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ABSTRACT: Nanomechanical sensors made from suspended
graphene are sensitive to pressure changes. However, these devices
typically function by obtaining an electrical signal based on the
static displacement of a suspended graphene membrane and so, in
practice, have limited sensitivity and operational range. The
present work demonstrates an optomechanical Au/graphene
membrane-based gas pressure sensor with ultrahigh sensitivity.
This sensor comprises a suspended Au/graphene membrane
appended to a section of hollow-core fiber to form a sealed
Fabry−Peŕot cavity. In contrast to conventional nanomechanical
pressure sensors, pressure changes are monitored via resonant
sensing with an optical readout. A miniature pressure sensor based
on this principle was able to detect an ultrasmall pressure difference of 1 × 10−7 mbar in the ultrahigh-vacuum region with a pressure
range of 4.1 × 10−5 to 8.3 × 10−6 mbar. Furthermore, this pressure sensor can work over an extended pressure range of 7 × 10−6

mbar to 1000 mbar at room temperature, outperforming commercial pressure sensors. Similar results were obtained using both the
fundamental and higher-order resonant frequencies but with the latter providing improved sensitivity. This sensor has a wide range
of potential applications, including indoor navigation, altitude monitoring, and motion detection.
KEYWORDS: nano-optomechanical, graphene, pressure sensor, gas damping, fiber optic sensors

1. INTRODUCTION
Nanomechanical resonators have attracted considerable
interest in recent years. These devices have been widely used
to measure force,1 charge,2,3 mass,4−7 pressure,8,9 magnetic and
electronic phase transitions,10 and thermal radiation11 while
demonstrating exceptional sensitivity. There is special interest
in nanomechanical resonators based on suspended graphene
because graphene has exceptional mechanical properties,12

including extremely high mechanical strength, stiffness, and
thermal conductivity along the basal plane. Graphene also
exhibits excellent hermetic9,13,14 and electrical15 properties. For
these reasons, graphene is an ideal candidate for pressure-
sensing applications and various types of gas pressure sensors
based on graphene have been proposed.
In the majority of conventional pressure sensors, the

deflection of a membrane is used as an effective means of
measuring pressure because the movement of the membrane is
related to the pressure difference between the interior and
exterior of a hermetically sealed reference cavity. Electrical
readout systems based on electrical transconductance,16,17

piezoresistivity,18−20 or conductance21,22 all provide highly
sensitive sensing of the membrane motion. However, these
electrical processes have associated challenges that are
primarily related to parasitic capacitance and thermal−
mechanical displacement noise. In comparison, optical readout
systems provide the advantages of high resolution and fast

response while mitigating the aforementioned limitations.
Fiber-optic pressure sensors with optical readout systems,
such as those devices based on Fabry−Peŕot interferometers
(FPI),23−27 photonic crystal fibers (PCFs),28 and fiber Bragg
gratings (FBGs),29,30 have attracted great interest and have
been widely studied. Among them, the devices based on FPI
are the most promising pressure sensors because of their
flexible design and robust structure. Thus, researchers have
made efforts to improve both the pressure sensitivity and range
of FPI-based pressure sensors. For instance, Guo et al.25

proposed to fabricate an diaphragm-based FPI at the fiber tip
for pressure sensing, achieving a static pressure sensitivity of
12.4 nm/kPa. Wang et al.24 reported an all-silicon dual-cavity
fiber-optic pressure sensor, achieving a pressure sensitivity of
∼33.034 nm/kPa within an air pressure range of 20−280 kPa.
Dong et al.31 presented an FPI pressure sensor with an
integrated fiber Bragg grating, exhibiting a pressure sensitivity
of 501.4 nm/kPa. However, all of these studies have employed
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an optical-spectrum analyzer (OSA) as a measurement scheme,
resulting in a limited pressure resolution.
In this work, we propose and demonstrate an optical fiber

optomechanical resonator incorporating a multilayer graphene
(MLG) membrane and Au membrane that is suitable for
pressure sensing. In this device, both excitation and detection
are based on all-optical systems. Changes in pressure modify
the tension of the membrane and thereby shift its mechanical
resonant frequency. Using the resonant frequency as the
readout for pressure, we achieved an ultralow detectable
pressure difference of 1 × 10−7 mbar in the ultrahigh-vacuum
region with a pressure range of 4.1 × 10−5 to 8.3 × 10−6 mbar
at room temperature. Furthermore, this pressure sensor can
work over an extended pressure range of 7 × 10−6 to 1000
mbar. The calculated detectable pressure difference of the
same device is ∼3.9 × 10−8 mbar. This result was by far
superior to that reported by the cavity length changes for the
same Fabry-Peŕot sensor.31,32 We assessed two devices with
inner diameters of 40 and 75 μm as pressure sensors. Because
the results obtained with both diameters were similar, data for
the device with an inner diameter of 40 μm are presented
herein.

