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POLARIZATION PLATE FOR USE IN A
LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of U.S.
patent application Ser. No. 11/689,105, filed Mar. 21, 2007.

TECHNICAL FIELD

[0002] The inventive subject matter generally relates to
liquid crystal displays, and more particularly relates to a
polarization plate for use in a liquid crystal display.

BACKGROUND

[0003] Conventional liquid crystal displays include a
reflective cavity, a light source, a display panel, and a diffuser.
The light source is positioned such that it can inject light into
the reflective cavity. The reflective cavity can take several
general forms, such as a reflective surface forming one or
more sides of an enclosure around the light source. Such
reflective cavities can include a transparent light guide which
is illuminated or edgelit along one or more edges. The display
panel is spaced apart from the reflective cavity and may
include a rear polarizer configured to allow passage of light
having a plane of polarization that is substantially aligned
with a predetermined polarization axis. The diffuser is typi-
cally disposed between the reflective cavity and the display
panel and is configured to enhance the uniformity of light
exiting the reflective cavity, including light that has a plane of
polarization that is substantially aligned with the predeter-
mined polarization axis.

[0004] Manufacturers typically incorporate liquid crystal
display components that may be capable of optimizing
energy usage, while having minimal weight, thickness, and
cost. For example, manufacturers traditionally include diffus-
ers formed of thin, highly transmissive materials having a
surface texture on one or both sides to enhance light diffusion.
The diffuser is typically placed such that an air gap is main-
tained between the diffuser and the other display components.
The air gap enhances the diffusion properties of the diffuser
and in addition reduces the likelihood of light absorption by
non-ideal components in the vicinity of the diffuser. To fur-
ther enhance energy efficiency, a pre-polarizing thin plastic
film may be included that recycles unpassed light for subse-
quent passage through the diffuser or reflective cavity. The
pre-polarizing film has conventionally been disposed
between the diffuser and the display panel. In some display
configurations, the pre-polarizing film specularly reflects
light back to the diffuser and the reflective cavity which then
return a portion of the light toward the display panel such that
some of the reflected light becomes reoriented and allows
passage of light that is substantially aligned with the polar-
ization axis of the display panel. In other configurations, the
pre-polarizing film backscatters the unpassed light but allows
passage of light that is substantially aligned with the display
panel polarization axis.

[0005] Although the above-described configurations have
been adequate for smaller displays, they have exhibited draw-
backs. In particular, as liquid crystal display sizes increase the
structural integrity of certain sections of the film may become
difficult to maintain. For example, the center of the film may
become distorted or may inadvertently contact other display
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components when the display is shaken, dropped, or exposed
to extreme thermal or humid environments.

[0006] One prior art method which can minimize film dam-
age is lamination of a specular pre-polarizing film to a rear
polarizer and applying the two to the display panel as a single
sheet. However, it has been found that laminating the two
polarizers together may undesirably alter some optical and
physical characteristics of the liquid crystal display and may
not be suitable for certain applications, such as avionics or
military purposes. For example, the luminance, viewing
angle, uniformity, orenvironmental performance of the liquid
crystal display may not meet certain regulations that are set
for displays used in avionics or military applications.

[0007] Accordingly, it is desirable to have a liquid crystal
display that maintains structural and environmental integrity
when produced in large sizes or used in demanding environ-
ments. In addition, itis desirable for the liquid crystal display
to operate efficiently and to produce a high luminance that is
suitable for use in avionics, military applications and com-
mercial applications. Further, it is desirable for the liquid
crystal display to have a wider illumination and viewing angle
as compared to conventional displays. Moreover, it is desir-
able for the liquid crystal display to be relatively simple and
inexpensive to manufacture. Furthermore, other desirable
features and characteristics of the inventive subject matter
will become apparent from the subsequent detailed descrip-
tion and the appended claims, taken in conjunction with the
accompanying drawings and this background.

BRIEF SUMMARY

[0008] A component is provided for use between a light
source and a display panel of a liquid crystal display, the light
source configured to emit light having one or more planes of
polarization and the display panel configured to have a pre-
determined polarization axis. Display devices including the
component are also provided.

[0009] Inan embodiment, and by way of example only, the
component includes a plate, a repolarization region, and a
prepolarization region. The plate includes a first major sur-
face, a second major surface opposing the first major surface,
and an edge joining the first and second major surfaces. The
first major surface is configured to allow a majority of inci-
dent light from the light source to be transmitted therethrough
toward the second major surface. The repolarization region is
between the first and second major surfaces and configured to
receive a majority of light transmitted through the first major
surface. The repolarization region is configured to diffuse and
to change polarization or rotate at least one plane of polariza-
tion of the light passing therethrough. The prepolarization
region is formed between the first and second major surfaces
adjacent to and in contact with the repolarization region. The
prepolarization region is configured to be substantially non-
absorbent, to allow passage of light through the second major
surface having a plane of polarization that is substantially
aligned with the predetermined polarization axis, and to pre-
vent passage of light through the second major surface having
a plane of polarization that is not substantially aligned with
the predetermined polarization axis. The light is not injected
between the repolarization region and the prepolarization
region and is not injected through the plate edge.

