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Figure 1 The scheme of experimental procedure: (a) positive
photoresist mask; (b) casting; (c) peeling; (d) sputtering; (e) cooling;
(f) setting of sample group A (fast cooling); (g) setting of sample
group B (slow cooling).
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Figure 2 The stressed system of compliant substrate/stiff film.
(a) The initial state; (b) the final state.

936

5 T i P UL ) S O S, AWl 3 . il
VKK 15 B 08 1 A6 AR B A 1 5 %20 Oy 2 25 L B O 0 4
i %), B PDMS 46 J&&/Pt f i 22 45 1E AL T 30°C 3145
HORET R R 4 BRI /N I, DLy BT b
(1) 58 =AML /NX Ik R 5.

16 3's, KA, KT, WX
FETH KB4y DI B RES, HAAE DR
s fE, Wik 3 4 F Ak

7E 54 s, M RIMADREIL, HPLT —2% y Bk
) ) — 4 40 AR 4, AR T oA TR MU A
LINFIX, AEE B ELLT 1-6 um JUHE M. #H5%
(1) i e ] T WS A A 8%, SR NI YT S 2R
DXk 2 4 A, T A S X IR T T R A AN
Rz 0 N ol N = 5 v 1 v e Rl T P [ S N L B
Syl BRSO, W 3 4T AR E BTR.
BRI, 840 A= 7 ) A ) T A KT R 44

FET5 s, MEEIX P SEUT 2k S IX (R84 4 S0
y BT R RE— 20 ) O R IR IR, FEIE MBI RS
AP ) 3 DA R T R T T Ak, B 3 4 A
KE PR, X BRI 5k 88 4k 4% 8053 il 33 AT ZE A
WEBE, RIS A BOFAAHE A, AAAEER LIS,
FET BI040, #H45AE x fhg ) B e g b HEp 1
7 I (515107 N 3 I S o W 7 7 /) O T e
WK S EATL

16 111 s, WS T AT IX I35 0t y St 1) (18 4
i, N EHEZDRXMREE NN ASS TH
300 DX A R A ) AV R A A OB, RO — 4
IR 4 80, B A T3 K8 5.8 um. B FFT &
AL, RRAAE x BT R HEB AR 5.

16 129 s, WS T A 8 4% A I 0T Lk — 25 i
e 5 Sk BT HR T S R A e B, JLRIR TR A HE S 1)
FRAE, BT B S MY B I, SR BRI AR 2
fih 4% SUOIN /N T AT T EL R 44, A ) i B A A
90° 7 [, 7 (25 il o Adb 11 88 4 4% B0 5 300 S HAH 1 B

76 150 s, WL IRAEAE y By EK Y
B 5 56 LU 5 i — B Z0 R0 LA E R B ARk, T3
PN 5.8 um, FFT EHICH] B2, Uil ik PDMS
o} /Pt IR R G O A TR E

TR R A I G B A O T 2 TR R i AT, R
A TSR AR AL S B Ty Bl A R, AR
BIEJE RN



SR W 2 R

20124 a2 Fol

(111 8) (129 s)

X

(150 s)

B 3 PDMS #JE/Pt HIERGE 3, 54,75, 111, 129, 150 s AT A9FB 4B LB TR IR S E
To N o R B AR R I, AN A R HE Y I TBOR I, AR R 40 pm
Figure 3 The evolution of buckling patterns of the PDMS/Pt stressed system at 3, 54, 75, 111, 129 and 150 s. The inset at the down-left corner
is the Furrier transformed pattern and the down-right is the enlarged image, scale bar 40 um.
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Figure 4 The schematic diagram of the formation and evolution of
wrinkles: (a) malposed growth, (b)connection, (c) evolution, the thin
lines indicate boundaries, the thick lines indicate the bulges of
wrinkles.
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Figure 5 The buckling morphology. (a) Sample group A, (b) sample group B, scale bar 40 um.

938



RS P e RICE 20124 B2k HoMl

S 30k

10
11
12
13
14
15

16
17

18
19

20

21

22

Miller A F. Exploiting wrinkle formation. Science, 2007, 317: 605-606

Liang W, Yang W M, Cheng X F, et al. The effect of Gd,Ba;CuNbO, doping on the properties of single domain GdBCO bulk
superconductors (in Chinese). Sci Sin-Phys Mech Astron, 2011, 41: 201-206 [#4fi, ¥ 7 K, FElETY, . Gd,Ba,CuNbO, 5 A4 X} HL Ik
GABCO YA TERE M m. R MR % RIC%#, 2011, 41(2): 201-206]