2. PRINCIPLE AND SENSOR FABRICATION
A diagram of the clamped circular Au/graphene membrane-based
pressure sensor is shown in Figure 1a. The Au/graphene membrane
and the fiber end facet both act as partially reflective mirrors and are
separated by a section of hollow-core fiber (HCF) such that they form
a low-finesse Fabry−Peŕot cavity. The Au/graphene membrane
mirror is moveable, while the fiber end facet mirror is fixed and the
Fabry−Peŕot cavity is sealed. Therefore, the pressure difference
between the outside and the inside of the cavity greatly affects the
tension of the membrane. Changes in tension, in turn, modify the
resonant frequency, as shown in Figure 1b. The internal pressure of
the unit can be greater than, equal to, or less than the external

pressure. In the case that the external and internal pressures differ, the
membrane will stretch as it deflects upward or downward as a result of
this pressure difference, increasing the membrane tension. The
tension will be at a minimum when the pressures outside and inside
the cavity are equal. When the membrane stretches, the pressure
difference ΔP applied on the Au/graphene membrane is balanced by
the induced biaxial radial stress σ through the equation33

P R Rt22 = (1)

where t and r are the thickness and the radius of the membrane,
respectively. R is the curvature radius of the deflected membrane. The
circular membrane deflects when subjected to a uniformly distributed
pressure across its surface. Assume the deflection x is small enough (x
≪ r), then R can be expressed as R ≈ r2/2x. Then the biaxial stress σ
can be given by33

Pr tx/42= (2)

In addition, the static deflection x at the center of the membrane is
related to the pressure difference ΔP, and x can be expressed as32

P
t

r
x Et

r
x

4 2
(1 )

0
2 4

3= +
(3)

where σ0 is the pretension, ν is Poisson’s ratio, and E is Young’s
modulus. The resonant frequency, f mn, of a clamped circular
membrane can be expressed as33

f
r

S
t2mn

mn=
(4)

where αmn is a constant and the subscripts m and n denote the
numbers of the nodal diameter and nodal circle, respectively. Here,
α01 = 2.404, α11 = 3.832, and α21 = 5.135. S and ρ are the uniform
tension per unit length of the boundary and the mass density,
respectively; here, S = σt. Combining eqs 2−4 and neglecting the
prestress, the third power of the resonant frequency related to
pressure difference ΔP can be expressed as33

Figure 1. (a) Schematic of the optomechanical pressure sensor. (b) Detection of pressure-induced tension increases by monitoring the resonant
frequency of the optomechanical resonator. (c) Side view of the sensor structure comprising an HCF segment attached to an SMF end. Top view
optical microscopy images of sensor structures having inner diameters of (d) 75 and (e) 40 μm. Scanning electron microscopy images of the fiber
tip resonators having inner diameters of (f) 75 and (g) 40 μm.
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From the above analysis, the resonant frequency fmn of a circular
membrane is affected by the pressure difference ΔP and the
pretension σ0.
The following should be noted. (a) The right side of eq 3 contains

x twice, with exponents of 1 and 3, indicating that the membrane
would be expected to respond to pressure changes in a nonlinear
manner, such that shifts in the resonant frequency would also be
nonlinear. If ΔP is large, the second term of eq 3 dominates, and the
pressure response of the membrane is nonlinear under the large
deformation. If ΔP is small enough, the first term of eq 3 dominates,
and the pressure response of the membrane is linear, indicating the
membrane is under the stress-dominated deformation. (b) The
membrane is assumed to vibrate freely without being affected by any
fluids. That is, the membrane is placed into a vacuum environment or
the radius to thickness ratio of the membrane is relatively small;33

otherwise, the effect of fluids should be considered. Moreover, eq 4
indicates that the higher-order resonant mode has higher sensitivity in
the same pressure range, due to the larger constant αmn of higher-
order resonant modes.
The fabrication of the fiber tip pressure sensor involves three steps.

