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Whispering gallery mode (WGM) microcavities have been widely used for high-sensitivity ultrasound detection,
owing to their optical and mechanical dual-resonance enhanced sensitivity. The ultrasound sensitivity of the
cavity optomechanical system is fundamentally limited by thermal noise. In this work, we theoretically and ex-
perimentally investigate the thermal-noise-limited sensitivity of a WGM microdisk ultrasound sensor and opti-
mize the sensitivity by varying the radius and a thickness of the microdisk, as well as using a trench structure
around the disk. Utilizing a microdisk with a radius of 300 pm and thickness of 2 pm, we achieve a peak sensi-
tivity of 1.18 pPa Hz /2 at 82.6 kHz. To the best of our knowledge, this represents the record sensitivity among
cavity optomechanical ultrasound sensors. Such high sensitivity has the potential to improve the detection range

of air-coupled ultrasound sensing technology.
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1. INTRODUCTION

Ultrasound has played an important role in various applications.
For instance, non-destructive testing with ultrasound has been
extensively employed in industrial quality inspection [1].
Ultrasound imaging can detect deeper tissue structures than light
and help in medical diagnosis [2]. Additionally, ultrasound can
also be applied to positioning and ranging systems [3], function-
ing effectively even in adverse weather conditions. Meanwhile, ul-
trasound detection technology is also facing several challenges.
Ultrasound experiences significant loss at the interface of different
media due to the acoustic impedance mismatch. Consequently,
detection often necessitates an acoustic impedance-matching cou-
pling agent to achieve high sensitivity. However, in some scenarios
where coupling agents are not suitable (e.g., wounds, high temper-
atures, materials that cannot be damaged), air-coupled ultrasound
detection becomes the optimal choice. To counteract the effects of
airborne losses, air-coupled ultrasound sensors with higher sensi-
tivity are required. Commonly used today are commercially avail-
able piezoelectric ultrasound transducers, which are produced
through a mature process and easily integrated with circuits.
However, to meet the high sensitivity requirements, the sizes
of these transducers generally range from millimeters to centi-
meters, significantly reducing the spatial resolution for imaging.
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To address these limitations, optical ultrasound sensors have
been developed, offering both high sensitivities and spatial res-
olutions, such as Fabry—Perot (F-P) interferometers [4-7],
whispering gallery mode (WGM) microcavities [8-22], and
Bragg gratings [23,24]. Pressure changes induced by incoming
ultrasound cause optical resonance shifts in these resonators,
which can be optically read out with high sensitivity. F-P cavity
ultrasound sensors using graphene [4] and silver films [5] on
optical fibers have already achieved sensitivities in the tens
of micropascals range. However, millimeter-scale dimensions
are necessary for such high sensitivities. A newly designed
E-P cavity, comprising a solid plano—concave polymer micro-
cavity [6] formed between two highly reflective mirrors, has
realized an equivalent noise pressure of 1.6 mPa Hz '/2, wide
directivity, and demonstrated applications in biomedical imag-
ing. Owing to their ultrahigh quality (Q) factor enhanced
light—matter interactions, WGM microcavities [25-27] have
demonstrated exceptional performance for sensing of temper-
ature [28], gas [29], nanoparticles and biomolecules [30-38],
wavelengths [39], phase-transition dynamics [40,41], etc.
Various microcavity structures, such as microspheres [8-11],
microrings [12-16], microbubbles [17-20], microdisks [21],
and microtoroids [22], have been employed for ultrasound
sensing. Among them, cavity optomechanical systems
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[42-50] provide an ideal platform for ultrasound sensing due to
their dual-resonance enhanced sensitivity. The sensitivity of op-
tomechanical ultrasound sensors is fundamentally limited only
by thermal noise, introduced by both the intrinsic damping of
the mechanical resonator and collisions with the gas molecules
around the sensor. Therefore, reaching the thermal-noise-
limited regime is crucial to achieving better sensitivity.
Recently, thermal-noise-limited ultrasound sensitivities on the
order of micropascals have been realized [7,21,22]. Further im-
provement of thermal-noise-limited ultrasound sensitivity,
however, still necessitates more systematic study.

