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AGw SCIE“Study on crystal structure change in epitaxial Pb(Zr, Ti)Os films induced by electric field and
stress from substrates [ER & X OFERGEN S NI NIZE > THE Sz B4 £ v /L Pb(Zr,
Ti)Os D A EZAIC BT 20178 "E L, RCTENNE 6 E TR STV D, A Tl
MOCVD % T Pb(Zr, Ti)O3 D= X F ¥ v LA ERL L T\ 5, SMORE ZEn L7258 0
Pb(Zr, Ti)Os LD fE pa i IEZE L AT T 272012, BERB L OEBRN L DS L > THE S HHE
EafEIE D2 b Z XRDIZ L THIZE L T 5, £ LTHE LR Z STIC/MTRMIC X - Tk S vz
S L OEIFEIZ DWW THFE 2T > T 5,

% 1 F“Introduction” TlE, AFEDOHE R & LT, ERISINT L - THL I N DEFERAMEIORE B
MG L ORI (TR, IE180° RA AL DAL v F 7k K OERFEMLRE) DR HZ B~ T
5o & LTHBUEIR M ST D80 RIRGE BRI OISR DO BUIR Z /8T L7tk 12. AAFJED B %
WARTND, S OITHEOERTTIEZR DN R G, BRRER L OEERES ORE 5L DWW
THEM LTV D,

% 2 T“Crystal structure change induced by stress from substrates in epitaxial Pb(Zr, Ti)O; films grown on
(100) single crystal substrates” Tl 22O DISIZ K D= B H F 2 ¥ )L PZT IO i E D2k %
XRD, JEEISE S (PFM) S X OV Raman 7y 614 % F W TR L TV 5, Pb(Zr, Tiy,) O [E AL PhTiO;
DERBENSOVGEAITIXE TG 28 L, PbZro; DEH BN S\ & 2R 23, BEfb At
BFOBE x= 0.52 (T CREMAEEDE(LN I Z 5 Z ERMBN TS, RE T CaF, ZHM & LTH
WHZ L TERNO RERBUSENINT A Z LN T ENMMEEE AT DA, x=08 fifE T
ERTDHZEERHL TS, 2D OFEREMN D Pb(Zr,Tiyy)Os (238 F FIIN AT HE 72 HE 08 B P <138
FHRIC L DR OB & 2 W ATREER @V 2 E A REN TN D,

% 3 E“Control of non 180° domain structure and fabrication of perfect polar axis orientation induced by
stress from substrates in epitaxial Pb(Zr, Ti)Os films” Tl M D6 OIS T L 0 I 180° R A A U HE DK
FE ORI Z ATV, FE 180° K A A ¥ OERFE S/ FITIEMR D D DIEMEE DK & S1Txk L CTHIBRIICEEM
L. ENPEFREENZERERSEBEIKELR2VFELHER L TWD, ZLTEDORRE L TAWH
R PH T 180° R A A o Z 58T HEBR L7 Ph(Zr, Ti)Os IO /ERUCERZh L T\ 5, & B I2FE % D FE 180°

R A A AMRFES T ROBHI DWW CTHFF BN 21TV, FE 180° N A A » OIRFE R SRFHFEIEIC K X
R 5252 LW ENTL TN D,

% 4 T“Crystal structure change after applied electric field in tetragonal and rhombohedral epitaxial Pb(Zr,
Ti)O; films” Tik, BAREINC L 5% %3 v /L PZT MHED S GEZEIC OV TR E vz
XRD (Z & o THEHT L T D, ZOREE, JE 180° K A A OIRFES 323K 60-100% O#iFH T, FEFEIM
ICE > TSRO REBREMNDEETND I EZRH LTS,

% 5 E“In-situ observation of electric field induced crystal structure in tetragonal and rhombohedral epitaxial
Pb(Zr, Ti)Os films”TiZ, FEHIK OESN 4 @l CHUN L7256 OfE fts 1 O &R & IF 180° N A A U 4fiE
DEACE , S EE AV XRD Ko THEEBIZE L T\ 5, TOMRKR, KR LIE 180° KA 1 4%
WORIESRENEBHEORE SITXFERBEOFESNHLHEEHL L TWD,

%5 6 F“Conclusions” TIl&, AFEOHE M & SBDORLEEZE LDHTND,

PLEZFET 512, Ria TR 72 [EEARTH D Po(Zr, T)Os BEIZREI LT, B L O SEIN
SNTIENNT Ko THE SN EEDOZ Lz fiftr L, EERMEOEFRZHLNICL TS, 20
Z ISR REEMEZ T TR HEMEEM B BT T H L THEETH Y LEERDRE
<, FHEEH)OFGRLE LUER A2 DD LEOBID,

i @ FRSCEEIT. FI3C 2000 52 L He3C 300 5% 1 ET O T 50, b L<IFEIL 800 FEA 1R L T 7Z& 0,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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In this study, thin films of Pb(Zr,Ti)Os, a promising materials for nonvolatile ferroelectric
random access memories (NVFRAMS), sensors and micro-electromechanical systems
(MEMS), were grown by metalorganic chemical vapor deposition, and their anisotropic
ferroelectric/piezoelectric properties closely related to the crystal and domain structures were
investigated. The objective of this research investigated components (lattice elongation,
non-180° domain switching and phase transition) of microstrain induced by external field in
the ferroelectric materials. Thus, author investigated the stress from substrates and electric
field on the nature of the phase transition and domain structure transformation in Pb(Zr,Ti)Os,
films by using characterization techniques such as XRD, Scanning Probe Microscope (SPM)
and Raman spectroscopy, and discussed their effects on ferroelectric and piezoelectric
properties of Pb(Zr,Ti)O3 films for Nv-FeRAMs and MEMS applications.

This thesis entitles, "Study on crystal structure change in epitaxial Pb(Zr, Ti)Os films induced by
electric field and stress from substrates”, is written, and composed of 5 chapters. The general
ferroelectric property, domain structure, the experimental set up including Pb(Zr,Ti)O3, films
growth and characterization techniques are described in chapter 1. Influence of biaxial
stress and thickness on crystal structure, lattice parameter, and ferroelectric property has been
investigated for Pb(Zr, Ti)Os3 films growing on (100) single crystal substrates in chapter 2. The
strain at growth process and applied electric field [systematic growth of epitaxial Pb(Zr,Ti)O3
thin films growing on (100) (110) and (111) substrates with Zr/(Zr+Ti) ratio] are discussed to
understand the effects of the volume fraction of non-180° domain on their ferroelectric
properties including spontaneous polarization in the chapters 3 and 4, respectively. In chapter
5, the effect of the electric field on crystal structure change is investigated by in-situ X-ray
diffraction analysis, correlate of which with their ferroelectric and piezoelectric properties are
discussed. Finally, the relationships between ferroelectric and piezoelectric properties and
domain structures are summarized in Pb(Zr, Ti)O3 films.
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