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KEETHEHELE-BESEBOMNRERTIER X v
(Bi,K)TiOs-PbTiO: [RD#E @IEE R US4 F B vt
Crystal Structure and Ferroelectric Properties of Self-polarized (001)-oriented Epitaxial
(Bi,K)TiO3-PbTiOs3 films grown by Hydrothermal Method
RIXPBR, OD# Mk T K— BEEx —i& #AE &
Tokyo Tech, OYuxian Hu, Taichi Murashita, Kazuki Okamoto, Hiroshi Funakubo
E-mail: hu.y.ah@m.titech.ac.jp

[(FE] EHf a7 Ah A MNUREEEFFOMGBERIL, KBTI L DA, EEOT SA R
JEZEBWTHIAS RSN TE o, Lo L, fEFRMED @Ay O HI#E SR < & 5 726
1E 7 b BRaA B R C & 5 (Bi,K)TIOs(BKT)DHFZEIF D 72 < | FRICHIFER E o X ﬂevwvﬂ%oﬁ&
B30 720 T & 13K EE 2 FHVN T 200 °C TR 0 BKT EO/ERLZ e h L 7=, ARBFFE i
REMENZ X0 [R UIEST S C @ OSSR L 2 FFD PhTiOs(PT) & DIEAAR D BKT-PT — B ¥ %
VX VIEEERL L -0 THiET 5,

[3E8R] KEYEIZE Y | (100)SrRuOs//(100)SrTiOs Kbk iz &4 & 2 ¢ /L xBKT-(1-X)PT % 200
oC TIEBRIL 7=, HFJIFEICTd 5 Bi(NOs)s, & Ph(NOs), D AR Z LV S, x=0-1 DAL
FDOBESER T X 72,

[ & 28] 4 A < 5y o> (001) Ji i T e "
ﬁLtEﬁ%@IE&%V%wﬁﬂﬁif%hig = /H | [
1(@)IC/EREZ O xBKT-(1-X)PT (x=0-1) =& &% ¥ g-w H /” %
P ABORACHE L ER e a7y s e [ el
AMERE AR LTe, T TORLBAEN T 70-90 uClem® (i) > E(':;m'e;mm @ -
DEVERSEEZ A LT ARMO e 27 Y ¥ 25 g :? i/ gf
bz, SHIC, ATORTI 50-120 DHEAYIEY:  § |5 /j gp_ﬁf s %4
BB TR L7, Fig. 1b-0) 1A x=0,0.39,1  £[3 T : - :

D XBKT-(1-)PT BEIC BT, SR CORNIBELZE oo e g
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A CHIE LT IRE T M DN AR LTz, Z DI OAH
Fig.1 (a) Room temperature

& ORE; JEER dag,err) (3, FUNEBIEAV NS Wy polarization-electric field curves measured
ISRRRCEENBIER S A kX W Th . [FofE  at 10kHz for as-grown xBKT-(1-x)PT
\ films. Room temperature
SEATLIENDNY RRERZ L 5MITAIE voltage-displacement  sweep up  curves
~ . - = measured at 10kHz for as-grown (b) PT,
TSR > TR 5 TN S 2 8 E R (c) 0.39BKT-0.61PT, and (d)BKT films.
2425, ULEED | KEGETIE, SN RE R
B o U7 oo Rihic ) O = & 2 & 2 v VIR DMERLATBEZ: 2 L N BT e o T2,
[BEEE] AR —EIiL, SCRRFPET —% Bl - IEHE~ T U 7 AR T n o = 7 R
JPMXP1122683430 DBIRk % %172t DT, [BECH][1] R. Kubota. A. Tateyama, Y. Ito, Y. X. Hu,

T. Shiraishi, M. Kurosawa, and H. Funakubo., J. Mater. Sci., 67 (2022) 14003-14014.
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RESBRBICE>THEESINOTLEZY T2 (VDON)
/EFERE =)L (VAc) R EE D EER
Piezoelectric properties of polyvinylidene cyanide (VDCN) / vinyl acetate (VAc)
copolymer induced by rapid polarization freezing
HEAMI Y, PMHEG 2 (M)FRRE ', REFMN?, hiRFE!
Tokyo Univ. of Sci.!, Kobayasi Inst. 2, °Kosei Yoshitake!, Hidekazu Kodama?, Takashi Nakajima'
E-mail: 8423552@ed.tus.ac.jp

[(#E) o7 b=V F U Eilg £ =/L(VDCN/VAC) L EAKIL, H T AEBIEE TEVSBERE
AL, BESGEZEHIMURNOWEIT 5 2 & TRl S, K& REENZ R TR
HbH Y, Fio, ERETH D DTN T B, EEEEZFIH LA LIS
%, —hH T, KORESRELZHML, k232 2 LN EEER oL ed, 22 TK
IR T, SESGAZHIN LU e» & admAT 5 FEZ % L, VDCN/VAc dLE S RO EER A
I L 72D T, ZORERIZOWTIRET D,

(R H &K UER] VDCON/VAc HEFEARO/SBALIRICE L TIE, FBRI/mA L 25 165~170C
TV AEREZHIML, ZO®%RERLTETEME L, DR 21T o 70, RS O Rk
P OWTIR, HRFEAT brRAa—2 AW TITW, BlllSn o EELS L2+ 2 2
LT, . B, EEORT VYRS ERE L, T 2T, ot ma 3, 7 0 v A
Wiz 1 e EFR L TWD, Figl IZRT X912, BRI S RE ks 1ZFVINES E, & O RE
SZHFI L TEER L, REWZRRF B ST CThH D PVDF E[RRRE L 725 0.176 MO 5 2
EEMER LT, £7-, BRICBITAEET YA E2FE L HTHOMN Tablel THDH, 33 HFHDEE
DB TH D Z RPN o1, BEFEIIERMICDI- > TR SN TR Y | BRI EE
FrtE 3B BLATRE T 5 Z & 22 VDON/VAc SEEARIZE S TIEBMELE LTAZETHD L F %

e
1) L. Seo, Ferroelectrics, 17 (1995) 45.
0.20F
Table.1 Piezoelectric and mechanical tensor
components for VDCN/VAc copolymer.
0.15F
k31 [-] 0.051
£ o010f
ka3 [-] 0.18
0.05F
0.00 ! ! ! | d33 [pC/N] -11
0 50 100 150 200 5
E, [MV/m] e31 [mC/m~] 7.7
Fig.1 Dependence of electromechanical €33 [mC/mz] -80

coupling k33 on poling electric field Ep.
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BiFei.Mn0; TE# ¥ v LIRDOFHERBE & BRI
Crystal structure and electrical properties of BiFe1-xMnxO3 epitaxial films
BRAKTI, Okl #E#E, Sengsavang Aphayvong, B3k BAEE, BK S, #MH HEE,
A X, R K
Osaka Metro. Univ., K. Fujihara, S. Aphayvong, M. Takagi, K. Takaki, Y. Fujibayashi,

N. Fujimura, T. Yoshimura
E-mail: yoshimura@omu.ac.jp

(L) E4E, T HADFEHICH I T F V= —x_2T 4 V7 HfiBERENTEY | fH
5y e G O WA R R © % 2 EEIREIAE BT 3RS ERICITTONLTW S, Al
REVCHIEDHREARCFEERLZA L, S IREIFEE RG22 /R T BiFeOs ICEHEH L TW3[1], &
e i, V — 7 B O FE R o 17 25 & 11T B BiFexMnyO3(BFMO)D T & &
F v x WA Si R FIC/ERLL . Z o ff RS B AU RRE 2 Xz,

