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TITLE

Glare management of reflective and thermoreflective surfaces

INVENTORS
Richard M. Powers of Lakewood, Colorado
Wil McCarthy of Lakewood, Colorado

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority pursuant to 35 U.S.C. § 119(e) to the following:
U.S. provisional patent application no. 61/047,400 entitled “Glare management method for
reflective and thermoreflective surfaces” filed 23 April 2008; U.S. provisional patent
application no. 61/083,138 entitled “Glare management method for reflective and
thermoreflective surfaces” filed 23 July 2008; U.S. provisional patent application no.
61/084,940 entitled “Glare management method for reflective and thermoreflective surfaces”
filed 30 July 2008; U.S. provisional patent application no. 61/146,207 entitled “Glare
management method for reflective and thermoreflective surfaces” filed 21 January 2009; and
U.S. provisional patent application no. 61/157,076 entitled “Glare management method for
reflective and thermoreflective surfaces” filed 3 March 2009, the disclosures of which are
hereby incorporated herein by reference in their entirety.

[0002] This application is also related to U.S. patent application no. 12/019,602 entitled
“Thermally switched optical downconverting filter” filed 24 January 2008; U.S. patent
application no. 12/172,156 entitled “Thermally switched reflective optical shutter” filed 14
July 2008; and U.S. patent application no. 12/340,552 entitled “Thermally switched
absorptive window shutter” filed 19 December 2008, the disclosures of which are hereby

incorporated herein by reference in their entirety.
BACKGROUND

1. Field of Technology
[0003] This disclosure relates to the mitigation of glare from reflective surfaces, for

example, mirrored windows in a building.

2. Description of the Related Art
[0004] Partially reflective window coatings (e.g., thin films of sputtered metal) and films
(e.g., metal-impregnated and Bragg mirror polymer films) have been widely used for
decades as a method for reducing solar heat gain and thus improving the energy
performance of buildings. The design, composition, and benefits of reflective coatings are
well documented and need no further elaboration here, except to note that the reduction in
solar heat gain, while clearly beneficial in hot, sunny conditions, may be detrimental in cold

weather as it interferes with passive solar heating.
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[0005] Switchable mirrors also exist which are based on reversible metal hydride and
metal lithide chemistry described, for example, in U.S. Patent No. 7,042,615 to Richardson.
These switchable mirrors, which are analogous to rechargeable batteries, may rely on the
physical migration of ions across a barrier under the influence of an electric field and,
therefore, have limited switching speeds and cycle lifetimes. In addition, electrically
operated “light valves” that combine liquid crystals with one or more reflective polarizers are
described, for example, in U.S. Patent No. 6,486,997 to Bruzzone et al. In these devices, a
liquid crystal typically serves as an electrotropic depolarizer, i.e., a means of variably altering
or rotating the polarity of the light that passes through it under the influence of an electric
field. Some of these devices can be thought of as switchable mirrors, although they are
rarely described that way, since their primary application is in video displays and advanced
optics.

[0006] Switchable electric light valves which do not require polarizers but are diffusive
forward scatterers or diffusive reflectors also exist. This is because liquid crystals may in
fact be Bragg reflectors with different reflection bands in these applications, with a reflective,
diffusive, or forward-scattering mode, and a more transmissive mode. These include the
polymer-dispersed liquid crystal (PDLC) display, the cholesteric liquid crystal display (Ch-
LCD), the Halmeier display, and the Guest-Host display. The PDLC is an electrochromic
device where the index of refraction of liquid crystal droplets embedded in another material
is changed electrically, resulting in more scattering of the light in one mode than another.
The Ch-LCD has two stable states, the reflective planar and focal conic texture. The
reflective planar structure reflects light if the Bragg reflection condition is met and thus acts
as a Bragg reflector for one circular polarization of light, while the reflective focal conic
transmits more of the light. The Guest-host display utilizes dyes dispersed in a liquid crystal,
which absorb more light when in one orientation than in another. The orientation of the dyes
is dependent on the orientation of the liquid crystal, which can be determined using an
electric voltage. Polymer stabilized liquid crystals are created when polymers and liquid
crystals are mixed and photoploymerized together to among other things establish the
orientation of the liquid crystals.

[0007] In addition, U.S. Patent No. 6,288,840 to Perkins et al., discloses a type of
reflective polarizer called a “wire grid polarizer” which consists of a nanoscale array of
closely spaced, parallel metal wires on a transparent substrate, such that light of one linear
polarity which strikes the wires is reflected while light of opposite linear polarity is transmitted
through the substrate. Wire grid polarizers may be a component of some reflective and
thermoreflective optical filters. It is additionally possible to construct polarizers using

distributed Bragg reflector technology, such as 3M’s Dual Brightness Enhancement Film
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(DBEF). In these polarizers, some layers have different optical indices in one transverse
direction than in another, creating a polarizer.

[0008] Any surface which presents a mirror finish in the presence of a light source,
whether indoors or outdoors, has the potential to create glare, i.e., a condition in which
background illumination approaches, equals, or exceeds the illumination of objects in the
foreground, which in some case can lead to discomfort or reduced visibility. For this reason,
mirrored films are banned or discouraged in some jurisdictions and are the subject of
increased scrutiny in others.

[0009] Antireflection coatings are widely used to reduce glare from bright light sources
on transparent optics such as eyeglass and binocular lenses. Reflection from a transparent
surface occurs because the index of refraction of the transparent material does not match
that of the surrounding medium (e.g., air, water, or vacuum). The greater the mismatch, the
greater the reflection. A standard antireflection coating has an index of refraction
approximately halfway between that of the transparent material and the surrounding
medium. More sophisticated, nanostructured coatings (e.g., arrays of vertically oriented
nanoscale cones) may present an outer surface which is mostly air and thus has an index of
refraction close to air, and an inner surface which is mostly solid and has an index of
refraction essentially identical to the transparent material on which it sits. In this case,
reflection may be reduced virtually to zero.

[0010] However the high reflectivity of a polished metal surface, dielectric mirror,
distributed Bragg reflector, or other mirror does not rely on an index of refraction mismatch
with the surrounding air. Instead, reflection is achieved by photon interaction with
conduction electrons (e.g., in a metal) or by constructive and destructive interference
between layers of different material (e.g., in a dielectric mirror). Thus, a transparent
antireflection coating will have little effect on the reflectivity of such mirrors. However, a
diffusive coating will cause the reflected light to be scattered, producing a white surface
which may still be highly reflective, but not specular (i.e., mirror-like) and therefore not
capable of reflecting or transmitting an intelligible, collimated image.

[0011] In addition, there are numerous examples of “metamaterials” or nanostructured
materials or devices which interfere with light waves in such a way that the material appears
to have a negative index of refraction and thus to violate many of the presumed “laws” of
classical optics. The scientific paper “Asymmetric Propagation of Electromagnetic Waves
through a Planar Chiral Structure” (V. A. Fedotov, P. L. Mladyonov, S. L. Prosvirnin, A.V.
Rogacheva, Y. Chen, and N. |. Zheludev, Physical Review Letters 97, 167401, 17

October 2006) discloses a chiral, planar structure consisting of “fish scale” patterns of
aluminum nanowire on a transparent substrate. In essence, the structure is a type of wire

grid polarizer, although one that reflects and transmits circularly polarized light rather than
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linearly polarized light. Because its chiral nature is different depending on which surface of
the polarizer is being observed, for light of mixed, random polarity (e.g., sunlight), this
structure has an additional property of being asymmetrically transmissive, i.e., it is more
transmissive to light passing through it in one direction than in the other.

[0012] In addition, there are numerous varieties of optical diffusers, including etched
glass and polymer films, which partially randomize the direction of photons passing through
them, while exhibiting modest reflection and very low absorption. In the case of “forward
scattering” diffusers which affect the direction of most incident light by substantially less
than 90 degrees, as much as 80% of the light striking the diffuser is passed through, with
less than 20% being absorbed or reflected back. Diffusers are commonly employed in
privacy windows, skylights, video displays, and electric lighting.

[0013] There are also so-called “one-way mirrors” which are commonly used as privacy
windows, particularly in building interiors (e.g., to separate a supervisor's office from the
workers being supervised). However, these are not true one-way devices. Rather, they are
simply partially mirrored transparent glass, equally reflective in both directions, and the “one-
way” effect requires that the area on one side of the glass be more brightly illuminated than
the area on the other side. If these lighting conditions are reversed, then the privacy effect is
reversed as well (e.g., the supervisor may see his own reflection, whereas the employees
may have a clear view of the supervisor).

[0014] Finally, various types of prismatic films use etched structures or variable index of
refraction structures to bend the light passing through them. Examples include Fresnel
concentrating lenses and polymer “privacy filters” that can be applied to laptop screens or
video displays to narrow or widen the viewing angle.

[0015] The information included in this Background section of the specification, including
any references cited herein and any description or discussion thereof, is included for
technical reference purposes only and is not to be regarded as subject matter by which the

scope of the invention is to be bound.

SUMMARY

[0016] Variable, selective, or asymmetric diffusive optics may be used to mitigate the
effects of glare from reflective or thermoreflective surfaces. This technology has particular,
but not exclusive, application as a glare reduction method for building surfaces.

[0017] The specular reflection from a surface may be disrupted by diffusive optics placed
between the surface and the outside world, thus giving the surface a diffusive (i.e., white or
metallic gray) finish as opposed to a specular (i.e., mirrored) finish. However, the nature of

the diffusive optics may be carefully selected such that the transmission of specular light
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(i.e., an image) through the exterior surface and interior surface (e.g., through a window and
into a building) is minimally disrupted under selected conditions.

