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AT TBi(Mg2Tiy,)Os Foitah A AT O fl db i i & BERAFEICBI ¢ 201%8) LEL CHAE TENN, £5FETHRSh
Tn5,

W1 TR TlE, AEOERE LT, LB SN TW A EFEERMEL PoZnTi)0s 21BN Lz, BrEa EWEOH
ffll. RoHS (Restriction of Hazardous Substances) &4 DA « fifTIZFED . Pb 2 & E£720 (Pb 7 U —) SHFFEARMEBIF O
B LOMEIK Ak~ ARIFEDO B ZBH 6L T D,

%5 2 7 [Pb(Zr,Ti)Os B DB XU E DAL E KOS S HOAAE] Tld, RAICRE RS OMERBI W70 Fritk Rkl
FIPENEH ST e o 72 Ph(ZicTin)Os DT B 2 % o LN Z | fidk 7L D F72 5 SIRUOS/SITIOs Fobk RITHR (x) &%
ZTHERIL . ZDOBKAFEDHLE KOS T AL OB Z I 5782 LT 5, Ph(ZrTiy,)0s BERAIZ 31T 5 R IR COMAARSEE
Rl x=052THY, ZOIHETHFER (&) PHRKEZRTIENRESNTNDN, TEHXF T vIL Pb(ZnTin)0s KT
FRRIC, H|IRTO g1 x=05 THRAZ/RL, FoxI2X 69, {LU1ERFERED & PLOBRERL O FIZRKREWZ L2 HLM
ICLTWD, —F, Bl COMRMERFEL, x= 0.5 CHIMERAE AN KRG Z < L, {100} K O{110HE MR O fafn s (Pey)
1E x=0.5 Tl QI AR T IR K2R T2 EEH LN LTV 5D, (M HERIZER O O EL ZFEM LT
<, MR OBRBERINNSN E0D, {MIMEHT B H 53 ¥ /L Ph(ZrTip )03 I Ph(Zr Tiy)Os BERSIA & [tk D268,
Db x =05 TeaPNRRERTIEEZRELTND, BFABREBEOMEIBRIICI T, MRS & FERIC, &N, R
{2 TE DT 2 EOFMEEZH LN LTV 5,

%5 3% [Bi(MgueTiw)Os IR O K fb i G 5 L OVBBRAHE] Tik, 1IXU®IC, BiEn 7 A4 MEERRLEIRICET 5 2 h
FCOMTEREN S, BiFeOs 12N 2 IEETT MBI OMEEZ R TNWD, FTH, BHA M A OB THELE D B TR
B ICEN, M TR SR ELIEEmRRICR S ETREEND BiMwTi)0s ICEH LTW5a, £F, MG oRAes
SIRUO/SITiOs FiA LIZ/ERE L7=, F5JE 100 nm @ Bi(MgyTiyz)Os il D 431 S BARFIE A SR IR CRFAG L. BIRE 722 b di (i AE 4 B
BT LTWD, fEfmEEIL, X B 725~ > © o ZRERBRIC, Eil COSMKERMER L OEESEEMEE (PFM) 8l
B R A DE T 5 2 & ¢, {100}8C ML IES S, {1 MER I ZERmARL L FE L TW5, KIZ, BE% 100 nm
£ 0 LRI SR {ILLMEL ] B % v L Bi(MQue Tiye)Os TR & /ERL L . RIE TOZ N S O T ER £ O P 28 BUEISK L
FEAEEE LN Lph, {IIHLRT B X %2 % /L Bi(MQ2Tiy,)Os FEIIHE 100~800 nm (ZIH W TERRETH D Z &
EHERRL TN D, BfRIC, a7 28 A MEED SIRUO; %3y 7 7 J& & 35 (111)SrRuO,/(111)PUTiO,/SiO./(100)Si Ft % v 5
ZET, S EREICBOTYE, a7 A A FEM TN —EEC L 72 Bi(Mgy,Tiy,)Os IS ERLATAETH 5 Z & ZH L2
IZLTW2, ZEHTOPFM BT X0 . Si FR Eo {111} Tl Bi(Mguy,Tiv)Os i & ZEm ke TH D Z & Fo X HrEHT
Y =B L & DR Z A L, Bi(Mgy,Tivg)Os WD ¥ = U —IEEEA 350°C LV bEWZ & 2R L TWA, U EXY,
{111}#d 7] Bi(MQy2Tivz)Os FER IZZE M A T Si oA LIC HERIWREZR . BiFeO;s DIEMEI CH D Z LA HMNITL TN D,

