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ELECTRO-OPTICAL DISPLAY SYSTEMS 

BACKGROUND 

[0001] Electro-optical or electrokinetic display systems are 
information displays that form visible images using one or 
more of electrophoresis, electro-convection, electrochemical 
interaction and/or other electrokinetic phenomena. Those 
display systems may have a plurality of states, including a 
transparent (or clear) state and a colored (or dark) state. For 
example, electro-optical display systems that use electro 
phoretic phenomena to translate or move colorant particles 
may collect those particles at least substantially out of the 
vieWing area of the display system to create a transparent 
state. The colorant particles also may be spread across the 
vieWing area of the display to create a colored state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] FIG. 1 is a block diagram ofa display element ofan 
electro-optical display system in accordance With an embodi 
ment of the invention. 
[0003] FIG. 2 is a block diagram of an example of the 
display element of the electro-optical display system of FIG. 
1, shoWn in a colored state in accordance With an embodiment 
of the invention. 
[0004] FIG. 3 is a block diagram of the display element of 
FIG. 2, shoWn in a transparent state in accordance With an 
embodiment of the invention. 
[0005] FIG. 4 is a block diagram of an example of the 
display element of FIG. 2, shoWing a dot structure in accor 
dance With an embodiment of the invention. 
[0006] FIG. 5 is a block diagram of an example of the 
display element of FIG. 2, shoWing a line structure in accor 
dance With an embodiment of the invention. 
[0007] FIG. 6 is a block diagram of an example of the 
display element of FIG. 2 in accordance With an embodiment 
of the invention. 
[0008] FIG. 7 is a block diagram of an example of the 
display element of FIG. 2 in accordance With an embodiment 
of the invention. 
[0009] FIG. 8 is a block diagram of an example ofa con 
ductor layer of the display element of FIG. 6 or FIG. 7 in 
accordance With an embodiment of the invention. 
[0010] FIG. 9 is a block diagram of an example ofa con 
ductor layer of the display element of FIG. 6 or FIG. 7 in 
accordance With an embodiment of the invention. 
[0011] FIG. 10 is a block diagram of an example of the 
display element of FIG. 2 in accordance With an embodiment 
of the invention. 
[0012] FIG. 11 is a ?oW chart shoWing an example of a 
method of manufacturing an electro-optical display system in 
accordance With an embodiment of the invention. 

DETAILED DESCRIPTION 

[0013] FIG. 1 shoWs an example of an electro-optical dis 
play system 20 having one or more display elements 22. 
Display element 22 may be a segment, a pixel, a sub-pixel, or 
a super-pixel having tWo or more pixels. Display element 22 
may include a display volume 24, a source 26 and a sink 28. 
Display volume 24, source 26 and sink 28 may be ?uidly 
connected and may contain a carrier ?uid 30 having a plural 
ity of colorant particles 32. Source 26 may include colorant 
particles 32 that may be selectively controlled to enter display 
volume 24. Sink 28 may receive colorant particles 32 from 
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display volume 24. HoWever, the roles of source 26 and sink 
28 may be reversed during operation of display element 22. In 
other Words, source 26 may become sink 28, and vice-versa. 
FloW lines 34 may illustrate movement of colorant particles 
32 from source 26 to sink 28 With convective movement of 
carrier ?uid 30. 