In our previous work [22], we conducted a theoretical study
on thermal-noise-limited ultrasound sensitivity, without con-
sidering the effects of the pressure difference between the upper
and lower surfaces of the microdisk or the spatial overlap be-
tween the mechanical mode and ultrasound. In this work, we
perform a more systematic study on thermal-noise-limited ul-
trasound sensitivity, using suspended WGM microdisks both
theoretically and experimentally. Our research demonstrates
that a trench structure surrounding the microdisk can increase
the pressure difference, thereby enhancing its response to ultra-
sound. We study the trends of sensitivities with the radius and
thickness of the microdisk, taking into account the pressure
difference and spatial overlap. Experimentally, we fabricate mi-
crodisks with various radii and thicknesses, featuring a trench
structure, and measure their sensitivities in the air across fre-
quency ranges from tens of kHz to over 1 MHz. To the best
of our knowledge, we achieve the best cavity optomechanical
ultrasound sensitivity of 1.18 pPa Hz '/2 at 82.6 kHz, using a
microdisk with a radius of 300 pm and a thickness of 2 pm.
This exceptional sensitivity has the potential to extend the de-
tection range of air-coupled ultrasound sensing technology,
which is particularly beneficial for applications such as position-
ing systems and gas photoacoustic spectroscopy [51].

2. THEORETICAL ANALYSIS

Ultrasound sensitivity is limited by the noise of the sensor. In
an optomechanical system, the main noise sources include ther-
mal-mechanical noise, optical shot noise, and backaction noise
from the probe light [42,45,52]. Previous studies have shown
that, with a proper choice of parameters in the detection sys-
tem, including optical power, optical Q factor, mechanical Q
factor, and optomechanical coupling coefficient G = dw/dx
(where @ and x represent the optical resonance angular fre-
quency and mechanical displacement, respectively), the mea-
surement strength (the level of the thermal noise relative to
the measurement noise) can be increased to enter a thermal-
noise-dominant regime. This is advantageous for achieving
better sensitivity. In this work, we focus on studying the
thermal-noise-limited ultrasound sensitivity and optimizing
the sensitivity by varying the geometric parameters of a micro-
disk. The thermal-noise-limited ultrasound sensitivity, P
can be expressed as Eq. (1) [21,42],

Prn(@) = ﬁ 2k T (1)

where 7 represents the ratio of the pressure difference between
the upper and lower surfaces of the sensor to the peak pressure

min»

OF  JEWE.  Research Article _

at the antinode of the incident ultrasonic wave, ¢ is the spatial
overlap between the incident ultrasound and the mechanical
displacement profile of the sensor, and A refers to the sensor
area. The square root term quantifies the thermal-mechanical
force spectral density. Here, 7 and y are the effective mass and
damping rate of the mechanical mode of the sensor, 4z is the
Boltzmann constant, and 7" is the temperature.

This equation demonstrates how various parameters affect
sensitivity. First, a higher mechanical Q factor (smaller y) is ben-
eficial for achieving better sensitivity. Using a microdisk with a
thin silicon pedestal can reduce clamping loss, thereby increasing
the mechanical Q factors. Second, better sensitivity can be
achieved by employing mechanical modes with larger spatial
overlaps ¢. For a microdisk ultrasound sensor, the flapping
modes exhibit good spatial overlaps with the ultrasound.
Therefore, in this work, we primarily focus on the flapping
modes of the microdisk. Figures 1(a) and 1(b) display the nor-
malized displacement distributions of the first- and second-order
flapping modes of a microdisk (with a radius of 100 pm, thick-
ness of 2 pm, and pedestal radius of 10 pm) obtained from the
finite element method (FEM) simulations. Their spatial overlaps
with the ultrasound perpendicularly incident to the microdisk
are approximately 0.58 and 0.23, respectively. The spatial over-
lap is smaller for the second-order flapping mode, as it is related
to the direction of the mechanical displacement, and the dis-
placement cancellation in opposite directions of the second-order
flapping mode reduces its spatial overlap. Their mechanical res-
onance frequencies are 219 kHz and 1.32 MHz, respectively.