(2807 I OS] M OESLICIE RF ~ 274 b a v 2%y 2% vz, (100)Si 7 = Eic
IERxFT ANy 77EE LT TING PHEMISY TEE LT PL il T —FEELT
LaNiOs Z & L 7z, BFMO % #JEE3 2 FRITHEMRAENIC 400 ~ 500°COMEMER % 1) 2 2 v e
FUTARBIZEERA L7, RIBICPtZBE, VoA v F v I35 CREEEREEHKLZ,
EPMA CllliE L 7= DAL I X % BiFeoorsMnoosO; TH -7z, X FREHT 20-0 2 F ¥ v I X U
Z ¥ ¥ v OFER, (100)Si LI BFMO 75 cube-on-cube DR TIZ VX F o v AR LTWBE T &8
MR TE 7z, UG TEM~ Yy vy 7 ORE» O EHGRE MK 72 512 D CTHNETE
BT B EAIME T EBDH(c/a) 3K E K 72 B 2 LR E NIz, RS CERI X /- BFO T v &
FrooHE KT 3 ., FOREMIREICE VTS BEMO D52 c/a BREWETH - 72, KT
HRICOWTIRESRZICH LT L AL L b 27223, BFO L IER2 L R&E K hoTniz,
BL70 3 FNGEE CERLL 72 BEMO T ¥ & % ¥ ¥ VIR O 0ii-FE FUEFI: % Fig. 1 1R d, FRE 0
BTV — 7 EROFEL R LN S 400°CHHAZERS LMD T AKZ WHE 7Y, BFO & HEKL
TOLPRVREVEE RoTWniz, 72, LIFEX
HEBR(tand) IZFW AR E L 513 E/NE L K
MICRBIEEREL BB LRI N, YLD
FE5E25 BFO 13 Mn F— 7 X W AR K % <
70| AAERIE D M B35 08 EGRE MK Y
— 7 BRSNS %72, BFO X 0 b EWiRET
DREAE L T WD Z LB 5Tz, sl Tl ki
DWNHEICMZ T D ESAFESC X SREHT, EERHM:
DHERERICOVTHEMT 2 FETH %,

(=% 3R]

[1] M. Aramaki et al., Sens. Actuators A. 291167 (2019) “150 1000 00 0 S00 1000 1500
[2] Y. Liu et al., J. Mater Sci: Mater Electron. 27, 3095 Electric field (kV/em)
(2016)

[3] M. Murase et al., Jpn. J. Appl. Phys. 59, SPPC05 (2020)

A 500

(2,) aunmesadwa)

Polarization (uC/cm?)

& 400

Fig. 1 Polarization-electric field hysteresis
loops of BFMO films deposited at various
temperature.
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SOI &AL BiFe-oMn0s D {E R & & (i
Fabrication and evaluation of BiFe1-xyMn,O3 thin film on SOI substrate
BRAKXI', KEHE#H 2 OM) B B, Sengsavang Aphayvong', ## HET ',
R OER &L &2 IR FE2 BM £ & R
Osaka Metro. Univ.!, ORIST.%, °M. Takagi', S. Aphayvong!, Y. Fujibayashi!, K. Fujihara!,

S. Murakami?, H. Yamane?, N, Fujimura!, T. Yoshimura'
E-mail: yoshimura@omu.ac.jp

[1Z U DIz] EESBERRS A E 8 a0 PZT 1, JEFE MEMS 731 2A CTIL< VSR TS,
L2 LR, BRIEREOBLEN DR L R DI OM BN R SN TE Y, A ITRERAFRS
i EARWEEEEEER 2 R0 BiFeOs IZTEH L TWA[1], ZALE TRy ZYED K% AV T(100)Si £
M2 BiFeO; T8 X L ¥ VIEATER TE 5 2 & 2 HiE L T 72[2], AWFSETlE. MEMS T3
A ZDOERUZ T T, (100)SOI FEtR E~DRER Y =y by F U TN KRG == T 8D
Bt a21T-> 72,

[EBR iR L FER] BIFIX REF ~ 27 % b o v 28y Z¥EIC K W /ERLL 72, 33mm £ 0(100)SOI K
FIZA00)PYTIN = B # & o v )L FEREEM A p R S8, ft T LaNiOs v — FEZEFK L, £7-
BiFeOs D U — 7 B FHE DU EN HE STV 5 [3]Fe D —# % Mn TE#t L 7= BiFeq.yMn,Os
(BFMO)# 5 A {ERL L 7=, BFMO RO IEEIZK) 700nm Tdh > 7=, KEITEHIR T Pt _FEBEMZ K
L7z, &6l xt LT X BT 21T > 7265 5. BFMO | F#BE&E Mz 12 cube-on-cube O BEf%
TIZEAFUXIAEEL TS Z L, FBIZBWTU00) LA OREMIZIEE AR ENRN &
DR TE 7,

RIA =y F 7T Pt BiEME N NF—=2 T LTz
. BFMO/LaNiOs J& D /3% — =2 7 TliL, 40CIZME L
72 10%HCl Z W C Y =y b=y F o T & {To7, R
— = U 7 HORBER I OBEMBE T EFig )6, TEO
FEARIC AR Z == T TCETCND T E BB LT, /34—
=V THIRICEB O CRIE U2 oii- AR dhi# & Fig.2 128
4, /E#L L 7= SOI H:Ak |- BFMO s s Emrt 2 a4 5%
Tl Uy hmyF UL ANRE—= %Iz Fig.d Optical micrograph of the sample
THEERSENREL TRV L vbys, B  afterpatterning of BFMO/LNO.
JERFEZRIE L7z & 2 A, 300 kV/iem OFERICE TS Y

200pm

Pt top electrode

— 7 BT 100 Alem? A — ¥ — Tl o7, JeATHIS 1007 &)
TOREFIBIE LT 5 & LHIFEREWVETHTZ ' j
A3, BB L (A4 TR L 7= Si R | (100 = ey 2 ‘g -100f - ]
N S~
%3 v L BiFeOs MEM2] & bl d % &40 L HfoeERSH  §Q 190/(B) ,
D f:o Do_ - I
E=SEN 100 -
[1] M. Aramaki et al, Sens. and Actuators., 4 191 167-173 -1500 E'TEU;Z;?“’ 1500
(2019)
2] Sk . 4571 MIEFRISY, 23a-12H-7 Fig.2 Polarization hysteresis loops

[3] S. K. Singh et al, Appl. Phys. Lett. 88, 262908 (2006) (a) before and (b) after the patterning.
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mmEs Lo NEZTAVEETIROBIMMAE S RE kea” D

Intrinsic ki Evaluation Method from HBAR without Substrate Removal
Using the Difference between dielectric constant &" and &°

BXREEET \, HAENBIZRAR
O(M2) HEHRS 12, (M2) AEMTE 12, (M2) REIER 12, HIAEE 12
Waseda Univ. 1, ZAIKEN 2, ©Hiroki Uchidal?, Kohei Ekidal?, Yohkoh Shimano*?2, Takahiko Yanagitani®?
E-mail: hiroki.uchida@fuji.waseda.jp, yanagitani@waseda.jp
1. FinE B (ksz?=10%)IC—FT 5 Z & Db b,
JEBT A ZAOMRE &R 5 5 2 T, 4, FEEER
TERAEMAE PR k@ IFEBEREETH D, B D HBAR( K R £+ = 2L 2  )Au/
k? OFAMTIX, — KBS, B SZEEESE
Mgo.0sZNo.950O/ Ti/ HZ A
(FBAR) NG [1], . dehaskt | oo Eﬂi 7 # BROURRAR
W AR RE O WL R T-(HBAR) Co> k@ g 2% fs = 320 MHZ)IZHf L TR E& AT
i b 2 ER S STV B [2-5]. JEFEE O kas? Z2 it U 7255 F (ks3?=8.85%) %
AHE T, BREREETIC, EXH Fig2 277, Fio, ZBHBERIETHEL
WRE BRI ke ZMET D HT FIEZIRET 7 KT T2% & HEE XA, ATFIECH
%o AFIETIE, RLC BXILRAZFIH L,
U72 ke 1T 8 L& 24 7o E A5 o
o2 AT B, £, AR LT SRR O R
— put ky,2 = 10%
AVIal—3iary BT, BEHLE

2
ka2 N E T AN LT ke B —Fd —— Output kg,

SN IR N — Real part of admittance &
DTz, FERT—ZIZBNTH, KF 16 =~
15T HBAR 2B L7= ke fE &, ko 141 Masons model simulation §
%@E%%T%ELKW@%%@LkO G\QW ﬂ%x /\%
2. FWEFE Né’ 10 g

@ﬁwm#A%@k% 1, wosAsx £ gl 5
SARJE R L 0 RE R ToOFEERS L 6- S
AW CTOHBERS OZELEZFIFA L T ka? = <
(F- &) &= (CT-COCT LY EITx 5, X 0 y:

Frequency (GHz)
LI, EEEROKEESLEMEEL ZET 5 Fig.1 RLC resonance frequency dependence of

L BEREX YNV Z AL LTHE ks? in Mason’s model simulation

AR, A, CTHHEEEBRTOT K ¥ —— Output Ky~

YADHEEMWTHRE L, —FH T & —— Real part of admittance .

