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INFRARED SCENE PROJECTOR WITH PER-PIXEL SPECTRAL AND POLARISATION CAPABILITY

BACKGROUND

Optical devices, including infrared detection and emitting devices, are often
fabricated using integrated circuit fabrication techniques. Some devices, typically bolometer
devices, are packaged at the wafer level with a wafer level package (WLP). This includes a
substrate with one or more active elements, such as detecting or emitting elements, read-
out integrated circuitry, and a transmissive cover that seals one or more of these structures.
The cover may be sealed via a seal structure, such as a seal ring. The substrate and cover
may be aligned and soldered together to seal them together. The active elements are thus
disposed within a hermetically sealed cavity that protects them from damage from
humidity, temperature, and other environmental forces that degrade device performance.

A spatial light modulator (SLM) may be optically coupled to the packaged optical
device to form an image projection system. For example, infrared (IR) imaging sensors are
capable of imaging from an image of received light in a range of infrared wavelengths.
Testing of these sensors may require controlied generation of simulated, vet realistic scenes
that can be produced in a controlled environment, such as a laboratory or testing facility.
Conventional systems for creating infrared scenes may include arrays of smail resistors
which are made to glow from the heat induced by an electric current applied to them
and/or may use liquid crystal devices to modulate 3 beam of infrared radiation. These types
of systems typically only have the ahility to control speciral content and intensity by varying
the temperature of each pixel, resulting in only black body spectral content. Further, these
systems also fail 1o offer per-pixel control of speciral content and other optical effects, such

as polarization.

SUMMARY
Aspects and embodiments are directed to a scene projector that provides per-pixel
control of one or more optical effects, such as wavelength, polarization, amplitude, and
phase.
According to one embodiment, a scene projector comprises an array of light emitting
pixels disposed on a substrate, a tunable filter element optically coupled to the array of light
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emitting pixels such that light emitted from the array of light emitting pixels is passed
through the tunable filter element as filtered light, and a spatial light modulator optically
coupled to the array of light emitting pixels and configured to generate transmitted light by
interacting with the filtered light to control at least one of an amplitude, a phase, and a
polarization of the filtered light.

In one example, the tunable filter element is optically coupled to each pixel of the
array of light emitting pixels and is configured to pass a predetermined range of
wavelengths of light emitted from each pixel as the filtered light. In another example, the
tunable filter element is a tunable Fabry-Perot filter.

In one example, the scene projector further comprises a light source optically
coupled to the spatial light modulator, and the spatial light modulator is configured to
project at least one optical pattern using the light source such that the filtered light is
passed through the at least one optical pattern as the transmitted light. In another
example, the at least one optical pattern is a sub-wavelength grating configured to polarize
the filtered light to produce polarized transmitted light.

In one example, the spatial light modulator comprises an electrochromic material. In
another example, the array of light emitting pixels are configured to emit light in a range of
infrared wavelengths. In another example, the scene projector further comprises drive
electronics coupled to the array of light emitting pixels and configured to actuate each pixel
of the array of light emitting pixels.

According to another embodiment, an infrared scene projector system comprises a
wafer level package including an array of infrared light emitting pixels disposed on a
substrate, a transmissive cover coupled to the substrate to form a cavity between an inner
surface of the transmissive cover and the substrate, and a tunable filter element disposed in
the cavity between the array of infrared light emitting pixels and the transmissive cover, and
a spatial light modulator configured to control at least one of an amplitude, a phase, and a
polarization of light emitting from the transmissive cover.

In one example, the tunable filter element is attached to the inner surface of the
transmissive cover. In another example, the tunable filter element is integrated with the
array of infrared light emitting pixels. In another example, the tunable filter element is
rapidly tunable over a range of infrared frequencies and is configured to selectively filter
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light emitted by each pixel of the array of infrared light emitting pixels. In another example,
the spatial light modulator is configured to project at least one optical pattern onto an outer
surface of the transmissive cover, and the at least one optical pattern is a polarizing pattern,
an amplitude varying pattern, or a phase shifting pattern. In another example, the at least
one optical pattern includes a plurality of optical patterns, each optical pattern of the
plurality of optical patterns aligned with at least one pixel of the array of infrared light
emitting pixels. In another example, the at least one optical pattern is a sub-wavelength
grating. In one example, the spatial light modulator comprises a smart glass.

In one example, the infrared scene projector further comprises a controller
configured to selectively activate at least one of a pixel of the array of infrared light emitting
pixels, the tunable filter element, and the spatial light modulator.

According to another embodiment, a method for projecting an infrared scene
comprises providing infrared light emitted from at least one infrared light emitting pixel,
filtering the infrared light emitted from the at least one infrared light emitting pixel to emit
infrared light of a predetermined range of wavelengths, controlling at least one of a phase,
an amplitude, and a polarization of the emitted infrared light of the predetermined range of
wavelengths to generate transmitted light.

In one example, filtering includes introducing the emitted infrared light to a tunable
filter element. In one example, controlling includes introducing the emitted infrared light to
an optical pattern projected by a spatial light modulator.

Still other aspects, embodiments, and advantages of these example aspects and
embodiments, are discussed in detail below. Moreover, it is to be understood that both the
foregoing information and the following detailed description are merely illustrative
examples of various aspects and embodiments, and are intended to provide an overview or
framework for understanding the nature and character of the claimed aspects and
embodiments. Embodiments disclosed herein may be combined with other embodiments,

and references to “an embodiment,” “an example,” “some embodiments,” “some

” u ” i, ” u

examples,” “an alternate embodiment,” “various embodiments,” “one embodiment,” “at

” . ” u

least one embodiment,” “this and other embodiments,” “certain embodiments,” 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
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appearances of such terms herein are not necessarily all referring to the same embodiment.

