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Supplementary Document

Table S1 – Programming and actuation behaviour comparison of ETA and SMP
	Actuator type
	Programming process

	Electrothermal Actuator
	· The initial configuration of a newly fabricated ETA is a flat/thin film (pre-programmed shape).  
· Low Joule heating (7V) for shape programming results in a curved (programmed or temporary shape) configuration, as shown in Figure 5 @ 0s. 
· High Joule heating (12V) for actuation results in the shape recovery from the programmed shape to the pre-programmed shape, as shown in Figure 5 @ 24s.  
· Voltage off results in the partial recovery of the ETA, as shown in Figure 5 @ 31s.

	Shape Memory Polymer
	· The initial configuration of a newly fabricated SMP is any desired pre-programmed or permanent shape.
· Loading or deformation can be applied under the condition of T > Tg which results in a programmed or temporary shape
· When temperature is lowered to T < Tg, the programmed shape is maintained after removing the applied load.
· When temperature is increased to T > Tg again, the pre-programmed or permanent shape is recovered.
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[bookmark: _Ref489449165]Figure S1 – (a)SWCNT film fabricated from solvent evaporation, and (b) flexing of SWCNT film
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Figure S2 - Dimension of U-shape actuator
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Figure S3 – CAD model of ETA crawling soft robot  
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PDMS NMR characterization 
To further investigate into whether the post crosslinking is contributed to shape programming effect, NMR experiment was conducted. PDMS was first cured in an 80oC oven for 2 hours, similar to the ETA fabrication methods. Once cured, the PDMS film was placed in a sealed acetone bath for over 48 hours to dissolve any possible uncured PDMS resin. To confirm the presence of PDMS, the solution was later transferred to a glass container where acetone was evaporated and replaced with CDCl3 for NMR. As shown in the figure below, the peak near 4 and 5 ppm can be characterized as the presence of PMDS residue within the acetone solution [1]. To determine any possible post curing, the same experiment was conducted. Two PDMS/acetone solutions were prepared: Sample A was cured in 80oC oven for 2 hours while Sample B was cured in 80oC for 4 hours. After soaking in equal amounts of acetone for over 24 hours. 1g of each solution was transferred to clean glass jars for weighing. The weight of the jars was first recorded as reference. The final weight of the material can be characterized as the PDMS residue after the acetone fully evaporates, if the post curing assumption is correct. The final weight of Sample A and Sample B should be significantly different, as Sample B is expected to have less uncured residue. Test results shows that Sample A has 8.5 mg of PDMS while Sample B has around 7.8 mg of residue. It is possible that some post curing did occur over prolonged heating but did not contribute significantly to the shape programming ability. 
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Figure S4 - NMR spectrum of PDMS
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