JE IO FBIC LY | CS &2 30 _ >

BRICHEHTE W, 22T, WEAH 7 %8: ke = 8.85% Experiment %

2o A LsmitE ETHALT, AL __ 15¢ k=

RLC #6ika iV 5 = b TS oM EE £ 10 S

RE T CS BB L. ke 2B LT, "8 of <

= -5+ =

3. HREE -10F g
Mason &7 /L DOFRFEZ X, Au/ SCAIN/ Ti/ :%8* 1 1 1 | g

A T AT EERE B f = 550 MH2) 0 05 10 15 20

" . . ; Frequency (GHz)

DR E AT, Figlioad Loz, RLC Fig.2 RLC resonance frequency dependence of

IR IV EH L7z C XV RDT- ke? 1T kas? in actual measurement

RLC S48 ¥l %k L CHRBI+ %, RLC 4t BEXH

?}EH {EZ ;& %L) {EZJE)J%}IE( é) e EL; 8L 75) fa? v \J;J [1] “IEEE Standard on Piezoelectricity,” IEEE TUFFC 43, 719 (1996).

[2] T. Yanagitani, et. al., JAP 102, 024110 (2007).

WEICADbED &, BH LT ke [N [3] Y. Zhang,et.al., IEEE T TUFFC (2003).
B A & Bt * BN [4] T, fl, [EBAK) - 75 X 20 A (2018).

[5] S EFHERE, i, /EBETES « ToNg R AN A (2023).
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Non-destructive measurement of

longitudinal piezoelectric properties for thin films
Osaka Metro. Univ.t, ORIST?
°(D) S. Aphayvong!, M. Takagit, Y. Fujibayashit, K. Fujihara?, S. Murakami?, H. Yamane?,
N. Fujimura?l, T. Yoshimurat!
E-mail: yoshimura@omu.ac.jp

[Introduction] Piezoelectric MEMS devices, provide a versatile platform for high-performance sensors,
actuators, energy harvesters and filters, for Internet of Things (l10T) society. To develop piezoelectric
MEMS devices, piezoelectric properties of thin films are commonly characterized in terms of the transverse
piezoelectric coefficient es1 s, which is effective to account for the constraint of the film and substrate [1].
However, the measurement of the es;¢ constants is a destructive test, e.g. by cutting the sample into a
cantilevered beam shape [2]. Methods for measuring in wafer shape have also been reported, but it is
difficult to measure the entire wafer surface [3,4]. In this study, the possibility of measuring the ds3
coefficient by a quasi-static method using the direct piezoelectric effect as a non-destructive piezoelectric
evaluation method is investigated.

[Experiment and Results] The epitaxial (100)BiFeOs films epitaxially growth on (100)Si substrate was
used as a sample. The films were fabricated by combinatorial rf sputtering method. Epitaxially grown
(100)Pt bottom electrodes were uniformly prepared on (100)Si substrate with a TiN buffer layer. Then,
LaNiOs; was uniformly deposited as a seed layer, and 800 nm-thick BFO film was fabricated with
composition and temperature gradient. The composition ratio was various by using BiFeO3z with 10% and
30% excess Bi targets, the substrate temperature is inclined perpendicularly to direction to the composition
gradient. The XRD results confirm high quality epitaxial (L00)BFO film in all of the condition on wafer.
The ds3 coefficient was measured by applying dynamic force on each point of the wafer. The sphere head
contact probe with 3 mm diameter was used. A static preload of 1 N was applied to fix the sample, and 0.3
N (RMS) force was applied by an AC loading shaker with frequency of 40Hz to the sample. After poling
treatment using pulse voltage, dss was determined using the generated current. The distribution of the dsson

the combinatorial fabricated film is shown in Fig.1. As

can be seen, ds3 shows higher value in low temperature i e 0O 3 1 Temp
areas. This result is roughly consistent with the previous, 500°C
in which |es1 ] of ~6 C/m? are obtained only at 440°C

region, and unable to be measured at higher temperature 460°C
region [5]. Further analysis in piezoelectric properties of

thin film by dss coefficient and the relationship with ez ¢

and will be discussed. 120e
[References] [1] P. Muralt et al, Sens. Actuators A: Phys. 53, 398 (1996). sBlinpI; oo p—"

[2] I. Kanno et al, Sens. Actuators A: Phys. 107, 68 (2003). [3] J.F. Shepurd
Jr. et al., Sensors and Actuators A ,11, 133 (1998). [4] K. Takada et al, Appl.
Phys. Lett. 119 (3), 032902 (2021). [5] S. Aphayvong et al, the 71st JSAP
Sprint Meeting, 23a-12H-8 (2024).

Fig.1. Distribution of dsz coefficient on
combinatorial fabricated BFO film wafer.
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(100)/(001)E M IEEA & Pb(Zr,TH)O: [RIZHE T 5 EEBEE O B RBIKFSE

Frequency dependence of piezoelectric response for (100)/(001)-oriented tetragonal
Pb(Zr,Ti)Os films

RIX!, RX%LNIMS3 JASRIY, ZHEK S RIKXMDX® D)l X! MEA —iF,
BE £ AK T, MEE HZ 4 Rosantha Kumarat, {8 KFE ¢ @\ B4
IRE €54 UA B /E B!
Tokyo Tech. !, Univ. Tokyo, 2, NIMS 3, JASRI 4, Nagoya Univ. 5, MDX Tokyo Tech. ¢ °M. Nakahata!,
K. Okamoto!, K. Ishihama?, T. Shimizu®, T. Koganezawa*, R. Kumara*, T. Nakatani,

0. Ikeda*, O. Sakata*, T. Yamada®>®, H. Funakubo! E-mail: nakahata.m.aa@m.titech.ac.jp

[# =] Pb(Zr, Ti)Os(PZT)# (LT E MEMS J&H TA < A &N TV B0, F2 IXMAFEEE R 2 v
eV, EFEEOA00)/00NED RA AL AL v F U 712K HEEMER EEZREL TE 2,
(100)/(00DELH D X 5 72~V F KA A UHEEEFFOROGEITIE, RAA UOMEERIC XL B
RFENERT EBZ DALD D, TAVE TR A OFEM 7 RT3 IR E S AU TR DB B 2 1
FER R D & DB T, BV H A 17 ORI HE D3RR 4L TU D 3081 Z DR EIX
REARHTH D, ABFZETIX, (100)/(001)ELH L7-1E 55 PZT T B X F U ¥ VRO EBIGE 2B R T
X BREHT(XRDIC & 0 FFEl L7z, BHRAN T TO KA A > OEMEFEEHB LR A A DR R
DEACDBEZ 1TV, WK - SAMRPEBIGEICOWCEE AL 2 TR 21T 72,

[EBRF1E] L 2 b —W —HERETRIC X 0 R 1400 nm 0>(100)/(001)EC1H] L 72 1F 7 &t Pb(Zro4Tioe)O0s T
B4 %3 v LB % (100).SrRuO5//(100)Pt/(100)ZrO2/(100)Si JaAk FIZ/ERL L 72, & 507 PZT I EICiE
££200 um O Pt EEEMAER L L — Y —FEE 2 AW CERN R EEBIGEONEEIT 72, £,
DC B LN 10 kHz D23V A % AV CEREINF O XRD HIEZ170 . EBRENFOmAAE LN
DG T EB DRI % 8 O Tt A R 2 1T > 72,

[ 5 & E22] JEE 1400 nm @ Pb(Zro4Tios)Os FEIZ DWW T, EHUNERIZ X D O0DELA B A A 2(c- K A
A NB XOCA00)ELH KA A 2 (a- KA A O XL O EROE{LFE % Figurel (277, &
T D c-FB LD a- KA A O EEITIHICERAINFICIHE L TV D Z ERER T, —Hh,
TN T 18] O EBULBE R AN TR CTHE L Tz, ZORTIE, BRANEEHZ a- KA AL U5
-RAALUVANDRAAL VAL v F VT RBIEISI, AL v F U 7L > TRAET HBERKRO N 7
DEZ, W HEIZE > TERIL TW D RIEEMEIRIB Sz, S 61T, BRI M2 45 fh
ZHO - RAA VO TEITIR, BERBIKEER S D Z RN E R ST,

