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(57) ABSTRACT 

A full color, re?ective display having superior saturation and 
brightness is achieved With a novel display element com 
prising multichromatic elements. In one embodiment a 
capsule includes more than three species of particles Which 
diiTer visually. On embodiment of the invention employs 
three sub-pixels, each sub-pixel comprising a capsules 
including three species of particles Which diiTer visually. 
Another embodiment of the invention employs color ?lters 
to provide di?cerent visual states to the user. The display 
element provides a visual display in response to the appli 
cation of an electrical signal to at least one of the capsules. 
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FULL COLOR REFLECTIVE DISPLAY WITH 
MULTICHROMATIC SUB-PIXELS 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of copending 
application Ser. No. 10/877,745, ?led Apr. 20, 2004 (Pub 
lication No. 2004/0263947), Which is itself a continuation of 
application Ser. No. 09/289,507, ?led Apr. 9, 1999 (now 
US. Pat. No. 7,075,502), Which itself claims bene?t of 
Application Ser. No. 60/081,362 ?led Apr. 10, 1998. The 
entire disclosures of all the aforementioned applications are 
incorporated herein by reference. 

FIELD OF INVENTION 

[0002] The present invention relates to electronic displays 
and, in particular, to full color electrophoretic displays and 
methods of creating full-color microencapsulated electro 
phoretic displays. 

BACKGROUND OF INVENTION 

[0003] There are a number of enhanced re?ective display 
media which offer numerous bene?ts such as enhanced 
optical appearance, the ability to be constructed in large 
form factors, capable of being formed using ?exible sub 
strates, characteriZed by easy manufacturability and manu 
factured at loW cost. Such re?ective display media include 
microencapsulated electrophoretic displays, rotating ball 
displays, suspended particle displays, and composites of 
liquid crystals With polymers (known by many names 
including but not limited to polymer dispersed liquid crys 
tals, polymer stabiliZed liquid crystals, and liquid crystal 
gels). Electrophoretic display media, generally characterized 
by the movement of particles through an applied electric 
?eld, are highly re?ective, can be made bistable, and con 
sume very little poWer. Further, encapsulated electrophoretic 
displays also may be printed. These properties alloW encap 
sulated electrophoretic display media to be used in many 
applications for Which traditional electronic displays are not 
suitable, such as ?exible, printed displays. 

[0004] While bichromatic electrophoretic displays have 
been demonstrated in a limited range of colors (e.g. black/ 
White or yelloW/red), to date there has not been successful 
commercialization of a full-color electrophoretic display. 
Indeed, no re?ective display technology to date has shoWn 
itself capable of satisfactory color. Full-color re?ective 
displays typically are de?cient When compared to emissive 
displays in at least tWo important areas: brightness and color 
saturation. 

[0005] One traditional technique for achieving a bright, 
full-color display Which is knoWn in the art of emissive 
displays is to create sub-pixels that are red, green and blue. 
In this system, each pixel has tWo states: on, or the emission 
of color; and off. Since light blends from these sub-pixels, 
the overall pixel can take on a variety of colors and color 
combinations. In an emissive display, the visual result is the 
summation of the Wavelengths emitted by the sub-pixels at 
selected intensities, White is seen When red, green and blue 
are all active in balanced proportion or full intensity. The 
brightness of the White image is controlled by the intensities 
of emission of light by the sub-pixels. Black is seen When 
none are active or, equivalently, When all are emitting at Zero 
intensity. As an additional example, a red visual display 
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appears When the red sub-pixel is active While the green and 
blue are inactive, and thus only red light is emitted. 

[0006] It is knoWn that this method can be applied to 
bichromatic re?ective displays, typically using the cyan 
magenta-yelloW subtractive color system. In this system, the 
re?ective sub-pixels absorb characteristic portions of the 
optical spectrum, rather than generating characteristic por 
tions of the spectrum as do the pixels in an emissive display. 
White re?ects everything, or equivalently absorbs nothing. A 
colored re?ective material re?ects light corresponding in 
Wavelength to the color seen, and absorbs the remainder of 
the Wavelengths in the visible spectrum. To achieve a black 
display, all three sub-pixels are turned on, and they absorb 
complementary portions of the spectrum. 