[0010] Inanotherembodiment, by way of exampleonly, the
component includes a plate, a repolarization region, an inter-
face, and a prepolarization region. The plate includes a first
major surface, a second major surface opposing the first
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major surface, and an edge joining the first and second major
surfaces, and the first major surface is configured to allow a
majority of incident light from the light source to be trans-
mitted therethrough toward the second major surface. The
repolarization region is between the first and second major
surfaces and configured to receive a majority of light trans-
mitted through the first major surface. The repolarization
region is configured to diffuse and to change polarization or
rotate at least one plane of polarization of the light passing
therethrough. The interface is between the first and second
major surfaces and has a first side and a second side. The
interface first side is disposed adjacent to and in contact with
the repolarization region. The prepolarization region is
formed between the first and second major surfaces adjacent
to and in contact with the interface, and is configured to be
substantially nonabsorbent, to allow passage of light through
the second major surface having a plane of polarization that is
substantially aligned with the predetermined polarization
axis, and to prevent passage of light through the second major
surface having a plane of polarization that is not substantially
aligned with the predetermined polarization axis. The light is
not injected between the repolarization region and the prepo-
larization region or the interface and is not injected through
the plate edge.

[0011] In another embodiment, by way of example only, a
display device includes a light source, a reflective surface, a
polarized display panel, and a component. The reflective sur-
face is disposed proximate the light source and configured to
reflect light emitted therefrom. The polarized display panel is
spaced apart from the reflective surface, the polarized display
panel having a predetermined polarization axis. The compo-
nent is disposed between the reflective surface and the polar-
ized display panel and configured to receive the reflected
light. The polarization plate includes a plate, a repolarization
region, and a prepolarization region. The plate includes a first
major surface, a second major surface opposing the first
major surface, and an edge joining the first and second major
surfaces, and the first major surface is configured to allow a
majority of incident light from the light source to be trans-
mitted therethrough toward the second major surface. The
repolarization region is between the first and second major
surfaces and configured to receive a majority of light trans-
mitted through the first major surface. The repolarization
region is configured to diffuse and to change polarization or
rotate at least one plane of polarization of the light passing
therethrough. The prepolarization region is formed between
the first and second major surfaces adjacent to and in contact
with the repolarization region. The prepolarization region is
configured to be substantially nonabsorbent, to allow passage
of light through the second major surface having a plane of
polarization that is substantially aligned with the predeter-
mined polarization axis, and to prevent passage of light
through the second major surface having a plane of polariza-
tion that is not substantially aligned with the predetermined
polarization axis. The light is not injected between the repo-
larization region and the prepolarization region and is not
injected through the plate edge.

[0012] In still another embodiment, by way of example
only, the display device includes a light source, a reflective
surface disposed proximate the light source and configured to
reflect light emitted therefrom, a polarized display panel
spaced apart from the reflective surface, the polarized display
panel having a predetermined polarization axis, and a com-
ponent disposed between the reflective surface and the polar-
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ized display panel and configure to receive the reflected dif-
fuse light. The component includes a plate, a repolarization
region, an interface, and a prepolarization region. The plate
includes a first major surface, a second major surface oppos-
ing the first major surface, and an edge joining the first and
second major surfaces, and the first major surface is config-
ured to allow a majority of incident light from the light source
to be transmitted therethrough toward the second major sur-
face. The repolarization region is between the first and second
major surfaces and configured to receive a majority of light
transmitted through the first major surface. The repolarization
region is configured to diffuse and to change polarization or
rotate at least one plane of polarization of the light passing
therethrough. The interface is between the first and second
major surfaces and has a first side and a second side. The
interface first side is disposed adjacent to and in contact with
the repolarization region. The prepolarization region is
between the first and second major surfaces adjacent to and in
contact with the interface. The prepolarization region is con-
figured to be substantially nonabsorbent, to allow passage of
light through the second major surface having a plane of
polarization that is substantially aligned with the predeter-
mined polarization axis, and to prevent passage of light
through the second major surface having a plane of polariza-
tion that is not substantially aligned with the predetermined
polarization axis. The light is not injected between the repo-
larization region and the prepolarization region or the inter-
face and is not injected through the plate edge.

