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(57) ABSTRACT 

An electro-optic assembly comprises an adhesive layer and a 
layer of electro-optic material. The adhesive layer comprises 
a polymeric adhesive material and an ionic material having 
either its cation or its anion fixed to the polymeric adhesive 
material. The ionic material reduces the volume resistivity of 
the polymeric adhesive material and is not removed upon 
heating to 50°C. In a similar electro-optic assembly compris 
ing an adhesive layer and a layer of electro-optic material, the 
adhesive layer comprises a polymeric adhesive material 
which has been subjected to dialysis or diafiltration to remove 
organic species having a molecular weight less than about 
3,500, so that the adhesive material has a content of N-meth 
ylpyrrolidone not exceeding 500 ppm based upon the total 
weight of the adhesive layer and layer of electro-optic mate 
rial. 
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ELECTRO-OPTIC ASSEMBLIES, AND 
ADHESIVES AND BINDERS FOR USE 

THEREN 

REFERENCE TO RELATED APPLICATIONS 

0001. This application claims benefit of copending Appli 
cation Ser. No. 60/987,876, filed Nov. 14, 2007. 
0002 This application is also related to: 
0003 (a) U.S. Pat. No. 7,012,735; 
0004 (b) U.S. Pat. No. 7,173,752; and 
0005 (c) copending Application Ser. No. 61/052,427, 
filed May 12, 2008. 

0006. The entire contents of these patents and copending 
applications, and of all other U.S. patents and published and 
copending applications mentioned below, are herein incorpo 
rated by reference. 

BACKGROUND OF INVENTION 

0007. This invention relates to electro-optic assemblies 
useful in the production of electro-optic displays, and to 
adhesives and binders for use in such assemblies. More spe 
cifically, this invention provides adhesive and binder compo 
sitions having controlled Volume resistivity, and electro-optic 
assemblies and displays incorporating Such adhesives. The 
adhesives disclosed herein may be useful in applications 
other than electro-optic displays. 
0008 Electro-optic displays comprise a layer of electro 
optic material, a term which is used herein in its conventional 
meaning in the art to refer to a material having first and second 
display states differing in at least one optical property, the 
material being changed from its first to its second display state 
by application of an electric field to the material. The optical 
property is typically color perceptible to the human eye, but 
may be another optical property, Such as optical transmission, 
reflectance, luminescence or, in the case of displays intended 
for machine reading, pseudo-color in the sense of a change in 
reflectance of electromagnetic wavelengths outside the vis 
ible range. 
0009. Some electro-optic materials are solid in the sense 
that the materials have Solid external Surfaces, although the 
materials may, and often do, have internal liquid- or gas-filled 
spaces. Such displays using Solid electro-optic materials may 
hereinafter for convenience be referred to as “solid electro 
optic displays”. Thus, the term "solid electro-optic displays 
includes rotating bichromal member displays, encapsulated 
electrophoretic displays, microcell electrophoretic displays 
and encapsulated liquid crystal displays. 
0010. The terms “bistable” and “bistability” are used 
herein in their conventional meaning in the art to refer to 
displays comprising display elements having first and second 
display states differing in at least one optical property, and 
Such that after any given element has been driven, by means of 
an addressing pulse offinite duration, to assume eitherits first 
or second display state, after the addressing pulse has termi 
nated, that state will persist for at least several times, for 
example at least four times, the minimum duration of the 
addressing pulse required to change the state of the display 
element. It is shown in U.S. Pat. No. 7,170,670 that some 
particle-based electrophoretic displays capable of gray Scale 
are stable not only in their extreme black and white states but 
also in their intermediate gray states, and the same is true of 
Some other types of electro-optic displays. This type of dis 
play is properly called “multi-stable' rather than bistable, 
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although for convenience the term “bistable' may be used 
herein to cover both bistable and multi-stable displays. 
0011. Several types of electro-optic displays are known. 
One type of electro-optic display is a rotating bichromal 
member type as described, for example, in U.S. Pat. Nos. 
5,808,783; 5,777,782; 5,760,761; 6,054,071 6,055,091; 
6,097.531; 6,128,124; 6,137,467; and 6,147,791 (although 
this type of display is often referred to as a "rotating bichro 
mal ball display, the term "rotating bichromal member is 
preferred as more accurate since in some of the patents men 
tioned above the rotating members are not spherical). Such a 
display uses a large number of Small bodies (typically spheri 
cal or cylindrical) which have two or more sections with 
differing optical characteristics, and an internal dipole. These 
bodies are suspended within liquid-filled vacuoles within a 
matrix, the vacuoles being filled with liquid so that the bodies 
are free to rotate. The appearance of the display is changed by 
applying an electric field thereto, thus rotating the bodies to 
various positions and varying which of the sections of the 
bodies is seen through a viewing Surface. This type of electro 
optic medium is typically bistable. 
0012 Another type of electro-optic display uses an elec 
trochromic medium, for example an electrochromic medium 
in the form of a nanochromic film comprising an electrode 
formed at least in part from a semi-conducting metal oxide 
and a plurality of dye molecules capable of reversible color 
change attached to the electrode; see, for example O'Regan, 
B., et al., Nature 1991, 353, 737; and Wood, D., Information 
Display, 18(3), 24 (March 2002). See also Bach, U., et al., 
Adv. Mater. 2002, 14(11), 845. Nanochromic films of this 
type are also described, for example, in U.S. Pat. Nos. 6,301, 
038; 6.870.657; and 6,950,220. This type of medium is also 
typically bistable. 
0013 Another type of electro-optic display is an electro 
wetting display developed by Philips and described in Hayes, 
R. A., et al., “Video-Speed Electronic Paper Based on Elec 
trowetting, Nature, 425, 383-385 (2003). It is shown in 
copending application Ser. No. 10/711,802, filed Oct. 6, 2004 
(Publication No. 2005/0151709), that such electro-wetting 
displays can be made bistable. 
0014. One type of electro-optic display, which has been 
the subject of intense research and development for a number 
of years, is the particle-based electrophoretic display, in 
which a plurality of charged particles move through a fluid 
under the influence of an electric field. Electrophoretic dis 
plays can have attributes of good brightness and contrast, 
wide viewing angles, state bistability, and low power con 
Sumption when compared with liquid crystal displayS. Nev 
ertheless, problems with the long-term image quality of these 
displays have prevented their widespread usage. For example, 
particles that make up electrophoretic displays tend to settle, 
resulting in inadequate service-life for these displays. 
0015. As noted above, electrophoretic media require the 
presence of a fluid. In most prior art electrophoretic media, 
this fluid is a liquid, but electrophoretic media can be pro 
duced using gaseous fluids; see, for example, Kitamura, T., et 
al., “Electrical toner movement for electronic paper-like dis 
play”, IDWJapan, 2001, Paper HCS1-1, and Yamaguchi, Y, et 
al., “Toner display using insulative particles charged tri 
boelectrically, IDW Japan, 2001, Paper AMD4-4). See also 
U.S. Patent Publication Nos. 2005/0259068, 2006/0087479, 
2006/0087489, 2006/0087718, 2006/0209008, 2006/ 
0214906, 2006/0231401, 2006/0238488, 2006/0263927 and 
U.S. Pat. Nos. 7,321,459 and 7.236,291. Such gas-based elec 
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trophoretic media appear to be susceptible to the same types 
of problems due to particle settling as liquid-based electro 
phoretic media, when the media are used in an orientation 
which permits such settling, for example in a sign where the 
medium is disposed in a vertical plane. Indeed, particle set 
tling appears to be a more serious problem in gas-based 
electrophoretic media than in liquid-based ones, since the 
lower viscosity of gaseous Suspending fluids as compared 
with liquid ones allows more rapid settling of the electro 
phoretic particles. 
0016 Numerous patents and applications assigned to or in 
the names of the Massachusetts Institute of Technology 
(MIT) and E Ink Corporation describe various technologies 
used in encapsulated electrophoretic and other electro-optic 
media. Such encapsulated media comprise numerous Small 
capsules, each of which itself comprises an internal phase 
containing electrophoretically-mobile particles in a fluid 
medium, and a capsule wall Surrounding the internal phase. 
Typically, the capsules are themselves held within a poly 
meric binder to form a coherent layer positioned between two 
electrodes. The technologies described in the these patents 
and applications include: 