[0014] Colorant particles 32 may have any suitable siZe, 
such as betWeen several nanometers and several microns. 
Additionally, colorant particles 32 may have the property of 
changing the spectral composition of the incident light by 
absorbing and/ or scattering certain portions of the spectrum. 
As a result, colorant particles 32 may appear colored Which 
provides a desired optical effect. Carrier ?uid 30 may have 
colorant particles 32 With a single color or may have tWo or 
more sets of colorant particles With each set having a different 
color from the other sets. Although display system 20 is 
shoWn to include colorant particles 32, the display system 
may alternatively, or additionally, include one or more other 
suitable colorant technologies, such as dyed ?uids, charged 
inks, oil ?lms, etc. 
[0015] The convective currents illustrated by ?oW lines 34 
of display element 22 may lead to any suitable movement of 
colorant particles 32, such as out-of-plane movement (sub 
stantially transverse to substrate) as Well as in-plane move 
ment (substantially parallel to substrate), to provide the 
desired optical appearance. Additionally, the convective cur 
rents may be generated in one or more suitable Ways. For 
example, the convective currents may be generated by unbal 
anced volumetric forces inside the ?uids that cause different 
parts of the ?uid to move relative to each other. Additionally, 
the convective currents may occur under gravity if different 
parts of the ?uid have different density caused, for example, 
by localiZed heating. 
[0016] Moreover, convective currents may be generated by 
pressure or concentration gradients inside the ?uid produced 
by localiZed chemical reactions, localiZed heating or other 
disturbances. Furthermore, convective currents may occur if 
there are ionic currents in the ?uid caused by external electric 
?elds (AC or DC) and there is charge injection into the ?uid. 
The moving ions may then create the pressure gradient 
through viscous drag and excluded volume effects. Such con 
vective currents may sometimes be referred to as “electro 
convective currents.” Although particular examples of gener 
ating the convective currents are described above, display 
system 20 may alternatively, or additionally, use any suitable 
physical principles to repel, attract, move, compress, concen 
trate or disperse colorants, such as electrokinetics, electro 
phoretics, electroWetting and electro?uidics. 
[0017] FIGS. 2-3 illustrate an example of a display element 
38 for electro-optical display system 20. Unless speci?cally 
excluded, display element 38 may include one or more com 
ponents and/or one or more functions of the other display 
elements in this disclosure. Display element 38 may be a 
segment, a pixel, a sub-pixel, or a super-pixel having tWo or 
more pixels of electro-optical display system 20. Addition 
ally, the layers of display element 38 shoWn in FIGS. 2-3 are 
for illustration only and may not represent the relative siZe or 
thickness of each layer. Display element 38 may include a 
plurality of electrodes 39, Which may be arranged in any 
suitable Way. For example, tWo or more electrodes of the 
plurality of electrodes 39 may be coplanar and/or one or more 
of the plurality of electrodes 39 may be opposed electrodes. 
Plurality of electrodes 39 may include a ?rst electrode 40 and 
a second electrode 42. First electrode 40 may be the concep 
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tual “source” and may be made of transparent or opaque 
material(s), While second electrode 42 may be the conceptual 
“sink” and may be made of transparent or opaque material(s). 

[0018] A dielectric layer 44 may be disposed, deposited or 
formed on second electrode 42. Dielectric layer 44 may be 
transparent and/or may include one or more colorant particles 
32, including colorant dyes and/or pigments. Dielectric layer 
44 may include recessed regions 46, Which may be any suit 
able siZe(s) and/or shape(s). For example, recessed regions 46 
may be con?gured to contain a plurality of colorant particles 
32 of display element 38. Although dielectric layer 44 is 
shoWn to be formed on second electrode 42, the dielectric 
layer may alternatively, or additionally, be formed on ?rst 
electrode 40. 

[0019] First electrode 40 may be ?xed a distance apart from 
dielectric layer 44 and second electrode 42 to de?ne a display 
volume 48 that holds a carrier ?uid 50 having a plurality of 
colorant particles 52. In other Words, display volume 48 and/ 
or carrier ?uid 50 having the plurality of colorant particles 52 
may be disposed betWeen ?rst electrode 40 and dielectric 
layer 44 and/or second electrode 42. Carrier ?uid 50 may 
include one or more polar ?uids (e.g., Water) and/or one or 
more non-polar ?uids (e. g., dodecane). Additionally, or alter 
natively, carrier ?uid 50 may include one or more anisotropic 
?uids, such as liquid crystal. Carrier ?uid 50 also may include 
one or more surfactants (such as salts), charging agents, sta 
biliZers, and dispersants. Additionally, carrier ?uid 50 may 
include one or more dyed ?uids, Which may have a color 
different from the color of colorant particles 52. 