Pressure difference is also a crucial factor that affects sensitiv-
ity, and a larger pressure difference 7 results in better sensitivity.
The pressure difference » depends on the ultrasound frequency
and the structure of the sensor. In our work, we find that the
pressure difference at low frequencies can be increased by em-
ploying a trench structure around the microdisk sensor. We uti-
lize a two-dimensional axisymmetric model to simulate the
pressure distribution of the microdisk, with the axis of rotational
symmetry located at the center of the microdisk. Figures 1(c)
and 1(d) display the pressure distributions of the microdisk with-
out a trench structure at the first- and second-order flapping
modes, with pressure differences » = 0.68 and » = 1.91, re-
spectively. The pressure difference is higher for the second-order
flapping mode due to the increasing spatial gradient of the pres-
sure wave at higher frequencies. Figures 1(e) and 1(f) show the
pressure distributions of the microdisk with a trench structure at
the first- and second-order flapping modes, with pressure
differences » = 1.35 and » = 1.97, respectively. It can be ob-
served that the trench structure significantly increases the pres-
sure difference of the first-order flapping mode, while the
pressure difference of the second-order flapping mode is not
greatly affected. This is because, at lower frequencies, the trench
structure can greatly enhance the ultrasonic wave reflections be-
tween the substrate and the microdisk, thereby increasing the
pressure difference. However, for the second-order flapping
mode, the reflection between the substrate and the microdisk
is decreased due to the reduced restraint of the trench structure
on acoustic waves, which results from the more pronounced
diffraction at the trench structure for higher-frequency
(shorter-wavelength) acoustic waves.
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Fig. 1.

(a), (b) Simulated displacement distributions of the first- and second-order flapping modes, respectively. (c)—(f) Simulated pressure dis-

tributions of the microdisk (c), (d) without and (e), (f) with the trench structure, at the frequencies of the (c), (e) first-order and (d), (f) second-order
flapping modes. In the simulations of (c)—(f), we use a two-dimensional axisymmetric model, with the axis of rotational symmetry located at the
center of the microdisk (z axis), indicated by the arrows at the bottom. The ultrasonic wave with a sound pressure of 1 Pa is perpendicularly incident
to the microdisk from above. The microdisk used here has a radius of 100 pm and a thickness of 2 pm. The pressure differences are (c) 0.68, (d) 1.91,
(e) 1.35, and (f) 1.97, respectively. (g), (h) Simulated mechanical resonance frequencies of the flapping modes of 1 pm thick and 2 pm thick
microdisks, respectively, as a function of the disk radius. (i), (j) Calculated sensitivities of microdisks, with thicknesses of 1 pm and 2 pm, respectively.
The blue triangles and red squares represent the results of the first- and second-order flapping modes of the microdisk with a thickness of 1 pm. The
black circles and green thombuses represent the results of the first- and second-order flapping modes of the microdisk with a thickness of 2 pm.

