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In this study, to fabricate the sensors and energy harvesters, the ferroelectric HfO,-based
thin films were deposited on the flexible metal foil substrates coated with buffer layer. As a
result, it was found that HfO,-based thin films with a metastable ferroelectric phase can be
fabricated by using Ce doped and ZrO. as a buffer layer. In addition, it was succeeded in
fabricating the stack structure (film/buffer) epitaxially grown on single crystal substrates.
X-ray diffraction measurements and TEM observations revealed that the crystalline phase of
the deposited film strongly depends on the kind of buffer layer. Furthermore, by controlling
the chemical composition of the buffer layer, we found that Ce doping is effective way to
stabilize the metastable polar phase.

1. 13U®IC

fieDLHEE F—Y 7 L7727 =7 (HfO,) 231X, BIE 20 nm UL T ClssEN: %
YT END, T/ AT = VTR RFBARL X OCEBRTNA AOFEBIZEN S
MEE LTHERBEIN TS, B EEORFIIEZELEFMHTHLZ L0, H
Ji A DAL B 3 A F5E (RN R K — % v MEOKE) 2 ThbN T W5 FD 728,
% DR E D RFBIRHIO, I 2 BHIHEHMTE D L H 1> TE 72049 FAETIZ,
AHEREA TR T 7 F 22— R EDFNA ZAHERENTEY, 754 AMREom L
WS 25T T 5,67

INFEFTIIRF SN TVETNA 2D 1L, [HEICERZHMT % 2 & CikENE
BIXOFEEZHET L )2 AR E LTWEZ RS, BVANIER CHETE
LZENEF LV, 2F ), HERAOBVGEFEARERIRD H5NLE, L L. HIO, &



() HARBRS AR T8R4, 39 (2021)

HEOPIERIE2 MV/ecm UL ETH Y, (EROMFBEMAHEPLE HLIKT 5 & 1050 Eb 5
W2 ENH, ERHLELOKRELBEE >TSS

DLEoBEFEN S AR CTIEMFFEAR HIO, LB 2 & o734 RAEHT 52 L
T, MUEROS I ZWARMITHEE L WEIZEH Lz, MFEAIE T 52WEDO—D212
HEEE BT OENE, ZhE, TF V- N—RZ2F =t UHICHH ST L
THY. ISHEEHMT 52 & T, JEEEEZZILZ LI HMEAZIELTnwb, £2°C. Wk
BARHIO, 2HEZ HWTIZF V=N =R ¥ =Rt U2 EHTE, SIERZBEA
FICERHEE TH5Z 8%, INETNA ZADF ) A = WAL ifETcE %,
JEBRAREZHBT 57200 F 2N NFRITEEIRCTH S, €2T. TF TV —NnN—XZ%¥
— Rk VY ORELINE. AREYOIR, 4 V75 EOHEY., HBEORTFT ¥ 4
YR ELNWEL, TD2D, LEFLWTNANAL AREIZ 7 LF I TIVTNA X" TH b,
FEIZ, TN ABH SO - TH5E - e - SREEZER T 5 L. b EA HIO, &K %
TLFR I ITNLRERETE LICRET L2 EDRARNTTRTH S, L L. BEFENIZEIE S 25K b
L IFHAEMERDH LN TE Y, ERFEOILRIETH0ICHMET SN Tuivn, 2512,
SR LT W RE R E I S A EAMNEME . S Tw v,

AWFZE T, BEEBERDOBIC Ny 77 —J@EZBEALIAY v 7igEEHET L. Hoh/:
BEOWEEZH O T A & T, EMHEIKGE T2 2L 2 ETRHOIEEZWREICT 5
Bftr ot %= Hig L7z

2. EE&H &

ArE—L 208y %) Y 7 BEICE ) Ar FAFHA T ORI TNy 7 7 —J§ L mA B
(Hf,Zr) 0 (HZO) L2 /ER L. Ny A ZEHS T C 900, 10min O ZeffTHG A LR B % i
L7260 22802134 v D) 7RELY V=7 Bk (YSZ) EJEA S0 um O Ni 4wz
Hwize 2Ny 7 7 —8I21X HfO,. ZrO,. Ce:HfO,(CHO). Ce:ZrO,(CZO) %= H\v>, % nm
~¥+ nm ODEARTHE Lz Fx 2830 % 216D 720D FEEMIZIE Pt % 7213 Sn:In, 03
(ITO) # M L. RIEEMIZIE Pt &2 w7z,

155 N7 > 7L Ok EHEE S XRREITIE & 58 7SS X o T L 70 F 72,
BLAHEIA Y E—F Y AT F T4 F— L MFBIET 2 ¥ —12 & > TRl L 720

M11-1
O+T -
111

M 111

Log [Intensity (arb. unit)]

Fig. 113, @B HEM 112 HZO # K % 54
LTWb, 1Ny 77 —EBDEAIZ1I0nm TH 5,
HZO/Metal foil
. 20, CuKa,(deg)
BB SN0 L, Ny 77 —@aEA

3. IBEREER —TT
3.1 £EEM EADKIRE
RSt k. Sy 7 7 —ii & LT CZ0 ﬁ%@ﬁﬁﬁNWWm
A L7288 To X MEPrilE R Rz R
SR I S 2B A T h 5 1 zomeatfoi P
FHEA (M) RIS 5 BT Y — 2 0 45] R NN

L EH A = g Fig.1 Xray diffraction patterns for HZO/
L7=Hstrid 5O A & IE 7t (T ) CZO0 and HZO deposited on metal foil.