[BEE] AFEo—Hix, SCERFE T —% Al - 5~ 7 U 7 AVMERE 7 e o= 7 M3
JPMXP1122683430 DB & 52T 726 O TH, A F28R1IT SPring-8 — AT 78 2023B1892,
2024A1778 TiTbiLE LT,

(2% k]
[1] P. Muralt, J. Am. Ceram. Soc. 91, 1385 (2008). [2] M. Nakajima et al., ACS Appl. Electron. Mater. 2, 1908 (2020).
[3] T. Shimizu et al., ACS Appl. Mater. Interfaces 13, 57532 (2021).
[4] E.P. Houwman, et al., Correlated Functional Oxides, (Springer, Berlin 2017), p. 29.
[51Y. Eharaet al., Sci. Rep. 7,9641 (2017). [6] Lyndsey M. Denis-Rotellaet al., IEEE T-UFFC 68, NO. 2 (2021).
c-domain ¥ wi(a) o ~AFE wnf(b) pC .,
:’ 1 -¢-domain E‘ N
[ ‘" 005 w0 AN
E E 10 kHz
7o w3 "
o t-‘I R4 ¥
o :' o |)('/ : o u,’/-('_ﬂnm:lin
Ay cua : -0.10 = 010
o\= 0.10 § 0.10 E 0.10
a-domain 7 (© a L -g-domain | 7 (d) ok | 2 (¢)
| 0.08 w008 . ‘s 008 DC 10 kHz
o3 E E pc” g Npee o &
7 0.00 < 000 T 0w
= 3, e, low g M
B 008 DC te & -0.08 » 2 -0.08
= ( ) '5:' . E . ('/,t’_“_ﬂnm:lin E . (l/,f_[;_(|11|1|.11r|

o

s
=

200 0 200

50 100 150 0 50 100 150 50 100 150
Electric field [kV/cm] Electric field [kV/cm] Electric field [kV/em]
Fig. 1 Change in (a)out-of-plane lattice parameter of c-domain, (b)in-plane lattice parameters of c-domain, (c)out-of-plane lattice
parameter of a-domain and (d)(e)in-plane lattice parameters of a-domain as a function of applied electric field with DC and 10 kHz

pulse wave.
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SEBLBICLIBFBEHFEROERELEAREDR~DOHR
Poling Effect on Pyroelectric and Electrocaloric Effects of Ferroelectric Thin-Films
ERT OFERX H MX R FL & KR LB K2
AIST, °Jun Usami, Yuki Okamoto, Hisashi Inoue, Takeshi Kobayashi, Hiroyuki Yamada

E-mail: j-usami@aist.go.jp

BRAERMEEII AT Y, EBEL YT/ Fax—F LIRLEHESNS, £z, BEHRES
BREAENRICONT S RERBEDIRE S, FARE P = F D= =X FRmHIE WD
STISHABEIRF SN TWD, RO, EEREEZ R LS 572012 DC /L AEE AR
DO RRALEE S AV BV D, ST BRAVERIR O BB EHI N AL 5 BELEOBINIHE STV A[1]H O
D, JEBEREERE B LR TEESERBELD RO IR L 2 EO RO 7
VB BERINES 5 2 & TEREREDLTREL LDINT LD TWRV[2], £ 2 THx
ITEE, BRAEDR L Voo A a—T THMEN 5 2 2B AR TV, BERETIX
SREAEMRICES Z N FICHEN TE, BT 2 0M~ORELEITE AL EH 2 TITHMmICE
THEREEDLZENTE D,

AWFZETIE, SREF BRI U, RaiBis L7z RATnEL - IREFHIIC K 2 858 - X
BENROBEHEREZIT>TWVD, FHHIEE LT, Y ATWETERLIZELZ 4+ by Y
FIBER (MPB) fHRRODF X g v o fkgn (PZT) |2 DC EEEZHML, EEBHK 0, LEES
i (2P, ZFH7o, EERIE PZT LICEME L7- Pt b — % — % FlV 72 220 Hz O JRFTINEC X
S THIE L., FRE 0 MRIT 1 kHz O =A% N UIE 21T - 72, HER & %o DC EBIED
FIUNR MR A E OFE R 2 TR 3, FUINRFR ORI iR, RO Wi b KT
DTN B AL, poling BWHEATWD Z LD, —F ., T OHEINSEITIRE oI~ TEER
DIFNREL, BLE2ERETH D, L)L, poling Difafe Tl aging BLE 72 E W3k Z 5 AIREME
MWHDHZ N, BIZHEMER—FHL TWRWNEHL A TIERY, YHIEINDEZEE LK
HOBEDHIR & BEITHOWTiim T Do

1.6
e ST
= 14+ (+30%)
£ o«
o —e
12 e e 1 X®:PzT #kHC DCEEAFIMEED ., FIN
o o ® A “
N | mENE | IR S, BB, BEOWE, 1s 0
= -~ (+15%) |
| | | | fECHBEL LTV B,
1 10 ] 100 1000
time (s)
27 ik

[1] L. L. Sun et al., Infrared Phys. Technol. 44, 177 (2003).
[2] S. W. Smith et al., Appl. Phys. Lett. 113, 182904 (2018).
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SRR RSB E A YMn0; HIRDEBFENM L AFEER
The electronic state of correlated ferroelectric YMnO3 thin films and
the photo-induced current
KERAMKRI! Oh)il @K', & K &F £’
Osaka Metropolitan Univ.!, °S. Ichikawa!, T. Yoshimura', N. Fujimura!
E-mail : fujim@omu.ac.jp
[iXU®IZ] WFERD L O 7222 MR FREDS N T E Ny Rigll EO= R V¥ —%2F7
DHERKT DL, N R Y v 7L EOKEBNNHAET D12 &0, IRFEME MR X
DHHEERDAA v F 7, S HITEHEEBRDRICAMRFNERINEL D Z ERHE ST
Do TD XD RPERD pn AT LT R DB ONFHEB L ORIF L LT 7 MEHA L AN
BILb, LLeRns, ZRNHOWEDIZFLEALIFIANY Ry v 7L EONEMHHL THH, A
Y RF¥ Yy TR TOEFERBITER LIOGHEERICET 2 miTT L A L, RAEEMREEE
RITEHEREFENEZAT D2 IRV HER OBERBITER T 5N EE T D 2 LBRHE SR
TWA[3], NHA%R RMnO; (R = A LXEIEFE) O 1 D ThH D h-YMnOs 1% ¢ il mcs@asdEm:, (K
BT TCab WNICKREMNEEZ R T H~NVTF 7 Ay 7 @fABsFFER e L THLNTEY | K
MFEZEIX 2 E TIZ, YMnOs =B ¥ F 2 v LEiEEZ W TZ OB FHEEZH 620 L TE 23],
AENE, YMnOs 85 F 3y VRO /N R v » TNOEAEBICH KT 2 EFHEERO LR
ZOWTHRR LR R 2S5,

[SEBRFEROMER]  PLD %4 HVvC, (111) Pt/ (111) STO E RS RS s Ea s S
IZ(0000) YDMnOs = &4 %3 v LA fERL L 72, 2 O 2 750F m P"SE"' .
R LT, PLE RSy 4 U L ECEE LT, ke S | ]
BT KR L CER LT BIC s TR sy McEEL, K & Of ]
EEROMWEET o7, L—F—PUIE. YMiOs D 02p & Mn 8 o | off ;
3d e2g DEHFE D Mn 3d aig OIEEBICHHET S 726 nm & | ]
(1.71eV) Ot L—H—%& fv iz, IE LI BRI ESrs T ST
o~ s D ME AZIEE LTz, Figure 1 12, SR TOXFHERE Time (s)

. § . . s _ Figure 1 Photocurrent of Pt/YMnO3/Pt
WOPER R 2T, SRR IEF MA~ORMER BT E L measured by lock-in amplifier at R.T.