BRIEF DESCRIPTION OF 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 an 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 any particular embodiment. The drawings, together
with the remainder of the specification, serve to explain principles and operations of the
described and claimed aspects and embodiments. 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 block diagram of one example of a wafer level package that includes an
array of optical elements;

FIG. 2 is a block diagram of a first example of light emitting pixels and a tunable filter
element disposed within a wafer level package according to aspects of the invention;

FIG. 3 is an illustration of one example of an array of light emitting pixels according
to aspects of the invention;

FIG. 4 is a block diagram of a second example of light emitting pixels and a tunable
filter element disposed within a wafer level package according to aspects of the invention;

FIG. 5 is a block diagram of one example of an infrared scene projector system
according to aspects of the invention;

FIG. 6A is a cross sectional view of a pixel from a first example of a spatial light
modulator according to aspects of the invention;

FIG. 6B is a block diagram of a second example of a spatial light modulator according
to aspects of the invention;

FIG. 7 is a block diagram of a transmissive cover including at least one projected
optical pattern according to aspects of the invention;

FIG. 8 is an illustration of one example of an optical pattern according to aspects of

the invention;
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FIG. 9 is a block diagram of a tunable filter element according to aspects of the
invention; and
FIG. 10 is a flow diagram of one example of a method of using an infrared scene

projector system according to aspects of the invention.

DETAILED DESCRIPTION

Scene generators, such as infrared scene generators, function to display a known
infrared image or to sequentially generate images to display a moving scene to an infrared
imager. The known infrared image or moving scene may then be used to calibrate or test
the infrared imager, or may be used by a processor configured to process the obtained
image for various purposes. FIG. 1 is a block diagram of an infrared scene generator,
generally indicated at 10, that features a WLP that includes an array of light emitting pixels
110 arranged on a substrate 105 hermetically sealed within a cavity 135 using a transmissive
cover 115 that is bonded to the substrate 105 by a sealing structure 117. When electrical
energy is supplied to the array of light emitting pixels 110, light emitted from the pixels
passes through an optical window 140 that forms a portion of the transmissive cover 115.
According to the embodiment shown in FIG. 1, the spectral content of light emitted from
each pixel may be controlled by varying the amount of electrical energy applied to the pixel,
but one or more spectral properties, such as intensity and wavelength, are often conflated
with one another through the blackbody curve. Filter elements or filter wheels coupled
with polarizing filters may be used for purposes of adjusting an entire scene, but not per-
pixel. Control of per-pixel content has been attempted using micromirror arrays, but this
typically requires many individual scene generators and results in unwieldy systems.

Aspects and embodiments are directed to a scene projector that includes per-pixel
control of one or more optical effects, such as wavelength, polarization, amplitude, and
phase of light that is emitted from each pixel. According to some embodiments, the scene
projector system is configured for light emitted in the infrared wavelengths. Thus, at any
instant, each pixel may transmit IR radiation with varying optical characteristics, which
allows different patterns and optical configurations to be transmitted. The patterns may
also be changed over time to create moving patterns, which can be used to simulate scenes
and situations that may be used to test an IR detector, for example. According to one
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embodiment, a WLP that includes a micro-emitter array, such as an array of infrared light
emitting pixels, is combined with a tunable filter element for spectral control. Control of
other optical effects, such as polarization, is achieved by using one or more optical elements
capable of generating such effects. One example of such a device is a spatial light
modulator that projects an optical pattern onto the window cavity of a transmissive cover of
the WLP, generating free carriers which interact with exiting radiation. For example, sub-
wavelength gratings may be written onto the surface of the window to polarize the emitted
light as it transmits through the window material. The optical pattern and/or optical effect
may alternatively be implemented through the use of one or more electrochromic materials
such as Vanadium Oxide, Germanium, or polymers, which create the optical patterns and/or
effects and can be electrically modulated. For example, filtered light may be spatially varied
by passing it through a layer of electrochromic material. The scene projector disclosed
herein offers a viable low-cost alternative system with greater functionality as compared to
conventional scene projectors. Thus, one or more optical effects can be controlled on a per-
pixel basis. In addition, the optical effects can be changed rapidly, i.e., within one time
frame of an imaging sequence, which creates better mimicking target spectra and intensity
sighatures.

According to one embodiment, FIG. 2 illustrates a block diagram featuring an array
of light emitting pixels 110 and a tunable filter element 120 disposed within a wafer level
package 100. The top portion of FIG. 2 shows a cross-sectional view of a transmissive cover
115 that includes a tunable filter element 120 attached to the inner surface of the
transmissive cover 115. In accordance with some embodiments, at least a portion of the
transmissive cover 115 may be transparent to light or other electromagnetic energy such as
visible light, infrared, light, and ultraviolet light. For example, the transmissive cover may
include an optical window 140. Non-limiting examples of materials that the optical window
may be constructed from include glass, quartz, sapphire, silicon, germanium, and
polycarbonate plastics. Once positioned and sealed to a substrate 105, as in the cross-
sectional view of the WLP 100 shown in the lower portion of FIG. 2, the transmissive cover
115 functions to allow light to pass to and from the active elements, such as the array of
light emitting pixels 110, disposed on the substrate, and protects them from handling and
environmental forces. The transmissive cover 115 may also be configured to reduce or
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eliminate electrostatic charge buildup that could degrade the functionality of the active
elements. For instance, the cover may include or otherwise be coupled to a grounding
element, such as a conductive surface or material, that allows the wafer level package to be
grounded. The tunable filter element 120 may be sized and shaped to extend over the array
of light emitting pixels 110 such that light emitted from each pixel passes through the
tunable filter element. The tunable filter element 120 may also be sized and shaped to be
approximately the same dimensions as the optical window 140. According to various
aspects, the distance (“d”) between the tunable filter element 120 and the emitter array
110 may be less than about 200 microns, and in certain instances, may be as far away as half
the cavity wafer thickness. According to some embodiments, drive electronics for the
tunable filter element 120 may be located in the transmissive cover 115.