% 4 3 [Bi(Mgu,Tiy2)Os— Bi(Zny,Tiy)Os EAMMEMI O MERL & 2] TiX, 28 3 B CTHI ST Uiz, ZEm A5 o {111 M
Bi(Mgu;Tiy)Os HEIE 2 TE 2 L7z, MRABER OB 2R T 5, EH@HENE LT, Bi(MgwTin)0s & RARICHEGEEICEN
%L THREND Bi(ZnyTiy)O0s Z IR L, (1-X)Bi(Mgu2Tiys)0s—XBi(Zny, Tiy,)Os BIARE 2 /ERL L T\ 5, a7 A A MHEHH
O BEEAEERIL 0<x<0.93 T HAL, A0V E D MURFHEESUIFAE L, ZHE A5 & ERMMOEFEE 018 <x<0.60 TR L T
W5, BETO g1X x=0.14 THRAZRT—FT, BAFEE A7 U VAT 0<x <033 IZBWTERE THEIZ SN, FE M
1 x=0, T72bb5 Bi(Mgy,Tiy)0s ik K & LT, x OHIINCHEWED OM[A 792 & ZH LT LTV, x OEAINSHEE
PRI O TEJ7 S ORI RAHR RN L TV B 72, I SIS L COAR W FTREME 2 FE i L T\ 5,

F5E i Tl AFRORGR & S B OEEEZIRSTNWD,

E#% © FSCEEIL. T3 2000 - & FEIC 300 GEA LT ORMET D2, b L <ITTIL 800 352 1 et LT 7280,
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 )

This thesis entitled "Study on the crystal structure and electrical properties of Bi(Mg,/,Tiy;)Os-based ferroelectric thin
films" is written in Japanese and composed of 5 chapters.

First of all, after the introduction of the most famous and widely used ferroelectric material, Pb(Zr,Ti;.,)O3, the needs and
strategies for the development of Pb-free ferroelectric materials are described, and the objective is clarified in chapter 1.

In chapter 2, Pb(Zr,Ti;)Os thin films with various x values are epitaxially grown on SrRuO3/SrTiO; substrates, and their
composition and crystal orientation dependences of the electrical properties are characterized.  {111}-oriented
Pb(Zr,Ti;)O3 thin films show superior ferroelectric and dielectric properties similar behavior to Pb(Zr,Ti;.)O3 sintered
body, because of the low residual stress in thin film. Therefore, it is important for the development of the ferroelectric thin
films to utilize {111} orientation as same as the morphotropic phase boundary.

In chapter 3, Bi(Mgy,Tiy»)O3 thin films are studied as an nontetragonal material such as BiFeOs, which is the most
famous and widely investigated rhombohedral material in Bi-based ferroelectrics. It is obvious that (111)-oriented epitaxial
Bi(Mgy/,Tiy2)O5 thin films grown on (111).SrRuO,/(111)SrTiO; substrates show rhombohedral symmetry in the thickness
range of 100-800 nm and good ferroelectric and piezoelectric properties.  Moreover, (111) one-axis-oriented
Bi(Mgy;Tiy2)O3 thin films with a perovskite single-phase are successfully prepared on Si substrates covered with
perovskite-structured SrRuO; layer and show rhombohedral symmetry.  Therefore, Bi(Mgy,Tiy;;)O5 thin film is a promising
candidate as alternative BiFeOs.

In chapter 4, it is tried to prepare new solid solution thin films utilizing (111)-oriented rhombohedral Bi(Mgy,,Tiy;;)O5 thin
films Bi(Zny,Tiy;,)03 is  selected as a tetragonal material. {111}-oriented epitaxial
(1-x)Bi(Mgy/, Tiy2)O3—xBi(Zny, Tiy )O3 solid solution films with a perovskite single-phase are successfully grown in the x
range of 0-0.93. The coexistence region of rhombohedral and tetragonal phases is observed in the x range of 0.18-0.60.
The apparent piezoelectric constant is maximum at approximately x = 0.14, which is the edge of the rhombohedral
single-phase region.

Finally, the conclusions and future work of this thesis are described in chapter 5.
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Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).




