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Abstract—This paper reports on a MEMS tunable Fabry–Perot
filter technology capable of achieving nanometer-scale optical
flatness across a large mirror area of up to square centimeters
without any extraneous stress management techniques. The
device employs a single-layer tensile silicon or germanium
membrane for the suspended top mirror. Optical characterization
of the fabricated single-membrane-based tunable filters for the
SWIR, MWIR, and LWIR is presented. The fabricated 1000-µm
dimension Si-membrane-based SWIR and MWIR filters are
demonstrated with a wavelength tuning range of 1.77–2.42 and
4.1–4.9 µm, respectively, while the fabricated 200-µm-dimension
Ge-membrane-based LWIR filter is demonstrated with a
wavelength tuning range of 8.5–11.46 µm. All these filters are
shown to achieve transmission characteristics that exceed the
optical requirements for multispectral imaging applications. A
large-area 1-cm dimension Si membrane-based SWIR tunable
Fabry–Perot filter for multispectral imaging is demonstrated
as a proof-of-concept, showing an excellent surface flatness in
the order of 25 nm and an excellent optical uniformity with
transmission peak wavelength variability less than 3% across
the entire 1-cm dimension optical imaging area. In addition, the
optical transmission behavior of the Fabry–Perot filters based on
three-layer Si or Ge-based air-spaced DBRs for SWIR, MWIR,
and LWIR is modeled, demonstrating that these filters can achieve
a fine spectral resolution of several tens of nanometers suitable for
hyperspectral imaging applications.

Index Terms—Fabry-Perot interferometers, hyperspectral/
multispectral infrared imaging, MEMS.

I. INTRODUCTION

CURRENT state-of-the-art infrared imaging technologies
incorporate so-called multi/hyper-spectral capabilities,
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which allow real-time spectral information to be gathered from
multiple wavelength bands. Multi/hyper-spectral imaging sys-
tems can extract spectral signatures of objects, and thus provide
enhanced detection and discrimination of targets in clutter in
comparison to single-band imaging systems. A common cri-
terion to distinguish hyperspectral imaging from multispectral
imaging is the number of spectral channels. While most hyper-
spectral imaging systems collect 100 or more contiguous spec-
tral bands, multispectral imaging systems typically acquire less
than 20, non-contiguous spectral bands [1], [2], although there is
no consensus on exact values. The utility of multi/hyper-spectral
imaging systems has been well established in the domain of the
SWIR (short-wavelength infrared, 1.6–2.5 μm), MWIR (mid-
wavelength infrared, 3–5 μm), and LWIR (long-wavelength in-
frared, 8–12 μm) for a wide variety of applications, such as
gas and volatile organic compound diagnostics [3]–[5], mineral
mapping [6], [7], and global atmospheric temperature profile
monitoring [8], [9]. According to [3]–[9], it can be inferred that
hyperspectral imaging systems typically collect spectral bands
of very narrow spectral width (δλ/λc < 1%, δλ: full-width at
half-maximum, λc : central wavelength) and have a very wide ca-
pability of spectral discrimination, whereas multispectral imag-
ing systems collect spectral bands of relatively broad bandwidth
(δλ/λc ∼ 5%), and are designed to support applications by pro-
viding bands that detect information in specific combinations of
desirable regions of the spectrum. In conventional multispectral
imaging systems, spectral selection is typically implemented by
means of a series of band-pass interference filters mounted on
a motorized wheel, while in conventional hyperspectral imag-
ing systems, the spectral selection function is realized using
dispersive grating/prism or optical interferometers [1]. These
types of configuration, based on standard bulk optics, are char-
acterized by significant size, weight and power (SWaP), which
prohibit their widespread use in many desirable applications
requiring field portability or mounting on UAV platforms. In or-
der to provide a more robust filter solution with reduced SWaP,
a microelectromechanical systems (MEMS) based electrically
tunable Fabry-Perot filter technology is proposed.