[0020] First and second electrodes 40, 42 may be con?g 
ured to selectively move the plurality of colorant particles 52 
betWeen a spread position S (as shoWn in FIG. 2) in Which all 
or nearly all of the plurality of colorant particles may be out of 
the recessed regions and/ or distributed or spread across dis 
play volume 48 to absorb and/ or scatter incident light thereby 
creating a colored optical appearance (“colored state”), and a 
compacted position C (as shoWn in FIG. 3) in Which all or 
nearly all of the plurality of colorant particles may be in the 
recessed regions thereby producing a clear optical appear 
ance (“transparent state”). 
[0021] For example, ?rst and second electrodes 40, 42 may 
apply an electric potential difference, Which may result in 
moving plurality of colorant particles 52 to the compacted 
position. Transverse solid lines of arroWs in FIG. 3 may 
indicate electric ?eld lines, While dashed lines of arroWs 
leading into the recess regions may indicate the ?oW of plu 
rality of colorant particles 52 folloWing the electrostatic and 
convective ?oWs. To sWitch display element 38 from the clear 
state to the dark state, the polarity of the voltage may be 
reversed. That reversal may induce convective ?oW in the 
opposite direction and colorant particles 52 may no longer be 
electrically contained in the recessed regions. As a result, 
plurality of colorant particles 52 may be mass transported to 
display volume 24 and then may spread relatively evenly 
throughout the display volume. 
[0022] The convective ?oW may be induced by ionic mass 
transport in carrier ?uid 50 and charge transfer betWeen car 
rier ?uid 50 and electrodes 40, 42. The charge transfer may 
occur When carrier ?uid 50 is coupled to electrodes 40, 42 
either through direct contact With the electrodes or separated 
from the electrodes by an intermediate layer comprising one 
or more materials. In the latter case, charge transfer may be 
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facilitated by the internal electrical conductivity of the inter 
mediate layer, either volumetric or via pinholes and other 
defects. 
[0023] Alternatively, the convective ?oW may be a transient 
effect caused by the ionic mass transport in carrier ?uid 50, 
but Without charge transfer betWeen the carrier ?uid and the 
electrode. In this case, the convective ?oW may proceed for a 
?nite amount of time and may facilitate the compaction of 
colorant particles 52 in the recessed regions. After that colo 
rant particles 52 may be contained in the recessed regions by 
electrostatic forces generated by a coupling With the elec 
trodes. Convection Within display element 38 may also be 
induced by other means. For example, convective ?oW can be 
induced by an electrokinetic means, a mechanical means 
(e.g., mechanical pistons), temperature gradients (e.g., heat 
ing of the sources and sinks, focused radiation), chemical 
potential gradients, as Well as other means. 

[0024] FIG. 4 shoWs an example of a display element, 
Which is generally indicated at 54, having a dot structure for 
the recessed regions. Unless speci?cally excluded, display 
element 54 may include one or more components and/ or one 
or more functions of the other display elements in this disclo 
sure. Additionally, the layers of display element 54 shoWn in 
FIG. 4 are for illustration only and may not represent the 
relative siZe or thickness of each layer. FIG. 4 shoWs a top 
vieW 56 and a cross-sectional vieW 58 of display element 54. 
Display element 54 may be a segment, a pixel, a sub-pixel, or 
a super-pixel having tWo or more pixels of electro-optical 
display system 20. 
[0025] Display element 54 may include a display volume 
59 de?ned by a ?rst electrode 60, a dielectric layer 62 having 
a plurality of recessed regions 64, a second electrode 66 and 
a substrate 68. As shoWn in FIG. 4, recessed regions 64 may 
be shaped as dots and may be periodically distributed. Each 
dot-shaped recess region patterned into dielectric layer 62 
may connect display volume 59 to second electrode 66. Dis 
play element 54 also may include another substrate (not 
shoWn) on Which ?rst electrode 60 is disposed. Although 
recessed regions 64 are shoWn to be periodically distributed, 
the recessed regions may alternatively, or additionally, be 
aperiodically or stochastically distributed. 
[0026] Additionally, although recessed regions 64 are 
shoWn to be in the form of dots, the recessed regions may 
alternatively, or additionally, include any suitable shape(s). 
For example, FIG. 5 shoWs a top vieW 70 and a cross-sectional 
vieW 72 of a display element 74 having a dielectric layer With 
recessed regions that are in the form of lines or linear chan 
nels, Which may be periodically or aperiodically distributed. 
Unless speci?cally excluded, display element 74 may include 
one or more components and/ or one or more functions of the 

other display elements in this disclosure. Additionally, the 
layers of display element 74 shoWn in FIG. 5 are for illustra 
tion only and may not represent the relative siZe or thickness 
of each layer. Display element 74 may include a ?rst electrode 
76, a dielectric layer 78 having a plurality of recessed regions 
80, a second electrode 82 and a substrate 84. Additionally, 
display element 74 may include another substrate (not shoWn) 
on Which ?rst electrode 76 is disposed. 

[0027] FIG. 6 shoWs another example of a display element 
for an electro-optical display system, generally indicated at 
86. Display element 86 may be a segment, a pixel, a sub-pixel, 
or a super-pixel having tWo or more pixels of an electro 
optical display system. Unless speci?cally excluded, display 
element 86 may include one or more components and/ or one 
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or more functions of the other display elements in this disclo 
sure. Additionally, the layers of display element 86 shoWn in 
FIG. 6 are for illustration only and may not represent the 
relative siZe or thickness of each layer. 