0017 (a) Electrophoretic particles, fluids and fluid 
additives; see for example U.S. Pat. No. 7,002,728 and 
U.S. Patent Application Publication No. 2007/0146310; 

0018 (b) Capsules, binders and encapsulation pro 
cesses; see for example U.S. Pat. Nos. 5,930,026; 6,067, 
185; 6,130,774; 6,172,798; 6.249,271; 6,327,072: 
6,392,785; 6,392,786; 6,459,418; 6,839, 158; 6.866,760; 
6,922,276; 6,958,848; 6,987,603; 7.061,663; 7,071,913; 
7,079,305; 7,109,968; 7,110,164; 7,202,991; 7,242,513; 
7,304,634; 7,339,715; and 7,391,555; and U.S. Patent 
Applications Publication Nos. 2004/01 12750; 2004/ 
0155857; 2005/0156340; 2006/0007527, 2007/ 
0057908; 2007/0091417; 2007/0223079; 2008/ 
0023332; and 2008/01300.92; 

0019 (c) Films and sub-assemblies containing electro 
optic materials; see for example U.S. Pat. No. 6,982,178 
and U.S. Patent Application Publication No. 2007/ 
0.109219; 

0020 (d) Backplanes, adhesive layers and other auxil 
iary layers and methods used in displays; see for 
example U.S. Pat. Nos. D485,294; 6,124,851; 6,130, 
773: 6,177,921; 6,232,950; 6,252,564; 6,312,304; 
6,312,971; 6,376,828; 6,392,786; 6,413,790; 6,422,687: 
6,445,374; 6,480,182; 6,498,114: 6,506,438: 6,518,949; 
6,521,489; 6,535,197; 6,545,291; 6,639,578; 6,657,772; 
6,664,944; 6,680,725; 6,683,333; 6,724,519; 6,750,473; 
6,816,147; 6,819,471; 6,825,068; 6,831,769; 6,842,167; 
6,842,279; 6,842,657; 6,865,010; 6,967,640; 6,980, 196: 
7,012,735; 7,030,412; 7,075,703; 7,106,296; 7,110,163; 
7,116,318; 7,148,128; 7,167,155; 7,173,752; 7,176,880; 
7,190,008; 7,206,119; 7,223,672; 7,230,751; 7,256,766; 
7,259,744; 7,280,094; 7,327,511; 7,349,148; 7.352,353; 
7,365,394; 7,365,733; 7,382,363; and 7,388,572; and 
U.S. Patent Applications Publication Nos. 2002/ 
0060321, 2004/0105036; 2004/0180476; 2005/ 
0122306; 2005/0122563; 2006/0176267; 2006/ 
0223282; 2006/0291034; 2007/0035532; 2007/ 
0035808; 2007/0052757; 2007/0069247; 2007/ 
0085818; 2007/0097489; 2007/0109219; 2007/ 
0152956; 2007/0211002; 2007/0211331; 2007/ 
0247697; 2007/0286975; 2008/0030832; 2008/ 
0057252; and 2008/0074730; International Application 
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Publication No. WO 00/38000; and European Patents 
Nos. 1,099,207 B1 and 1,145,072 B1; 

0021 (e) Color formation and coloradjustment; see for 
example U.S. Pat. No. 7,075,502 and U.S. Patent Appli 
cation Publication No. 2007/0109219; 

0022 (f) Methods for driving displays; see for example 
U.S. Pat. No. 7,012,600 and U.S. Patent Application 
Publication No. 2006/0262060; 

0023 (g) Applications of displays; see for example U.S. 
Pat. No. 7,312,784 and U.S. Patent Application Publica 
tion No. 2006/0279527; and 

0024 (h) Non-electrophoretic displays, as described in 
U.S. Pat. Nos. 6,241,921; and 6,950,220; and U.S. 
Patent Application Publication No. 2005/0151709. 

