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Abstract

The precisely controlled buckling of stiff thin films (e.g., Si or GaAs nano ribbons) on the patterned surface of elasto-
meric substrate (e.g., poly(dimethylsiloxane) (PDMS)) with periodic inactivated and activated regions was designed by Sun
et al. [Sun, Y., Choi, W.M., Jiang, H., Huang, Y.Y., Rogers, J.A., 2006. Controlled buckling of semiconductor nanorib-
bons for stretchable electronics. Nature Nanotechnology 1, 201–207] for important applications of stretchable electronics.
We have developed a post-buckling model based on the energy method for the precisely controlled buckling to study the
system stretchability. The results agree with Sun et al.’s (2006) experiments without any parameter fitting, and the system
can reach 120% stretchability.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Buckling of a stiff thin film (e.g., silicon) on a compliant substrate [such as poly(dimethylsiloxane) (PDMS)],
was first observed by Bowden et al. (1998), where the stiff thin films were attached on the unembellished sur-
face of compliant substrate that is subject to pre-strain. Relaxation of the pre-strain in compliant substrate
leads to buckling of stiff thin films with highly periodic, sinusoidal wavy patterns. The wavelength of the buck-
led film ranges from 10 to 100 lm. The buckling of stiff thin film/compliant substrate system has then been
attracting lots of attentions due to its many important applications. For example, these applications include
stretchable electronic interconnects (Lacour et al., 2004, 2005, 2003, 2006; Wagner et al., 2004), and stretch-

0020-7683/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ijsolstr.2007.11.007

* Corresponding author.
E-mail address: hanqing.jiang@asu.edu (H. Jiang).

Available online at www.sciencedirect.com

International Journal of Solids and Structures 45 (2008) 2014–2023

www.elsevier.com/locate/ijsolstr

mailto:hanqing.jiang@asu.edu


able electronic devices (Choi and Rogers, 2003; Choi et al., 2007; Jiang et al., 2007a,b; Khang et al., 2006),
microelectromechanical systems (MEMS) and nanoelectromechanical systems (NEMS) (Fu et al., 2006), tun-
able phase optics (Efimenko et al., 2005; Harrison et al., 2004), force spectroscopy in cells (Harris et al., 1980),
biocompatible topographic matrices for cell alignment (Teixeira et al., 2003), modern metrology methods
(Stafford et al., 2005, 2004, 2006; Wilder et al., 2006), and other micro/nanofabrication (Bowden et al.,
1999; Huck et al., 2000; Schmid et al., 2003; Sharp and Jones, 2002; Yoo et al., 2002).

The geometry of buckled thin film, however, is completely determined by the thin film thickness and the
elastic moduli of the thin film and substrate, and therefore cannot be controlled once the thin film and sub-
strate are specified. This ‘‘un-controlled’’ buckling may lead to some restrictions in applications. For stretch-
able electronics, the stretchable strain may reach 20% (Khang et al., 2006), which is much larger than the
failure strain of silicon (�1%), but is still too small for certain applications. In order to control the buckle
geometries and improve the stretchability, Sun et al. (2006) designed a mechanical strategy to fabricate pre-
cisely controlled buckle geometries for GaAs and Si nanoribbons on PMDS substrate, by using the photo-
lithograph method to pattern PDMS surface and a buckling process similar to that reported in Khang
et al. (2006).

We briefly summarized the fabrication procedure (Sun et al., 2006) in the following. Fig. 1a illustrates the
photolithograph process that defines the bonding chemistry on a stretched PDMS substrate subject to pre-
strain epre ¼ DL

L in the ribbon direction. The standard photolithograph method was used to form periodic inter-
facial patterns with activated sites where strong chemical bonds can form between PDMS substrate and thin
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Fig. 1. Processing steps for precisely controlled thin film buckling on PDMS substrate. (a) Pre-strained PDMS with periodic activated and
inactivated patterns. L is the original length of PDMS and DL is the extension. Wact and Win denote the widths of activated and
inactivated sites, respectively. (b) A thin film parallel to the pre-strain direction is attached to the pre-strained and patterned PDMS
substrate. (c) The relaxation of the pre-strain epre in PDMS leads to buckles of thin film. The wavelength of the buckled film is 2L1, and its
amplitude is A. 2L2 is the sum of activated and inactivated regions after relaxation. (d) Casting and curing a liquid prepolymer to
encapsulate the buckled nanoribbons into PDMS substrates. (e) Scanning electron microscope (SEM) image of buckled GaAs thin films
formed using the previous procedures.
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