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PROXIMITY FOCUS IMAGING INTERFEROMETER

BACKGROUND

An optical interferometer is a device that employs the effects of electromagnetic
radiation interference. The electromagnetic radiation that enters the interferometer undergoes
multiple reflections and the interference of the electromagnetic radiation emerging from the
interferometer during each “bounce” causes a modulation in the transmitted and reflected
beams. The interference of waves is the process whereby two or more waves of the same
frequency or wavelength combine to form a wave whose amplitude is the sum of the
amplitudes of the interfering waves. Constructive and destructive interference occurs based
on the angle of the beam, the optical thickness of the interferometer, and the wavelength. The
transmission spectrum of the interferometer imaging system displays a series of peaks where
constructive interference occurs.

Applications in which interferometers are used as a tool include metrology,
spectroscopy, and astronomy. These applications require measurement of small
displacements, refractive index changes, and surface irregularities. In addition, these
functions require precise measurements of wavelength, the measurement of very small
distances and thicknesses, the detailed study of the hyperfine structure of spectrum lines, the
precise determination of refractive indices, and, in astronomy, the measurement of binary-star
separations and the diameters of stars. Optical interferometers are based on both two-beam
interference and multiple-beam interference.

A typical Fabry-Perot interferometer comprises a pair of substantially parallel
reflective surfaces, or two parallel highly reflecting mirrors, that are spaced apart to define an
optical gap. In some Fabry-Perot interferometers, at least one of the surfaces is movable
relative to the other in order to vary the size of the optical gap. In other Fabry-Perot
interferometers, the optical gap is fixed, and the optical path length may be varied by tilting
the interferometer or varying the air pressure. In use, electromagnetic radiation comprising a
number of different wavelengths impinges on the interferometer and passes into the optical
gap and is then reflected between the two reflective surfaces. Constructive and destructive
interference occurs, leading to certain well-defined wavelengths being transmitted through
the interferometer while the remaining wavelengths are not transmitted. In typical Fabry-

Perot interferometers, a series of well-defined transmission peaks are obtained corresponding



WO 2017/087061 PCT/US2016/051991

to wavelengths that are transmitted, the wavelengths at which the peaks are situated being
adjustable by varying the width of the optical gap. The transmission spectrum as a function of
wavelength exhibits peaks of large transmission corresponding to resonances of the
interferometer. As the reflectivity of the mirrors is increased, the modulation peaks become
sharper and decrease in width.

In traditional Fabry-Perot interferometers, it is important that the reflective surfaces of
the interferometer are as parallel as possible in order to minimize distortions that can degrade
image or electromagnetic radiation quality. For example, a traditional Fabry-Perot
interferometer may require a degree of parallelism of less than Y4 of the wavelength of the
source of electromagnetic radiation. This requirement limits the choice of materials as well as
the size of the imaging system.

A typical Fabry-Perot interferometer is spatially separated from the focal plane, and
the system requires additional imaging optics between the interferometer and the focal plane.
Spectral imaging systems for thermal infrared applications, including Fabry-Perot
interferometers, are typically inherently large in size, weight, power, and cost compared to
spectral instruments for shorter optical wavelengths. The signal levels are generally low due
to the narrow spectral bandwidth of individual channels, and thus the thermal self emission of
the optics must be reduced to yield acceptable sensor noise performance. This frequently
leads to the need for cryogenic cooling of most or all of the imaging optics. Cryogenic
cooling requires a Dewar large enough to hold a spectrometer or interferometer, and a cooler

large enough to cool this considerable thermal mass in an acceptable period of time.

SUMMARY OF THE INVENTION

Aspects and embodiments are directed generally to optical systems and methods, and
more particularly, to spectral imaging systems and methods. Specifically, various aspects
and embodiments are directed to an imaging system including Fabry-Perot interferometer in
close proximity to a focal plane, the Fabry-Perot interferometer configured to focus incident
electromagnetic energy onto imaging sensor(s) located at the focal plane. In accordance with
various aspects and embodiments, there are provided systems and methods of fabricating and
using an apparatus including Fabry-Perot interferometers in close proximity to a focal plane
array (FPA) designed to improve the collecting efficiency of electro-optical detector FPAs,

wherein the active area of the FPA comprises a two-dimensional array pixel sensors. A



WO 2017/087061 PCT/US2016/051991

Fabry-Perot interferometer disposed above the FPA detector pixels effectively increases the
collection efficiency thereby improving detection sensitivity for passive electro-optic/infrared
(EO/IR) receivers, and decreasing the size of the imaging system.