0025. Many of the aforementioned patents and applica 
tions recognize that the walls Surrounding the discrete micro 
capsules in an encapsulated electrophoretic medium could be 
replaced by a continuous phase, thus producing a so-called 
polymer-dispersed electrophoretic display, in which the elec 
trophoretic medium comprises a plurality of discrete droplets 
of an electrophoretic fluid and a continuous phase of a poly 
meric material, and that the discrete droplets of electro 
phoretic fluid within such a polymer-dispersed electro 
phoretic display may be regarded as capsules or 
microcapsules even though no discrete capsule membrane is 
associated with each individual droplet; see for example, the 
aforementioned U.S. Pat. No. 6.866,760. Accordingly, for 
purposes of the present application, such polymer-dispersed 
electrophoretic media are regarded as sub-species of encap 
Sulated electrophoretic media. 
0026. A related type of electrophoretic display is a so 
called “microcell electrophoretic display”. In a microcell 
electrophoretic display, the charged particles and the fluid are 
not encapsulated within microcapsules but instead are 
retained within a plurality of cavities formed within a carrier 
medium, typically a polymeric film. See, for example, U.S. 
Pat. Nos. 6,672.921 and 6,788,449, both assigned to Sipix 
Imaging, Inc. 
0027. Although electrophoretic media are often opaque 
(since, for example, in many electrophoretic media, the par 
ticles substantially block transmission of visible light through 
the display) and operate in a reflective mode, many electro 
phoretic displays can be made to operate in a so-called 'shut 
ter mode” in which one display state is substantially opaque 
and one is light-transmissive. See, for example, the aforemen 
tioned U.S. Pat. Nos. 6,130,774 and 6,172,798, and U.S. Pat. 
Nos. 5,872,552: 6,144,361; 6,271,823; 6,225,971; and 6,184, 
856. Dielectrophoretic displays, which are similar to electro 
phoretic displays but rely upon variations in electric field 
strength, can operate in a similar mode; see U.S. Pat. No. 
4.418.346. Other types of electro-optic displays may also be 
capable of operating in shutter mode. 
0028. An encapsulated electrophoretic display typically 
does not suffer from the clustering and settling failure mode 
of traditional electrophoretic devices and provides further 
advantages. Such as the ability to print or coat the display on 
a wide variety of flexible and rigid substrates. (Use of the 
word “printing is intended to include all forms of printing 
and coating, including, but without limitation: pre-metered 
coatings such as patch die coating, slot or extrusion coating, 
slide or cascade coating, curtain coating; roll coating Such as 
knife over roll coating, forward and reverse roll coating: 
gravure coating; dip coating; spray coating; meniscus coat 
ing; spin coating; brush coating; air knife coating; silk screen 
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printing processes; electrostatic printing processes; thermal 
printing processes; inkjet printing processes; electrophoretic 
deposition (See U.S. Pat. No. 7,339,715); and other similar 
techniques.) Thus, the resulting display can be flexible. Fur 
ther, because the display medium can be printed (using a 
variety of methods), the display itself can be made inexpen 
sively. 
0029. Other types of electro-optic media, for example, 
polymer-dispersed liquid crystal, may also be used in the 
displays of the present invention. 
0030. An electro-optic display normally comprises a layer 
of electro-optic material and at least two otherlayers disposed 
on opposed sides of the electro-optic material, one of these 
two layers being an electrode layer. In most Such displays 
both the layers are electrode layers, and one or both of the 
electrode layers are patterned to define the pixels of the dis 
play. For example, one electrode layer may be patterned into 
elongate row electrodes and the other into elongate column 
electrodes running at right angles to the row electrodes, the 
pixels being defined by the intersections of the row and col 
umn electrodes. Alternatively, and more commonly, one elec 
trode layer has the form of a single continuous electrode and 
the other electrode layer is patterned into a matrix of pixel 
electrodes, each of which defines one pixel of the display. In 
another type of electro-optic display, which is intended for 
use with a stylus, print head or similar movable electrode 
separate from the display, only one of the layers adjacent the 
electro-optic layer comprises an electrode, the layer on the 
opposed side of the electro-optic layer typically being a pro 
tective layer intended to prevent the movable electrode dam 
aging the electro-optic layer. 
0031. The manufacture of a three-layer electro-optic dis 
play normally involves at least one lamination operation. For 
example, in several of the aforementioned MIT and E Ink 
patents and applications, there is described a process for 
manufacturing an encapsulated electrophoretic display in 
which an encapsulated electrophoretic medium comprising 
capsules in a binder is coated on to a flexible Substrate com 
prising indium-tin-Oxide (ITO) or a similar conductive coat 
ing (which acts as one electrode of the final display) on a 
plastic film, the capsules/binder coating being dried to form a 
coherent layer of the electrophoretic medium firmly adhered 
to the Substrate. Separately, a backplane, containing an array 
of pixel electrodes and an appropriate arrangement of con 
ductors to connect the pixel electrodes to drive circuitry, is 
prepared. To form the final display, the substrate having the 
capsule/binder layer thereon is laminated to the backplane 
using a lamination adhesive. (A very similar process can be 
used to prepare an electrophoretic display usable with a stylus 
or similar movable electrode by replacing the backplane with 
a simple protective layer, Such as a plastic film, over which the 
stylus or other movable electrode can slide.) In one preferred 
form of such a process, the backplane is itself flexible and is 
prepared by printing the pixel electrodes and conductors on a 
plastic film or other flexible substrate. The obvious lamina 
tion technique for mass production of displays by this process 
is roll lamination using a lamination adhesive. Similar manu 
facturing techniques can be used with other types of electro 
optic displays. For example, a microcell electrophoretic 
medium or a rotating bichromal member medium may be 
laminated to a backplane in Substantially the same manner as 
an encapsulated electrophoretic medium. 
0032. As discussed in the aforementioned U.S. Pat. No. 
6,982,178, (see column 3, lines 63 to column 5, line 46) many 
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of the components used in Solid electro-optic displays, and 
the methods used to manufacture such displays, are derived 
from technology used in liquid crystal displays (LCD’s), 
which are of course also electro-optic displays, though using 
a liquid rather than a solid medium. For example, Solid elec 
tro-optic displays may make use of an active matrix back 
plane comprising an array of transistors or diodes and a cor 
responding array of pixel electrodes, and a “continuous” front 
electrode (in the sense of an electrode which extends over 
multiple pixels and typically the whole display) on a trans 
parent Substrate, these components being essentially the same 
as in LCD's. However, the methods used for assembling 
LCD’s cannot be used with solid electro-optic displays. 
LCD’s are normally assembled by forming the backplane and 
front electrode on separate glass Substrates, then adhesively 
securing these components together leaving a small aperture 
between them, placing the resultant assembly under vacuum, 
and immersing the assembly in a bath of the liquid crystal, so 
that the liquid crystal flows through the aperture between the 
backplane and the front electrode. Finally, with the liquid 
crystal in place, the aperture is sealed to provide the final 
display. 
0033. This LCD assembly process cannot readily be trans 
ferred to solid electro-optic displays. Because the electro 
optic material is solid, it must be present between the back 
plane and the front electrode before these two integers are 
secured to each other. Furthermore, in contrast to a liquid 
crystal material, which is simply placed between the front 
electrode and the backplane without being attached to either, 
a solid electro-optic medium normally needs to be secured to 
both; in most cases the Solid electro-optic medium is formed 
on the front electrode, since this is generally easier than 
forming the medium on the circuitry-containing backplane, 
and the front electrode/electro-optic medium combination is 
then laminated to the backplane, typically by covering the 
entire surface of the electro-optic medium with an adhesive 
and laminating under heat, pressure and possibly vacuum. 
Accordingly, most prior art methods for final lamination of 
solid electrophoretic displays are essentially batch methods 
in which (typically) the electro-optic medium, a lamination 
adhesive and a backplane are brought together immediately 
prior to final assembly, and it is desirable to provide methods 
better adapted for mass production. 
0034 Electro-optic displays are often costly; for example, 
the cost of the color LCD found in a portable computer is 
typically a substantial fraction of the entire cost of the com 
puter. As the use of electro-optic displays spreads to devices, 
Such as cellular telephones and personal digital assistants 
(PDA's), much less costly than portable computers, there is 
great pressure to reduce the costs of such displays. The ability 
to form layers of some solid electro-optic media by printing 
techniques on flexible Substrates, as discussed above, opens 
up the possibility of reducing the cost of electro-optic com 
ponents of displays by using mass production techniques 
Such as roll-to-roll coating using commercial equipment used 
for the production of coated papers, polymeric films and 
similar media. 

