SOLID STATE CHEMISTRY

Annual Research Highlights

(1) “Low-temperature crystallization of anatase TiO:
catalyzed by transition metal”

We have investigated metal-induced crystallization
(MIC) of amorphous TiO, (a-TiO;) thin films. The
crystallization temperature in nitrogen atmosphere of
amorphous TiO; thin film was suppressed from ~250 °C
to ~220 °C by introducing a Ni contact layer, while Au
and Ti contact layers gave no influence on the
crystallization temperature. An ultrathin (4 nm-thick) Ni
contact layer was sufficient for full crystallization of a
~100 nm thick a-TiO; thin film.

XPS measurements revealed that a part of Ni atoms
diffuse to the surface of TiO, film during the
crystallization. Based on these observations, we proposed
a reaction-assisted MIC mechanism that Ni atoms react
with a-TiO; to form an intermediate complex containing
Ti-O and Ni-O bonds. This intermediate complex
decomposes into TiO, and Ni, accompanied with the
crystallization of TiO,, at a lower temperature than pure
a-TiO,. These results would offer a practical way to
prepare crystallized TiO, thin films on heat-sensitive
substrates such as plastic.
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Fig. 1 (top) Crystallization fraction of anatase phase of TiO2
thin films annealed at each temperature on glass substrates and
on Ni contact layers. (bottom) Polarization optical microscope
images of TiO2 thin films on patterned Ni contact layers with
different Ni thicknesses annealed at 250 °C.
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(2) “Enhanced coercivity of half-metallic manganites
by Ru substitution under in-plane uniaxial strain”

Half-metallic Lag7SrosMnOs (LSMO) has attracted
attention as a promising electrode material in spintronic,
such as giant magnetoresistance (GMR) devices, because
of its high Curie temperature. In LSMO-based GMR
devices, however, it is quite difficult to obtain a large
difference in coercivity (H;) between two LSMO
electrodes because LSMO has low coercivity. In this
study, the effects of Ru doping and the in-plane uniaxial
strain from the NdGaO; (NGO) substrate on the
coercivity of LSMO epitaxial thin films were
investigated.

Figure 2 shows the magnetic-field dependence of
magnetization for the Lag7Sro3Mn;.,Ru,03 (y =0 and 0.1)
films grown on STO and NGO substrates. As can been
from the figure, the coercivity of the y = 0 film on NGO
(H: = 90 Oe at 100 K) was larger than that of the
corresponding y = 0 film on the STO substrate (H. = 30
Oe) even at 4 K. This enhancement of H. on NGO is
responsible for the uniaxial epitaxial strain from the NGO
substrate. Furthermore, H. increased from 90 Oe (y = 0)
to 250 Oe (y = 0.1) by 10% Ru substitution, as shown in
Figs. 2(b) and 2(c). The enhanced H. is attributable to the
antiferromagnetic exchange coupling between Ru and Mn
sites in addition to the in-plane uniaxial strain from the
NGO substrate. Indeed, the coercivity of the y = 0.1 film
on STO (H. = 180 Oe) is smaller than that of the y = 0.1
film on NGO (H. = 250 Oe), as seen from Fig. 2(c)). The
saturation magnetization was decreased from 3.6 ps/B
site to 1.8 up/B site with increasing y from 0 to 1,
suggesting that Ru ions serve as electron donors.

LaOA7Sr0A3Mn1_yRUy03
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Fig. 2 Magnetic-field dependence of magnetization for the
Lao.7Sro3Mni,Ru,03 (y = 0 and 0.1) films.

1.(1)-7) J. Appl. Phys., 111, 07B102 (2012)



B bR FE =

W7ENA T A b

(1) £EH
BERK

SEFHEERMEOCERIH L7 07 7 2 TiO,
HIROMRIRRESLICEY AT, Ni 5V T Cu B
ZTHEE L TEMESESZ LT, 7TFHE—F TIO,
~DFESLIREE & 250°C 775 220 °CIC FiIF 5 Z &1
B Lz, —Ji. Au BX O Ti JB & o#fliIks sk
REOIERTFICIIB RN o T, Bt ESE 25 NiED
BEEEEZTERLEZEZA, 100nm DT LT 7
A TIO, EDOFE S EIZIZ, 4 nm D Ni B T+ Th -
7.

