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Fig. 1. (a) Photograph of a flexible PZT film (inset: schematic structure illustration) and (b) P-E loop of the PZT film measured at
10 kHzP?); (¢) P-E loops of a flexible PLZO film before and after 1000 bending cycles (inset: photograph of the bending state of the
PLZO film)®*!; (d) magneto-electric (ME) voltage coefficients of the flexible BTO/Ni assemblies as a function of dc magnetic field!*"l.
Plane (a), (b) reprinted with permission from Ref. [32]. Copyright 2016 American Chemical Society. Plane (c) reprinted from Ref. [41],

with the permission of AIP Publishing.
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Fig. 2. (a) Schematic illustration of the PhS method®!; (b) P-E loop of the PZT film annealed at 400 °C, the lower inset of (b) cor-
respond to the non-switching contribution to the polarization, the upper inset correspond to the compensated ferroelectric hyster-
esis loop!*”); (c) P-E loops for seeded and seeded + UV-irradiated BFO films measured at 140 K and 10 kHz//.
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5% (atomic force microscope, AFM) 345 K i/~
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H; (d) RSM [&; (e) Wit TEM E{%, PZT/SRO #1 SRO/CFO /mica 5 1 J& #f 5 K B LL & PZT, SRO il 2 B 1 15 1 [X 385 177 A8 =8
Fig. 3. PZT(Zr/Ti = 20:80)/SRO/CFO/mica flexible ferroelectric memory®l: (a) Photograph of the flexible ferroelectric device on
mica with corresponding AFM image of PZT surface; (b) 6-20 scan of the heterostructure; (c¢) @ scans at PZT {002}, SRO {002},
CFO {004}, and mica {202} diffraction peaks (a.u., arbitrary units); (d) reciprocal space mapping of the heterostructure around the
PZT (002) peak (r.lu., relative lattice units); (e) cross-sectional TEM images of PZT/SRO and SRO/CFO/mica interfaces, and the

corresponding selected area electron diffraction patterns.
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Bk LSMO Z 8, 7 4% i i A% B e FH A
Pk 2R K EPER) Sr3AlLO6(SAO)™. HgE T 7
iR, R Pad, fsH B SRR A BT
BEE STO AEHVLHD, a(SAO) = 15.844 A ~ 4 x
a(STO) = 15.620 A, [AITHI BEAE 1 e 56k H™ 25 F4 1Y
TR A A A K A SRS DT i 2R 17 H T EL 4
1E SAO Mtk 2 FiE4ME T BFO, BTOM™, PT0
SERRHL . SAO By K I e M A 75 220 ok ik AR i A
3 LSMO ik 2 AR HLERAE 1L, 4214 SAO Figk
B 2 5, SRS (PDMS 25) k1R, F1H
IR SAO Bl #EATHEED. fxilt Takahashi FI
Lippmaal®! & H] BaO fE M4 4% )2, #4:K STO
2% 02 AN BTO kAl 2, BB A8 ) AMIE B G G,
S P AT 2 A

Release of the ferroelectric layer

(a) Z il B 700 (b) 20y 4 )22 1)

Fig. 4. Schematic illustration of two etching processes: (a) Etching the substratel™); (b) etching the sacrificial layer(™.. Plane (a) re-

printed with permission from Ref. [70]. Copyright 2010 American Chemical Society.
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3.2 YEREE
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2 S5 T Bk B bE 25, BB X R R,
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AIAT R SRNG Z —. 1z o R BOGRE R AR S
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mE 5(a) Fros. BIL, %5 AT 200 F S Ak
B LR, A = A . 5 & F R AR R B
Lee &5 590 7R3 Jy H ¥ & TR 2 TAE, #IH LLO
T 1534 B 4 r RO 0, FHAE L B R L 9K & FIL
FE B BN S5 2 AU, L PZT 99K & HL AL 17
o, PR EALTUHOEES (308 nm, 4.08 eV) K]
PR (BT 10 eV) Y PZT (B8 55
29 3.2—3.6 eV). H THOGYE X S0 AL
() LT, X AR A B/, BR BN PZT TRERE R 4F.
M SEM k%, WKl 5(b) FEl 5(c) B, #E R
PZT XA —Edifh, SHOtEREAX, 52
A Tsakalakos #1 Sandst! p4RiE —2. X &H T
WOLRRGT 5 BN PZT JKJZA —E et