0035 U.S. Pat. No. 6,982,178 describes a method of 
assembling a solid electro-optic display (including an encap 
sulated electrophoretic display) which is well adapted for 
mass production. Essentially, this patent describes a so-called 
"front plane laminate” (“FPL) which comprises, in order, a 
light-transmissive electrically-conductive layer; a layer of a 
solid electro-optic medium in electrical contact with the elec 
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trically-conductive layer, an adhesive layer, and a release 
sheet. Typically, the light-transmissive electrically-conduc 
tive layer will be carried on a light-transmissive substrate, 
which is preferably flexible, in the sense that the substrate can 
be manually wrapped around a drum (say) 10 inches (254 
mm) in diameter without permanent deformation. The term 
“light-transmissive' is used in this patent and herein to mean 
that the layer thus designated transmits sufficient light to 
enable an observer, looking through that layer, to observe the 
change in display states of the electro-optic medium, which 
will normally be viewed through the electrically-conductive 
layer and adjacent Substrate (if present); in cases where the 
electro-optic medium displays a change in reflectivity at non 
visible wavelengths, the term “light-transmissive' should of 
course be interpreted to refer to transmission of the relevant 
non-visible wavelengths. The substrate will typically be a 
polymeric film, and will normally have a thickness in the 
range of about 1 to about 25 mil (25 to 634 um), preferably 
about 2 to about 10 mil (51 to 254 um). The electrically 
conductive layer is conveniently a thin metal or metal oxide 
layer of for example, aluminum or ITO, or may be a conduc 
tive polymer. Poly(ethylene terephthalate) (PET) films coated 
with aluminum or ITO are available commercially, for 
example as “aluminized Mylar” (“Mylar' is a Registered 
Trade Mark) from E.I. du Pont de Nemours & Company, 
Wilmington Del... and Such commercial materials may be 
used with good results in the front plane laminate. 
0036. The aforementioned U.S. Pat. No. 6,982, 178 also 
describes a method for testing the electro-optic medium in a 
front plane laminate prior to incorporation of the front plane 
laminate into a display. In this testing method, the release 
sheet is provided with an electrically conductive layer, and a 
Voltage Sufficient to change the optical state of the electro 
optic medium is applied between this electrically conductive 
layer and the electrically conductive layer on the opposed side 
of the electro-optic medium. Observation of the electro-optic 
medium will then reveal any faults in the medium, thus avoid 
ing laminating faulty electro-optic medium into a display, 
with the resultant cost of Scrapping the entire display, not 
merely the faulty front plane laminate. 
0037. The aforementioned U.S. Pat. No. 6,982, 178 also 
describes a second method for testing the electro-optic 
medium in a front plane laminate by placing an electrostatic 
charge on the release sheet, thus forming an image on the 
electro-optic medium. This image is then observed in the 
same way as before to detect any faults in the electro-optic 
medium. 
0038 Assembly of an electro-optic display using such a 
front plane laminate may be effected by removing the release 
sheet from the front plane laminate and contacting the adhe 
sive layer with the backplane under conditions effective to 
cause the adhesive layer to adhere to the backplane, thereby 
securing the adhesive layer, layer of electro-optic medium 
and electrically-conductive layer to the backplane. This pro 
cess is well-adapted to mass production since the front plane 
laminate may be mass produced, typically using roll-to-roll 
coating techniques, and then cut into pieces of any size 
needed for use with specific backplanes. 
0039. The aforementioned 2004/0155857 describes a so 
called “double release sheet' which is essentially a simplified 
version of the front plane laminate of the aforementioned U.S. 
Pat. No. 6,982,178. One form of the double release sheet 
comprises a layer of a Solid electro-optic medium sandwiched 
between two adhesive layers, one or both of the adhesive 
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layers being covered by a release sheet. Another form of the 
double release sheet comprises a layer of a solid electro-optic 
medium sandwiched between two release sheets. Both forms 
of the double release film are intended for use in a process 
generally similar to the process for assembling an electro 
optic display from a front plane laminate already described, 
but involving two separate laminations; typically, in a first 
lamination the double release sheet is laminated to a front 
electrode to form a front Sub-assembly, and then in a second 
lamination the front Sub-assembly is laminated to a backplane 
to form the final display, although the order of these two 
laminations could be reversed if desired. 

