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(57) Abstract: A high efficiency, long life, video rate, electrophoretic display comprises fluid containing sub-pixel structures that
are periodic, and aligned with a color filter array. A fluid comprising of electrophoretically mobile particles is compartmentalized at
the size scale of the individual filters (one per filter) such that the particles may be moved to either allow light to be returned through
the same filter back towards the viewer by total internal reflection (TIR) or conventional reflection to create a light state or to be ab-
sorbed by the particles to create a dark state. High retlectance is achieved through the use of structures that avoid ITO layers in the
light path and reflecting most light, by virtue of a dual control of light by TIR and transmission to a reflector. In one embodiment the

structures are in the shape of truncated pyramids.
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Color Filter Registered Reflective Display
[0001] This application claims priority to the filing date of Provisional Application No.
62/061,251, filed October 8%, 2014; the specification of which is incorporated herein in its

entirety.
Field

[0002] The disclosure generally relates to reflective image displays. More particularly, the
application pertains to a reflective image display, light redirection architecture comprising of

a registered color filter sub-pixel.

Background

[0003] When light rays enter a reflective image display and are reflected, there is an
average lateral displacement of the entering and exiting light rays. Depending on the angle of
the incident light ray, the type of reflective surface and the total distance that the light ray
travels, the degree of lateral displacement can vary greatly. The degree of lateral
displacement may be problematic. Lateral displacement is problematic if a light ray enters
the display through one color sub-pixel and exits out of an adjacent sub-pixel of a different
color. More specifically, if a light ray enters a red sub-pixel but exits a green sub-pixel in a
reflective color display comprising of an RGB (red-green-blue) color filter array. Firstly, a
loss of resolution may result as the edges of the pixels are blurred. Secondly, a loss of
efficiency may result since the exiting light ray can end up having a lower intensity. The
severity of these two effects depends on the degree of average lateral displacement. If the
lateral displacement is large, then the effects will be significant. Conversely, if the lateral
displacement is small, then the effects will be insignificant. These effects are present both in
monochrome and color displays. The loss of resolution may only matter if the blurring is
visible. If, for example, the pixels or sub-pixels are very small then even if there is some
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blurring present it may not affect the apparent resolution of the display as it is not observable
by the naked eye. The loss of efficiency, though, is a potentially more serious problem.
Even if the pixels are not visible to the naked eye, the efficiency loss has an averaging effect
and will reduce the apparent contrast of the display. While this is true both for monochrome
and color image displays, it is a more challenging problem for color displays. This is because
the sub-pixels are smaller and therefore the tolerance to lateral displacement is not nearly as
high. In other words, it’s more important to minimize the lateral displacement for a color
display that has smaller sub-pixels than for a monochrome display that typically has pixels
that are approximately three times larger. In a color reflective image display it is preferred
that in order to maintain a high quality color image the light that enters the display through a
calor sub-pixel is reflected back to the viewer through the same color sub-pixel. It is
essential that the sites within the reflective image display that reflects light are properly

aligned or registered with the color sub-pixels to be capable of creating a high quality image.

[0004] Another desirable quality of reflective image displays comprising of light absorbing
electrophoretically mobile particles suspended in an optically clear fluid is that the particles
are distributed with approximately equal density throughout the display. This is so the
display appears substantially uniform in appearance during operation of the display. It is also
desirable that the appearance of the display maintains a high level of quality and efficiency
throughout the life of the display. One method to do this is to micro-segregate the particles to

prevent lateral migration.

Brief Description of Drawings
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[0005] These and other embodiments of the disclosure will be discussed with reference to
the following exemplary and non-limiting illustrations, in which like elements are numbered

similarly, and where:

[0006] Fig. 1A is a cross-section of a sub-pixel of a registered color filter reflective display

in the bright state;

[0007] Fig. 1B is a cross-section of a sub-pixel of a registered color filter reflective display

in the dark state;

[0008] Fig. 2 is a cross-section of a plurality of sub-pixels of a registered color filter

reflective display;

[0009] Fig. 3 is a bottom view of a plurality of truncated square pyramid-shaped structures

of a registered color filter reflective display; and

[0010] Fig. 4 is a bottom view of a plurality of truncated cone-shaped structures of a

registered color filter reflective display.