[0007] HoWever, the colors displayed by a full-color dis 
play as described above are sub-optimal. For example, to 
display red, one pixel displays magenta, one displays yelloW, 
and one displays White. The White sub-pixel reduces the 
saturation of red in the image and reduces display contrast. 
The overall effect is a Washed out red. This further illustrates 
Why no method to date has been capable of generating a 
high-contrast, high-brightness full color re?ective display 
With good color saturation. 

SUMMARY OF INVENTION 

[0008] This invention teaches practical Ways to achieve 
brighter, more saturated, re?ective full-color displays than 
previously known, particularly full-color encapsulated, elec 
trophoretic displays. 
[0009] An object of the invention is to provide a brighter, 
more saturated, re?ective full-color display. In some 
embodiments, the displays are highly ?exible, can be manu 
factured easily, consume little poWer, and can, therefore, be 
incorporated into a variety of applications. The invention 
features a printable display comprising an encapsulated 
electrophoretic display medium. In an embodiment the 
display media can be printed and, therefore the display itself 
can be made inexpensively. 

[0010] An encapsulated electrophoretic display can be 
constructed so that the optical state of the display is stable 
for some length of time. When the display has tWo states 
Which are stable in this manner, the display is said to be 
bistable. If more than tWo states of the display are stable, 
then the display can be said to be multistable. For the 
purpose of this invention, the terms bistable and multistable, 
or generally, stable, Will be used to indicate a display in 
Which any optical state remains ?xed once the addressing 
voltage is removed. The de?nition of a stable state depends 
on the application for the display. A sloWly-decaying optical 
state can be effectively stable if the optical state is substan 
tially unchanged over the required vieWing time. For 
example, in a display Which is updated every feW minutes, 
a display image Which is stable for hours or days is effec 
tively bistable or multistable, as the case may be, for that 
application. In this invention, the terms bistable and multi 
stable also indicate a display With an optical state su?iciently 
long-lived as to be effectively stable for the application in 
mind. Alternatively, it is possible to construct encapsulated 
electrophoretic displays in Which the image decays quickly 
once the addressing voltage to the display is removed (i.e., 
the display is not bistable or multistable). As Will be 
described, in some applications it is advantageous to use an 
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encapsulated electrophoretic display Which is not bistable or 
multistable. Whether or not an encapsulated electrophoretic 
display is stable, and its degree of stability, can be controlled 
through appropriate chemical modi?cation of the electro 
phoretic particles, the suspending ?uid, the capsule, and 
binder materials. 

[0011] An encapsulated electrophoretic display may take 
many forms. The display may comprise capsules dispersed 
in a binder. The capsules may be of any siZe or shape. The 
capsules may, for example, be spherical and may have 
diameters in the millimeter range or the micron range, but is 
preferably from ten to a feW hundred microns. The capsules 
may be formed by an encapsulation technique, as described 
beloW. Particles may be encapsulated in the capsules. The 
particles may be tWo or more different types of particles. The 
particles may be colored, luminescent, light-absorbing or 
transparent, for example. The particles may include neat 
pigments, dyed (laked) pigments or pigment/polymer com 
posites, for example. The display may further comprise a 
suspending ?uid in Which the particles are dispersed. 

[0012] The successful construction of an encapsulated 
electrophoretic display requires the proper interaction of 
several different types of materials and processes, such as a 
polymeric binder and, optionally, a capsule membrane. 
These materials must be chemically compatible With the 
electrophoretic particles and ?uid, as Well as With each other. 
The capsule materials may engage in useful surface inter 
actions With the electrophoretic particles, or may act as a 
chemical or physical boundary betWeen the ?uid and the 
binder. Various materials and combinations of materials 
useful in constructing encapsulated electrophoretic displays 
are described in co-pending application Ser. No. 09/140,861, 
the contents of Which are incorporated by reference herein. 

[0013] In some cases, the encapsulation step of the process 
is not necessary, and the electrophoretic ?uid may be 
directly dispersed or emulsi?ed into the binder (or a pre 
cursor to the binder materials) and an effective “polymer 
dispersed electrophoretic display” constructed. In such dis 
plays, voids created in the binder may be referred to as 
capsules or microcapsules even though no capsule mem 
brane is present. The binder dispersed electrophoretic dis 
play may be of the emulsion or phase separation type. 