[0018] In one implementation, a method is provided for reducing glare from partially
reflective or thermoreflective surfaces without significantly degrading the energy benefits of
reflection. The method involves placing an at least partially diffusive filter between either a
partially reflective surface or a thermoreflective surface and an external light source. When
light is transmitted through the partially reflective surface or the thermoreflective surface, it is
diffused only once. However, when light is reflected from the partially reflective surface or
the thermoreflective surface, it is diffused twice, thereby transforming specular reflections
from the partially reflective surface or the thermoreflective surface into diffusive reflections.
[0019] In another implementation a method is provided for increasing the privacy of
transparent, translucent, or partially reflective surfaces. The method involves placing an at
least partially diffusive filter between either a transparent surface, a translucent surface, or a
partially reflective surface and an external light source. When light is transmitted through the
transparent surface, the translucent surface, or the partially reflective surface, it is diffused
only once. However, when light is reflected from the transparent, translucent, or partially
reflective surface, it is diffused twice, so that the reflected light is approximately twice as
diffuse as the transmitted light.

[0020] In a further implementation an energy-efficient device is disclosed that reduces
glare from reflection of incident radiant energy. The device may be composed of a first
diffusively reflective polarizer, a second diffusively reflective polarizer, a depolarizer
positioned between the first diffusively reflective polarizer and the second polarizer, and a
transparent substrate affixed to the second diffusively reflective polarizer.

[0021] In yet another implementation, an energy-efficient device is described that
reduces glare from reflection of incident radiant energy. The device may be composed of a
first diffusively reflective polarizer, a second diffusively reflective polarizer, a depolarizer
positioned between the first diffusively reflective polarizer and the second polarizer, and a
transparent substrate affixed to the second diffusively reflective polarizer

[0022] In an additional implementation a diffusive polarizing filter is disclosed. The
diffusive polarizing filter may be composed of a grid of wires with irregular surfaces placed in
parallel at a regular spacing. The surface irregularities are larger than wavelengths of
incident light resulting in reflected light from the incident light of a first polarity that is diffuse
while transmitted light from the incident light of a second polarity is collimated.

[0023] In a further implementation of a diffusive polarizing filter, a grid of wires is placed
on the non-planar substrate. The reflection of incident light from the diffusive polarizing filter
exhibits a dependency between an incident angle of the incident light and a departure angle

of the incident light that varies with a contact location of the incident light on the substrate.
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[0024] In yet another implementation, a glare-reducing polarizing filter is composed of a
grid of metamaterial wiresthat form chiral structures. The grid is more diffusive to light
passing through in a first direction than to light passing through in a second, opposite
direction. The grid also passes collimated light in the second direction.

[0025] In an alternative implementation, a method to improve the suitability of liquid
crystal-based thermotropic, thermochromic, or thermoreflective filters and devices for low
glare applications is disclosed. The method involves selecting a mixture of or including liquid
crystals with suitable freezing and clearing points for operation in a given climate. Next,
additives are selected to affect properties of a transition of the liquid crystals between
physical states. Then, the mixture and the additives are combined to adjust or select optical
properties of transmission, absorption, and/or reflection of light or energy by the filters and
devices.

[0026] In another implementation, a thermotropic distributed Bragg reflector device is
disclosed. The device may be composed of two or more layers of a first material that is
transparent or translucent and that has a first index of refraction, and two or more layers of a
second material that is thermotropic, that is transparent or translucent, and that has a
variable second index of refraction. Each of the layers of the second material is interleaved
with respective layers of the first material. Below a threshold temperature, the first index of
refraction is substantially the same as the second index of refraction. Above the threshold
temperature, the second index of refraction changes to become substantially different from
the first index of refraction.

[0027] In a further implementation, a method for producing a thermoreflective effect in a
first direction and a thermoabsorptive effect in a second direction is disclosed. The method
includes first interleaving layers of an absorptive polarizer film and a reflective polarizer film.
Second, a thermotropic depolarizer is interposed between a first set of layers of the
absorptive polarizer film and the reflective polarizer film and a second set of layers of the
absorptive polarizer film and the reflective polarizer film.

[0028] Use of diffusive optical sheets or films as described herein may allow builders,
architects, building owners, and vehicle designers to reap the energy benefits of reflective
and thermoreflective materials, while minimizing external and/or internal glare from building
or vehicle surfaces. It may also provide an aesthetic alternative to mirror finishes for building
and vehicle exteriors with little or no harm to energy efficiency and may further reduce
reflective window glare for inside and/or outside observers while permitting a clear view of
the outside for building or vehicle occupants. Such diffusive optics may provide privacy for
building and vehicle interiors, similar to diffusive “privacy glass” but with significantly less

effect on the view from inside.
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[0029] This technology may use both specular and diffusive technologies to create
windows for transparent and privacy type models of windows, and prevent the concentration
of reflected solar energy in UV, visible, or IR bands in different ways. This technology may
also be used to reflect or transmit, diffusively or specularly, various polarizations and
frequency ranges of light in different ways at different temperatures to reduce glare.

[0030] Other features, details, utilities, and advantages of the present invention may be
apparent from the following more particular written description of various embodiments of the
invention as further illustrated in the accompanying drawings and defined in the appended

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Please note that closely related elements have the same element numbers in all
figures.

[0032] Fig. 1A is a schematic, cross-section view of a typical thermoreflective filter in its
cold or transmissive state.

[0033] Fig. 1B is a schematic, cross-section view of the same thermoreflective filter in its
hot or reflective state.

[0034] Fig. 2 is schematic representation of another type of thermoreflective filter, in
which the thermoreflective filter may be an electroreflective filter with one or more
temperature sensors and a control system.

[0035] Fig. 3 is an exploded schematic view of an implementation of a variable or
asymmetric diffuser positioned between a reflective surface and a light source to minimize
glare.

[0036] Fig. 4 is a schematic view of an implementation of a thermodiffusive filter based
on temperature-dependent index of refraction or birefringence.

[0037] Fig. 5 is a schematic view of another implementation of a thermodiffusive filter
based on reflective chemicals, reflective rods, or wire segments suspended or dissolved in a
thermotropic liquid crystal.

[0038] Fig. 6 is a schematic, isometric view of a wire grid polarizer wherein wires in a
first orientation are smooth and regular and wires in a second orientation are irregular and
rough.

[0039] Fig. 7 is a schematic, isometric view of a wire grid polarizer wherein the wires
may be placed on a non-flat substrate.

[0040] Fig. 8 is a schematic, plan view of a planar chiral metamaterial with asymmetric
reflection and polarizing effects.

[0041] Fig. 9 is a schematic, cross-section view of a prismatic optical film that bends light

passing through it such that it emerges only at particular angles.
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[0042] Fig. 10 is a schematic view of an exemplary form of a thermochromic,
thermotropic distributed Bragg reflector in its cold (i.e., organized and transparent) state.
[0043] Fig. 11 is a schematic view of the distributed Bragg reflector of Fig. 10 in its hot
(i.e., disorganized and reflective) state.

[0044] Fig. 12 is a schematic view of another embodiment of a thermoreflective filter that

may alternate reflective and absorptive polarizers in order to minimize interior reflection.

DETAILED DESCRIPTION

[0045] Variable, selective, or asymmetric diffusive optics may be used to reduce
specular reflection from mirrored surfaces, including reflective and thermoreflective building
materials. For the purposes of this specification, the term “thermoreflective” shall refer to
any object, device, or material having a reflectivity that varies as a function of temperature.
Since glare is primarily a function of specular rather than diffusive reflection of a bright light
source, this technology may reduce glare from building, vehicle, and other surfaces.

[0046] U.S. patent application no. 12/019,602 to McCarthy et. al. discloses
“thermoreflective” window filters that are largely transparent when cold and largely reflective
when hot, and which may be used to regulate the temperatures of buildings when
incorporated into windows. One possible embodiment based upon the disclosure is a
passive temperature-regulating film for use as a construction material, which may comprise
an appliqué that can be affixed to glass windows having a single bandblock filter. For
example, a thermochromic, distributed Bragg reflector (i.e., a reflector based on periodic
changes in index of refraction) may be composed of a liquid crystal formulated to reflect a
certain percentage of the incident visible light above a given threshold temperature and can
be constructed such that its reflection band occurs in the infrared. Such a filter may offer
numerous advantages over a simple mirrored film because the amount of reflectivity—and
thus solar heat gain reduction—may vary significantly between hot and cold weather.
[0047] Fig. 1A was previously presented in, U.S. patent application no. 12/172,156 to
Powers et al. and is a schematic, cross-section view of an exemplary form of
thermoreflective filter device 100. The filter 100 may be composed of a thermotropic
depolarizer layer 102 sandwiched between two reflective polarizing filters 101 and 103, and
attached to an optional transparent substrate 104. Incoming light may first passes through
the outer reflective polarizer 101. Of the incoming light, approximately 50% will have
polarization perpendicular to that of the outer refelctive polarizer 101 and will be reflected
away.

[0048] Once it has passed through the outer reflective polarizing filter 101, the incoming
light may enter the thermotropic depolarizer 102, which is a device or material capable of

exhibiting two different polarizing states. In its hot or isotropic or liquid state, the polarized
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light passing through the thermotropic depolarizer 102 may not be affected. Inits cold (e.g.,
nematic or crystalline) state, the thermotropic depolarizer 102 may rotate the polarization
vector of the incoming light by a fixed amount.

