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This paper reports a new two-axis water-immersible micro scanning mirror using hybrid polymer and
elastomer hinges. The fast- and slow-axis hinges were made of stiff BoPET (biaxially-oriented polyethy-
lene terephthalate) and soft elastomer nanocomposite (EN) loaded with alumina nanoparticles. Different
concentrations of alumina nanoparticles in the base elastomer resin were tested to tune the elastic mod-
ulus of the elastomer nanocomposite. The testing results have shown a resonance frequency of 226 Hz
for the fast axis and no mechanical resonance for the slow axis when the scanning mirror was immersed
in water. 2D B-scan and 3D volumetric ultrasound microscopy were demonstrated by using the hybrid-
hinge scanning mirror. The ability of scanning the slow axis at DC or very low frequencies allows a dense
raster scanning pattern to be formed for improving both the imaging resolution and field of view.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Recently, water-immersible micro scanning mirrors have been
developed to provide fast scanning of optical and ultrasound beams
in water for not only optical but also photoacoustic and ultrasound
microscopy [1-3]. In photoacoustic and ultrasound microscopy, a
focused laser or ultrasound pulse is incident onto the target, and
the laser-generated or back-scattered ultrasound signal is received
with a transducer, which provides one scan point or one pixel for
image reconstruction. Depending on the power handling capability
of the pulsed laser or ultrasound pulser-receiver, the repetition rate
of the laser or ultrasound excitation pulses is usually limited to 10 s
of kHz or less [4]. In order to provide high pixel density for image
reconstruction, the ideal scanning frequencies of the fast and slow
axes of the scanning mirror need to be 100~500 Hz and DC~10 Hz,
respectively. To achieve the most energy-efficient driving condi-
tions, the driving frequencies of the two scanning axes should be
close to their resonance. Therefore, it is desired that the fast and
slow axes possess significantly distinct resonance frequencies.

Different from conventional silicon-based scanning mirrors
[4-9], torsional hinges made of high-strength polymer materials,
such as BoPET (biaxially-oriented polyethylene terephthalate), are
oftentimes used in the water-immersible scanning mirrors to avoid
possible damage due to turbulence or shock in water [10-14]. For
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BoPET, with a Young’s modulus of several GPa, a short torsion
hinge is needed to provide desirable stiffness to maintain a sta-
ble scanning motion. Such kind of hinge design typically results
in a resonance frequency of 100 ~ 500 Hz, which is ideal for the
fast axis. However, to achieve a resonance frequency of several Hz
or less for the slow axis, long and slender torsion hinges have to
be used. However, their bending stiffness will be too low for main-
taining a stable scanning motion. Previously, torsion hinges made of
PDMS (polydimethylsiloxane) were used in a two-axis water-proof
scanning mirror to provide a resonance frequency of 50 and 30 Hz
for the fast and slow axes, respectively [3]. However, due to the soft
nature of PDMS, it is difficult to further increase the fast-axis reso-
nance frequency and decrease that of the slow axis. Therefore, with
a single hinge material, it is quite challenging to obtain two dras-
tically different resonance frequencies by changing the geometries
or dimensions of the hinges.

In this paper, we report a new hybrid hinge structure for two-
axis water-immersible micro scanning mirrors, which consists of a
BoPET hinge for the fast axis and a new elastomer nanocomposite
(EN) hinge for the slow axis. Compared with BoPET, the elastomer
nanocomposite has a much lower Young’s modulus (e.g., several
MPa), which can be tuned by changing the mixing ratio of nanopar-
ticles in the elastomer resin. With the proper hinge designs, both
suitable torsional and bending stiffness and ultra-low resonance
frequencies can be obtained. In addition, the high elastic strain
of the elastomer nanocomposite makes it possible to enlarge the
tilting angles without degrading or damaging the torsion hinges.
For demonstration, a prototype two-axis water-immersible micro
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Fig. 1. The stress vs. strain for the tested EN samples with different concentrations
of alumina nanoparticles.

scanning mirror using hybrid BoPET/EN hinges has been designed,
fabricated and tested. Using the new scanning mirror, scanning
ultrasound microscopy has also been conducted with improved
spatial resolution and field of view.

