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55 2 F1Si HoAR b i PYBL A 4 Pb(ZryTi(1-x))O03 %Hﬁ@fﬁ FEREAH ) Tk, T MEMS H R E
LTl &N T A (111)PYTION/Si02/(100)Si Fabi B2, EEMEE(LY) THHLT =0 LA
> F 7 A[SrRuO:s, SRO]%;H%@QErﬂ?ﬁﬂ%ﬁﬂc:omﬁﬁﬁzs_fﬁoko =/ VT A [LaNiOs,
LNO w7 7—@%&E AT 5ZEI12LD, (100). BLOA11). BB Z£-7-—dhld 7] SRO HED
ERUZ R I L7z, 610, 2 b B M il S 47z SrRuO; # 5 11 MOCVD (12T
Pb(Zro.35Ti0.65)O3 W2 R 2um CHRUBEA TV, £S5 72150 X AREIHT35 SRO IO BLANZHE
V) Pb(Zro.35Ti0.65)03 T 5 %(001)/(100) 3 L O D EC AN HIE TE D2 L& MR L= (Fig. 1), £7-15
BHALTZ Pb(Zro35Tio.65)03 ML, ZIUBGOLIT-RFEEIRFFEDN, T X WA T 7 A[SITiOs,
STOVEEAR BIZVERLL7-52 4 ¢ BB D= 233 /L Pb(Zro35Tioes)0s MK CPAEEIFIE —
HTHZEEPGNIT LI (Fig. 2),
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Fig. 1 XRD patterns and X-ray pole figure plots fixed at the 26 angles Fig. 2 Polarization-electric field (P-E) hysteresis loops

corresponding to /70 PZT diffraction peak for PZT films measured at 20 Hz for (a) (111)- and (b) (001)/(100)-
deposited on(a) (111) SrRuO /(111PYTIO, /SiO_/(100)Si and (b) oriented fiber-textured PZT films grown on Si
(IOO)CSrRuOS/ (100)\LaNiO3/(l 11 )Pt/TiOz/(l 00)Si substrates. substrates.

-1-



95 3 T ISi b b PNEC A A Pb(ZryTi(1-)Os WD FEVEREAR | Tl Si Kt BT L7z
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WHEL M L7z o X% v/ PZT i K OV—#hfidm) PZT 5% MOCVD {EIZTHRZRS
Zr/(Ze+ T HIZ DWW THRIE 2um TIERA T o7, 50407 PZT HIRO X Mtk -~y
(XRD-RSM)FEHTHG | 1l L A O LD R AL AEE N BT D EE O LTE, FFIZ,
EJ7 i EI CIE e 2 v L PZT WD 53 ¢ KA DEIE VD72 BRSO DHEDD,
KA BN I ZE BB SN2 o Tz, ZRDDOERRIZOWT, SRFEMFFE(P-E EATY
AMFR) O FEAGAATV N IE 5 S BEI(Zr/(Zr+Ti)<0.57) D —HhEL [ Py BEY P BT ZF
/L PZT #ifE St L KR &L X BREFT OIEMNTND ¢ RACARFTE 53 RO ZERIZ LD D ThHE
A LTz, F72, 2RO OMEDFAAIC T LEL LR WD EZ R L, 90°R ALY DAL YT 2 7 B D
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(Fig. 3),
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Fig. 3 Zr/(Zr+Ti) ratio dependences of (a) field-induced strain measured at 5 Hz from0 to 100 kV/cm after poling and

(b) (me2 — Prz) for PZT films deposited on (o) (1OO)CSrRuO3//(1OO)CLaNiO3//(100)CeOZ//(IOO)YSZ//(IOO)Si
and () (100)CSrRu03/(IOO)CLaNiOB/(l 1 l)Pt/TiOZ/SiOZ/(IOO)Si substrates.
55 4 B TR L 72 Pb(ZryTi1-x)O3 EEMEDRE Sl 36 L ORI AT TS S 05228 Tl
FERRDENE T2 i ) DFCBENS - 2 Dk bl i 38 L OVRFE A~ D A G 3572 . SRO % T
EREEAE L CERIL 72 STO FEARIZH . (100)/(001)ZAL A L7= = #%L + L PZT WO /ERLA1T