In step 1, a section of HCF with an inner diameter of either 40 or 75
μm is spliced onto a commercial single-mode optical fiber (SMF,
Corning Inc., SMF-28) using a fusion splicer (Fujikura, FSM-62S) in
the manual operation mode. The end of the HCF is subsequently
cleanly cleaved using a standard fiber cleaver under a microscope such
that there is a distance, L, between the end and the splicing joint. This

hollow cavity length is the initial Fabry−Peŕot cavity length and is
varied from 20 to 60 μm in this work. In step 2, a commercial MLG
membrane (6 Carbon Technology, Shenzhen, China) grown on a
copper foil having a thickness of 20 μm by chemical vapor deposition
is transferred onto the HCF end facet using a wet transfer method.
This transfer process has been described in detail in a prior
publication.34 MLG membranes with thicknesses ranging from 10
to 15 layers were used to ensure that the membrane was not
permeable to air through any defects in the crystalline graphene, while
still permitting easy manipulation and providing high optical
reflectivity and good fabrication yields. In step 3, the surface of the
MLG is sputter-coated with a thin layer of Au by magnetron
sputtering to further improve the optical reflectivity of the material
and so increase the signal-to-noise ratio during demodulation.35 The
Au thickness can be controlled by adjusting the sputtering time during
the sputtering, and a sputtering time of 330 s (thickness ∼20 nm) was
adopted in this work.
Figure 1c presents a side view of the sensor unit comprising an

SMF and a section of HCF. Figure 1d,e shows top view optical
microscopy images of the MLG-covered end facets with inner
diameters of 75 and 40 μm, respectively, while Figure 1f,g provides
the corresponding scanning electron microscopy images.
Figure 2a shows the all-optical-fiber system used for optical

actuation and monitoring of the fiber tip resonator signal. A
1549.7000 nm amplitude-modulated low-noise single-frequency
laser (laser A in this figure, Knheras ADJUSTIK E15 PM FM, Luster
Light Tech International Co., Ltd.) with a tunable power output was
employed to actuate the resonator. The laser intensity was modulated
through an electro-optic modulator (EOM; Beijing Conquer Optics

Figure 2. Experimental setup. (a) The all-fiber experimental apparatus used to monitor the response of the fiber tip resonator to changes in
pressure. (b) The apparatus used to acquire optical reflection spectra. Legend: EOM, electro-optic modulator; PD, photodetector; ESA, electric
spectrum analyzer; BBS, broad-band light source; VOA, variable optical attenuator; OSA, optical-spectrum analyzer.

Figure 3. (a) Reflection spectra of a fiber tip resonator covered with a graphene membrane in air and in a vacuum chamber (6.2 × 10−6 mbar). (b)
Amplitude as a function of frequency for the fiber tip resonator in air (1.0 × 103 mbar) and in a vacuum chamber (7 × 10−6 mbar).
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Science & Technology Co., Ltd.) in conjunction with frequency
modulation via a signal generator (DG1022U, Rigol Technologies,
Inc.). This modulated optical heating of laser A was a time-variable
local heating and would be absorbed by the graphene diaphragm, such
that the graphene diaphragm thermally expands and contracts
periodically. This expansion and contraction of the membrane is
similar to the application of point-type thermoelastic excitation to a
suspended graphene membrane, resulting in the resonance of the
membrane. Simultaneously, another tunable laser (laser B, Agilent
81940A) with an output at 1524.6284 nm was employed to monitor
the resulting membrane motion. The probe laser was detuned from
the optical resonance to the point of maximum slope with respect to
the cavity dispersion to optimize the transduction of vibrational
signals. Herein, the wavelength of the probe laser is highlighted with a
magenta dashed line in Figure 3a. The light beams emitted by both
lasers A and B were coupled via a 2 × 1 coupler at a coupling ratio of
90:10 and then input into the fiber tip resonator through a three-port
circulator. The resulting vibration of the Au/graphene membrane
modulated the intensity of the laser B light beam reflected by the silica
fiber end and the Au/graphene surface. After separating the reflected
light with a wavelength of 1549.7000 nm by passing the beam through
a tunable band-pass filter (TBF-1550−1.0-FCAPC, Newport), the
light intensity was determined by a photodetector comprising a 10
MHz adjustable photoreceiver (Model 2053, New Fucus, Inc.) in
conjunction with a preamplifier via the circulator. The light intensity
signal was further processed using an electrical spectrum analyzer
(ESA, R&S FSV4, Rohde & Schwarz).
Figure 2b provides a diagram of the instrumentation used to

acquire optical reflection spectra. A broad-band light source, variable
optical attenuator, circulator, and OSA with a resolution of 0.02 nm
over the wavelength range of 600−1700 nm were employed to obtain
the reflection spectra of the fiber tip resonators.

