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	Material
	Density (kg/m3)
	2nd Elastic constant (GPa)
	3rd Elastic constant(GPa)
	First-order temperature coefficient of elastic constants, Tcij (10-6/K-1)
	Second-order temperature coefficient of elastic constants, Tcij (10-6/K-1)

	AlN
	3300
	c11=410
c12=149
c13=99
c33=389
c44=125
c66=130.5
	c111 =-3177    c112 = -432       c113 = -248
c123 = -465     c133 = -1097     c144 = -149
c155 = -32       c222 = -2355     c333 = -1024
c344 = -724
	Tc11=-10.65
Tc12=-11.67
Tc13=-11.22
Tc33=-11.13
Tc44=-10.82
Tc66=10.80
	T2c11=-20.61
T2c12=-19.51
T2c13=-19.88
T2c33=-20.03
T2c44=-20.36
T2c66=-20.39

	Si
	2329
	c11=217.3
c12=84.5
c44=66.4
	c111 =-825
c112 = -451      c123 = -64
c144 = 12
c166 = -310
c456 = -64
	-63
	-52

	Mo
	10200
	c11=432.5
c12=194.3
c44=119.1
	
	-117
	-24.9

	Material
	Piezoelectric constant (C/m2)
	Dielectric constant

	AlN
	e31 = e32 = -0.58   e33 = 1.55   e24 = e15 = -0.48
	9


Ref. [1-4] 

Supplementary Table S2. Dimensional parameters of the SAW resonator structure used in the COMSOL simulation.
	Mo
	AlN
	Seed AlN
	Si
	PML

	200 nm
	1 µm
	25 nm
	100 µm
	10 µm



Details of simulation in COMSOL model
The simulation of the SAW strain sensor involves a multiphysics problem coupling the piezoelectric and mechanical fields. The overall simulation workflow is shown in Figure. S1. The system is divided into two parts: the constant-strain cantilever structure and the SAW resonator structure. These two components are coupled through prestress and prestrain. First, a steady-state mechanical simulation is performed on the constant-strain cantilever to obtain the average strain and stress in each layer of the SAW resonator’s multilayer structure. The obtained stress and strain are then applied to the SAW resonator model as prestress/prestrain conditions. Next, based on the stress-strain relationship and third-order elastic constants, the nonlinear properties of the material under the applied strain, including variations in density and elastic stiffness matrix, are calculated using a MATLAB program. The modified material parameters are then imported into COMSOL. Finally, a frequency-domain prestressed simulation is performed in COMSOL to obtain the resonant frequency and admittance response of the SAW resonator. 
[image: ]
Figure S1 Nonlinear material simulation process in COMSOL.
[image: ]
Figure S2 Strain distribution of an equal strain cantilever beam with different substrate thicknesses.
Figure. S3 (a) and (b) illustrates the mode shapes of SAW devices under different structural parameters, including variations in piezoelectric layer thickness and trench ratio. As shown, despite changes in structural parameters, the displacement distribution remains largely consistent, exhibiting a typical Rayleigh wave mode. Figure. S2 (c) further presents the simulated impedance response of the device, which shows good agreement with the measured resonant frequency. No spurious modes are observed within the simulated frequency range, indicating that the device operates in a pure Rayleigh mode.
[image: ]
Figure S3. The modes of the SAW resonator under different structural parameters, (a) AlN thickness; (b) Groove ratio; (c) The simulated impedance characteristic curve and the corresponding displacement distribution at the resonant frequency.
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