[0049] Once it has passed through the thermotropic depolarizer 102, the remaining
polarized light may strike the inner reflective polarizer 103, also known as the “analyzer,”
where it is either reflected or transmitted depending on its polarization state. The inner
reflective polarizer 103 may be oriented such that its polarization is perpendicular to that of
the outer reflective polarizer 101. Thus, in the hot state of the filter device 100, when the
polarization vector of the light has not been rotated, the polarity of the light may be
perpendicular to that of the inner reflective polarizer 103 and approximately 100% of it may
be reflected. However, in the cold state, when the polarization vector of the light has been
rotated by 90 degrees and is parallel to the inner reflective polarizer 103, a small amount of
the light may be absorbed by the polarizer material and the rest may be transmitted through.
[0050] In Fig. 1A, the action of incoming light is depicted for the cold state of the filter
device 100. The outer reflective polarizer 101 reflects approximately 50% of the incoming
light. The remaining light passes through the thermotropic depolarizer 102, where its
polarization vector is rotated, and then through the inner reflective polarizer or analyzer 103,
where it is largely unaffected. The incident light then passes through an optional transparent
substrate 104 and finally exits the filter device 100. Thus, in its cold state the filter

device 100 serves as a “half mirror” that reflects approximately 50% of the light striking its
outer surface, absorbs a small amount, and transmits the rest through to the inner surface.
[0051] Fig. 1B was previously presented in U.S. patent application no. 12/172,156 to
Powers et al., and is a schematic, cross-section view of the same exemplary
thermorefiective filter device 100 as in Fig. 1, except that the action of incoming light is
depicted for the hot state of the filter device 100. The thermotropic depolarizer 102 does not
affect the polarization vector of the light passing through it. Thus, any light striking the inner
reflective polarizer 103 is of perpendicular polarity to it, and approximately 100% of the
incident light is reflected back. The filter device 100 therefore serves as a “full mirror” in its
“hot state” that reflects approximately 100% of the light striking its outer surface.

[0052] Thus, in its cold state the filter device 100 may transmit slightly less than half the
light energy which strikes its outer surface, whereas in its hot state the filter device 100 may
in principle transmit substantially less than 1% of the light energy. As a result, the filter
device 100 may be used to regulate the flow of light or radiant heat into a structure based on
the temperature of the filter device 100.

[0053] This embodiment may be modified through the use of specialized reflective
polarizers 101 and 103 whose design inherently limits glare. For example, circular polarizers

made from cholesteric liquid crystals (CLCs) have the interesting property of being largely
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specular in transmission (i.e., they transmit a clear, minimally hazy image) but largely
diffusive in reflection. Thus, when two reflective CLC circular polarizers of opposite
handedness are stacked, the resulting reflection is diffuse, and resembles unpolished metal
rather than presenting a mirrored surface.

[0054] Alternatively, the polarizers 101 and 103 may be retro-reflective polarizers. A
retro-reflector is a device, film, surface, or substance that is reflective in nature, but which
may tend to reflect light back in the direction of origin. Retro-reflectors include beaded
reflective surfaces, as well as other textured or microtextured reflective surfaces.
Retroreflectors are used, for example, in movie screens and in reflective “invisibility cloaks”
or optical camouflage materials onto which a background image may be projected. When a
reflective polarizer is structured such that its reflections are retro-reflections, the polarizer will
tend to reflect light sources back toward their points of origin so that, for example, the light of
the sun may be reflected back toward the sun rather than out toward adjacent buildings or
down to the street, which may tend to reduce the impression of glare from a building or other
object.

[0055] Fig. 2 was previously presented in U.S. patent application no. 12/172,156 to
Powers et al. and is a schematic representation of another type of thermoreflective filter
device 200. As in the prior embodiment of Figs. 1A and 1B, a depolarizer is snadwiched
between a pair of reflective polarizers 201, 203 or perpendicular orientation. The
thermotropic depolarizer has been replaced with an electrotropic depolarizer 202, plus two
transparent electrodes 204 and a control system 205, which may collectively perform the
same function as a thermotropic depolarizer. The control system 205 may include a
thermometer, e.g., a thermocouple, that actuates the electrotropic depolarizer 202 upon
transition between set temperature thresholds. The operation and use of this embodiment
may otherwise be identical to operation and use of the embodiment shown in Figs. 1A

and 1B, although the thermoreflective filter device 100 may also be operated in a purely
manual mode, e.g., through the activation of a power switch by an operator. In an
alternative embodiment, retro-reflective or CLC circular polarizers, or other polarizer types
that do not reflect a mirror-like image, may be employed to reduce glare.

[0056] Fig. 3 is an exploded schematic view of a variable or asymmetric optical

diffuser 302 positioned between the outside world and a reflective or thermoreflective
surface 304 as described in Figs. 1A, 1B, and 2. Thus, under conditions allowing for
diffusion, the reflection of an outside light source 306 (e.g., the sun) in a reflective or
thermoreflective surface 304 may be diffused, producing a white or metallic gray finish rather
than a mirror finish, and eliminating the “two suns” effect that may sometimes be associated
with highly reflective building or vehicle surfaces. Since glare is primarily a function of

specular rather than diffusive reflection of a bright light source, a white surface may
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generally be perceived as being much less glaring than a mirrored one, even if the total
energy of reflected visible light is identical. Thus, this embodiment provides another method
for reducing glare from mirrored surfaces.

[0057] In a simple implementation, the diffuser 302 may be a diffuser with properties that
do not vary with temperature, wavelength, polarity, incidence angle, electric field, or other
similar factors. However, such a diffuser may be less than 100% diffusing. In this case, the
light transmitted through the reflective surface (e.g., a partially mirrored window) passes
through the diffuser only once, whereas the light reflected from the surface must pass
through the diffuser twice. Therefore, the reflected light may be more diffuse than the
transmitted light.

[0058] in other implementations, the diffusive filter 302 may fall into any of three broad
types: 1) a variable diffuser with a light-scattering ability that may be controlled by external
factors such as temperature; 2) a selective diffuser that may only diffuse light of particular
wavelengths or particular polarity, while having little effect on the transmission of other
wavelengths or polarities; and 3) an asymmetric diffuser with a scattering ability that may be
direction-dependent, such that light passing through in one direction is more strongly
scattered than light passing through in the opposite direction. In all three cases, the
underlying objective is the same, i.e., to break up reflected light under certain conditions
while allowing transmitted light, under the same or other conditions, to pass through with
little distortion or attenuation. An exemplary use of this method is to allow a building to
possess highly reflective or thermoreflective windows for energy efficiency in a jurisdiction
where mirrored surfaces are banned or discouraged.

[0059] It should be noted that for certain types of thermoreflective filters and for certain
types of diffusers, the diffuser may be located inside the thermoreflective filter (e.g., between
two of the layers in a multilayered device) without altering the essential functions of either
the diffuser or the thermoreflective filter.

[0060] Fig. 4 is a schematic view of one embodiment of a variable diffuser, i.e., a
thermodiffusive filter 400 that may be largely transparent at low temperatures and diffusive
(or diffusively reflective) at high temperatures, or diffusive (or diffusively reflective) at low
temperatures and transparent at high temperatures. The thermodiffusive filter 400 may be
composed of a transparent material 402 in which beads or bubbles 404 of a second
transparent material are suspended. The materials may be selected such that at low
temperatures they have the same or very similar index of refraction, thus producing very little
scattering or reflection of photons. However, at high temperatures one or both materials
change their index of refraction such that a substantial mismatch exists between them. In

this condition, the beads or bubbles 404 become reflective within the transparent
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material 402 (due to optical index mismatch) and, in cases where the beads or bubbles 404
are small and numerous, this may have a pronounced scattering effect.

[0061] By choosing the size and relative position of the beads or bubbles 404, the
thermodiffusive filter 400 may be tuned such that its optical properties change with
temperature. For example, the thermodiffusive filter 400 may be tuned such that it is a
thermochromic diffusive Bragg reflector, diffusively reflecting certain frequency ranges of
light. In another embodiment, the thermodiffusive filter 400 may be tuned to become a
thermochromic diffusive scatterer operating over wide ranges of frequencies of light. Ina
further embodiment, the thermodiffusive filter 400 may be tuned to act as any of a
thermochromic diffraction grating or dispersor, thermochromic hologram, or other
thermochromic optical device that reduces specularity of the reflected or transmitted light so
as to reduce glare. An exemplary diffusive optical effect may be seen in river rapids, where
opaque “whitewater” (i.e., water mixed with a large number of small, transparent air bubbles
with a lower index of refraction than the water) can be seen alongside normal transparent
water (with no air bubbles).

[0062] The temperature-dependent change in index or refraction may in principle be
achieved by materials with high thermal expansion coefficients. Alternatively, one or both of
the transparent materials 402 and 404 may be composed of a mixture of different materials
which separate under certain conditions (e.g., above a certain temperature) or otherwise
change their state or properties. However, the easiest way to produce this effect may be
with materials that undergo a phase change at the desired temperature, such as a transition
from liquid to solid or, in the case of a liquid crystal, any transition between nematic, smectic,
crystalline, or isotropic states. In general this may produce a significant change in the index
of refraction.