[0028] Display element 86 may include a display volume 
87 de?ned by a ?rst electrode or ?rst conductor layer 88, a 
dielectric layer 90 having recessed regions 92, a second elec 
trode or second conductor layer 94, and a bottom substrate 96. 
First conductor layer 88 and dielectric layer 90 may be con 
?gured to be transparent. Second conductor layer 94 may be 
con?gured to be re?ective (also may be referred to as a 
“re?ective conductor layer). The re?ective conductor layer 
may be con?gured to re?ect one or more Wavelengths of light 
in any suitable Way(s), such as diffusely re?ecting those 
Wavelengths of light. The re?ective conductor layer may 
include a single layer (that may include re?ecting particles, 
surfaces and/or other characteristics), or may include tWo or 
more layers (With one or more of those layers including 
re?ecting particles, surfaces and/or other characteristics), as 
further discussed beloW. 

[0029] Display element 86 also may include a top substrate 
97 on Which ?rst electrode 88 is disposed. Additionally, dis 
play element 86 may include a passivation layer 98, Which 
may include any chemical or mechanical layer con?gured to 
improve robustness of second electrode 94. For example, 
passivation layer 98 may include an organic layer, such as 
parylene coating, and/or an inorganic layer, such as silicon 
dioxide, silicon nitride, aluminum oxide, and/or hafnium 
oxide, etc. Passivation layer 98 may be any suitable thickness, 
such as a feW nanometers to a feW micrometers, that may still 
alloW for charge transfer When required by the particular 
electrokinetic technology used. Passivation layer 98 also may 
enhance re?ection. For example, passivation layer 98 may 
include silicon dioxide or silicon nitride (e.g., enhanced alu 
minum re?ector) con?gured to enhance re?ectance, While 
protecting the re?ective surface. Passivation layer 98 may 
need to have its thickness and/ or index optimiZed to provide 
higher re?ectivity. 
[0030] FIG. 7 shoWs another example of a display element 
for an electro-optical display system, generally indicated at 
100. Display element 100 may be a segment, a pixel, a sub 
pixel, or a super-pixel having tWo or more pixels of an electro 
optical display system. Unless speci?cally excluded, display 
element 100 may include one or more components and/ or one 
or more functions of the other display elements in this disclo 
sure. Additionally, the layers of display element 100 shoWn in 
FIG. 7 are for illustration only and may not represent the 
relative siZe or thickness of each layer. 

[0031] Display element 100 may include a display volume 
101 de?ned by a ?rst electrode or ?rst conductor layer 102, a 
dielectric layer 104 having recessed regions 106, a second 
electrode or second conductor layer 108, and a bottom sub 
strate 110. First conductor layer 102 and dielectric layer 104 
may be con?gured to be transparent. Second conductor layer 
108 may be con?gured to be re?ective, such as diffusely 
re?ective. Display element 100 also may include a top sub 
strate 111 on Which ?rst conductor layer 102 is disposed. 

[0032] FIG. 8 shoWs an example of a conductor layer, gen 
erally indicated at 112, Which may include structured surfaces 
con?gured to re?ect and/or absorb at least one Wavelength of 
light. Unless speci?cally excluded, conductor layer 112 may 
include one or more components and/or one or more func 

tions of the other conductor layers in this disclosure. Addi 
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tionally, the layers of conductor 112 layer shoWn in FIG. 8 are 
for illustration only and may not represent the relative siZe or 
thickness of each layer. 
[0033] Conductor layer 112 may include a base layer 114 
and a metallic layer 116. Base layer 114 may be any suitable 
dielectric, semiconductive or conductive layer With one or 
more structured surfaces 118. Structured surfaces 118 may 
include structured scattering surfaces and/or structured 
absorptive surfaces. For example, base layer 114 may be a 
resin layer With structured surfaces 118. Structured surfaces 
118 may include a textured surface, a porous surface, and/or 
other surfaces structured to function as a re?ector (such as a 

