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Fig. 1 Schematic illustration of process for fabricating buckled

piezoelectric thin film on soft substrate

— HO o) (2)
¢=2 Jquthj +[(H=h>z}c‘b ’

x; € [ese+hl, (2)
’(p(m LoV, p® ,
, @(0) @(1) O,®(2)

_du 1 ,9w,? _ *w

€mid — E]Il ?(axl> s Ehend — X3 9]% ’ (3)
s W u

o1l 9Di
on = chen _eé)] E,,
Dg - eé’leu +€§3E3 ’ D1 - E{JlEl ’ (4)
sch el sef) ehs ’
[14] s €11 9E,
/:L _ 1 ( ) b 2 1 » 2

= ? cfi + 1) Cemia Tt €bend) _?ellEZ -

*SeeEz e Esenn. (5)

, /
Ly /2 reth
H* =J dIIJ hdz, | (6)
—L,/2 —H

{chlet+n)’ —e]+chiled —(e—H)']} 2'w
3 dx!
o S[(e+n)? *eg:le,,
3(H+n?! %

Nazwa Jdw

dxt da,

3(H+h)? o

eth
fi = j (422 /CH + 1) — 11 das -

N T
du 1, 9w,\? IN
= ro| 2 — —
N hcn[aﬂ + <c7x1> ]T P (8
Huang 7!
, N
’ w [0))
A 21, o _ B Zmrx
w—2(1+c0 L. ),@ —Zcos L. , (9)
7A B ’
N , (3,
(8)~(9),
A2 A2 -
g = L 1= — S (10
Emid T YL +LO L Tte. 1©
s €ma = Lo/L—1 . /

T[ZAZ

tot __ l P b
H — 2((11h+C11H)L0< 4L‘é LO 1) +
mA {ch[e+h) =]+ [ —(e— H) ]} —
3L}
Tff1€1lB _4[(6+h)3—63]L05§3B2+
4L, 3(H+h)t
4t e+ h)* — & Jeby AB an
3L, (H + h)*
oH™ _ . 9H“ _
oA - o Y A
A o ., )
€§1°bAI
global —
et [Ce+h)?P— ]+ & [ — (e— H)? ]
SLECchh+ 4 HD
8fg[(e+h)3—e‘%]egl (12)

3(H+m*(chh+ W H

b

= St (H+h) [ (e+h)® —e et

37'[ (H+h) f]é‘]] +16L I:(({‘I’/'l)5 _es:Ing
13

(LO _ Il)/LO < Eiglobal R



« 826 ) 2012
(140 714)/140 Egolbal’ ’ 1(8) 4'0. 1‘3:0 ’ (20) [6] 033
eéﬁ =0, (12) / ’
?(I)Olml = 033 — gEka ’ @D
A {ch [Ce+h)P —e ]+ [e —(e— H)* 1} s
3LE(chh ,
o (et s ¢ = L [coth(kH) + EHesch? (RH) . (22)
2
(14)
[10] O35 = T Q>
2 A 2r_BE _ gE.
k |: 12 hkct,
2 S B
- - 2
1(b) ’ ’ 3 cf1(8€§3+énhzk2)J 29
4 (23) % .
h*k* gE,
, N = hc +
D= P© + (pm + 4(ay —Lh/Z)Z —17@® H( hkety
[ h? } ’ 2 LRk
- 5 (24)
x, € [6a€+h]. (15) 3 ¢ty (8ely +§llh'_k2))
(7  &,=0,H=0, k ,
- 37]/:7:0 . kH—>co H/h>co
ECP (71w_ azw_ dw —@e/’ PR _ ‘
127" 9xt dxt dx, 377 9t N g—>1/2, ’
2h POV 16, b 2h, Fw
3 o 3pEn? 5 oz =0 U6 o,
(2) = ihc’) BE.\7
’ w ()} 4 11((){)1 )
w = Acoskx,, ®? = Bcoskx; , an
(17).(8) (16> | 3B *
2 — L oEnt e 5
ch r1200h%k +l Y 1+3Ai? n &= (C{,] ) (EA Dy, (25)
12h ch h*®
9 > 3 ! ’Z 631/611533 -
egl 1
EN Wy = q. 18
3 8ely +enh’k }w 4 (18 5
[6]
. y /
X3 :7H: Us :O, 031 :Og
x3 =03 = Acoskx,, g5, = O. (19)
’ [6] h=1 um, L,=3
mm  PZT-5H /PDMS
C, = %[coth(kH) — bH + kHecoth? (kHD A, : ors (191,
4 b = 6.55 X 10" (N/m?), et =— 23.2(C/m?),
G, :71_’_,6‘4’ G = 1_|_KA eh = 2.04 X 10 (F/m),
b =1.76 X 10 *(F/m).
_ E €33
C, = T coth(FH)A, (20) 9 /
)7 ,k=2xn/L JKk=3— /