2. Preparation and characterization of elastomer
nanocomposite

The elastomer nanocomposite was made of a photosensitive
base resin loaded with hard nanoparticles as the reinforce-
ment material. The base resin (Flexible Resin, XYZprinting Inc.)
was composed of acrylate monomer, polyurethane acrylate, and
diphenyl(2,4,6-trimethybenzoyl) phosphine oxide. The viscosity
of the resin was 560 cP before the reinforcement material was
added. Spherical alumina (Al,03) nanoparticles with an average
diameter of 800 nm (US Research Nanomaterials) were used as the
reinforcement material. The composite was prepared by magnet-
ically mixing the alumina nanoparticles in the based resin at 200
RPM for 30 min in a dark environment to avoid unwanted photo-
polymerization. Different concentrations of alumina nanoparticles
ranging from 10 % to 30 % were tested. As more alumina nanopar-
ticles were added into the base resin, the aggregation of alumina
nanoparticles became more severe and the viscosity of the sus-
pension increased dramatically, making the mixing more difficult
and the distribution of the alumina nanoparticles in the base resin
less uniform. Therefore, in this work, the highest concentration of
alumina nanoparticles was limited to 30%.

After the suspension was fully mixed, it was placed in the resin
tank of an optical 3D printer (Nobel Superfine, Xyzprinting Inc.)
for photo-polymerization. The addition of a high concentration of
alumina particles can cause unwanted optical absorption and scat-
tering. To ensure uniform light dosage through the entire thickness
of the EN sample, the optical exposure was performed on a thin
layer (25-pm thick) at a time and repeated until the desirable thick-
ness (1 mm) was reached. A polydimethylsiloxane (PDMS) layer
was added to the bottom of the resin tank to assist in the removal of
the exposed EN sample from the resin tank. The exposed EN sam-
ple was rinsed in ethyl alcohol, dried in air for 5 min, and thermally
cured at 60 °C for 2 h.

To characterize the mechanical properties of the EN sample, a
tensile testing was performed on a Tinius Olsen H10KT Universal
Testing Machine using ASTM Standard D1708—18. The EN sample
was laser cut into the required shapes and sizes for the tensile
testing. The speed of testing was set to 10 mm/min. Fig. 1 shows
the measured stress vs. strain for the EN samples with different

Table 1

Testing results of different EN samples.
Volume percent of alumina in base resin 0% 10% 20% 30%
Young’s modulus (MPa) 3.18 4.85 5.26 7.69
Tensile strength (MPa) 1.49 1.81 1.84 2.11
Elongation (%) 5639  48.03 4555 3270

Mirror plate

Slow axis hinge Acrylic spacer

Inductor coil

Fig. 2. Schematic design of the two-axis water-immersible scanning mirror with
hybrid BoPET and EN hinges.

concentrations of alumina nanoparticles. For each concentration,
three samples were tested, from which the average and standard
deviation of the stress for certain strain were calculated. The stress
increases almost linearly with the strain before the fracture occurs,
which indicates the deformation is mostly elastic. The Young’s
modulus (calculated from the slope of the stress-strain curve), ten-
sile strength, and maximal elongation of the tested samples are
listed in Table 1. As expected, both the Young’s modulus and tensile
strength increases when a higher concentration of alumina parti-
cles is loaded into the base resin. The maximal elongation drops
as a larger portion of the material becomes rigid. Nevertheless, the
maximal elongation of the composite is still much larger than that
of other commonly used hinge materials, such as silicon and BoPET.

3. Mirror design and fabrication
3.1. Mirror design

Fig. 2 illustrates the schematic design of the two-axis water-
immersible scanning mirror with hybrid BoPET and EN hinges. It
consists of one reflective mirror plate, two hinge layers (BoPET and
EN), one support frame and holder, one inductor coil, and two pairs
of permanent magnets. The mirror plate is fixed onto the BOPET
hinge layer (for the fast axis), which is bonded with the EN hinge
layer (for the slow axis). The mirror plate and the two hinge layers
are mounted onto the inductor coil via the support frame. One pair
of permanent magnets with opposite magnetization are attached
onto the bottom surface the mirror plate and the top surface of
the EN hinge layer, respectively. To drive the two scanning axes,
two AC currents (Iysin27f ¢t and Issin27f st) are passed through the
coil, which generate two alternating magnetic field to interact with
the two pairs of permanent magnets to tilt the mirror plate around
the BoPET and EN hinges, respectively. To achieve most energy-
efficient driving conditions, the frequencies of the two AC currents
should match the resonance frequencies (f;_; and fr_s) of the two
axes, which can be treated as two (mechanical) bandpass filters.
Because the resonance frequencies of the fast and slow axes are
drastically different (e.g., 100s of Hz vs. several Hz), the tilting
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Table 2
Main design parameters of the scanning mirror.