Detailed Description

[0011] Throughout the following description specific details are set forth in order to provide
a more thorough understanding to persons skilled in the art. However, well-known elements
may not have been shown or described in detail to avoid unnecessarily obscuring the

disclosure. Accordingly, the description and drawings are illustrative not restrictive.

[0012] In one embodiment, the disclosed principles provide a method and apparatus to limit
the lateral displacement of incident and reflected light rays. In an exemplary embodiment, a
display is comprised of individual fluidic cells or sub-pixels that are each registered with a
color filter. The sub-pixels are comprised of an architecture that redirects incident light out of

the same color filter that the light entered.
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[0013] In one embodiment of the disclosure, the sub-pixels include a first and second
electrode. The electrodes are connected to a voltage source capable of applying a differential
bias between the first and second electrodes. The electrodes may also act as a light redirection
layer. Electrophoretically mobile particles are suspended in a medium that is positioned in
the cavity between the first and second electrodes. In certain embodiments the medium may

be a low refractive index fluid.

[0014] In one embodiment of the disclosure, the sub-pixels comprise a surface of convex
protrusions capable of total internal reflection. The convex protrusions may be a closely

packed array of hemispheres.

[0015] Various embodiments of the invention may be implemented fully or partially in
software and/or firmware. This software and/or firmware may take the form of instructions
contained in or on a non-transitory computer-readable storage medium. Those instructions
may then be read and executed by one or more processors to enable performance of the
operations described herein. The instructions may be in any suitable form, such as but not
limited to source code, compiled code, interpreted code, executable code, static code,
dynamic code, look-up table and the like. Such a computer-readable medium may include
any tangible non-transitory medium for storing information in a form readable by one or
more computers, such as but not limited to read only memory (ROM); random access

memory (RAM); magnetic disk storage media; optical storage media; a flash memory, etc.

[0016] Fig. 1A is a schematic illustration of cne embodiment of the disclosure.
Specifically, Fig. 1A is a cross-section of a fluidic cell or sub-pixel of a registered color filter
reflective display in the bright state. It should be noted that throughout this disclosure, the
terms “sub-pixel” and “fluidic cell” may be used interchangeably. In conventional full color

displays comprising a color filter, a pixel is designated as being able to display all visible
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colors from white to black. Thus a pixel of a display is comprised of sub-pixels. Each sub-
pixel is associated with a red, green or blue color filter. In other displays, the pixel of a
display may be comprised of sub-pixels associated with a cyan, magenta and yellow (CMY)
color filter. Each sub-pixel is addressable with a unique transistor. Herein this disclosure, the
basic unit of the invention is a sub-pixel. Each sub-pixel is capable of redirecting light out of

the same color filter that which 1t entered.

[0017] Display 100 embodiment comprises an outward transparent sheet 102 with an
outward surface 104 facing viewer 106. In some embodiments, outward transparent sheet 102
may further comprise a light diffusing layer (not shown) on top and facing viewer 106. In
other embodiments, outward transparent sheet 102 may further comprise a light diffusing
layer (not shown) on the bottom side opposite viewer 106. In other embodiments sheet 102

may also be milky or occluded in appearance to diffuse light.

[0018] Display 100 also comprises a conventional color filter layer 108. The color filter
layer is comprised of a plurality of colored filters or segments, each of which is a different
color. In the example in Fig. 1A, a pixel is comprised of a conventional red 110, green 112
and blue 114 color filter. Each color filter is about 50um in width. The color filters may also

be cyan, magenta and vellow.

