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Additional Details about Experimental Methods

Details about Interferometric Detection Scheme

Figure S1: Experimental setup for electromotive actuation and interferometric calibration
of NbSe2 drum plate resonators.

The drums are actuated with a function generator, with its excitation frequency fd made

as reference for the lock-in amplifier. The incident laser beam (green solid line at green point

labeled ”A”) has its input power Pin tuned with a variable neutral density (ND1) filter, and

attenuated with a 50:50 non-polarizing beam splitter (BS), and other mirrors. The location

of the laser spot is controlled with two scanning mirrors, one tilting in the X direction and

the other tilting in the Y direction. The laser beam diameter is then expanded in the relay

lenses before it is focused on the drum through the 50X microscope objective. The reflected

light (green dotted line) passes through the BS, and the convex lens. The focused light is

coupled by the free space fiber coupler (FSFC), and is transmitted through a multimode

optical fiber (OF). Finally, the avalanche photodetector (APD) receives the incident power

of light from point B (green point labeled ”B”). To prevent the received light from reaching

the saturation power of the APD, an ND filter (ND2) with 1% transmission is placed between

the lens and the BS. All of the optical components are used to capture the confocal image,

and visualize the mode shape of the drums.
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Atomic Force Microscopy Measurements

To verify the accuracy of the proposed profilometric approach using optical contrast, we

perform atomic force microscopy measurements under tapping mode using the Veeco Di-

Innova Atomic Force Microscope. Figure S2(a-b) shows AFM topographical scans of the

NbSe2 edges nearest to the drumhead location. The thickness profiles, shown in Fig. S2(c-

d), show that the thickness extracted near the drums ranges from 53.4 - 57.3 nm. We obtain

h = 55.4 ± 0.6 nm from averaging the thickness measured from the two scans, which agrees

well with the results obtained by optical contrast.

Figure S2: (a-b) AFM topographical images of edges of the large-area NbSe2 flake that is
supported by the CSAR-62 electron-beam resist. (c) h profile of NbSe2 thin film as captured
from the black solid line cut in (a). (d) Height profile of NbSe2 thin film as captured from
the blue line profile in (b).

Generalized Reflection Amplitude Recursion Method for

Calculating Overall Reflectivity

In this section, we use the convention set in Table 1 in building the modelled reflectance

Eq. (1) in the main manuscript. We make use of the Multilayer Interference Approach

(MIA)1,2 to estimate the total reflectance R1 of the NbSe2 multilayer stack with N − 1
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Table 1: Notation between the Main Manuscript and the Supporting Information (SI). In-
dices in the main manuscript refer to zones whereas indices in SI refer to the layer numbers
in the recursion.

Main Text Supporting Information for derivation
rh r1
rs r2
δh δ1
δs δ2
Γm Γ3

R1 R3

R2 R2

R3 R1 (Spacer=CSAR-62)
R4 R1 (Spacer=vacuum)

interfaces and N layers as described in the main manuscript. Each material layer with index

i (i = 0, 1, ..., N − 1) has a complex-valued refractive index n̂i = n̂i(λ) = Re (n̂i)− jIm (n̂i),

and thickness hi. In general, light hits the layer at an incident angle θi. Most materials in the

multilayer stack, except CSAR-62 and SiO2, absorbs light, implying Im (n̂i) > 0. We assume

that coherent light with wavelength λ originates from a point source within vacuum. Light

then penetrates the layer with its speed retarded by Re (n̂i), and its intensity attenuated by

Im (n̂i). The ith layer then possesses an optical phase thickness

δi =
2πn̂i
λ

hicos θi (S1)

that represents propagation of coherent light in a thin-film layer. MIA assumes that the

initial and final layers have semi-infinite thickness (h0 = hN−1 � 10λ).3

The recursion starts from the bottom interface i = N − 2, which is located between a

finite thin film of layer i = N − 2 and the substrate of layer i = N − 1. The bare reflection

coefficient of the bottom layer is then reduced to ΓN−1 = rN−1, where rN−1 is the Fresnel

coefficient of the i = N − 2 interface. The Fresnel coefficient of the ith interface is expressed
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as

rTEi =
n̂i−1cos θi−1 − n̂icos θi
n̂i−1cos θi−1 + n̂icos θi

(S2a)

rTMi =
n̂i−1/cos θi−1 − n̂i/cos θi
n̂i−1/cos θi−1 + n̂i/cos θi

(S2b)

where the superscripts TE and TM refer to transverse electric (s-) polarization, and trans-

verse magnetic (p-) polarization, respectively. The reflection coefficient of the upper interface