A MEMS-based Fabry-Perot filter consists of a top mov-
able mirror suspended over a bottom fixed mirror, forming an
optical cavity. The mirrors are typically distributed Bragg reflec-
tors (DBRs) composed of alternating quarter-wavelength thick
layers of high-refractive-index and low-refractive-index materi-
als. Ideally, the optical transmission peak of the filter occurs at
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TABLE I
SPECTRAL SPECIFICATIONS OF TUNABLE FABRY-PEROT FILTERS FOR SWIR, MWIR AND LWIR MULTISPECTRAL AND HYPERSPECTRAL IMAGING

Parameter Multispectral imaging Hyperspectral imaging Comment

SWIR MWIR LWIR SWIR MWIR LWIR
(1.6–2.5 μm) (3–5 μm) (8–12 μm) (1.6–2.5 μm) (3–5 μm) (8–12 μm)

Peak transmission >50% >50% >50% >50% >50% >50% Optical throughput for high
signal-to-noise ratio

FWHM ∼150 nm ∼350 nm ∼500 nm ∼16–25 nm ∼30–50 nm ∼80–120 nm Optical throughout and
wavelength discrimination

Peak wavelength variation <6% <6% <6% <1% <1% <1% Pixel-to-pixel wavelength
uniformity across a FPA

the resonant wavelength that is exactly double the optical cav-
ity length, when operating in first-order [10]. For other wave-
lengths, the optical transmission falls off rapidly away from
the peak value, creating a spectrally isolated transmission pass-
band. Using a MEMS actuator to control the mirror separation,
the transmission pass-band can be swept over a range of wave-
lengths, creating a tunable optical filter.

In order to achieve the desirable spectral resolution for
multi/hyper-spectral imaging applications, Fabry-Perot filters
require highly reflective DBRs. The reflectivity of a DBR is
dependent on the refractive index contrast between the mirror
materials and the number of material pairs in the DBR. The
higher the material refractive index contrast and the greater
the number of periods in the DBR, the higher reflectivity the
DBR. Whilst MEMS-based infrared Fabry-Perot filters have
been previously reported [11]–[16], they consisted of multi-
layer semiconductor or dielectric based DBRs. Due to the close
refractive indices of the solid materials, DBRs in these filters
employed a large number of material pairs in order to achieve
high reflectivity. The successful development of these filters is
technologically challenging due to the stress induced bowing
of suspended mirrors. These filter technologies incorporated ei-
ther complicated processing steps or complex MEMS design
to control the stress gradients, and only allowed fabrication of
devices with relatively small optical areas, which are not suit-
able for hybridization with large-format infrared imaging focal
plane arrays (FPAs). Milne et al. [11] employed a three-layer
Ge/SiO/Ge top mirror and a four-layer Ge/SiO/Ge/SiO bottom
mirror to realize a 70-μm diameter MEMS-based tunable SWIR
filter, which achieved a continuous wavelength tuning range of
1.6–2.4 μm with a consistent FWHM of 52 nm. To eliminate
top mirror bowing, a post-fabrication oxygen plasma treatment
was used to balance the stress gradient in the top mirror and
to correct mirror curvature. Neumann et al. [13] reported a
1.9 mm× 1.9 mm large-area MEMS-based tunable MWIR filter
based on four-layer Si/SiO2 /Si/SiO2 mirrors. This filter demon-
strated a wavelength tuning range of 4.0–5.0 μm with a FWHM
of approximately 100 nm. In Neumann’s design, 300 μm thick,
mechanically stiff Si wafers were used as mirror carriers and, in
particular, the mirror deposition process was optimized to con-
trol top mirror bowing. Based on the same design, Ebermann
et al. [14] developed a MEMS-based dual-band IR filter using
multilayer Ge/ZnS-based mirrors, and this filter was reported
to have a LWIR tuning range of 8–10.5 μm with 105–200 nm