3. RESULTS AND DISCUSSION
Figure 3a shows the reflection spectra of the fiber tip resonator
with an inner diameter of 40 μm covered with an Au/graphene

membrane both in air and in a vacuum chamber (at a pressure
of 6.2 × 10−6 mbar). The length of the Fabry−Peŕot cavity,
LFP, can be calculated according to the equation36

L
n2 FSR

m m

m m
FP

1

eff ( , 1)
=

(6)

where λm is the resonant wavelength of the mth order
interference dip/peak, neff is the effective index of the
intracavity medium, and FSR(m,m−1) is the free spectral range
of the interference spectrum. On this basis, the calculated
cavity lengths were 73.782 and 73.896 μm for the trials at
ambient pressure and under a vacuum, respectively. Thus, the
cavity length changed by approximately 114 nm on going from
ambient pressure to a vacuum of 6.2 × 10−6 mbar. This value is
much less than that obtained in a prior study,32 possibly as a
result of air leakage out of the sealed cavity in the present
work.9 Although graphene itself is impermeable to gases,
leakage might occur along the van der Waals interface between
the two-dimensional layers and the HCF end facet9 as a result
of nonideal adhesion of the graphene layer to the rough facet
end.13 It is also evident that the fringe contrast of the reflection
spectrum decreased from approximately 25 to 13 dB as the
pressure changed from atmospheric pressure to a vacuum. We
attribute this to variations in the flatness of the graphene
membrane as the pressure changed.37 The reflectivity of the
Au/graphene membrane is very sensitive to pressure because
increased pressure will change the flatness of the membrane.
The membrane will stretch as it deflects upward or downward
as a result of a pressure difference, resulting in a change in the
optical intensity reflected from the Au/graphene that might
lead to variations in the fringe contrast.

Figure 4. (a) Frequency spectra obtained from the ESA at different pressures. (b) Enlarged partial view of the region in the dotted box. (c)
Resonant frequencies of the fundamental resonant mode and the second resonant mode of the clamped circular graphene membrane as functions of
pressures.
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Figure 3b plots the amplitude as a function of frequency for
a clamped circular graphene membrane at ambient pressure
(1.0 × 103 mbar) and in a vacuum chamber (7 × 10−6 mbar).
Four resonant peaks are evident at 814.44, 1107.41, 1354.5,
and 1393.78 kHz in the plot of the vacuum data, and the peak
with the lowest frequency of 814.44 kHz has the highest
amplitude of 283.09 mV. In contrast, only two resonant peaks
(at 938.47 and 1307.56 kHz) were obtained at atmospheric
pressure. These two peaks exhibit relatively low amplitudes of
42.54 and 4.24 mV, which can possibly be attributed to the
damping effect as the membrane vibrates in air. Both of these
peaks exhibit a large shift after the pressure changes from 1000
to 7 × 10−6 mbar at room temperature, and a frequency shift of
124.03 kHz was observed in the case of resonant peak 1. The
red solid and blue dashed curves show fittings of the
experimental data. The inset figures provide images showing
the three corresponding mechanical resonant modes as
generated using the COMSOL Multiphysics software package.
The effect of pressure on the resonant frequency of the

sensor was assessed by placing the device in a vacuum chamber
and decreasing the pressure at a constant rate. During these
trials, the pressure in the chamber was monitored using a
digital compound vacuum gauge (XG5227-II, Jining Xinguang
Vacuum Technology Co., Ltd.). Throughout this process, the
ESA continually acquired frequency spectra between 700 and
1400 kHz at a rate of approximately one sweep every 26 s.
Figure 4a presents a series of frequency spectra acquired at
different pressures from 1.0 × 103 to 6.2 × 10−3 mbar. Two
resonant modes are evident at all pressures. At higher
pressures, the Q factors of both the fundamental and the
second-order mode frequencies are seen to decrease. The peak
resonant frequencies at the various pressures are seen more
clearly in Figure 4b, which provides an enlarged view of the
spectral region in the dotted box in Figure 4a. In these data a
turning point is clearly observed near a pressure of 100 mbar.
The resonant peak frequencies are plotted as functions of
pressure in Figure 4c. Overall, the two frequency responses of