According to one embodiment, an interferometer system includes an optical detector
having a substrate and a two-dimensional array of pixels disposed on the substrate, and an
interferometer disposed proximate the optical detector without an optical element between
the interferometer and the optical detector, the interferometer including a first plate
positioned proximate the substrate and extending over the two-dimensional array of pixels, a
second plate spaced apart from the first plate, the first and second plates defining an optical
gap between them, and at least one actuatable spacer positioned between the first plate and
the second plate and configured to space apart the first and second plates from one another
and to selectively alter a thickness of the optical gap.

In one example, the optical detector is a focal plane array detector.

In one example, the interferometer system further includes a reflective coating
disposed on interior surfaces of the first plate and the second plate.

In one example, the interferometer system further includes a microelectromechanical
system actuator configured to actuate the spacer to selectively alter the thickness of the
optical gap.

In one example, the at least one spacer includes piezoelectric materials. The
piezoelectric materials may include at least one of lithium tantalite, lithium niobate, lead
zirconium titanate, and lanthanum-doped lead zirconium titanate.

In one example, the at least one spacer is positioned between the edges of the first
plate and the second plate.

In one example, the at least one spacer is positioned external to the optical gap.

According to another embodiment, a solid state interferometer system includes an
optical detector having a substrate and a two-dimensional array of pixels disposed on the
substrate, and an interferometer disposed proximate the optical detector without an optical
element between the interferometer and the optical detector, the interferometer including a
first layer deposited over the two-dimensional array of pixels and configured to reflect optical
radiation incident thereon, an actuatable spacer layer deposited over the first layer, the

actuatable spacer layer having an electronically variable thickness, and a first reflective
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coating disposed over an upper surface of the actuatable spacer layer and configured to reflect
the optical radiation reflected from the first layer.

In one example, the optical detector is a focal plane array detector.

In one example, the first layer includes a second reflective coating disposed on a
surface of the first layer facing the actuatable spacer.

In one example the solid state interferometer system further comprises a second layer
deposited over the first reflective coating.

In one example, the actuatable spacer layer includes piezoelectric materials. The
piezoelectric materials may include at least one of lithium tantalite, lithium niobate, lead
zirconium titanate, and lanthanum-doped lead zirconium titanate.

In one example, the solid state interferometer system further includes an optical train
in communication with the optical detector.

Still other aspects, embodiments, and advantages of these exemplary aspects and
embodiments are discussed in detail below. Embodiments disclosed herein may be combined
with other embodiments in any manner consistent with at least one of the principles disclosed

herein, and references to “an embodiment,” “some embodiments,” ‘“an alternate
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embodiment,” “various embodiments,” “one embodiment” or the like are not necessarily
mutually exclusive and are intended to indicate that a particular feature, structure, or
characteristic described may be included in at least one embodiment. The appearances of

such terms herein are not necessarily all referring to the same embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of at least one embodiment are discussed below with reference to the
accompanying figures, which are not intended to be drawn to scale. The figures are included
to provide illustration and a further understanding of the various aspects and embodiments,
and are incorporated in and constitute a part of this specification, but are not intended as a
definition of the limits of the invention. In the figures, each identical or nearly identical
component that is illustrated in various figures is represented by a like numeral. For purposes
of clarity, not every component may be labeled in every figure. In the figures:

FIG. 1 is a cross-sectional view of one example of a monolithic electromagnetic

radiation sensor according to aspects of the present invention;
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FIG. 2 is a cross-sectional view of another example of a monolithic electromagnetic
radiation sensor according to aspects of the present invention;

FIG. 3 is a cross-sectional view of another example of a monolithic electromagnetic
radiation sensor according to aspects of the present invention;

FIG. 4 is a cross-sectional view of one example of a monolithic electromagnetic
radiation sensor and optical train according to aspects of the present invention; and

FIG. 5 is a graph illustrating the spectral response of one example of an

electromagnetic radiation sensor according to aspects of the present invention.

