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Thesis Summary (approx.2000 Japanese Characters )

T AHA MY BiFeOs 1L Bi* B OIRFHEME & Fe¥ il SRR % R CHFERi-> TR Y . FEMEBERSER~ IV
FrxoAf v rWEE LU TEEER2ED TV D, A TIE B B30 7 204 MR OBSRENAE & LT O TN Z LT
HZLEEME L, TEEMR L BIFEO;BIEDOIEEL L O~ LT 7 v v 7 RtEICB L CifgE 21T - 72,

Pb(Zr,Ti)Os (PZT)iZ. IR & HERICEVENEREZF T 52 L2b, BUE, EERE LTRBASHNLRTWS,
BRSO NRICH B Ph T A BT E WA S, TR, PZT 2T 2 I D EBIRDBAFE KD BTV 5, Pb B
L[AEE, 652 IS RO & TIEBRMENRET S Bi B n 7 2Ah A M, REMEE LTHFBEERTW D00, TOE
EBISENNSNZ ERMETH D, PZT OEN T EERHEO R, AR (MPB)LE; O HASFIZ BT 5. SMEEIINC X
BOMEMRTH S L END, £ 2 TAIETIE, Bi 20T AhA MENCBIT BIEBISEM O X —U— R & U CHERSME
2B B MmIARICE H L7z, Co [E#: BiFeOs %, HAA PZT LA UZMBEHCmM)Z D, ik & IEEA biC X v [111] & [001] 7
MO THMOEERS R SN2 &0 D, AR X 2 EEISE R BRI TE 5, (001), AL LaAlO; ZEMR EIZ IR 2 1F
%Lt&_éwm%@gﬂoawfiEk&dﬂk%ﬁTémmmmm%#émﬁwﬁ%&ﬁﬁ x=0.15-0.30 Tl L7 ¥y
FEBLE R U Ma O BAIEEFEZS, 2 LT x = 0.50 Tl BiCoOs ITHIRT 5 IE MG b, EEBMi 21772 & 24,
SIMREIHR2S ATREZR Ma D AN B W CTEBINENH LT 25 &0 ) RIS L,

Ga &2 BiFeOs 13 Co it BiFeO; & [AIEED Ma D BRI ZH T2 2 L MR EHI BN THE S TWD, 207D, 20
WEIZBWTYH, OWERIC X 2 EEBRE O LA TE 5, (001) B LaAIO; IR ICTHEIRAERLL 72 & 2 A, &%@;@

KIZHE, Co B2 BiFeO; & [AIEE OGRS 23RS S iz, JEBRMERMEiZ 1T >72 & Z A, Co [&# BiFeOs & RIFRIZ o ilalfis
DFRE7E Ma DAL CIEBIGE M ER R DT, & 575 EEINER Lo E L C, /rlalis aTaE e Bahdh F8 o BL sl
A H U7z, BEAGHE Co EH# BiFeO; TIE, clliE LV b a b iR D2, Shllizicx LTl v BURIcZb+ 2 s shTn
%, TOH, (ODEFMOMEEEIL Y &, 2 b OlilE & A7 (101)%°(110)., (100)%0)?§aﬁ IRR Y RERIRE A RT &R S

o (110)pc FRE1 O LaAIO; FaAR I /ERL U 72 (101),c FRIE1 0> Ga &t BiFeOs IS O LB E 2 54T L 7245 . 5E3k o (001)F ) %
1.6 (EFRE S BRI EBISENEELT 5 2 LA MERR Sz,

INLOERLY, Bi Z X T AU A MNEERI i/\ﬁﬁlﬁliﬁﬁi‘ﬂ*ﬁ Ma DR OFEBUZ LY | JEBISEOM ERNFARETH