White or color re?ector) or an absorber (such as a black 
absorber). The scattering surfaces may be structured With 
stochastic and/ or periodic surfaces of average pitch (ranging 
from about a submicron to about a feW tens of microns) and/or 
undulation (ranging from about a submicron to about a feW 

tens of microns). 
[0034] The pitch and/or undulation of those surfaces may 
be con?gured to re?ect all visible Wavelengths of light or 
speci?c Wavelength(s) of light. For example, the pitch may 
determine an angle over Which light is diffusely scattered 
(Which may affect the vieWing angle), While the amplitude of 
the undulation may control hoW much of the light is diffusely 
rather than specularly re?ected. The pitch and/or undulation 
of the surface may, for example, be con?gured to re?ect the 
color White, red, blue, green and/or other suitable color(s). 
Additionally, a black absorbing surface may be formed When 
the surface is structured to be absorptive or anti-re?ective for 
visible Wavelengths of light With an average pitch on the 
subWavelength scale (i.e., a nanometer to a feW hundred 
nanometers). Those surfaces may be structured via any suit 
able method(s), such as photolithography (e. g., using a mask 
of random dots), embossing, laser holography, self-assembly, 
etching, etc. 
[0035] Metallic layer 116 may include any suitable metals 
con?gured to be re?ective. For example, the metallic layer 
may include silver, aluminum, gold, copper, nickel, platinum 
and/or rhodium, alloys of those metals, multi-layer structures 
of those metals and/ or their alloys, and/ or any suitable com 
binations With dielectric layers to further enhance re?ective 
properties. Metallic layer 116 may be formed on the base 
layer via any suitable techniques, such as physical vapor 
deposition, chemical vapor deposition, atomic layer deposi 
tion, electroplating, etc. Although FIG. 8 shoWs conductor 
layer 112 having base layer 114 With structured surfaces 118 
and metallic layer 116, the conductor layer may alternatively 
be a single metallic layer having those structured surfaces. 
[0036] FIG. 9 shoWs another example of a conductor layer, 
generally indicated at 120, Which may include embedded 
particles con?gured to re?ect and/ or absorb at least one Wave 
length of light. Unless speci?cally excluded, conductor layer 
120 may include one or more components and/ or one or more 

functions of the other conductor layers in this disclosure. 
Additionally, the layers of conductor layer 120 shoWn in FIG. 
9 are for illustration only and may not represent the relative 
siZe or thickness of each layer. 

[0037] Conductor layer 120 may include any suitable struc 
ture con?gured to make the layer re?ective and/ or absorptive. 
For example, conductor layer 120 may include a base layer 
122 and a transparent conductive layer 124. Base layer 122 
may be any suitable dielectric, semiconductive or conductive 
layer With one or more embedded particles 126. Embedded 
particles 126 may include scattering particles and/or absorp 



US 2011/0149377 A1 

tive particles. For example, base layer 122 may be a resin 
layer With the scattering or absorbing particles. Embedded 
particles 126 may be con?gured to re?ect and/ or absorb one 
or more Wavelengths of light. For example, embedded par 
ticles 126 may be con?gured to re?ect or absorb White (or all 
colors) or any other suitable color(s). Examples of suitable 
transparent conducting materials may include (1) inorganic 
transparent conductors, such as indium tin oxide (ITO) 
(Which can be used to dissipate charge in a hybrid electrode), 
indium Zinc oxide (IZO), etc.; (2) organic transparent con 
ductors, such as polyethylene dioxythiophene (PEDOT), 
polyacetylene (PAc), polyaniline (PAni), etc.; (3) a subWave 
length structured metal layer; (4) a thin transparent metal 
layer (i.e., a metal layer having from 80% to 90% transpar 
ency); and/or (5) a network of nanostructures, such as carbon 
nanotubes, silver nanoWires, etc. 
[0038] Any suitable scattering particles may be used, 
including metal oxide particles (such as titanium oxide, alu 
minum oxide and silicon dioxide), polytetra?uoroethylene 
poWders, polytetra?uoroethylene variant poWders or par 
ticles, cesium oxide, organic polymer particles (such as sili 
cone resin particles and polystyrene resin particles), sulfate 
particles (such as barium sulfate), carbonate particles (such as 
calcium carbonate) and/ or other suitable particles. Addition 
ally, or alternatively, any suitable absorptive particles may be 
used, including carbon black, bone black (carbon black+ 
calcium phosphate), copper chromite black, synthetic iron 
oxide black, chromium iron oxide black, and organic black 
pigments, such as perylene black and their variants (including 
their combinations or encapsulated black particles). 
[0039] The particles above may be embedded via any suit 
able technique(s), including mixing, milling, ink-jetting, 
screen printing, spin coating, etc. For example, titanium oxide 
or carbon black may be mixed With ultraviolet or thermally 
curable resin and then cured With the resin. Although FIG. 9 
shoWs conductor layer 120 having base layer 122 With 
embedded particles 126 and transparent conductive layer 
124, the conductor layer may alternatively be a single con 
ductive resin layer having those embedded particles. 
[0040] FIG. 10 shoWs another example of a display element 
for an electro-optical display system, generally indicated at 
128, Which may include a dielectric layer con?gured to re?ect 
and/or absorb at least one Wavelength of light. Display ele 
ment 128 may be a segment, a pixel, a sub-pixel, or a super 
pixel having tWo or more pixels of an electro-optical display 
system. Unless speci?cally excluded, display element 128 
may include one or more components and/or one or more 

functions of the other display elements in this disclosure. 
Additionally, the layers of display element 128 shoWn in FIG. 
10 are for illustration only and may not represent the relative 
siZe or thickness of each layer. 