TWo, ZOHERL LT, P-ERENS., ZOREHIITIEAA L SR
T AFESDA TV SPECTEY, Er M T7AFThH of
LREDOSBERRFLTWD ZENBERHND, Figure2 IZHH o~ |

B 203K 705 143 K £ CALSECTHIE Lz VML E B o

H L7 In(oD-UT 27379, S0 HREDEE LT FLF— :
RS D L TENEI 92 meV, 45 meV TH o7z, 4 H A L ‘d‘arf( N\ ]
I YRR RO RIET B L Coam 210 I ST
2179, Figure 2  Mobility-Temperature

characteristics calculated from I-V

[aEE] 4RI ISPS RUFE 19H05618 DB EZII /5D THBe  curves.
[2%Z3CHR] [1] A. Zenkevich, etal.,  Phys. Rev. B 90, 161409(R) (2014)

[2] S. Yunwei., et al., Phys. Rev. B 104, 184116 (2021)

[3] K. Miura., et al., AIP Advances 11, 075112 (2021)
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SE85M G AR

(Hf, Zr0: Ny 7 7 @R UA v a— MER AW BB EREED /ERL
Fabrication of Ferroelectric Thin Films Using (Hf, Zr)O: Buffer Layers
and Spin-Coating Technique

KRBT,
HIJR BASE

BR)HTA 7= 22 OM2) R Fiwe!,

(D) = WE', KB &,

HEE A B RRY

Univ. of Tokyo !, Gaianixx Inc.?, °(M2) Risa Kataoka?, (D) Haining Li*, Takeshi Kijima!?,
Hiroyasu Yamahara?, Hitoshi Tabata', Munetoshi Seki'
E-mail: kataoka@bioxide.t.u-tokyo.ac.jp

SRR BHE, TREEENETS T Tl < JEEBME
REBRNTFIR R EDOLE eV E " 2 &
DD AEINE AT Y OWAAL v FHEO~ T
FFIISAR R EN TV A, FaEE AR D
ERUGYE L LCIE, ARy 2 U U 7 ERR S
ZLHVBNTWDN, ¥ —7 v kN EHERED
MR THNEBETE W &, HEOY A X
IZIRAR S 5 Z EENRETH D, Tkt
LT, AV a— MNETIHFIRT L CKERE
D 3 - MBS LB 5 IC/E LT b
0. OSH EAEARERERFE RIS T
Wb, L LR s, A a— T
PNTHAEERTER L Rt A Xy X R L
THELRDHENE, F TR TIE
(Hf, ZnNO, E&E Ny 7 7L L THW=EX
By a— MEIZEY . min B 7R E AR
DIERZ I, ZDFEZ I~ T, FEBRTIX
PbZros2Tio.4sO3(PZT) M (/EAY 150 nm) %,
SrRuO3(100)/Pt(200)/Hfo 25Zr07502(110)/Si(100)
HER FlceEAY ya—hT5Z 210k E
fL72(X 1), AE L7 PZT @EEO 7T =—
JL (700°C. 30 Z3)Hi#% D XRD /34— %X
L(b)IZ7Rd, PZT #E5I%(001) Frraizhicla LT

(a) (b)

B, UK~y il oTneH X
YIOVRE DN HER STz, PZT MO M B

RS 5 72 Iz, iR (P-V) #i#R A 100
Hz OF, Bk KELETHELZEZ A,
25V T 53 2P, = 48.9 pC/em? 235 H 72,
F7o. R 340 nm OXE (= 170 mW/ecm?)
T 2B 5 IV EHEORETIE, A=V 7

R VERERBEICENEND Z &Ny
75>o 7=(E 1(c)), R—V > ZHINMZ X %tk
BAREO M B, EEICNTET 5 B35
WZ R DR E SR E R L TV D,

AWF5EIE Beyond Al ELEE 3|2 K 5 Hh[EMF
%e% . JST CREST OfE#E 5 JPMICR2202,
AR AMED OB JP222f0127006, JSPS
FHEFE JP20H05651, JP22K 18804, JP23H04099,
JP22H01952, JP23KJ0418. JP23K23220 B
MAEZF -0 TT,

SE IR

[1] M. Tian, L. Xu, Y. Yang, Adv. Electron. Mater.
2022, 8, 21014009.

[2] H. Park, T. Kijima, H. Tabata, Jpn. J. Appl.
Phys. 2021, 60, SFFB14.

Intensity (arb. unit)
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2 Theta (deg.)
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3
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Current density J, (mA/cm?)

.::._-."':‘ —a— Non-poling, light
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== -0.004 . L -
65 75 -1.0 -0.5 0.0 0.5 1.0
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Fig. 1. (a) Schematic and (b) XRD patterns of PZT/SRO/Pt/HZO/Si heterostructure. (c) J-V curves

under UV-light irradiation (170 mW/cm?).
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PRER BiFeO:BE L~ — KRV F ) F 2 — 7TEBMOIESL

Fabrication of carbon nanotube electrodes on ferroelectric BiFeOj3 thin films
REERKI OfMEC, FIRR—, XIRE, MRS
Univ. Hyogo °Y. Kagobayashi, S. Nakashima, A.I. Osaka, and H. Fujisawa
E-mail: ei24b006@guh.u-hyogo.ac.jp

T BDIC

BiFeOs; (BFO)IZN Y F ¥ % v 7'232.5~28 eV L5 I N TH Y| K 443 ~496 nm LA T OF]
FHEZWINT 2 D, T4, AIEEEE T @ BFO Ml D N v 7 R 3R BPV)IC X v, fiEk
D Si KIEBEMDOFKAEBE 0.5 VO 1700 fFICHY T 3 5% @%éz; AlRE7R & R

L7225, BUY e 2B D& v ) BN S 5 2, AWfgeTld, EHEME L C&BRAE
SIBEEZRT A=KV F /) F2—7(CNT)ICEHL, CNT/BFO f%la%ﬂfi L. BPV Z i L 72D
THET %,

EBTT ik

FHITIZ(001) I A3<110>77 [0 4 BYHERL L 72 SrTiO; #:4K % F V>, BHF CREEL TH 6 T =
—J)L L. SrRuO; MM, MaAEMA BFO WK (BE 100nm) % RF v 27 % b v v 2%y X35
J& U7z, LEREEMRICIE Pt ZfEH L 7, CNT S L, B3k 7' 7 X< WLHE % fifi L 7z BFO i 11 CNT
DEEETET 2L, 74 )V 77 4=k N —=v T 52 L CERIL/Z, CNT &
RO X % Fig.l ISR 3, CNT TR L2 5K 405 nm OFEOL —F N2 RE L, Bii-BHE
I-VFHEZIE L 720 L — PO 172 R EZ W CRlEE X &, FEH&ET Lo & U EE
Voe DRI ¢ HCFEME % BIGE L 72,

BREBIUER

BFO (I — N XA A4 v TH B T L % PEM IZ X Y 38 L 7=, Fig.2 IC Pt &M, CNT &% v
THIE L 7= TG IR e DIRIAFARAFNE 2R3, fRIAfAREER o s 2 }:75>6/\/I/771|:%_é'§73
SRk DOERMETH 2 & 5% 5%, Fig2(a)d Fig2b)z i+ 2 &, CNT EizHW72541C1F
Ise DEKAED 220 pA 525 42 nA IKHEML T3 2 2 3bH 5, Tk, CNT @%b\mﬁ:ﬁ :bn
Z. EW/BFO R DENICE2DbDEEZLNS,

Pt CNT -50 0
< (a) < | b
—  — ~ E 1 .
— — ~3-100 ' <8 . « ®
= = . .
BFO é . g 24 o
3 -150 3 -3ke .
= + L ]
Fig.1 Schematic of the structure of a 'S 2200 o S
£ . £-5
CNT/Pt/BFO/SRO/STO. S S
[ZE 3R] % %0 180 270 30 O 90 180 270 360

Angle of light polarization ¢ (deg) Angle of light polarization ¢ (deg)

1) S. K. Clark and J. Robertson, Appl. Phys. Fig.2 Ic-¢ characteristic of BFO (a) without CNT and (b)with CNT.