the resonant modes show similar trends in response to pressure
changes. In previous reports, the pressure range from
atmospheric pressure to high vacuum has generally been
divided into three different regions,38 while four different
regions are observed in this work. The resonant frequency of
the membrane is seen to increase with decreases in the
pressure from approximately 5 × 10−2 to 5 × 10−4 mbar and
also at pressures above 100 mbar, which is similar to previous
reports.38 However, the resonant frequency decreases as the
pressure decreases over the range of 100 to 5 × 10−2 mbar and
below 5 × 10−4 mbar. There are three main energy dissipation
mechanisms38 for this mechanical resonator. First, losses to the
surrounding fluid medium may occur as a result of acoustic
radiation or viscous drag. Second, clamping or support losses
may occur because of energy transfer to the support on which
the device is mounted. Last, bulk losses based on physical
mechanisms such as thermoelastic dissipation, internal friction,
the motion of lattice defects, phonon−phonon scattering, and
piezoelectric damping are possible. However, the contributions
of these energy dissipation mechanisms to the total energy loss
of the system are not equal and can vary with pressure changes.
In the vicinity of atmospheric pressure, the ambient air acts as
a viscous fluid and so medium damping is dominant.
Conversely, under a high vacuum, bulk losses are the dominant
dissipation mechanism. Between these two extremes, in the
molecular flow region, surface dissipation is the dominant loss
as a consequence of collisions between air molecules and the
moving surface of the resonator. In addition, the airflow during
the pressure decrease process in the chamber may affect the
resonant frequency of the resonator because of gas leakage
from the sealed cavity. In the ultrahigh-vacuum region
(pressures lower than 5 × 10−4 mbar) the squeeze damping
effect39,40 might also play a role. Furthermore, the thermal
conductivity of the ambient air decreases as the pressure
decreases, such that the temperature of the graphene
membrane increases. Because the thermal expansion coefficient
of graphene is negative,41,42 higher temperatures would be

Figure 5. Pressure-dependent resonance. (a) The frequency spectra at 1.7 × 10−5 and 2.4 × 10−5 mbar. (b) Contour graph of the ESA frequency
spectra at various pressures. (c) Resonant frequencies versus pressure within the range of 1.7 × 10−5 to 4.1 × 10−5 mbar. The error bar is obtained
by a fast repeating sweep three times in each pressure measurement.
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expected to increase the stress experienced by the membrane
and so to increase the resonant frequency of the graphene
membrane. In addition, the Au coating, which has a positive
thermal expansion coefficient, may also have an effect by
decreasing the resonant frequency. Similar pressure−resonance
frequency relationships have been reported.43,44 Note that pure
MLG deposited on the HCF end is not suitable for pressure
sensing within a large pressure range because, in the large
pressure range, the large ΔP will lead to a large deflection x,
resulting in a small optical reflectivity of the material and so
decrease the signal-to-noise ratio during demodulation.
The frequency spectra acquired at 1.7 × 10−5 and 2.4 × 10−5

mbar are plotted using wine and violet dotted lines,
respectively, in Figure 5a, in which the red lines are the
Lorentzian fitting results for the experimental data. Resonant
peak 3 is seen to be partially missing at 2.4 × 10−5 mbar
because it is higher than 1400 kHz and so outside of the
measured range of 700−1400 kHz. Figure 5b presents the
frequency spectra acquired during a pressure ramp over the
range of 1.7 × 10−5 to 4.1 × 10−5 mbar as a contour plot. The
frequencies of the first, second, and third resonant modes are
seen to increase along with the pressure. For all modes, the
intensity shows slight fluctuations with changes in pressure and
this effect can possibly be ascribed to imprecisions arising from
the fitting process. The resonant frequency data are plotted
versus pressure in Figure 5c. Here, the frequencies of the first,
second, and third resonant modes all exhibit a linear shift to
lower values as the pressure decreases. From these data, the
pressure sensitivity values of the sensor were calculated to be