HEN RO THALMNE RoTz, Fio, HMBIEERIE R U CRUEZedil 7 m~O B a2 Bi R0 7 A DA NOEESE
WHBTHDZ ELHLNE ST,

~NVFT zaA w7 PEIC K DELAIBACR R, BB B IR AT Y ~OISABNRF SN D b OO, =il THRIC
L7k Z AV E TIZTEE L7V, BiFeOs 1T ERIR SIRBMERFAEMR TH 528, Fe A hO—F% Co TEMT 5 Z & T=HR ﬁ%%ﬁﬁz
PEEFFEERA~ LT 5, T4, EinitRIC k> T, ORI X 2L ERTHETH D 2 &ﬁiﬁuﬂéﬂfco ZNETIZ
feaREHZ B W CERZHIINC L 5~ 7 v BRI HEOZLITHER SN TV DA, 2 7 v 728l sl C OB SR O B
RIITObhLTEBLT. £/, FHANKEA =X AL LN > TR, ABFZE TR, RIE CHRBIEORINYEFEIND
&Rwﬁmﬂmmcwﬁﬁ%amkﬁﬁ®G%d%%ﬁiW%L *%mmmm fRoD BB & A 7o, 1EHE L7 BFCO M#iiEiT
T EHOLIRNFEREICENTREITH Y . A AT T —43E ot 5z RIS AENT & SQUID R % Fl VW - 7 B R AL

@m@ﬁ%;n\émfﬁﬁmmmmA%ﬁ?é’&ﬁ REni, BB (PFM) & EKUTBEMEBE(MFM) 2 FAW S Z &
T, WHER L URWR R A A OEBEBSICHRI LT, h%%xﬁﬁ %b%4/ HFEIRA NT A RO R AL i %

FoZ &t MFITHBEAER LB LN ERoT, ﬁ*iE'EDJJD Ko TERGMOMBER S & RS T L TA, FAL UBIR
ZHERFT D TIBSR AN & o T ClE, MERILR D DEET 5 2 E AR SN T2, ZOREND, RIRIFRBMERFE AR
BFCO IXEGHT L DRUALHIHAFREToH 5 L BN 0 | FRRIIZRRHEE IR A T Y SIS S IIRER T 5,

PEDOHRLY, Bi 20T 204 MIEBMEB LV, RE~AVF 7 ou A 7B LTREARTEEEZHMO TS Z &
WA LMNE 20Tz,

%« FRSCEE BRI, FI3L 2000 72 & 9532 300 354 1 M9 ORI 57, b L<ITITEL 800 5% 1 FRE L T 723wy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Thesis Summary (approx.300 English Words )

In this thesis, piezoelectric and multiferroic properties of BiFeOs-based thin films were studied. The
objective of this thesis is to reveal a capability of Bi-containing perovskite oxide as advanced functional electric
materials.

Firstly, monoclinic BiFe1-«CoxOs (x = 0-0.50) epitaxial thin films with a giant c/a ratio were fabricated and
their piezoelectric response was evaluated. Three different phases were successfully obtained: a Mc-type
monoclinic (x = 0-0.15) one, a Ma-type monoclinic (x = 0.15-0.30) one, and a tetragonal (x = 0.50) one. The Ma
phase is essentially the same as that found in bulk BFCO where polarization rotation has been found. The
enhanced piezoelectric responses were shown in the Ma and Mc type monoclinic phases, especially in the Ma
phase.

Secondary, BiFe;.xGaxOs (x = 0-0.40) thin films were prepared on (001),. and (110)y-oriented (LAO)
substrates and their piezoelectric properties were investigated. The enhanced piezoelectric response due to
polarization rotation was successfully observed in the (001)-oriented Ma phase BFGO thin films. The
piezoelectric response of the (101),c-oriented monoclinic BFGO thin films with a giant c/a ratio is 1.6 times as
large as that in (001),c-oriented one.

From above results, it is proposed that a realization of the Ma-type monoclinic phase with polarization
rotation is a promising concept for development of a superior Bi-based piezoelectric perovskite: Furthermore, an
orientation control of the monoclinic thin film with polarization rotation has a great potential to enhance the
piezoelectric response in the Bi-containing perovskite.

Thirdly, a ferromagnetic ferroelectric BiFe1-«CoxOs thin film was prepared on (110),-oriented GSO substrate
and a magnetization switching mechanism of BiFeOs-based multiferroic materials was elucidated through a
direct observation of magnetization reversal by electric field. The thin film with a moderate tensile strain had an
out-of-plane magnetization component confirmed by Mdssbauer spectroscopy and SQUID magnetometry. It was
demonstrated that the 71° polarization switching by applying electric field without ferroelectric domain
reconstruction was crucial to reverse the out-of-plane magnetization.

The conclusion of this thesis is that Bi-containing piezoelectric perovskite has a great potential for the
piezoelectric and room temperature magnetoelectric applications.
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