Fast axis Slow axis

5mm x 3 mm 17 mm x 10 mm
0.5mm 2mm
1.5mm 0.5mm

Rotational mirror plate dimension
Hinge length (L)
Hinge width (w)

Permanent magnet distance 3mm 10mm
Young’s modulus (E) 2.95GPa [15] 7.69Mpa
Shear modulus (G) 1.53Gpa 2.91Mpa
Poisson ratio [15] 0.38 0.38
Fixed Inductor

Inductance 10 mH

Diameter 11.5mm

Length 15mm

Permanent magnet

Diameter 3.1mm

Height 1.6mm

Density 7.5g/cm?

Environmental Viscosity [16]

Air 18.6 wPa-s

Water 1.002 mPa-s

motion of the fast and slow axes will be decoupled through the
dynamic structural filtering effect, and therefore can be indepen-
dently controlled with the amplitude of the two AC driving currents
(Ir and Is), respectively [12].

Based on the main design parameters of the scanning mirror
(Table 2), the torsional resonance frequencies of the two axes in air
(fy_air) are estimated by

1 GK
fr,air = E ]T (1)

Where G is the shear modulus, K is the torsional force constant of
the hinge, J is the torsional moment of inertia, and L is the length
of hinge. To determine the torsional moment of inertia, the sili-
con mirror plate and the outer frames are treated as distributive
mass, while the permanent magnets are considered as point mass.
Thus, the torsional moment of inertia of the fast and slow axis are
calculated as

J =Jbeam + nIV[magrzetr2 (2)

Where n is the number of permanent magnets along the fast or slow
axis, Mmagnet is the mass of a single magnet and r is the distance
from the center of magnet to the rotating axis. The resonance fre-
quency (fr_water) When the scanning mirror is immersed in water
was estimated by

-1
3mpb
Frwater = fryp |1+ 22 T(k) 3)
2pmt

Where p is the density of water, p, and b are the effective density
and width of the scanning mass, It (k) is hydrodynamic functions,
and k is normalized mode number [13]. Based on Eqgs. (1) and (2),
the estimated resonance frequencies of fast axis and slow axis are
309.17 Hz and 4.49 Hz in air, and 231.02 Hz and 3.21 Hz in water,
respectively.

To better estimate the scanning performance of the hybrid hinge
scanning mirror, finite-element simulation was conducted in COM-
SOL Multiphysics®. The AC/DC module was used to calculate the
magnetic fields from the inductor coil and permanent magnets and
the resulting magnetic forces. The coil was set to be homogenized
and circular with an estimated number of turns of 5000. The mag-
netic flux from the coil was calculated from the driving current.
Permanent magnets were simulated by the Ampere’s Law. After
selecting the domain, the magnetic field was defined by remnant
flux density, B; = 0.3 Tesla. Combining the magnetic fields gener-
ated by inductor coil and magnetic fields introduced by permanent
magnets (Fig. 3), the magnetic forces applied onto the mirror plate
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Fig. 3. Simulated magnetic flux density distribution of the fixed inductor and per-
manent magnets for driving the (a) fast and (b) slow axis.

Table 3
Simulated eigen-frequencies of fast and slow axes.
Fast axis Slow axis
Eigenfrequency in air (Hz) 280 2.32
Eigenfrequency in water (Hz) 254 2.04

were determined. Next, with the Structural Mechanics module, the
magnetic forces were applied to calculate the tilting angles of the
mirror plate (Fig. 4). The resonance frequencies of the fast and slow
axis were estimated by calculating the eigen-frequencies of the
mirror plate structure around the two axes (Table 3), which are
slightly lower that those calculated by Eqs. (1) and (3). The scanning
angles of the fast and slow axes driven at their resonance frequen-
cies were also simulated. The simulation results are plot together
with the measured ones in Fig. 7.