Γi is evaluated as

Γi =
ri + Γi+1e

−2jδi

1 + riΓi+1e−2jδi
(S3)

The goal of the recursion is to evaluate Γi using the previously evaluated reflection coefficient

Γi+1 until the reflection coefficient that contains the refractive index of the top layer is

evaluated. We then multiply this coefficient by its complex conjugate to obtain the point-

source reflectivity of the multilayer stack. The polarization angle of light that the probe laser

emits is close to 45o, resembling unpolarized light. We then calculate the overall stationary

reflectance as

Ri = Γ∗
iΓi = |Γi|2 (S4)

For unpolarized light, Eq. (S4) is calculated for both TE and TM polarizations, and then

averaged.

In determining the optical contrast, the Gaussian intensity distribution of the probe beam

can be ignored.4 The Fresnel coefficients Eq. (S2) in each layer in the multilayer stack are

then evaluated at normal incidence as

ri(θi−1 = 0, θi = 0) =
n̂i−1 − n̂i
n̂i−1 + n̂i

(S5)

and Eq. (S1) is reduced to δi = 2πn̂ihi/λ. We evaluate the reflection coefficient of the mirror
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Γ3 by evaluating Eq. (S3) from interface i = 6 to i = 3.

Γ3 =
r3 + r4e

−2jδ3 + r4r5e
−2jA + r6e

−2jD +Gr5e
−2jδ4 + r3He

−2jδ5 +Gr6e
−2jB +He−2jC

1 +Ge−2jδ3 + r3r5e−2jA + r3r6e−2jD + r4r5e−2jδ4 +He−2jδ5 + r4r6e−2jB +GHe−2jC

(S6)

where

A = δ3 + δ4;B = δ4 + δ5;

C = δ3 + δ5;D = δ3 + δ4 + δ5;

G = r3r4;H = r5r6

(S7)

In this expression, r3, r4, r5 and r6 denote the reflection coefficient of the spacer-Au, Au-Cr,

Cr-SiO2 and SiO2-Si interfaces, respectively. The reflection coefficient of the bare stationary

mirror is r3 = (1 − n̂3)/(1 + n̂3) and its corresponding reflectance is R3 = Γ∗
3Γ3. We note

that the Au-Cr layer contributes largely to the value of R3.

The recursive reflection coefficient for the CSAR-62 covered mirror can be written as

Γ
′

2 =
r
′
2 + Γ3e

−2jδ2

1 + r
′
2Γ3e−2jδ2

(S8)

where δ2 is the optical phase thickness of the spacer, and r
′
2 = (1− n̂2)/(1 + n̂2) represents

the reflection coefficient of the top interface of the spacer. The reflectance of the CSAR-62

covered stationary mirror is R2 = Γ
′∗
2 Γ

′
2.

The reflection recursion coefficient of the spacer-covered Fabry-Perot cavity can be writ-

ten as

Γ1 =
r1 + r2e

−2jδ1 +
[
r1r2 + e−2jδ1

]
Γ3e

−2jδ2

1 + r1r2e−2jδ1 + [r2 + r1e−2jδ1 ] Γ3e−2jδ2
(S9)

where δ1 is the optical phase thickness of the NbSe2 flake. Multiplying Eq. (S9) with its

complex conjugate results in the FP reflectance R1 = Γ∗
1Γ1 as indicated in Eq. (1) in the

main manuscript. If the spacer is vacuum, r2 = −r1, and the total reflectance of the main
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FP cavity with a movable mirror is

R1 =

∣∣∣∣∣r1
(
1− e−2jδ1

)
−
(
r21 − e−2jδ1

)
Γ3e

−2jδ2

1− r21e−2jδ1 − r1 (1− e−2jδ1) Γ3e−2jδ2

∣∣∣∣∣
2

(S10)

Table 2: Refractive index database of movable and stationary Bulk NbSe2 FP cavities at
λ = 532 nm.

i Material n̂i hi (nm) ri (θi = 0) δi(2π)