DETAILED DESCRIPTION

Aspects and embodiments are generally directed to apparatus and methods for the
detection of electromagnetic radiation, and in particular, for the imaging and/or spectral
analysis of optical radiation. In the design of electromagnetic radiation sensors, particularly
optical sensors, various design considerations are often taken into account to provide for a
sensitive, compact system. To reduce the size, weight, power, and cost associated with
spectral imaging systems for thermal infrared applications, it is advantageous to minimize the
number of components that require cooling so as to minimize the size of the associated
Dewar or other cooling chamber and the required cooling power. As discussed above,
conventional Fabry-Perot interferometers are spatially separated from the focal plane at
which the imaging detectors are located, and require imaging optics positioned between the
interferometer and the focal plane. In addition, these imaging systems typically require
additional optical elements such as lenslet arrays, for example, “insect eye” arrays, and relay
optics in order to produce the image. These components tend to be physically large.
Accordingly, conventional systems either require substantial Dewars for high performance or
remain uncooled, resulting in significant performance degradation.

Aspects and embodiments are directed to providing a compact imaging device that
avoids these drawbacks by creating a very small, low thermal mass interferometer positioned
in close proximity to the focal plane array. In particular, as discussed in detail below, certain
embodiments include a Fabry-Perot interferometer positioned in close proximity to an
infrared focal plane array (FPA) detector. This configuration may provide advantages with
regard to, for example, size, weight, ruggedness, and cost compared to conventional imaging

systems, as discussed further below. For example, placing the Fabry-Perot interferometer in
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close proximity to the infrared focal plane array detector obviates the need for ancillary
optics, while still producing focused images. Thus, as discussed in more detail below,
aspects and embodiments provide a spectrally selective device that is compact enough to fit
within a Dewar sized for the associated infrared focal plane array detector, and is compatible
with suitable fore-optics, for example, an optical train comprising one or more
electromagnetic radiation sources or an optical train comprising one or more mirrors.

Further, to reduce the degree of parallelism required in the Fabry-Perot
interferometer, it is also advantageous to position the Fabry-Perot interferometer in close
proximity to the FPA. Typical imaging systems comprise solid-state detector arrays that may
require a high degree of local parallelism and flatness in the Fabry-Perot interferometer when
it is spaced far from the array, so as to reduce distortions perceived by the detector array. In
contrast, using an FPA detector having a two-dimensional array of individual detector pixels
in close proximity to the interferometer allows the system to exhibit a high degree of
parallelism over a small area. Further, in such FPA sensors, if no mechanism for focusing is
used, imaging electromagnetic radiation would be wasted in the interstitial gaps between the
individual detector pixels. Accordingly, certain examples advantageously provide an FPA
sensor with a Fabry-Perot interferometer disposed in close proximity with the FPA to
increase the collection efficiency, improve detection sensitivity of the sensor, and allow for
use with hyperspectral imaging.

Typical Fabry-Perot interferometers may use the technique of piezo-electric scanning
of the interferometer free spectral range (FSR). As discussed in more detail below, certain
embodiments, however, may use a thin film of optically transparent piezoelectric material to
scan the required distance. The distance may be, for example, between about 10 pm and
about 20 pm. The pass band wavelength of a Fabry-Perot interferometer can be controlled by
adjusting the distance between the mirrors. An exemplary method used with a scanning
Fabry-Perot interferometer is to move one of the two reflecting plates mechanically. In
certain examples, because the mechanical scanning distance necessary is in the order of the
electromagnetic radiation wavelength, this scanning can be done by piezoelectric actuators.
Piezoelectric scanning allow for both slow and fast scanning modes, and allows for the
scanning voltage to be directly used as measure for the plate position. In addition, the final
adjustment can be easily done by automatically or manually adjusting the drive voltages of

the piezo stacks, as discussed further below.
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It is to be appreciated that this invention is not limited in its application to the details
of construction and the arrangement of components set forth in the following description or
illustrated in the drawings. The invention is capable of other embodiments and of being
practiced or of being carried out in various ways. Also, the phraseology and terminology

used herein is for the purpose of description and should not be regarded as limiting. The use
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of “including,” “comprising,” “having,” “containing,” “involving,” and variations thereof
herein is meant to encompass the items listed thereafter and equivalents thereof as well as
additional items.