Chung J Y , Chastek T Q, Fasolka M J, et al. Quantifying residual stress in nanoscale thin polymer films via surface wrinkling. ACS Nano,
3(4): 844-852

Liedtke A, Lei C H, Neill O M, et al. One-step photoembossing for submicrometer surface relief structures in liquid crystal semiconductors.
ACS Nano, 2010, 4(6): 3248-3253

Chung J Y, Nolte A J, Stafford C M. Surface wrinkling: A versatile platform for measuring thin-film properties. Adv Mater, 2011, 23(3):
349-368

Wilder E A, Guo S, Guo S L, et al. Measuring the modulus of soft polymer networks via a buckling-based metrology. Macromolecules,
2006, 39: 4138-4143

Bowden N, Brittain S, Evans A G, et al. Spontaneous formation of ordered structures in thin films of metals supported on an elastomeric
polymer. Nature, 1998, 393: 146-149

Khare K, Zhou J H, Yang S. Tunable open-channel microfluidics on soft poly(dimethylsiloxane) (PDMS) substrates with sinusoidal grooves.
Langmuir, 2009, 25(21): 12794-12799

Takahashi M, Uemura K, Maeda T, et al. Bottom-up and top-down approach for periodic microstructures on thin oxide films by controlled
photo-activated chemical processes. J Sol Gel Sci Technol, 2008, 48: 182-186

Wilhelm T H, Ned B, Patrick O, et al. Ordering of spontaneously formed buckles on planar surfaces. Langmuir, 2000, 16: 3497-3501
Garnier M G, Croll A B, Davis C S, et al. Contact-line mechanics for pattern control. Soft Matter, 2010, 6: 5789-5794

Chah S, Noolandi J, Zare R N. Undulatory delamination of thin polymer films on gold surfaces. J Phys Chem B, 2005, 109(41):
19416-19421

Hendricks T R, Wang W, Lee 1. Buckling in nanomechanical films. Soft Matter, 2010, 6: 3701-3706

Efimenko K, Rackaitis M, Manias E, et al. Nested self-similar wrinkling patterns in skins. Nat Mater, 2005, 4: 293-297

Li CR, Zhang X N, Cao Z X. Triangular and Fibonacci number patterns driven by stress on core/shell microstructures. Science, 2005, 309:
909-911

LiCR,Ji AL, Cao Z X. Stressed Fibonacci spiral patterns of definite chirality. Appl Phys Lett, 90, 2007: 164102

Li CR,Ji AL, Gao L, et al. Stressed triangular tessellations and Fibonacci parastichous spirals on Ag core/SiO, shell microstructures. Adv
Mater, 2009, 21: 1-6

Huang H S, Juszkiewicz M, Jeu H W, et al. Caplillary wrinkling of floating thin polymer films. Science, 2007, 317: 650-653

Chung J Y, Nolte A J, Stafford C M. Diffusion-controlled, self-organized growth of symmetric wrinkling patterns. Adv Mater, 2009, 21:
1358-1362

Duan W H, Gong K, Wang Q. Controlling the formation of wrinkles in a single layer graphene sheet subjected to in-plane shear. Carbon,
2011, 49: 3107-3112

Schweikart A, Fery A. Controlled wrinkling as a novel method for the fabrication of patterned surfaces. Microchim Acta, 2009, 165(3-4):
249-263

Freund L B, Suresh S. Thin Film Materials: Stress, Defect Formation and Surface Evolution. Cambridge: Cambridge University Press, 2003.
382-385

939



AR RAE: RN /IR R IR, 7 R AT P 4 I ) s A it e

Dynamic formation of stressed ordered wrinkle on compliant
substrate/stiff film

LI ChaoRongl*, XU Qingl, LU NianPengz, DONG WenJun'! & CAO ZeXian?

! Department of Physics and Key Laboratory of Advanced Textile and Manufacturing Technology, Zhejiang Sci-Tech University,
Hangzhou 310018, China;
? National Laboratory for Condensed Matters, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

A compliant substrate/stiff film stressed system usually forms disordered wrinkle when the stress exceeds critical
value. In this paper, the ordered one-dimensional wrinkle patterns were realized by the prefabricated boundaries in
the PDMS substrate/Pt film system. Meanwhile, the detailed formation processes were also systematically
investigated. By cooling the system from 30°C down to 0°C, we have in sifu observed the dynamic formation and
evolution process of the ordered wrinkle structure. According to the mechanics principles, some processes including
the initiation and development of the wrinkle, the formation and evolution of the defect as well as the variation of
wavelength and amplitude with temperature were studied. The results offer some clues to the formation of
large-scaled high ordered wrinkle patterns.

wrinkle, dynamic process, wavelength, defect
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