Equation (1) also suggests that the sensitivity improves with
a larger sensor area A, but the effect of the pressure difference
must also be considered. In the following, we theoretically
study the ultrasound sensitivity at the first- and second-order
flapping modes of microdisk sensors with different radii,
taking into account the pressure difference r and spatial overlap
{. Figures 1(g) and 1(h) display the simulated resonance

frequencies of the first- and second-order flapping modes of
the microdisk as a function of the disk radius, with thicknesses
of 1 pm and 2 pm, respectively. The resonance frequency
decreases with increasing radius and decreasing thickness.
Therefore, achieving higher-frequency ultrasound sensing
can be accomplished by reducing the radius or increasing
the thickness of the microdisk, thereby increasing the
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mechanical frequency to the MHz range, which is useful for
applications such as photoacoustic imaging and biomedical di-
agnosis. We obtain the spatial overlap and pressure difference
through simulation and calculate the corresponding sensitiv-
ities for microdisks with different radii and thicknesses of
1 pm and 2 pm, as shown in Figs. 1(i) and 1(j), respectively.
The simulations of mechanical frequencies in Figs. 1(g) and
1(h) do not take into account the trench structures, as they
do not affect the mechanical frequencies. However, the trench
structures are considered in the calculations of ultrasound sen-
sitivities shown in Figs. 1(i) and 1(j), as they affect the pressure
difference of the microdisk and, thus, the ultrasound sensitivity.
According to Eq. (1), the increase of the radius will increase the
sensor area and, thus, improve the sensitivity. However, the de-
crease in the resonance frequency will hinder the improvement
of the sensitivity due to the decreased pressure difference. As a
result, under the effect of these two factors, the sensitivity first
improves and then degrades. By comparing the first- and
second-order flapping modes, it can be observed that the sen-
sitivities of the first-order flapping mode are better for small-
radius microdisks because it has a larger spatial overlap.
However, when the radius becomes larger, the effect of the pres-
sure difference increases, resulting in worse sensitivities of the
first-order flapping mode.

3. DEVICE FABRICATION AND MEASUREMENT

For experimental demonstration, we fabricate a series of micro-
disks with various radii and thicknesses, featuring trench struc-
tures around the microdisks. The fabrication process includes
photolithography, hydrofluoric acid wet etching, and xenon
difluoride (XeF,) dry etching. During the XeF, dry etching
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process, the silicon pedestal beneath the silica microdisk is
thinned to improve mechanical compliance. Meanwhile, a
trench is etched around the microdisk while the rest of the sil-
icon substrate is preserved. Figure 2(a) displays an optical mi-
croscopic image of the microdisk with a radius of 150 pm. The
cross section electric field distribution of the fundamental mode
close to the surface of the microdisk is shown in Fig. 2(b). The
optical field is localized at the periphery of the microdisk and
can couple to a tapered fiber evanescently.

The microdisk ultrasound sensors are characterized using
the setup shown in Fig. 2(c). A continuous wave tunable laser
in the 1550 nm band is used to couple light into the microdisk
via a tapered fiber with a diameter of around 1 pm. The trans-
mitted light from the tapered fiber is collected by a photodetec-
tor and subsequently measured by an oscilloscope, electronic
spectrum analyzer (ESA), and vector network analyzer
(VNA), respectively. By analyzing the transmitted light, the
mechanical and optical modes of the microdisk, as well as
its ultrasound response, can be obtained. The oscilloscope mea-
sures the optical transmission spectrum of the microdisk as the
laser wavelength is scanned. The optical Q factors of microdisks
can be derived from the optical transmission spectrum. A typ-
ical transmission spectrum at the critical-coupled condition is
shown in Fig. 2(d), exhibiting an intrinsic optical Q factor of
approximately 10°.

During the ultrasound detection experiments, an input op-
tical power of around 100 pW is used, which is close to the
saturation power of the photodetector. The critical-coupled
condition between the tapered fiber and the microdisk is main-
tained to maximize the response. It is essential to lock the laser
wavelength at the maximum slope on one side of the optical
resonance to obtain the maximum optical readout. We employ

max

Electric field

e
o

-15 0 15
AX(pm)