[0014] Throughout the speci?cation, reference Will be 
made to printing or printed. As used throughout the speci 
?cation, printing is intended to include all forms of printing 
and coating, including: premetered coatings such as patch 
die coating, slot or extrusion coating, slide or cascade 
coating, and curtain coating; roll coating such as knife over 
roll coating, forWard and reverse roll coating; gravure coat 
ing; dip coating; spray coating; meniscus coating; spin 
coating; brush coating; air knife coating; silk screen printing 
processes; electrostatic printing processes; thermal printing 
processes; and other similar techniques. A “printed element” 
refers to an element formed using any one of the above 
techniques. 
[0015] As noted above, electrophoretic display elements 
can be encapsulated. Throughout the Speci?cation, refer 
ence Will be made to “capsules,”“pixels,” and “sub-pixels.” 
A pixel display element can be formed by one or more 
capsules or sub-pixels. A sub-pixel may itself comprise one 
or more capsules or other structures. 

[0016] A full color, re?ective display having superior 
saturation and brightness is achieved With a novel display 
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element comprising multichromatic sub-elements. One 
embodiment of the display employs three sub-pixels, each 
sub-pixel comprising a capsule including three species of 
particles Which differ visually. Another embodiment of the 
display employs color ?lters combined With an encapsulated 
electrophoretic display to provide different visual states. In 
still another embodiment, the display employs display ele 
ments capable of more than three visual states. In yet another 
embodiment, the visual display states are selected from 
speci?c colors, for example, the primary colors red, green 
and blue, or their complements, and White and/or black. The 
display element presents a visual display in response to the 
application of an electrical signal to at least one of the 
capsules. 
[0017] In one aspect, the present invention relates to an 
electrophoretic display element. The display element com 
prises a ?rst capsule including a ?rst species of particles 
having a ?rst optical property and a second species of 
particles having a second optical property visually different 
from the ?rst optical property. The display element further 
comprises a second capsule including a third species of 
particles having a third optical property and a fourth species 
of particles having a fourth optical property visually differ 
ent from the third optical property. The display element 
presents a visual display in response to the application of an 
electrical signal to at least one of the ?rst and second 
capsules. The ?rst optical property and the third optical 
property can be, but are not required to be, substantially 
similar in appearance. 

[0018] The electrophoretic display element can further 
comprise a ?fth species of particles having a ?fth optical 
property visually different from the ?rst and second optical 
properties in the ?rst capsule. It can also comprise a sixth 
species of particles having a sixth optical property visually 
different from the third and fourth optical properties in the 
second capsule. It can also include a third capsule having a 
seventh species of particles having a seventh optical prop 
erty, an eighth species of particles having a eighth optical 
property, and a ninth species of particles having a ninth 
optical property. 
[0019] The electrophoretic display element can include 
particles such that the ?rst, third and seventh optical prop 
erties have a White visual appearance. The electrophoretic 
display element can include particles such that the second, 
fourth and eighth optical properties have a black visual 
appearance. The electrophoretic display element can have at 
least one of the optical properties be red, green, blue, yelloW, 
cyan, or magenta in visual appearance. The electrophoretic 
display element can have at least one of the optical proper 
ties comprising color, brightness, or re?ectivity. 
[0020] The electrophoretic display element can have cap 
sules Which include a suspending ?uid. The suspending ?uid 
can be substantially clear, or it can be dyed or otherWise 
colored. 

[0021] In another aspect, the present invention relates to a 
display apparatus comprising at least one display element 
Which includes at least tWo capsules such as are described 
above and at least one electrode adjacent to the display 
element, Wherein the apparatus presents a visual display in 
response to the application of an electrical signal via the 
electrode to the display element. 

[0022] The display apparatus can include a plurality of 
electrodes adjacent the display element. The plurality of 
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electrodes can include at least one Which has a siZe different 
from others of the plurality of electrodes, and can include at 
least one Which has a color different from others of the 
plurality of electrodes. 

[0023] In another aspect, the present invention relates to 
an electrophoretic display element comprising a capsule 
containing a ?rst species of particles having a ?rst optical 
property, a second species of particles having a second 
optical property visually different from the ?rst optical 
property, a third species of particles having a third optical 
property visually different from the ?rst and second optical 
properties and a fourth species of particles having a fourth 
optical property visually different from the ?rst, second, and 
third optical properties such that the element presents a 
visual display in response to the application of an electrical 
signal to the capsule. The electrophoretic display element 
can also include a suspending ?uid Within the capsule. 