FWHM in the first interference order and simultaneously exhibit
a MWIR tuning range of 3.9–4.8 μm with 55–80 nm FWHM in
the second interference order. However, due to significant mass
of the top movable mirror carrier, these two filters exhibited sig-
nificant acceleration sensitivity. In order to overcome this chal-
lenge, Meinig et al. [15] from the same research group improved
the design with two suspended movable mirror carriers and de-
veloped a 2 mm× 2 mm dimension MEMS-based MWIR/LWIR
dual-band infrared filter. In addition, Stupar et al. [16] fabricated
a 200-μm dimension LWIR tunable filter with 13 μm thick mul-
tilayer DBR mirrors (materials not disclosed) based on a SOI
device layer transfer process, demonstrating a wavelength tun-
ing range of 8–11 μm with a 120 nm FWHM. For this filter, the
top mirror stress gradient was balanced by tailoring the mirror
layer stress conditions during deposition.

In previous work, our research group developed high-
refractive-index tensile Si thin film technologies for MEMS
optical membrane applications [17]. Our research group
also fabricated a static LWIR Fabry-Perot filter based on a
high-refractive-index single Ge membrane technology [18], and
further demonstrated an electrically tunable LWIR filter using a
stretched-membrane MEMS structure for multispectral thermal
imaging [19]. Based on the same MEMS design in [19], the
present paper reports on new results for our recently developed
Si single-membrane based SWIR and MWIR tunable filters
as well as centimeter-scale large-area MEMS-based tunable
SWIR Fabry-Perot filter technologies for multispectral infrared
imaging applications. High-index Si and Ge films not only can
provide sufficient reflectivity by just using a single layer, but also
can combine with air to form air-spaced DBRs which, due to the
very high refractive index contrast, can produce extremely high
mirror reflectivity over a broad bandwidth. Another advantage
of the air-spaced DBRs is that they are not subject to any film
stress mismatch issues because there is no material mismatch,
allowing fabrication of large-dimension filters. Tuohiniemi et al.
[20] first realized a MEMS-based tunable LWIR filter based on
two suspended Si/air/Si mirrors. This filter had a 0.8-mm diam-
eter optical aperture and demonstrated a continuous wavelength
tuning range of 7.9–11.24 μm with a FWHM of 140 nm. This
paper also reports on filter design and modelling for MEMS
tunable SWIR, MWIR and LWIR Fabry-Perot filter technolo-
gies based on air-spaced Si or Ge mirrors for hyperspectral
imaging. Table I shows the optical performance requirements
of tunable filters for multi/hyper-spectral imaging applications.
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Fig. 1. Graphical depiction of the single-membrane based MEMS tun-
able Fabry-Perot filter. The top MEMS structural membrane is drawn semi-
transparent to allow the bottom electrode layout to be visible. This MEMS
schematic was first presented in [19].

II. MEMS TECHNOLOGIES

The proposed single-membrane based MEMS tunable Fabry-
Perot filter structure is schematically shown in Fig. 1. A mov-
able top mirror membrane is suspended over a fixed bottom
mirror on a substrate, creating a tunable optical resonant cavity.
A quarter-wavelength thick anti-reflection coating is deposited
on the backside of the substrate to reduce backside reflections
at the substrate-air interface, thus improving the optical trans-
mission of the filter. The top mirror is located in the center of
the suspended MEMS structural membrane, which extends all
the way to the outer perimeter of the solid structural support.
The most obvious advantage of this MEMS design is that any
tensile stress inherent in the thin film will tend to stretch the
whole suspended membrane, thus aiding in flattening the cen-
tral mirror and eliminating the need for any stress management.
Four driving electrodes are deposited on the MEMS structural
membrane around the central mirror which, in combination with
the underlying bottom electrode, move the top mirror closer to
the bottom mirror during electrostatic actuation. Diagonally ar-
ranged notches at the corners of the structural membrane serve
to release the convergence of tensile stress from two orthogonal
directions, allowing freestanding membrane actuation without
causing stress induced distortion in the central mirror. These
notches also reduce the spring stiffness of the membrane and
thus allow low-voltage actuation. An array of 5-μm diame-
ter holes perforated in the membrane facilitates the sacrificial
layer etching process. These etch holes are only included in the
proof-of-concept design, and can be removed in any future de-
velopment. The optical path of the etch hole array is masked by
an array of Au micropatterns deposited on the bottom mirror.
In addition, an Au optical shield layer with a central window
matched to the mirror dimension is deposited on the backside
of the substrate in order to block stray light from outside of the
mirror area (not shown).