[0013] In still yet another embodiment, by way of example
only, a component includes a plate, a repolarization region,
and a prepolarization region. The plate includes a first major
surface, a second major surface opposing the first major sur-
face, and an edge joining the first and second major surfaces,
and the first major surface is configured to allow a majority of
incident light from the light source to be transmitted there-
through toward the second major surface. The repolarization
region is between the first and second major surfaces and is
configured to receive and diffuse light from the light source
and to depolarize or rotate at least one plane of polarization of
the light passing therethrough. The prepolarization region is
between the first and second major surfaces adjacent to and is
in contact with the repolarization region. The prepolarization
region is configured to be substantially nonabsorbent, to
allow passage of light having a first polarization, and to pre-
vent passage of light having a second polarization. The light
is not injected between the repolarization region and the
prepolarization region or the interface and is not injected
through the plate edge.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The inventive subject matter will hereinafier be
described in conjunction with the following drawing figures,
wherein like numerals denote like elements, and

[0015] FIG. 1is a simplified cross-sectional view of a dis-
play device according to an embodiment;

[0016] FIG. 2 is a cross-sectional view of a polarization
plate that may be implemented into the display device shown
in FIG. 1, according to an embodiment;

[0017] FIGS. 3-6 are cross-sectional views of prepolariza-
tion regions of several polarization plates, according to sev-
eral embodiments;

[0018] FIG. 7 is a cross-sectional view of a polarization
plate that may be implemented into the display device shown
in FIG. 1, according to another embodiment;
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[0019] FIG. 8 is a simplified illustration of an embodiment
of light propagating through a polarization plate; and

[0020] FIG. 9 is a graph comparing relative luminance
measurements obtained from a conventional liquid crystal
display and a display including a polarization plate.

DETAILED DESCRIPTION

[0021] The following detailed description of the inventive
subject matter is merely exemplary in nature and is not
intended to limit the inventive subject matter or the applica-
tion and uses of the inventive subject matter. Furthermore,
there is no intention to be bound by any theory presented in
the preceding background or the following detailed descrip-
tion.

[0022] Turning now to FIG. 1, a simplified cross-sectional
view of a display device 100 is shown according to an
embodiment. The display device 100 may be any one of
numerous types of display devices that operate by polarizing
light in a predetermined direction for display. Examples of
suitable display devices 100 include liquid crystal display
devices, including, but not limited to, active matrix liquid
crystal display devices, passive matrix liquid crystal display
devices, and directly addressed liquid crystal display devices.
[0023] The display device 100 includes a light source 102,
a reflective surface 104, a polarized display panel 106, and a
polarization plate 108. The light source 102 may be in opera-
tive communication with a power source (not shown) or may
be self-powered. In an embodiment, the light source 102 may
produce unpolarized light that may be diffuse or direct. In
another embodiment, the light source 102 may produce light
that may be polarized having a particular orientation. Suitable
devices for use as the light source 102 include, but are not
limited to one or more fluorescent lamps, light emitting
diodes, incandescent lamps, lasers and electrical discharge
lamps. The light source 102 is disposed such that at least a
portion of light therefrom is directed toward the reflective
surface 104 or toward the polarization plate 108.

[0024] The reflective surface 104 reflects at least a portion
of the light from the light source 102 toward the polarized
display panel 106 and the polarization plate 108. The light
may change polarization when reflected. The reflective sur-
face 104 may be made of a material capable of reflecting light
or may be a coated with a reflective material. Suitable mate-
rials include, but are not limited to materials that may be
smooth and white, or may have a mirrored surface. To maxi-
mize usage of light from the light source 102, the reflective
surface 104 may be part of an inner surface of an enclosure
112 configured to form a cavity into which the light is
injected. While a simple box-like cavity is depicted in FIG. 1,
other conventional cavities such as edgelit cavities may also
be used. In an edgelit cavity the reflective surface 104 may
further include a transparent light guide to aid in evenly
distributing light.

[0025] The polarized display panel 106 is spaced apart
from the light source 102 and the reflective surface 104 and is
configured to receive a portion of the light therefrom. In an
embodiment, the polarized display panel 106 has a predeter-
mined polarization axis 114 so that passage is limited to
incident light polarized in a particular orientation that is sub-
stantially aligned with the predetermined polarization axis
114. In this regard, the polarized display panel 106 may be an
active matrix liquid crystal display, super twisted nematic
liquid crystal display, ferroelectric liquid crystal display, or
other light modulator capable of manipulating the polariza-
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tion of light. In many such displays, the polarization axis 114
may represent a polarization plane as is well understood in the
art. Inthese cases, the polarization axis 114 shown may be the
intersection of the polarization plane and the surface plane,
and may correspond to the electric field vector of normally
incident light for which passage is allowed.

