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Abstract

Lead zirconium titanate (Pb(Zros3Tio47)03, PZT) epitaxial thin films grown along (111) direction
can be successfully prepared by pulsed laser deposition. The mica substrate has been mechani-
cally stripped to obtain a flexible PZT film. Meanwhile, the piezoelectric coefficient d33 (24pm/V)
of the rigid PZT epitaxial thin film was tested and compared with that of the thin film after me-
chanical stripping (110 pm/V). It was found that the piezoelectric coefficient of the flexible PZT
thin film was larger than that of the rigid PZT thin film. In structural health monitoring, passive
monitoring is widely used in aircraft, spacecraft and large equipment. In this paper, flexible PZT
thin film was used to realize passive monitoring, in which the peak value of piezoelectric film un-
der two Kkinds of energy shocks can be amplified by charge amplifier by 100 times to achieve basi-
cally the same effect of piezoelectric ceramics in passive monitoring. The results proved that pie-
zoelectric film can be used in the application of passive impact monitoring.
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T R SR 5 T s P ) R A K 1) DI 38 R T R 2B T AR I L H 2 P R R 08 LR R AR S R RS, )
B SR D e AR G o 5 B AP RS A, BRI B SN R R AT S S8 T et a8 I AT 4R T
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H 1947 SER2EFAE BaTiO; MR R I T 38K I N f5 , 15 FAA R R R 3E N — N 3T AR R s
1954 4, fEEEERIRET(Pb(Zro 53 Tig 47)05) [ 1] [2] [31FARMR I 1 e %, [RS8 6 b A R Pb(Zirg 53 Tio 47)O5
MEHONL RS RE B BLIREE DL BB RN 2 w] 4% Mz L T KRR N (BaTiOs) Ik Fa P &« B LAAATITE
JE HLAR IR AT 22 (12 R F Pb(Zro 53Tig 47)Os AE AR IR IO IAESR, SEILZRME DD R A AP R AE e 1A%
RN D AR T Lk . flindk T D)ReE ) PZT Ik S R AL IR AR, Qi Y M Feng X
S NAE 2011 4, SALIRIE 7B FENR AR PZT SRR 2 3k BT 42 () PDMS S4)E F, T 4k
JEI IR SUAERE , %200 1 58 B 2 P T FL v 1) S B S FH B A T RTRE[4] [S]o (B —ANAN R A0 I 1] 2
T AR AR S IR ], 7E S B B I AR ROt T A A R 1 TAE AR T 2R, R s
(R A R T S22 SR, B i

ER B LHER, BRI FEN &R ME IR T 2 XEE, A G RN SE RS
DRI BRAGHR T B S B MM R o DA ) — S W 5 v B KR R R x S ZRAS AN A% B B, ANBEAE
BT B 1T PO(Zyg 53Tl 47)O3 Fe HAFR B B R AR B R RE R . i &2 8 S RF U R MR AR
JRHRHLEE K, N T X — 8, HBLT 2R H PVDF (Polyvinylidene Fluoride)2% A AL HL A& 4% #2
WS RS 5 AT SR RIS I TAE . SR EAHE PVDF R, JEREM, B RIFMVLIkSR
JEE RN 0T DA BRAS [F) KRS A% S o (R AT L, A WL R B R e AN an S8k et i Ho AR
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2.1. iﬁ Pb(Zr0,53Ti0,47)03 %Hﬁﬁgﬂiu%

FEE G 2 I R VORS8O0 PZT MR OW S5 1 . RIS 45 it 0T 5 DL St (A B 1) B A 1R K 52
ma, 3E TR0 B AR . PR AR B B S S MR RR Y PZT AMETEME, U OH EE AR % L2, S
56 v LU A 2 B (mica) WA IRA L, BTO NZEM)ZE, SRO NIKHEAK, FIA PLD PR EN 28 4E, kK
S:HL SRO/BTO/PZT HIZJZUTAL, PZT JZHIVTAIRE N 600°C . fE WAE N 15 Pa. BWOLREE A 165 ml.
Bk A5 A 4 Hz JURRI 18] A 40 min.e BRI PZT 385 DA O RRAE WIYE 2= BF B R B4 bk, 4 FRAT x4t
JEAA K mica FEAT WU B 22 52N L MOKINS PZT FERRAE AT DL R B L S 1k