As used herein, the term “tunable filter element” refers to any filter capable of
emitting light of a desired wavelength or range of wavelengths. The tunable filter element
is also capable of being adjusted to emit different wavelengths of light at different points in
time. According to some embodiments, the tunable filter element is a narrow bandpass
filter, such as a Fabry-Perot type of filter. In some embodiments, the tunable filter element
is configured to pass a range of wavelengths, whereas in other embodiments, the tunable
filter element is configured to pass a single wavelength. Other examples of tunable filters
include liquid crystal resonators, dynamic frequency selective surfaces, ring resonator (RR)
filters, Fiber Bragg grating (FBG) tunable filters, thin film tunable filters, acousto-optic
tunable filters, Mach-Zehnder interferometers and electro-optic tunable filters. According
to various aspects, Fabry-Perot (FP} and ring resonator (RR]) filters are based on the same
principie: light bounces back and forth between two high reflectivity mirrors or circulate
multiple times in the ring. Tunability may be achieved by changing the length of the optical
path between the mirrors {or in the ring). In contrast, Fiber Bragg gratings use a periodic
perturbation of the refractive index of a material to selectively reflect a particular
wavelength, and tunability is achieved by changing the period of the perturbation by
applying mechanical or thermal stress. An example of a tunable filter element 120 in
accordance with one embodiment is discussed below with reference to FIG. 9.

Light emitted from each pixel of the array of light emitting pixels 110 is typically
emitted as broadband light (of many wavelengths) which is received by the tunable filter
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element 120 positioned in-line, i.e., optically aligned, with the broadband emitted light and
the optical window 140 of the transmissive cover 115. The tunable filter device 120 is
configured to allow a certain bandwidth of light narrower than the spectral width of the
broadband light source to propagate through, while attenuating or otherwise blocking all
wavelengths of light outside of its operating bandwidth. Thus, light of a desired wavelength
or range of wavelengths is allowed to pass through the tunable filter element 120. For
example, the tunable filter element may be configured to pass ~300 nm FWHM bandpass
from a light source emitting at 8-12 microns. According to another example, the tunable
filter element may be configured to pass or block one or more reflectance spectra from
paint, and can thus be tuned to represent specific paint signatures. Further, according to
some embodiments, the tunable filter element 120 is rapidly tunable over a range of optical
frequencies, meaning that the components within the filter configuration may be
dynamically modified to a selected wavelength or range of wavelengths within a frame time
of the imaging sequence. For instance, using the example from above, the 300 nm
bandpass may be swept over time to generate a 9 micron, 11.5 micron, and/or 11.8 micron
peak wavelengths. According to some embodiments, the tunable filter element may be
capable of transmitting multiple wavelengths within a frame time. As will be appreciated,
an endless variety of configurations for desired wavelengths or ranges of wavelengths can
therefore be obtained. In accordance with at least one embodiment, the tunable filter
element is also configured to selectively filter light emitted by each pixel of the array of light
emitting pixels. This functionality allows for different pixels of the same array to transmit
light at different wavelengths or within different ranges of wavelengths. For example, the
tunable optical filter element may include one or more independently tunable filter
elements, where each of the elements is along the same optical path as one or more pixels.
A controller, as discussed below, is configured to activate or otherwise control each
independent element, which passes the desired transmitted wavelength(s).

According to the embodiment shown in FIG. 2, the array of light emitting pixels 110
and the tunable filter element 120 are implemented in a WLP 100. As will be understood by
those skilled in the art, the process for WLP is similar to the process discussed above in
reference to FIG. 1, but also includes the additional step of integrating the tunable filter
element 120 onto the backside of the transmissive cover 115. For example, a device wafer,
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i.e., the substrate 105 that includes the micro-emitters, is bonded to the lid wafer, i.e., the
transmissive cover 115, using the sealing structure 117 constructed from one or more
sealing and/or soldering materials. Within the sealed cavity 135 are the light emitting pixels
110 and the tunable filter element 120. According to certain aspects, the sealed cavity 135
may be hermetically sealed, and in certain instances may be under a vacuum pressure.
Referring to FIG. 3, in accordance with some embodiments, four or more light
emitting pixels 112 may be arranged into a two-dimensional array 110 in a single focal
plane. Other arrangements of the pixels besides arrays are also within the scope of this
disclosure. The array of light emitters 110 may be divided into regularly spaced pixels 112,
and each pixel 112 may be individually addressable using drive electronics. For example, the
array of light emitting pixels 110 may be disposed on a substrate 105 that includes
embedded electronics, such as an embedded electric power supply (not shown in FIG. 3). A
controller, as discussed further below, may control the supply of electrical power to each
pixel 112 through the drive electronics, such as integrated circuitry (including Read-Out
Integrated Circuitry (ROIC)) which is coupled to the pixel such that each pixel position is
individually addressable to be individually controlled with respect to emittance. For
instance, each light emitting pixel 112 may include a light source and may be coupled to an
electronic driver such that when the electronic driver is energized, the light source emits
light. According to some embodiments, each pixel 112 may emit light in a range of
wavelengths, such as a range of infrared wavelengths. For example, each pixel may emit
light of the entire band of IR wavelengths, which includes light within a range of about 750
nanometers (nm) to about 1 millimeter (mm)), or any range of wavelengths within this
band, including short-wave, mid-wave, and long-wave regions of the IR spectrum. In
addition, an array of IR emitters may include some pixels that emit in different regions of
the IR spectrum. Each pixel may include electro-optical elements that operate in the
infrared spectral wavelengths. In certain instances multiple arrays of emitters may be used
in a single system. Although the examples discussed herein include light emitting pixels that
emit infrared light, other wavelengths of light emitted by optical emitters are within the
scope of this disclosure. In addition, the array of light emitting pixels 110 may be arranged