[0019] Display 100 is further comprised of a rear support sheet 116. Rear sheet 116 is
maintained at a substantially uniform distance from the color filter layer 108 by a plurality of
vertically aligned supports 118. The distance between each support 118 is approximately the
width of each R, G or B filter, 110, 112 or 114, respectively. In other embodiments, the
distance between the supports may be the width of an entire pixel. The supports 118 in

display 100 create a plurality of individual micro-segregated units.
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[0020] Within each unitis a structure 120 that is approximately registered with a single
color filter. Structure 120 comprises a transpatent, solid, high refractive index material (e.g.
n>~1.90). In an exemplary embodiment, structure 120 is comprised of a polymer. As
illustrated in Fig. 1A, the structure 120 is registered with a color filter segment. The cross-
section of structure 120 shown in display 100 in Fig. 1A is in the shape of a truncated cone or
a truncated pyramid. The pyramid may be a triangular or square pyramid. In some
embodiments, the truncated cone or pyramid is about half of the height of the cone or
pyramid, respectively. It should be noted before proceeding with the description of the
embodiments herein, structure 120 will be referred to as a truncated pyramid structure for
conceptual purposes only. [n other embodiments, this structure could be a variety of shapes
or sizes. Structure 120 may be comprised of trancated cones, truncated diamonds or other
truncated polygons. In some embodiments, the angle of the edges of the truncated pyramid
structures 120 are about 5° to about 45°. In other embodiments the angle of the edges but are
about 10°-30°. In other embodiments the angle of the edges of structures 120 are about 10°.

This angle can vary to optimize light reflection for a particular application.

[0021] Each structure 120 comprises reflective layers or coating. In an exemplary
embodiment, truncated pyramid structure 120 comprises a reflective coating 122. In some
embodiments, coating 122 reflects light rays in a specular manner. In some embodiments,
coating 122 may be a reflective metallic coating such as aluminum. In an exemplary
embodiment, coating 122 is contiguous and completely covers the outer surface of structure
120 within a sub-pixel. In an exemplary embodiment, coating 122 is dis-contiguous within
adjacent sub-pixels. In some embodiments, the reflective coating 122 may comprise of a
metallic material that is passivated with a clear, non-conductive coating on the inward

surface. Coating 122 may also act as an electrode on the outward surface. In some
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embodiments, coating 122 may reflect light rays in a diffusive manner. In an embodiment,
the reflective coating 122 may also have, but not limited to, a layer of Teflon or TiO2
particles dispersed in a clear polymer matrix. This is to reflect light in a more diffusive
manner such that the display yields a whiter or softer appearance to the viewer. In another
embodiment, the reflective coating 122 may be a metallic specular reflector. A light diffusive
layer may be added to the inward or outward side of transparent sheet 102. A light diffusive
layer may be added to the inward side of the color filter layer 108 such that the display has a

whiter or “softer” appearance to the viewer.

[0022] The reflective coatings 122 depicted in Fig. 1A are straight. [n other embodiments,
the reflective coatings 122 and edges of the truncated pyramid structure 120 may have a
curved shape. In other embodiments, reflective coatings 122 and edges of the truncated
pyramid structure 120 may have a concave shape. In some embodiments, the curved
reflective coatings 122 may lead to a design similar to compound parabolic concentrators.
The shape of the reflective coatings and edges of the plurality of truncated pyramid structures
122 may be designed to optimize the optical gain, white appearance and viewing angle

required for a particular display application.

[0023] Display 100 in Fig. 1A comprises a first electrode layer 124. In some embodiments
electrode layer 124 comprises a metal. In other embodiments layer 124 comprises a
transparent conductor such as indium tin oxide (ITO), an electrically conducting polymer or
electrically conductive nanoparticles dispersed in a polymer matrix. In an exemplary
embodiment, electrode 124 is contiguous and completely covers the outer surface of structure
120 within a sub-pixel structure. In an exemplary embodiment, electrode layer 124 1s dis-

contiguous between adjacent sub-pixels.
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[0024] Fig. 1A also shows at the bottom of the truncated pyramid structure 120 a
transparent bottom surface 126. Surface 126 comprises a large plurality of transparent
convex protrusions (not shown) at the inward surface. In some embodiments the convex
protrusions may be in the form of “hemispheres”, “hemi-beads”, “beads”, “hemispherical
protrusions” or “prisms”. Hemispheres are arranged closely together to form an inwardly
projecting monolayer having a thickness approximately equal to the diameter of one of
hemispheres. Ideally, each one of hemispheres touches all of the hemispheres immediately
adjacent to that one hemisphere in a close-packed arrangement. Minimal interstitial gaps
(ideally, no gaps) remain between adjacent hemispheres. Regardless of the design, the
hemispheres may be configured for total internal reflection (TIR). They may be used
interchangeably in frustratable total internal reflection (FTIR)-based display embodiments

described herein.