Referring to FIG. 1, there is illustrated in cross-section a portion of one example of
the electromagnetic radiation sensor, indicated generally at 100, in accordance with certain
embodiments. The electromagnetic radiation sensor 100 comprises a focal plane array (FPA)
having a common substrate 110 and detector pixels 111, and an interferometer having first
and second plates 101, 102, and optical spacers 106, 107. In one embodiment, interferometer
120 is a Fabry-Perot interferometer. In one example, a plurality of detector pixels 111, for
example, several thousand, may be formed together on a common substrate 110 to form a
FPA sensor system 110. For example, in some embodiments, the FPA sensor system may
include a 1040 by 720 array of detector pixels 111; however, arrays of any size may be used.
The plurality of detector pixels 111 may be, for example, disposed on a surface of the
substrate 110 or embedded in substrate 110. Substrate 110 may provide support for detector
pixels 111.

Embodiments of the electromagnetic radiation sensor 100 may be used to detect a
specific wavelength or band of electromagnetic radiation 108, 109 and/or to image an object
using this specific wavelength or band of electromagnetic radiation 108, 109. In one
embodiment, electromagnetic radiation 108, 109 may be infrared electromagnetic radiation.
As discussed above, according to certain embodiments, the FPA sensor 100 includes an array
of detector pixels 111 configured to focus incident electromagnetic radiation in the
wavelength range, or waveband, of interest. The electromagnetic radiation detector element
110 produces a signal responsive to being exposed to the specific wavelength of
electromagnetic radiation of interest, and an image may be constructed from the signals from

the one or more electromagnetic radiation detector elements in the electromagnetic radiation

SENSor.
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It may be desirable that the Fabry-Perot interferometer used in the electromagnetic
sensor 100 is thin. There are several challenges associated with achieving this design goal.
For example, the interferometer window thickness, spacer thickness, and detector pixel
spacing may be small enough to minimize pixel crosstalk without the need for additional
optical elements, as discussed further below. It may be preferable that interferometer 120
functions as a tunable bandpass filter, with spectral scanning accomplished by actuating
spacers. The high collecting efficiency achieved by directing nearly all the photons over the
detector pixels is desirably not compromised by the loss of photons due to absorption within
the optical gap 105 of the Fabry-Perot interferometer.

Aspects and embodiments of a design of the electromagnetic radiation sensor 100
disclosed herein are capable of achieving performance desired for use in many FPA array
sensors, while being compact enough to fit within a tactical Dewar.

Still referring to FIG. 1, the first and second plates 101, 102 can be considered as two
parallel plates forming a thin Fabry-Perot interferometer with an optical gap 105 located in
between. Incident light within the optical gap can experience multiple reflections at the plates
resulting in both transmission and reflection characteristics which depend on the wavelength,
layer thickness, and the fine structure of the plates. Reflectivity of first and second plates 101,
102 can be provided by reflective coatings 103 and 104, respectively. Reflective coatings
103, 104 are provided on the interior surfaces of first and second plates 101, 102. In addition
the exterior face of first plate 101 may comprise an anti-reflective coating (not shown). The
anti-reflective coating on the exterior face of first plate 101 may be configured to filter the
incoming electromagnetic radiation. In at least one embodiment, first plate 101 and second
plate 102 may be configured to filter electromagnetic radiation. For example, first plate 101
and second plate 102 may be configured to block particular wavelengths of electromagnetic
radiation and to allow other wavelengths of electromagnetic radiation to pass through.

In at least one embodiment, the cavity of interferometer 120 is formed by the optical
gap 105. Radiation in the optical gap 105 propagates and refracts as in optically
homogeneous media. For normal incidence at the surfaces, the corresponding transmitted
and reflected waves are vertically propagating plane waves. Inside the first plate 101 and
second plate 102, however, electromagnetic radiation is represented by the modes of the
surface. The reflectivity of first plate 101 and second plate 102 can be reduced to almost zero

when reflections from the two plates are accurately anti-phased and the reflectivity for both
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plates is almost the same. The reflectivity of first plate 101 and second plate 102 may be
determined by reflective coatings 103, 104. When the reflections of first plate 101 and
second plate 102 are accurately anti-phased and the reflectivity for both plates is almost the
same, the transmissions through the optical gap 105 will be close to 100%. In some
embodiments, optical gap 105 may comprise an optically transparent material. In other
embodiments, the optical properties of optical gap 105 may be uniform; however, in other
embodiments, the optical properties of optical gap 105 are not uniform. Preferably, the size of
optical gap 105 is such that very little diffusion occurs across the array of detector pixels 111.