in any desired configuration, including rows and columns of pixels 112 of desired
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dimensions. For instance, the array may include a whole number multiple of pixels in each
direction, with equal spacing maintained between pixel positions.

A second example of an array of light emitting pixels 110 and a tunable filter element
120 disposed within a wafer level package 100 in accordance with another embodiment is
illustrated in the block diagram of FIG. 4. This configuration is similar to the arrangement
shown in FIG. 2, but in this instance the tunable filter element 120 is integrated with the
array of light emitting pixels 110, as shown in the cross-sectional view of the top portion of
FIG. 4. A cross-sectional view of this configuration integrated into a WLP 100 is shown in the
lower portion of FIG. 4. For example, one or more elements of the tunable filter element
120 may be formed over the emitting array. According to some embodiments, the tunable
filter element 120 is fabricated directly on the array of light emitters 110. For example,
referring to the structure shown in FIG. 9, the tunable filter element may be fabricated
monolithically above an emitting device, such as emitting MEMS structures. The
functionality of the configuration shown in FIG. 4 is similar to that of FIG. 2, in that light
emitted from each pixel is emitted as broadband wavelength and passes through the
tunable filter element 120 as filtered light of a desired, i.e., predetermined, wavelength or
range of wavelengths. Further, the substrate 105 may also include drive electronics for the
tunable filter element 120. By varying the tunable filter element temporally, a signature
spectral response can be created. This may be performed by rapidly changing the tunable
filter element on a time scale that is less than the frame rate of the imaging system. Thus, a
series of sub-spectrums may be combined to form a complete spectrum or spectral
signature that the pixel may then deliver to the imaging system in a single frame.

FIG. 5 is an illustration of one example of a scene projection system, such as an
infrared scene projector system, generally indicated at 200, according to one embodiment.
The system 200 includes an array of light emitting pixels 110 and a tunable filter element
120 that are integrated into a WLP as discussed above in reference to FIGS. 2 and 4. For
instance, the embodiment shown in FIG. 5 includes a WLP with a tunable filter element 120
that is attached to the inner surface of the transmissive cover 115, as shown in FIG. 2. The
system 200 also includes a spatial light modulator 122 that is external to the WLP and is
configured to project at least one optical pattern 125 onto an outer surface of the
transmissive cover 115, such as the outer surface of the optical window 140. Also included
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in the system 200 is a light source 130 that is optically coupled to the spatial light modulator
122 and a controller 145 that is coupled to the light emitting pixels 110, the tunable filter
element 120, spatial light modulator 122, and the light source 130.

According to some embodiments, the spatial light modulator 122 is configured to
project at least one optical pattern 125 such that filtered light that has passed through the
tunable filter element 120 and the inner surface of the optical window 140 passes through
the at least one optical pattern and exits as the transmitted light. The optical pattern 125 is
configured to impart one or more optical effects on the filtered light. For example, the
optical pattern may be any one or more of a polarizing pattern, an amplitude varying
pattern, and a phase shifting pattern. Thus, the optical pattern 125 interacts with the
filtered light to control at least one of an amplitude, a phase, and a polarization of the
filtered light to produce transmitted light that is then used to form images and scenes.

As used herein, the term “spatial light modulator” may be construed as an optical
element or material that is configured to modulate the phase, amplitude, polarization,
and/or direction of light. For example, in some embodiments the spatial light modulator is
configured to generate a dynamic optical pattern that modulates light, as shown in FIG. 5.
As will be appreciated, the examples of SLM devices discussed herein are not all-inclusive,
and other configurations and systems are included within the scope of this disclosure.
Modulating the phase, amplitude, polarization and/or direction of the emitted light may be
achieved by varying a light source, such as a laser light source, with the spatial light
modulator to generate free carriers which interact with the emitted light from the array of
light emitting pixels. Modulating may also be achieved by implementing a variety of
materials that possess various electrical and/or optical characteristics, such as
electrochromic or liquid crystal materials. For example, according to one embodiment, the
spatial light modulator may be configured to cause an electrochromic effect to impart one
or more optical effects. For instance, the spatial light modulator may comprise a smart
glass, such as a liquid crystal or suspended particle device, such as an electrochromic device.
As used herein, the term “smart glass” refers to any type of material in which optical
properties can be dynamically changed electronically without any mechanical means. A
smart glass can be thermochromic (optical properties altered by temperature),
electrochromic (electroactive materials that present a reversible change in optical
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properties when electrochemically oxidized or reduced) or both. According to other
embodiments, the spatial light modulator may be a microelectromechanical system (MEMS)
structure that is configured to change reflectance by varying the tip and/or tilt of one or
more mirrors.

