsthin films grown on
SrTiOs (001) and (111) substrates"

J. Appl. Phys. 120, 025303 (2016).

M. Kitamura, K. Horiba, M. Kobayashi, E.
Sakai, M. Minohara, T. Mitsuhashi, A.
Fujimori, T. Nagai, H. Fujioka, and H.

Kumigashira
"Spatial distribution of transferred
charges across the heterointerface

between perovskite transition metal
oxides LaNiO3 and LaMnQO3"
Appl. Phys. Lett. 108, 111603 (2016).

K. Horiba, M. Kitamura, K.
Yoshimatsu, M. Minohara, E. Sakai, M.
Kobayashi, A. Fujimori, and H.
Kumigashira

"Isotropic Kink and Quasiparticle
Excitations in the Three-Dimensional
Perovskite Manganite Lao.6Sro.4«MnOs"
Phys. Rev. Lett. 116, 076401 (2016).
arXiv:1504.07808 (2015).

il 5 14

(rawR] GE 66 )

(e =S

1. “Growth of antiper-vskite-type oxide
CasSnO thin films by pulsed laser

deposition”, M. Minohara, R. Yukawa, M.
Kitamura, R. Kumai, Y. Murakami, and H.
Kumigashira, 24th International Workshop
in Oxide Electronics, Chicago, IL (USA),
Oct 2017

“Two-dimensional electron liquid states at
the K-adsorbed anatase-TiOz (001) surface”,
R. Yukawa, M. Minohara, D. Shiga, M.
Kitamura, T. Mitsuhashi, M. Kobayashi, K.
Horiba, and H. Kumigashria, 24th
International Workshop in Oxide
Electronics, Chicago, IL (USA), Oct 2017
“Control of the metal-insulator transition
in VO2 thin films by K deposition”, D. Shiga,
M. Minohara, M. Kitamura, R. Yukawa, T.
Mitzuhashi, K. Horiba, and H.
Kumigashira, 24th International Workshop
in Oxide Electronics, Chicago, IL (USA),
Oct 2017

10.

11.

12.

“Thickness Dependent Physical Properties
of LasSresFeO3 Thin Films Grown on
SrTiOs (001) and (111) Substrates”, M.
Minohara, M. Kitamura, H. Wadati, H.
Nakao, R, Kumai, Y. Murakami, and H.
Kumigashira, 23rd International Workshop
in Oxide Electronics, Nanjing (China), Oct
2016
“Construction of wide-energy-range
VUV-SX beamline BL-2 MUSASHI at
KEK-PF’, K. Horiba, M. Minohara, T.
Mitsuhashi, K. Amemiya, A. Yagishita, Y.
Kitajima, A. Toyoshima, H. Tanaka, T.
Kikuchi, T. Mori, Y. Saito, K. Nigorikawa, Y.
Nagatani, T. Kosuge, and H. Kumigashira,
39th International Conference on Vacuum
Ultraviolet and X-ray Physics (VUVX2016).
Zurich (Switzerland). Jul 2016
“In situ angle-resolved photoemission study
on K-adsorbed anatase TiOz (001) surfaces”,
R. Yukawa, M. Minohara, T. Mituhashi, M.
Kitamura, M. Kobayashi, K. Horiba, and H.
Kumigashira, 39th International
Conference on Vacuum Ultraviolet and
X-ray Physics (VUVX2016) . Zurich
(Switzerland). Jul 2016
“Charge transfer phenomena across the
heterointerface between perovskite oxides
LaNiOs and LaMnOs”, M. Kitamura, K.
Horiba, M. Kobayashi, E. Sakai, M.
Minohara, T. Mitsuhashi, A. Fujimori, T.
Nagai, H. Fujioka, and H. Kumigashira,
39th International Conference on Vacuum
Ultraviolet and X-ray Physics (VUVX2016),
Zurich (Switzerland). Jul 2016
“Influence of the “ki-broadening” on
ARPES spectra of the (110) surface of
SrVOs; thin films”, T. Mitsuhashi, M.
Minohara, R. Yukawa, M. Kitamura, K.
Horiba, M. Kobayashi, and H. Kumigashira,
39th International Conference on Vacuum
Ultraviolet and X-ray Physics (VUVX2016),
Zurich (Switzerland). Jul 2016
“Isotropic kink in Lao.éSro.4«MnOs thin films
studied by in situ angleresolved
photoemission spectroscopy”, K. Horiba, M.
Kitamura, K. Yoshimatsu, M. Minohara, E.
Sakai, M. Kobayashi, A. Fujimori, and H.
Kumigashira, 39th International
Conference on Vacuum Ultraviolet and
X-ray Physics (VUVX2016) . Zurich
(Switzerland). Jul 2016
“Atomically Engineered Metal-Insulator
Transition at the TiO2/LaAlO3
Heterointerface”, M. Minohara, Energy
Materials and Nanotechnology 3CG 2015,
Hong Kong (China), invited, Dec 2015
“Electrical and Structural Properties of
BaCeo.s5Ru10.05Y0.1003-sThin Film Prepared
by RF Magnetron Sputtering”, M. Ochi, N.
Suzuki, T. Suetsugu, S. Yamaguchi, T.
Tsuchiya, M. Minohara, H. Kumigashira
and T. Higuchi, MNC2015 . Toyama
International Conference Center, Nov 2015
“Metal-Insulator Transition of VOz Thin



1.