-2



STz, BT IFED XRD-RSM fEFTD 1E 5 dh & 28 M AR dh & O ILAFREIR 2N Zr/(Zr+Ti)=0.5 13T
(AFET DD MRSz, £T2, 1IEJ7 B L O MPB I B s IR WV T, B e SR I 4
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Zr/(Zr+Ti)=0.5 {3z OEIFN 53 WA O e/ MERCHLEE R O Fe RIEDMFAE T HZENHBNT IR o Tz,
EBIZ, STO £tk BIC/ERLL 72 PZT M CIE, Si F5 EORECEIER SN Ze/(Ze+Ti)=0.5 {137
DIEEMEDI K PFRD HNIRNZ EAfER LT, ZNHDOJEERED Z2FIZ-OU T, Intrinsic 72+
BREOHGR TG EZONLBEEMOERTITHMTET, Si S LOEBERMECON
T Extrinsic 72 % G- 038 fB\ N CWAZ EZ B BN L7 (Fig. 4)
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Fig. 4 Field-induced strain vs electric field measured at 5 Hz under unipolar electric field from 0 to 100 kV/cm after the pooling

process for PZT films with various Zr/(Zr+Ti) ratios  deposited on (a -¢) (IOO)CSrRuOB//(IOO)SrTiO3 substrates and

(d - ) (100) SrRuO //(100) LaNiO //(100)CeO //(100)YSZ//(100)Si substrates.
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R EBLOREEICKIL, LNO Ny 7 7 —J@ 2 ER U7z Ir A & Si BRI RF 23w~
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Fig. 5 S-E properties with applied bipolar electric field for ~ Fig. 6 Temperature dependence of dielectric permittivity (€,) and
(001)-oriented NBT-BT thin film with low ¢/a ratio dielectric loss (tand) for NBT-BT thin films with low ¢/a ratio

grown on (100)Si substrate. grown on Si substrates.

6 m [l Tk, AL Ofam & 4% OME « REIZHOWTIRARTND,



MAEER—E

1 B C

55 2 FERH AR 3C

[1] S. Okamoto, S. Yokoyama, Y. Honda, G. Asano, and H. Funakubo. “Crystal Orientation
Dependence on Electrical Properties of Pb(Zr, Ti)Os Thick Films Grown on Si Substrates by
Metalorganic Chemical Vapor Deposition” Jpn. J. Appl. Phys. 43(9B), 6567 (2004).

5 3 FERHEAm 3

[2] S. Okamoto, T. Watanabe, K. Akiyama, S. Kaneko, H. Funakubo, and S. Horita. “Epitaxial Pt Films
with Different Orientations Grown on (100)Si Substrates by RF Magnetron Sputtering” Jpn. J.
Appl. Phys. 44(7A), 5102 (2005).

[3] S. Okamoto, P. S. Krishnan, S, Okamoto, S. Yokoyama, K. Akiyama, and H. Funakubo. “In-plane
orientation and composition dependences of crystal structure and electrical properties of {100}-
oriented Pb(Zr, Ti)Os3 films grown on (100)Si substrates by metal organic chemical vapor

deposition” Jpn. J. Appl. Phys. 56, 10PF12-1-5 (2017).

55 4 FERHEER 3T
[4] S. Okamoto, S. Okamoto, S. Yokoyama, K. Akiyama, and H. Funakubo. “Composition
dependences of crystal structure and electrical properties of epitaxial Pb(Zr,Ti)Os3 films grown on

Si and SrTiOs substrates” Jpn. J. Appl. Phys. 55, 10TA08-1-5 (2016).

5 5 FERH AR 3C
(1) Y. Tanaka, S. Okamoto, K. Hashimoto, R. Takayama, T. Harigai, H. Adachi, and E. Fujii. “High
electromechanical strain and enhanced temperature characteristics in lead-free

(Na,Bi)TiO3—BaTiOs thin films on Si substrates” Scientific Reports 8, 7847 (2018).