Referring back to FIG. 5, the light source 130, such as a laser, may be optically
coupled to the spatial light modulator 122 such that one or more optical components
included within the spatial light modulator 122 receive light emitted from the light source
130 and create the optical pattern 125 that is projected onto the exterior of the optical
window 140 of the transmissive cover 115. Thus, the optical pattern 125 may be
dynamically configurable under the control of the controller 145, described below.
According to one embodiment, the light source 130 is a laser that is coupled to the spatial
light modulator 122 to create an optical pattern 125 in the form of a light pattern that is
imaged or “written” onto the optical window 140. The light pattern generates a pattern of
free charge carriers that is proportional to the magnitude of light energy impinging on the
optical window 140. The electronic carriers interact with the filtered light exiting the
tunable filter element 120 to create a polarizing, amplitude adjusting, or phase-shifting
effect on the filtered light.

According to one embodiment, the light source 130 is from a laser having a shorter
wavelength than light emitted through the filtered light as it transmits through the optical
window 140. Mobile charge carriers generated in the window material by the light pattern
are able to interact with photons and thus resonate with the electromagnetic field of the
photons passing through the window cavity wafer. They are thus able to absorb the longer
wavelength photons from the filtered light at the longer wavelength(s). According to other
embodiments, the free carriers are generated in a different material, such as a mechanical
element or contact.

In certain embodiments, the optical pattern 125 is a sub-wavelength grating that
imparts a polarizing effect on the filtered light as it transmits through the optical window
140. Thus, light transmitted by the scene projector system 200 may have a predetermined
polarization, depending on how the controller 145 controls the spatial light modulator 122.

According to other embodiments, the optical pattern 125 imparts an amplitude-changing
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effect on the filtered light, and in still other embodiments, the optical pattern 125 imparts
both a polarizing and amplitude effect on the filtered light.

In accordance with various embodiments, the spatial light modulator 122 is optically
coupled to each pixel of the array of light emitting pixels 110. For example, each optical
pattern or a portion of each optical pattern may be aligned with an individual pixel. In some
embodiments, each optical pattern may be aligned with multiple pixels.

Referring back to FIG. 5, according to some embodiments the scene projector system
200 may include a controller 145 that is coupled to each pixel of the array of light emitting
pixels 110, the tunable filter element 120, and the spatial light modulator 122 and may be
configured to selectively activate one or more of these components. For instance, the
controller 145 may be coupled to a power source and may be configured to control the
power source to selectively apply power, i.e., voltage or current, to each pixel, to one or
more components of the spatial light modulator 122, and/or one or more components of
the tunable filter element 120. The controller 145 may include any suitable mechanism for
controlling the power source to selectively apply power to control operation of the scene
projector system, such as a machine, computer system, microprocessor, electronic or
optical circuit, or any other device. Although the example of FIG. 5 depicts the controller
145 as physically separate from each of the other components, e.g., the SLM and the WLP
housing the pixels and the filter, the controller may be integrated within any of these
components. The controller 145 may be further configured to receive and process signals
from the read-out integrated circuit (drive electronics) integrated within the substrate 105
of the WLP, as well as signals from the SLM device. The controller 145 may use these signals
to then control one or more components of the light emitting array 110, tunable filter
element 120, and SLM 122. For instance, the controller 145 may send signals to the SLM
122 to produce an optical pattern that creates a certain polarization, as will be understood
and appreciated by those skilled in the art. Likewise, the controller 145 may control the ON
and OFF status (or other characteristics) of each pixel, and may control components of the
tunable filter element 120 such that certain wavelength(s) of light are allowed to pass
through.

FIG. 6A is cross-sectional view of a pixel 620 of a spatial light modulator disclosed in
U.S. Patent No. 5,061,049, herein incorporated by reference, that is suitable for use with
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one or more of the systems and methods disclosed herein. According to this
implementation, the SLM includes a linear array or area array of pixels. Each pixel is
individually addressable and contains at least one deflectable reflecting beam and is
structured in the form of a monolithic silicon-based chip. The spatial light modulator
operates by reflecting light off of the pixels, and the reflected light is modulated by varying
the deflection of the deflectable beams.

The pixel, generally indicated at 620, is configured as a beam (flap) covering a
shallow well or cavity and includes a silicon substrate 622, an insulating spacer 624, a beam
630 composed of a metal hinge layer 626 and a metal beam layer 628, and plasma etch
access holes 632 that are formed in the beam 630. Portions of the hinge layer 626 that are
not covered by beam layer 628 (not explicitly shown in FIG. 6A) form torsion hinges, which
attach the beam 630 to the portion of layers 626 and 628 that are supported by the spacer
624. Electrodes 640, 642, 646, and 641 run between the spacer 624 and the substrate 622
and are isolated from the substrate 622 by a layer of silicon dioxide 644.

Pixel 620 is operated by applying a voltage between metal layers 626 and 628 and
electrodes 642 or 646. The beam 630 and the electrodes thereby form the two plates of an
air gap capacitor, and the opposite charges induced on the two plates by the applied voltage
exert electrostatic forces that attract the beam 630 to the substrate 622 while electrodes
640 and 641 are held at the same voltage as beam 630. This attractive force causes the
beam 630 to twist at the hinges and to deflect toward the substrate 622. During operation
light is therefore reflected off of the deflected beam 630.

FIG. 6B is a cross-sectional view of another example of a spatial light modulator 122
disclosed in U.S. Patent No. 8,223,298, herein incorporated by reference, that is also
suitable for use with one or more of the systems and methods disclosed herein. According
to this implementation, the spatial light modulator 122 generally includes three systems
602, 604, and 606. It will be appreciated that the order of the three systems shown in FIG.
6B is exemplary, and not to be construed as limiting. Other orders of the systems are
possible. In addition, while FIG. 6 shows spaces between the systems 602, 604, and 606, it
will be appreciated that these elements may be substantially formed together. Each of
systems 602, 604, and 606 may include an array of individually addressable light modulating
elements under electronic control, such as liquid crystal displays (LCD).
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First system 604 may include a spectral amplitude modulator device configured to
modulate an amplitude of the optical pulse. In one implementation, a single layer liquid
crystal element array 608 may be placed between first and second linear polarizers 614a
and 614b. Liquid crystal array 608 may be configured such that the variable index axis is at
approximately 45 degrees to the acceptance orientation of first linear polarizer 614a. In
certain instances, controlling the index of refraction on the variable axes allows for
amplitude modulation.