[0024] In yet another aspect, the present invention relates 
to an electrophoretic display element comprising a capsule 
containing a ?rst species of particles having a ?rst optical 
property, a second species of particles having a second 
optical property visually different from the ?rst optical 
property, a third species of particles having a third optical 
property visually different from the ?rst and second optical 
properties, a fourth species of particles having a fourth 
optical property visually different from the ?rst, second, and 
third optical properties, and a ?fth species of particles 
having a ?fth optical property visually different from the 
?rst, second, third, and fourth optical properties such that the 
element presents a visual display in response to the appli 
cation of an electrical signal to said capsule. The electro 
phoretic display element can also include a suspending ?uid 
Within the capsule. 

[0025] In still another aspect, the present invention relates 
to a method of manufacturing an electrophoretic display. 
The manufacturing method comprises the steps of providing 
a ?rst capsule containing a ?rst species of particles having 
a ?rst optical property and a second species of particles 
having a second optical property visually different from the 
?rst optical property, and providing a second capsule con 
taining a third species of particles having a third optical 
property and a fourth species of particles having a fourth 
optical property visually different from the third optical 
property, such that When an electrical signal is applied to at 
least one of the ?rst and second capsules the element 
presents a visual display in response to the signal. In this 
method of manufacture, the ?rst optical property and the 
third optical property can be substantially similar in appear 
ance. 

[0026] In still a further aspect, the present invention relates 
to a method of manufacturing an electrophoretic display. 
This manufacturing method comprises the steps of providing 
a ?rst capsule containing a ?rst species of particles having 
a ?rst optical property, a second species of particles having 
a second optical property visually different from the ?rst 
optical property and containing a third species of particles 
having a third optical property visually different from the 
?rst and second optical properties, providing a second 
capsule containing a fourth species of particles having a 
fourth optical property, a ?fth species of particles having a 
?fth optical property visually different from the fourth 
optical property and a sixth species of particles having a 
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sixth optical property visually different from the fourth and 
?fth optical properties, and providing a third capsule con 
taining a seventh species of particles having a seventh 
optical property, an eighth species of particles having a 
eighth optical property visually different from the seventh 
optical property, and a ninth species of particles having a 
ninth optical property visually different from the seventh and 
eighth optical properties, such that When an electrical signal 
is applied to at least one of the ?rst, second and third 
capsules, the element presents a visual display in response to 
the signal. 

[0027] The manufacturing method can include the step of 
providing a ?rst capsule Wherein the third optical property is 
red visual appearance, or is yelloW visual appearance. The 
manufacturing method can include the step of providing a 
second capsule Wherein the sixth optical property is green 
visual appearance, or is cyan visual appearance. The manu 
facturing method can include the step of providing a third 
capsule Wherein the ninth optical property is blue visual 
appearance, or is magenta visual appearance. The manufac 
turing method can include the step of providing capsules 
Wherein the ?rst, fourth and seventh optical properties are 
White visual appearance, or Wherein the second, ?fth and 
eighth optical properties are black visual appearance. 

BRIEF DESCRIPTION OF DRAWINGS 

[0028] The invention is pointed out With particularity in 
the appended claims. The advantages of the invention 
described above, together With further advantages, may be 
better understood by referring to the folloWing description 
taken in conjunction With the accompanying draWings. In 
the draWings, like reference characters generally refer to the 
same parts throughout the different vieWs. Also, the draW 
ings are not necessarily to scale, emphasis instead generally 
being placed upon illustrating the principles of the inven 
tion. 

[0029] FIG. 1Ais a diagrammatic side vieW ofan embodi 
ment of a rear-addressing electrode structure for a particle 
based display in Which a smaller electrode has been placed 
at a voltage relative to the large electrode causing the 
particles to migrate to the smaller electrode. 

[0030] FIG. 1B is a diagrammatic side vieW ofan embodi 
ment of a rear-addressing electrode structure for a particle 
based display in Which the larger electrode has been placed 
at a voltage relative to the smaller electrode causing the 
particles to migrate to the larger electrode. 