[0025] Fig. 1A further shows display 100 comprising a second electrode layer 128. Layer
128 is located on rear support 116 and positioned across from surface 126. In an exemplary
embodiment, layer 128 is light reflective. In some embodiments, layer 128 comprises a metal
such as aluminum. In other embodiments, layer 128 is a thin film transistor (TFT). In other

embodiments layer 128 is a portion of a patterned array of direct drive electrodes.

[0026] Display 100 comprises a medium 130. Medium 130 is further located within the
void or cavity created by the vertically aligned supports 118, first electrode layer 124,
transparent bottom of truncated pyramid structure 126, rear support 116 and second electrode
layer 128. A truncated pyramid structure:liquid total internal reflection (TIR) interface is thus
formed at surface 126. Medium 130 may be an inert, low refractive index (i.e., less than
about 1.35), low viscosity, electrically insulating fluid. In some embodiments medium 130

comprises a perfluorinated hydrocarbon liquid. Medium 130 may be a liquid such as, but not

SUBSTITUTE SHEET (RULE 26)



WO 2016/057613 PCT/US2015/054385

limited to, Fluorinert™ perfluorinated hydrocarbon liquid (n~1.27) available from 3M, St.

Paul, MN.

[0027] Display 100 in Fig. 1A further includes at least one or a plurality of
electrophoretically mobile light absorbing particles 132. The particles may be suspended in
medium 130. Particles 132 may have a positive or negative charge. Particles 132 may
comptise an inorganic material such as a metal oxide-based pigment. Particles 132 may
comprise a carbon-based material such as carbon black or other carbon-based pigment.
Particles 132 may comprise a combination of inorganic and carbon based material. In one
embodiment, the particles may comprise a metal oxide-based core material with an outer
layer or coating of adhered polymer. In another embodiment, the particles may comprise a
carbon-based core such as carbon black or graphite with an outer layer or coating of adhered

polymer. In other embodiments the particles may comprise a dye.

[0028] As shown in example display 100, the particles 132 are confined within the void
created by the vertically aligned supports 118, first electrode layer 124, ransparent bottom
126 of truncated pyramid structure 120, rear support 116 and second electrode layer 128.
Confinement helps to prevent the particles from migrating, settling or agglomerating. This
maintains uniform distribution and density of the particles throughout the display. This may

lead to uniform display operation, visual appearance and longer operating life.

[0029] Dotted line box 134 outlines a sub-pixel of display 100. The sub-pixel 134 is where
light is redirected or absorbed. The sub-pixel is where light is modulated between light and
dark states. Each sub-pixel is associated with a color filter of the color filter array layer 108.

In display 100, sub-pixel 134 is associated with color filter 112.

[0030] Though not shown in Fig. 1A, the display may also include a voltage source. A

voltage source may supply substantially uniform voltages to the each of the electrodes. The

9
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voltage source may independently bias each of the electrodes. Alternatively, the voltage
source may bias one or both of the electrodes as a function of the bias applied to the other
electrode(s) to create an electromagnetic field or differential bias therebetween. A controller
comprising a processor circuitry, memory circuitry and switching circuitry may be used to
drive each of the electrodes. The memory circuitry may store instructions to drive the
processor circuitry and the switching circuitry thereby engaging and disengaging electrodes

according to predefined criteria.

[0031] Display 100 embodiment illustrated in Fig. 1A is in the light or bright state. By
applying a voltage at electrode 124 of opposite polarity of the charge on the particles 126, the
particles are attracted to surface 124. The particles are hidden and are not able to absorb
incident light. In this arrangement, incident light may enter through a single color sub-pixel

and not be absorbed before it is redirected and exits the same sub-pixel.