Second system 606 is a spectral phase and polarization ellipticity modulator. In one
implementation, a dual layer liquid crystal element array 610 is provided. For example, the
variable index axis of a first layer of the dual layer liquid crystal element array 610 may be
located at approximately 45 degrees to the input polarization into the array and a second
layer of the dual layer liquid crystal element array 610 may have its variable index axis
oriented substantially orthogonal to the first layer. In this configuration, dual layer liquid
crystal element array 610 is configured to control both the relative phase of the light passing
through a single element as well as the polarization ellipticity.

Third system 612 is a spectral polarization rotator configured to adjust the linear
polarization of the optical pulse. In one implementation, a single layer liquid crystal element
array 612 may be placed between first and second quarter-wave retardance waveplates
616a and 616b. The first waveplate 616a may have its fast axis parallel to the second
polarizer 614b in the spectral amplitude modulator. In addition, the single layer liquid
crystal element array 612 may be configured to have its variable axis rotated approximately
45 degrees from the fast axis of the first waveplate 616a. The second waveplate 616b may
have its fast axis oriented substantially orthogonal to the fast axis of the first waveplate
616a.

The controller 145, as discussed above, may be configured to control each of the
three systems 602, 604, and 606. Accordingly, the spatial light modulator 122 may be used
to modify an amplitude, a phase, and a polarization of an optical pulse.

Referring to FIG. 7, a block diagram of a transmissive cover 115 with an optical
window 140 that includes at least one projected optical pattern 125 is shown in accordance
with certain embodiments. According to some embodiments, the spatial light modulator
122 is configured to function as a dynamic polarizer that patterns an optical pattern 125 into
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a polarizing grid. In the example shown in FIG. 7, the optical pattern 125 is patterned into a

|II

quad “super-pixel” structure that includes four individual pixel patterns 125a, 125b, 125c,
and 125d that may be optically aligned with one or more pixels of the array. The optical
pattern 125 may be repeated over the surface of the optical window 140 such that it is
positioned over, i.e., in the optical path, the entire array of pixel, or may be positioned over
a portion of the array.

FIG. 8 is an illustration of one example of an optical pattern 125 in accordance with
various embodiments. Although the optical pattern 125 illustrated in FIGS. 7 and 8 as
having a repeating quad super-pixel grid pattern, in other embodiments, the optical pattern
may have different patterns. For instance, the optical pattern 125 may be uniform across
the optical window 140, or a portion thereof, or may vary over different regions of the
array, and may or may not be distributed in a pixel-by-pixel arrangement.

FIG. 9 is a cross-sectional view of one example of a tunable filter element 120
disclosed in U.S. Patent No. 7,759,644, herein incorporated by reference, that is suitable for
use with one or more of the systems and methods disclosed herein. The tunable filter
element 120 may be fabricated, for example, using a known MEMS fabrication technique.
According to the filter shown in FIG. 9, the tunable filter element 120 may be constructed
from a process that includes multipie layers of thin films of varying thickness and index of
refraction. Tunability is achieved by spatially varying the layer thickness. According to other
embodiments, the tunable filter element 120 is an acousto-optic filter that relies on the
modulation of the index of refraction by the interaction of an acoustical wave launched in
the material with a transducer. Tunability is thus achieved by varying the frequency of the
acoustical wave.

fri the example shown in FIG. 9, the tunable filter element 120 includes a first mirror
902 having a first plurality of dielectric layers 910, 911, 912, 913 and 914, a second mirror
904 having a second plurality of dielectric layers 920, 921, 922, 923, and 924, and a pair of
flexible supports 930 and 932 disposed between the first mirror 902 and the second mirror
904 such that the first mirror 902 is substantially parallel with and disposed a first
predetermined distance (d1) over the second mirror 904. According to some embodiments,
to enable the tunable filter element 120 to be tuned in accordance with the present
invention, the flexible supports 930 and 932 are operatively configured to move the first

16



10

15

20

25

30

WO 2017/082965 PCT/US2016/037335

mirror 902 from the first predetermined distance (d1) to a second predetermined distance
(d2) over the second mirror 904 in response to an electrical or mechanical input from a
readout circuit 940 on a corresponding wire via 942 or 944 through the light emitting pixels
(not shown in FIG. 9). Accordingly, the first and second mirrors 902 and 904 define an
optically resonant cavity 946 that may be selectively adjusted between the first and second
predetermined distances (d1) and (d2) as shown in FIG. 9. According to some
embodiments, the readout circuit 940 has a step and tune circuit 948 to operatively control
the spacing of the cavity 946 (between the first and second predetermined distances (d1)
and (d2) by providing the respective electrical or mechanical input on the wire vias 942 and
944. In this implementation, each flexible support 930 and 932 includes a respective
membrane member 950 or 952 upon which the first mirror 902 is disposed or formed. Each
membrane member 950 and 952 is adapted to be biased away from the first mirror 902
based on the electrical or mechanical input from the step and tune circuit 948 so that the
first mirror 902 moves from the first predetermined distance (d1) to the second
predetermined distance (d2) over the second mirror 904.