0040. The aforementioned 2007/0109219 describes a so 
called “inverted front plane laminate', which is a variant of 
the front plane laminate described in the aforementioned U.S. 
Pat. No. 6,982,178. This inverted front plane laminate com 
prises, in order, at least one of a light-transmissive protective 
layer and a light-transmissive electrically-conductive layer; 
an adhesive layer; a layer of a solid electro-optic medium; and 
a release sheet. This inverted front plane laminate is used to 
form an electro-optic display having a layer of lamination 
adhesive between the electro-optic layer and the front elec 
trode or front substrate; a second, typically thin layer of 
adhesive may or may not be present between the electro-optic 
layer and a backplane. Such electro-optic displays can com 
bine good resolution with good low temperature perfor 
mance. As discussed in the aforementioned U.S. Pat. Nos. 
7,012,735 and 7,173,752, the selection of a lamination adhe 
sive for use in an electro-optic display (or in a front plane 
laminate, inverted front plane laminate, double release film or 
other Sub-assembly used to produce Such an electro-optic 
display) presents certain peculiar problems. Since the lami 
nation adhesive is normally located between the electrodes, 
which apply the electric field needed to change the electrical 
state of the electro-optic medium, the electrical properties of 
the adhesive are usually crucial. The lamination adhesive also 
needs to fulfill several mechanical and rheological criteria, 
including strength of adhesive, flexibility, ability to withstand 
and flow at lamination temperatures, etc. The number of 
commercially available adhesives which can fulfill all the 
relevant electrical and mechanical criteria is Small, and in 
practice the most Suitable lamination adhesives are certain 
polyurethanes, such as those described in U.S. Patent Appli 
cation Publication No. 2005/0107564. These polyurethanes 
are based on the polymerization of tetramethylxylene diiso 
cyanate (TMXDI systematic name 1,3-bis(1-isocyanato-1- 
methylethyl)-benzene)) with polypropylene glycol and 2.2- 
bis(hydroxymethyl)propionic acid, chain extended with 
hexamethylene diamine. After the polyurethane is prepared, 
it is dispersed as an aqueous latex-like Suspension by neutral 
ization with triethylamine and dilution with water. However, 
in practice it is not possible to vary the conductivity of the 
polyurethane by controlling the proportions of the materials 
used in its manufacture. 

0041 As a result, the polyurethane adhesive is not suffi 
ciently conductive for use in many electro-optic displays and 
electro-optic assemblies, and it known to increase its conduc 
tivity by doping it with salts or other materials, as described in 
the aforementioned U.S. Pat. Nos. 7,012,735 and 7,173,752. 
A preferred dopant for this purpose is tetrabutylammonium 
hexafluorophosphate (hereinafter “TBAHFP). Unfortu 
nately, it has been found that adhesives formulated in this 
manner can damage active matrix backplanes comprising 
transistors made from certain organic semiconductors. The 
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present invention provides alternative forms of lamination 
adhesive which can reduce or eliminate the problems caused 
by prior art adhesives when used in displays containing 
organic semiconductors. The present invention also extends 
to modification of the binder used in electro-optic displays to 
reduce or eliminate problems caused by prior art binders in 
displays containing organic semiconductors. 

