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ABSTRACT
Three-dimensional (3D) architectures and related devices have been widely concerned in recent years due
to their unique geometrical advantages and superior performance. Existing approaches to transforming
planar thin films into 3D architectures require the use of active materials [1,2] or need substrates to
maintain 3D shapes [3,4]. Here, we propose a peeling-induced shape morphing strategy to construct
freestanding 3D architectures from 2D plastic films including inert polymers, such as polyethylene
terephthalate (PET) and polyimide (PI), which are significant substrate materials for flexible electronics.
The plastic strains generated by peeling the film from an adhered plane can be programmed by controlling
relevant parameters with the help of developed theoretical models which are verified by finite element
calculations and experiments. The peeling angle and deviation angle are two key parameters to form
different types of architectural morphologies. Complex 3D structures with permanent shapes and free
from substrate can be obtained by using appropriate combined peeling operations. The proposed shape
morphing strategy creates 3D structures of dimensions down to micrometers and can be applied to a wide
range of plastic materials such as polymers and metals. The 4D transformation is achieved by introducing
responsive materials into the peeling-induced shape morphing. In addition to the applications in flexible
electronics devices, a piezoelectric energy harvest system with high efficiency is designed by utilizing 3D
architectures enabled by peeling.

KEYWORDS
Shape morphing; peeling; plastic thin film; flexible electronics

Acknowledgement: D.L. and H.G. acknowledge the support for computational simulations from the
High Performance Computing Center at Nanyang Technological University. H.G. acknowledges support
as a Distinguished University Professorship from Nanyang Technological University and Scientific
Directorship at Institute of High Performance Computing from the Agency for Science, Technology and
Research (A*STAR).

Funding Statement: X.C. acknowledges the support from the National Research Foundation (NRF),
Prime Minister’s Office, Singapore, under its Campus of Research Excellence and Technological

mailto:stwang@mail.ipc.ac.cn
mailto:huajian.gao@ntu.edu.sg
mailto:chenxd@ntu.edu.sg


2 ICCES, 2024, vol.32, no.2

Enterprise (CREATE), the Smart Grippers for Soft Robotics (SGSR) Programme, the Agency for Science,
Technology and Research (A*STAR) Advanced Manufacturing and Engineering (AME) Programmatic
Grant (No. A18A1b0045). S.W. and X.C. acknowledge the support from the International Partnership
Program of Chinese Academy of Sciences (Grant No. 1A1111KYSB20200010). D.L. and H.G.
acknowledge the support from the Singapore Ministry of Education (MOE) AcRF Tier 1 (Grant
RG120/21).

Conflicts of Interest: The authors declare that they have no conflicts of interest to report regarding the
present study.

References
1. Gladman, A. S., Matsumoto, E. A., Nuzzo, R. G., Mahadevan, L., Lewis, J. A. (2016). Biomimetic 4D printing.

Nature Materials, 15, 413-418.
2. Kim, J., Hanna, J. A., Byun, M., Santangelo, C. D., Hayward, R. C. (2012). Designing responsive buckled

surfaces by halftone gel lithography. Science, 335, 1201-1205.
3. Kim, B. H., Li, K., Kim, J. T., Park, Y., Jang, H., Wang, X., et al. (2021). Three-dimensional electronic

microfliers inspired by wind-dispersed seeds. Nature, 597(7877), 503-510.
4. Xu, S., Yan, Z., Jang, K. I., Huang, W., Fu, H., Kim, J., et al. (2015). Assembly of micro/nanomaterials into

complex, three-dimensional architectures by compressive buckling. Science, 347(6218), 154-159.


	Dong Li1, Feilong Zhang2, Shutao Wang3,*, Huajian 
	References