0 Vacuum 1 ∞ - ∞
1 Bulk NbSe2

5 3.07 - 1.00j 55.14 -0.54 + 0.11j 0.32 - 0.10j

2
Vacuum

CSAR-62a

1

1.5087

297.2

296.0

0.54 - 0.11j

0.37 - 0.14j

0.56

0.85

3 Au6

0.48 - 2.36j
40

-0.62 + 0.61jb

-0.37 + 0.75jc 0.04 - 0.18j

4 Cr6 3.04 - 3.33j 20 -0.33 - 0.25j 0.11 - 0.13j

5 SiO2
6 1.46 543 0.58 - 0.31j 1.49

6 Si6 4.15 - 0.04j ∞ -0.48 + 0.004j ∞
a 2% smaller than specified.7

b vacuum-Au interface. c CSAR-62 - Au interface.

To mimic our experimental setup, we also consider the setup’s effective numerical aperture

(NA). The NA sets the spot size of the beam, and thereby the resolution of the system. The

reflectivity of the surface probed by a Gaussian beam source can be written as

R1G =

∫ θNA

0

|Γ1 (θ)|2 exp

(
−2

sin2θ

sin2θNA

)
dθ (S11)

where θNA = sin−1 (NA) is the maximum collection angle of the interferometric setup.

Eq. (S11) represents the weighted average intensities of light reflected from different angle of

incidence for a finite spot size. Using relevant quantities listed in Table 2, the effect of NA

on both the resulting R1 and
∣∣dR1/ds

∣∣ is simulated, and then best fitted with a power-law

scaling factor γ, as shown in Fig. S3. For convenience, we approximate Eq. (S11) with a

corrected reflectance

R1G ≈ γR1 (S12)
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where γ = 1.78(NA)1.78. For an estimated spot size of 1.9µm, NA ≈ 0.35 and γ = 0.28. γ

is used to correct the values of the R4 and
∣∣dR4/ds

∣∣ in both the main manuscript, and the

following sections.

Effect of Thickness of NbSe2 resonators on its Reflectance

and Device Responsivity Profile

Table 3: Refractive Index and Fresnel coefficient of 1L, 2L and 3L NbSe2 at λ = 532 nm
based on the measured dielectric constants provided by Hill and coworkers5

Number of Layers n̂drum rh (θh = 0)

1L 6.48− 1.69j -0.746 + 0.058j
2L 5.42− 1.24j -0.700 + 0.058j
3L 4.96− 1.18j -0.677 + 0.064j

We apply the method of Wang and Feng8 to convert the complex dielectric constants of

monolayer (1L), bilayer (2L), trilayer (3L) and bulk pristine NbSe2 at λ = 532 nm to complex-

valued refractive indices, which are listed in Tables 2-3. Both the real and imaginary parts of

the refractive indices of NbSe2 at λ = 532 nm decrease when the number of layers increases,

showing the thickness effects on the optical properties of NbSe2 flakes. We assume that the

refractive index of NbSe2 having ten layers is equal to that of the bulk. Based on the work of

Darvishzadeh and coworkers9 in estimating the change in the refractive index from in-plane

strain, the estimated motional strain values, 3× 10−5 for device A and 6× 10−5 for device B

in comparison to the measured minor axis diameter, give negligible refractive index change

roughly in the order of 10−4.

Estimation of the optical-to-motional device responsivity
∣∣dR4/ds

∣∣ requires the calcula-

tion of the gradient of the corrected R4 with respect to a vacuum gap of height s. Fig-

ures S3(b-c) show R4 and its gradient as functions of s. As our NbSe2 plate is considered

bulk,5 the R4 versus s dependence shows a periodic yet non-sinusoidal behaviour. Yet, this

dependence exhibits λ/2 periodicity, though the peak-to-dip and dip-to-peak spacings are
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asymmetric.
∣∣dR4/ds

∣∣ depends on the steepness of the R4 (s) dependence. The minima

and maxima in the
∣∣dR4/ds

∣∣ versus s response are shifted by about ±λ/12 with respect to

the dip in R4 versus s, deviating from the periodic λ/4 spacing expected for conventional