[0032] There are at least two different light reflection modes as described in Fig. 1A, that
are capable based on the display design herein. One is TIR and the other is conventional
reflection. In a first TIR mode, incident light represented by incident light ray 136, enters
through color filter 112. It may first be reflected 138 of off the reflective layer 122. It then
may be reflected towards surface 126. Surface 126 is where the hemispherical array:low
refractive medium interface exists. When the incident angle, &, is greater than a critical angle,
6., light is reflected 138 at this boundary 126 such that TIR occurs. The light ray may then be
reflected off of a reflective coating 122. The light ray may then be emitted as redirected light
ray 142 back towards the viewer 106. Light ray 142 exits through the same color filter 112
from whence it originally entered to create a light or bright state of the display. It should be

noted that this is only one example of a light redirection pathway that is possible in display

10
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100 architecture. There are an infinite number of TIR-based light redirection pathways that

may be possible.

[0033] A second conventional reflection mode is also possible in display 100. This is when
a light ray approaches surface 126 such that the incident angle, 6, is less than the critical
angle, .. At this angle the light ray simply passes through surface 126 and is not totally
intermally reflected. This is represented by incident light ray 144. Incident light ray 144 may
be reflected by the reflective electrode layer 128. It is emitted as redirected light ray 146
back through the same color filter 112 from whence it originally entered. It should be noted
that conventional reflective displays have a transparent electrically conducting ITO layer on
the transparent front sheet through which light passes. Though ITO is considered transparent,
some light is lost as it passes through the ITO layer as it enters and exits the display. The
architecture described herein does not need such a layer, which further increases the

efficiency of the display.

[0034] Fig. 1B is a cross-section of a sub-pixel of a registered color filter reflective display
in the dark state. The design of the display is the same as that found in Fig. 1A and described
in the preceding paragraphs. In Fig. 1B, a voltage of opposite polarity of the particles 132 is
applied to the electrode 128. Particles 132 are attracted to electrode 128 located in the cavity
between electrode 128 and surface 126. Incident light, represented by light ray 148, may
enter through a color filter 112 and reflect off surface 116. Redirected light ray 150 may
approach surface 126 at an angle, &, that is greater than the critical angle, é.. Instead of being
totally internally reflected, light ray 150 is absorbed by the electrophoretically mobile
particles 132 located within the evanescent wave region. TIR is frustrated leading to a dark

state. It should be noted that an infinite number of redirected light pathways may exist and
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may be absorbed by the particles in the evanescent wave region. The example in Fig. 1B is

for illustrative purposes only.

[0035] A second representative incident light ray 152 enters through color segment 112 in
Fig. 1B and is not reflected by surface 116. In this example the light ray 152 is directly
incident on surface 126. The incident angle, 0, is less than the critical angle, &.. Light ray 152
may pass through the surface 126 and is absorbed by particles 132. A dark state of the

display created by absorption of the incident light as observed by viewer 106.

[0036] In one embodiment, the distance the particles move between first electrode surface
116 and second electrode surface 128 is at least about 10pm. The short distance may allow
for video rate applications. In some embodiments, the switching speed between the bright and

dark states is affected by the magnitude of the applied voltage.

[0037] Fig. 2 is a cross-section of a plurality of sub-pixels of a registered color filter
reflective display. Display 200 is a plurality of individual sub-pixels described in Figs. 1A
and 1B. Display 200 is generally comprised of a front transparent sheet 202, color filter layer
204, layer of a plurality of sub-pixel structures 206 comprising truncated pyramid structures
208, rear support sheet 210, reflective layer 212 and rear electrode 214. Fig. 2 illustrates how
each truncated pyramid structure 208 within each sub-pixel 216 (denoted by a dotted line
box) is registered with a single color filter. The color filters in layer 204 are labeled 218, 220
and 222 and may be red, green and blue. In some embodiments, the color filters may be

cyan, magenta and yellow.

[0038] In some embodiments, display 200 may comprise a directional front light structure.
Conventional directional front light systems may be used. Front light systems may generally
comprise of a light guide 224 containing an array of light extractor elements (not shown) and
a light source 226. Light source 226 may comprise a light emitting diode (LED), cold

12
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cathode fluorescent lamp (CCFL) or a surface mounted technology (SMT) incandescent
lamp. The light guide 224 directs light to the transparent front sheet 202. The light extractor
elements direct the light in a perpendicular direction within a narrow angle. The light may be
centered about a 30° cone towards the color filter layer 204 and layer 206. The light guide

224 is disposed between front sheet 202 and viewer 228.

