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The natural frequency of simply supported beams
For a resonator with a complicated structure, it may be hard to get accurate equations to describe the relationship between natural frequency and structure parameters. However, the analysis of the most common simply supported beam structure could serve as guidance. Therefore, the qualitative influence of structural parameters on the natural frequency for the resonator with a complicated shape could be comprehended.
	The deflection equation of a simply supported beam is presented below:
							(S1)
where E is Young's modulus of the material, I is the section moment of inertia, w is the deflection of the beam along the length direction x, and m is the linear density of the beam.
	In the method of separating variables, suppose that:
	 						(S2)
	By applying equation (S2), equation (S1) is represented as:
						(S3)
Further suppose that:
 						(S4)
	Equation (S4) can be rearranged as two differential equations, expressed as follows:
						(S5)
					(S6)
The natural frequency of a spring oscillator is expressed:
								(S7)
	However, equation (S6) corresponds to the form of an undamped vibration dynamic equation, while λ4EI is the elastic coefficient of the system. According to equations (S6) and (S7), the natural frequency of a simply supported beam can be expressed as follow:
								(S8)
By solving the fourth-order differential equation (S5), the solution is expressed as follows:

 		   (S9)
Meanwhile, the boundary conditions of the simply supported beams are presented as follows:
							(S10)
According to equations (S9) and (S10), the solution is as follows:
 					(S11)
As a result, the natural frequency of a simply supported beam can be represented as follows:
	 			(S12)
where E is Young's modulus of the material, l, b, and h are the beam length, width, and thickness respectively. m is the linear density of the beam. To decrease the resonance frequency, lower Young’s modulus of the structure material and longer equivalent length both make a contribution.



PDMS large-area lift-off fabrication process
PDMS, as a widely used material, has been applied to many research fields. Although many fabrication approaches have been reported, reliable and easy-operating patterning PDMS film fabrication is still challenging work. Park et al. proposed a PDMS lift-off technique, which can form pattern arrays on PDMS film1. In this work, some arrays with small areas were successfully lifted off. However, removing the large area pattern and keeping the small area pattern on the wafer is more difficult work. One of the most critical factors to achieve a large-area lift-off process is to ensure a large enough vertical distance between the patterned layer and the removed layer, which is usually dependent on photoresist thickness. Unfortunately, continuously increasing the thickness of the photoresist is infeasible. Based on this mentality, we explore an on-chip large-area lift-off fabrication technique. By taking advantage of etching depth and photoresist thickness simultaneously, large-area PDMS on photoresist could be peeled off more easily. Fig. S1 shows wafer photographs of each step of the PDMS large-area lift-off fabrication process. From the T5 step in Fig. S1, it is clear to observe an ideal pattern array formed on the wafer as expected.

[image: ]
Fig. S1 Wafer photographs of each step of the PDMS large-area lift-off fabrication process.


Acceleration tests of the shaker excitation
Few MEMS energy harvesters have a Hertz-level resonance response. 3 Hz and 23 Hz are resonant frequencies of mode I and mode II, respectively. And the frequency of 13 Hz is selected as a contrast. Tests at the three frequencies above are all under excitations with the same root mean square value, which means that the vibration at a lower frequency requires a larger displacement. Acceleration tests at the three frequencies under excitation of 0.05 g, 0.075 g, and 0.1 g are shown in Fig. S2. Differing from normal test results of frequencies at 13 Hz and 23 Hz, the curve of test results at 3 Hz is becoming unsmooth with the intensification of vibration excitation. That is because the shaker has a limited vibration moving space. When the root mean square value of vibration comes to 0.1g at 3 Hz, it is hard to continue to increase anymore. As a result, all the tests must be under a quite tiny vibration excitation, which directly leads to relatively low output power. 

[image: ]
Fig. S2 Acceleration tests for vibration excitation of different root mean square values. a Vibration excitation @ 3 Hz with root mean square values of 0.05g, 0.075g, and 0.1 g. b Vibration excitation @ 13 Hz with root mean square values of 0.05g, 0.075g, and 0.1 g. c Vibration excitation @ 23 Hz with root mean square values of 0.05g, 0.075g, and 0.1 g. d Vibration excitation @ 3 Hz, 13Hz and 23 Hz respectively with root mean square value of 0.1 g.
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