[0031] FIG. 1C is a diagrammatic top-doWn vieW of one 
embodiment of a rear-addressing electrode structure. 

[0032] FIG. 1D is a diagrammatic perspective vieW of one 
embodiment of a display element having three sub-pixels, 
each sub-pixel comprising a relatively larger rear electrode 
and a relatively smaller rear electrode. 

[0033] FIG. 2Ais a diagrammatic side vieW ofan embodi 
ment of a rear-addressing electrode structure having a ret 
rore?ective layer associated With the larger electrode in 
Which the smaller electrode has been placed at a voltage 
relative to the large electrode causing the particles to migrate 
to the smaller electrode. 

[0034] FIG. 2B is a diagrammatic side vieW ofan embodi 
ment of a rear-addressing electrode structure having a ret 
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rore?ective layer associated With the larger electrode in 
Which the larger electrode has been placed at a voltage 
relative to the smaller electrode causing the particles to 
migrate to the larger electrode. 

[0035] FIG. 2C is a diagrammatic side vieW ofan embodi 
ment of a rear-addressing electrode structure having a ret 
rore?ective layer disposed beloW the larger electrode in 
Which the smaller electrode has been placed at a voltage 
relative to the large electrode causing the particles to migrate 
to the smaller electrode. 

[0036] FIG. 2D is a diagrammatic side vieW of an embodi 
ment of a rear-addressing electrode structure having a ret 
rore?ective layer disposed beloW the larger electrode in 
Which the larger electrode has been placed at a voltage 
relative to the smaller electrode causing the particles to 
migrate to the larger electrode. 

[0037] FIG. 3A is a diagrammatic side vieW ofan embodi 
ment of an addressing structure in Which a direct-current 
electric ?eld has been applied to the capsule causing the 
particles to migrate to the smaller electrode. 

[0038] FIG. 3B is a diagrammatic side vieW ofan embodi 
ment of an addressing structure in Which an altemating 
current electric ?eld has been applied to the capsule causing 
the particles to disperse into the capsule, obscuring a rear 
substrate. 

[0039] FIG. 3C is a diagrammatic side vieW of an embodi 
ment of an addressing structure having transparent elec 
trodes, in Which a direct-current electric ?eld has been 
applied to the capsule causing the particles to migrate to the 
smaller electrode, revealing a rear substrate. 

[0040] FIG. 3D is a diagrammatic side vieW of an embodi 
ment of an addressing structure having transparent elec 
trodes, in Which an altemating-current electric ?eld has been 
applied to the capsule causing the particles to disperse into 
the capsule. 

[0041] FIG. 3E is a diagrammatic side vieW ofan embodi 
ment of an addressing structure for a display element having 
three sub-pixels. 

[0042] FIG. 3F is a diagrammatic side vieW of an embodi 
ment of a dual particle curtain mode addressing structure 
addressing a display element to appear White. 

[0043] FIG. 3G is a diagrammatic side vieW of an embodi 
ment of a dual particle curtain mode addressing structure 
addressing a display element to appear red. 

[0044] FIG. 3H is a diagrammatic side vieW of an embodi 
ment of a dual particle curtain mode addressing structure 
addressing a display element to absorb red light. 

[0045] FIG. 3I is a diagrammatic side vieW of an embodi 
ment of a dual particle curtain mode addressing structure for 
a display element having three sub-pixels, in Which the 
display is addressed to appear red. 

[0046] FIG. 3] is a diagrammatic side vieW of another 
embodiment of a dual particle curtain mode addressing 
structure for a display element. 

[0047] FIG. 3K is a diagrammatic plan vieW of an embodi 
ment of an interdigitated electrode structure. 
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[0048] FIG. 3L is a diagrammatic side vieW of another 
embodiment of a dual particle curtain mode display structure 
having a dyed ?uid and tWo species of particles, addressed 
to absorb red. 

[0049] FIG. 3M is a diagrammatic side vieW of another 
embodiment of a dual particle curtain mode display structure 
having clear ?uid and three species of particles, addressed to 
absorb red. 

[0050] FIG. 4Ais a diagrammatic side vieW ofan embodi 
ment of a rear-addressing electrode structure for a particle 
based display having colored electrodes and a White elec 
trode, in Which the colored electrodes have been placed at a 
voltage relative to the White electrode causing the particles 
to migrate to the colored electrodes. 