III. SINGLE-MEMBRANE BASED TUNABLE FABRY-PEROT

FILTERS FOR MULTISPECTRAL IMAGING

Based on the MEMS design shown in Fig. 1, single-
membrane based tunable Fabry-Perot filters for multispectral

infrared imaging were fabricated. These filters are based on
single-membrane Si or Ge top mirrors. The optical layer struc-
tures of the SWIR, MWIR and LWIR filters are given in Table II.

A. Si Membrane Based SWIR Filters

The SWIR Fabry-Perot filters for multispectral imaging con-
sist of a single layer of Si as the top suspended mirror and a
two-layer Si/SiOx bottom mirror on a silicon substrate, with Si
and SiOx having quarter-wavelength thicknesses of 135 nm and
316 nm, respectively. Filters of 1000-μm optical mirror dimen-
sion were fabricated, and the surface profiles of the freestanding
membranes of the as-released filters were measured using a
non-contact optical surface profilometer. These measurements
indicated that the mirrors of the fabricated filters exhibited excel-
lent flatness, with a center-to-edge bowing magnitude of 13 nm
across the entire 1000-μm dimension area.

Transmission spectra of the SWIR filters were measured as
a function of actuation voltage, and the results are presented in
Fig. 2(a) using data points. The solid lines in Fig. 2(a) represent
the modelled optical transmission spectra, which show a strong
agreement with the experimentally measured results. As can
be seen in Fig. 2(a), the measured wavelength tuning range
of the SWIR filter was observed to be 1.77–2.42 μm and was
obtained using a maximum actuation voltage of 57 V. This
wavelength tuning range accounts for 72.2% of the complete
SWIR band of 1.6–2.5 μm. The filter demonstrated consistent
transmission characteristics over the entire wavelength tuning
range; namely, a peak transmission between 60% and 65% and
a FWHM between 160 nm and 180 nm, which meet the optical
requirements for multispectral SWIR imaging applications as
listed in Table I.

B. Si Membrane Based MWIR Filters

The MWIR Fabry-Perot filters for multispectral imaging have
the same mirror structures as the SWIR filters, consisting of a
single-layer Si top mirror and a two-layer Si/SiOx bottom mirror
on a silicon substrate. The Si and SiOx layers have the quarter-
wavelength thicknesses of 264 nm and 616 nm, respectively.
The as-released MWIR filters demonstrated excellent mirror
flatness, with a center-to-edge bowing magnitude of 15 nm
across the entire 1000-μm dimension optical mirror area.

The experimentally measured transmission spectra for the ac-
tuated MWIR filter are shown in Fig. 2(b). It can be seen from
Fig. 2(b) that the optical transmission of the MWIR filter can be
continuously tuned from 4.1 μm to 4.9 μm using a maximum
actuation voltage of 25 V, which accounts for 40% of the com-
plete MWIR wavelength band of 3–5 μm. The filter can achieve
a peak transmission in the range of 65–75% and a FWHM of
approximately 360 nm over the entire wavelength tuning range,
which meet the optical requirements for multispectral MWIR
imaging applications as listed in Table I.