SSRT#% D XPS PIEDOFER, fEmbic &> T FHl
JEDNi O —ENEREREICIEB L TWD 2 EARHG
Ml ole, ZIZIMH, NI TENT 7 A TiO; LK
BCHRMELZAER L., TOPRIKROSEIZL >TT
F 4 —F TiO, AR T 2 iSOG E T LV 2R L
7. AFEEZ, 7TFHF—F 0, #EEEL S5 2F v 7
72 EDOMHEEE DR IER _EICTE LT 2 BRICHEZIT
HDHEEZD,

EHERILEICEET T2 —E T ERDIE

< P R R y
SN 100 F ol l—l 0—0
e - o
g so| —®—on glass
.E —m— on Ni Anatase
S 60
=
S af
=
K
20¢
.E - . _________ A morphous
S ofm—m  e—e—® <
g} M S -~
9 200 220 240 260 280
@

Temperature (°C)

Ni=0nm 4nm 10 nm

50 nm
.

Crystallized
TiO, on Ni

(MIC region)

Amorphous
TiO, on glass

1 (k) AZAEMRL O NI THE BIZHEREL 72 TiO, T
DERHE FE L% O T F 2 —F TiO f D EE D BAR,
(F) JEHDHE/D Ni T % —> BIZHEREL 72 TiO: JEED
250°C 7 =— /L% DI %,

1.(1)-4) Appl. Phys. Lett., 101, 052101 (2012)

QBRI FEAERITFN—TAZILIVAY
AL YEIRD Ru BRI K D IRIEANIBRHR

RXa T ABhA b~ H /H&’ﬂﬁq:@ Lag7Sro3MnOs3

(LSMO) 1, HiE EOX =2 U —EEEZ O N—T
AN D, b RAVERIEIE TR E~D
ICHNHIFE SN TV D, RS DD TS0 E
WO RKEDSH D, ZHUIR L THE AT, Mn A b~
@ Ru EHUZ XL B & BJ7 5 NdGaO; (NGO)E:AR
MHFBRIN D — K EFEOFIZER L, =
57 O ED LSMO O] B S e
ﬁﬁffé Z AR Lto

X212, y=0,0.1{Z81F % STiO; (STO) - NGO &
*EJ:@EMKU)W*B@A%{Z‘Kf PEZRd, £ y=0ITxt
I B 2(a) & X 2(b) & b d 5 & STO et o
MEIEAMERES) He ~30 Oe (4 K)TdH D DITEHAT,
NGO FA EOHEMTIE 90 0e(100 K)Z /R L7z, D
f%@ﬁi%jwi%%oﬁ“‘m:%@éﬂf:ﬁﬂﬁﬁ%jﬁﬁm
KX —ITEK T 5, WIT, X 2(b) & X 2(c) % i3
% & NGO i o LSMO HIRIZ Ru % 10%E 443
5 Z & CHREETIN 90 Oe 75 250 Oe ([ZHE R LTV 5,
Z OB IEE KT Mn-Ru [ O SR BEMEAR HAER O
RETHD, &HIZ, LSMROy = 0.1)#EEEIZ>W\T
STO - NGO MR TH# L T NGO Febk EofE D
FEODRLY REVRESIE R LT, UEDZ L,
BGMRR AT & RuEHLD 2 D DARNE T THE K h R
LSMO (ZH IENCER L TWB Z & Rbnnd, —J5.
FAFNRAALIE 10%D Ru B H#2Z X Y 3.6 up/B-site 75)% 1.8
up/B-site ~ LWL TWB, ZHUTRuIZEDETF
— 7 RAFRAL OB L TnDH EE X BD,

Lao7Sr03Mn1 yRUyO3
4 =T T T I T T T | T T T I T T ]
c(a) |z
2 HIIM00sro ,,.' ! =
- 1 -
Ofp--------- ,":':' """"" 3
—~ _F 1, 7
2 2r A T=4K7
[ ™= y=0 3
Clﬂ 4 Erooo Loy | T B
E 4 __I T T I T T T | T T T I T T I__
3 f (b) ; _
s °F Imioj,, ]
= O ------f-nf-mmmm - -
© E ]
N 2F T=100K
[0) = ! y=O =
g) 4_| I R | T B
[ — T T T T T T T T 1]
@ 4F [ ! [ =
s LE©@H ! HI00kso 3
0F--- =
2F ! T= 1085—:
'4 —_I 1 1 | 1 1 1 | 1 1 1 |yl 1 I_—
-400 -200 0 200 400