3.2. Mirror fabrication and assembly

Fig. 5 shows the fabrication and assembly process of the hybrid-
hinge scanning mirror. Firstly, a 200-pm-thick aluminum-coated
silicon wafer was diced into 5 mm x 3 mm rectangular pieces to
serve as the mirror plate. The two hinge layers for the fast and slow
axes were cut out with a CO, laser cutter from a 130-pm thick
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Fig. 4. Simulated vertical displacement of mirror plate around the (a) fast and (b)
slow axis.

BOPET film and a 1-mm-thick EN sheet, respectively. Two align-
ment holes were also formed in the EN hinge layer to facilitate
the assembly of permeant magnets (Fig. 5(a)). Secondly, the sili-
con mirror plate and the two hinge layers were bonded together
using waterproof silicone glue (Momentive Performance Materi-
als RTV108). One pair of permanent magnet discs (with opposite
magnetization polarities) were bonded onto the bottom of the
silicon mirror plate. The second pair of permanent magnet discs
(with opposite magnetization polarities) were placed in the align-
ment holes in the EN hinge layer and fixed with the silicone glue
(Fig. 5(b)). To increase the magnetic driving force on the slow axis,
another pair of permanent magnet discs was attached onto the
second pair beneath the BOPET hinge layer. Next, the assembled
mirror plate and hinge structure was bonded onto a spacer, which
was laser cut from a 2-mm-thick acrylic plate (Fig. 5(c)). Lastly, the
entire top structure was mounted onto a 3D-printed plastic holder.
The driving inductor coil was inserted inside the holder from the
bottom (Fig. 5(d)). Fig. 5(e) and (f) show the top and side views of
a fabricated prototype of the hybrid-hinge scanning mirror.

4. Scanning characterization
The characterization of the hybrid-hinge scanning mirror was

performed using a laser-tracing method. The scanning mirror was
fixed onto a mounting stand at an angle of 45° from areading screen.

Silicon mirror
plate “~_

Resin layer

(b)

Holder

Inductor
coil

Acrylic spacer (c)

Fig. 5. Fabrication and assembly of two-axis water-immersible scanning mirror
with hybrid BoPET and EN hinges: (a)-(d) Fabrication process flow; (d)-(e) Top and
side view of a fabricated prototype.

A continuous wave (CW) laser beam was shot onto the center of
the mirror plate. The tilting angle of the mirror plate was calculated
from the deviation of the laser trace reflected on the reading screen.
The resonance frequencies of the fast axis in both air and water
were first characterized with an AC driving current of 40 mA in air
and 85 mA in water, respectively. The frequency of the AC driving
current was varied from DC up to 400 Hz. The resonance frequency
is defined as the driving frequency when the tilting angle reaches
its maximum. As shown in Fig. 6(a), the resonance frequency of the
fast axis is determined to be 295 Hz in air and 226 Hz in water. The
quality factor of the fast axis is determined to be 16.5 in air and 9.9
in water, respectively. To characterize the slow axis scanning, the
driving frequency was swept from 0 to 40 Hz with 65 mA current in
both air and in water. As shown in Fig. 6(b), the tilting angle reaches
its maximum at DC, which reveals no meaningful mechanical res-
onance for the slow axis. This can be explained by the low force
constant of the EN torsion hinges and relatively large moment of
inertia around the slow axis.

The scanning angles of the fast axis with AC driving and the
slow axis with DC driving were characterized and compared with
the simulation results. Fig. 7(a) shows both the simulated and
measured scanning angles of the fast axis when it is driven at its
resonance frequency. When they are small (e.g., < 7° in air and
< 4° in water), the two scanning angles increase almost linearly
with the AC driving current, and the simulation and testing results
match well with each other. Beyond certain values, the measured
scanning angle will increase more slowly than the simulated one.
The deviation becomes more obvious in water and at larger scan-
ning angles. This result shows that the damping on the fast axis is
higher in water and also increases with the scanning angle. This
can be explained that the liquid damping became stronger as the
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Fig. 6. Optical scanning angle vs. driving frequency of (a) fast axis and (b) slow axis.

vibration of mirror plate getting more intense. Fig. 7(b) shows the
simulated and measured scanning angles of the slow axis when it
is driven with a DC current. Within the entire scanning range, the
scanning angle of the slow axis increase almost linearly with the
driving current, and the simulation and testing results match well
with each other. This shows that when driven in a quasi-static state
at DC, the damping on the slow axis remains almost the same in
both air and water and is not significantly affected by the scanning
angle.