In one embodiment, optical gap 105 may comprise a material that may additionally
provide an anti-reflection (AR) function. Further, in some embodiments, transmitted
radiation passes through the same surface multiple times, and the optical phase delay
becomes stronger compared with a single-pass through the same layer. Both of these effects,
namely reduced insertion loss due to the antireflective property and enhanced amplitude on
transmission may be utilized in the design of embodiments of the electromagnetic radiation
sensor 100.

In some embodiments, electrically variable etalon spacers 106 and 107 are disposed
between the edges of the first plate 101 and second plate 102. Electrically variable etalon
spacers 106 and 107 may be used to “tune” the interferometer. Spacers 106 and 107 keep
first plate 101 and second plate 102 in a straight and uniform position. A suitable tension can
be created and maintained for a movable mirror. Spacers 106 and 107 are not optically
active. In some embodiments, spacers 106 and 107 may be an annulus.

In an embodiment, electrically variable etalon spacers 106 and 107 comprise
piezoelectric materials. For example spacers 106 and 107 may be at least one of lithium
tantalite (LiTaOs3), lithium niobate (LiNbQ3), lead zirconium titanate (PZT), and lanthanum-
doped lead zirconium titanate (PLZT).

In some embodiments, electrically variable etalon spacers 106 and 107 may be
actuated by piezoelectric actuators. In other embodiments, electrically variable etalon
spacers 106 and 107 may be actuated by electrical actuators. In still other embodiments,
electrically variable etalon spacers 106 and 107 may be actuated by mechanical actuators. In
certain conventional interferometer systems, microelectromechanical system (MEMS)
actuators are used to cause the required movement of the interferometer plate(s), particularly

in those systems where individual interferometers are associated with individual detector
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pixels. In contrast, however, according to certain embodiments the electrically variable etalon
spacers 106 and 107 are not actuated by MEMS actuators because the size of the Fabry-Perot
interferometer plates, which can extend over the entire array of detector pixels rather than
being associated within only an individual pixel, is too large for a MEMS actuator to be used.
Instead, in certain examples, piezoelectric actuators can be used, as discussed above.

Referring to FIG. 2, there is illustrated in cross section a portion of an exemplary
electromagnetic radiation sensor, indicated generally at 200, in accordance with certain
embodiments. FIG. 2 illustrates a Fabry-Perot interferometer 220 in close proximity to an
FPA sensor system having a common substrate 110 and detector pixels 111. In some
embodiments, electrically variable etalon spacers 206 and 207 are disposed external to optical
gap 105, instead of between the edges of first plate 101 and second plate 102. Electrically
variable etalon spacers 206 and 207 may be used to “tune” the interferometer. Spacers 206
and 207 keep first plate 101 and second plate 102 in a straight and uniform position. A
suitable tension can be created and maintained for a movable mirror. Spacers 206 and 207
are not optically active. In some embodiments, spacers 206 and 207 may be an annulus.

Referring to FIG. 3, there is illustrated in cross section a portion of an exemplary
electromagnetic radiation sensor, indicated generally at 300, in accordance with certain
embodiments. FIG. 3 illustrates an example of a solid state interferometer system comprising
a Fabry-Perot interferometer 320 in close proximity to an FPA sensor system having a
common substrate 110 and detector pixels 111. In some embodiments, electrically variable
etalon spacer 306 is disposed within optical gap 105, instead of between the edges of first
plate 101 and second plate 102, or external to optical gap 105. FElectrically variable etalon
spacer 306 may extend over the common substrate 110 comprising detector pixels 111. In
some embodiments, electrically variable etalon spacer 306 may completely fill optical gap
105. Electrically variable etalon spacer 306 may be used to “tune” the interferometer.
Electrically variable etalon spacer 306 keeps first plate 101 and second plate 102 in a straight
and uniform position. A suitable tension can be created and maintained for a movable mirror.
Spacer 306 is not optically active.