[0039] Fig. 3 is a bottom view of a plurality of truncated square pyramid-shaped domains of
a registered color filter reflective display. The depiction in Fig. 3 illustrates an array 300 of
individual truncated pyramid structures 302 (denoted by a dotted line box) in a periodic,
close-packed arrangement in columns 304 and rows 306. In this view the location of rear TIR
surface 308 and reflective layer 310 in each truncated pyramid structure 302 is shown.
Though not shown, a single color filter segment would be situated on top of each truncated

pyramid structures 302 in a side-by-side, periodic arrangement.

[0040] Fig. 4 is a bottom view of a plurality of truncated cone-shaped structures of a
registered color filter reflective display. The depiction in Fig. 4 illustrates an array 400 of
individual truncated cone structures 402 (denoted by a dotted line box) in a close-packed
arrangement in columns 404 and rows 406. In this view the location of rear TIR surface 408
and surfaces of the reflective coatings 410 in each truncated cone structure may be observed.
Though not shown, a single color filter would be situated on top of each truncated cone
structure in a side-by-side, periodic arrangement. Although square pyramid-like domains and
cone-like structures are illustrated in Figs. 3 and 4, respectively, the structures may be
designed in a variety of shapes and sizes and packing arrangements. For example the
structures may be truncated triangular pyramid, hexagonal or diamond-like in shape or
combinations thereof. They may be in close-packed or other arrangements and may be of the

same size or varying size and each registered to a single color filter.
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[0041] In other embodiments, any of the reflective image displays with at least one
registered sub-pixel described herein may further include at least one edge seal. An edge seal
may be a thermally or photo-chemically cured material. The edge seal may contain an epoxy,

silicone or other polymer based material.

[0042] In some embodiments a directional front light may be employed with the reflective
display designs with sub-pixels described herein. In other embodiments both a front light and
a color filter may be employed with the display designs described herein. In other
embodiments a light diffusive layer may be used with the display to “soften” the reflected
light observed by the viewer. In other embodiments a light diffusive layer may be used in

combination with a front light or a color filter layer or a combination thereof.

[0043] In other embodiments, any of the reflective image displays with at least one
registered sub-pixel described herein may further include at least one dielectric layer. The
diclectric layer may be comprised of an organic material such as an organic polymer. The
dielectric layer may be comprised of an inorganic material such as SiO,. In some

embodiments the dielectric layer may comprise a parylene-based polymer.

[0044] In some embodiments, a tangible machine-readable non-transitory storage medium
that contains instructions may be used in combination with the reflective displays with at
least one sub-pixel described herein. In other embodiments the tangible machine-readable
non-transitory storage medium may be further used in combination with one or more

Processors.

[0045] In the display embodiments described herein, they may be used in applications such
as electronic book readers, portable computers, tablet computers, wearables, cellular
telephones, smart cards, signs, watches, shelf labels, flash drives and outdoor billboards or

outdoor signs.

14
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[0046] The following examples are provided to further illustrate non-exclusive
embodiments of the disclosure. Example 1 relates to a reflective image display, comprising:
a pixel array having a plurality of color filters; a front electrode; a rear electrode, the front
and the rear electrode forming a gap therebetween; a light-directing structure positioned
between the rear electrode and a first of the plurality of color filters; and wherein the light-
directing structure is configured to capture a light ray coming through the first of the plurality
of color filters and to one of substantially absorb the incoming light ray or to substantially

reflect the incoming light ray through the first of the plurality of color filters.

[0047] Example 2 is directed to the image display of example 1, further comprising a
plurality of electrophoretic particles movable between the first and the second electrode as a

function of a differential bias applied to the first and the second electrodes.

[0048] Example 3 is directed to the image display of any of the preceding examples,
wherein the first of the plurality of color filers, the front electrode and a portion of two

adjacent light-directing structures define a sub-pixel structure.