[0063] Since, in the mesophase (e.g., nematic and smectic states) liquid crystals may be
anisotropic, the optical properties of beads or bubbles of liquid crystal suspended in a matrix
(as in polymer dispersed liquid crystal devices) may be dependent on the orientation of the
liquid crystal molecules. Many different ways to fix the orientation and structure of the liquid
crystal in one or more states are known, including for example, using alignment layers or
electric fields along with photo-polymerization. The orientation and structure of thermotropic
liquid crystals is effected by temperature, and thus the anisotropy may be altered (or
eliminated) by changing the temperature of the liquid crystal. One exemplary
implementation of this embodiment utilizes a low-clearing point liquid crystal in a matrix
structurally similar to polymer stabilized cholesteric or polymer diffusive liquid crystal
devices, allowing phase changes due to changes in temperature (rather than electric fields)
to effect optical transitions from transmissive to diffusive, or diffusive to transmissive. In

another exemplary embodiment, the size and optical indices of the liquid crystal bubbles in a
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matrix structurally similar to polymer dispersed liquid crystal devices may be chosen such
that a temperature-dependent diffusive reflection over one or more desired frequency ranges
is achieved.

[0064] One exemplary use of this embodiment is to employ it in conjunction with a
thermorefiective filter such that the transition temperature of the thermoreflective filter and
that of the thermodiffusive filter are approximately the same. Thus, if the thermoreflective
filter is 40% reflective in its cold state and 90% reflective in its hot state, and the
thermodiffusive filter is 50% diffusive in its cold state and 80% diffusive in its hot state, then
the total amount of specular reflection may remain approximately constant at a value of 20%,
regardless of the state of the thermoreflective filter. Thus, the energy benefits of
thermoreflective windows may be obtainable in a jurisdiction where building surfaces are
legally restricted to 20% specular reflectivity. Another exemplary use of this embodiment is
as a privacy filter.

[0065] A number of reflective, thermochromic implementations of this embodiment,
which may change their reflective properties under the influence of temperature, may be
practiced. One such device is a thermochromic, distributed Bragg reflector made such that
the transmission, absorption, and/or reflection spectra are a function of temperature. Again,
in this device liquid crystals may in fact be Bragg reflectors in which the reflection band is
temperature-dependent. Distributed Bragg reflectors operate on the principle of mismatched
optical indexes and the disclosed device may be considered a thermochromic version of a
distributed Bragg reflector. Exemplary forms of thermochromic materials may include zinc
oxide, which changes from clear to yellow when heated; liquid crystals, which can be
formulated to absorb or reflect a percentage of the incident visible light above a given
threshold temperature; and tungsten-doped vanadium oxides, which may reflect light above
a threshold temperature determined in part by the percentage of tungsten in the composition
of the material.

[0066] Differences in reflectivity of various liquid crystal formulations based on
temperature depend on the formulation. In one formulation, the reflectivity may be altered
with temperature due to a change in the index of refraction with temperature, and which is
analogous to the electrochromic device known as polymer dispersed liquid crystal display.

In another formulation, the reflectivity may be due to an internal structure which, at one
temperature, reflects one circular polarization of light at certain frequencies and transmits the
other circular polarization as well as other frequencies, while at other temperatures may
transmit (or diffusively transmit) these frequencies. The behavior of such devices with
temperature may be complicated, but may be analogous to the electrochromic devices

known as cholesteric liquid crystal devices. Other formulations may be analogous to
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Guest-Host LCD displays, Halmeier displays, or polymer stabilized liquid crystal devices,
though this list should not be considered exhaustive.

[0067] While each of these formulations may be used as a material in an exemplary
thermochromic distributed Bragg reflector as depicted in Fig. 4, the liquid crystal formulations
for which the index of refraction of the material is dependent on temperature may be
particularly suitable. Using this liquid crystal formulation in a distributed Bragg reflector may
result in a diffusive device analogous to the electrochromic PDLC or in a specular device
similar to the 3M DBEF product, with either exemplary device having a wide-ranging number
of thermochromic effects on haziness, center frequencies, bandwidths, and reflective
efficiencies of the resulting devices. These devices may also have several distinct
operations depending on the liquid crystal phase transition used. Exemplary transitions may
include crystalline to nematic, nematic to isotropic, and smectic to nematic. Construction of
one or more layers of liquid crystal inside or surrounded by suitable materials such as
polymers may be a suitable materials technology for making thermochromic distributed
Bragg reflectors. Exemplary forms may also have such layers with different transition
temperatures or phase transitions, have liquid crystal mixtures which separate for such index
changing effects, or additionally change their Raleigh scattering properties as well as optical
index based on temperature.

[0068] The bubbles depicted in Fig. 4 may take a variety of forms other than, and distinct
from, the spheroidal shapes depicted in the drawing. For example, the bubbles may be
polyhedral, or may be greatly elongated in one or more dimensions such that they are
effectively planar layers within the substrate material 402, without altering the essential
function of the embodiment as a temperature-dependent variable diffuser.

[0069] Fig. 5 is a schematic view of another embodiment of a thermodiffusive filter 500
which relies on the self-organizing properties of certain materials, including liquid crystals. In
one exemplary form of this embodiment, reflective dyes, reflective or refractive fibers, wire
segments, macromolecules, or microscopic sheet fragments (e.g., flakes of mica) 502 may
be suspended in a liquid crystal medium 504. In general, this may require the specific
gravity of the materials such as fibers 502 to be identical or nearly identical to that of the
liquid crystal 504 to prevent the two materials from separating over time. Alternatively, the
materials such as reflective fibers 502 may be chemically functionalized such that they are
dissolved rather than suspended in the liquid crystal, and thus tend to distribute themselves
evenly throughout it rather than settling or separating out. Itis possible for a microscopic
fiber, wire segment, or other object to “dissolve” into a solvent without physically coming
apart, in the same way that protein molecules and other substances are dissolved in human
blood. Still another approach may be to attach the reflective fibers or flakes 502 to long

polymer chains which are distributed throughout the liquid crystal 504 in a manner
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analogous to a wire screen covering a window, or vines of ivy covering a brick wall. In still a
different approach, the fibers or flakes may be attached directly to the walls of an enclosure
(e.g., the glass surfaces of a liquid crystal cell or “bottle”).

[0070] The liquid crystal 504 and its alignment layer or layers (not pictured) may be
designed such that at low temperatures the liquid crystal 504 is in an ordered state (whether
crystalline, smectic, nematic, discotic, or otherwise) and at high temperatures (i.e., above the
clearing point of the liquid crystal) it is in a disordered (i.e., liquid or isotropic) state.
Furthermore, the orientation of the liquid crystal molecules may be such that in the ordered
state, the minimum energy configuration for the wire segments 502 is to be oriented
perpendicular to the plane of the thermodiffusive filter 500 of which they are a part. Thus,
light passing through the filter at a normal angle sees a very small cross section for the
fibers 502 and is minimally reflected or refracted. Furthermore, because of the ordered state
of the material, any visual distortion introduced by the filter may be relatively uniform and
may therefore not result in significant scattering.

[0071] Conversely, in the hot state the reflective fibers 502 may become disordered and
assume random orientations within the liquid crystal 504. In this condition, they may present
a larger cross-section to light passing through the filter 500, so that the total amount of
reflection or refraction may be increased. However, because the fibers 502 may be small,
randomly distributed, and randomly oriented, both reflection from and refraction through the
fibers 502 may result in significant scattering of the incident light. Thus, in its hot state the
filter 500 may act as an optical diffuser. The composition and design of liquid crystal
materials and their alignment layers are well known and need no further elaboration here.
[0072] in a slightly different exemplary form of this embodiment, the fibers, flakes, or
bubbles 502 may be buoyant, or attached to objects which are buoyant, such that their
buoyancy may change with temperature and such that below a threshold temperature they
either rise to the top or sink to the bottom of their enclosure and are no longer able to scatter
the light passing through said enclosure. A so-called “Galileo thermometer” exhibits such
buoyancy effects. Such a device may be configured to act as a thermodiffusive filter for
reflective building and vehicle surfaces.

[0073] Alternatively, a thermally activated polarizer may be employed for this function.
U.S. Patent No. 6,965,420 to Li et al. describes a narrowband, circular polarizer made from
cholesteric liquid crystals (CLCs) that switches to broadband operation when its structure is
disrupted by an AC electric field. Such polarizers are capable of diffusive reflection or
transmission of certain polarities of light. However, in the present application the polarizer
may be switched from narrowband to broadband operation through temperature change, i.e.,
because of a phase transition in the CLC. The polarizer contains domains or bubbles of

liquid crystal in a polymer matrix, and a disorganization of this structure can be achieved, for
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example, by a transition of the entrapped liquid crystal to an isotropic state above a given
threshold temperature, defined by the exact structure and composition of the liquid crystal
mixture.

[0074] In one exemplary form of this embodiment, a narrowband polarizer with a
response in the near infrared is employed, such that its polarizing and possible diffusing
effects are not visible to the human eye. However, when the temperature increases beyond
a threshold value, the organization of the liquid crystal domains is disrupted, the bandwidth
of the polarizer increases to cover some or all of the visible spectrum, and the polarizing and
possible diffusing effects become visible. In this hot state, the thermally activated polarizer
may serve as a visible light diffuser and may thus be used to mitigate glare as described
above. In a further elaboration of this embodiment, a second thermally activated polarizer of
opposite circular polarization may be added to enhance the diffusion and attenuation effects.
[0075] In still another exemplary form of this embodiment, the variable diffuser is a
thermoreflective filter as described in Figures 1A and 1B, except that the polarizers
employed are diffusive polarizers. Examples of diffusive polarizers include 3M’s Diffuse
Reflective Polarizing Film (DRPF), which is a linear polarizer, and Chelix CLC Polymer
Circular Polarizers. In this instance, the thermodiffusive filter and the thermoreflective filter
are combined into a single object, so that when the thermoreflective filter heats up and
switches to its reflective state, it is simultaneously transitioning to a diffusive state such that it
cannot reflect an image of the sun and produce glare.