Electrically variable etalon spacer 306 may be formed by a deposition process, such
as a sputtering deposition process. The deposition process may comprise a direct

solidification of a vapor by cooling. In some embodiments, the electrically variable etalon

10
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spacer 306 may be a piezoelectric crystal. The piezoelectric crystal may have a thickness
such that the spectrally selective device is flat and not susceptible to vibrations.

In some embodiments, second plate 102 of the solid state interferometer system may
be optional and may be replaced by a reflective coating deposited directly onto the upper
surface of the variable etalon spacer 306. In this embodiment, first plate 101 may be
deposited above common substrate 110 comprising detector pixels 111. First plate 101 may
extend substantially across common substrate 110 comprising detector pixels 111. First plate
101 may extend completely across common substrate 110 comprising detector pixels 111.
Reflective coating 103 may be deposited on first plate 101. Electrically variable etalon
spacer 306 may be deposited on reflective coating 103. Reflective coating 104 may be
deposited on electrically variable etalon spacer 306. Optionally, second plate 102 may be
deposited on reflective coating 104. The resulting system provides a solid state
interferometer system.

A solid state interferometer system may have advantages over interferometer systems
which comprise non-solid state elements. For example, a solid state interferometer system
does not require alignment of individual elements, such as etalon spacers and plates. In
addition, a solid state interferometer system may be more compact than an interferometer
system comprising non-solid state elements, because the spaces between the elements have
been eliminated in the solid state.

FIG. 4 illustrates an electromagnetic radiation sensor 400 in optical connection with
an optical train in accordance with an embodiment of the invention. Electromagnetic
radiation sensor 400 may be any of the above-discussed embodiments. It is an object of the
present invention to provide a spectrally selective device that is compatible with suitable
fore-optics. Fore-optics 412 may comprise one or more sources of electromagnetic radiation.
Fore-optics 412 may comprise one or more optical elements. For example, fore-optics 412
may comprise one or more mirrors. Fore-optics 412 may comprise one or more optical filters
configured to filter electromagnetic radiation.

The electromagnetic radiation sensors and interferometers according to the invention
can be designed for usage for any radiation within optical range. For example, the
interferometers can be designed for the usage for visible electromagnetic radiation, ultraviolet

(UV) radiation, near infrared radiation (NIR), and infrared radiation (IR). It is only necessary
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to choose materials for the substrate and the mirror structures that are optically transparent for
the operating wavelength.

Simulation Example and Results

FIG. 5 illustrates the spectral response of the exemplary imaging system comprising a
Fabry-Perot interferometer in close proximity with a focal plane array according to the
invention. A spectral response describes the sensitivity of the photosensor to optical
radiation of different wavelengths. The spectral sensitivity is the relative efficiency of
detection of electromagnetic radiation as a function of the wavelength of the signal. The
imaging system operated at a scanning distance of about 8.6um. The electromagnetic
radiation tested was thermal infrared electromagnetic radiation, with a wavelength range of
approximately 8um to approximately 12pm. FIG. 5 shows modeling results of the spectral
transmission of the etalon alone for the parameters as described. The spectral response of the
detector is multiplied by the spectral transmission of the etalon to calculate the net system
spectral response. The wavelength of maximum absorbance is displayed at the top of each
peak. As can be seen in FIG. 5, each peak represents approximately equal sensitivities.

The bandgap may be any wavelength region, dependent upon the gap size. It is
expected that similar spectral response patterns would result from different spectra used in,
including visible electromagnetic radiation, UV radiation, NIR, and IR. The thermal infrared
spectrum, however, is the most difficult spectrum in which to perform this imaging function
because it requires a high degree of cooling.

Those skilled in the art should appreciate that the parameters and configurations
described herein are exemplary and that actual parameters and/or configurations will depend
on the specific application in which the disclosed systems and techniques are used. Those
skilled in the art should also recognize or be able to ascertain, using no more than routine
experimentation, equivalents to the specific embodiments disclosed. For example, those
skilled in the art may recognize that the system, and components thereof, according to the
present disclosure may further comprise a network or systems or be a component of an
imaging system. It is therefore to be understood that the embodiments described herein are
presented by way of example only and that, within the scope of the appended claims and
equivalents thereto; the disclosed embodiments may be practiced otherwise than as
specifically described. The present systems and methods are directed to each individual

feature, system, or method described herein. In addition, any combination of two or more
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such features, systems, or methods, if such features, systems, or methods are not mutually
inconsistent, is included within the scope of the present disclosure. The steps of the methods
disclosed herein may be performed in the order illustrated or in alternate orders and the
methods may include additional or alternative acts or may be performed with one or more of
the illustrated acts omitted.