.« 827
4 —— '
— R w— 4t {ct [Ce+h)° —& ]+ [ — (e— H) )
K ﬁl?‘] 3(chh+ ¢ H) ’
35 : 4
§ ! Eﬁﬁﬁlﬂﬂ /{ b: 641‘[’2[(6"—]1)3*83](651)2
g O £ 3(ch, + Cll)l m ’
g ,L .
a 2 c=3(H+h)" fiely» d = 16[(e+h)* — &' Jeb, s
2
k= _ _local
5 L 8 — &
, L<L, , » L
>L.. (26) )
050 100 150 200 250 300 [10] 3
H/h
(@) /ey, =10? /
I b
FEHif]
......... #¥E Y 3 , (
\G ) b b
E Jea e th s ,
B\ O 7
R ,
S
0.2+
0;—s0 100 150 200 250 300
Hih 107
(bcy /e, =10°
2 / 105
Fig. 2 The critical strain between the local and global buckling
5 -
versus film/substrate thickness Eﬁ -
~3
104 -
/ . 1)
, / 10°F , JRy 51
/ . Z L I L
1020‘ : 107 10° 10 100
b / H}fh
/ ’ 3
Fig. 3 The critical condition between the local and global buckling
b . b
for piezoelectric and elastic systems
. b
’ 4
’ 2 b b /
’ / - ’
N H/}L_> ’ /
oo, 12 (25), el = gt ;
2 ,
L, = / /
ad +b—cg + [(cg —ad — b)? + dacdg |7 | * , 2
2dg ’
(26) 2

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



828

) 2012

(1]

(2]

[3]

(4]

(5]

[6]

7]

Crawford G P. Flexible flat panel display technology[ M.
New York:John Wiley&-Sons,2005.

Lumelsky V J, Shur M S, Wagner S. Sensitive skin[ J].
IEEE Sensors Journal,2001,1:41-51.

Someya T, Skitani T,Iba S,et al. A large-area, flexible pres-
sure sensor matrix with organic field-effect transistors for ar-
tificial skin applications[ C]//Proceedings of the National A-
cademy of Sciences of the United States of America. cam-
bridge, MA, USA ; Harvard,2004,101:9966-9970.

Khang D Y.Jiang H, Huang Y,et al. A stretchable form of
single-crystal silicon for high-performance electronics on rub-
ber substrates[ J]. Science,2006,311(5758) :208-212.
Huang R, Suo Z. Instability of a compressed elastic film
on a viscous layer[ J]. International Journal of Solids and
Structures,2002,39(7) :1791-1802.

Huang R. Kinetic wrinkling of an elastic film on a viscoe-
lastic substrate[ J]. Journal of the Mechanics and Physics
of Solids,2005,53(1) :63-89.

Huang Z Y, Hong W, Suo Z. Nonlinear analyses of wrin-
kles in a film bonded to a compliant substrate[ ] ]. Journal

of the Mechanics and Physics of Solids, 2005, 53 (9)

[8]

[9]

[10]

[11]

[12]

[13]

[14]

2101-2118.
Li B,Huang S Q,Feng X Q. Buckling and postbuckling of
a compressed thin film bonded on a soft elastic layer: a
three-dimensional analysis [ J]. Archive of Applied Me-
chanics,2010,80(2) :175-188.

Jiang H Q, Dahl-Young K, Fei H Y. et al. Finite width
effect of thin-films buckling on compliant substrate; ex-
perimental and theoretical studies[J]. Journal of the Me-
chanics and Physics of Solids,2008,56(8) :2585-2598.
Wang S D.Song ] Z.Dae-Hyeong K. et al. Local versus
global buckling of thin films on elastomeric substrates
[J]. Applied Physics Letters,2008,93(2):0231261.

Qi Y,Jihoon K, Nguyen T D,et al. Enhanced piezoelec-
tricity and stretchability in energy harvesting devices
fabricated from buckled PZT ribbons[ J]. Nano Letters,
2011,11(3):1331-1336.

Feng X,Yang B D,Liu Y M,et al. Stretchable ferroelec-
tric nanoribbons with wavy configurations on elastomeric
substrates[ J ]. ACS Nano,2011,5(4):3326-3332.

Yang J S. Buckling of a piezoelectric plate[ J]. Interna-
tional Journal of Applied Electromagnetics and Mechan-
ics»1998,9(4):399-408.

Wang X D, Meguid S A. On the electroelastic behaviour
of a thin piezoelectric actuator attached to an infinite
host structure[ ] ]. International Journal of Solids and

Structures,2000,37(23) :3231-3251.

The Effect of Piezoelectricity on Local and Global Buckling for

Thin Piezoelectric Films on Soft Elastic Substrates

FU Zhtpeng ', JIANG Quan®,ZHOU Zhi-dong'*

(1. Fujian Key Laboratory of Advanced Materials, College of Materials, Xiamen University, Xiamen 361005, China;

2. College of Civil Engineering, Nantong University, Nantong 226019, China)

Abstract : The elastic thin films on pre-stretched compliant substrates can form wrinkles, which can be controlled in micro-nanoscale

systems to generate new stretchable electron devices. This paper deduces the governing equations for the structure of piezoelectric

film and soft elastomeric plate by variational principle. The mechanics of global buckling is analyzed for piezoelectric thin films bonded

to the pre-stretched compliant layer. The conversion phenomenon between the local and global buckling is further investigated. The

critical condition between the two buckling modes is obtained analytically. The effect of piezoelectricity on two buckling modes and

the critical condition is examined. It is found that the piezoelectricity has a negligible effect on the buckling,and the piezoelectric sys-

tem is more rigidity and stability than the elastic system.

Key words: local/global buckling; piezoelectric thin film; piezoelectricity; critical condition