[0026] The polarized display panel 106 may additionally
include a rear polarizer 116 disposed on one side. The rear
polarizer 116 may be configured to ensure that light entering
the polarized display panel 106 is aligned with the predeter-
mined polarization axis 114. In another embodiment, the
polarized display panel 106 may also include a front polarizer
118 disposed on the opposite side. The front polarizer 118
may further filter light to enhance clarity or contrast for a
viewer of the display 100. In this regard, the front polarizer
118 may operate by allowing passage of light aligned with a
polarization axis, which may or may not be substantially
similar to the predetermined polarization axis 114 of the rear
polarizer 116.

[0027] Inany case, before light is received by the polarized
display panel 106, it passes through the polarization plate
108. The polarization plate 108 may be attached along its
perimeter to the enclosure 112. Attachment may be provided,
for example, by mechanical fixturing which minimizes light
leakage around the perimeter of the attachment region. In an
embodiment, a central area of polarization plate 108 may not
be directly attached to the enclosure 112, the reflective sur-
face 104 or the light source 102, and may be separated from
those components by a low refractive index medium such as
air. The polarization plate 108 is configured to diffuse and to
prepolarize at least a portion of the incident light from the
light source 102 and the reflective surface 104 before it
reaches the polarized display panel 106. In an embodiment,
the polarization plate 108 prepolarizes the light in a predeter-
mined orientation that is substantially aligned with the pre-
determined polarization axis 114 and is configured to allow
passage of such light therethrough. In another embodiment,
to increase energy efficiency of the display device 100 the
polarization plate 108 may additionally be configured to con-
tinuously recycle a portion of the light that is not suitably
aligned with the predetermined polarization axis 114 until it
is re-oriented and aligned substantially similarly to the pre-
determined polarization axis 114 and allowed to pass through
to the polarized display panel 106.

[0028] FIG. 2 is a cross-sectional view of the polarization
plate 108 that may be implemented into the display device
100 shown in FIG. 1, according to an embodiment. The polar-
ization plate 108 is a unitary structure having a first major
surface 109, a second major surface 111 opposite the first
major surface 109, and an edge 113. The first and second
major surfaces 109, 111 are joined together by the edge 113.
In an embodiment, the first major surface 109 is configured to
allow a majority of incident light from the light source and
from the reflective surface 104 to be transmitted therethrough
toward the second major surface 111.

[0029] The polarization plate 108 also includes a repolar-
ization region 120 and a prepolarization region 122, each
disposed between the first and second major surfaces 109,
111. The repolarization region 120 is configured to diffuse
and to depolarize or rotate at least one plane of polarization of
the light passing therethrough. In one embodiment, the repo-
larization region 120 may have a thickness that allows it to be
a semi-rigid and self-supporting structure. In this embodi-
ment, the repolarization region 120 may be configured to have
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properties similar to those of a volume diffuser, allowing a
portion of the incident light to be passed or forward-scattered
and a portion of the incident light to be back-scattered. For
example, the repolarization region 120 may have a micro-
scopically varying refraction index throughout.

[0030] In another embodiment, the repolarization region
120 may be configured to diffuse light in a manner similar to
that of a surface diffuser. In an example, the repolarization
region 120 may have a substantially uniform birefringent
refraction index throughout and may include a surface texture
on a surface. In yet another embodiment, the repolarization
region 120 may be relatively thin and flexible, such as a film.

[0031] The prepolarization region 122 receives the light
that has passed through the repolarization region 120. In an
embodiment, the prepolarization region 122 is configured to
further filter the passed light by allowing passage of light
having a plane of polarization that is substantially aligned
with the predetermined polarization axis 114 and preventing
passage of light having a plane of polarization that is not
substantially aligned with the predetermined polarization
axis 114. To further enhance energy efficiency, the prepolar-
ization region 122 may be a non-absorbing structure. For
example, the prepolarization region 122 may be configured to
specularly reflect light or to backscatter light which is not
substantially aligned with the predetermined polarization
axis 114. Although the prepolarization region 122 is shown in
FIG. 2 as having an exterior surface interfacing with air, any
other medium may be in contact therewith. For example, the
prepolarization region 122 may include an absorbing polar-
izer (not shown) adjacent thereto. The absorbing polarizer
may have a polarization axis that is substantially similar to the
predetermined polarization axis 114 of the prepolarization
region 122 and may be attached as rear polarizer 116 of
display panel 106.