According to various embodiments, the first and second mirrors 902 and 904 can be
attached to the window cavity wafer 115 in a number of different ways. For instance,
according to one example, the second mirror 904 is attached to the window cavity wafer
115.

According to the embodiments shown in FIGS. 2-4, the emitting elements 110 and
tunable filter element 120 are implemented in WLP; however, in other embodiments, these
components may be configured differently.

In accordance with other embodiments, the infrared scene projector system may
include additional components, such as an infrared camera, which receives the transmitted
light corresponding to the still or moving image, and a computer processing system that is
configured to process the still or moving image that is imaged by the imager. In certain
instances, the computer processing system may be integrated with the controller 145, as
discussed above. Hence, the infrared imager, the computer processing system, or an
algorithm executed by the computer processing system may be calibrated or tested using

known still or moving images as a reference standard.
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According to one embodiment, an example process, generally indicated at 300, is
illustrated by the flow chart in FIG. 10. The process starts at step 305 where light that emits
from a pixel is provided. For example, an array of infrared light emitting pixels may be
provided, which may be powered ON to emit broadband IR radiation. This light may then be
filtered at step 310. For instance, the emitted light from the pixels may be passed through a
tunable filter device, as described and discussed above. Thus, light of a desired wavelength
or range of wavelengths is allowed to pass through the filter. At step 315 at least one of the
phase, amplitude, and polarization of the emitted light are controlled. For example,
controlling may include introducing the emitted light to an optical pattern projected by a
spatial light modulator, as described above. The optical pattern therefore interacts with the
light that has passed through the filter to control at least one of an amplitude, a phase, and
a polarization of the filtered light. According to another example, the spatial light
modulator may comprise one or more electrochromic materials that implement the optical
effects on the filtered light as it passes through the material. Both of these techniques may
produce transmitted light that can be used to form images and scenes.

Process 300 depicts one particular sequence of acts in a particular embodiment.
According to certain embodiments, the acts included in this process may be performed by,
or using, one or more computer systems and optical devices specially configured as
discussed herein. Some acts are optional and, as such, may be omitted in accord with one
or more embodiments. Additionally, the order of acts can be altered, or other acts can be
added, without departing from the scope of the embodiments described herein.
Furthermore, as described above, in at least one embodiment, the acts are performed on
particular, specially configured machines, namely a controller and infrared scene projection
system configured according to the examples and embodiments disclosed herein.

The aspects disclosed herein in accordance with the present invention, are not
limited in their application to the details of construction and the arrangement of
components set forth in the previous description or illustrated in the accompanying
drawings. These aspects are capable of assuming other embodiments and of being
practiced or of being carried out in various ways. Examples of specific implementations are
provided herein for illustrative purposes only and are not intended to be limiting. In
particular, acts, components, elements, and features discussed in connection with any one
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or more embodiments are not intended to be excluded from a similar role in any other
embodiments.

Also, the phraseology and terminology used herein is for the purpose of description
and should not be regarded as limiting. Any references to examples, embodiments,
components, elements or acts of the systems and methods herein referred to in the singular
may also embrace embodiments including a plurality, and any references in plural to any
embodiment, component, element or act herein may also embrace embodiments including
only a singularity. References in the singular or plural form are not intended to limit the

presently disclosed systems or methods, their components, acts, or elements. The use

” u ” u ” “s

herein of “including,” “comprising,” “having,” “containing,” “involving,” and variations
thereof is meant to encompass the items listed thereafter and equivalents thereof as well as
additional items. References to “or” may be construed as inclusive so that any terms
described using “or” may indicate any of a single, more than one, and all of the described
terms. In addition, in the event of inconsistent usages of terms between this document and
documents incorporated herein by reference, the term usage in the incorporated reference
is supplementary to that of this document; for irreconcilable inconsistencies, the term usage
in this document controls.

Having thus described several aspects of at least one example, it is to be appreciated
that various alterations, modifications, and improvements will readily occur to those skilled
in the art. For instance, examples disclosed herein may also be used in other contexts. Such
alterations, modifications, and improvements are intended to be part of this disclosure, and

are intended to be within the scope of the examples discussed herein. Accordingly, the

foregoing description and drawings are by way of example only.
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CLAIMS
1. A scene projector, comprising:

an array of light emitting pixels disposed on a substrate;

a tunable filter element optically coupled to the array of light emitting pixels such
that light emitted from the array of light emitting pixels is passed through the tunable filter
element as filtered light; and

a spatial light modulator optically coupled to the array of light emitting pixels and
configured to generate transmitted light by interacting with the filtered light to control at

least one of an amplitude, a phase, and a polarization of the filtered light.

2. The scene projector of claim 1, wherein the tunable filter element is optically
coupled to each pixel of the array of light emitting pixels and is configured to pass a

predetermined range of wavelengths of light emitted from each pixel as the filtered light.

3. The scene projector of claim 2, wherein the tunable filter element is a tunable Fabry-
Perot filter.
4, The scene projector of claim 1, further comprising a light source optically coupled to

the spatial light modulator, and wherein the spatial light modulator is configured to project
at least one optical pattern using the light source such that the filtered light is passed

through the at least one optical pattern as the transmitted light.

5. The scene projector of claim 4, wherein the at least one optical pattern is a sub-
wavelength grating configured to polarize the filtered light to produce polarized transmitted

light.

6. The scene projector of claim 1, wherein the spatial light modulator comprises an

electrochromic material.

7. The scene projector of claim 1, wherein the array of light emitting pixels are
configured to emit light in a range of infrared wavelengths.
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8. The scene projector of claim 1, further comprising drive electronics coupled to the
array of light emitting pixels and configured to actuate each pixel of the array of light

emitting pixels.