FP cavities. Evaluation of
∣∣dR4/ds

∣∣ at s = sdrum (vertical black dotted line) gives the de-

vice responsivity of 0.40 × 10−3 nm−1. As the thickness h of the plate resonator decreases,

we see a qualitative change in the R4 (s) dependence as shown in Fig. S3(b). The peri-

odic R4 (s) lineshape transforms from an inverted hanger lineshape at a ”bulk” thickness

h = 38.4− 60 nm (64-100 layers), to a Fano-resonance lineshape at an ”intermediate” thick-

ness h = 12 − 37.8 nm (20-63 layers), and lastly to a distorted sine wave at a ”multilayer”

thickness of h = 6 − 11.4 nm (10-19 layers). During the transformation, λ/2 periodicity is

preserved. Despite the dependence of the refractive index of NbSe2 flakes on the number

of layers when the number is small as listed in Table 3, we see that the R4 (s) dependence

of monolayer, bilayer, and trilayer NbSe2 flakes resembles that of the same material having

ten layers, though the R4 range increases with increasing the layer thickness up to about

h = 30 nm (50 layers). When the number of layers exceed 50, the optical absorption of the

flake, represented by a large Im(δh), becomes significant and this reduces the slope of the

R4 (s) dependence by ∼ e−2Im(δh). On the contrary, when the number of layers is less than

50, the increased absorption results in a steeper R4(s) dependence.

Figures S3(c-d) shows the effect of decreasing h in the
∣∣dR4/ds

∣∣ (s) dependence. Both

plots reveal, besides the main peak ’1’, the appearance and disappearance of extra peaks

’2’ and ’3’ in the
∣∣dR4/ds

∣∣ (s) dependence in a certain range of thicknesses as traced in

Fig. S3(d). Because the whole dependence is periodic, we inspect the local maxima of the∣∣dR4/ds
∣∣ (s) dependence in the range s = 100 − 400 nm, which roughly corresponds to one

period.

The values of
∣∣dR4/ds

∣∣ (s) is governed by two mechanisms:10 interference and modulated

absorption. Interference occurs when fraction of the light reflected from the bottom sta-

tionary mirror superpose with fractions of light reflected from the top and bottom interface
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Figure S3: (a) Graph showing the dependence of the empirical scaling factor γ versus numer-
ical aperture NA. The scaling factor agrees with the amplitudes of the Gaussian-distributed
reflectance R4 and responsivity

∣∣dR4/ds
∣∣ normalized to their point source amplitudes. The

curves are plotted at h=55.2 nm and s=297 nm. Purple dotted lines point to NA= 0.35. (b)
R4 vs s profiles of NbSe2 drum plates at varying plate thickness h. Each layer L has 0.6 nm
in thickness. (c) device responsivity

∣∣dR4/ds
∣∣ vs s of NbSe2 drum plates as a function of h.

(d) Color map of the FP device responsivity as a function of h and s. For bulk NbSe2 (10L,
6 nm), we plot the responsivity of bulk NbSe2 (10-100L) at varying h. Dashed and dotted
white lines correspond to the parameters measured from our devices. Lime lines corresponds
to responsivity peaks located at certain values of h and s. Horizontal solid gray line in (d)
corresponds to h = λ/(4× Re (n̂h)). Vertical solid gray lines shown in (b-d) correspond to
constructive interference of an ideal FP cavity with a vacuum gap, s = mλ/2, where m is
an integer. All plots were simulated with λ = 532 nm.
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of the movable plate. Interference is a result of the differences in the total optical phase

thickness, which is affected largely with δs. Modulated absorption occurs when a standing

wave is created between the stationary mirror and the movable plate, as a result of zero

electric field condition in the metal-vacuum interface. This mechanism is influenced with

both h and s.

The main peak, labelled ’1’ on the curved lime line in Fig. S3(d), originates from both

interference effects and modulated absorption. Peak ’1’ shifts nonlinearly at decreasing

thicknesses, with the vacuum gap of peak ’1’ s1 approaching λ/2. Within the range of

”bulk” thickness, modulate absorption dominate. Less intensity of amplitude-modulated

light is reflected back to the detector due to multiple photon round trips and absorption

losses within the vacuum gap of the FP cavity. Within the range of ”multilayer” thickness,

interference effects dominate. The reflected amplitude-modulated light travels at least one

round trip within the vacuum gap before it is received by the photodetector. Within the range

of intermediate thicknesses, both modulated absorption and interference effects contribute

largely to the behaviour in s1.