Lett., 90 (2007) 132903.
2) S. Nakashima et al., Jpn. J. Appl. Phys., 61 (2002) SN1004.
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IEAXIYILPOZIO:BEDDEBST A F IV ANESAFFEICEZ FIEE

Effect of dynamic polarization on electro-optic properties in epitaxial PbZrOs; thin films
LK ', &AL Ofifk HX ', M BE ', ILE 92, $7 &', BA @'
Okayama Univ.', Nagoya Univ. 2
°Shinya Kondo', Haruka Kondo', Tomoaki Yamada®, Takashi Teranishi', Akira Kishimoto'

E-mail: s-kondo@okayama-u.ac.jp

[(FZ] LA IR B EN I RE 22 TREE AN L, md i@ E 31T 2 e eSO =
VEa—T 4 U JICET TR AT A ~OIERAIC B SN TN D, TRETOME TS
b R AA 2 Pb(Zr,Tiix)0s (PZT) HIEDEZ T (EO) I~ /LT KA A > PZT HEEDOIE 180°
FROEME N A A DAL v F o 798 BO FRIEIC KR E B2 KFT 2 L 2 L TW\WA[1], PZT %
IZBWTIL, Zrrich #15% (PbZrO; (PZO)) B WK EEFAEMZ RT 2, ZNETPZO D 1 kROD
EO REITHE SN TWARUV[2], — 5 T ITET B X 3 ¢ LEEIC ) TS RO EE TIERIE
FEAIGE D RE SN TEY . PZO 1358272 FEMIED L FR 7S Cldie < . RFT e s Z
A B —DIFAENH S M2 > T 5 [3], PZO TIXERB LI L > T, MBER PZT TR O
AVIZBIZRGRBENE R A A L DA A v F o 7 L [RRRICEIINERIC X o THOMOREN K E < T
57280, BEO BT H T HENEROEENRKE N ENTFHEIND, &2 TRIFZE T, (L5E
HERE (CSD) % W CIMiAEBIR PZO T B X 3 ¥ LiERA/ER L, PZO OWNKRAY7: EO %)
R OVEFRENEE DM Z A F 2 7 AW EO BRI H 2 5 BB OV THRET 5,

[52B5¥E] CSD 5% Vv T, SrRuOs (SRO)/SrTiO; (STO)(001) K T SRO/STO(111)HaAk _E Izl I
ENEE D72 % PZO Wil A ERL U7, RiBRAVEIRIZIREE 10 wt%, Pb i & 15 mol%® PZT il
Al (Z2~7 U 7L El) 20T, WROBA M bRt £ TO—HEDOBREL B DR
FTHVIKL, IKE 50-800 nm D PZO A (FH L7, THEMO SRO J&IL/ /LA L —HF—HE
FEEEZAWT, EIEMRILER 100200 um, JE S 10nm O MJE Pt Bz &1 £ — LK 52 D
TER L7-, PZO MEOFEAMIL, X #REIYr, EAETE TBMEE. LCR A —% — K ORFERT A ¥
ZHAWTIT> 72, £72. EO Kol LB @i B OB REF L Y 7 A —% 2 AW TC[3]. B
1 kHz, #RWE Vop =03V~ 12V OIEKE L Voe =0V, 12V M ONEIR ORI EE AT DC

B (Veesare) 24 7y NERE L THINML AR LHEEIT-> T2,

[EBFER] PZO MPHI— X X v LR L THRY ., (00 LT
(120),/(001), B, (11DFEEAR LTI E RO~ LTF KA A UHEETH
D2 W ghnolz, o V=7 ERARE EEEFFEOFHLA N #ET
o o T ilBH 2 BRON T, P-EL— 71303 Lo e & SR 7 SOk fE A
BB 54T —T % L, (1), BRIEIET L 0 27 2 A » T2
B % 7’ Lz, Fig] I[ZIRJE 200 nm @ PZO & EO ##%(0 AC & ) SR
e R RT, EOREIIWTNoOEFICBWNTHERICH L T—ET AC Electric field (kV/cm)
723 (00D Fsti B TITESFUS KT 2/ NSV oZk LT, (111)  Fig 1. AC electric  field

o . dependences of the EO
FM ECTIERK 4 (FREE DR Z /R LT, (111 BRI TOABZE 2 EO  coefficients with the offset DC
IREE DR B S 7= DL 4RI AN B EIC VTR Y . EBR O fields for the 200 nm-thick

PZO films on SRO/STO(001)
Ik L CRIB 2 IR EDEALNE Z DT EE LN, and SRO/STO(111) substrates.

[B8E] AR50 —E01E, ISPS BHIFE (23K13545), (ABD) SREVEEIMBEBEAE, (AR A
HAFHRBUAT, (/) A AEATRBL M OB 2% 1 TIThhvE Lz

[Z3&3CH#R] [1]S. Kondo et al., Appl. Phys. Lett. 119, 102902 (2021).  [2] R.W. Whatmore et al., J. Phys. C
12 1505 (2001). [3] Y. Sietal. ACSAppl Mater. Interfaces 14, 51096 (2022).

=]
o

c

EO coefficient, r (pm/V)
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= {E #8174 FeRAM [1(+d MOCVD-PZT & X /X & PLZT M IEM i
"ERBEZRBA-FHRASFTERT v/US

A novel ferroelectric capacitor with asymmetric double layer structure of MOCVD-PZT
and sputtered PLZT for high-reliability FeRAM
BtEEIaVEYE—AEYYYa—2ay OF X&, $# E BT B H EH 5F —F
KRR @S RN AW, EE OFH, ME R kF F— ZR B ER FE FE L
Fujitsu Semiconductor Memory Solution Ltd., “Wensheng Wang, Ko Nakamura, Takashi Eshita, Masaaki Nakabayashi, Kazuaki Takai,
Kenji Suezawa, Mitsuaki Oikawa, Nozomi Sato, Soichiro Ozawa, Kouichi Nagai, Satoru Mihara, Yukinobu Hikosaka, and Hitoshi Saito

E-mail: wangws@jp.fujitsu.com

W, T—XEEDEE ., AL (NLTHHE) 2 #H#k L2 iR DPEKIZ X - T IoT (Internet of Things)
DTy Yarta—7 4 7REALT, IKREEEE, KHEE), mEESBIFOREELHA TWVDLR
FHERMEA TR ZERINTWD, 2HVE TIE A2y ZiEE AW T &R PLZT - (PbLa (Zr, Ti) 0s)
Ot gtz M E X, B & REEE AR O FESIE 21TV, 20 UL EOBFEEE N H D @IS HEME FeRAM
(Ferroelectric Random Access Memory) X% DERZwi7- LT\ 5, Fxid, PLZTJ@% 2@k L. Bi ik
JN SrRu0;  (B-SRO) % Ir0, #BeEEM: « PLZT IZHRA S 25 Z & T, FeRAM OB)WEEEZERD 3V 25 1.8 V
ETDHIENTERLZLERELTEREY, Lol MEOBLAN O DIEFEERY v /3> ¥ OB
BH 0 ORI EEZ KELSTIHIMLEND D, T T, LaR ORI A& T PLIT Z W =% v /33
2 X0, RERREESHEZ1G Z L3 FF T& 5 Metal Organic Chemical Vapor Deposition (MOCVD)
TR L7 PZT (MOCVD-PZT) % He % DBR%E L= v /S X I C# A5 2 & &2 5kA 7=, 4[] MOCVD-PZT
FHEA LI2X v U HERRDEEOY AT NE = WY —= 7 L BALHESH T2 OKERE
RN EFRITIMT 502D L2 HRE Lc, KIS, 1ERDF v /v Z Ak & SRS Lo ¥ v
R B OWEREE 2R, AlEl, Ir/TiAIN/TIN @ 2, MOCVD JEI2 LV PZT AT L. £ d 112 PZT
L OHENTENLT 7 APLIT & A ZIEIZ XV RRIE LTz, WIZ, LE8EM: 1r0,/1r0,/B-SRO 2Rk L, /¥
== IR REFERT Y XU F AL, b R EIT o7, X 2 IZHALEREH 7V O ERER &
(T D~ A7 B — VHFEDIRIEME & Rt GERD A3y % PLIT OB TER LIz % ¥ /80 & L0 4H]
ERIL 7= % v XU X OHNLHESH 72 ) OREEEMEDRKE N ERNbND, ANy ZEIEIZE D PLIT O
Fa NI ¢ 32 L0 MOCVD—PZT & WA EIBAFE L7cF ¥ /v Z DG BHEIZE 5 2 & 3o
N,
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Fig.1. The cross-section image of (a) Sputter PLZT

capacitor and (b) MOCVD-PZT capacitor. 0

0 1 10 100 1000 10000
Area of Capacitor (um?)
Fig.2. Switching charge of various capacitor sizes

at applied voltages of 1.1 Vand 1.8 V.