[0049] Example 4 is directed to the image display of any of the preceding examples,
wherein the light-directing structure further comprises a portion of a pyramid or a cylindrical

structure configured to direct the incoming light ray within the sub-pixel structure.

[0050] Example 5 is directed to the image display of any of the preceding examples,

wherein the front electrode defines a contiguous surface at the sub-pixel structure.

[0051] Example 6 is directed to the image display of any of the preceding examples,
wherein the front electrode defines a dis-contiguous surface between two adjacent sub-pixel

structures.
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[0052] Example 7 is directed to the image display of any of the preceding examples,
wherein a pair of adjacent light-directing structures are aligned with opposing ends of the first

color filter.

[0053] Example 8 is directed to the image display of any of the preceding examples,
wherein the sub-pixel structure further comprises a surface of convex protrusions for Total

Internal Reflection.

[0054] Example 9 is directed to the image display of any of the preceding examples,

wherein the light directing structure is registered with at least one color filter.

[0055] Example 10 is directed to the image display of any of the preceding examples,

wherein the light-directing structure further comprises a reflective coating.

[0056] Example 11 is directed to the image display of any of the preceding examples,
wherein a method for displaying a reflective image, the method comprising: filtering an
incoming light ray through a first of a plurality of color filters of a pixel to provide a filtered
ray; receiving the filtered ray at a first structure of a structure pair and directing the filtered
ray to a second structure of the structure pair; and substantially reflecting at least a portion of
the filtered ray received at the second structure of the structure pair through the first of the

plurality of color filters.

[0057] Example 12 is directed to the image display of any of the preceding examples,
further comprising receiving the incoming light ray at an outward transparent sheet

supporting the plurality of color filters.

[0058] Example 13 is directed to the image display of any of the preceding examples,
further comprising absorbing a portion of the filtered ray at one of the first or the second

structure of the structure pair.
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[0059] Example 14 is directed to the image display of any of the preceding examples,
further comprising driving a plurality of electrophoretic particles to one or more of the first or

the second structure to absorb a portion of the filtered ray.

[0060] Example 15 is directed to the image display of any of the preceding examples,
further comprising driving a plurality of electrophoretic particles to the first structure to

absorb a pottion of the filtered ray.

[0061] Example 16 is directed to the image display of any of the preceding examples,
further comprising driving a plurality of electrophoretic particles to the second structure to

absorb a portion of the filtered ray.

[0062] Example 17 is directed to the image display of any of the preceding examples,
further comprising driving a plurality of electrophoretic particles to a span between the first

and the second structure to absorb a portion of the filtered ray.

[0063] Example 18 is directed to the image display of any of the preceding examples,
wherein a computer-readable non-transitory storage medium that contains instructions, which
when executed by one or more processors result in performing operations comprising:
filtering an incoming light ray through a first of a plurality of color filters of a pixel to
provide a filtered ray; receiving the filtered ray at a first structure of a structure pair and
directing the filtered ray to a second structure of the structure pair; and substantially
reflecting at least a portion of the filtered ray received at the second structure of the structure

pair through the first of the plurality of color filters.

[0064] Example 19 is directed to the image display of any of the preceding examples,
further comprising receiving the incoming light ray at an outward transparent sheet

supporting the plurality of color filters.
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[0065] Example 20 is directed to the image display of any of the preceding examples,
further comprising absorbing a portion of the filtered ray at one of the first or the second

structure of the structure pair.

[0066] Example 21 is directed to the image display of any of the preceding examples,
further comprising driving a plurality of electrophoretic particles to one or more of the first or

the second structure to absorb a portion of the filtered ray.

[0067] Example 22 is directed to the image display of any of the preceding examples,
further comprising driving a plurality of electrophoretic particles to the first structure to

absorb a portion of the filtered ray.

[0068] Example 23 is directed to the image display of any of the preceding examples,
further comprising driving a plurality of electrophoretic particles to the second structure to

absorb a portion of the filtered ray.

[0069] Example 24 is directed to the image display of any of the preceding examples,
further comprising driving a plurality of electrophoretic particles to a span between the first

and the second structure to absorb a portion of the filtered ray.