Peak ’2’, found at a vacuum gap of height s2 and at thicknesses ranging from ”bulk” to

”intermediate”, shifts nonlinearly from s2 = 237 nm to s2 = 346 nm at decreasing thickness

before it vanishes completely at h = 11.4 nm. Peak ’3’ is found at a vacuum gap of height

s3 = 147 nm and h = λ/(4× Re (n̂h)) = 43.2 nm, the upper limit of ”intermediate” thickness.

It then shifts nonlinearly at decreasing h and persists up to s3 = 177 nm for h = 6 nm.

Next, we focus on Fig. S4(a) for the reflectance and responsivity of a monolayer NbSe2

device as a function of s. The R4 (s) dependence resembles that of a distorted sine wave.

The maxima in the R4 (s) dependence are located at s = (mλ/2) − 40 nm. Moreover, each

maximum in the R4 (s) dependence has distinct spacing from its neighboring minima. Within

the range of s = 100−400 nm in the same plot, the
∣∣dR4/ds

∣∣ peak ’1’ appears at s3 = 280 nm

while the
∣∣dR4/ds

∣∣ peak ’3’ appears at s1 = 156 nm. A black dotted line at s = 297 nm points

to a device responsivity of 1.390× 10−3/nm, highlighting that our current substrate is ideal
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Figure S4: Average device responsivity of a monolayer NbSe2 FP cavity. (a) Calculated
reflectance R4 and device responsivity

∣∣dR4/ds
∣∣ vs vacuum spacer height s of the measured

FP device evaluated at h = 0.6 nm and λ = 532 nm. A dotted black line refers to sdrum =
297 nm. Vertical solid gray lines correspond to s = mλ/2 periodicity, where m is an integer.
(b) Waterfall plot of FP reflectivity as a function of λ at varying s, with our probe wavelength
(green plane) situated at λ = 532 nm. (c) Colored scatter plot of the peak cavity wavelength
λFP as a function of s. The slope of the red solid line originates from the intersection of the
red plane with the λ − s plane in (b). (d) Colored scatter plot of R4 as a function of λFP .
The blue solid line comes from the the intersection of the blue plane with the red plane in
(b).
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for FP motional detection for the monolayer NbSe2 case.

We modeled
∣∣dR4/s

∣∣
avg

for a monolayer NbSe2 optical membrane using the chain rule

cited in the main manuscript to demonstrate the reproducibility of the method.
∣∣dR4/s

∣∣
avg

is obtained from analyzing the waterfall plot of R4 versus λ dependence within the range

of s = 285 − 305 nm, as shown in Fig. S4(b). Figure S4(b) shows larger R4 range than

Fig. S4(a), with the flake reflecting more at near-infrared wavelengths. The R4 versus λ

dependence is totally different from Fig. 3(a) in the main manuscript, implying that the

thickness of the flake affect the reflectance. Figure S4(c) shows the wavelength of the cavity

with the maximum R4, falling in the near-infrared range, shifting parabolically as s increases

from 285 nm to 305 nm. Nevertheless, the linear fit is used to extract the average slope of

1.239 nm/nm. Figure S4(d) shows how the shift consequently decreases R4 (λ) nonlinearly.

The linear fit gives an average slope of −1.052× 10−3/nm. The product of these two slopes,∣∣dR4/ds
∣∣
avg

= 1.30× 10−3/nm, agrees with
∣∣dR4/ds

∣∣ evaluated in Fig. S4(a). This quantity

is about three times greater than what was reported in the main manuscript for a thicker

plate.

Contrast Extraction Algorithm

Converting the voltages along the dashed lines in Figure 1(c) of the main manuscript to

contrast values results in contrast profiles for devices A and B, as shown in Figs. S5(a-b),

with devices A and B darker than its mirror references. Furthermore, the clamps are darker

than the drums, with recorded contrast differences of around 0.07 for device A and 0.10

for device B. The change in the dependence of Cexp versus X can be attributed with the

sudden change in the refractive index. The Limited-Memory Broyden-Fletcher-Goldfarb-

Shanno (L-BFGS) algorithm11 is used to minimize the difference between the experimental

and modelled optical contrast, and determine h and s. We see that such algorithm assumes

a linear relation of h and s with regards to a contrast value as shown from the intensity plots
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Figure S5: Additional details regarding the profilometric measurement of NbSe2 drum plates
via optical Rayleigh contrast. Raw data of the measured voltage and its corresponding
contrast of (a) circular and (b) elliptical drum plates. The resulting X-axis cross-sections
of both devices, based on the data acquired from Figure 3(c-d) of the main manuscript, are
shown in (c) and (d).