(a) Laser
w =50 um L?Es
Adhesion w
{sapphire y M
DEany, ; Passivation

5 (a) LLO R &5-F HIR B BT (b)), (c) A [F fE
WL LLO T 25 B3] PET 2L JE b (Y PZT 3 K 2 1 iy
SEM & R, & (b) A (c) % R (4 3840 B8 &= 43 51 k420 A1
500 mJ/cm?, #5743 pml7)

Fig. 5. (a) Schematic diagram of the LLO fabrication pro-
cess®; (b), (c) SEM images of surfaces of the PZT films
transferred to a PET substrate by the LLO process using
different energy laser: (b) 420 and (c) 500 mJ/cm?F. Scale
bars, 3 um.
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B, A EE R B R AR AR A L NP A A
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1T vdWE B9 218 2018 4 Kong® 19 &
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A G, HA B RS A SE RS T ) SR
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STO FJiC I S E A K, I H i 4 85475 1 BH
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(pulse laser deposition, PLD) J7 i 1E A7 5 i 2 1]
B 510 nm Ay STO, ] LS EE X A7 58 1) 44
P, A 0735 T DL R R PLD YRR (%A
JE3H 7E 0.1-—100 Pa) f H, AR RAHE 2K

217708-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 69, No. 21 (2020) 217708
: Gapy : N;
R Gr""}?b ¢ —
Siceae s Sg]y el =5

Return for reuse

Bl 6 A BRI % o J2 A Bl R0 0 e /s 2 9

Fig. 6. Schematic of the process of growing and transferring single-crystalline thin films based on epitaxial graphene buffer layer!%.
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e (e e &
L "= mimam 0\
520 & 0.6
S £ =1
480 o o4 3
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Bending cycle/number

7 BSTOI M HBEAE (a) AFERZ YR SS9 E 1
I BB (flat-1 F I HR A, flat-2 7= 5 mm FHr 2 )5,
flat-3 J r = 2 mm B2 J5) A (b) r = 5 mm A 18.6 GHz
R A1 FL BI040 R B 25 T OB A2 Al

Fig. 7. (a) Frequency domain spectroscopy of BST flexible
film in the bending states and flat states after bending with
different radii (flat 1-3: initial state and flat states after
bending at 7 = 5 mm and 2 mm, respectively); (b) &, and
tand of BST flexible film at 18.6 GHz as a function of bend-
ing cycle (r = 5 mm). Reprinted with permission from
Ref. [99]. Copyright 2019 American Chemical Society.

o PSR, 2 AN 150 MV /m, g g%
ek ANEETL 20 J /em?®. 2015 4F, Michael Sapia 25107
I TIERG WA FRER T H A o-Bi0; #H
FHA T JE AL B B 9K R B PR &, %
Sehethh A A RERB A e MEAL. 22 AW T
N Biy 5Zng gNby 35Tag.1506,9(BZNT), %t 1 kHz

MR 4 F FAERE B 2 40 J/em3, Z0R 80%, H.
£ 30000 K A5 HERE LT AAE. (A H AR TRAR AR
2, THEZ 50 C MBIl 7 —F. &=
BEAE R AT G &, 2018 4F LUK AR £ F
GEHE 2 B Ry B TS 2, 3% T HERE IR
S it T RE, F 5 0 MR R A HE ER AR B A (Big 5
Nag sTiO3, BNT) & | BZT Jt Fl PZT J 3 5t 45 |
AR B AL MRS RN BT 1Y) L PERE IS
WP L PG VR B P i A 25 N 5 1 i 1) (6, 21, 108—118]
ORI A& B0, 2P T 1 B I A R it — 2B 1 4
5. AT REAY IR A P e 1) = BR PR T R LI
1R 22 55 5K 45 K4 (0 i BE SRR AE (001) J7 i A5 Fe it
PEBE, (A Bk R BEAR R (111) B A5 ERe™ R
2) B I UTBE AR FIZE vh 2 e B0 A Ry il — 25
JEAE AN