SUMMARY OF INVENTION 

0042. This invention has two main aspects. The first aspect 
relates to incorporation of an ionic material into an adhesive 
layer in a manner which does not permit the material to 
diffuse out of the adhesive layer. The second aspect relates to 
pre-treatment of adhesive material or binder to remove cer 
tain diffusible species which may damage organic semicon 
ductors. 
0043. Accordingly, in one aspect this invention provides 
an electro-optic assembly comprising an adhesive layer and a 
layer of electro-optic material, the adhesive layer comprising 
a polymeric adhesive material and an ionic material, the ionic 
material having one of its cation and anion fixed to the poly 
meric adhesive material and the other of its cation and anion 
free to migrate through the polymeric adhesive material, the 
ionic material reducing the Volume resistivity of the poly 
meric adhesive material and not being removed by heating the 
polymeric adhesive material to about 50° C. 
0044. Hereinafter for convenience the cation or anion of 
the ionic material which is fixed to the polymeric adhesive 
material will be called the “fixed ion and the cation oranion 
free to migrate through the polymeric adhesive material will 
be called the “mobile ion'. Typically, the fixed ion will be 
chemically bonded to the polymeric adhesive, and various 
techniques for providing Such ions bonded to polyurethane 
adhesives are discussed below. However, such chemical 
bonding is not absolutely necessary, provided that the fixed 
ion cannot migrate through the polymeric adhesive; for 
example, the fixed ion could form part of a polymer different 
from the polymeric adhesive but chain entangled therewith. 
0045. In one form of the electro-optic assembly, the ionic 
material comprises a quaternary ammonium orphosphonium 
cation and a carboxylate anion fixed to the polymeric adhe 
sive material. The polymeric adhesive material may comprise 
a polyurethane. Alternatively, the ionic material may com 
prise a quaternary ammonium orphosphonium cation fixed to 
the polymeric adhesive material and a hexafluorophosphate, 
tetrabutylborate or tetraphenylborate anion. In another form 
of the electro-optic assembly, the ionic material comprises 
repeating units derived from a basic monomer and a mobile 
anion selected from the group comprising Sulfonates, Sul 
fates, hexafluorophosphates, tetrafluoroborates, bis(meth 
anesulfonyl)imidate, phosphates and phosphonates. The 
basic monomer may comprise, for example, any one or more 
of vinylpyridine, B-dimethylaminoethyl acrylate, N-methyl 
or benzyl (vinylpyridine), N-alkyl or alkaryl-N'-vinylimida 
Zole, and B-(trimethylammonioethyl)acrylate or methacry 
late. 
0046. In such an electro-optic assembly, the electro-optic 
material may comprise a rotating bichromal member or elec 
trochromic material. Alternatively, the electro-optic material 
may comprise an electrophoretic material comprising a plu 
rality of electrically charged particles disposed in a fluid and 
capable of moving through the fluid under the influence of an 
electric field. The electrically charged particles and the fluid 
may be confined within a plurality of capsules or microcells. 
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Alternatively, the electrically charged particles and the fluid 
may be present as a plurality of discrete droplets Surrounded 
by a continuous phase comprising a polymeric material. The 
fluid may be liquid or gaseous. 
0047. The present invention extends to an electro-optic 
display, front plane laminate, inverted front plane laminate or 
double release film comprising an electro-optic assembly of 
the present invention. 
0048. The present invention also provides an electro-optic 
assembly comprising an adhesive layer and a layer of electro 
optic material, the adhesive layer comprising a polymeric 
adhesive material which has been subjected to dialysis or 
diafiltration to remove organic species having a molecular 
weight less than about 3,500. 
0049. The present invention also provides an electro-optic 
assembly comprising an adhesive layer and a layer of electro 
optic material, the adhesive layer comprising a polymeric 
adhesive material having a content of N-methylpyrrolidone 
not exceeding about 500 ppm based upon the total weight of 
the adhesive layer and layer of electro-optic material. 
0050. In such an electro-optic assembly, the polymeric 
adhesive material may comprise a polyurethane. The content 
of N-methylpyrrolidone preferably does not exceed about 
200 ppm and desirably 100 ppm, based upon the total weight 
of the adhesive layer and layer of electro-optic material. 
0051. In such an electro-optic assembly, the electro-optic 
material may comprise a rotating bichromal member or elec 
trochromic material. Alternatively, the electro-optic material 
may comprise an electrophoretic material comprising a plu 
rality of electrically charged particles disposed in a fluid and 
capable of moving through the fluid under the influence of an 
electric field. The electrically charged particles and the fluid 
may be confined within a plurality of capsules or microcells. 
Alternatively, the electrically charged particles and the fluid 
may be present as a plurality of discrete droplets Surrounded 
by a continuous phase comprising a polymeric material. The 
fluid may be liquid or gaseous. 
0.052 The present invention extends to an electro-optic 
display, front plane laminate, inverted front plane laminate or 
double release film comprising an electro-optic assembly of 
the present invention. 
0053. The present invention also provides an electro 
phoretic medium comprising a continuous phase and a dis 
continuous phase, the discontinuous phase comprising a plu 
rality of droplets, each of which comprises a Suspending fluid 
and at least one particle disposed within the Suspending fluid 
and capable of moving through the fluid upon application of 
an electric field to the electrophoretic medium, the continuous 
phase Surrounding and encapsulating the discontinuous 
phase and comprising a polymeric binder which has been 
Subjected to dialysis or diafiltration to remove organic species 
having a molecular weight less than about 3,500. The elec 
trophoretic medium may be either of the encapsulated or 
polymer-dispersed type, i.e., there may or may not be a cap 
sule wall between each droplet and the binder. 
0054 The present invention also provides an electro 
phoretic medium comprising a continuous phase and a dis 
continuous phase, the discontinuous phase comprising a plu 
rality of droplets, each of which comprises a Suspending fluid 
and at least one particle disposed within the Suspending fluid 
and capable of moving through the fluid upon application of 
an electric field to the electrophoretic medium, the continuous 
phase Surrounding and encapsulating the discontinuous 
phase and comprising a polymeric binder having a content of 
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N-methylpyrrolidone not exceeding about 1000 ppm based 
upon the weight of the electrophoretic medium. 
0055. The present invention extends to an electro-optic 
display, front plane laminate, inverted front plane laminate or 
double release film comprising an electro-optic assembly or 
electrophoretic medium of the present invention. 
0056. The displays of the present invention may be used in 
any application in which prior art electro-optic displays have 
been used. Thus, for example, the present displays may be 
used in electronic book readers, portable computers, tablet 
computers, cellular telephones, Smart cards, signs, watches, 
shelf labels and flash drives. 

BRIEF DESCRIPTION OF THE DRAWING 

0057 The sole FIGURE of the accompanying drawing is a 
graph showing the optical State readings obtained in Example 
5 below. 