[0070] While the principles of the disclosure have been illustrated in relation to the
exemplary embodiments shown herein, the principles of the disclosure are not limited thereto

and include any modification, variation or permutation thereof.
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What is claimed is:

1. A reflective image display, comprising:

a pixel array having a plurality of color filters;

a front electrode;

a rear electrode, the front and the rear electrode forming a gap therebetween;

a light-directing structure positioned between the rear electrode and a first of the
plurality of color filters; and

wherein the light-directing structure is configured to capture a light ray coming
through the first of the plurality of color filters and to one of substantially
absorb the incoming light ray or to substantially reflect the incoming light ray

through the first of the plurality of color filters.
2. The display of claim 1, further comprising a plurality of electrophoretic particles
movable between the first and the second electrode as a function of a differential bias applied

to the first and the second electrodes.

3. The display of claim 1, wherein the first of the plurality of color filers, the front

electrode and a portion of two adjacent light-directing structures define a sub-pixel structure.
4. The display of claim 3, wherein the light-directing structure further comprises a
portion of a pyramid or a cylindrical structure configured to direct the incoming light ray

within the sub-pixel structure.

5. The display of claim 3, wherein the front electrode defines a contiguous surface at the

sub-pixel structure.

6. The display of claim 3, wherein the front electrode defines a dis-contiguous surface

between two adjacent sub-pixel structures.

7. The display of claim 1, wherein a pair of adjacent light-directing structures are

aligned with opposing ends of the first color filter.
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8. The display of claim 3, wherein the sub-pixel structure further comprises a surface of

convex protrusions for Total Internal Reflection.

9. The display of claim 3, wherein the light directing structure is registered with at least

one color filter.

10.  The display of claim 1, wherein the light-directing structure further comprises a

reflective coating.

11. A method for displaying a reflective image, the method comprising:
filtering an incoming light ray through a first of a plurality of color filters of a pixel to
provide a filtered ray;
receiving the filtered ray at a first structure of a structure pair and directing the filtered
ray to a second structure of the structure pair; and
substantially reflecting at least a portion of the filtered ray received at the second

structure of the structure pair through the first of the plurality of color filters.

12. The method of claim 11, further comprising receiving the incoming light ray at an

outward transparent sheet supporting the plurality of color filters.

13. The method of claim 11, further comprising absorbing a portion of the filtered ray at

one of the first or the second structure of the structure pair.
14, The method of claim 13, further comprising driving a plurality of electrophoretic
particles to one or more of the first or the second structure to absorb a portion of the filtered

ray.

15. The method of claim 13, further comprising driving a plurality of electrophoretic

particles to the first structure to absorb a portion of the filtered ray.

16.  The method of claim 13, further comprising driving a plurality of electrophoretic

particles to the second structure to absorb a portion of the filtered ray.
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17.  The method of claim 13, further comprising driving a plurality of electrophoretic
particles to a span between the first and the second structure to absorb a portion of the filtered

ray.

18. A computer-readable non-transitory storage medium that contains instructions, which
when executed by one or more processors result in performing operations comprising:
filtering an incoming light ray through a first of a plurality of color filters of a pixel to
provide a filtered ray;
receiving the filtered ray at a first structure of a structure pair and directing the filtered
ray to a second structure of the structure pair; and
substantially reflecting at least a portion of the filtered ray received at the second

structure of the structure pair through the first of the plurality of color filters.

19.  The medium of claim 18, further comprising receiving the incoming light ray at an

outward transparent sheet supporting the plurality of color filters.

20.  The method of claim 18, further comprising absorbing a portion of the filtered ray at

ong of the first or the second structure of the structure pair.
21.  The method of claim 20, further comprising driving a plurality of electrophoretic
particles to one or more of the first or the second structure to absorb a portion of the filtered

ray.

22.  The method of claim 2(), further comprising driving a plurality of electrophoretic

particles to the first structure to absorb a portion of the filtered ray.

23.  The method of claim 20, further comprising driving a plurality of electrophoretic

particles to the second structure to absorb a portion of the filtered ray.
24.  The method of claim 20, further comprising driving a plurality of electrophoretic

particles to a span between the first and the second structure to absorb a portion of the filtered

ray.
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