A8 D BEEE R SC

[5] S. Okamoto, S. Okamoto, S. Yokoyama, and H. Funakubo. “Thickness and temperature
dependence of dielectric properties in {111}- oriented epitaxial Pb(Mgi/3,Nb23)O3; and
0.6Pb(Mg1/3Nb23)O3 — 0.4PbTiOs films” Jpn. J. Appl. Phys. 57, 0902BA (2018).

(2) S. Okamoto, S. Yokoyama, S. Okamoto, K. Saito, H. Uchida, S. Koda, and H. Funakubo. “Strong
Dependence on Thickness of Room-Temperature Dielectric Constant of (100)-Oriented
Pb(Mg1,3Nb23)O3 Epitaxial Films Grown by Metal Organic Chemical Vapor Deposition” Jpn. J.
Appl. Phys. 45(40), L1074 (2006).

(3) H. Funakubo, S. Okamoto, S. Yokoyama, S. Okamoto, J. Kimura, and H. Uchida. “Orientation and

-5.



film thickness dependencies of (100)- and (111)-oriented epitaxial Pb(Mgi,3Nb23)Os films grown

by metal organic chemical vapor deposition” J. Materiomics. 1, 188 (2015).

Z DLDFRIT

(4) T. Watanabe, H. Morioka, S. Okamoto, M. Takahashi, Y. Noguchi, M. Miyayama, and H. Funakubo.
“Effect of Thermal Strain on Domain Fraction in a-/b-axis-oriented Epitaxial BisTizO> Films”
Mater. Res. Soc. Proc. 784, C4.2.1- C4.2.6, 109-114 (2004).

(5) S. Kaneko, K. Akiyama, Y. Shimizu, T. Ito, S. Yasaka, M. Mitsuhashi, S. Ohya, K. Saito,
T.Watanabe, S. Okamoto, and H. Funakubo.“Effect of Buffer Layer on Epitaxial Growth of YSZ
Deposited on Si Substrate by Slower Q-switched 266 nm YAG Laser” Jpn. J. Appl. Phys. 43(4A),
1532 (2004).

(6) S. Kaneko, K. Akiyama, T. Ito, H. Yusa, S. Yasuda, M. Mitsuhashi, S. Ohya, K. Saito, T. Watanabe,
S. Okamoto, and H. Funakubo. “Epitaxial Yttria-stabilized Zirconia (YSZ) Film Deposited on
Si(100) Substrate by YAG Laser” Journal of the Vacuum Society of Japan, 47-7 581 (2004).

(7) S. Yokoyama, Y. Honda, H. Morioka, S. Okamoto, T. Iijima, H. Matsuda, K. Saito, and H.
Funakubo. “Comparison Study of (001)-/(100)-Oriented Epitaxial and Fiber-Textured Pb(Zr,Ti)O3
Thick Films Prepared by MOCVD” Integ. Ferro., 64, 217 (2004).

(8) H. Nakaki, H. Uchida, S. Okamoto, S. Yokoyama, H. Funakubo, and S. koda. “Improvement
of Ferroelectric Properties of Lead Zirconate Titanate Thin Films by Ion- substitution using
Rare-earth Cations” Mater. Res. Soc. Symp. Proc. 830, D3.3.1 (2005).

(9) H. Uchida, H. Nakaki, S. Okamoto, S. Yokoyama, H. Funakubo, and S. Koda. “Enhanced
Spontaneous Polarization of Dysprosium-substituted Lead Zirconate Titanate Thin Films by a
Chemical Solution Deposition Method” Mater. Res. Soc. Symp. Proc. 830, D6.21.1 (2005).

(10) S. Ito, K. Takahashi, S. Okamoto, I. P. Koutsaroff, R. Cervin-Lawry, and H. Funakubo.

“Orientation Dependence of Epitaxial and One-Axis-Oriented (Bag 5Sro5)TiO3 Films Prepared by
RF Magnetron Sputtering” Jpn. J. Appl. Phys. 44(9B), 6881 (2005).

(11) K. Nishida, M. Osada, S. Wada, S. Okamoto, R. Ueno, and H. Funakubo “Raman Spectroscopic
Characterization of Tetragonal PbZrsTii.xO3 Thin Films: A Rapid Evaluation Method for c-
Domain Volume” Jpn. J. Appl. Phys. 44(25), L827 (2005).

