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Frequency response of the substrate under mechanical ac-

tuation

By applying 1 V AC and 1 V DC to the piezo-disk, the vibration has been observed at the

substrate where the graphene/PMMA membrane has been attached, as shown in Fig-ure S1.

The resonant frequency of the substrate has been measured to be 169.877 kHz. The side

band frequency has been measured to be around 169.446 kHz (Figure 3.a, main text). At

the side band frequency (around 169 kHz), the displacement measured at the substrate has
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Figure S1: The frequency response of the resonator′s substrate under mechanical actua-tion
with the 1 V AC and 1 V DC.
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been estimated to be around 12.6 % of the vibration amplitude measured at the suspended

membrane.

Transition between (1,1) mode and (0,2) mode under electro-

thermal actuation

The mode shape transition between (1, 1) mode and (0, 2) mode has been observed under

electro-thermal actuation. As shown in Figure S2, mode shape transition has been meas-ured

by applying frequency sweep signal with 7 V AC and 1 V DC between 140 kHz to 220 kHz.

The (1, 1) mode (Figure S2.a) has been detected at the frequency of 160.625 kHz. In Figure

S2.c, (0, 2) mode has been observed at the frequency of 212.031 kHz. The transition (Figure

S2.b) between the (1,1) the (0,2) has been measured at the frequency of 189.063 kHz, which

is the likely reason for the side band shown around 188 kHz in Fig-ure 3.c (main text).

Raman spectrum on graphene layer

The Raman spectrum has been measured on the center of the graphene/PMMA membrane

using 0.8 mW laser power and with laser excitation of 514.5 nm. As shown in Figure S3,

The Raman spectrum has been fitted with Lorentz function. The Raman shift and width

of D, G and 2D peaks have been shown in Table S1, which suggests the graphene layer has

been transferred onto the closed cavity.? The Raman shift of PMMA has been measured at

2958.33 cm−1.?

Table S1: Positions, full width at half maximum (FWHM) of the D, G and 2D peaks.

D G 2D

position
(cm−1)

FWHM
(cm−1)

position
(cm−1)

FWHM
(cm−1)

position
(cm−1)

FWHM
(cm−1)

1369.9 141.17 1591.5 42.2 2699.6 32.46
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Figure S2: The mode shape of the graphene/PMMA ultrasonic resonator with the electro-
thermal actuation (7 V AC, 1 V DC) at the frequency of : (a) 160.625 kHz; (b) 189.063 kHz
; (c) 212.031 kHz.
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Figure S3: The Raman spectrum of graphene layer suspended over the closed cavity resona-
tor and PMMA peak at 2958.33cm−1
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