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Fourier transform infrared spectroscopy is a widely used instrument to analyze and test different materials including organic and
inorganic. Most of current commercial Fourier transform infrared spectrometers are limited in miniaturization and scanning
velocity by their macroscopic components. MEMS FTIR spectroscopy is one of the important applications of translational
actuator-driven systems by using MEMS technology. The critical component in MEMS FTIRs is the large displacement
translating micromirror and its actuator. The paper presents a large displacement and high-surface quality micromirror. The
micromirror consists of a micromagnetic actuator and a micromirror plate. The mirror plate and the actuator are fabricated
separately and bonded together afterwards, and its size is 3.6× 3.6mm2 high-surface quality square mirror plate and a 1cm2

moving part. The microactuator’s moving part is fabricated using MetalMUMPS, and its fixed part includes a ring permanent
magnet and a solenoid to realize a large displacement. The mirror plate is fabricated using polished silicon coated with metal
layer with high-surface prototypes that are fabricated and experimentally tested. A maximum stroke of 400μm has been
achieved in pull-in whereas only 140μm stroke have been measured for a 4 to 5-volt DC-controlled displacement, and the
resonance frequency is 10Hz.

1. Introduction

Fourier transform infrared spectroscopy (FTIRs) is a widely
used instrument to analyze and test different materials
including organic and inorganic [1]. As a mainstream
method of infrared spectrometer, FTIRs is the most popular
technology because of its high resolution, high signal-to-
noise ratio, and high stability. However, the complexity and
development of many applications require analysis instru-
ment to achieve rapid detection of materials on the spot such
as geological exploration. With regard to this, the current
commercial Fourier transform infrared spectrometers have
lots of disadvantages, such as large size, usually static, poor
portability, and being operated by qualified personnel. The
FTIRs is based on a two beam Michelson interferometers.
Most of them are limited in miniaturization and scanning
velocity by their macroscopic components.

With the development of microelectromechanical system
(MEMS), the MEMS micromirror becomes steady and low
cost, which makes the miniaturization of instruments
become possible. A new class of miniaturized, robust, high
speed, and cost-efficient FTIR systems can be addressed.

To achieve the miniaturized FTIRs, Sandner et al. [2]
gave actuators for optical path length modulation for mini-
aturized FTIRs, in which the mirror thickness is limited
resulting to weakness surface flatness. Also, Sandner et al.
[3] presented MOEMS based FTIRs, which has translational
out-of-plane oscillation at 500Hz with large stroke of up to
1mm. Although the amplitude is large enough, the FTIRs
are resonant driven. Warashina et al. [4] achieved a very
small size FTIRs with system on chip designing. However,
the parameters of FTIRs such as resolution (which is
25 cm−1) and SNR (which is greater than 35dB) are not
good enough.

Hindawi
Journal of Sensors
Volume 2018, Article ID 1460582, 6 pages
https://doi.org/10.1155/2018/1460582

http://orcid.org/0000-0002-0230-2059
https://doi.org/10.1155/2018/1460582


MEMS FTIR spectroscopy is one of the important appli-
cations of translational actuator-driven systems by using
MEMS technology. The sensing unit can be built in a small
size with high reliability and low fabrication cost. The critical
component in MEMS FTIRs is the large displacement trans-
lating micromirror. To improve the resolution, high-surface
quality and no-resonant displacement of a few hundred
micrometers are required for the micromirror [5]. It is still
a challenge for MEMS micromirrors to reach a high-static
displacement with high-surface quality.

As so far, many works about several miniaturized MEMS
devices for FTIRs have been reported. Electrostatic silicon on
insulator MEMS with in-plane translator mirror is limited by
its thickness to small mirror size [6–9] such as 0.5mm in
diameter. Kung et al. and Antila described vertical out-of-
plane MEMS mirrors with an electrostatic plate capacitor
drive [10, 11]. Their results are only 65μm amplitude and
6μm for a 6mm translator mirror. Drabe et al. [12], Ataman
et al. [13], and Ferhanoglu et al. [14] have used resonant in-
plane comb drives. Wang et al. [15, 16] and Han et al. [17]
are based on nonresonant electrothermal actuation. These
translatory MOEMS devices could be used for instance to
adjust an optical path length/optical path difference, some-
thing which is of interest for a range of applications, includ-
ing confocal microscopy, optical coherence tomography, and
also for FTIR spectroscopy.