[0051] FIG. 4B is a diagrammatic side vieW ofan embodi 
ment of a rear-addressing electrode structure for a particle 
based display having colored electrodes and a White elec 
trode, in Which the White electrode has been placed at a 
voltage relative to the colored electrodes causing the par 
ticles to migrate to the White electrode. 

[0052] FIG. 5 is a diagrammatic side vieW of an embodi 
ment of a color display element having red, green, and blue 
particles of di?cerent electrophoretic mobilities. 

[0053] FIGS. 6A-6B depict the steps taken to address the 
display of FIG. 5 to display red. 

[0054] FIGS. 7A-7D depict the steps taken to address the 
display of FIG. 5 to display blue. 

[0055] FIGS. 8A-8C depict the steps taken to address the 
display of FIG. 5 to display green. 

[0056] FIG. 9 is a cross-sectional vieW of a rear electrode 
addressing structure that is formed by printing. 

[0057] FIG. 10 is a perspective vieW of an embodiment of 
a control grid addressing structure. 

DETAILED DESCRIPTION 

[0058] An electronic ink is an optoelectronically active 
material that comprises at least tWo phases: an electro 
phoretic contrast media phase and a coating/binding phase. 
The electrophoretic phase comprises, in some embodiments, 
a single species of electrophoretic particles dispersed in a 
clear or dyed medium, or more than one species of electro 
phoretic particles having distinct physical and electrical 
characteristics dispersed in a clear or dyed medium. In some 
embodiments the electrophoretic phase is encapsulated, that 
is, there is a capsule Wall phase betWeen the tWo phases. The 
coating/binding phase includes, in one embodiment, a poly 
mer matrix that surrounds the electrophoretic phase. In this 
embodiment, the polymer in the polymeric binder is capable 
of being dried, crosslinked, or otherWise cured as in tradi 
tional inks, and therefore a printing process can be used to 
deposit the electronic ink onto a substrate. 

[0059] In one embodiment, the ink may comprise sub 
pixels capable of displaying di?cerent colors. Sub-pixels may 
be grouped to form pixels. In one particular embodiment, 
each sub-pixel contains red particles, green particles, and 
blue particles, respectively. In another particular embodi 
ment, each sub-pixel contains cyan particles, yelloW par 
ticles, and magenta particles, respectively. In each example, 
each sub-pixel can additionally include particles Which are 
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White and particles Which are black. By addressing each 
sub-pixel to display some fraction of its colored particles, 
and some portion of the White and black particles, a pixel can 
be caused to give an appearance corresponding to a selected 
color at a selected brightness level. 

[0060] An electronic ink is capable of being printed by 
several different processes, depending on the mechanical 
properties of the speci?c ink employed. For example, the 
fragility or viscosity of a particular ink may result in a 
different process selection. A very viscous ink Would not be 
Well-suited to deposition by an inkjet printing process, While 
a fragile ink might not be used in a knife over roll coating 
process. 

[0061] The optical quality of an electronic ink is quite 
distinct from other electronic display materials. The most 
notable difference is that the electronic ink provides a high 
degree of both re?ectance and contrast because it is pigment 
based (as are ordinary printing inks). The light scattered 
from the electronic ink comes from a very thin layer of 
pigment close to the top of the vieWing surface. In this 
respect it resembles an ordinary, printed image. Also, elec 
tronic ink is easily vieWed from a Wide range of vieWing 
angles in the same manner as a printed page, and such ink 
approximates a Lambertian contrast curve more closely than 
any other electronic display material. Since electronic ink 
can be printed, it can be included on the same surface With 
any other printed material, including traditional inks. Elec 
tronic ink can be made optically stable in all display con 
?gurations, that is, the ink can be set to a persistent optical 
state. Fabrication of a display by printing an electronic ink 
is particularly useful in loW poWer applications because of 
this stability. 