(a) Top-view optical microscope image of a microdisk with a trench structure. The scale bar corresponds to 50 pm. (b) FEM simulated

optical field distribution of the fundamental WGM of the microdisk. (c) Experimental setup to measure the microdisk response to ultrasound. PD,
photodetector; VNA, vector network analyzer; OSC, oscilloscope; ESA, electronic spectrum analyzer. (d) Optical transmission spectrum of the

microdisk, with an intrinsic Q factor of around 10°.
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a proportional-integral-derivative controller to stabilize the laser
wavelength. With the laser wavelength locked, the mechanical
mode spectrum of the microdisk, as well as the ultrasound re-
sponse spectrum, can be measured with the ESA and VNA. An
ultrasonic transducer with a center frequency of 1 MHz is posi-
tioned approximately 1 cm above the microdisk. The ultra-
sound pressure generated by the ultrasonic transducer,
ranging from 30 kHz to 20 MHz, is calibrated using the
method presented in our previous work [22], taking into
account the ultrasound attenuation in the air.

The optomechanical interaction in our system is a combi-
nation of dispersive and dissipative coupling. Ultrasound can
cause variations in the microdisk circumference, which can shift
the resonance wavelengths of the optical modes, resulting in a
change in the transmitted optical power due to dispersive cou-
pling. Additionally, ultrasound can also induce periodic
changes in the coupling strength between the tapered fiber
and the microdisk by varying the gap between them. This leads
to a periodic modulation in the transmitted optical power,
which is due to dissipative coupling. By locking the laser wave-
length on one side of the optical resonance, we can measure
both dispersive and dissipative interactions through the change
in transmitted optical power.

4. RESULTS

In the experimental optimization of the ultrasound sensitivity,
we achieve the best sensitivity of 1.18 pPaHz™'/? utilizing a
microdisk with a radius of 300 pm and a thickness of
2 pm. The noise power spectrum obtained by the ESA without
the ultrasound signal is shown in the black curve in Fig. 3(a). A
mechanical resonance peak at Q/27 = 83 kHz is observed,
which corresponds to the second-order flapping mode of the
microdisk. The first-order flapping mode, which is not dis-
played here, occurs around 20 kHz and is outside the frequency
range for ultrasound pressure calibration using our hydro-
phone. We also observe several mechanical modes of the ta-
pered fiber within the frequency range below 30 kHz. The
ficted mechanical Q factor is about 140. We then apply a sinus-
oidal voltage at this frequency to drive the ultrasonic transducer
and measure the ultrasound response of the microdisk, as illus-
trated by the green curve in Fig. 3(a). The signal-to-noise ratio
(SNR) at the peak is 58.73 dB. The sensitivity at 83 kHz is

given by the following equation:

Poin®) = i@ [u 2 7 @

Ppplied tepresents the ultrasound pressure reaching the mi-
crodisk at 83 kHz, which is calibrated to be 6.12 mPa, while
Af represents the resolution bandwidth of the ESA, which is
30 Hz. The sensitivity at 83 kHz can be calculated as
1.29 pPaHz /2. In Fig. 3(a), we also observe a second-order
mechanical sideband of the signal at 166 kHz, which originates
from the nonlinear response of the optical readout mechanism
[22]. Next, we measure the system response of the microdisk by
sweeping the frequency of the applied ultrasonic wave using
the VNA. Figure 3(b) shows the response spectrum of the
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Fig. 3. (a) Noise power spectrum (black curve) and the response of
the microdisk (green curve) driven by ultrasound at 83 kHz, with an
SNR of 58.73 dB. (b) System response of the microdisk versus the
ultrasound frequency. The inset shows the simulated displacement dis-
tributions of the high-order flapping modes. (c) Derived ultrasound
sensitivity spectrum of the microdisk.

microdisk to ultrasound at different frequencies. In addition
to the second-order flapping mode, we also observe another
response peak corresponding to the third-order flapping mode
at 216.6 kHz. Although this mode does not reach the thermal-
noise-dominant regime and is not prominently shown in the
noise power spectrum, we can still observe it in the system re-
sponse due to the strong response of flapping modes to ultra-
sound. The sensitivity at different frequencies can be calculated
using the following equation:

_ Poppiicd(@) [N (@) S(Q)
Pmin(w) - Pmin(Q) Pa;l:hed(g) N(Q) S(Cl))’ (3)

where P, jieq(@) represents the applied ultrasound pressure to
the microdisk at different frequencies. By using the sensitivity
at 83 kHz obtained above, along with the system response S(®)
and the noise power spectral density N (w), we can derive the
sensitivity spectrum of this microdisk for the entire frequency
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range. This sensitivity describes the lowest detectable ultra-
sound pressure of the microdisk for a resolution bandwidth
of 1 Hz when the SNR is 1. Figure 3(c) displays the sensitivity
spectrum within the range of 0.03-0.25 MHz. A minimum
sensitivity of 1.18 pPaHz /2 is achieved at 82.6 kHz, which
is quite close to the theoretical value of 751 nPaHz /2 ob-
tained from Eq. (1), using the pressure difference of 4.7 and
the spatial overlap of 0.16.

To validate the theoretical results calculated above, we mea-
sured the sensitivities of multiple microdisks with varying radii
and thicknesses. Figures 4(a) and 4(b) show the pressure sen-
sitivity spectra near frequencies around the first- and second-
order flapping modes for 1 um thick microdisks with different
radii. Figures 4(c)—4(e) present the data for microdisks with
2 pum thickness. The blue, red, black, green, and purple curves
represent the sensitivities of microdisks with radii of 100 pm,
150 pm, 200 pm, 300 pm, and 400 pm, for both 1 pm and
2 pm thicknesses. The 1 pm thick microdisks with a radius of
300 pm or larger have cracked during the XeF, dry etching
process due to the material stress. Mechanical resonances of mi-
crodisks can significantly enhance their response to ultrasound,

‘ Research Article

resulting in numerous dips at mechanical resonance frequencies
throughout the pressure sensitivity spectra. The widths of these
dips, which represent the detection bandwidths, are deter-
mined by the thermal-noise-limited frequency range, which can
be increased using microdisks with higher optical Q factors.
Flapping modes, being more sensitive to ultrasound, generally
exhibit better sensitivity. The shaded areas emphasize the sen-
sitivities around the first-order [Figs. 4(a) and 4(c)] and second-
order [Figs. 4(b), 4(d), and 4(e)] flapping modes.

From Fig. 4, we can observe that at a specific thickness, the
mechanical resonance frequencies decrease with the increasing
radius for both the first- and second-order flapping modes. For
microdisks with the same radius, thinner ones exhibit lower
frequencies for the first- and second-order flapping modes,
which is consistent with theoretical results. For a more explicit
comparison, we summarize the minimum sensitivity at the
first- and second-order flapping modes in Fig. 5. The sensitivity
for the first-order flapping mode improves with the increasing
radius and the decreasing thickness of the microdisk. There is
an anomaly where the sensitivity of the 1 pm thick microdisk
with a radius of 100 pm is worse than that of the 2 pm thick
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Fig. 4.

(a), (b) Sensitivity spectra for 1 pm thick microdisks with different radii. (c)—(e) Sensitivity spectra for 2 pm thick microdisks with different

radii. The blue, red, black, green, and purple curves represent the sensitivities of microdisks with radii of 100 pm, 150 pm, 200 pm, 300 pm, and
400 pm, respectively. The shaded regions emphasize the (a), (c) first-order and (b), (d), (e) second-order flapping modes.
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Fig. 5. Sensitivities at the flapping modes of microdisks with differ-
ent thicknesses and radii. The black squares and blue triangles re-
present the sensitivities at the first-order flapping mode for
thicknesses of 1 pm and 2 pm, respectively. The red circles and green
inverted triangles represent sensitivities at the second-order flapping
mode for thicknesses of 1 pm and 2 pm, respectively. The purple
thombus and yellow pentagram represent sensitivities at the first-
and second-order flapping modes for a microdisk with a thickness
of 2 pm and a radius of 100 pm, and without the trench structure.