DETAILED DESCRIPTION 

0058 As indicated above, the present invention has two 
principal aspects, the first relating to incorporation of non 
diffusible ionic material into an adhesive layer and the second 
relating to the use of dialyzed or diafiltered adhesive material 
and/or binder in electrophoretic media and displays. The two 
principal aspects of the invention will mainly be discussed 
separately below, but it will readily be apparent that both 
aspects of the invention may be incorporated into a single 
physical display. 
0059 Part A: Non-Diffusible Ionic Material 
0060. As indicated above, in one aspect the present inven 
tion provides an electro-optic assembly comprising an elec 
tro-optic layer and an adhesive layer. The adhesive layer 
contains an ionic material, of which one ion cannot migrate 
through the adhesive layer while the other can. This type of 
ionic material prevents ions diffusing out of the adhesive 
layer and potentially damaging other layers (for example, 
organic semiconductor layers) into which the ions diffuse. 
0061 Ionic conduction in polymeric adhesive layers has 
been shown to occur by a “hopping mechanism, in which 
dissociated free ions translate among ionic aggregates (ion 
pairs and higher aggregates), most of these aggregates being 
essentially neutral. In accordance with the present invention, 
only one of the anion and cation of the ionic material is 
capable of motion. The fixed ion is constrained to a single 
location, while the mobile ion is still free to migrate. An 
example of an appropriate ionic material a polymeric salt, for 
example, an ionic salt of a polymeric carboxylate. In this case 
the carboxylate ion is effectively immobile because it is 
attached to the polymer chain, and can only move with the 
polymer as a whole. The cationic counterion, on the other 
hand, can freely participate in hopping motions, and the rate 
at which it can move depends on the strength of the electro 
static interaction with the anionic carboxylate, the concentra 
tion of carboxylate-counterion aggregates in the adhesive 
medium, the Viscosity of the medium, and the free energy of 
solvation of the counterion by the medium. 
0062. As in the ion doped adhesives described in the afore 
mentioned U.S. Pat. No. 7,012,735, in the present invention 
large cations are advantageous, in that they have relatively 
low electrostatic energies of attraction to the ionic aggregate 
states, and therefore dissociate readily from them. As an 
example, a quaternary ammoniumhydroxide could be used to 
neutralize the carboxylic functions on the polyurethane, lead 
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ing to a quaternary ammonium carboxylate polymer capable 
of Supporting ionic conduction as described above. 
0063. It is desirable that the ionic material be chosen such 
that the conductivity of the final adhesive layer after drying 
can be modified and adjusted by varying the carboxylic acid 
content of the polyurethane, and also by the cation used. For 
example, in the aforementioned system where a carboxylic 
group on the polyurethane is neutralized with a quaternary 
ammonium hydroxide, at a given carboxylic acid content, the 
conductivity would be expected to increase in the order: 
0064 tetramethylammonium.<tetraethylammonium 
tetrabutylammonium, etc. 
Phosphonium salts could also be used, and should be some 
what more conductive than the nitrogen containing analogs 
because of the larger size of the central atom. Other cationic 
species (e.g., complex ions of metals) may also be useful for 
this purpose. Solubility of the ionic material in the adhesive is 
not an issue in this approach, since the ions are an intrinsic 
part of the medium and cannot therefore phase separate as a 
separate crystalline phase. 
0065. The acidic component of the polymeric adhesive 
may also be made more acidic by replacing a carboxylic acid 
component by a group with a higher dissociation constant, for 
example, a sulfate monoester, Sulfonic acid, Sulfinic acid, a 
phosphonic acid, phosphinic acid group orphosphate ester, as 
long as there is at least one dissociable proton present. Qua 
ternary salts and other large cations would still be expected to 
be most useful as counter ions because of their large size, and 
relatively high degree of ionic dissociation in dried adhesive 
media of low polarity. Nitrogen-based acids could also be 
used if attached to sufficiently electron-withdrawing func 
tions (e.g., RSO. NH SOR)). In this case almost any 
mobile ion could be used, including tertiary ammonium, 
because the mobile ion will exist in the protonated form even 
in the dried adhesive. However, mobile ions based on larger 
amines (i.e., ones with longer alkyl tails) might still be pref 
erable, because they are effectively larger in size and there 
fore the ion pairs comprising them would be more disso 
ciable. 

0.066 Alternatively, a carboxylate group on the adhesive 
could be used with a mobile ion that is not a strong Bronsted 
acid, i.e., which does not have an acidic proton, such as the 
quaternary cations discussed above. 
0067. Adhesive compositions in which a cation is the fixed 
ion can be constructed by using quaternary ammonium 
groups in the polymer backbone or as side chains, and pref 
erably using large anions (e.g., hexafluorophosphate, tetrabu 
tylborate, tetraphenylborate, etc.) as the mobile ions. The 
quaternary ammonium groups could be replaced by phospho 
nium, Sulfonium or other cationic groups without dissociable 
hydrogen, including those formed by complexation with 
metallic cations. Examples of the latter include polyether/ 
lithium ion inclusion complexes, especially cyclic polyethers 
(e.g. 18-crown-6) or polyamine complexes with transition 
metal ions. In this case the anionic mobile ion could include 
those types of ions listed above, plus more strongly basic 
materials such as carboxylates or even phenolates. 
0068 Alternative fixed cation adhesive materials include 
polymers containing repeating units derived from basic 
monomers, for example poly(vinylpyridine), poly(3-dim 
ethylaminoethyl acrylate), etc. and copolymers containing 
Such groups, in conjunction with mobile anions that are not 
good Bronsted acceptors (e.g., Sulfonates, Sulfates, hexafluo 
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rophosphate, tetrafluoroborate, bis(methanesulfonyl)imi 
date, phosphates, phosphonates, etc.). Quaternary salts 
derived from Such amino monomers may also be used, for 
example poly(N-methyl or benzyl (vinylpyridinium)), poly 
(N-alkyl (or alkaryl)-N'-vinylimidazolium), and poly(B-trim 
ethylammonioethyl)acrylate or methacrylate) salts, as well as 
vinyl copolymers comprising these ionic groups. As before, 
larger mobile ions are preferred. 
0069. These chemical modification techniques are not 
restricted to polyurethanes but can be applied to any polymer 
of Suitable structure. For example, vinyl-based polymers can 
contain either anions or cation fixed ions. 
0070 Part B: Dialyzed or Diafiltered Adhesive Material 
and/or Binder 
0071. As already noted, one aspect of the present invention 
reduces or eliminates problems caused by migration of ionic 
dopants from adhesive layers into other layers of electro-optic 
displays, especially damage to active matrix backplanes com 
prising transistors made from certain organic semiconduc 
tors. However, it has now been found that the causes of these 
problems are not confined to ionic dopants but include other 
fugitive species present in prior art adhesive and binder com 
positions, which can migrate from the adhesive or binder 
layer to other layers of the electro-optic display in a manner 
similar to the ionic dopants. One such fugitive species of 
particular concern is N-methylpyrrolidone (NMP), which is 
used as a solvent in the preparation of polyurethanes. Other 
fugitive species which may be of concern in Some cases 
include other solvents used in the preparation of polyure 
thanes, and dialyzable poorly characterized low molecular 
weight molecules from the polymerization reaction. It has 
been found that removing NMP by careful drying of the 
adhesive layer improves that layer's storage stability. Dialysis 
of the lamination adhesive removes both NMP and also other 
low molecular weight materials and is even more effective. 
The non-diffusible ionic material adhesive compositions of 
the present invention can be subjected to dialysis, since elec 
trical neutrality prevents gross separation of the fixed and 
mobile ions, and after dialysis the adhesive material contains 
little or no diffusible materials. The present adhesives have 
therefore been found to be particularly effective in reducing 
the deleterious effects of the lamination adhesive on the per 
formance of backplanes containing organic semiconductors. 
Diafiltration can also be used instead of dialysis. 
0072. As already noted, the non-diffusible ionic material 
adhesive materials of the present invention can be purified by 
dialysis or diafiltration. However, it may also be useful to 
synthesize these adhesive materials by dialysis. For example 
an aqueous solution of a polyamine or polyether could be 
partially transformed into a cationic complex by dialysis of 
the polymer Solution in a solution of the appropriate water 
soluble metal salt. 