4.2 FEEREFESE

R AR S D T PR R B RLAE
A it #% (ferroelectric random access memory,
FeRAM)FIEK HL R0 A A4S (ferroelectric field-
effect transistor, FeFET)!"4. FeRAM AJAFA# L]
S R ALY IE AR R AL (£P,) RTZIH.
PARNFI A AR ZS A3 B <07 F0 <17 945 .. dlad
A L S U4 X8 o7 1) PR R A A IR A5 08 2 BT B A
fitt. I Hi TR AR A RIS a7 5 Bk
RS, BRItk FEWTHL T, Aoy BRI Ao, & —
FhAEZ) R A a . (HR HS OB e 0k
A S HEATRIER, A HERR- S A 72, ROk
HL A 1R 9% 55 1 R B ORAR &, &l 8(b) B 7w 19,
FeFET N2 ks ATk 2 MOS-FET Hr i
JT )2 EAMEAR it fin F R IOk b, AR AR K F AR f b E
] AN]SR AN I i 2 [RDE A [RI B, s L

F 1 BOEHGERA R ZE A NITE IR A R Rt e Ak

Table 1.  Energy storage properties of recently-reported representative dielectrics on rigid and flexible substrates.
R B 9iq U/J-em™® n/% B,/MV-m'  T,/C  JE3HWE TR
0.25BF0-0.3BT0-0.45STO! Nb:STO 112 80 490 -100—150 108 —
BCT/BZT multilayerl%%] Nb:STO 839 784 800 -100—200 106
BZTR Nb:STO 78.7  80.5 697 -150—200 106 —
PLZTN LNO/Ni 85 65 450 — — —
Mn:NBT-BT-BFO!'!*] Pt/F-mica 81.9 644 229 25—200 10° 10® (r = 4 mm)
NKBT/BSMT multilayer!'! Pt/F-mica 91 68 303 —50—200 108 10* (r = 4 mm)
BZT12] LSMO/STO/F-mica 65.1 729 615 -100—200 106 10® (r = 4 mm)
PLZT!3 LNO/F-mica 40.2 58 200 30—180 107 2 x 10° (r = 4 mm)
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Fig. 8. Schematic of FeRAM!? and FeFET!MS): (a) P-F loop and the insert is the schematic illustration of FeRAM; (b) fatigue
characterization of FeRAM; (c) the schematic illustration of FeFET; (d) transfer characteristics of the FeFET. Plane (a), (b) re-
printed with permission from Ref [115]. Copyright 2019 American Chemical Society. Plane (c), (d) reprinted with permission from

Ref [118]. Copyright 2020 American Chemical Society.

LA/ INIRAS Ry 17 F1<0” . 2 B T ZEAE WA U
WA TR, ASFE LIRS, I A
JER R ) g e 1116118,

H A2 239 B Z2 M FeRAM il £ 7 ¥ A 1R
%, HIEAE KBRS -FLENERA N . HEE &
HRIE AR R AL HE PZTIO19 G458 2R KR A1 (Bi; o5
Lag 75 Ti305, BLT)M1200 BFOI2L122 HEO, BT 45
X ECAT T = B R iy LR g e, WAl 9 B, /T
DLEFIEATAE BRI eI BAE S I
8 KR REAERFPERERSE , P2 IS VERE T, REAES
2| 10° AGIR M AT, Bakaul 45 19 @546 T
2, 7E STO &/ 4K T SRO/PZT/SRO/LSMO
S5, 85T %) LSMO ¥ SRO/PZT/SRO 45#4%%
EN%| Pt/PET MIZEPERNE I, Hil0 17 M FeRAM.
R0 5, PZT B (001), 43
fb P.ikB) T 75 nC/em?, I HAE 4 VIFSZEL T
57 ns N BIFE HUEE , il I e MR i A7 i o
{1%) B PR SR R I 5. X8 AR SR 1 TeAL gk L vl
RS2 FeRAM J5 i A9 R /.