[0032] Some examples of suitable structures that may be
implemented into the prepolarization region 122 are shown in
FIGS. 3-6. In an embodiment shown in FIG. 3, the prepolar-
ization region 122 may be a backscattering uniaxial structure
that includes liquid crystal droplets 302 dispersed in a poly-
mer matrix 304. The liquid crystal droplets 302 may be homo-
geneously aligned in the polymer matrix 304 and may be
separate or interconnected, and with either symmetrical or
nonsymmetrical shapes. The particular liquid crystal from
which the droplets 302 are made may be selected such that
either an ordinary or extraordinary refractive index thereof
matches a corresponding refractive index of the polymer
matrix 304. In an embodiment, alignment of the liquid crystal
in the droplets 302 may be induced physically, such as by
stretching. In another embodiment, liquid crystal alignment
may be induced by applying an electric or a magnetic field in
an appropriate field direction, via for example, optional elec-
trodes 306. In another embodiment consistent with FIG. 3,
regions 302 may instead represent polymer domains with a
refractive index matching the refractive index of polymer
matrix 304 for a first polarization axis and with a refractive
index mismatch for a second polarization axis.

[0033] In still another backscattering embodiment, as
shown in FIG. 4, the prepolarization region 122 may include
transparent fibers 402 that are aligned with each other and
embedded in a polymer matrix 404. The transparent fibers
402 may or may not be birefringent. In the case of birefringent
transparent fibers 402, a non-birefringent polymer matrix 404
may be employed. In the case of non-birefringent transparent
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fibers (e.g., glass fibers), a birefringent polymer matrix (e.g,,
polymeric liquid crystal) may be used.

[0034] Another example of a suitable backscattering struc-
ture for the prepolarization region 122 is shown in FIG. 5. In
this embodiment, the prepolarization region 122 may include
birefringent crystals 502 that that are aligned along an axis
504. The birefringent crystals 502 may be embedded in a
non-birefringent polymer matrix 506.

[0035] According to another embodiment, shown in FIG. 6,
the prepolarization region 122 may be made up of alternating
layers 602 and 604 of polymer materials having differing
birefringence. Here, the refractive index of layers 602 and
layers 604 are substantially matched for a first polarization
axis and are a mismatch for a second polarization axis.
[0036] In one exemplary embodiment, the prepolarization
region 122 may be configured to have characteristics that are
similar to those of the VikuitiTM Diffuse Reflective Polarizer
Films available through 3M Corporation of St. Paul, Minn. In
another embodiment, the prepolarization region 122 may be
configured to operate similarly to a Vikuiti™ Dual Brightness
Enhancement Film available through 3M Corporation of St.
Paul, Minn. Other non-absorbing polarizers may also be used,
including but not limited to cholesteric structures and wire-
grid polarizing structures.

[0037] Referring again to FI1G. 2, the two regions 120, 122
may be in contact with each other or adhered to each other in
any suitable manner. For example, if the repolarization region
120 is semi-rigid and the prepolarization region 122 is flex-
ible, the prepolarization region 122 may be laminated directly
onto the repolarization region 120. In the case of a flexible
repolarization region 120 and a semi-rigid prepolarization
region 122, the two regions 120, 122 may for example be
laminated to each other or the repolarization region 120 may
be applied to the prepolarization region 122 as a coating. In an
embodiment in which the repolarization region 120 and the
prepolarization region 122 are both flexible, the two regions
120, 122 may be laminated to each other or coextruded with
one another. Alternatively, the repolarization region 120 may
be coated with material suitable for forming the prepolariza-
tion region 122. In another embodiment, the two regions 120,
122 are formed as a continuously graded structure.

[0038] Instill another embodiment, as shown in FIG. 7, the
polarization plate 108 may include an interface 124 that is
disposed or formed between the two regions 120, 122. The
interface 124 may be a transparent material having a refrac-
tive index that is substantially similar to that of the repolar-
ization region 120 and the prepolarization region 122. In
another embodiment, the interface 124 may be configured to
modulate at least one plane of polarization of the light from a
first orientation to a second orientation. For example, in an
embodiment, the interface 124 may be constructed similarly
to a quarterwave retarder, and the repolarization region 120
may be configured to preserve polarization,. In such case, the
repolarization region 120 and the interface 124 cooperate to
accomplish polarization rotation.

[0039] The interface 124 may serve as a semi-rigid struc-
ture to which a flexible repolarization region 120 and a flex-
ible prepolarization region 122 are adhered. In such case, the
repolarization region 120 and the prepolarization region 122
may be laminated onto the interface 124. Alternatively, suit-
able materials forming the repolarization region 120 and the
prepolarization region 122 may be used to coat each side of
the interface 124. In an embodiment, each of the repolariza-
tion region 120, the prepolarization 122, and the interface
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124, if included, may be substantially uniform in thickness
and construction along the directions perpendicular to the
display panel 106 normal.