Film with Oxygen Vacancies”, T. Suetsugu,
T. Tsuchiya, M. Kobayashi, M. Minohara,
K. Horiba, H. Kumigashira and T.
Higuchi, MNC2015, Toyama International
Conference Center. Nov 2015

“Electrical and Structural Properties of
Pt/TiO2a/Pt Thin Film Prepared by RF
Magnetron Sputtering Using Oxygen
Radical”, K. Kawamura, N. Suzuki, T.
Tsuchiya, M. Minohara, H. Kumigashira
and T. Higuchi, MNC2015 . Toyama
International Conference Center. Nov 2015
“Electronic Structure of a-Fe203 Thin Film
with Lattice Distortion Prepared by RF
Magnetron Sputtering”, K. Kawamura, N.

13.

14.

Suzuki, S. Yamaguchi, M. Ochi, T. Tsuchiya,

M. Minohara, M. Kobayashi, K. Horiba,

H. Kumigashira and T. Higuchi, MNC2015.

Toyama International Conference Center.
Nov 2015

“Atomically Engineered Anatase
TiO2 Metal-Semiconductor Field-Effect
Transistor”, B. S. Y. Kim, M. Minohara, Y.
Hikita, C. Bell, and H. Y. Hwang, 22nd
International =~ Workshop on  Oxide
Electronics, Paris (France), Oct 2015
“Charge transfer at the heterointerface
between perovskite oxides LaNiOsand
LaMnOs”, M. Kitamura, K. Horiba, M.
Kobayashi, E. Sakai, M. Minohara, T.

15.

16.

Mitsuhashi, A. Fujimori, H. Fujioka, and H.

International
Electronics, Paris

Kumigashira, 22nd
Workshop on Oxide
(France), Oct 2015

(Elak=)|
K #&5& 2 & 5 V02 FIR D& B -#E R KBt

1, SEKRE. EREEA. EFRSE. B
RE. =HEA—. JEHELE. HMELE, TAY

L %é—?—ﬂ‘ruﬁ,ﬁm B, 2018.3
IROTRAA FEEBEERIEMATOR
ﬁl:a*s('fé@éﬁ%ﬁﬂd)% H=XL], dFx
B IMRIERR., EERA. RHEF. BEE.
JEIBELAE]. HELE, SRADBERLEZ2M
EES. B, 2018.3

TPLD ]Ik 37 oFROTRAA FEERE
¥ Ca;Sn0 BIEDMES , BEEBA. HIIFE.
HHEBIGRS, 5 64 EEAYEREEZ2iME
EE. ?EP’SJII 2017.3

TE A SIHIEN La/sSrosFels SEIEIZ & (T 5B
TEDREEKRFEL, EEFA.EFERS.
FOZE R, EF%%‘EIJ RRHKRE. fLi¥—
BB, %30 BBAKSAREEES ﬁ&cET
J'Gﬂ—?—.:.ﬂ/./'k/rbLu EJE, 2017.1

TE A SIHIEN La/sSrosFels SEIEIZ &1+ 5B
TEDREEKRFEL, EEFA.EFERS.
FEAR MHELS, £ 6IELAYEESE
FEMFEES. BE. 2016.3

M&ummEHlfE L f= LaFe0s/Nb:SrTi0;s N O3
EREOEFIRE] , EREBA. LFERS.
=BAR—./IMRIELR. YEI5ELT] . AR5 r",u %=
29 [ EAMITAEZRES - WS R
IR L, FE, 2016.1

1. M#&ummESlfE U 7= LaFe0;/Nb:SrTi0; N7 O
EREOBEFRE] , EERA. LARE,
ZRBAR— /R, JEIHEAE. BEELE, #
76 EISAYEZFSUETZAMBER. Eé’cﬂ‘
2015.9

fth 4 344

(XE) Gt 0 )
(7 PERE)

Otk Gt 0 fF)

Py
T
MEFIFE -
T -

FHE
HFEFH B
ERA DR -

Ok Gt 0 fF)

Py
FEHFE
MEFIFE -
T -
FHE
BAEFEHA
ENF DR

(Z Dfh)

R Bi— U

6. WFIERERE
() Wiz

(2) bf

5 A (MINOHARA, Makoto)
T RV — R SR TE R A - A R
:Mﬂ? AT - FERIBh#

FeH T 1 10728633

Jeor

FET

(4) Wk 5EHH 11