[0041] Display element 128 may include a display volume 
129 de?ned by a ?rst conductor layer 130, a re?ective dielec 
tric layer 132 having recessed regions 134, a second conduc 
tor layer 136, and a substrate 138. First conductor layer 130 
may be con?gured to be transparent, While second conductor 
layer 136 may be con?gured to be either opaque or transpar 
ent. 

[0042] Dielectric layer 132 may include one or more poly 
tetra?uoroethylene variants, such as those variants that 
exhibit Lambertian re?ective characteristics. Alternatively, or 
additionally, dielectric layer 132 may include one or more 
embedded colorant particles 140. Colorant particles 140 may 
include scattering particles and/or absorptive particles. The 
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scattering particles may be con?gured to re?ect any suitable 
Wavelengths of light, such as the color White or any suitable 
color(s). When the colorant scattering particles are con?g 
ured to re?ect the color White, those particles may be referred 
to as “White scattering particles.” The colorant scattering 
particles may include metal oxide particles (such as titanium 
oxide, aluminum oxide and silicon dioxide), polytetra?uoro 
ethylene poWders, polytetra?uoroethylene variant poWders 
or particles, cesium oxide, organic polymer particles (such as 
silicone resin particles and polystyrene resin particles), sul 
fate particles (such as barium sulfate), carbonate particles 
(such as calcium carbonate) and/or other suitable particles 
con?gured to re?ect any suitable Wavelengths of light. 
[0043] The embedded absorptive particles may be con?g 
ured to absorb any suitable Wavelength(s) or all Wavelengths 
of light. When the absorbing particles are con?gured to 
absorb all color, those particles may be referred to as “black 
absorbing particles.” The absorbing particles may include 
carbon black, bone black (carbon black+calcium phosphate), 
copper chromite black, synthetic iron oxide black, chromium 
iron oxide black, and organic black pigments, such as 
perylene black and their variants (including their combina 
tions or encapsulated black particles). 
[0044] The particles may be embedded and/orpattemed via 
any suitable technique(s), including mixing, ink-jetting, 
screen printing, gravure coating, spin coating, spray coating, 
etc. For example, titanium oxide may be mixed With ultravio 
let curable resin and then cured With the resin. Examples of 
other types of suitable resins include embossing, photopoly 
meriZable, photocurable, or thermally curable resins. 
Examples of such resins include epoxy-based negative pho 
toresist, such as SU8, or a base resin, such as a loW viscosity 
aliphatic urethane diacrylate. Colorant particles 140 may 
additionally, or alternatively, include one or more colored 
dyes and/or pigments. For example, colorant particles 140 
may include any suitable colored dye(s) and White scattering 
particles (or a White re?ective conductor layer). Although 
dielectric layer 132 is shoWn to include particular structure 
con?gured to re?ect one or more Wavelengths of light, the 
dielectric layer may alternatively, or additionally, include any 
suitable structure. For example, dielectric layer 132 may 
include a multilayer stack of dielectric layers With alternating 
high and loW refractive index layers to provide highly re?ec 
tive properties for the speci?c Wavelength(s) of interest. 
Dielectric layer 132 also may include any suitable structure 
having one or tWo dimensional surface grating structures 
con?gured to re?ect the speci?c Wavelength(s) of interest. 
[0045] Display element 128 also may include a top sub 
strate 144 on Which ?rst electrode 144 may be disposed on. 
Although the display elements described in this disclosure are 
shoWn to include a plurality of electrodes, the display ele 
ments may alternatively, or additionally, include electroki 
netic elements, heating elements, micro?uidic elements, 
micro-electromechanical elements, etc. Additionally, the 
structures and/or techniques shoWn for conductor or dielec 
tric layers may be used on any suitable electrokinetic or 
electro-optical display system. 
[0046] The layers discussed in this disclosure that are con 
?gured to re?ect and/or absorb at least one Wavelength of 
light may be used to create various color embodiments in the 