Lee 45 1231 7¢ PRSI ) FH v g Bk G VA e 0 1
PZT (Zr/Ti = 35:65) i, FFRH TN 6.7, 7F
PR T HEREA A, Wit PZT R R
FeFET By 1. 2019 4F Ren 55 124 F| | PLD Jy
121 % ZnO/PZT (Zr/Ti = 10:90)/SRO/CFO/
mica 51411 FeFET, W o B @ tae. H
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fiE; (c), (f) BFOU?2, (c) AN[al 254 2 A2 i L ffr | ﬁéf“/MﬁFTE"J P-E [BIZZ AN (£)1000 Y75 41 1 I 5% 55 1 i

Fig. 9. Performance of mica-based flexible ferroelectric memories. (a) P-E loops of PZT (Zr/Ti = 20:80) -based memories with vari-
ous tensile and compressive radii and (d) fatigue performance at unbent, compressively bent and tensilely bent before and after
1000 cycle conditions!®); (b) P-E loops of BLT-based memories at bending state and flat states before and after 10000 cycle condi-
tions and (e) fatigue performancel'?’); (c) P-E loops of BFO-based memories with various compressive and tensile bending radii and
(f) fatigue performance an unbent and compressively and tensilely bent for 1000 cycle conditions!'??. Plane (b), (e) reprinted with
permission from Ref. [120]. Copyright 2018 American Chemical Society. Plane (c), (f) reprinted with permission from Ref. [122].
Copyright 2019 American Chemical Society.

FE L BRI AR, RGN K R e & HL L. 40 pC/NU26:127 & T ALY 1 g 0 35 10 FH 31 52
H M Wang Fil Song!"?"! F|F ZnO Al tH 94K Fe i PR RIS A T B AR A SR ]
REHLZIG, 3% PZT, BTO UL K HoAts 2k B b4 ) Park &5 [0 | B Z) it Si &5 (19 7 #:85 BTO
FB B FH 4l 3 40 oK & AL, AH G TAE 2 AR5 ERHG E 3 T YRR AR I, I A UL E R
T ZnO (5.9 pC/N), Bk B4 RHAY e L o 502 AT, KA e R 1V, S i
%, WALR PZT B H R EE 100 pC/N LA jz 0.19 pA/em? BJS AT B0 A H LLO 325
R /E% Yy gk fa bR, 40 PVDF W) 7£ 30— TR PZT LUK LML (TR 3.2 1),
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He KA i R R R L R %R 24 Dl 200 VT 150
pA /em?. IREE MBSl 7= A 1) S B IR B A 8 A,
Al B 4% 55E 100 2408 68 50 i (light emi-
tting diode, LED), T J& 7 4L #h &8 fL Ui . Won
S PO B T A R A BRETRAY PZT WK 8
A ERERI K R AR Ni-Cr 5658 [UIARRI Fr
fdr il 2 45 2 PZT 323 KBRSy, M H T
HMRACTERESE SR, S E K I DI 5.6 pW, H
H9 690 mV. ZRAFHYANK A HHLEL PZT AL 51
JICAA A Sf s P A% AT ) 2 U oK & ALY A
WAHIRZ . Kwons 12 FIOCZIHE PZT WA 45 i
R, TR AT 20k Si SRR HAE AL B R P LN
IR W R 5 0 AR 25 B0IK B, il A S8k
e FLI M RE. A PR RE I B R B, RN 0.9 kef
(1 kgf = 9.8 N) W3, frth LA 2 V, LR
FER 2.2 mA /em?, TPREE A 88 MW /em?.