In this paper, a large displacement and high-surface
quality micromirror are presented. The micromirror con-
sists of a micromagnetic actuator and a micromirror plate.
The mirror plate and the actuator are fabricated separately
and bonded together afterwards. The microactuator’s mov-
ing part is fabricated using MetalMUMPS, and its fixed part
includes a ring permanent magnet and a solenoid to realize a
large displacement. The mirror plate is fabricated using
polished silicon coated with metal layer with a high-surface
quality. Prototypes are fabricated and experimentally tested.
A maximum stroke of 400μm has been achieved in pull-in
whereas only 140μm stroke have been measured for a
DC-controlled displacement.

2. Device Design

A MEMS magnetic actuator is a device that uses the micro-
electromechanical systems (MEMS) to convert an electric
current into a mechanical output by employing the well-
known Lorentz force equation or the theory of magnetism.
The designing of micromirror is given in Figure 1, which
includes a mirror plate and a micromagnetic actuator. The
microactuator and the mirror plate are fabricated separately
and bonded together after they are fabricated. The first part
is fabricated using polished silicon wafer and coated with thin
metal layer as shown in Figure 1(a). The thickness of the mir-
ror plate ranges from several tens to several hundreds of
micrometers according to the applications. The aperture of
the mirror plate is from 1mm to several mm. Therefore, a
high-surface quality can be obtained including high flatness
and good roughness.

The moving part of the actuator moves down when a
current is applied to the solenoid, and if no current applied

to the solenoid, the moving part of the actuator is attracted
up by the ring permanent magnet. The current in the sole-
noid controls the downward displacement of the actuator
along with the bonded mirror plate until the displacement
reaches the “pull-in” range.

The actuator includes a moving part and fixed parts. The
moving part has four trapezoidal nickel plates and a central
structure for bonding the mirror plate. The four trapezoidal
nickel plates are connected to the central structure through
connection springs and supported by anchors through
anchoring springs as shown in Figure 1(b). The fixed parts
include one ring permanent magnet above the moving part
of the actuator and a solenoid under it, as shown in
Figure 1(c). The moving part of the actuator is fabricated
using MetalMUMPS and is made of 20μm thick nickel.
The mirror plate is bonded to the actuator’s moving part in
the area of the central structure. The mirror plate is 6mm
in diameter and 350μm in thickness. The upper edge of trap-
ezoidal plate is 3mm and the lower edge is 6mm, whose
height is 2mm. The spring in the mirror is 0.8mm× 0.8mm.
The magnet is 1.5 cm in diameter and 0.5 cm in height.
Figure 1(d) shows the assembled micromirror. Bonding
information will be given in following section.

Basing on the mentioned working principle above, the
micromirror is designed as below.

2.1. Stress Verification. In order to verify if the maximum
stress in the actuator is less than the yield strength, the actu-
ator is simulated using Coventor. The simulation result
shows a translation of 710μm that can be achieved with the
maximum stress smaller than the yield strength which is
400Mpa, as shown in Figure 2.

2.2. Bonding the Mirror Plate and the Actuator. Bonding of
the mirror plate and the actuator is the critical part of this
micromirror, which faces following challenges: (1) The actu-
ator moving part is as thick as 20 micrometers. It is very frag-
ile and easy to induce plastic deformation; (2) a small amount
of adhesive that leaked from the backside of the mirror plate
will stick the mirror plate, moving part, and substrate
together. The adhesive leakage could occur during the bond-
ing operation and the drying process. To solve these prob-
lems, a lot of iterations for tuning the bonding process and
designing the bonding structure were conducted till the
bonding challenges are completely addressed. All detail
information about bonding process can be found in [18].

2.3. Displacement Measurement Structure. A measurement
process and a setup are developed as illustrated in Figure 3.
A laser beam parallel to the table shoots to the mirror plate,
which is perpendicular to the table, and the reflected beam
is on the PSD (position sensor detector). The PSD can mea-
sure the x and y positions of the laser dot. By measuring the
moving distance of the laser dot on PSD when driving the
actuator, the translation of the micromirror can be calculated
according to the calibration which records the reflected laser
dot moving distance on PSD when manually translating the
micromirror, which sits on a fine translation stage with
moving direction perpendicular to the mirror plate surface.
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In order to separate the translation from the rotation, the
following steps are performed in the measurement. Rotating
the micromirror around the z-axis until the trajectory of
reflection beam is parallel to the x-axis. Now, the rotating axis
is perpendicular to the table along y-axis. By rotating the
micromirror 90° around the z-axis, its rotation axis will be
parallel to the table, so the translation and rotation are sepa-
rated in x-axis and y-axis, respectively.