Magnetic Field (Oe)
K2 LaosSrosMni,RuOs HEEE O R DML K A7,

1.(1)-7) J. Appl. Phys., 111, 07B102 (2012)



1. JREFR L
(1) Refereed Journals

1)

2)

3)

4)

5)

6)

7)

8)

9)

A. Chikamatsu, T. Matsuyama, Y. Hirose, H. Kumigashira, M. Oshima and T. Hasegawa, “Investigation of
Electronic States of Infinite-layer SrFeO, Epitaxial Thin Films by X-ray Photoemission and Absorption
Spectroscopies”, J. Electron Spectros. Relat. Phenom., 184, 547-550 (2012).

T. Yanase, T. Hasegawa, T. Nagahama and T. Shimada, “Fabrication of Piezoelectric Polyurea Films by
Alternating Deposition”, Jpn. J. Appl. Phys., 51, 041603/1-041603/4 (2012).

R. Shimizu, K. Iwaya, T. Ohsawa, S. Shiraki and T. Hasegawa, “Effect of Oxygen Deficiency on SrTiO3(001)
Surface Reconstructions”, Appl. Phys. Lett., 100, 263106/1-263106/4 (2012).

C. Yang, Y. Hirose, S. Nakao, N. L. H. Hoang and T. Hasegawa “Metal-Induced Solid-Phase Crystallization of
Amorphous TiO; Thin Films”, Appl. Phys. Lett., 101, 052101/1-052101/4 (2012).

S. Nakao, N. Yamada, Y. Hirose and T. Hasegawa, “Enhanced Carrier Generation in Nb-Doped SnO; Thin
Films Grown on Strain-Inducing Substrates”, Appl. Phys. Express, 5, 061201/1-061201/3 (2012).

S. Mohri, Y. Hirose, S. Nakao, N. Yamada, T. Shimada and T. Hasegawa, “Transparent Conductivity of
Fluorine-doped Anatase TiO; Epitaxial Thin Films”, J. Appl. Phys., 111, 093528/1-093528/5 (2012).

K. Shigematsu, A. Chikamatsu, Y. Hirose, T. Fukumura and T. Hasegawa, “Enhanced Coercivity of
Half-metallic Lag7Sro3MnOs; by Ru Substitution under In-plane Uniaxial Strain”, J. Appl. Phys., 111,
07B102/1-07B102/3 (2012).

T. Ukita, Y. Hirose, S. Ohno, K. Hatabayashi, T. Fukumura and T. Hasegawa, “Magnetic and Dielectric
Properties of Layered Perovskite Gd,Ti,O7 Thin Film Epitaxially Stabilized on a Perovskite Single Crystal”, J.
Appl. Phys., 111, 07D909/1-07D909/3 (2012).

S. Okazaki, J. Ohkubo, S. Nakao, Y. Hirose, T. Hitosugi and T. Hasegawa, “Fabrication of Nb-Doped TiO»
Transparent Conducting Films by Postdeposition Annealing under Nitrogen Atmosphere”, Jpn. J. Appl. Phys.,
51, 118003/1-11803/2 (2012).

10) S. Miyamoto, T. Hasegawa, H. Takahashi, T. Yonezawa, H. Kiyono, T. Yanase, T. Nagahama, and T. Shimada,

“Fabrication of ZnO Nanorods by Atmospheric-Pressure Solid-Source CVD Using Ethanol-Assisted
Low-Temperature Vaporization”, Bull. Chem. Soc. Jpn., 85, 1287-1292 (2012).

11) T. Yanase, T. Hasegawa, T. Nagahama, and T. Shimada, “Solvent Effects on the Transient Characteristics of

Liquid-Gate Field Effect Transistors with Silicon Substrate”, Jpn. J. Appl. Phys., 51, 111803/1-111803/4
(2012).

(2) T DA

1) FEHE—, BRI . EEERO LML & F&REBf—RS £ TEW 72 SnO, EHTEER OB

1, AFbEL 12, 33-35 (2012).

3. EE

4. Z DAtk