C. Ge Membrane Based LWIR Filters

The LWIR Fabry-Perot filters for multispectral imaging are
composed of a single-layer Ge top mirror and a four-layer
Ge/ZnS/Ge/ZnS bottom mirror on a float-zone silicon substrate,
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TABLE II
OPTICAL LAYER STRUCTURES OF THE MEMS-BASED TUNABLE SWIR, MWIR AND LWIR FABRY-PEROT FILTERS FOR MULTISPECTRAL IMAGING

SWIR (1.6–2.5 μm) MWIR (3–5 μm) LWIR (8–12 μm)

Material Thickness Material Thickness Material Thickness

Top mirror Si 135 nm Si 264 nm Ge 625 nm
Optical cavity Air 1250 nm Air 2500 nm Air 6000 nm
Bottom mirror Si/SiOx 135 nm/316 nm Si/SiOx 264 nm/616 nm Ge/ZnS/Ge/ZnS 625 nm/1136 nm
Substrate Silicon 300 μm Silicon 300 μm Float-zone silicon 300 μm
Anti-reflection coating SiOx 316 nm SiOx 616 nm ZnS 1136 nm

Fig. 2. Transmission tuning spectra for single-membrane based (a) SWIR,
(b) MWIR and (c) LWIR Fabry-Perot filters. The data points and solid lines
correspond to the measured results and the modelled results, respectively. The
data in Fig. 2(c) were presented previously in [19].

where the Ge and ZnS layers have quarter-wavelength thick-
nesses of 625 nm and 1136 nm, respectively. Float-zone sili-
con substrates were used simply because it contains negligible
amounts of oxygen and exhibits excellent LWIR transparency
as compared to standard Czochralski silicon wafers [21]. Opti-
cal profilometry measurements showed that the mirrors of the
un-actuated LWIR filters exhibited near-perfect flatness, with
bowing on the nanometer scale across the entire 1000-μm di-
mension optical imaging area.

As can be seen in Fig. 2(c), the measured wavelength tun-
ing range for a 200-μm dimension filter was observed to be
8.5–11.46 μm and was obtained using a maximum voltage of
160 V. This wavelength tuning range accounts for 75% of the
complete thermal imaging band of 8–12 μm, and to date is the
widest tuning range reported in the literature for a MEMS-based
LWIR Fabry-Perot filter. The filter exhibited consistent trans-
mission characteristics over the entire tuning range, including a
high peak transmission in the range of 80–87% and a FWHM
value of 400–480 nm, which exceed the optical performance
requirements listed in Table I.

IV. LARGE-AREA MEMS-BASED TUNABLE FABRY-PEROT

FILTERS FOR MULTISPECTRAL IMAGING

Most commercial high-definition multispectral imaging sen-
sors make use of large-format focal plane detector arrays with
a spatial resolution of 1280 × 1024. Employing such a large-
format FPA, with a 15-μm pixel pitch size for example, results
in the demand for a MEMS tunable filter with a large optical
imaging area of approximately 2 cm × 1.5 cm. Maintaining top
mirror surface flatness and parallelism to the bottom substrate
is critical for successfully developing such large-dimension fil-
ters. Any suspended mirror bowing or tilt with respect to the
substrate will cause a variability of the optical cavity length,
which will translate into a pixel-to-pixel variation of transmis-
sion peak wavelength across the imaging focal plane array.

In this work, centimeter-scale Si-membrane based SWIR
Fabry-Perot filters were fabricated for demonstrating proof-of-
concept large-area filters for multispectral imaging. The sur-
face profiles of the freestanding membranes were measured
using an optical profilometer. A line scan across the 1-cm
silicon membrane is shown in Fig. 3(a). As evident from
Fig. 3(a), the as-released membrane exhibited near-perfect sur-
face flatness, with a profile variation of less than 25 nm across
the entire 1-cm dimension area. Fig. 3(a) also shows the mea-
sured substrate profile for comparison, and it is noteworthy to
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Fig. 3. (a) shows the measured mirror surface line profile across a fabricated
1-cm dimension single Si membrane based SWIR Fabry-Perot filter. (b) shows
the transmission peak wavelength over a 20 μm × 20 μm pixel area at various
spatial positions of the filter.

observe that the 1-cm dimension membrane exhibited negligible
tilt with respect to the substrate.