[0076] Myriad other arrangements are possible which have the same effect of scattering
small reflective or refractive objects 502 in the line of sight at high temperatures such that
they have a diffusive effect. Either removing the objects 502 or reducing their cross-section
at low temperatures such may eliminate or reduces their diffusive effects. A wide variety of
configurations may meet this description and function as temperature-dependent, variable
diffusers, and thus fit the embodiment shown in Fig 4. This implementation of the
technology does not consist of, or require, any particular structure. Rather, this method for
reducing glare from reflective or thermoreflective surfaces may use any of a variety of
different structures described herein, or other related structures that produce similar effects.
Furthermore, although the composition and operating principles of this embodiment in its
various exemplary forms may be different than those of the embodiment described in Fig. 4,
the use of this embodiment may be essentially identical to that of Fig. 4.

[0077] Fig. 6 is an isometric view of a wire grid polarizer of the sort used in many
thermoreflective filters, as described in Figures 1A and 1B. However, two different wire
types are shown here for exemplary purposes. When placed in parallel at regular spacing, a
multiplicity of smooth rectangular wires 602 may produce a reflective linear polarizer that

transmits light of a matching polarity and reflects light of orthogonal polarity. Also, for
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wavelengths of light that are larger than the wire spacing and for photons of the reflected
polarity, the smooth wires 602 may behave very much like a flat, solid metal film. Reflection
from the polarizer surface may therefore be specular, resulting in a clear, mirror-like
appearance.

[0078] However, when irregular wires 604 are used instead, the “surface” of the polarizer
(as seen by photons of the appropriate wavelength and polarity) may appear irregular rather
than smooth. Since specular reflection may require a microscopically smooth surface, while
reflection from irregular surfaces may be diffusive, the reflected light from such a polarizer
may have a white or metallic gray appearance, rather than a mirrored one. This effect may
be most pronounced when the surface irregularities are larger than the wavelengths of the
light being reflected, but too small to be perceived directly by the human eye. Thus, a wire
grid polarizer fashioned from irregular wires 604 may act as a selective diffuser which
transmits collimated light (i.e., clear images) of one linear polarity while diffusively reflecting
light of the orthogonal linear polarity.

[0079] The addition of microscopic breaks or gaps 606 within the smooth wires 602 or
irregular wires 604 may tend to have a refracting effect for the polarity of light that is
transmitted through, and if the size and distribution of these gaps 606 is random or pseudo-
random, then this refraction may be diffusive as well.

[0080] This implementation of the technology may exploit either or both of these effects
to reduce the glare from thermoreflective surfaces, by constructing the thermoreflective
filters from diffusive rather than specular wire grid polarizers. For example, a
thermoreflective architectural window incorporating such a filter may transmit collimated light
from the outside to the inside, allowing a clear view of the outside to building occupants.
However, the reflection (aside from ordinary glass reflection caused by the refractive index
mismatch between glass and air) from such a window may be diffusive rather than specular.
Thus, the building may be able to reap the energy benefits of a thermoreflective window
without producing the specular reflection that may lead to glare.

[0081] In addition, such a polarizer may be used by itself as a window film or filter,
presenting a surface with approximately 50% diffusive reflection and 50% collimated
transmission. Thus, the building may be able to reap the energy benefits of a reflective
window without the glare effects caused by specular reflection. For the same reasons, such
a polarizer could serve as an anti-glare film for a reflective wall or skin or body panels in
vehicles or buildings.

[0082] Fig. 7 shows another embodiment of a diffusive wire grid polarizer 700, in which
the wires 702 (whether smooth or irregular) may be formed on a non-flat substrate 704. The
height variations of the substrate 704 may be regular or irregular, along one or more axes of

symmetry, with the result that reflection of incident light 706 from the wires 702 exhibits a
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dependency between incident angle and departure angle that varies with position on the
substrate 704. Thus, the light of the polarity reflected by the wire grid polarizer 700 may be
scattered (i.e., diffused), while the light of orthogonal polarity that is transmitted through the
polarizer may not be significantly affected. Although the construction and operating principle
of this embodiment may be slightly different from that of the embodiment described in

Figure 6, its use may be essentially identical.

[0083] Fig. 8 shows a schematic plan view of another exemplary embodiment of wire
grid polarizer 800 that has a complex nanostructure that provides the properties of a
metamaterial, i.e., a material with strong resonance interactions for light passing through it at
a certain range of directions, wavelengths, and polarities. In this embodiment, the wires of
the wire grid polarizer 800 (whether smooth or irregular and whether formed on a flat or non-
flat substrate) form a chiral (i.e., twisted) “fish scale” structure that may act as a circular
polarizer (in contrast to wire grid polarizers with straight wires, which may act as linear
polarizers). The degree of circularity in the polarization may be proportional to the chirality of
the wire grid structure, i.e., a chirality of zero produces straight lines and thus linearly
polarized light, and an intermediate chirality as depicted in Fig. 8 will produce elliptically
polarized light which approaches circular polarization. Complete circularity may require an
infinitely chiral structure, which at this time may not be physically realizable.

[0084] In addition, for wavelengths of light dependent on the size and spacing of the
wires as described in Fedotov et al., this structure may have the additional property of being
asymmetric in its polarizing effects. That is, light coming through from one orthogonal
direction (i.e., from outside the page, traveling in) may be more strongly polarized than light
coming through from the opposite orthogonal direction (i.e., from inside the page, traveling
out). A linear structure may be geometrically equivalent when viewed from either side.
However, a chiral structure may not be the same, i.e., the chirality of the structure when
viewed from the back may be opposite to the chirality of the same structure when viewed
from the front. This is the origin of the polarization asymmetry, such that the degree of
polarization asymmetry, like the degree of circularity, may be proportional to the degree of
chirality. One hundred percent asymmetry may require infinite chirality, i.e., a structure that
likely cannot be physically realized. However, very high degrees of asymmetry have been
achieved with manufacturable nanostructures.

[0085] When the wires 802 of this metamaterial wire grid polarizer 800 are fashioned to
be irregular or are fashioned on an irregular surface such that the light reflected by them
may be scattered and thus the polarizer may act as a diffusively reflective circular polarizer,
the diffusive reflection effects may combine with the asymmetric polarization effects in an
entirely novel way that would unlikely be achievable with classical optics. For non-

prepolarized light, i.e., light of mixed random polarity (as with sunlight or artificial light that
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has not been reflected), the structure may be more diffusive to light passing through it in one
direction than to light passing through in the opposite direction. In the extreme case, where
the chirality is large, the result is a “one-way diffuser” that may transmit clear, collimated
images in one direction with a theoretical transmissivity well in excess of 50% and that may
reflect diffuse light in the opposite direction with a theoretical reflectivity approaching 50%.
[0086] in one exemplary application of this technology, this one-way diffuser may be
laminated to windows as a privacy filter. Existing privacy filters may employ classical
diffusive optics that are symmetrically diffusive, i.e., they may obscure the view from the
inside looking out just as much as they obscure the view from the outside looking in. By
contrast, the one-way diffuser may be oriented such that it may provides a clear view from
the inside looking out, and a highly diffusive view from the outside looking in. In addition,
this filter may have all the solar heat gain reduction and glare reduction advantages already
cited for diffusively reflective polarizing filters. Thus, it may provide a uniquely powerful
solution to several different window problems at the same time.

[0087] In another exemplary application, the one-way diffuser may be employed in
conjunction with a reflective or thermoreflective building surface for glare reduction, i.e., to
diffuse the light reflected from this surface without significantly diffusing the light, if any,
passing through the surface. In still another exemplary application, a thermoreflective filter
of the sort depicted in Figs. 1A and 1B may be constructed using chiral wire grid polarizers,
whether specular or diffusive, as the reflective polarizers 101 and 103.

[0088] In still another exemplary application, the chiral wire grid polarizer (whether
specular or diffusive) may be employed in a structure closely resembling the thermoreflective
filter depicted in Figs. 1A and 1B, except that the inner polarizer 103 has been replaced with
a simple specular reflector (whether fully or partially reflective). A linear structure may be
geometrically equivalent to its own reflection, so that the image of a linear polarizer, when
reflected in a mirror, appears identical to the polarizer itself. However, a chiral structure is
not the same when reflected, i.e., the chirality of the reflection may be opposite to the
chirality of the original structure. As a result, the reflected image of a left circular polarizer
appears to be a right circular polarizer. Thus, unlike a linear polarizer, a circular polarizer
may interact with its own reflection, and a structure equivalent to the thermoreflective filter in
Figs. 1A and 1B may be constructed using only one polarizer. This may be done for reasons
of cost, manufacturability, or for other reasons.

[0089] Many optional enhancements may be made to this chiral metamaterial

polarizer 800 without altering its fundamental nature. For example, the chiral wire
structures 802 may be formed on the substrate such that they are not completely parallel, or
such that the “fish scales” are not all identical in size and orientation. Alternatively, orin

addition, the wires 802 may not be continuous, but may instead be composed of multiple
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segments, each exhibiting one or more of the chiral “fish scale” structures. These segments
may generally be longer than 1/4 of the wavelength of light they are intended to interact with,
while less pronounced effects may be observed with smaller wire segments. Multiple layers
of chiral polarizer, with identical or nonidentical properties, may be stacked to enhance their
effects or broaden the range of wavelengths or polarities over which they respond.