Using above method, the tilting of the micromirror can
be found and compensated. However, it is based on an
assumption that the micromirror is set perpendicular to the
table, which is difficult to guarantee in the real experiment
environment. To avoid the error caused by it, the micromir-
ror is rotated 180° after the first trajectory of reflection beam

that is parallel to the x-axis is found and the second trajectory
can be derived using the same way. Because the angle
between the micromirror and the table is caused during the
setup, its effect can be eliminated by taking a median of these
2 displacements, and then the real translation displacement
can be obtained.

3. System Experiments

The prototype of the actuator moving part is fabricated using
MetalMUMPs, as shown in Figure 4. Figure 4(a) shows the
3.6× 3.6mm2 high-surface quality square mirror plate and
a 1 cm2 moving part. Figure 4(b) shows the mirror plate
bonded to central structure of the moving part.
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Figure 1: Concept of the new micromirror.
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Figure 2: Stress simulation using CoventorWare.
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The displacement measurement experiment is performed
using the equipment setup in Figure 5. The assembly struc-
ture for displacement testing includes a high-precision rota-
tion platform, a translation stage, a magnet holder, a chip
holder, and a solenoid holder. A ring-shaped permanent
magnet, which has 8mm outer diameter and 3.8mm inner
diameter, is used to pull the moving part up. And a 0.5mm
thick gasket is used to increase the distance between the

permanent magnet and moving part to 3mm. The moving
part is positioned on the chip holder and fixed by the power-
ful double-sided tape. After assembled, the assembly struc-
ture is mounted on a single-axis translation stage which is
further mounted on a lab jack, so that the assembly structure
can move in both horizontal and vertical directions. The laser
source is placed on a right-angle clamp to ensure the laser
beam is parallel to the table and a pinhole is used to reduce
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Figure 3: Concept of displacement measurement.

(a) Mirror plate and actuator (b) Mirror plate bonded on the moving part

Figure 4: The final prototype of the micromirror.

4 Journal of Sensors



the size of laser spot to within the mirror plate. A PSD is
mounted on the lab jack to receive the reflected beam from
the mirror plate. And an oscilloscope connected to the PSD
shows the position of the laser spot on the PSD.

The test result in Figures 6 and 7 shows the micromirror
can be pulled up about 400μm by the 8mm ring-shaped per-
manent magnet. A pull-in phenomenon is found when the
voltage applied on the solenoid is over 4V, where its current
is 450mA. Then the solenoid attracts the actuator down to
the substrate. The displacement can be controlled through
adjusting the current in the solenoid adjustment when it is
within 140μm.

Moreover, the tilting angle of the micromirror is shown
in Figure 8. From the figure, the tilting angle is 0.1°–0.21°

based on the measurement of prototypes. The tilting is not
good enough in fact for application. Future development
should be worked on the concept proposed in this work, such
as adopting rectangular plates for its structure.

Table 1 showed the results compared to reference [2, 18]
which are typical results published. According to Table 1, the
actuator design in this work can achieve the mirror plate
with 3.6× 3.6mm2 and 350μm in thickness according to
the applications. Therefore, a high-surface quality can be
obtained including high flatness and good roughness.

4. Conclusion

MEMS FTIR spectroscopy is one of the important applica-
tions of translational actuator-driven systems by using

MEMS technology. The sensing unit can be built in a small size
with high reliability and low fabrication cost. The critical com-
ponent in MEMS FTIRs is the large displacement-translating
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Figure 5: Displacement measurement experiment setup.
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Figure 7: Displacement versus current.
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Figure 8: The tilting angle of the micromirror.

Table 1: The comparison of several results.

Mirror Displacement

[2] 5mm (diameter) 300 μm

[18] 2× 2mm2 123 μm

This work 3.6× 3.6mm2 400 μm
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micromirror. To improve the resolution, high-surface quality
and no-resonant displacement of a few hundred micrometers
are required for the micromirror.

In this work, a novelmicromirror forMEMSFTIRs is pro-
posed, which includes themirror plate with 3.6× 3.6mm2 and
350μm in thickness. The micromirror can achieve large dis-
placement and high reflectivity by fabricating the actuator
andmirror plate separately. A bonding process and the bond-
ing mechanism are developed to bond the mirror plate onto
the moving part. A process is developed to measure the trans-
lation displacement of the micromirror. A maximum stroke
of 400μm has been achieved in pull-in whereas only 140μm
stroke have beenmeasured for aDC-controlled displacement.
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