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Graphene native strain

A WITec Alpha 300AR Raman confocal microscope was used for the preliminary Raman

spectroscopy mapping of the samples. Raman spectra were obtained in backscattering geom-

etry using a 50x objective lens (numerical aperture of 0.8) in ambient conditions. A 532-nm

wavelength laser set to a power of 1 mW was used as excitation source. Typical mapped

areas were 80 x 100 µm in size, scanned with steps of 4 µm.

Figure S1 shows the correlation between the frequencies of the G and 2D peaks in one
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Figure S1: Correlation of the G- and 2D-peak frequencies of the graphene transferred to
LiNbO3. The mean and standard deviation of the distribution is shown by the symbol and
the error bars, respectively. The embedded internal axes decouple the doping and the strain
e�ects.
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of these Raman mappings. The larger excitation wavelength used here as compared to

the one used for the Raman spectroscopy under a SAW leads to smaller frequencies of

the 2D peak1 than in previous �gures. The diagonal evolution of the data distribution

shows a slope value of ∂ν2D/∂νG ≈ 2.2, which is consistent with graphene under biaxial

strain, (∂ν2D/∂νG)εbiaxial = 2.22,3 and constant p-type doping, (∂ν2D/∂νG)p = 0.7.4 Using

the reported sensitivity values of ∂νG/∂εbiaxial = −69.1 cm−1/% and ∂ν2D/∂p = −1.04

cm−1/1012 cm−2,4 these frequencies are decomposed in a native strain and residual doping-

related basis,4 as shown by the internal set of axes in Figure S1.

SAW-induced strain vs power density

The output signal from an rf generator was split and ampli�ed, in order to drive each IDT

of the SAWR with an rf power Prf (dBm). The SAW power density (power per unit of SAW

beam width) generated by each IDT was then calculated using the following relation

PIDT (W/m) =
10

[
(S12/2)(dB)

10
]
10

[
(Prf (dBm)− 30)

10
]

WIDT (m)
. (1)

The half of the transmission parameter S12(dB) of the SAWR takes into account the elec-

tromechanical e�ciency of a single IDT and re�ection grating.

Rayleigh SAWs have a mixed compressional and shear character, leading to a displace-

ment �eld vector

uR = (ux, 0, uz), (2)

where ux and uz are the longitudinal and shear vertical components, respectively, and the

shear horizontal component uy is typically zero. In the particular case of 128o rotated Y-cut

X-propagating LiNbO3, uy is not zero but approximately 20 times smaller than the other

two components, so it has been neglected. Thus, using the Voigt notation, the strain �eld is
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Figure S2: Amplitude of the hydrostatic strain ε0 produced by the SAWR at the anti-nodes
of the standing wave pattern (both IDTs excited, solid line) as function of the SAW power
density generated by each IDT PIDT (W/m). For comparison, the strain associated to a
travelling wave generated by a single IDT (dashed line) is also depicted.
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written as

εR = (εxx, 0, εzz, 0, 2εxz, 0), (3)

where the strain tensor components are given by

εkl =
1

2
(
∂uk
∂xl

+
∂ul
∂xk

) (4)

and the zero components in equation (3) appear because uy = ∂ux/∂y = ∂uz/∂y = 0. The

particle displacements have been calculated by solving numerically the coupled elastic and

electromagnetic equations for the LiNbO3 substrate. This allow us to calculate the strain

components and the hydrostatic strain ε0 = εxx+ εzz produced by the SAWR in the LiNbO3

substrate, and transmitted to the graphene layer on top.

Figure S2 shows the amplitude of ε0 as a function of PIDT (W/m), where a square root

dependence is observed. The maximum strain is achieved at the anti-nodes of the standing

wave produced by the SAWR (where both IDTs are excited), which is 2 times larger than

that generated by a travelling wave excited by a single IDT. The sign of the strain depends

in both cases on the part of the cycle of the wave.
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