Further, it is to be appreciated that various alterations, modifications, and
improvements will readily occur to those skilled in the art. Such alterations, modifications,
and improvements are intended to be part of this disclosure, and are intended to be within the
spirit and scope of the disclosure. In other instances, an existing facility may be modified to
utilize or incorporate any one or more aspects of the methods and systems described herein.
Thus, in some instances, the systems may involve connecting or configuring an existing
system to comprise a Fabry-Perot interferometer in close proximity to a focal plane array, for
example, using the methods and systems comprising a position of a Fabry-Perot mirror
controlled at least in part responsive to the wavelength range of the incoming electromagnetic
radiation as disclosed herein. Accordingly the foregoing description and figures are by way
of example only. Further the depictions in the figures do not limit the disclosures to the
particularly illustrated representations.

While exemplary embodiments of the disclosure have been disclosed, many
modifications, additions, and deletions may be made therein without departing from the spirit

and scope of the disclosure and its equivalents, as set forth in the following claims.
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CLAIMS

1. An interferometer system comprising:
an optical detector including a substrate and a two-dimensional array of pixels
disposed on the substrate; and
an interferometer disposed proximate the optical detector without an optical element
between the interferometer and the optical detector, the interferometer including
a first plate positioned proximate the substrate and extending over the two-
dimensional array of pixels,
a second plate spaced apart from the first plate, the first and second plates
defining an optical gap between them, and
at least one actuatable spacer positioned between the first plate and the second
plate and configured to space apart the first and second plates from one another and to

selectively alter a thickness of the optical gap.

2. The interferometer system of claim 1, wherein the optical detector is a focal plane

array detector.

3. The interferometer system of claim 1, further comprising a reflective coating disposed

on interior surfaces of the first plate and the second plate.

4. The interferometer system of claim 1, further comprising a microelectromechanical
system actuator configured to actuate the spacer to selectively alter the thickness of the

optical gap.

5. The interferometer system of claim 1, wherein the at least one spacer comprises

piezoelectric materials.
6. The interferometer system of claim 5, wherein the piezoelectric materials include at

least one of lithium tantalite, lithium niobate, lead zirconium titanate, and lanthanum-doped

lead zirconium titanate.

14
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7. The interferometer system of claim 1, wherein the at least one spacer is positioned

between the edges of the first plate and the second plate.

8. The interferometer system of claim 1, wherein the at least one spacer is positioned

external to the optical gap.

9. A solid state interferometer system comprising:
an optical detector including a substrate and a two-dimensional array of pixels
disposed on the substrate; and
an interferometer disposed proximate the optical detector without an optical
element between the interferometer and the optical detector, the interferometer
including:
a first layer deposited over the two-dimensional array of pixels and
configured to reflect optical radiation incident thereon;
an actuatable spacer layer deposited over the first layer, the actuatable
spacer layer having an electronically variable thickness; and
a first reflective coating disposed over an upper surface of the
actuatable spacer layer and configured to reflect the optical radiation reflected

from the first layer.

10. The solid state interferometer system of claim 9, wherein the optical detector is a

focal plane array detector.

11. The solid state interferometer system of claim 9, wherein the first layer includes a

second reflective coating disposed on a surface of the first layer facing the actuatable spacer.

12. The solid state interferometer system of claim 9, further comprising a second layer

deposited over the first reflective coating.

13. The solid state interferometer system of claim 9, wherein the actuatable spacer layer

comprises piezoelectric materials.

15
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14. The solid state interferometer system of claim 13, wherein the actuatable spacer layer
comprises at least one of lithium tantalite, lithium niobate, lead zirconium titanate, and

lanthanum-doped lead zirconium titanate.

15. The solid state interferometer system of claim 9, further comprising an optical train in

communication with the optical detector.

16
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