The optical spatial uniformity over the 1-cm dimension op-
tical imaging area was examined using an in-house developed
optical metrology system [22]. This system enables the spatial
mapping of optical transmission spectra across the filter imag-
ing area within the spectral band from 1400 nm to 2600 nm. The
light beam was focused down to a spot size of 20 μm, which
is comparable to the pixel pitch size in FPAs, and the optical
transmission was scanned across the 1-cm dimension optical
imaging area with a step size of 500 μm. Fig. 3(b) shows the
extracted central transmission peak wavelength as a function of
spatial position on the filter. It can be seen in Fig. 3(b) that the
un-actuated filter had a nominal transmission peak wavelength
of 2.4 μm. The maximum on-pixel transmission peak wave-
length was measured to be 2.44 μm, and the minimum on-pixel
peak wavelength was measured to be 2.39 μm, corresponding
to a pixel-to-pixel transmission peak wavelength variation of
2.1%. Using an actuation voltage of 52.5 V, the optical trans-
mission of the filter was tuned to a nominal central wavelength of
2.1 μm. The maximum on-pixel transmission peak wavelength
variation across the entire 1-cm optical imaging area was ob-
served to be 55 nm, which corresponds to a pixel-to-pixel peak

Fig. 4. Schematic cross-section of the MEMS tunable Fabry-Perot filters
based on air-spaced mirrors for hyperspectral imaging.

wavelength variability of 2.6%. This excellent pixel-to-pixel
peak wavelength uniformity is a direct consequence of the
achieved level of suspended top mirror flatness, and exceeds
the optical specifications for multispectral imaging applications
as listed in Table I, demonstrating that the single-membrane
MEMS-based Fabry-Perot filter shown in Fig. 1 is a feasible
design for fabricating large-area tunable optical filters for hy-
bridizing with high-definition large-format FPAs.

V. LARGE-AREA MEMS-BASED TUNABLE FABRY-PEROT

FILTERS FOR HYPERSPECTRAL IMAGING

Based on the excellent results demonstrated for the single-
membrane based large-area Fabry-Perot filters for multispectral
imaging, it is believed that the MEMS technology shown in
Fig. 1 can be extended to realize large-dimension MEMS-based
tunable Fabry-Perot filters for hyperspectral imaging by incor-
porating air-spaced mirrors to achieve the narrow linewidths
required for on-pixel spectroscopy. A schematic cross-section
of the proposed Fabry-Perot filter for hyperspectral imaging is
shown in Fig. 4. The filter consists of a suspended air-spaced
top DBR and a fixed air-spaced bottom DBR on a silicon sub-
strate. The air-spaced DBRs are either Si/air/Si for SWIR and
MWIR filters or Ge/air/Ge for the LWIR filter. While the Si
layers for SWIR and MWIR filters have the quarter-wavelength
thicknesses of 135 nm and 264 nm, respectively, the Ge layers
for LWIR filter have a quarter-wavelength thickness of 625 nm.
The air-gaps in the DBRs can be realized by etching polyimide
sacrificial layers through the etch holes perforated in the mir-
rors, with quarter-wavelength thicknesses of 500 nm, 1000 nm
and 2500 nm respectively for SWIR, MWIR and LWIR filters.
The bottom layer in the top suspended DBR extends outwards to
serve as the MEMS structural support, on which Au electrodes
are deposited for electrostatic actuation. Anti-reflection coating,
that is, 316 nm SiOx for SWIR filter, 616 nm thick SiOx for
MWIR filter, and 1136 nm thick ZnS for LWIR filter, can be
deposited on the backside of the substrate to suppress the effect
of multiple reflections. In addition, another Au optical shielding
layer can be deposited on the backside of the substrate to define
the optical aperture of the filters.