(12) S. Okaura, M. Suzuki,, S. Okamoto, H. Uchida, S. Koda, and H. Funakubo. “MOCVD Growth
of BiisZnioNb; 507 (BZN) Epitaxial Thin Films and Their Electrical Properties” Jpn. J. Appl.
Phys. 44(9B), 6957 (2005).

(13) H. Nakaki, H. Uchida, S. Koda, S. Okamoto, H. Funakubo, K. Nishida, T. Katoda, and K. Saito
“Enhancement of spontaneous polarization in lead zirconate titanate thin films by Dy**
substitution” Appl. Phy. Lett. 87, 182906 (2005).

(14) Y. K. Kim, H. Morioka, S. Okamoto, T. Watanabe, S. Yokoyama, A. Sumi, H. Funakubo, and K.

-6-



Saito “Comparison of electrical properties of (100)/(001)-oriented epitaxial Pb(Zrg 35, Tio.65)O03
thin films with the same (001) domain fraction grown on (100)Si and (100)StTiOs substrates”
Appl. Phy. Lett. 87, 182907 (2005).

(15) M. Osada, K. Nishida, S. Wada, S. Okamoto, R. Ueno, H. Funakubo, and T. Katoda. “Domain
distributions in tetragonal Pb(Zr, Ti)Os3 thin films probed by polarized Raman spectroscopy” Appl.
Phys. Lett. 87, 232902-1-3 (2005).

(16) S. Yokoyama, Y. Honda, H. Morioka, S. Okamoto, H. Funakubo, T. Iijima, H. Matsuda, K. Saito,
T. Yamamoto, H. Okino, O. Sakata, and S. Kimura. “Dependence of electrical properties of
epitaxial Pb(Zr,Ti)Os thick films on crystal orientation and Zr/(Zr+Ti) ratio®, J. Appl. Phys. 98,
094106-1-8 (2005).

(17) S. Yokoyama, S. Okamoto, S. Okamoto, H. Funakubo, H. Matsuda, T. Iijima, K. Saito, H. Okino
and T. Yamamoto. “PbTiO3 content dependence of crystal structure and electrical properties of
(100)-/(001)-oriented epitaxial Pb(Mg1,3Nb3)03-PbTiOs films grown by metalorganic chemical
vapor deposition” J. Appl. Phys. 98, 086112-1-3 (2005).

(18) H. Kuwabara, A. Sumi, S. Okamoto, S. Yokoyama, and H. Funakubo. “Local Epitaxial Growth
of Tetragonal (111)-Oriented Pb(Zr,T1)O3 Thin Film” Integ. Ferro., 75(2005)3-9.

(19) S. Tto, K. Takahashi, S. Okamoto, I.P. Koutsaroff, A. C. Lawry, J. Sakai, N. Ito, and H. Funakubo.
“Thermal Stability of Epitaxial SrRuO; Bottom Electrodes and Their Contribution to the
Characteristics of (Bag.5S10.5)TiO3 Films Grown on Them” Integ. Ferro. 77, 3 (2005).

(20) K. Takahashi, M. Suzuki, S. Okamoto, and Funakubo. “Impact of SrRuO3/LaNiO3; Doubly-
Stacked Bottom Electrode on the Characteristics of c-Axis-Oriented CaBisTisOq5 Films”
“Advances in Dielectric Materials and Electronic Devices”, Proceedings of the 107th Annual
Meeting of The American Ceramic Society, Baltimore, Maryland, USA 2005, Ceramic Trans.
174, 155-164 (2005).

(21) H. Funakubo, A. Sumi, H. Morioka, S. Okamoto, and S. Yokoyama. “Dominant Factor of
Squareness in P-E Hysteresis Loops of MOCVD-PZT Films” Mater. Res. Soc. Symp. Proc., 902E
0902-T04-04.1 (2006).

(22) S. Yokoyama, K. Takahashi, S. Okamoto, A. Nagai, J. Minamidate, K. Saito, N. Ohashi, H.
Haneda, O. Sakata, S. Kimura, K. Nishida, T. Katoda, and H. Funakubo. “Preparation and
Structural Analysis of Micro-patterned Pb(Zr,Ti)O3 Film by Metalorganic Chemical Vapor
Deposition” Jpn. J. Appl. Phys. 45, 5102 (2006).