microdisk, which may be attributed to their different mechani-
cal Q factors and pressure differences. The sensitivity for the
second-order flapping mode improves with the decreasing
thickness of the microdisk. For the second-order flapping
modes of the 2 pm thick microdisks, the sensitivity first im-
proves with the increasing radius and reaches the optimal value
of 1.18 pPa Hz '/ for the microdisk with a radius of 300 pm.
When the disk radius further increases to 400 pm, the sensi-
tivity degrades to 2.99 pPaHz '/? due to the smaller pressure
difference caused by the lower resonance frequency. We also
measure a microdisk with a thickness of 2 pm and a radius
of 100 pm without a trench structure, whose sensitivities at
the first- and second-order flapping modes are shown in the
purple thombus and yellow pentagram in Fig. 5. Comparing
these values with those of a same-sized microdisk with a trench
structure (green inverted triangles and blue triangles) reveals
that the trench structure significantly improves the sensitivity
of the first-order flapping mode but does not affect the sensi-
tivity at the second-order flapping mode. This is consistent
with the theoretical results in Figs. 1(c)-1(f).

5. CONCLUSION

In conclusion, we have theoretically and experimentally studied
the sensitivity of the microdisk ultrasound sensors in the ther-
mal-noise-dominant regime. Our theoretical results show that
the ultrasound sensitivity can be optimized by increasing the
radius and decreasing the thickness of the microdisk but is also
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Table 1. Comparison of WGM Microcavity Ultrasound
Sensors

Sensitivity
Structure Q Factor  (uPaHz'/2)  References
Microsphere >108 267 [9]
Microsphere ~10°¢ 1.29 x 103 [10]
Microring ~10% 1.3x10° [16]
Microbubble ~107 41 x 103 [17]
Microbubble 3 x 107 4.4 %103 [19]
Microbubble 5.2 % 10° 2.2 %103 [20]
Microdisk 3.6 x 10° 8-300 [21]
Microtoroid ~107 46-10,000 [22]
Microdisk (this work) ~10°6 1.18 —

affected by the pressure difference. We also find that using a
trench structure around the microdisk can increase the pressure
difference and, thereby, improve the sensitivity. We fabricate
multiple microdisks with different radii (100 pm, 150 pm,
200 pm, 300 pm, and 400 pm) and thicknesses (1 pm and
2 pm) with trench structures, and characterized their ultra-
sound sensitivities. The measured sensitivity trends versus
the radius and thickness agree well with the theoretical results.
After optimization, a minimum sensitivity of 1.18 pPa Hz /2
has been achieved at 82.6 kHz in the air, using a microdisk with
a radius of 300 pm and a thickness of 2 pm. Table 1 compares
structures, optical Q factors, and sensitivities of various WGM
microcavity ultrasound sensors. As seen from the table, we have
achieved the best ultrasound sensitivity among the WGM mi-
crocavity systems to the best of our knowledge. This is made
possible by exploiting the optical and mechanical dual-reso-
nance enhancement and optimizing the microdisk parameters.

The exceptional ultrasound sensitivity achieved in this study
can extend the detection range of ultrasound detection technol-
ogy, such as increasing the detection depth of photoacoustic
imaging. It is particularly helpful for ultrasound detection in
the air, which has proven challenging due to impedance mis-
match. Furthermore, the fabrication process of microdisks is
relatively mature, enabling mass production on silicon chips.
The bandwidth of the ultrasound sensor can be further im-
proved by using microcavities with higher optical Q factors
and optomechanical coupling coefficients. Integrated wave-
guide-coupled microcavities and on-chip arrays of ultrasound
sensors, such as silicon nitride and silicon microcavity sensors,
can be designed in the future for practical applications, includ-
ing photoacoustic imaging and spectroscopy.
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