In order to investigate the suitability of three-layer air-spaced
DBRs for fabricating tunable Fabry-Perot filters for hyperspec-
tral imaging applications, the optical transmission of the filter
shown in Fig. 4 was modelled for various optical cavity lengths
for SWIR, MWIR and LWIR cases, and the results are shown in
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Fig. 5. The modelled optical transmission of the Fabry-Perot filters based on
air-spaced DBRs for various optical cavity lengths. (a), (b) and (c) show the
results for SWIR filter, MWIR filter and LWIR filter, respectively.

Fig. 5. As can be seen in Fig. 5(a), the SWIR filter is predicted
to have a high peak transmission of 90% and a narrow FWHM
of 10 nm across the entire SWIR range of 1.6–2.5 μm when
the optical cavity is tuned from 1.37 μm to 0.74 μm. Fig. 5(b)
shows that a peak transmission greater than 90% and a narrow
FWHM of 25 nm can be achieved for the Si/air/Si DBR based
MWIR filter over the entire MWIR range of 3–5 μm. As evi-
dent from Fig. 5(c), a LWIR filter based on Ge/air/Ge DBRs is
predicted to exhibit consistent transmission characteristics over
the entire LWIR range of 8–12 μm, including a peak trans-
mission greater than 85% and a narrow FWHM of 50 nm. All
these spectral figures exceed the optical specifications as listed
in Table I, indicating that high spectral resolution MEMS-based
tunable Fabry-Perot filters for hyperspectral infrared imaging
can be readily realized using three-layer air-spaced DBRs.

VI. CONCLUSIONS

This paper has reported the realization of a MEMS-based
tunable Fabry-Perot filter technology, employing a single-layer
tensile-strained Si or Ge membrane as the suspended top mirror
that requires no additional stress management to achieve excel-
lent as-released mirror flatness over a large optical mirror area
of centimeter dimension. The fabricated Si membrane based
tunable SWIR filter of 1000 μm in dimension demonstrated a
continuous wavelength tuning range of 1.77–2.42 μm with a
peak transmission of 60–65% and a FWHM of 160–180 nm,
while the 1000-μm dimension Si membrane based MWIR filter
demonstrated a wavelength tuning range of 4.1–4.9 μm with
a peak transmission in the range of 65–75% and a FWHM of
approximately 360 nm. The Ge membrane based tunable LWIR
Fabry-Perot filter of 200-μm mirror dimension exhibited a peak
transmission higher than 80% and a FWHM between 400–480
nm over the entire wavelength tuning range of 8.5–11.46 μm. All
the achieved spectral performance parameters meet the required
specifications for multispectral infrared imaging applications.
Moreover, a proof-of-concept large-area single Si membrane
based SWIR Fabry-Perot filter with a 1-cm dimension opti-
cal area was demonstrated, which exhibited excellent surface
flatness with a measured profile variation of less than 25 nm
across the entire 1 cm × 1 cm dimension optical mirror area. It
has also been shown that this 1-cm dimension SWIR filter can
achieve excellent pixel-to-pixel transmission peak wavelength
uniformity of less than 3% during actuation. Extending the cur-
rent MEMS approach towards the fabrication of tunable Fabry-
Perot filters for narrow-band hyperspectral imaging is the focus
of future work. To this end, optical transmission of the Fabry-
Perot filters based on three-layer air-spaced DBRs was exam-
ined. Optical modelling indicates that the air-spaced DBR based
SWIR, MWIR and LWIR filters have a high peak transmission of
approximately 90%, with a narrow spectral resolution of 10 nm,
25 nm and 50 nm, respectively, which exceed the optical re-
quirements for hyperspectral imaging applications. Overall, we
anticipate the work presented in this paper presents important
research results that can be built-upon for the future technologi-
cal development of field-portable and UAV-compatible low-cost
multispectral and hyperspectral imaging systems based on a hy-
bridized technology incorporating a large-area MEMS-based
tunable Fabry-Perot filter and a large-format 2-D infrared imag-
ing focal plane array.
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