[0062] Electronic ink displays are novel in that they can be 
addressed by DC voltages and draW very little current. As 
such, the conductive leads and electrodes used to deliver the 
voltage to electronic ink displays can be of relatively high 
resistivity. The ability to use resistive conductors substan 
tially Widens the number and type of materials that can be 
used as conductors in electronic ink displays. In particular, 
the use of costly vacuum-sputtered indium tin oxide (ITO) 
conductors, a standard material in liquid crystal devices, is 
not required. Aside from cost savings, the replacement of 
ITO With other materials can provide bene?ts in appearance, 
processing capabilities (printed conductors), ?exibility, and 
durability. Additionally, the printed electrodes are in contact 
only With a solid binder, not With a ?uid layer (like liquid 
crystals). This means that some conductive materials, Which 
Would otherWise dissolve or be degraded by contact With 
liquid crystals, can be used in an electronic ink application. 
These include opaque metallic inks for the rear electrode 
(e.g., silver and graphite inks), as Well as conductive trans 
parent inks for either substrate. These conductive coatings 
include semiconducting colloids, examples of Which are 
indium tin oxide and antimony-doped tin oxide. Organic 
conductors (polymeric conductors and molecular organic 
conductors) also may be used. Polymers include, but are not 
limited to, polyaniline and derivatives, polythiophene and 
derivatives, poly3,4-ethylenedioxythiophene (PEDOT) and 
derivatives, polypyrrole and derivatives, and polyphenyle 
nevinylene (PPV) and derivatives. Organic molecular con 
ductors include, but are not limited to, derivatives of naph 
thalene, phthalocyanine, and pentacene. Polymer layers can 
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be made thinner and more transparent than With traditional 
displays because conductivity requirements are not as strin 
gent. 

[0063] As an example, there are a class of materials called 
electroconductive poWders Which are also useful as coatable 
transparent conductors in electronic ink displays. One 
example is Zelec ECP electroconductive poWders from 
DuPont Chemical Co. of Wilmington, Del. 

[0064] It is possible to produce any selected color from the 
superposition of suitable proportions of three properly cho 
sen colors. In one embodiment, the colors red, green, and 
blue can be combined in various proportions to produce an 
image Which is perceived as a selected color. Emissive or 
transmissive displays operate according to additive rules, 
Where the perceived color is created by summing the emis 
sion Wavelengths of a plurality of emitting or transmitting 
objects. For an emissive or transmissive display Which 
includes three sub-pixels, one of Which can produce red 
light, one green light, and one blue light, respectively, one 
can generate all colors, as Well as White and black. At one 
extreme, the combination of all three at full intensity is 
perceived as White, and at the other, the combination of all 
three at Zero intensity is perceived as black. Speci?c com 
binations of controlled proportions of these three colors can 
be used to represent other colors. 

[0065] In a re?ective display, the light Which a vieWer 
perceives is the portion of the spectrum Which is not 
absorbed When the light to be re?ected falls on the re?ector 
surface. One may thus consider a re?ecting system as a 
subtractive system, that is, that each re?ective surface “sub 
tracts” from the light that portion Which the re?ector 
absorbs. The color of a re?ector represents the Wavelengths 
of light the re?ector absorbs. A yelloW re?ector absorbs 
substantially blue light. A magenta re?ector absorbs sub 
stantially green light. A cyan re?ector absorbs substantially 
red light. Thus, in an alternative embodiment employing 
re?ectors, nearly the same results as an emissive system can 
be obtained by use of the three colors cyan, yelloW, and 
magenta as the primary colors, from Which all other colors, 
including black but not White, can be derived. To obtain 
White from such a display, one must further introduce a third 
state per sub-pixel, namely White. 

[0066] One approach Which may be taken to overcome the 
shortcomings inherent in tWo state displays is to create a 
display comprising individual pixels or pixels comprising 
sub-pixels that can support multiple color states. The use of 
multiple color states permits more robust color rendition and 
provides better contrast than is possible With tWo color states 
per pixel or per sub-pixel. For example, using a microen 
capsulated electrophoretic display, a single microcapsule 
With ?ve kinds of particles could display White, cyan, 
magenta, yelloW, or black all With excellent saturation. By 
foregoing black and using cyan/magenta/yelloW to combine 
to black, a similar effect can be achieved With a display 
element capable of four color states. 

[0067] The invention can also utiliZe any re?ective display 
element that can create three color states Within a single 
sub-pixel, Where sub-pixels are combined to generate a 
variety of overall pixel colors. Such a display is capable of 
greatly improved appearance yet relies on only three color 
states per sub-pixel instead of four or ?ve or more. A 
sub-pixel having only three color states can have advantages 




