FH A X RE 7 U4 #8 7F (implantable energy
harvesters, IEHs) & [ ik HE 15 5 1 G BB 4. 38 i
AT ROk | PP S A A b SRR B, DA K AT
2 W) S D S R BRI “7 R, TEHS # HIAE
AR A BRI BB IR, BT AN A9k &
HL LTSN TEHSs KA, ShyoOo IR 2 A B 1t
. ABGRRIZEAERE 710 FEt T B T BT
AR, RN R T 25 S AR F AT BB Y A XU . H
Pt RS S TE W B AR T )7 % . Hwang 55 129
W PCTUR T IIE U ) L PMIN-PT RS 7EREHE R
e, RS FAUAA G R 2 8.4 pm, ZJE
fdt FBE Ni R BIN J3R0 8 1) 7 i A A ik R
b S PR BN R AR B, anlEl 12 Fros. 153
YAoK 2 ALY B Kt F RS TR i 43 2 8.2 V
1145 pA, 7] RO RO IR FEAE 3 VAT 100 pA
ki AT R, 2R r = 16.5 mm KM T4
3 30000 YRAEER, it LR K A2 0. AR SR
Hh, BRZOR A 5 /N RO IR, & BRI EOE 1 A%
CINDAERTS: LN = b Y S v | I 3k 1
fr IR A T A IR Rl 1 A SRSl
FE LED KT a4 57, ] IRy oAk il 2 8 D e 1
Gl GERATS).

] I AL A — MRl A % s 45 5 A SR
ST, ) FH R RO L T AN TR JE. . Dagdeviren
A 130 YR Si BEH (20 pm) AR T —FF PZT B
G, T8 4 S AR (metal-oxide-semic-
onductor field-effect transistor, MOSFET) 45 #4 ,

T Ao AR R A R T, AT B v R R R (L
10(a)). BJEFIZEME %5 PDMS I DA M
TR, AnE 10(b) Frs. 1% B AT LIS R 30%
1) B N A TR P A PR BE R IR SEYR A ST A,
AL SRR X B B R i I B R R R (A
0.005 Pa) FIHRIHENA L EE] (29 0.1 ms) FIPE 8.

(a) Array of thin PZT pressure
sensing elements

(b)

1 10  PZT 3 (a) 41 MOSFET /= 2 B F1 (b) SEFR
i 1 B (1300

Fig. 10. (a) Schematic illustration of the device that in-
cludes a square array of piezoelectric thin-film transducers

and (b) photograph of the device laminated on a wrist.

Scale bar, 2 cm!130,

& E P PEWT 131K (sensorineural hearing
loss, SNHL) Jz&— i3 (1% iy A0 3 3% 1) D) e B i 5 |
T E, EZHH Corti #8 B YU B4
ZARGIE. W BRI 3 A (W B 40 B, o IR
U5 IR Sl e Ak Ay F I ROV B e 22 . R 22 % SNHL
o Bl AN T, PR R X S N BEHE . Inaoka
S WS UARGE T A B H R HA e 2L s 4 W
BT REM N T HM b Ez . (H i Tk Seh4 L i
BRI, L AR R DR T o e 22
Lee &5 B9 #2081 —Ff i 280 205 1Y JCHL S L 75 2
K ALIEAS, T PZT WEEAE A 54 N B 40 .
2 A% B T LU 7—17 nm PORSIALRE, %)
N ARS8 45—60 pV. kA R IT I 4 5
PE PZT 3 JE B Bz 2y B (%) H i 1y 447 1 A
I, 13 BB A2 3V, R TEATG E
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SR AR 0B BB S 2. SRt e A
FLAREA R A