(23) Y. K. Kim, H. Morioka, S. Okamoto, S. Yokoyama, and H. Funakubo. “Intrinsic Properties of
(100)/(001)-Oriented Epitaxial PZT Thin Films Grown on (100)Si and (100)SrTiO3 Substrates”
Integ. Ferro. 78, 223 (2006).

(24) K. Nishida, M. Osada, S. Wada, S. Okamoto, R. Ueno, H. Funakubo, and T. Katoda. “A New

Method to Characterize a Relative Volume to the c-Domain in PZT Films Based on Raman



Spectra” Integ. Ferro. 78, 281 (2006).

(25) S. Yokoyama, S. Okamoto, S. Okamoto, T. Iijima, K. Saito, H. Okino, T. Yamamoto, and H.
Funakubo. “Crystal Orientation Anisotropy of Epitaxial Pb(Mgi,3Nb2/3)O3-PbTiO3 Thick Films
Grown by MOCVD” Integ. Ferro. 80, 67 (20006).

(26) S, Ito, T. Yamada, K. Takahashi, S. Okamoto, T. Kamo, H. Funakubo, I. Koutsaroff, M. Zelner,
and A. C. Lawry. “Effect of bottom electrode on dielectric property of sputtered-(Ba,Sr) TiO3
films” J. Appl. Phys. 105, 061606-1 (2009).

(27) H. Kuwabara, A. Sumi, S. Okamoto, H. Hoko, J. S. Cross, and H. Funakubo. “Low Temperature
Preparation of (111)-oriented Pb(Zr, Ti)Os Films Using Lattice — matched (111)SrRuOs/Pt
Bottom Electrode by Metal Organic Chemical Vapor Deposition” Jpn. J. Appl. Phys. 48(4),
04C067-1 (2009).

(28) M. Nakajima, S. Okamoto, H. Nakaki, T. Yamada, and H. Funakubo. “Enhancement of
piezoelectric response in (100)/(001) oriented tetragonal PZT films by controlling tetragonality
and volume fraction of the (001) orientation” J. Appl. Phys. 109, 091601-1-5 (2011).

(29) A. Sumi, T. Oikawa, H. Morioka, S. Okamoto, S. Yokoyama, T. Watanabe, Y. Ehara, and H.
Funakubo. “Squarness Control in Polarization - Electric Field Hysteresis Curves in

Rhombohedral Pb(Zr,Ti)O3 Films” Jpn. J. Appl. Phys. 52, 04CD09-1-5 (2013).

2 EERER (BHOHR)
1. Shoji Okamoto, Takayuki Watanabe, Hitoshi. Morioka, Shintaro Yokoyama, Kensuke Akiyama,

Hiroshi Funakubo (Tokyo Tech.), Kazuki. Muranaka, Susumu. Horita(JAIST) “Establishment of
orientation control method of epitaxial ferroelectric thin film on Si substrate” The Japan Society
of Applied Physics, The 64" Autumn Meeting 2003, Fukuoka Univ., August 30-September 2,
2003. Extended Abstracts, 2a-V-5, pS08.

2. Shoji Okamoto, Takayuki Watanabe, Shintaro Yokoyama, Gouji Asano, Yoshihisa Honda,
Hitoshi. Morioka, Kensuke. Akiyama, Hiroshi Funakubo(Tokyo Tech.), “Fabrication and
evaluation of orientation control of PZT thick film on Si substrate by MOCVD” The Japan
Society of Applied Physics and Related Societies, The 51* Spring Meeting 2004, Tokyo Univ. of
Tech., March 28-31, 2004. Extended Abstracts, 29p-ZL-5, p604.

