[2R2 sz

2 H—F UK}

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbuggoobbobbuodoogoboobbouaa

Growth of iron-based oxide thin films with metastable structures by
pulsed laser deposition

go:0o0o0oog,

oooooo:0o0o0ooag,
0000:00103350,

00000 :20160 90 2000,
ooooo:0oog,

goo:0o0 0,00 00,0000,000,00 0
Degree:,

Conferring organization: Tokyo Institute of Technology,
Report number:[J 0 1033501,

Conferred date:2016/9/20,

Degree Type:Course doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(5 L3Fe)

Doctoral Program

wm X EE

THESIS SUMMARY

L2 & HRHAL 803D« Mt (

I N I L
Department of *X*}%ﬁﬁ[‘% E‘Et k Academic Degree Requested Doctor of 15 )
SRR e EEEE (1) - -
Student’ s Name B AR Academic Advisor(main) Gl
e () -
fRgzE (@) - N

Academic Advisor(sub)

#E  (Fo3C 2000 FFEEE)
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HEZTERTE L, A CREEOFIIC L > THET 2, T 607 A =2 1%, GBI L > THIE
L2 ENTE, BIIIERBEELIEEESRIEC L > THIfTE 5, B4, EEERIC K > THEREMIE O HBLMR
FOEHESNTEY, MEEHEDLZELDOFED—2L LTERESNTWS, BICEKRRHBESHAF-
B 7 BiFe0; 2 YMnO; B RePeO, WML, FaREME (ROHREME) LHFEMZ RO~ LT 7oA v 7 EHE L
TEL OELEED TS, ABO; SREERE MBI BT, K& A ¥R FHofm TR L OEA SR
M DFEBINRSH B, A AL RO/ SIRTHE L OBEEERLH TORBHNID 72, 2T, KimXL T
WA A RO/ S Ik o & AT SR LI E B L, 2OV A L—P—HEREE (PLD) 2 W THER EMER B X
PR A 4T - 72,

B TI. ScFe0s i A £k & 7o FEMUC VR USRS OfliHl 2 35 Z 72 o 72, Sc & Fe 134 AV RO RKE I3
<, ZoDH A MBERFL L7c ABO; Of S & MR L L7z A0 OFS R EDO MBLAHIF SN D3, ThET
IZ Bixbyite i & LiNbOs 7 ScFeQs DS SN T 5, A= Tl Bixbyite . Spinel %, Corundum %, x—Al,05
T YMnOs Y, LiNbOs FUHEE D 6 DORGEIZAE B L, FEEEK T I A v TEBE LEBRIRE T 72, 155
AU, XARET & TR E T BAMEE A O TS 23N L7z, 6 DOfEEAMEED 5 B LiNb0; TS % B
< BODMEEGEEED Z LTI LTI, 2D b, 45045 (Spinel M, Corundum &Y, k-A1,05% . YMnO;
) X, TN E TICARHREFNIR N, k-ALO BIREE I, MADHTOMEE Sc & Fe LA 111 TlI2p<, 311
LERAROER & o TR, MDA TND Z LI L > Te-ALY BIAEESHHEL L T\ D Z &b ho 7z, Spinel
. Corundum RUHEIEIL, KA EOTLINEZ B IE L MgAl0, FARK, ALOs FMIZ 2 EHUENE U 72 A% B 1) OFS fhk
BTSN hoTe, £ T, BT IRy TFO/NSPMEEEAT S Z LIZX > TENENOREMEE 25
HZ LTI LTz, T OFERIL. EEEIRS M BHRR OM ) e FE L 725 2 L EBR LT,

CETHLNIREBNED 2 Hr-ALO RIS L, WEE LA UMEEEEN RSN D, TILE TOMmEE L
WREEEMIT, #E Jahnn-Teller ZHRIC L AR TEMNAE U D dBA A2 (Ti%, Nb™, W) CALNZE 7% % & Ok
A A2 P, Bi*) AT A Z LIC X o TREMTOI TE -, —J7, AL BEL AT LR OS2
LTELY, ElZFe XAl L W0oTel T —J 8 EAIOTHETHRINTEI Y, HMIFEEMR, LRI OBLSD 5 IE
FIZHEROEREE TH D, k- ALOAULAMOIEFHEMIL, SAZ B THEESN TWAN Y — 7 EBIRICE
DTV, FE7z, kAL LAEWIIT GaFeOs DAL EA T, MOk-ALO: BULEMILT /BT COHRER X i,
WFHBEEOMEFNIR, T T, ZEmPHIETIE, kAL MeFey 05 (Me=Al, In, Sc) =& F 3 v )Lk %
ERLL | RAAI R REH RO EEIT o712,