[0040] FIG. 8 is a simplified illustration of an embodiment
of light propagating through a polarization plate 108. In this
embodiment, the polarization plate 108 includes adjacent
repolarization and prepolarization regions 120, 122 that are
substantially index-matched at the interface 124. The repo-
larization and prepolarization regions 120, 122 are both con-
figured to diffuse light. However, the repolarization region
120 is further configured to receive polarized light from the
prepolarization region 122 and return substantially unpolar-
ized or randomly polarized light to the prepolarization region
122, while the prepolarization region 122 is further config-
ured to allow passage of light polarized along a predeter-
mined axis substantially undeflected and backscatter light
polarized along another axis.

[0041] Light is injected through the first major surface 109
and not between the repolarization and prepolarization
regions 120, 122 or the polarization plate edge 113. When the
light passes through the repolarization region 120, some light
rays 130 may be incident upon a subregion 132 of the repo-
larization region 120. Although the light rays 130 are shown
as coming from a single direction, for example from the
lightsource 102 or reflective surface 104, both of FIG. 1, it
will be appreciated that the light rays 130 may include other
rays incident upon the subregion 132 from more than one
direction. The light rays 130 may also include those from
adjacent subregions 134 and others not shown. The subset of
light rays 130 which arrive from the lightsource 102 or reflec-
tive surface 104 may be incident through a first major surface
109 of the polarization plate 108. The first major surface 109
may interface with air.

[0042] The subregion 132 may scatter the light rays 130
having random polarization in random directions. For
example, in an embodiment, a first portion of the light rays
138 are scattered from the subregion 132 in the general direc-
tion of and with a polarization matching the polarization axis
of the prepolarization region 122. The first portion of the light
rays 138 may then reach a second major surface 111 of the
polarization plate 108 with an angle of incidence which
allows the majority of the light energy to refract into the
exterior medium, such as air. This portion is well suited to
match the predetermined polarization axis 114 of FIG. 1. A
second portion of the light rays 142 is scattered from the
subregion 132, but has a polarization that may be backscat-
tered by the prepolarization region 122. In such case, a major-
ity of the light energy associated with the second portion of
the light rays 142 may be returned to the repolarization region
120 in the form of backscattered rays 144 without reaching
the second major surface 111.

[0043] A third portion of the light rays 146 may exit the
subregion 132 with a polarization which may be transmitted
by the prepolarization region 122 but that may exceed a
critical or acceptable angle for refraction out of the polariza-
tion plate 108. As a result, the third portion of the light rays
146 may be reflected via total internal reflection (“TIR”) back
toward the repolarization region 120. The light energy in the
third portion of the light rays 146 may then return to repolar-
ization region 120, for example to adjacent subregions 134,
for another opportunity to scatter and exit the repolarization
region 120 in a manner similar to the first portion of light rays
138. In one embodiment. a further portion of the light rays

Oct. 16,2014

148 are backscattered and exit the repolarization region 120
in a direction opposite that of the prepolarization region 122.
[0044] In another embodiment, a portion of the light rays
150 undergo TIR at the first major surface 109 of the polar-
ization plate 108. Such a result may occur when an angle of
incidence of the returned light rays 150 (or other light rays)
with respect to the corresponding interface surface normal
exceeds a critical angle for TIR. In either case involving TIR,
the critical angle for TIR at a substrate-to-air boundary (““air
critical angle™), such as the boundary between air 154 and the
first or second major surfaces 109, 111 of the polarization
plate 108, may vary with a particular refractive index of the
material from which the particular region may be made. For
example, optical materials such as plastic or glass typically
exhibit an air critical angle in the range of 27 degrees (n=2.2)
to 49 degrees (n=1.33). For materials having a refractive
index ofn=1.5, such as certain common glass or plastic mate-
rials, the air critical angle may be about 42 degrees from
normal. In the embodiment of FIG. 8, it is evident that light,
for example portions of light rays 142, 144 and 146, passes
between repolarization region 120 and prepolarization region
122 and through the interface 124 at angles which exceed the
air critical angles for the materials in the corresponding
regions.

[0045] The polarization plate 108 described above may
provide increased luminance from various viewing angles
when compared to conventional liquid crystal displays
including a diffuser, a pre-polarizing film, and a rear polarizer
separated from each other by airgaps. In one particular experi-
ment, relative luminance was measured over a range of hori-
zontal viewing angles while maintaining a vertical viewing
angle of 0 degrees. The relative luminance was then plotted
onto a graph 900, shown in FIG. 9. Data representing relative
luminance of a conventional liquid crystal display with a
pre-polarizing film is shown as line 902, while data represent-
ing relative luminance of a liquid crystal display including the
polarization plate 108 is shown as line 904. As shown in the
graph 900, the liquid crystal display including the polariza-
tion plate 108 has increased luminance over that of the con-
ventional device, especially at wide viewing angles. Direct
comparisons with laminated assemblies of non-diffuse layers
are not meaningful, as the presence of diffusion introduces
complex interactions as was exemplified in FIG. 8. For
example, rather than simple improvement as might be asso-
ciated with elimination of surface reflections, previous find-
ings in which diffusers were laminated directly to rear polar-
izers have shown overall reduction of efficiency.