Fig. S5(c-d) for both drum and clamp zones.

Using the contrast extraction implementation of MIA makes differentiating suspended

monolayer (1L), bilayer (2L), trilayer (3L), and bulk NbSe2 flakes possible. Figure S5(a)

shows the distinction between 1L, 2L, 3L, and bulk NbSe2 (assumed to be 10L and above) of

increasing drumhead thickness h at a vacuum spacer height s = 297nm. The missing points

from 4L to 9L imply the absence of information regarding the complex-valued refractive

index of NbSe2 at λ = 532nm. Figure S6(b) shows the traceability of s from Cmod at a

certain number of layers. Cmod for few-layer (1-3L) NbSe2 NMRs are shown to decrease

nonlinearly at increasing gap height, with the 3L NMR demonstrating a steeper downward

slope. NbSe2 NMRs with intermediate thicknesses (50L and 92L) show a linear increase in

Cmod at increasing s, with the thicker NMR demonstrating a gradual incline. The reversal

in the Cmod versus s trend between 3L and 50L suggests a thickness regime where Cmod is

constant at increasing s.

The main contributor to the noise floor, or best described as standard error, in our h and

14



Figure S6: Differentiating Cmod between different h and s of NbSe2 based on number of
layers. (a) Modelled Contrast for different number of layers of NbSe2. (b) Cmod as a function
of s at different number of layers. The average intensity in zone 1 is used as reference in the
calculation.

sdrum estimation would come from the variations in the surface morphology of the references,

zones 1 and 2, that the interferometric setup has resolved in the confocal image shown in Fig.

2(a) in the manuscript. Acquiring Cexp entails determining the average intensity from the

surface of zone 1 (V 1=864 mV), and zone 2 (V 2=906 mV). The h and s profiles in Figures

2(b-c) ignores the influence of the standard deviations of zone 1 (δV 1=29 mV) and zone

(δV 2=64 mV) for each pixels of the drum and clamp zones. Accounting for the propagation

of errors brought upon by the references would mean that the contrast errors are dependent

on factors such as the smoothness of the reference zones, which would be non-trivially related

to the resolution of the FP interferometer setup. For a simple estimate of the average error

observed in the experiment, assuming that δR1,2 = δV 1,2/V 1,2, we express the contrast error

as

∆Cmod = CmodδR1,2

(
1

R3,4 −R1,2

+
1

R3,4 +R1,2

)
(S13)

where Cmod is the modelled contrast between the suspended flake and the bare mirror, as
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shown in Figure S6. For suspended samples, the expected ∆Cmod for 1L, 2L, and 3L, NbSe2

are 20× 10−3, 19× 10−3, and 17× 10−3 respectively. These contrast errors are much smaller

than the observed Cmod jumps from 1-3L, proving that the contrast method can distinguish

few-layers with ease.

Estimation of Mass, Force and Young’s Elastic Modulus

of Circular and Elliptical NbSe2 Drums

The effective mass of a clamped elliptical drumhead resonating at its fundamental mode is

estimated as

meff = ξπρabhdrum (S14)

where ξ = 0.1828 is the effective mass ratio for a clamped circular plate,12 a is the major

modal radius, b is the minor modal radius, hdrum is the drumhead thickness, and ρ is the

mass density of NbSe2 (6467 kg m−3).13 For simplicity, a ≥ b. The estimated ξ is reasonable

for device B since the calculated ξ using finite element method14 deviates only by 0.65%.

Meanwhile, the effective force can be written as

Feff = meffAeff (S15)

where Aeff is the effective acceleration (km/s2) extracted from Eq. 3 of the main text.

To find the Young’s modulus of elasticity of NbSe2 EY in Table 2 of the main text, we

first define the fundamental root of the frequency equation of a clamped elliptical plate with

a small eccentricity ε =
√

1− (b/a)2 as15

β =
(
3.1961 + 0.7991ε2 + 0.7892ε4

)
(S16)

If a = b, then β represents the fundamental root of the frequency equation for a clamped
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circular plate.15 For elliptical plates, EY , assumed to be isotropic, can be approximated from

the fundamental mode frequency of a clamped circular plate, with radius a and constant β

from Eq. (S16)15

EY = 12(1− ν2)ρ
(

2πfma

β2hdrum

)2

(S17)

where ν = 0.24 is the Poisson ratio,16 and fm is the detected resonant frequency of the plate.