0.65 × 106, 1.12 × 106, and 1.38 × 106 kHz/mbar for the first,
second, and third resonant modes based on linear fits within
the pressure range of 1.7 × 10−5 to 4.1 × 10−5 mbar. The
higher-order resonant modes provided higher sensitivity within
the same pressure range, indicating that the sensitivity of this
device could potentially be improved by monitoring higher-
order modes.
To further assess the minimum detectable pressure differ-

ence that could be observed using the resonator at ultrahigh
vacuum pressure, we acquired the first resonant mode
frequency spectra from 700 to 960 kHz at a rate of
approximately one sweep every 71 s. In these trials, the
intermediate frequency bandwidth of the ESA was set at 500
Hz. Figure 6a shows the resulting spectra that were obtained as
the pressure was gradually decreased from 1.4 × 10−5 to 8.3 ×
10−6 mbar. A shift in the resonant frequency to lower values is
clearly observed, as indicated by the blue arrow. This shift was
also approximately linear as the applied pressure was decreased
and the minimum detectable pressure difference was
determined to be smaller than 1 × 10−7 mbar (Figure 6b).
This value is competitive with the detection limit of a
commercially available digital vacuum gauge. Moreover, the
digital commercial vacuum gauge displayed only two
significant figures, resulting in indication errors shown in
Figure 6b. To remove any effects resulting from the
imprecisions of the commercial vacuum gauge readings, the
resonant frequency peak was also plotted as a function of time,
as shown in Figure 6c. The data clearly form a straight line at
these ultrahigh-vacuum pressures, presumably because the

Figure 6. Fundamental resonant mode frequencies as a function of the air pressure. (a) Evolution of the frequency spectra of the sensor as the
pressure is decreased from 1.4 × 10−5 to 8.3 × 10−6 mbar. (b) Resonant frequency peak value versus pressure. (c) Resonant frequency peak value
versus time.

Figure 7. Experimental assessments of frequency stability. (a) Resonance frequency vs time for the Au/graphene membrane-based pressure sensor.
(b) Extracted Allan variance data as a function of time.
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pressure decreased at a constant rate within this narrow
pressure range. From these data, the pressure sensitivity of the
sensor was calculated to be −0.70 kHz/min by applying a
linear fit to the resonant frequency peak values.
The concept detection limit (DL) of the sensor was first

introduced by White et al.45 as

R
S

DL s

s
=

(7)

where Ss and Rs are the sensitivity and resolution of the sensor,
respectively. The resolution of the sensor Rs can be
approximately calculated by individual noise variances, that is
Rs = 3δ.

f

4.5(SNR )
F

0.25 (8)

Here, Δf F is the full-width at half-maximum (FWHM) of the
resonant mode frequency. SNR is the signal-to-noise ratio. In
our pressure-sensing experiment, the main restriction of the
detection limit is the FWHM. The measured value of FWHM
is ∼1.2 kHz, and the SNR expressed in a linear plot is ∼60 dB.
The DL of the device is calculated to be ∼3.9 × 10−8 mbar.
Thus, the detectable pressure difference of 1 × 10−7 mbar
taken from Figure 6b is reasonable. Moreover, we investigated
the frequency stability of the resonator by performing
measurements over time at a constant pressure. The frequency
data were plotted over time, as shown in Figure 7a. The
frequency measurement error could be characterized using the
Allan deviation, defined as11

f N
f f1 1

2( 1)
( )

j

N

j jA
0 2

1
2=

= (9)

where f j is the resonance frequency extracted at the jth
measurement in Figure 7a. As shown in Figure 7b, a minimum
value of Allan variance σA = 5.717 × 10−6 was obtained at τ =
11.9568 min, corresponding to a minimum detectable
frequency shift δf of σA × f 0 = 4.65 × 10−3 kHz. Thus, a
pressure resolution δP of 7.16 × 10−9 mbar was obtained by
using the equation δP = sensitivity × δf, where the sensitivity is
the first-order mode in mbar/kHz and δf is the intrinsic
inaccuracy in the resonance frequency determination.

4. CONCLUSION
This work demonstrated an all-fiber optomechanical pressure
sensor based on a clamped circular graphene membrane. A
uniform pressure load was employed to deform the membrane,
resulting in a change in its resonant frequency. Using this
method, we obtained a pressure sensor with a resolution as
small as 7.16 × 10−9 mbar. Moreover, this pressure sensor can
work over an extended pressure range of 7 × 10−6 to 1000
mbar at room temperature. Such an extended range of pressure
indicate that the present device outperforms commercial
sensors. Furthermore, monitoring higher-order resonant
frequencies gave the same general trends as were observed
for the fundamental resonant frequency but provided better
pressure sensitivity within the same pressure range. Therefore,
the pressure sensitivity could potentially be improved by
monitoring higher-order modes. The micrometer size scale,
absence of on-chip power requirements, high resolution, and
fast response of the proposed optomechanical pressure sensor

indicate great potential for real-world long-distance pressure
detection applications.
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