References : [1] W. Wang, et al., Appl. Phys. Lett. 120, 102901 (2022), W. Wang, et al., Jpn. J. Appl. Phys. 61, SN1013 (2022), W. Wang

etal,, 22nd International Symposium INFOTEH-JAHORINA (INFOTEH) 2023.
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A7 Yy MREZETHIRE L, EEBIR
BETEEICE LT\ %, REZEEMEIDIRLTIED
2500, HEEREE La2ds, EERZT T
A iR EE v, BRI 7 PR 7%
FOETREEMHTE L L) IChoTEL, (1]

F & N 7 4 (BaTiO,) F / b4/ ED
RTENREICOWTIE, ER6ICXk B3 LWL
WMENH 5. Fk 1t BaTio, F /2 B4y % H
WAy 7Yy PEBEICED, 7LF > 70HE
W b~ DsREEAE - EEEMROER Y — Vil
B ZHELTW3, (2, 3]

Z ZTOARWIE TR, kI T % BaTiO,
F /KDL, SiERA~NDA v 7Y 2y Rk
HEEE DR R DWW THRE T 5.

2. EIik

RO, ALY Sk, F 5 A Ty
BRS(E (TALH), KEB(LF b7 SRR % gea g
KGRI kD, HliEE LT 200§ A
BaTiO, UfisiF / KT 2 fbre, WO L350, A 3 5, st
fa{L N 7 LOKIEWEEEE X 0.1 mol/L & L, Kt g wl N t:, Be
s £, “‘=-c---s-.

fRIER 7 & OIS R IEHiIA & L <o o NI
TIVvhESNICA LA VBERINLZ, 28, &
BRI We L, TEIR % & %2 388 i 1 i
(JEOL, JEM-2100) (& haFi L 7z, [2]F =%
B oM BRI IE, / AV 25 pm DY v
W) AN A4y 7Yy b~y F (Cluster
Technology, Pulselnjector) Z i L 7-.

3. HHHEE LI UEHE

TR DGR S, IR %%
Hik DKEVGE K BaTio; ki 1134 L A Vi b
VLB ONTWS, ZOF LA VT RY Y
L3, 35°CRETHM T 5032 UL, Kifor
B2 05\ 2R & 72 % [X(a) o 3R O 2R
RATHIERR XD, WIS X & TR S I VIRE
& Immol/L fhiEicd 5. PfETnd TEM B
5, HEH S I VIREEARN O IRRGRIE T DIk

)N U TS 7080 o B0 2 o 72, ST B
DA VI Yy FMEERY — v D—fl% X (b) I
AT, 226, BaTiO, F 2 k12 Hwiz 8% —
VHENTE L Z LB,

Eifig

AR D—iBIx, CHLERET V) 7IVOXEEZIT
fThinE L7z, Ao SHhn 72w -2 R
WeHZ 72 & NIC & 15F RICEHHR L BiFE 5,

S 3k
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HAFeR H1f7 Bfl 5 O 2 D B[] 537 SNDM 5%

Time-resolved SNDM method for HAFeR technology development
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Tohoku Univ. NICHe !, Tohoku Univ. RIEC?, °Yasuo Cho?, Kohei Yamasue?
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FH D IERAIERIE B REMEIE (SNDM) % F 7= R AR & % 5055 =B (K HDD OHfF%E
BRAEIT->TEBY, RTFOFAEEZREICED D TR E LTET v 2 ek Bkt i
v 77 (Heat Assisted Ferroelectric Reading: HAFeR) Z #2825 L TV 5 [1][2]. ARFIENEIZGEH S E
AEENDITIT Fig. 1 (a) 1R & 572 3 U EEIR A28 A L7z Millimeter wave SNDM %% ZE 8 L
2T T B 728, JEAE Beyond 5G, 6G i#{E A BIE L CHIBE N AE v FITHEde I VU o
BANZLDZNHEETIIES 2o TETWS., LA LR OHERETE CIZI VU A
SNDM JEIZEAT 5 Z L IFBEMIZE S CTIEELS, 4 LIEL ORFMMET2RLETHLHHE S F
KTHDH. T TETOREME LTI Y EHEIFEZEAET L H HAFeR £1i % F\ iuiE Gbps 4—
ZOEEBEENIETH DL FEEHTIMNERS D L FHH HITE 2 Fig.l(o)lZ/RT L 9 25y
f# SNDM (Tr-SNDM) % V72 st R AR FERE FEBR G HIR ORE DO RFHIA o 72, Z OFHIRIC
WFE 72 DIX HAFeR IZH5L L7z Tr-SNDM {EDRESL & T 7 B v RN OV ARESRTH D08, 3
fii# > Tr-SNDM for HAFeR %4 [aIBA%E L7z, T OEMWEMERE RO —F & LTl L ZBE T To
WP A ER & IERIEAERORMISERE %2 Fig2 lRT. 2 bR L 2MEFELRL )
HERRIE R B R O RS IR 2 BT I T & TV B ENRSD 5. A EIBI%E L 72 Tr-SNDM 1354
AHEAFLEA~DISHICIR ST, FHEMEIOBERE O RERIR I BSE 2 5HT 272 FEICH 72 0
DB EEZLNERRICLHFLETHILNTEDHEEZLND.
[115&Ath, Z5 84 [ M E P K AT <, 22a-A307-9 (2023).

[2] Y.Cho et al., ISAF2023 (27, July, 2023). Demodulated signal| Raw [\ HPF [ H+LPF [1] |
8.44M
Y. Yamagishi I., Appl. Phys. Lett. 1631 2017).
[3]Y. Yamagishi et am pE ys. Lett. 163103, (2017) 5 B4
Continuous light I L Oscillator (()mmw_ =60GH=z ;8‘42M
e 1 R emowsd Millimeter wave FM 2 841M
ron . | WAIWN  Demodulator(FSK) q?.,- 3.4M
olating fAf iy
A il IIIIIII‘IIII 8.39M
Line velocity V& Hezing 0 acnige®]  OHZ — 8.38M+ .
V)=V, +, cos(a,i) e Yvgr | Phase detector 80m  20.0m 30.0m 40.0m 50.0m 60.0m
AC o e, (T, (1) I’ru:;urlium] to playback speed At = Insec, Time /s
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=4GH:= ok [ ]
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N
~

, Tomestecst Digitizer or GHz
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= 2k Al
5.2".;7&."" Hoating T ¥ 2C,10 Notrotating  Time Resolved 4k
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AC x &35,(T(1)V,,, (1) Proportional to playback speed Al = nsec, 80m  200m 304C.)m 40.0m 50.0m 60.0m
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Fig. 1 (a) Final device configuration to be achieved Fig. 2 Tr-SNDM output signals under light
using millimeter wave SNDM in the future. (b) pulse irradiation. (a)Linear dielectric
High-speed playback Proof-of-Possibility response.  (b)  Nonlinear  dielectric
Experiment using Tr-SNDM. response.
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EAMEFERREEEE L PZT KEREEEAFORHESR
Development of PZT large-area recording media for practical ferroelectric recording
HIEKRFERE !, REKER? Ok K, ¥k RE?