‘(:E[ﬂ Lf: IEH:H‘ ¥ — 4 7,’)3‘%@?{,—% é ﬂf:o INY T T M, O, and T mean monoclinic,
— @& L THoME2EALEED M IR orthorhombic, and tetragonal phases.



NSG Found. Mat. Sci. Eng. Rep.

WLZZHITE =27 OARPBEI N2 L6,
CZO OEBANHEL T O HOTEKIZEMNTH 5
T EAURIEE NIz, LA Ly XA <Tid,
Ol ToOMRAIEILHNETH 720, HITH A
O MDIEH 2 BH 5 2123 5 72 0 1255 B 2 -l
L7 - . @10 kHz
Fig. 2 1&. Pt/HZO/CZO/Metal foil A % » 7 ¥ 5 0 5 10
Electric field (MV/cm)
HICB 250 - BR(PE)CAT) Y AV=T _ ‘
DWEREERL TS, SNEY ., WHELEIC Egzﬁﬁiiﬁ?ﬁ?%ﬁﬁﬂ&
R L 72v— 7280 S 4, B SAH O T AYHH substrate.
bt ol 720 AEOY 7V TIE EERE
i (Pt) & THREM (Metal foil) D MIZHFEARTH 5 CZO BHFMEL TH72H, FOITHW
TeV—=TloTWh, TREMRITHIZIINY 77— L HEOMICERZ TR 5 2
e b, LML, REDOHERENS, Ny 77 —@BAOERMEE, LNy 77—
FOPZEIZE 72

Pt/HZO/CZO/Metal foil ,

s 8 8
L]
1

Polarization (pC/cm")
2
L]
L

g 8

S2IES4FX VY IWEBERLE=RE Y ViEE

Fig. 3 1%, (001) YSZ Bk Lico ¥y * T
VX VEE S A Y v 7 HEEO X E T E
DERERL TS, Ny T77—EIZCZO %2 H
W34 (Fig. 3(a)). YSZ ol ¥ — 27 oWz
HZO #EE CZO /Ny 7 7 — @D ¥ — 7 3@
gaNz, —H, Ny 7 7—EBIZCHO # Hwi2

HZO/CZO/YSZ
J CZO/YSZ

HZO/YSZ

Log [Intensity (arb. unit)]
o
CZO
HZO

HZ:

4 (Fig. 3(b)). YSZ O Y — 27 OFMlc DA S
T — 2 B Sz, EBSDRY v ok 2

BIESFF VA VKELTWAZ L3R TE g e
ZEhS, Ny 77 —J@HIC X 5> THZO HKD E -
FEARDYEAL L2 2 L AR S T, S ‘

HIO, & ZrO, 1AL 12 3 1B L 7 " S
THbHEEZLNTVDEH, Bt nm ORI % 26, Cak,(dee))
HEBRONARERMHPRKECEL S, HIO 1T Fig.3 Xray diffraction patterns for (a)
WIEEHIPH T MM TH 5 DI L. ZrO, ITEE HZO/CZO and (b) HZO/CHO
DI TIEENTHE 22 5.9 T, AF-F 4 deposited on (001)YSZ substrates.

A XKD S EDPWEINTVD,10 2Dz,
CZO & CHO IZBW T H a2 Be &35 7% ) . HZO HEORMAHAZE L L 72
EHEM SN D, ORI, ERIEM EORRERV—FHERLTEY, CZOA /Ny 7
7—BELTRETHLIEDVPWHLNE RS2,

3.3 0602'Hf02§§§%ﬁ;%ﬂ§
BIBHT, A FF v A APEARBLY OFERMICKE BT L 22k, 22
TNy 77—ETHbCZO BLUCHO ZH\W\T, O HOIEEA GE e RLUK 2 8% L 72,



() HARBRS AR T8R4, 39 (2021)

3

(uClem?)
T B T

g T

Polarization

After 1000 cycles 4
EIPE BEPE TPE PR T P Y 1001]ysz 1901 YSZ sub.

4 2 0 2 4 L 10om e, b b n.

Electric field (MVicm )

Fig4 P-E hysteresis loop of CHO Fig5 (a) and (b) Cross-sectional HAADF-STEM images of CHO
thin film. Filled circles thin film deposited on (001)YSZ substrate along [010]YSZ
indicate the specific peaks in zone axis. Dashed lines indicate domain boundaries.
current curve.
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