[0046] In addition to increasing efficiency of the display
device 100, the inclusion of the polarization plate 108 may
reduce overall size and/or thickness of the display device 100.
Additionally, display devices that include the polarization
plate 108 may be more structurally robust than conventional
display devices having comparable functionality.

[0047] While at least one exemplary embodiment has been
presented in the foregoing detailed description of the inven-
tive subject matter, it should be appreciated that a vast number
of variations exist. It should also be appreciated that the
exemplary embodiment or exemplary embodiments are only
examples, and are not intended to limit the scope, applicabil-
ity, or configuration of the inventive subject matter in any
way. Rather, the foregoing detailed description will provide
those skilled in the art with a convenient road map for imple-
menting an exemplary embodiment of the inventive subject
matter. It being understood that various changes may be made
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in the function and arrangement of elements described in an
exemplary embodiment without departing from the scope of
the inventive subject matter as set forth in the appended
claims.

What is claimed is:

1. A component for use between a light source and a dis-
play panel of a liquid crystal display, the component compris-
ing:

aplate comprising a first layer and a second layer, the plate

including a first major surface, a second major surface
opposing the first major surface, and an edge joining the
first and second major surfaces, the first major surface
configured to allow a majority of incident light from a
light source to be transmitted therethrough and defining
a first side of the first layer, the second major surface
configured to receive a portion of the transmitted inci-
dent light from the first layer and defining a first side of
the second layer,

wherein:

the first layer has a microscopically varying refraction
index, the first layer adapted to diffusely backscatter a
portion of incident light entering the first layer and to
depolarize a plane of polarization of the portion of
incident light passing through the first layer,

the second layer is configured to be substantially index-
matched to the first layer and substantially nonabsor-
bent to allow passage of light through the second
major surface having a plane of polarization that is
substantially aligned with a predetermined polariza-
tion axis of the display panel, and to substantially
prevent passage of light through the second major
surface having a plane of polarization that is not sub-
stantially aligned with the predetermined polarization
axis of the display panel,

incident light is not injected between the first layer and
the second layer and is not injected through the plate
edge, and

incident light reaching the second layer but not passing
through the second major surface is returned to the
first layer where a portion of the returned incident
light is depolarized and diffusely backscattered in the
first layer and directed toward the second layer.

2. The component of claim 1, wherein the first major sur-
face of the plate has a texture formed thereon.

3. The component of claim 1, wherein the second layer is
further configured to diffuse light.

4. The component of claim 1, wherein the second layer is
further configured to reflect light.

5. The component of claim 1, wherein the second layer is
further configured to backscatter light.

6. A component for use between a light source and a dis-
play panel of a liquid crystal display, the component compris-
ing:

a plate comprising a first layer and a second layer to form

a structure having a first major surface, a second major
surface opposing the first major surface, and an edge
joining the first and second major surfaces, the first
major surface configured to allow a majority of incident
light from a light source to be transmitted therethrough
and defining a first side of the first layer, the second
major surface configured to receive a portion of the
transmitted incident light from the first layer and defin-
ing a first side of the second layer, the second major
surface being adjacent to air,
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wherein:

the first layer comprises a film having a microscopically
varying refraction index, the first layer adapted to
diffusely backscatter a portion of incident light enter-
ing the first layer and to depolarize a plane of polar-
ization of the portion of incident light passing through
the first layer,

the second layer is laminated onto to be in contact with
and adjacent to the first layer and comptises a film
configured to be substantially index-matched to the
first layer and substantially nonabsorbent to allow
passage of light through the second major surface
having a plane of polarization that is substantially
aligned with a predetermined polarization axis of the
display panel, and to substantially prevent passage of
light through the second major surface having a plane
of polarization that is not substantially aligned with
the predetermined polarization axis of the display
panel,

incident light is not injected between the first layer and
the second layer and is not injected through the plate
edge, and

incident light reaching the second layer but not passing
through the second major surface is returned to the
first layer where a portion of the returned incident
light is depolarized and diffusely backscattered in the
first layer and directed toward the second layer.
7. A display device, comprising:
a light source;
areflective surface disposed proximate the light source and
configured to reflect light emitted therefrom;
a polarized display panel spaced apart from the reflective
surface, the polarized display panel having a predeter-
mined polarization axis; and
a plate disposed between the reflective surface and the
polarized display panel and configured to receive the
reflected light, the plate comprising a first layer and a
second layer, the plate including a first major surface, a
second major surface opposing the first major surface,
and an edge joining the first and second major surfaces,
the first major surface configured to allow a majority of
the reflected light to be transmitted therethrough and
defining a first side of the first layer, the second major
surface configured to receive a portion of the reflected
light from the first layer and defining a first side of the
second layer,
wherein:
the first layer is a single, discrete structure having a
microscopically varying refraction index, the first
layer adapted to diffusely backscatter a portion of the
reflected light entering the first layer and to depolarize
a plane of polarization of the reflected light passing
through the first layer,

