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AFCIY”  Study on piezoelectric properties of hydrothermally synthesized (K, Na)NbO; films using various evaluation

methods (% DFEAM 715 2 A T2 K EVE 1 (K, Na) NbOs RO JEFBRFEIC B 20F58) 7 LML CHRLTEHEPNTEY | §F5 5

SRk ST D,
% 1 ¥ “General introduction (Fim)” TiE, ETHIHOWRIZOVWTHHL TWD, #HIEFECOEBIAM LD MER %
R U, BT OFEM FEO LI A2 RTINS, IRICEBIRE AW T S, AN KT IEEBBEORIZE OB Z T LT\
b, & L CKREG AECIERL L 72 (K, Na)NbO3 l3 . EFUEFRIRECH D Z Enn, T30 ZAGH O/ s#ifcE s %
WA ARFSEO B Z IR TWA, FIC, JEBEBEOMERITIE, 7o b OISR A5 O AR 2 ZRFIEIZOW TR LTV 5,
% 2 %” Development of novel evaluation methods for the transverse piezoelectricity of thin films (FEEFEDEBRER)
ROFBEHITFEORSE) ~ CTld, BWOEBMBIR LTI 2 FIEEAAE L TWD, E9°. (100) 3 L1 SrTios bk ki
PERE U722 DWN T BT 10 E BRI (dhs, o) & BT LIS I ER (a1, 0) DIEEAT 2 T D, 5B DR
EHAT D010, BREINT COREMNE L ORI ORTEL XRDIEICE VEHE L TV 5, ORGSR, (100) SrTi0 FtRk Bic/E
LTI, (111) SrTi0; 2R EIC/ERI L2 X 0 IR N OFE ARV Z L 2L NI L TWDS, £72, E#O e ¢ 1T
THE U TRFHZHET 2 FIEEREL TS, ZOHFETIE, FURELECEESH Sy v 7 A0 2 SOEME R OMHER)
TEERL ., BRENHEMICFE IR T 2 B O B2 FUN U 7ZBRORENHE L 0 W EBE A RS, Eik L=t 7
L Y W B B L D EEEEEE FRECHE LTV 5, 5 LI R A BRI OFE O 5040 & 5 58 U7 Sl m e 7 i
DS EMNTT DI EEMNL L, ZORER, IELOD ey MR CEICR D 2 & 2R L TN D,
% 3 %" Piezoelectric characterization of hydrothermally synthesized (K, Na)NbO; films (ZKZEAG K L 7= (K, Na) NbOs D
JE R MERT) « KEAERE L7z (K, Na) NbOs FRIZ DU TRl A DFEERHERHE 21TV, £ORRZHLNTL TV D, £,
E#D eal,f@fﬁﬂﬁkﬁk{% PEZFRA L, AKEAVA R L7z (KNai-) NbO 523 x OAEIC X & 90 i U CIEBMENRELT 5”7 B3 o
B ThHHZLEHLMILTND, F7z, (Ko ssNao, 12) NbOs BIIAMFIE THA L7-HEPANTIX., HFEERMEL | FEEMRESE
%IZ’)(KXNal SN0 D HF TR LN EEZH LN LTINS, KIZ, e ORINREKFIELZA L, B OoMREBIL, ¥
UV —REL EOBSMIETRDONA Z L ZHA LML TEY . A/ MEEEL, SRR Y o UV —IREE LT CiEFA B 2 EaEi
BELTWD Z EICERT L Z &ML WD, £, yﬁ&fi%’i’ﬁ‘oflﬁ O S8 U7 o> BT KEME T2 B35
L. HOOWM U EAHERE & B O, RO REBIIKO 2N 2 E 2 LN L TWD, S BIZEBRZNRIC K
T OB G A LA U —IEIC L0 AT L, AKREVE R L7z (Ko, ssNa, 12) NbOs 54, I 180 BE N A A G DK FIREI LA D SN AN ZE
KB OFGERF 2 ) —IBEL ECEWE L7 L g L Th 72 L 2R LT\ b, ZORR, FIINEEICK L THRIBED
BWEEREZR L, 1.3 Hz 225 100 kHz O FEREEHEIPATIL, e DIEITHI—5 /M DIZFE—EDMEERT I EEZH LML
TVD, SbIT, FUEMD 60 225 110 kv/em & ZAE THRE SN TN D (KNay JNbO K D RE & & 0 KRIRIETOZEN
WCHE LW ARt I S M LT D,
% 4 #” Evaluation of the device performance for the piezoelectric vibrator using hydrothermal-synthesized thick
(Ko ssNao 12) NbOs Films (KENA R L 72 (Ko ssNao, 12) NbOs JEEE & W7o [ETBAREY - O 7 /3 A AMEREFHM) ~ Tix, 3 EETTH L
T L7 KEVE R U 7 (Ko, ssNao. 12) NbOs IE D FF R A1 0> U, JEIE A L7e 7 /3 A OMEEFH 21T > T\ 5, IEEBZRZ AWz
ﬁmzﬁfm“ﬂ%fk LCRBIRERFEER L, BRIPIE 22 um £ TOPIRKFELZREL TV D, APHEE LRI L1
X0 B SRR S (@) B IRE IS T 5 Z & T RO AL D RO L T\ D, S HICHEBRRE AW
EEMIERAE LT, BEET 7 Faz—2 2 ERL, BKREE 26 un T TOREEGFEEZFAEL WD, BEZEMSES 2
L CHINAREBE AN S D Z enTcx, fiRe Lfﬁijﬁ)&@@r%iﬁﬂﬂf%é EEHLMNZL TN,
% 53" General conclusions and future works (faf &S H%DOEE) 7 TiE, AHFETH LN RERIEL, 5% OME -
JREIZDOW TR TN D,

% FSCE B, 3L 2000 52 & 5630 300 §F 4 1 BT DT 500, b LIS 800 554 1 i LT 2E vy,
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Thesis Summary (approx.300 English Words )

This thesis entitled” Study on piezoelectric properties of hydrothermally
synthesized (K,Na)NbOj3 films using various evaluation methods” is written in
English and composed of 5 chapters. In chapter 1 of this thesis, the background and the
objective of the present study were explained.

In chapter 2, the author firstly develops the evaluation method of piezoelectricity for the film
including a novel method. The author investigate a relationship of 33 r and e31 ¢ in the
viewpoint of in-plane coupling strength of the piezoelectric films using in-situ XRD
technique. The author proposes a simultaneous measurement method of direct and inverse
piezoelectric coefficient to understand the piezoelectricity precisely.

In chapter 3, hydrothermal synthesized (K,Na)NbOs3 film was investigated from various
viewpoints to clarify the unique features accompanying the hydrothermal process. In this
chapter, composition, heat-treated temperature, and drive frequency dependences were
systematically investigated. The author shows that hydrothermally synthesized
(Ko.88Nao.12)NbOs film has a self-polarized state with the automatically aligned polarization
direction owing to its low deposition temperature below Curie temperature. The author also
shows that its piezoelectric response has good linearity against the voltage, good stability
against the frequency, and low relative dielectric constant mainly due to the low extrinsic
contribution. These characteristics are advantageous for harvesters or actuators.

In chapter 4, the thick (Ko.ssNao.12)NbOs film was prepared and examined its device
performance both energy harvester and ultrasound actuator. The vibration energy harvester
using (Ko.8sNao.12)NbO3 with a film thickness of 22 pm and the ultrasonic actuator using
(Ko.88Nao.12)NbOs film with a film thickness of 26 pm without any obvious cracks are
evaluated. The author shows that the output can be increased to increase film thickness.

In Chapter 5, a summary of the result and future works were described.
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