ZETIE ALFer 05 A ERL L, 4=0-1. 8 & JNWEARAEIR Tr-AL0s BUAEIE MG H AL 23, AKIR T O Ak Bk
EAT YV AN—T GBI ENTE, M, HETIE, «AL0s % ScFey 05 & InFey 03 HIFIER 24T 72, Z
NE " ODFRTIE, kAL BIREE T Al Fey 03 WHIF & b~/ 72 W EFRFEIE TH - 7228, IR TR masEM v 2
FUAN—T5BE T LICHDTHRY LTz, Appendix TlE, &—FEEEIC L 5 -ALOs FULA W) D 431 5 dik
WEDRGEEEAT o 7o, ZE[IRE Phen O HFLKIRMARIE 218 Y | Bk Fat g O AW 728 X 12 X o THRK R
BIDZEBHBMNE RS-, ZONMKIHEEIL, TICBA 4 OB NOMKIERZE Z L, /EROME L X
ELBADHBETHD,

ARG T, PLD % W CHEREMBER 21T\, — 20X —4» M2 L TS5 EEOERIEEEZED Z LI
R LTz, S 512, k-ALO0s B MeFes 05 (Me=Al, In, Sc) =¥ ¥ ¥ 3 v /Wil A ERG 2 2 & C, RHEMNRMRFEEN
OFEZEITV, ScFer,0; & InFeo 03 I W CTERE CTHFENLEE ATV ANL—T %2825 2 LITRI LT,
KA L,0; BURETE O I3 N BB 1 IR R e B et OB AW B X I K - Tl & . Z O RIIHTIRMFE BAR DS
et s EEZ NS,

%« FRSCEE BRI, FI3L 2000 2 & 9532 300 354 1 M9 ORI 572, b L<ITTEL 800 5% 1 FRH L T 723wy,
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In inorganic compounds, metastable phases are obtained by various processing techniques. Formation of
the metastable phase depends on the processing, allowing the hierarchy of the Gibbs free energy to be
controlled in a phase at a given temperature. Film fabrication technique also allows a stabilization of
metastable phase. Using technique, materials tailoring was conducted
In chapter 2, five crystal structure (bixbyite—, spinel—, corundum—, YMnOs— and k—Al;0s—type) of ScFeOs
were stabilized by selecting appropriate substrates and using buffer layers. Lattice mismatch plays an
important role for stabilization of metastable phase. Four of these structures (all except the bixbyite
structure) have not been reported by other processing techniques. These results suggest that the thin
film growth technique is a strong tool for exploring novel functional materials and metastable phases

In chapters 3, 4 and 5, ferroelectricity in Me,Fes 05 (Me=Al, In and Sc) with polar k—Al,0s—type structure
was targeted and investigated. Reports of ferroelectricity in x—Al;0;—type compounds are few because of
a finite electronic conductivity and too small particle size. As a result, k—Al,0s—type MeFe, 05 (Me=Al, In
and Sc) was successfully stabilized in epitaxial film form on SrTiOs;(111) substrates. From the changes
of unite cell volume and magnetic property, formation of k—Al;03—type solid solution films was confirmed
Especially, k—Al;0s—type Sc,Fe,-,03and InFe, 03 films clearly showed ferroelectric hysteresis loops measured
by conventional ferroelectric measurement technique at room temperature. Indeed, first principal
calculation revealed that shearing closed-packed oxygen layers induce polarization switching in
k—Al;0;—type compounds through the centrosymmetric structure with space group Pben. Moving of anions is
found to trigger the polarization switching, which is different from the conventional mechanism mainly
induced by the displacement of cations. This research provides perspective for the design of new
ferroelectric materials derived from the ubiquitous—metal oxides such as Al;03 and Fe;0s,
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