[0090] The exact optical properties of the chiral wire grid polarizer may be tuned by
varying the width, height, spacing, and surface roughness of the wires; the spacing,
diameter, chirality, and staggering or tesselation of the fish scale structures along the

wires 802, and the degree of rippling, warping, or roughness of the underlying substrate. In
addition, the optical properties of the chiral polarizer may be strongly affected by the choice
of metal from which the wires are made.

[0091] In addition, although the roughened, chiral wire grid structure has been described
here for exemplary purposes, this is by no means the only structure capable of producing
asymmetric polarizing effects and/or asymmetric diffusion effects. This implementation of
the technology is not limited to a particular structure, but is rather a method for reducing
glare from reflective surfaces using any of a variety of different structures with similar effects.
[0092] Fig. 9 is a schematic, cross-section view of another embodiment of a selective
diffuser 900, a prismatic film in which the degree of scattering, bending, or diffusion of the
light passing through it may be strongly dependent on the incidence angle. An exemplary
method for accomplishing this involves etching the surface of a transparent substrate 902
with a pattern of sawtooth structures 904, although numerous other methods are possible.
Examples of prismatic films include the “privacy filters” that can be added to laptop screens
or video displays to widen or narrow their viewing angle. In this embodiment, the prismatic
film may be placed on top of a reflective surface (e.g., a partially mirrored or thermoreflective
window), such that reflections from the surface may be restricted to certain exit angles. This
may be done to reduce glare at particular angles (e.g., to prevent a building from reflecting
sunlight onto a nearby roadway), or to direct reflected light in particular directions or onto
particular objects (e.g., a solar collector or sunless courtyard), or for other reasons.

[0093] Fig. 10 is a schematic, cross-section view of an exemplary thermotropic
distributed Bragg reflector (DBR) 1000 in its cold (organized, transparent) state. The
thermotropic DBR 1000 may be composed of alternating transparent or translucent layers of
a first material 1001 and a second material 1002, wherein the second material 1002 is
thermotropic (e.g., a thermotropic liquid crystal), such that in its cold, organized state (e.g., a
crystalline, nematic, or smectic state) it has an index of refraction n2 which may be similar or
identical to an index of refraction n1 of the first material 1001. Light passing through the
stack may therefore not be significantly affected by the different composition of the layers.

However, in the hot, disorganized (e.g., isotropic) state, the index of refraction n2 of the
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second material 1002 may be significantly different than the index of refraction n1 of the first
material 1001, such that photons passing through the material stack may experience a
periodic variation in refractive index and thus distributed Bragg reflection may occur.

[0094] Fig. 11 is a schematic, cross-section view of the thermotropic DBR 1100 of

Fig. 10 in its hot (disorganized, reflective) state. In this state, the second material 1102 may
be in a liquid, isotropic state and may have a significantly different index of refraction n2 than
the index of refraction n1 of the first material 1101. Layering of materials with different index
of refraction may produce a distributed Bragg refiection response. Several different liquid
crystal layers may be employed as the second material 1102, either with different melting
temperatures or different indices of refraction, or both, without departing from the spirit of this
embodiment.

[0095] Another embodiment of a thermotropic DBR may use polymer layers similar in
formulation, for example, to 3M DBEF polarizer, which expand thermally and thus exhibit a
different spatial frequency and respond to different wavelengths of light. However, in
embodiments of Figs. 10 and 11, the birefringence of the LC layers of a thermotropic liquid
crystal device may be used to achieve the same effect as the polymer layers of DBEF that
have different optical indices in different transverse directions. Alternatively a liquid crystal
may be used such that the index of refraction is the same in the transverse directions, and
other components or layers of the DBR can have different indices in different directions, or
both.

[0096] By using multiple layers of materials with different temperature responses, in
theory any or all of the properties of the reflector may be affected. A thermotropic DBR may
thus additionally be designed as a “disappearing” polarizer, such that the polarization effect
appears or disappears as the temperature rises or falls. The thermotropic DBR may also be
designed to have other effects, for example, a variable center frequency polarizer, a variable
bandwidth polarizer, or a variable efficiency polarizer, or as a hybrid thermochromic DBR
(TDBR) and thermochromic polarizer.

[0097] Both a thermochromic polarizer and TDBR may be used, among other things, to
reduce the amount of glare in optical devices (for example, in a thermoreflective filter as
disclosed in U.S. patent application no. 12/172,156), by configuring the devices to not switch
completely “on” at one temperature, thereby reducing glare at “intermediate temperatures”
temperatures. Alternatively, the thermochromic polarizer and TDBR may increase or
decrease the reflected bandwidth by such devices to reduce glare; adjust a center bandwidth
by temperature to reduce glare; operate in frequencies where optical glare does not occur
such as IR and UV light; or configure a device which reflects similar amounts of visible light
at low and high temperatures, but reflects less or more UV and IR at these temperatures.

Since the TDBR may be either specular or diffusive, a thermochromic polarizer using a
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Bragg reflector may similarly be either specular or diffusive. Additionally, electrochromic
“overrides” of the thermochromic embodiments may be employed such as, for example, a
distributed Bragg reflector in which electric signals may additionally change the behavior of
the device at one or more temperatures.

[0098] It may be possible to choose both the sizes of the liquid crystal molecules used in
such TDBRs and polarizing TDBR (PTDBRSs) in particular configurations such that their
action is primarily or wholly in the NIR and IR. This selection may reduce glare by reducing
the amount of visible light reflected. The devices may also be designed such that the
amount of light reflected in the visible spectrum is below a design limit in the various active
temperature ranges. These exemplary devices, including in diffusive, specular, and hybrid
embodiments, along with electrochromic “override” versions, are all considered
implementations of the invention and are merely exemplary and not exhaustive.

[0099] Note that IR TDBR and IR PTDBR devices may redshift the light passing through
at off-normal angles, which theoretically means that devices designed for glare reduction by
utilizing only NIR or longer visible wavelengths such as red should have less visible light
glare at “off-angles” than at normal, which may be desirable in a glare management device.
[00100] TDBR and PTDBR devices may be innately diffusive, or can alternatively be put
behind a diffuser that operates at one or more frequencies. In one exemplary embodiment,
a diffusive, glare-reducing version of a PTDBR uses PDLC technology with a vertical mode
device, a high pre-tilt alignment layer (an exemplary device might have a pre-tilt angle
above 75 degrees), and a positive mode, where the index of refraction may be matched at
low temperatures and where the index transitions from a nematic to isotropic phase change.
This may result in a TDBR when the device is at a high temperature, which disappears when
at a lower temperature below the clearing point. Similar effects on polarization may be
effected using these methods.

[00101] PSCT, PDLC, and Guest Host versions of both TDBR and PTDBR devices are
possible, as well as hybrid devices. Guest Host embodiments using absorptive or reflective
dyes may be aligned such that they do not reflect or absorb until a phase transition occurs or
a set-point temperature is reached. These embodiments may reduce glare by choosing
which frequencies to reflect in bands, including IR. Guest Host embodiments may be
particularly suitable for PTDBR devices. Another embodiment may use diffusive versions of
TDBR and PTDBR devices at IR wavelengths in combination with specular versions at
visible wavelengths to increase the efficiency while allowing choice of visible reflectivity for
aesthetic reasons. Hybrid TDBR and PTDBR devices are also embodiments of this device.
This list of embodiments is merely exemplary and devices made from all suitable materials
(metal, solids, gases, liquids, liquid crystals, dichroics, photonic crystals, and other materials)

are contemplated.
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[00102] There are many desirable qualities in a thermochromic or thermorefiective liquid
crystal filters and devices for use in windows and building materials that can be achieved
through mixtures of liquid crystals and mixtures including liquid crystals. These may include
designing the freezing and clearing points of the mixture to make them suitable for a
particular climate or for controlling the temperature range of the hot and cold state or the
entrance and exit of heat through the device. Additionally, these may include mixtures
designed to affect the speed, optical clarity, and/or light absorption, reflection, or
transmission properties between the hot and cold states or other physical states (e.g. the
transition between crystalline and nematic states), as well as mixtures designed to improve
the stability of the functional responses of the device (such as optical properties, freezing or
clearing points, or transition speed) to environmental conditions (e.g., exposure to UV or
other light, humidity, gases, thermal cycling, or temperature extremes). The construction
details of these embodiments may be variable while adhering to the spirit of a method for
reducing glare from reflective or thermoreflective surfaces.

[00103] Fig. 12 is a schematic view of another embodiment of a glare mitigation

device 1200 that alternates reflective and absorptive polarizers in order to minimize interior
reflection. When unpolarized light from an exterior source 1206 (e.g., the sun) strikes the
device 1200, it encounters a reflective polarizer 1201. Of the incoming light, approximately
50% may have polarization perpendicular to that of the reflective polarizer 1201 and may be
reflected away. The remaining light may have matching polarization and may be transmitted
through.

[00104] Once the incoming light passes through the outer reflective polarizing filter 1201,
the incoming light then enters an absorptive polarizer 1203 with a polarization vector which
may be matched to that of the reflective polarizer 1201. Because the light passing through
this absorptive polarizer 1203 has been prepolarized by the reflective polarizer 1201, its
polarity matches that of the absorptive polarizer 1203 and thus very little of the light may be
absorbed, and a large majority of it may be transmitted through.

[00105] Next, the transmitted light encounters a thermotropic depolarizer 1202, which is a
device or material capable of exhibiting two different polarizing states. In its hot or isotropic
or liquid state, the polarized light passing through the thermotropic depolarizer 1202 may not
be affected. In its cold (e.g., nematic or crystalline) state, the thermotropic depolarizer 1202
may rotate the polarization vector of the incoming light by a fixed amount.