the second layer is in contact with and adjacent to the
first layer and is configured to be substantially index-
matched to the first layer and substantially nonabsor-
bent to allow passage of light through the second
major surface having a plane of polarization that is
substantially aligned with a predetermined polariza-
tion axis, and to substantially prevent passage of light
through the second major surface having a plane of
polarization that is not substantially aligned with the
predetermined polarization axis,
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incident light is not injected between the first layer and
the second layer and is not injected through the plate
edge, and

the reflected light reaching the second layer but not
passing through the second major surface is returned
to the first layer where a portion of the returned
reflected light is depolarized and diffusely backscat-
tered in the first layer and directed toward the second
layer.

8. A component for use between a light source and a dis-
play panel of a liquid crystal display, the light source config-
ured to emit light having one or more planes of polarization
and the display panel configured to have a predetermined
polarization axis, the component comprising;

a plate including a first major surface, a second major
surface opposing the first major surface, and an edge
joining the first and second major surfaces, the first
major surface configured to allow a majority of incident
light from the light source to be transmitted therethrough
toward the second major surface;

a repolarization region between the first and second major
surfaces and configured to receive a majority of light
transmitted through the first major surface, the repolar-
ization region configured to diffuse and to change polar-
ization or rotate at least one plane of polarization of the
light passing therethrough;

an interface between the first and second major surfaces
and having a first side and a second side, the interface
first side disposed adjacent to and in contact with the
repolarization region; and

a prepolarization region formed between the first and sec-
ond major surfaces adjacent to and in contact with the
interface, the prepolarization region configured to be
substantially nonabsorbent, to allow passage of light
through the second major surface having a plane of
polarization that is substantially aligned with the prede-
termined polarization axis, and to prevent passage of
light through the second major surface having a plane of
polarization that is not substantially aligned with the
predetermined polarization axis,

wherein the light is not injected between the repolarization
region and the prepolarization region or the interface and
is not injected through the plate edge.

9. The component of claim 8, wherein the repolarization
region and the prepolarization region have refraction indices
and the interface has a refraction index that is substantially
similar to the refraction indices of the regions.

10. The component of claim 8, wherein the interface is
configured to modulate at least one plane of polarization of
the light from a first orientation to a second orientation.

11. The component of claim 10, wherein the interface is
configured to be a quarterwave retarder.
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12. A display device, comprising a light source;

areflective surface disposed proximate the light source and
configured to reflect light emitted therefrom;

a polarized display panel spaced apart from the reflective
surface, the polarized display panel having a predeter-
mined polarization axis;

a component disposed between the reflective surface and
the polarized display panel and configured to receive the
reflected light, the component comprising:

a plate including a first major surface, a second major
surface opposing the first major surface, and an edge
joining the first and second major surfaces, the first
major surface configured to allow a majority of inci-
dent light from the light source to be transmitted
therethrough toward the second major surface;

a repolarization region between the first and second
major surfaces and configured to receive a majority of
light transmitted through the first major surface, the
repolarization region configured to diffuse and to
change polarization or rotate at least one plane of
polarization of the light passing therethrough;

an interface between the first and second major surfaces
and having a first side and a second side, the interface
first side disposed adjacent to and in contact with the
repolarization region; and

a prepolarization region between the first and second
major surfaces adjacent to and in contact with the
interface, the prepolarization region configured to be
substantially nonabsorbent, to allow passage of light
through the second major surface having a plane of
polarization that is substantially aligned with the pre-
determined polarization axis, and to prevent passage
of light through the second major surface having a
plane of polarization that is not substantially aligned
with the predetermined polarization axis,

wherein the light is not injected between the repolariza-
tion region and the prepolarization region or the inter-
face and is not injected through the plate edge.

13. The display device of claim 12, wherein the repolar-
ization region and the prepolarization region have refraction
indices and the interface has a refraction index that is sub-
stantially similar to the refraction indices of the regions.

14. The display device of claim 12, wherein the interface is
configured to modulate at least one plane of polarization of
the light from a first orientation to a second orientation.

15. The display device of claim 12, wherein the repolar-
ization region is laminated with the prepolarization region.

16. The display device of claim 12, wherein the repolar-
ization region and prepolarization region comprise a graded
structure.
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