Raster scanning in water with both axes actuated was tested.
The frequency and amplitude of the fast axis driving current was
set to be 250 Hz and 55 mA. The slow axis was driven by a DC cur-
rent increasing from -70 mA to 70 mA with an increment of 2.5 mA
for each step. The scanning angle of the fast and slow axes reach
+11° and +18° respectively, which generates a scanning area of
13.6 mm x 22.7 mm at a distance of 35 mm. Fig. 8 shows three rep-
resentative laser scanning traces when the DC driving current of the
slow axis was set to be -50 mA, 0 mA and 50 mA, respectively. The
three laser scan traces remain sharp single lines without any broad-
ening, which indicates that the cross-talk between the fast and
slow axes is well suppressed. The laser scanning trace of fast axis is
slightly distorted when slow axis tilts at larger angles. This is due to
the variation of the fast-axis magnets orientation when slow axis
is actuated, which results in a small imbalance in the electromag-
netic force between two fast-axis magnets. The distortion becomes
more severe as the tilting angle increases. Nonetheless, the raster
scanning pattern is stable and repeatable. Therefore, this distortion
canbe calibrated and compensated during image reconstruction. To
test its reliability, the fast and slow axes were continuously driven
at 226 Hz and 1 Hz, respectively for ~30 h. No significant changes in
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Fig. 7. Optical scanning angle vs. driving current amplitude for (a) fast axis with AC
current driving at its resonance frequency and (b) slow axis with DC current driving.

Fig. 8. Representative laser scanning pattern produced by the hybrid hinge mirror
with continuous fast-axis scanning and slow-axis tilted at -15°, 0° and 15°.

the scanning performance (e.g., the scanning angle of the two axes
and the resonance frequency of the fast axis) were observed.

5. Ultrasound imaging

To demonstrate the unique scanning capability of the hybrid-
hinge scanning mirror, a pulse-echo ultrasound microscopic
imaging experiment was performed (Fig. 9). The hybrid-hinge
scanning mirror, an ultrasound transducer (Olympus V324-SM-
F2.00IN-PTF), and an imaging target were immersed in water. The
mirror was facing downward at an angle of 45° above the target
at a distance of 15 mm. The transducer, with a 25-MHz center fre-
quency and a 50-mm focal length, was placed horizontally toward
the mirror at a distance of 35 mm. The target consists of two
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Fig. 9. Schematic of the pulse-echo ultrasound microscopic imaging setup.

Y (fast axis)

25 pixels
12mm
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Fig. 10. Simulated 2D scanning pattern with non-overlapping scan points.

curved tungsten wires with adiameter of430 pm. The two tungsten
wires were arranged on an oblique plane and separated from each
other by 5 mm (horizontal) and 1 mm (vertical). A pulser/receiver
(Olympus 5073PR) was connected to the transducer for ultrasound
signal transception. The pulser/receiver was triggered by a function
generator with a frequency of 12.5 kHz. A two-channel function
generator was used to drive the hybrid-hinge scanning mirror.
The frequency and amplitude of the fast axis driving current were
set to be 250 Hz and 55 mA. The slow axis was driven by a DC
current increased from -50 mA to 50 mA with an increment of
1 mA for each step. The ultrasound echo signal for image recon-
struction was recorded by a PC with an add-on data acquisition
(DAQ) card (National Instruments PCI 6251). In order to register
the corresponding spatial location of each ultrasound echo signal,
the two-channel function generator and the pulser/receiver were
synchronized by the trigger signal from the DAQ card.

Fig. 10 shows the simulated scanning paths (green lines) of the
focal point of the ultrasound transducer. For the fast axis, with a
12.5 kHz ultrasound pulse repetition rate and a 250 Hz scanning fre-
quency, 50 scan points were distributed in one scan cycle. Because
the scan points in the first half of the scan cycle (i.e., forward path)
overlapped with those in the second half (i.e., reverse path), only
the 25 scan points in the first half of the scan cycle were used for
image reconstruction. To form 2D scanning, the slow-axis tilting
angle was shifted to move the scan path of the fast axis from -15°
to 15° in a series of 51 steps. This results in a total of 1275 (51 by
25) scan points distributed in a field of view of 16 mm x 12 mm.