[00106] Once it has passed through the thermotropic depolarizer 1202, the remaining
polarized light strikes an inner reflective polarizer 1201’, also known as the “analyzer,” where
it may be either reflected or transmitted, depending on its polarization state. The inner
reflective polarizer 1201’ may be oriented such that its polarization is perpendicular to that of

the outer reflective polarizer 1201. Thus, in a hot state, when the polarization vector of the
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light has not been rotated, the polarity of the light is perpendicular to that of the inner
reflective polarizer 1201’ and a majority of the light (in theory, up to 100%) may be reflected.
However, in the cold state, when the polarization vector of the light has been rotated by 90
degrees and is parallel to the inner reflective polarizer 1201’, a small amount of the light may
be absorbed by the polarizer material and the rest may be transmitted through. Finally, the
light encounters an inner absorptive polarizer 1203’ of matched polarity and is transmitted
through.

[00107] Thus, for exterior light passing through into the interior of a building, vehicle, or
other structure, the behavior, performance, and appearance of this embodiment may be
extremely similar to those of the device described in Figs. 1A and 1B, i.e., the device may be
reflective when hot and transmissive when cold. However, for light passing the other way,
from the interior of a building, vehicle, or other structure into the external environment, the
performance and appearance may be significantly different, because the light rejected in the
hot state may be absorbed rather than reflected.

[00108] When unpolarized light from an interior source strikes the device 1200, it
encounters the inner absorptive polarizer 1203'. Of the incoming light, approximately 50%
will have polarization perpendicular to that of the inner absorptive polarizer 1203’ and will be
absorbed. The remaining light will have matching polarization and will be transmitted
through.

[00109] Once it has passed through the inner absorptive polarizing filter 1203’, the
incoming light then enters the inner reflective polarizer 1201’ with a polarization vector
matched to that of the inner absorptive polarizer 1203’. Because the light passing through
this inner reflective polarizer 1201’ has been prepolarized by the inner absorptive polarizer
1203’ its polarity matches that of the inner reflective polarizer 1201’ and thus very little of the
light may be reflected, and a large majority of it transmitted through.

[00110] Next, the transmitted light encounters the thermotropic depolarizer 1202, such
that in its hot or isotropic or liquid state, the polarized light passing through the thermotropic
depolarizer 1202 may not be affected, whereas in its cold (e.g., nematic or crystalline) state,
the thermotropic depolarizer 1202 may rotate the polarization vector of the incoming light by
a fixed amount.

[00111] Once it has passed through the thermotropic depolarizer 1202, the remaining
polarized light strikes the outer absorptive polarizer 1203, where it may be either reflected or
transmitted, depending on its polarization state. The outer absorbtive polarizer 1203 may be
oriented such that its polarization is perpendicular to that of the inner absorptive

polarizer 1203". Thus, in the hot state, when the polarization vector of the light has not been
rotated, the polarity of the light is perpendicular to that of the outer absorptive polarizer 1203

and a majority of the light (in theory, up to 100%) is absorbed. However, in the cold state,
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when the polarization vector of the light has been rotated (e.g., by 90 degrees) and is
parallel to the outer absorptive polarizer 1203, a small amount of the light may be absorbed
by the polarizer material and the rest is transmitted through. Finally, the light passes through
a reflective polarizer 1201 of matched polarity and may be transmitted through.

[00112] This arrangement may allow a thermoreflective filter to reflect away radiant
energy (e.g., sunlight and/or infrared solar heat) coming from outside a structure, without
also presenting a mirrored surface to the inside of the structure. This may mean, for
example, that unlike an ordinary mirrored or thermoreflective film which may reflect the
building interior at night and thus not allow an exterior view at night, this embodiment may
allow a clear (though attenuated) view of the outside, even when the light inside the building
or other structure is brighter than the light outside of it. This may be desirable, for example,
in residential windows where a nighttime view of the stars or city lights is generally expected.
Thus, this embodiment is intended to reduce interior glare, while allowing the exterior '
appearance of the filter to be that of a specular mirror. However, this arrangement may be
combined with any of the other glare reduction methods described above, and may also be
turned around to present an absorptive appearance to the structure’s exterior and a
reflective appearance to the interior (which may be desirable, for example, in solar ovens or
other structures designed to absorb and retain large amounts of solar heat).

[00113] Additional polarizers or other optical elements may also be added to produce
different optical effects without affecting the methods for reducing glare from reflective and
thermoreflective surfaces disclosed herein. In addition, the thermotropic depolarizer 1202
may optionally be deleted, resulting in a film, device or, optical stack with optical properties
that may not vary with temperature. However, this film or device or stack would have the
interesting property of being reflective in one direction and absorptive in the other, and thus
function as an alternate structure for reducing glare from reflective surfaces

[00114] While several exemplary embodiments are depicted and described herein, it
should be understood that the present invention is not limited to these particular
configurations. Optional components such as coatings, films, spacers, fillers, or support
structures may be added to suit the needs of a particular application or a particular
manufacturing method, and degraded forms of some embodiments can be produced by
deleting or substituting certain components. For example, the wires of a wire grid polarizer
could be fashioned from imperfect conductors or semiconductors, or from materials (e.g.,
copper) whose reflection spectra include substantial color anomalies.

[00115] The exact arrangement of the various layers can be different than is depicted
here and, depending on the materials and wavelengths selected, different layers can be
combined as single layers, objects, devices, or materials, without altering the essential

structure and function of the invention. For example, the wire segments in the

25



WO 2009/132215 PCT/US2009/041576

thermodiffusive filter of Fig. 5 could also form the wires of an irregular wire grid polarizer as
described in Figs. 6 and 7.

[00116] Although the description above contains many specificities, these should not be
construed as limiting the scope of the invention but rather construed as merely providing
illustrations of certain exemplary embodiments of this invention. There are various
possibilities for making the implementation of different materiais and in different
configurations.

[00117] Although various embodiments of this invention have been described above with
a certain degree of particularity, or with reference to one or more individual embodiments,
those skilled in the art could make numerous alterations to the disclosed embodiments
without departing from the spirit or scope of this invention. It is intended that all matter
contained in the above description and shown in the accompanying drawings shall be
interpreted as illustrative only of particular embodiments and not limiting. All directional
references e.g., proximal, distal, upper, lower, inner, outer, upward, downward, left, right,
lateral, front, back, top, bottom, above, below, vertical, horizontal, clockwise,
counterclockwise, left circular, and right circular are only used for identification purposes to
aid the reader’s understanding of the present invention, and do not create limitations,
particularly as to the position, orientation, or use of the invention. Connection references,
e.g., attached, coupled, connected, and joined are to be construed broadly and may include
intermediate members between a collection of elements and relative movement between
elements unless otherwise indicated. As such, connection references do not necessarily
imply that two elements are directly connected and in fixed relation to each other.
Percentages of reflection, transmission or absorption are illustrative and shall not be limiting.
It is intended that all matter contained in the above description or shown in the
accompanying drawings shall be interpreted as illustrative only and not limiting. Changes in
detail or structure may be made without departing from the basic elements of the invention

as defined in the following claims.
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CLAIMS

What is claimed is:

1. A method for reducing glare from partially reflective or thermoreflective
surfaces without significantly degrading the energy benefits of reflection comprising

placing an at least partially diffusive filter between either a partially reflective surface
or a thermoreflective surface and an external light source, wherein

light transmitted through the partially reflective surface or the thermoreflective surface
is diffused only once, and

light reflected from the partially reflective surface or the thermoreflective surface is
diffused twice, thereby transforming specular reflections from the partially reflective surface

or the thermoreflective surface into diffusive reflections.

2. The method of claim 1, wherein

the at least partially diffusive filter comprises a variable diffusive filter; and

light transmitted through and reflected from the partially reflective surface or the
thermoreflective surface is highly diffused under a first condition of an external variable, and
is not diffused or is diffused to a lesser extent under a second condition of the external

variable.

3. The method of claim 2, wherein the external variable comprises one or more

of an environmental temperature or an electric field.

4. The method of claim 2, wherein the variable diffusive filter comprises a
thermodiffusive filter that is mostly transparent within a first temperature range and that is

mostly diffusive within a second temperature range.

5. The method claim 1, wherein

the at least partially diffusive filter comprises a selectively diffusive filter; and

light is diffusively reflected from the partially reflective surface or the thermoreflective
surface for certain polarities or wavelengths, while light of other polarities or wavelengths is
transmitted through the selectively diffusive filter in a substantially collimated or non-diffuse

manner.

6. The method of claim 5, wherein
the at least partially diffusive filter comprises an asymmetrically diffusive filter; and
incident light from a first direction or first range of directions is diffused more than

incident light from a second direction or second range of directions.
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7. The method of claim 6, wherin
light reflected from the partially reflective surface or the thermoreflective surface is
diffused significantly more than light transmitted through the partially reflective or

thermoreflective surface.

8. The method of claim 6, wherein the asymmetrically diffusive filter incorporates

irregularly fashioned metamaterials.

9. The method of claim 1, wherein the at least partially diffusive filter comprises

a thermochromic distributed Bragg reflector device.

10. The method of claim 1, wherein the at least partially diffusive filter comprises

a polarizing thermochromic distributed Bragg reflector device.

11. A method for increasing the privacy of transparent, translucent, or partially
reflective surfaces comprising

placing an at least partially diffusive filter between either a transparent surface, a
translucent surface, or a partially reflective surface and an external light source, wherein

light transmitted through the transparent surface, the translucent surface, or the
partially reflective surface is diffused only once, and

light reflected from the transparent, translucent, or partially reflective surface is
diffused twice, so that the reflected light is approximately twice as diffuse as the transmitted
light.