5 RELH5RZ

PEREOL S 1 JCAI Lk F v RS I Pt B, L
filg L2 5B . REWFEAR RIS E
FO 2% . AT IRGE F 0, = BEILJE AT 4l 4% 2
i FEL VR T L 2 T Yo B ) e RGN,
TR EAMNEAE T2, HRDRE J&—Fh LA 1Y)
SEIRFEAEAC R v (AT A RS AR K ) TR
][5, Joik H AT . RN PSR S T 200
| BT PR Gy — PR 38 A% R Ak v T
()7 . B ERT 45 R A4 2 ] LA BE B LSMO Al
SAO 4%, i H LSMO A 5]/ h 2% vh 2 5k il 2
Bk I FH AR 2k SR 9 v (1921340 3l 8% T2 oA
BCE. PR AR TC ML L TS SR M A Bt v, A7 2
ZIk TR AE H. WA T2 AT I —k
G J2 ) & AL G Ik 20D R R e R 22, X
Ve S A R T AN T B I FH A 232 1 O AL 2k L 336 431
5. LLO ikl DASEEipes | KIa AR 208, H2
WO A =, B2 ok B . A5 vl
DSCBURAYIIEERUU=S S 27 e ON TR=INE ek
03 B R g J2 B 1) 5 3XnT B 2 U A BRI O
X, HRZ T ETEA BGOSR S S5, T28
K%, FERHIA . B 3 B B R O FH R 4 L T
P ] £ v, {ELFE R PH B FEL Tt AT R S A Al 40
CA T 2N . B AE sAEFETE 800 C KAL, i
TR A Y, FLF DR B AR TR WL 4R 9.
X I ZE M B B e — PV A T A T IR JE S

7 AR K AT A TOATLAZK FR TS 28 M Ak 1T AR
TREHRE, RN T MR, GE6550
o o S M T A ) % R VR T R | AR AN T
LR ARE Z A AR B A, ARt —2
K. Sl HE AR THRA BT 468 /N PRI AL 5t
KIPESL R LRGP RE2E I ZE RT3 LA R Y
PP T Bt n] LU T2, (1S 23T a A
R 2 A R B T WIS A BR A, X
AR Z M v 1o AR B 2% A7, TRD R A 2 .
BREBF ISR T B T ). AN/ A S s T
NERHPERE 579, PRI AR nT DL A2 1) 25
ALV A A s il 1 g DT R B R SRS AN —
FERPE I, Wang 45 195) (14155 3 BH i P4 hor e g A8

AT DU SR AT A A AT 2 T fi B 2% PR,
U, 3T+ 2 /0 30%, s R b R 3.

H A MLk v R 2 0 I AE T 24408
AR A5 i T (A H L R AERE AR SE) TEA
TORTRYTE F1, TEBT T A 1 T S 5 A Al K S
I R A ) ) R e A SR 2 T A 2 A A
TG sl B R A D RE AR (R HE AR BB D T S B
PR AL RE, MU T RER LA TEHS 424t T —
SN FH B S AR L )RR, Bl T AR B XL
Bz A B D AT LA E AR W AT g | PR AT O T
PEALTES Bh. (EAS R e ] R A AU
ARG R A DT S BR R ZE v, HA DR AL
PRI IR L. B RTE & RERE RIS RERL
Sy 8 R0 S P Ak VR AR Bl B — B . B S A
IRe a4 B T A A 1R 2 (H AR AT 1Y, SEBLRETR
7 A A ) 4 B R T B — 2B o 5
TH. G RHE BRI IS - A0 -15 B AL 2R F - 1V
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Abstract

Inorganic ferroelectric films exhibit excellent electric and optic properties, which have been widely used in

dielectrics, memory, piezoelectric, photoelectric devices, etc. However, conventional synthesis strategies based on

rigid single-crystal substrates severely limit their applications in flexible electronics. Realization of flexible

inorganic ferroelectric films can introduce the excellent properties of inorganic ferroelectric materials into

flexible devices, which is the developing trend for the next generation of electronic devices. In this review, the

strategies to fabricate flexible inorganic perovskite structures’ ferroelectric films are summarized, including

1) direct growth on flexible substrates, 2) transferring ferroelectric film from a rigid substrate to a flexible one.

Subsequently, the applications of flexible inorganic ferroelectric films are briefly introduced. Finally, research

status, prospects and future development trend of flexible inorganic ferroelectric films are discussed.
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