display elements described in this disclosure and/or other 
display elements of electro-optical display systems. For 
example, the display element may be con?gured With differ 
ent transparent and colored states by using different colorant 
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particles and/ or different layers that are con?gured to re?ect 
and/or absorb any suitable color(s), such as red, green, blue, 
cyan, magenta, yellow, White, spot color(s) [or color(s) 
matched to speci?c application(s)], a color different from the 
color of the colorant particles and/or ?uid and/or other suit 
able color(s). 
[0047] For example, the display element may sWitch 
betWeen a spot color and a White color by using colorant 
particles having the spot color and a layer con?gured to re?ect 
the color White. Additionally, the display element may sWitch 
betWeen ?rst and second colors by using colorant particles 
With a third color (Where the third color combined With the 
?rst color results in the second color) and one or more layers 
con?gured to re?ect the ?rst color. Moreover, the display 
element may provide full color With a plurality of layers that 
are con?gured to re?ect the color red, green, blue, White, 
cyan, magenta, yelloW, and/or spot color(s). 
[0048] Furthermore, the display element may sWitch 
betWeen a spot color and a black color by using at least one 
layer con?gured to absorb a spot color and at least one layer 
con?gured to re?ect the color White With black colorant par 
ticles. Additionally, the display element may sWitch betWeen 
?rst and second colors by using at least one layer con?gured 
to absorb the ?rst color, colorant particles With a third color 
(Where the third color combined With the ?rst color results in 
the second color), and at least one layer con?gured to re?ect 
the color White. Additionally, the display element may pro 
vide full color With a plurality of layers that are con?gured to 
absorb various colors, such as red, green, blue and White, and 
layers con?gured to re?ect the color White. Further variations 
of the above also are possible by using a transparent dielectric 
layer, a dyed dielectric layer or a dielectric layer With colorant 
particles. 
[0049] FIG. 11 shoWs an example of a method, Which is 
generally indicated at 200, of manufacturing an electro-opti 
cal display system. While FIG. 11 shoWs illustrative steps of 
a method according to one example, other examples may 
omit, add to and/or modify any of the steps shoWn in that 
?gure. As illustrated in FIG. 11, method 200 may include 
establishing a base layer on a substrate at 202. Establishing 
that base layer may include structuring one or more surfaces 
of the base layer, and/or depositing a metallic layer on the 
base layer. Alternatively, or additionally, establishing the base 
layer may include embedding the base layer With a plurality 
of colorant particles, such as scattering and/ or absorptive 
particles. 
[0050] A passivation layer may be established or formed on 
the base layer at 204. A dielectric layer may be established or 
formed adjacent the passivation layer at 206. For example, the 
dielectric layer may be formed on the passivation layer. Alter 
natively, the dielectric layer may be formed on a different 
layer that is adjacent the passivation layer (such as a conduc 
tor layer opposed from the passivation layer and across from 
a display volume of the display system). Establishing the 
dielectric layer may include establishing a dielectric layer 
that includes a polytetra?uoroethylene variant and/or estab 
lishing a dielectric layer that includes resin having a plurality 
of colorant particles, such as scattering and/ or absorptive 
particles. The dielectric layer may be transparent. The dielec 
tric layer may be patterned With recessed regions siZed to 
contain a colorant species at 208. The base and/or dielectric 
layers may be con?gured to re?ect at least one Wavelength of 
light When the colorant species is contained in the recessed 
regions. 
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[0051] Electro-optical display system 20 also may include 
computer-readable media comprising computer-executable 
instructions for manufacturing an electro-optical display sys 
tem, the computer-executable instructions being con?gured 
to perform one or more steps of method 200 discussed above. 