Tohoku Univ. NICHe !, Tohoku Univ. RIEC?, °Yasuo Cho!, Yoshiomi Hiranaga?,
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FH DI EERIERIE A ERBEMEE (SNDM) % F W 7 R AR 525 FE 5 B (SR Bk O A 22 R
¥ &1T-> T Y, 4Tbit/inch? DFLERE 4 & DOEIFHECEK[1], 3nmoDH—F /) FAL L Ky K
DIERK[2], BEEERFHERNN— KT 4 A7 N7 47 (HDD) OFTE A Fb—v 3 V315 LE
DHEZEAT>TND. LML E IS OREMBRET — & 2 BT 2 BRI AW 72 sk a3 b
L7z LiTaO; B TH Y, mEH /NS <O TEANTH 57D FERICIT#E S 20 VS HER D
SN TE 7z, ERANRGEEERICER SN H4kE, OKmfE, @7%1fh, @FMmE Thro@OKE
AFERREE WD KO ICER SN D, ki TiEd 2 2O L IR, @B LTl STO
FEWR S D Al 22 A b BERS d Fob T e < 22l TR DR FEMRS B S IS AT AT RE A Si Kb b I Rk,
@IZBI LTI ARSI W R Z L C@OIZB LTI Ay ZIETORRBERFEE L V) FRE
NOEOffLDbEEZEZBND. T2 CTAMIE Tl Fe-HDD & L THORREESD 8 A F Si H
FldR IR EIZ A Sy ZIECTHEETL T A 7 72 1E )78 PZT W% R S &2 O3 iSRRI 2 51~ 72
A% & 13 E 7 i PZT/SRO/PY/ZrOz on Si(100) Tdh U 8T A S ZIEIC TR Z 1T > T\ 4. ARl
H—EHORA L LT, FOERO RIARFIE T 100nm,50nm,30nm 0 =FE¥E D PZT KA FE i 2 %
FE &8z, FHEfERO—Fl L LT 30nm EOREOEIKEE L Wik SEM 4% Fig.1 |2, HIZE O
RO L T O EERFE %2 SNDM & TRl L 72 /5 5R % Fig2 1O d . OREmEFR R Y
—DUERT R ERRFED 2 TN T Y X Ol 7e EA BB BT RERBE AP LR, 7
7—ARNKNTATNNELTRHITEWE O ERN L DN EfEmOT b, SBRUBEEZMZ 5%
2KV BEIZHEMICE L7 HDD AsFf B AiiekiA 2 fs L TIr< PETH D.

[1] K. Tanaka, et al., Appl. Phys. Lett., 092901, (2010).
[2] K. Tanaka, et al., Jpn. J. Appl. Phys., 47, 3311, (2008).
[3] T. Aoki, et al., J. Appl. Phys., 184101, (2016).
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Fig.1 .30nm thidf PZT thin ﬁlm.recording Fig.2 Domain reversal pattern on 30nm thick single
medium deposited on the 8 inch ¢ Si crystal like PZT thin film. (a)DC polarization reversal.

wafer by sputtering method for HDD (b) Nano-domain formation by pulse voltage
type ferroelectric data storage. application.
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Fabrication of ferroelectric tunnel junctions using (Ba,Sr)TiOj3 thin films

and characterization of their memristive properties
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AEYRZ IR o 2 —F AT RE R B S L TR S TG, @ REZ R AR Y A2 BRI 59
2T, Tz lx, BREVINTHOMIT N, B EO BRI IS RG2S N AT REZR R B A b
Z\M% A ﬂa%(FTJ) I H U7, FT) 13485855 B AE R 4 8 (-8R O E Rk iE) be b, ZhET
(2, R Z BaTiOs (BTO) M5, -8 (K2 Nb:SrTiOs (Nb:STO)% HV /= FTJ 23 K72 ON/OFF tt

/Ta“_é:ﬁ i&iéfmﬂ\éo [ 3 % 135875 7 8 12 (Ba,Sr)TiOs (BST)# k& VA Z& T, JVIKEE
TETHDAEYRAZ N TELEE X EOMEREAE) T4 7 R DT 21T o7,

2.2

7V AL —H—HERETEZ IV T Nb:SrTiOs(001)JEH_F iz,
Ba,Sr1«TiO; #%( x = 0.3,0.4,0.5,1.0 )& HEfESE, 20 LRI
FE— LR EVETEA 100 pm O A4 EmAERLL -, #Eik g
Br&U T X RREIT TRl bt S O 7 Bk % . SO sl B 1 [ml 97 5
CHEROFL A &R 17 O VA | B A BB CR A A > .
DOFH AT o7, BRI ERFREFTE L T/ —AA—=F &L W v
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7 HBIAIE I, BST #il54 V2 FTI OB rIRE T H L o

IRSHUTZ, FFlZx = 0.3 BST %V 7= FTJ Tid, ON/OFF fhas
42000 &EVMEAFLERLTZ, (M2 ) Z4UE BTO 2 W e
FTJ ® ON/OFF LIV EWMETH D, F7o, BST DUVNTILDFAAL
X IZBWTH., BEE2 3 nm £V 4 nm BL Y5 nm D753 ON/OFF
LEAS 1 HARREE BV ME S bz, ZNOORER T, iREEERD
T AXZNFD ON/OFF Ll 8% T IRt 2 RIe L T\ D,
—J7. BST Z W72 FTT 2B W T H B Vigritel > 1.0V T
HEL, BTO % Uz FTT & RERBENTR T,

4.5 3R

[1]Vi Garcia et.al., Nature 5, 4289 (2014).
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Fig.1. Voltage profile for
characterization of ON/OFF ratio.
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Fig.2. ON/OFF property of FTJ
fabricated using BST (x=0.3) films.
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Single-Crystalline PbTiOs-Based Ferroelectric Memristors
for Synaptic Plasticity Emulation
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E-mail: li@bioxide.t.u-tokyo.ac.jp

In recent years, considerable focus has been
directed towards leveraging ferroelectric
perovskite thin films to actualize memristors' as
the fundamental units of neuron networks, which
can process data at the location where it is stored.
Herein, memristors using ferroelectric PbTiOs-
based thin films are experimentally developed,
with a reservoir of oxygen vacancies induced
during the fabrication process, i.e. pulsed laser
deposition or spin-coating. The single-crystalline
growth and epitaxial growth have been confirmed
by X-ray diffraction ¢-scan and reciprocal space
mapping, respectively. In Fig. 1(a), the current-
voltage (I-V) characteristics reveal stable resistive
switching behaviors even after 100 sweeping
cycles, indicating highly repetitive resistive
switching. Their resistive switching behaviors are
also confirmed under different maximum voltages
and various voltage step widths. The conduction
mechanisms are studied by fitting different
conducting models. With tunable resistances,
several phenomena of analog switching, single-
pulse facilitation, paired-pulse facilitation, short-
term memory (STM), long-term memory (LTM),
and spike-timing-dependent plasticity (STDP)? in
response to pulse training can be experimentally
mimicked in PbTiOs-based memristors. As shown
in Fig. 1(b), the dynamic transitions from STM to
LTM can be observed under different training
pulses, where each cycle of training contains 30
and 100 pulses, respectively. During a cycle of

10"

27

pulse training, the resistance undergoes a
potentiation process under pulse stimuli and then
decreases after the stimuli are removed. These
pulse trainings clearly reveal the learning and
forgetting processes. The memory level increases
with the number of pulse stimuli, and these
characteristics are analogous to human memory in
the brain. A pronounced transition from STM to
LTM is observable after repeated rehearsal of
training. As shown in Fig. 1(c), the functionality
of STDP is achieved, indicating the capability of
PbTiOs-based memristors as practical artificial
synapses. The STDP characteristics under varying
spike amplitudes and durations have been
explored. The exponential decay results show the
typical Hebbian learning rule of a neuromorphic
learning system, exhibiting long-term potentiation
(positive AG/Go) when At > 0 and long-term
depression (negative AG/Gg) when At < 0.

This research was supported by the Institute
for Al and Beyond of The University of Tokyo,
JST, CREST Grant Number JPMJCR2202, Japan
AMED under Grant Number JP22zf0127006, and
JSPS KAKENHI Grant Number JP20H05651,
JP22K 18804, JP23H04099, JP22H01952,
JP23KJ0418, and JP23K23220.
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Fig. 1(a) I-V characteristics for the PbTiOs thin film, with the direction of voltage scanning indicated by
black arrows. The resistive switching for 100 continuous sweeping cycles is also shown. (b)
Experimental demonstration of the memory model in the memristive PbTiO3; synapse, indicating the
conversion from STM to LTM. The pulse sequences consist of 30 and 100 pulses for each cycle,
respectively. (c) Asymmetric STDP characteristics demonstrating Hebbian learning.

© 2024%F [SRYEES

05-075

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

6.1