3. Shoji Okamoto, Shintaro Yokoyama, Yoshihisa Honda, Gouji Asano, Hiroshi Funakubo (Tokyo
Tech.), Keisuke Saito (Panalytical), “Orientation dependence of electric characteristics of
Pb(Zr, Ti)Os thick film oriented on Si substrate by MOCVD” The meeting on Ferroelectric
Materials and their Applications (FMA-21), Coop-Inn Kyoto, Kyoto, Japan, May 2004.
Extended Abstracts, 26-F-4



4. Shoji Okamoto, Shintaro Yokoyama, Satoshi Okamoto, Kensuke Akiyama, Hiroshi Funakubo
(Tokyo Tech.), “Characterization of in-plane orientation controlled PZT Thick Film grown on Si
Substrates by MOCVD” The Japan Society of Applied Physics, The 65 Autumn Meeting 2004,
Tohoku Gakuin Univ., September 1-4, 2004. Extended Abstracts, 3p-Y-16

5. Shoji Okamoto, Shintaro Yokoyama, Yoshihisa Honda, Gouji Asano, Hiroshi Funakubo (Tokyo
Tech.), “Fabrication and evaluation of orientation control of PZT thick film on Si substrate by
MOCVD” The Ceramic Society of Japan, The 17" Fall Meeting of the Ceramic Society of
Japan, JAIST, September 17-19, 2004. Extended Abstracts, 1P-08.

6. Shoji Okamoto, Shintaro Yokoyama, Satoshi Okamoto, Yong Kwan Kim, Hiroshi Funakubo
(Tokyo Tech.), Kensuke Akiyama (KISTEC), Keisuke Saito (Bruker), Minoru Osada (NIMS),
“New proposal to realize large piezoelectric characteristics of PZT thick film” The 51% Spring
Meeting 2005, Saitama Univ., March 29-April 1, 2005. Extended Abstracts, 30a-P2-12

7. Shoji Okamoto, Kazuya Hashimoto, Yoshiaki Tanaka, Takakiyo Harigai, Hideaki Adashi, Eiji
Fujii (Panasonic), “Crystal structure and Piezoelectric properties of (001) oriented (Na,Bi)TiOs-
BaTiO; thin films” The Japan Society of Applied Physics, The 75" Autumn Meeting 2014,
Hokkaido Univ., September 17-20, 2014. Extended Abstracts, 18a-A9-3

8. Shoji Okamoto, Ryoichi Takayama, Kazuya Hashimoto, Yoshiaki Tanaka, Takakiyo Harigai,
Hideaki Adashi, Eiji Fujii (Panasonic), “Crystal structure and Piezoelectric properties of
epitaxial and poly-crystal (001) oriented (Na,Bi)TiO3-BaTiOs thin films” The Ceramic Society
of Japan, The 34" Electronics Division Meeting of the Ceramic Society of Japan, Tokyo
Institute of Technology, October 24-25, 2014. Extended Abstracts, 2A02.

9. Shoji Okamoto, Shintaro Yokoyama, Satoshi Okamoto, Hiroshi Funakubo (Tokyo Tech.),
Kensuke Akiyama (KISTEC), “Composition dependence of electrical properties and crystal
structure of epitaxial PZT thin films on Si substrate and SrTiOj3 substrates” The meeting on
Ferroelectric Materials and their Applications (FMA-33), Coop-Inn Kyoto, Kyoto, Japan, May
2016. Extended Abstracts, 27-T-12

10. Shoji Okamoto, Shintaro Yokoyama, Satoshi Okamoto, Hiroshi Funakubo (Tokyo Tech.),
Kensuke Akiyama (KISTEC), “Characterization of in-plane orientation controlled PZT Thin
Film grown on Si Substrates by MOCVD” The meeting on Ferroelectric Materials and their
Applications (FMA-34), Coop-Inn Kyoto, Kyoto, Japan, May 2017. Extended Abstracts, 02-T-
11



11. Shoji Okamoto, Yoshiaki Tanaka, Kazuya Hashimoto, Ryoichi Takayama, Takakiyo Harigai,
Hideaki Adashi, Eiji Fujii (Panasonic), “Piezoelectric properties of strain-controlled
(Na,Bi)TiO3-BaTiO; thin film on Si Substrate and its Application Characteristics” The 30™ Fall
Meeting of the Ceramic Society of Japan, Kobe University, September 19-21, 2017. Extended

Abstracts, 1D-07

3 %K
The Ceramic Society of Japan, Best Award for the Presentation of Symposium Poster, The 17" Fall
Meeting of the Ceramic Society of Japan, 2004, Japan Advanced Institute of Science and

Technology, Ishikawa

-10 -