1. An electro-optical display system, comprising: 
a plurality of electrodes; 
a display volume containing a ?uid having a plurality of 

colorant particles; 
a layer adjacent to or part of at least one electrode of the 

plurality of electrodes and con?gured to at least one of 
(i) re?ect at least one Wavelength of light or (ii) absorb at 
least one Wavelength of light; 

a dielectric layer having tWo opposed surfaces, one of the 
opposed surfaces contacting one of the plurality of elec 
trodes or the layer and an other of the opposed surfaces 
contacting the display volume; and 

recessed regions de?ned in the dielectric layer and con?g 
ured to contain the plurality of colorant particles, 
Wherein the plurality of electrodes are con?gured to 
selectively move the plurality of colorant particles 
betWeen a compacted position in Which all or nearly all 
of the plurality of colorant particles are in the recessed 
regions, and a spread position in Which the plurality of 
colorant particles are spread across the display volume. 

2. (canceled) 
3. The system of claim 1, Wherein the layer comprises a 

conductor layer of the at least one electrode of the plurality of 
electrodes. 

4. The system of claim 3, Wherein the one of the tWo 
opposed surfaces of the dielectric layer contacts the one of the 
plurality of electrodes, and Wherein the display volume is 
disposed betWeen the dielectric layer and the conductor layer. 

5. The system of claim 3, Wherein the one of the tWo 
opposed surfaces of the dielectric layer contacts the conduc 
tor layer, and Wherein the dielectric layer is disposed betWeen 
the display volume and the conductor layer. 

6. An electro-optical display system, comprising: 
a plurality of electrodes; 
a display volume containing a ?uid having a plurality of 

colorant particles; 
a dielectric layer having tWo opposed surfaces, one of the 

opposed surfaces contacting one of the plurality of elec 
trodes and an other of the opposed surfaces contacting 
the display volume, the dielectric layer con?gured to at 
least one of (i) re?ect at least one Wavelength of light or 
(ii) absorb at least one Wavelength of light; and, 

recessed regions de?ned in the dielectric layer and con?g 
ured to contain the plurality of colorant particles, 
Wherein the plurality of electrodes are con?gured to 
selectively move the plurality of colorant particles 
betWeen a compacted position in Which all or nearly all 
of the plurality of colorant particles are in the recessed 
regions, and a spread position in Which the plurality of 
colorant particles are spread across the display volume. 

7. The system of claim 6, Wherein the dielectric layer 
includes embedded colorant absorbing particles. 

8. The system of claim 6, Wherein the dielectric layer 
includes a polytetra?uoroethylene variant. 

9. An electro-optical display system, comprising: 
a plurality of electrodes; 
a display volume containing a ?uid having a plurality of 

colorant particles; 
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a dielectric layer having tWo opposed surfaces, one of the 
opposed surfaces contacting one of the plurality of elec 
trodes and an other of the opposed surfaces contacting 
the display volume; and 

recessed regions de?ned in the dielectric layer and con?g 
ured to contain the plurality of colorant particles; 

Wherein the plurality of electrodes are con?gured to selec 
tively move the plurality of colorant particles betWeen a 
compacted position in Which all or nearly all of the 
plurality of colorant particles are in the recessed regions, 
and a spread position in Which the plurality of colorant 
particles are spread across the display volume, 

and Wherein at least one of the plurality of electrodes 
includes a conductor layer having at least one of embed 
ded particles and structured surfaces, the embedded par 
ticles and structured surfaces being con?gured to at least 
one of (i) re?ect at least one Wavelength of light or (ii) 
absorb at least one Wavelength of light. 

10. The system of claim 9, Wherein the conductor layer 
includes a base layer With the embedded particles, the embed 
ded particles including embedded absorbing particles. 

11. The system of claim 10, Wherein the base layer includes 
a conductive resin. 

12. The system of claim 9, Wherein the conductor layer 
includes a metallic layer and a base layer having the struc 
tured surfaces. 

13. The system of claim 12, Wherein the structured surfaces 
include at least one of structured scattering surfaces and struc 
tured absorbing surfaces. 

14. The system of claim 9, Wherein the conductor layer 
includes a passivation layer. 
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15. The system of claim 9, Wherein the conductor layer 
includes a metallic layer having the structured surfaces. 

16. The system of claim 6, Wherein the dielectric layer 
includes embedded colorant scattering particles. 

17. The system of claim 9, Wherein the conductor layer 
includes a base layer With the embedded particles, the embed 
ded particles including embedded scattering particles. 

18. The system of claim 17, Wherein the base layer includes 
a conductive resin. 

19. The system of claim 9, Wherein: 
the plurality of electrodes includes a top electrode and a 

bottom electrode; 
the bottom electrode is the at least one of the plurality of 

electrodes that includes the conductor layer; 
the one opposed surface of the dielectric layer contacts the 

top electrode; 
the dielectric layer and the top electrode are transparent to 

the at least one Wavelength of light; and 
the conductor layer is con?gured to re?ect the at least one 

Wavelength of light. 
20. The system of claim 9, Wherein: 
the plurality of electrodes includes a top electrode and a 

bottom electrode; 
the bottom electrode is the at least one of the plurality of 

electrodes that includes the conductor layer; 
the one opposed surface of the dielectric layer contacts the 

conductor layer; 
the top electrode and the dielectric layer are transparent to 

the at least one Wavelength of light; and 
the conductor layer is con?gured to re?ect the at least one 

Wavelength of light. 

* * * * * 