12. The method of claim 11, wherein

the at least partially diffusive filter comprises a variably diffusive filter; and

light transmitted through and reflected from either the transparent surface, the
translucent surface, or the partially reflective surface is diffused under a first condition of an
external variable, and is not diffused or is diffused to a lesser extent under a second

condition of the external variable.

13. The method of claim 12, wherein the external variable comprises one or more

of an environmental temperature or an electric field.

14. The method of claim 12, wherein the variable diffusive filter comprises a
thermodiffusive filter that is mostly transparent within a first temperature range and that is

mostly diffusive within a second temperature range.

15. The method of claim 11, wherein

the at least partially diffusive filter comprises a selectively diffusive filter; and
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light is diffusively reflected from the transparent surface, the translucent surface, or
the partially reflective surface for certain polarities or wavelengths, while light of other
polarities or wavelengths is transmitted through the selectively diffusive filter in a

substantially collimated or non-diffuse manner.

16. The method of claim 11, wherein

the at least partially diffusive filter comprises an asymmetrically diffusive filter; and

incident light from a first direction or a first range of directions is diffused more than
incident light from a second direction or a second range of directions, and

a view from the first direction or a first range of directions is significantly more

obscured than the view from the second direction or a second range of directions.

17. The method of claim 16, wherein the asymmetrically diffusive filter

incorporates irregularly fashioned metamaterials.

18. The method of claim 11, wherein

any of the transparent surface, the translucent surface, or the partially reflective
surface comprises a window unit; and

reflected light as seen by an outside observer is substantially diffusive whereas
transmitted light as seen by an inside observer is substantially non-diffusive or collimated,

thereby increasing interior privacy.

19. An energy-efficient device that reduces glare from reflection of incident light
comprising

a first reflective polarizer,

a second reflective polarizer;

a depolarizer positioned between the first reflective polarizer and the second
polarizer,

a transparent substrate affixed to the second reflective polarizer; and

an at least partially diffusive filter affixed to the first reflective polarizer.

20. The energy-efficient device of claim 19, wherein the depolarizer is a

thermochromic depolarizer.

21. The energy-efficient device of claim 19, wherein the depolarizer is an

electrochromic depolarizer.
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22. The energy-efficient device of claim 19, wherein the at least partially diffusive
filter is a variable diffuser with a light scattering ability controllable by one or more external

conditions.

23. The energy-efficient device of claim 22, wherein the one or more external

conditions comprise a temperature and/or an applied electric field.

24, The energy-efficient device of claim 22, wherein the variable diffuser further
comprises a thermodiffusive filter that is mostly transparent within a first temperature range

and that is mostly diffusive within a second temperature range.

25. The energy efficient device of claim 24, wherein the thermodiffusive filter
comprises

a first transparent material; and

beads or bubbles of a second transparent material, wherein

within a first temperature range, an index of refraction of the first transparent material
is substantially the same as an index of refraction of the second transparent material; and

within a second temperature range, one or both of the index of refraction of the first
transparent material and the index of refraction of the second transparent material change
such that there is a substantial mismatch between the index of refraction of the first

transparent material and the index of refraction of the second transparent material.

26. The energy efficient device of claim 25, wherein the first transparent material
and the second transparent material are selected such that the thermodiffusive filter

functions as a thermochromic diffusive Bragg reflector.

27. The energy-efficient device of claim 19, wherein the partially diffusive filter is

a selective diffuser that only diffuses light of particular wavelengths or particular polarities.

28. The energy-efficient device of claim 19, wherein the partially diffusive filter is
an asymmetric diffuser that scatters light passing through the device in a first direction more

strongly than light passing through the device in a second direction.

29. An energy-efficient device that reduces glare from reflection of incident
radiant energy comprising

a first diffusively reflective polarizer;

a second diffusively reflective polarizer;

a depolarizer positioned between the first diffusively reflective polarizer and the
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second polarizer; and

a transparent substrate affixed to the second diffusively reflective polarizer.

30. The energy-efficient device of claim 29, wherein each of the first diffusively
reflective polarizer and the second diffusively reflective polarizer comprises a cholesteric

liquid crystal circular polarizer.

31. The energy-efficient device of claim 29, wherein each of the first diffusively
reflective polarizer and the second diffusively reflective polarizer comprises a retro-reflective

polarizer.

32. The energy-efficient device of claim 29, either the first diffusively reflective
polarizer, the second diffusively reflective polarizer, or both comprise a chiral wire grid

polarizer.

33. A diffusive polarizing filter comprising

a grid of wires with irregular surfaces placed in parallel at a regular spacing, wherein
the surface irregularities are larger than wavelengths of incident light; and

reflected light from the incident light of a first polarity is diffuse while transmitted light

from the incident light of a second polarity is collimated.

34. The polarizing filter of claim 33, wherein each of the wires in the grid are

segmented to define microscopic gaps.

35. A diffusive polarizing filter comprising

a nonplanar substrate; and

a grid of wires placed on the non-planar substrate, wherein

reflection of incident light from the diffusive polarizing filter exhibits a dependency
between an incident angle of the incident light and a departure angle of the incident light that

varies with a contact location of the incident light on the substrate.

36. The diffusive polarizing filter of claim 35, wherein height variations in the

non-planar substrate are regular along one or more axes of symmetry.

37. The filter of claim 35, wherein height variations in the non-planar substrate

are irregular along one or more axes of symmetry.

38. The filter of claim 35, wherein the wires in the grid are placed in parallel at a

regular spacing.
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39. The filter of claim 35, wherein the wires form chiral structures.

40. The polarizing filter of claim 35, wherein each of the wires in the grid are

segmented to define microscopic gaps.

41. A glare-reducing polarizing filter comprising

a grid of metamaterial wires, wherein

the metamaterial wires form chiral structures;

the grid is more diffusive to light passing through in a first direction than to light
passing through in a second, opposite direction; and

the grid passes collimated light in the second direction.

42. The glare-reducing polarizing filter of claim 41, wherein the grid is formed as

an irregular arrangement of the wires;

43. The glare-reducing polarizing filter of claim 41 further comprising
a thermotropic depolarizer film that supports the grid of metamaterial wires; and

a specular reflector supported on a second side of the thermotropic depolarizer film.

44. A method to improve the suitability of liquid crystal-based thermotropic,
thermochromic, or thermoreflective filters and devices for low glare applications, the method
comprising

selecting a mixture of or including liquid crystals with suitable freezing and clearing
points for operation in a given climate;

selecting additives to affect properties of a transition of the liquid crystals between
physical states;

combining the mixture and the additives to adjust or select optical properties of

transmission, absorption, and/or reflection of light or energy by the filters and devices.

45, The method of claim 44, wherein the mixture is selected and/or additives are
chosen to improve the stability of a functional response of the filter or device to

environmental conditions.
46. The method of claim 44, wherein the additives comprise chiral liquid crystals.

47. The method of claim 44, wherein the additives comprise self-organizing
materials that assume an ordered orientation above a temperature threshold and assume a

disordered orientation below the temperature threshold.
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48. The method of claim 47, wherein the self-organizing materials comprise one
or more of the following: a reflective dye, reflective fibers, refractive fibers, wire segments,

macromolecules, or microscopic sheet fragments.

49, The method of claim 44, wherein the additives are suspended within the

mixture.

50. The method of claim 44, wherein the additives are dissolved within the

mixture.

51. The method of claim 44, wherein
the additives are buoyant within the mixture above a temperature threshold; and
the buoyant additives float to a top of or sink to a bottom of the mixture when below

the temperature threshold.

52. The method of claim 44, wherein

the additives are attached to objects in the mixture that are buoyant within the
mixture above a temperature threshold; and

the buoyant objects float to a top of or sink to a bottom of the mixture when below the

temperature threshold.

53. A thermotropic distributed Bragg reflector device comprising

two or more layers of a first material that is transparent or translucent and that has a
first index of refraction; and

two or more layers of a second material that is thermotropic, that is transparent or
translucent, and that has a variable second index of refraction, wherein

each of the layers of the second material is interleaved with respective layers of the
first material,

below a threshold temperature, the first index of refraction is substantially the same
as the second index of refraction, and

above the threshold temperature, the second index of refraction changes to become

substantially different from the first index of refraction.

54. The thermotropic distributed Bragg reflector device of claim 53, wherein the
second material physically expands above the threshold temperature to thereby change the

second index of refraction.

55. The thermotropic distributed Bragg reflector device of claim 53, wherein the

second material is further a thermochromic material or a polarizing thermochromic material.
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56. The thermotropic distributed Bragg reflector device of claim 55, wherein the
first material and the second material are selected such that the device is substantially

reflective of infrared wavelengths.

57. The thermotropic distributed Bragg reflector device of claim 55, wherein

the second, material comprises one or more of a polymer-dispersed liquid crystal, a
polymer stabilized liquid crystal, cholesteric liquid crystal, a dichroic liquid crystal, a Guest-
Host, a Halmeier display, or a reflective thermochromic liquid crystal; and

the device is specular, diffusive, or a combination of both.

58. A method for producing a thermoreflective effect in a first direction and a
thermoabsorptive effect in a second direction comprising

interleaving layers of an absorptive polarizer film and a reflective polarizer film; and

interposing a thermotropic depolarizer between a first set of layers of the absorptive
polarizer film and the reflective polarizer film and a second set of layers of the absorptive

polarizer film and the reflective polarizer film.
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