9. An infrared scene projector system, comprising:
a wafer level package including an array of infrared light emitting pixels disposed on
a substrate, a transmissive cover coupled to the substrate to form a cavity between an inner
surface of the transmissive cover and the substrate, and a tunable filter element disposed in
the cavity between the array of infrared light emitting pixels and the transmissive cover; and
a spatial light modulator configured to control at least one of an amplitude, a phase,

and a polarization of light emitting from the transmissive cover.

10. The infrared scene projector of claim 9, wherein the tunable filter element is

attached to the inner surface of the transmissive cover.

11. The infrared scene projector of claim 9, wherein the tunable filter element is

integrated with the array of infrared light emitting pixels.

12. The infrared scene projector of claim 9, wherein the tunable filter element is rapidly
tunable over a range of infrared frequencies and is configured to selectively filter light

emitted by each pixel of the array of infrared light emitting pixels.

13. The infrared scene projector of claim 9, wherein the spatial light modulator is
configured to project at least one optical pattern onto an outer surface of the transmissive
cover, and the at least one optical pattern is a polarizing pattern, an amplitude varying

pattern, or a phase shifting pattern.

14. The infrared scene projector of claim 13, wherein the at least one optical pattern
includes a plurality of optical patterns, each optical pattern of the plurality of optical
patterns aligned with at least one pixel of the array of infrared light emitting pixels.
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15. The infrared scene projector of claim 13, wherein the at least one optical patternis a

sub-wavelength grating.

16. The infrared scene projector of claim 9, wherein the spatial light modulator

comprises a smart glass.

17. The infrared scene projector of claim 9, further comprising a controller configured to
selectively activate at least one of a pixel of the array of infrared light emitting pixels, the

tunable filter element, and the spatial light modulator.

18. A method for projecting an infrared scene, comprising:
providing infrared light emitted from at least one infrared light emitting pixel;
filtering the infrared light emitted from the at least one infrared light emitting pixel
to emit infrared light of a predetermined range of wavelengths;
controlling at least one of a phase, an amplitude, and a polarization of the emitted

infrared light of the predetermined range of wavelengths to generate transmitted light.

19. The method of claim 18, wherein filtering includes introducing the emitted infrared

light to a tunable filter element.

20. The method of claim 18, wherein controlling includes introducing the emitted

infrared light to an optical pattern projected by a spatial light modulator.

22



WO 2017/082965 PCT/US2016/037335

1

10

140




WO 2017/082965 PCT/US2016/037335

2111

140

x\\\\\\\\\ \\\\\\f "
120

7

135 110



PCT/US2016/037335

WO 2017/082965

311

110

FIG. 3



WO 2017/082965 PCT/US2016/037335

4/11

HE

@.__ .

\ & 105

1207 ﬁag @ég



WO 2017/082965 PCT/US2016/037335

511

200

122

140 115

& i &
&S

& o S

- > RS

N o R

&8 &

125

117
105

135

145



WO 2017/082965 PCT/US2016/037335

68/11
@2\%;
6538
/ ﬁ}%g ?}3@ ?)28
T 626
f§24

622

— 640 642 /646 641

644

FiG. 6A



WO 2017/082965 PCT/US2016/037335

71

122

608 610 612

|

614a 614b 616a 616b
\ |
? 604 e
602 606

FIiG. 6B



WO 2017/082965 PCT/US2016/037335

8/

e S

1253

1250



PCT/US2016/037335

WO 2017/082965

/11

]

<

prasessna:

irarnansaransnanssnsnnned

el N 4

PR

v,

e,




WO 2017/082965 PCT/US2016/037335

10/11

\k 950 gﬁg

021~ esessssasssn o Corapaaen

.§§§§§§§§§§§§§§§§§§§§§§§§§§§E§ v%~904

o

*942 948 944




WO 2017/082965 PCT/US2016/037335

111
300 —
Froviding light
\ amitted from a
pixel
308

i

Filtering the emitted light
310

I

Controlling at least one of
phase, amplitude, and
polarization of the emitted light
315

FIG. 10



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/037335

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1J5/52 GO01J5/04
ADD.

G01J5/08 HO1L27/00 HO4N17/00

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1J HOIL HO4N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X J. LANNON ET AL: "Multicolor IR emissive 1-20
pixels",
OPTICAL SENSING 1II,
vol. 6544, 24 April 2007 (2007-04-24),
page 65440L, XP055298237,
1000 20th St. Bellingham WA 98225-6705 USA
ISSN: 0277-786X, DOI: 10.1117/12.727588
ISBN: 978-1-62841-971-9
paragraph [03.3]
A H.J. EICHLER: "Laser-induced Grating 1,4,5,9,
Phenomena", 13-15,
OPTICA ACTA., 18,20
vol. 24, no. 6, 1 June 1977 (1977-06-01),
pages 631-642, XP055298539,
ISSN: 0030-3909, DOI: 10.1080/713819604
paragraph [0007]
- / -

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

31 August 2016

Date of mailing of the international search report

09/09/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Rodig, Christoph

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/037335

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A D. BRETT BEASLEY ET AL: "Overview of 1-20
dynamic scene projectors at the U.S. Army
Aviation and Missile Command",

OPTICAL SENSING I,

vol. 4717, 11 July 2002 (2002-07-11),
pages 136-147, XP055298772,

1000 20th St. Bellingham WA 98225-6705 USA
ISSN: 0277-786X, DOI: 10.1117/12.474714
I1SBN: 978-1-62841-971-9

the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