The ultrasound data processing and imaging reconstruction pro-
cess is shown in Fig. 11. The 1275 scan points were arranged
together to form a 3D data matrix (Fig. 11(a)). At each scan point,
the transducer sent an ultrasound pulse and received the backscat-
tered “A-line” echo signal. It should be noted that the scan points
are denser near the edges of the scan path due to lower linear scan
speed. Therefore, in order to maintain a uniform pixel density, the
“A-line” signals obtained at the corresponding 51 scan points along
the x-axis (slow axis) were combined to reconstruct a 2D raw B-
mode image. The color of the pixels represents the echo signal

Scan points
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A-IinejL /

(@) ky (b)

B scan

() (d)

Fig. 11. Illustration of 3D ultrasound image reconstruction process: (a) Regrouping
of the scan points; (b) B-scan image reconstruction; (c) SAFT of B-scan images; and
(d) Stacking of B-scan images and sector view transformation.
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Fig. 12. Representative A-line signals of (a) the target and (b) the background.

intensity. The lateral location of each pixel is determined by the
location of the corresponding scan points, while the axial location
is determined by its travel time multiplied by sound velocity in
water. Next, 2D SAFT (Synthetic Aperture Focusing Technique)[17]
was applied on each B-mode image, followed by a sector transfor-
mation based on the real dimensions (Fig. 11(b)). This process was
repeated until all of the 25 B-mode images were formed. Lastly, all
the B-mode images were stacked together to form a 3D volumetric
image (Fig. 11(c)), followed by a sector transformation based on the
real dimensions (Fig. 11(d)).

Fig. 12(a) and (b) show the typical A-lines echo signals received
from the imaging target and the (water) background, respectively.
Fig. 13(a) shows one representative raw B-mode image. Because the
sound velocity in water (~1540 m/s) is slower than that in tungsten
(~5180my/s), the travel distance per pulse (in other words, axial
length per pixel in raw data) in water should be shorter than that
in the tungsten targets. An interpolation algorithm based on the
ratio between tungsten and water sound velocity was applied on
data inside the target to compensate this difference. The B-mode
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Fig. 13. B-scan image along slow-axis: (a) Before SAFT; (b) After SAFT; and (c) After
sector transformation.

image after the application of SAFT and that followed by sector
transformation are shown in Fig. 13(c) and (d), respectively. The B-
mode images were further stacked to form a 3D volumetric image
(Fig. 14) using Volview®. The cuboid transducer field of view is
12 mm in width, 16 mm in length and 20 mm in depth. The lateral
resolution is about 1 mm, limited by the transducer focal spot size.
It is obvious that the two tungsten wires have distinct curvature,
matching with the real target configuration. The lateral and axial
intervals between neighboring targets are estimated to be 4 mm
and 1 mm, respectively, which are close to the actual distance. In
the ultrasound image, the mean diameter of the tungsten wires
along the axial direction was estimated to be 450 wm, which is
also close to the actual dimension. It should be noted that at the
two ends of the two wire targets, there exist some shrinkage in
the diameter. This can be explained by the orientation dependence

Fig. 14. Reconstructed 3D image of the tungsten wire target.

of ultrasound signal scattering in a relatively large field of view.
As the mirror tilting angle increases, a larger portion of the inci-
dent ultrasound signals will be scattered away from the transducer,
thereby reducing the strength of signals that can be collected by the
transducer.

6. Conclusion

In summary, a new elastomer nanocomposite has been investi-
gated as the hinge material for water-immersible micro scanning
mirrors. By using BoPET and the elastomer nanocomposite as the
fast- and slow-axis hinge materials, a new prototype two-axis
water-immersible scanning mirror has been designed, fabricated
and tested. The low elastic modulus and high elastic strain of the
elastomer nanocomposite make it possible to reduce the reso-
nance frequency of the slow axis down to several Hz or less and
increase its maximal tilting angle. Such feature is especially useful
for generating a dense raster scanning pattern for scanning optical
and acoustic microscopy. For demonstration, scanning ultrasound
microscopy has also been conducted with the hybrid-hinge scan-
ning mirror with improvements in both spatial resolution and field
of view. Compared with existing MEMS (microelectromechanical
systems) scanning mirrors, the overall size of the mirror package is
still a little large, which is mainly due to the low patterning resolu-
tion of the fabrication process. In the future, a new high-resolution
microfabrication process based on photo lithography and etching
will be developed to enable further miniaturization of the mirror
package.
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