2.2. R Pb(Zry 5 Tig.47)O; HEIRAYE B M RAE

I 77 4085 (piezoresponse force microscopy, PEM) [81%f PZT {347 [k B MR, wT LAFS3 3]

el 28 7 RIPRIE G H R A T R AR 2R . D T ARTE = BN R AT PZT S T R p s, 34T

K 38 = B R I 7 VR R 2+ T UK A G R, BELRNA BT DU 4 RS, BT e
RG50S
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FEADRR _E AR DN AR A A S B 2 2y g =KD BRI9T [10] [11]: &%, REMGERRAR b A o B
RETCAFAE TR UIRES s 285 A Ah b AR ARG AR ), IR R o R B B ol (5 5 R 5 5 3t
N A BOE R RE SR SRR RS, Ba il RGOSR E 53T EORAREE, W] UL #4543
RS S T iR EE[12] [13]0 i TAERIG I AL th AT DL EL N rE AR das R PR T AR XML dsy, TN
UEBAZENE PZT JEA MY dy) RE0E, BIFEZKSP “17 JFg Pobidi, 7ERE “37 JniHm R EES,
FEHEAT el DA, 2ot S o i) 46 (0 70 A 2 AT R A, B S R AT b o sk

3. ZREWiR

TEX LR A Ve REIEAT MR, X FLR T TR AR AE A2 b AN TT D BRT

WA 1(a)y AFM W IR R R RAE, EROUIE N 4 HZ, 4K 40 min J5, PZT B JE 2 A
60 nm; AT ML PZT MR & SIS, R T 71 B8 (AFM) I mist U PZT #EAE 5 1)
RS HAT R L R 1(0) R, SR N 2 Hz, B33 7 PZT # 2 pm x 2 pm [R5, 45
T TRA b (1) ¥ 3 TR RE P (Ra) M 3.490 nm, 3 75 AR KA (Rrms) 4 2.790 nms R FH X 5264741 (XRD)
% PZT/SRO/BTO/mica 7 JEAFE i 1A= K BRI HEAT 20 #T

Wik 2(a)/& PZT VR 0-20 A5 B BT 945 R 5 PDF KBTS EL AT BLE H, BR T 2K (mica) it (001)
B[] AT gAMYL PZT(111)- SRO(111)BTO(1 1 )i, JoHAth 24 06 . [5] 2(b) & PZT/SRO/BTO/mica
FERERE SR © S, B RTLUE B PZT (033) /717 SRO (033)77 11« BTO (033)75 7] LA & mica (069) 77
A AN ATE G, ATEHIE 2 BRI TEIBE A 60°, H. micas PZT. SRO. BTO A75HI& I B /& ——Xt R,

Y AL T 1 fR 2 R R S H 0 BB (PEM) XY PZT JEREEAT IS B IR, 18] 3 24 = Bhd e
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Figure 1. (a) 3D diagram of film thickness; (b) top-view AFM image
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Figure 2. (a) 20-0 diffraction pattern of PZT/SRO/BTO/mica thin film; (b) @ scan of PZT/ SRO/BTO/mica film
2. (a) PZT/SRO/BTO/mica S R#EMAY 260-0 757 ; (b) PZT/SRO/BTO/mica SEARHEMmAY @ FAHE[E

50

N T BB RNE PZT MR AER ) G5 A8 BEME N T I S, LS B RO T AT T b
AR, B 4(a) e sh BN R PR, 3] 4(0) N Seie b B K. AEHEAT ph e AT W UE ISR PZT & e R
(0 dyy R5PE, St St r il 46 (0 FERBLRE Rl 2E AT R AN Ko R T LV B AR B IR A (B oK) |, SRR
W AR, RIRAFAERL R T LAE “1 7717 P AERKIONAR, fE “3 717 f i BOCH LA A5
T, AT AT AXS I LT B dy o

KIS AE RN 5 . 1B 5(a) I L R A A JRAG 5 5 IR LM A5 5 B0 SR 10 kHz, {HAT
FRIAE A, P UAXHE ST 1 FFT 224, 1330 o) fmig &, AR LA, map(E 5K
FIAAEN 10 kHz, 5IEEEA PRI &, S50 50 kHz B TITP0; WA 5 B I8 I B 28 f 4
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Figure 3. The comparison of butterfly loops before and after stripping
mica substrate
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Figure 4. (a) The diagram of passive monitoring technology system; (b) Diagram of impact test equip-
ment; (c) Diagram of tensile test
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Figure 5. (a) The output response of piezoelectric films under sinusoidal charge; (b) The spectrum of piezoelectric film re-
sponse signals
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Figure 6. (a) Response signal of piezoelectric film under 0.21 J; (b) Response signal of piezoelectric ceramic under 0.21 J;
(c) Response signal of piezoelectric film under 0.62 J; (d) Response signal of piezoelectric ceramic under 0.62 J
E 6. (a) 021 J LR R TEEEREMMIES; (b)0.21 IAHAER TERBEMES; (0)0.62 1 TR TERE
FRMARIES; (d) 0.62 ) MEREE T ERMEMMIES
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