For device A, an a/b ratio of 1.03 will lead to εA = 0.23, β2
A = 10.49 and EY = 123 GPa.

For device B, an a/b ratio of 1.2 will lead to εB = 0.552, β2
B = 12.34 and EY = 148 GPa.

The values presented in Table 2 in the main text is the average and standard deviation of

the two values.

Details About Calibration of Nanomechanical Motion

from the Setup

From the experimental setup shown in Fig. S1, we deduce the transduction coefficient α1/2

of our FP interferometer (in µVpk/pm) as

√
α =

∣∣dR4(λ, h, s, θNA)/ds
∣∣GPD(λ)Tout(λ)Pin (S18)

Here, GPD is the conversion gain of the photodetector (V/W), Tout is the transmittance of the

output chain of the interferometer from point A to point B, and Pin is the input laser power

used to probe our devices (in µW). The interferometer gain S(λprobe) in our measurement

is simply the product of GPD(λ = 532) = 8.42 × 105 V/W, and Tout = 5.62 × 10−3. The

output chain includes all optical components covered by the light path from point A to

point B in Fig. S1. The photodetector amplifies the reflected output power of the FP cavity,

Tout × Pin, and then multiply the product with GPD to determine the output voltages. The

discrepancies in the values of the transduction factors acquired from Brownian motion and

our method, presented in Table 3 of the main manuscript, are attributed to unavoidable
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scattering and absorption losses.

Table 4: Parameters Used to Estimate
√
αMIA in Table 3 of the Main Manuscript

References 12 17 18

FP System Vac-MoS2-Vac-Si Vac-Gr-Vac-Si Vac-MoS2-Vac-Si

s (nm) 290 385 290

Pin (µW) 670a 800
300 (1L)a

330 (3L)a

GPD (103 V/W) 16 16 16

Tout (10−3) 551 19 86∣∣dR4(θ = 0)/ds
∣∣

(10−6/nm)
736.3b 3523c

470 (1L)a

1210 (3L)a

NA 0.5 0.619 0.5

γ(NA)×
∣∣dR4(θ = 0)/ds

∣∣
(10−6/nm)

387.2b 2525c
247 (1L)b

636 (3L)b
a Inferred from Supporting Information of cited reference

b Estimated using MIA with the refractive index database of MoS2
20

c Estimated using MIA with the refractive index database of graphite6

The estimated transduction factor and effective mass of the resonators provide hints on

the resolvable Brownian Motion of the resonator. The Brownian motion of the nanomechan-

ical resonator is expressed by its displacement spectral density, which is defined by14

Sz(f) =
kBTfm

2π3meffQm

[
(f 2 − f 2

m)2 + (ffm/Qm)2
] (S19)

where T is the resonator temperature (293.15 K), fm is the fundamental mode frequency,

Qm is the quality factor of the resonator, meff is the effective mass of the resonator and kB

is the Boltzmann’s constant (1.381×10−23 J/K). Sz(f) is embedded in the power spectral

density of the interferometric setup as expressed as14

Svv(f) = Swvv + αSz (S20)

where Swvv is the noise related to the detectors and measurement setup and is expressed

in units of V 2/Hz. Assuming that the measured Qm for the driven case provides the lower

bound of the Q-factor for Brownian motion, the estimated power spectral density (PSD), and

18



Figure S7: Estimating Brownian Motion of the NbSe2 the circular (Device A) and elliptical
devices (Device B). (a) Estimated Power Spectral Density Svv (in dBm/Hz) of device A and
device B. (b) Displacement power spectral density Sz of both device A and device B.

Brownian motion of the resonator should resemble Figs. S7(a-b), with the PSD expressed in

units of dBm/Hz for clarity. Unfortunately, we do not see these features for the two devices

due to the -110 dBm/Hz noise floor, which we attribute to the vibration noise level of our

optical setup. Improving the fabricated device Qm by a factor of 100, reducing the resonator

thickness by one order lower, and limiting the system noise floor to that of our photodetector

should help resolve the Brownian motion experimentally.
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