0073 Dialysis or diafiltration can also be used to remove 
NMP and other fugitive species from conventional polyure 
thane adhesives before such adhesives are mixed with con 
ventional ionic dopants. Thus, as already noted, in its second 
principal aspect this invention provides an electro-optic 
assembly comprising an adhesive layer and a layer of electro 
optic material, the adhesive layer comprising a polymeric 
adhesive material which has been subjected to dialysis or 
diafiltration to remove organic species having a molecular 
weight less than about 3,500. Such dialysis or diafiltration 
may be used be remove, among other species, NMP, tetrahy 
drofuran (THF) and acetone. Similarly, the second aspect of 
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the present invention also provides an electro-optic assembly 
comprising an adhesive layer and a layer of electro-optic 
material, the adhesive layer comprising a polymeric adhesive 
material having a content of N-methylpyrrolidone not 
exceeding about 500 ppm, preferably not exceeding about 
200 ppm, and desirably not exceeding about 100 ppm, in all 
cases based upon the total weight of the adhesive layer and 
layer of electro-optic material. 
0074 The second aspect of the present invention also pro 
vides an electrophoretic medium comprising a continuous 
phase and a discontinuous phase, the discontinuous phase 
comprising a plurality of droplets, each of which comprises a 
Suspending fluid and at least one particle disposed within the 
Suspending fluid and capable of moving through the fluid 
upon application of an electric field to the electrophoretic 
medium, the continuous phase Surrounding and encapsulat 
ing the discontinuous phase and comprising a polymeric 
binder which has been subjected to dialysis or diafiltration to 
remove organic species having a molecular weight less than 
about 3,500. The electrophoretic medium may be either of the 
encapsulated or polymer-dispersed type, i.e., there may or 
may not be a capsule wall between each droplet and the 
binder. The second aspect of the present invention also pro 
vides an electrophoretic medium comprising a continuous 
phase and a discontinuous phase, the discontinuous phase 
comprising a plurality of droplets, each of which comprises a 
Suspending fluid and at least one particle disposed within the 
Suspending fluid and capable of moving through the fluid 
upon application of an electric field to the electrophoretic 
medium, the continuous phase Surrounding and encapsulat 
ing the discontinuous phase and comprising a polymeric 
binder having a total content of N-methylpyrrolidone, tet 
rahydrofuran and acetone not exceeding about 1000 ppm, 
preferably not exceeding about 400 ppm and desirably not 
exceeding about 200 ppm, in all cases based upon the weight 
of the electrophoretic medium (i.e., of the combination of the 
continuous and discontinuous phases). 
0075. As already indicated, the second aspect of the 
present invention may be used to remove NMP and possibly 
other fugitive species from the lamination adhesive and/or the 
binder used in an electro-optic display. In many cases, 
removal of fugitive species from the binder is of greater 
importance than removal from the lamination adhesive. The 
preparation of a lamination adhesive layer typically involves 
coating a flowable form of the adhesive on to a release sheet, 
then drying the layer of adhesive so that a coherent layer of 
adhesive is formed on the release sheet. High temperature and 
low coating speeds during the drying step suffice to drive off 
a large proportion of volatile organic species; for example, it 
has been found that a lamination adhesive coated at 50,000 
ppm of NMP had only 200 ppm of NMP after drying. Fur 
thermore, since only layers present during drying are the 
lamination adhesive and the release sheet (lamination of the 
adhesive to the electro-optic medium takes place only after 
the drying step), the choice of drying conditions can be based 
only upon the properties of the lamination adhesive itself, and 
does not need to take into account the properties of the elec 
tro-optic medium. In contrast, the binder used in an electro 
phoretic medium is typically admixed with the discontinuous 
phase of the medium to form a slurry which is then coated and 
dried to form the electrophoretic medium. Hence, in this case 
the drying conditions must take account of the properties of 
the discontinuous phase, and in particular concerns about 
simultaneous removal of the Volatile discontinuous phase 
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Solvent. Finally, from a quality control point of view, remov 
ing all materials having the potential to damage any back 
plane with which an electro-optic medium may be expected to 
come into contact represents a good insurance policy, so that 
the number of unknown constituents (whose concentration 
could change with no knowledge or control) is kept to a 
minimum; obviously, as a matter of good manufacturing pro 
cess, use of pure materials of known composition is highly 
desirable. 

0076 Both dialysis and diafiltration are well known ways 
of purifying Suspensions of colloids and polymers. In both 
techniques, the Suspension is confined by a semi-permeable 
membrane on the opposed side of which is a washing solu 
tion, typically water or a buffer solution. Molecules that can 
pass through the membrane and are soluble in the washing 
Solution equilibrate between the two regions of the apparatus, 
and are removed from the Suspension by exchange of the 
washing Solution. Typically, the membrane is made of a mate 
rial that allows selective passage of low molecular weight 
materials, and water is commonly employed as the solvent; in 
the present invention a membrane with a molecular-weight 
cutoff (MWCO) of about 3.5 kD has been found useful. Since 
NMP is a water-soluble solvent, these techniques are well 
Suited for the removal of this contaminant. At the same time, 
other soluble materials, some with potentially deleterious 
properties, can also be removed. There is no requirement that 
the species to be removed be appreciably volatile, as is the 
case for removal by drying. By adjusting the properties of the 
membrane, the class of molecules removed can be changed. 
For example, if in a particular lamination adhesive or binder 
the presence of water-soluble oligomeric polymer fragments 
were a problem, a membrane with a higher MWCO could be 
used to remove Such fragments; a variety of semi-permeable 
membranes with various MWCO's are available commer 
cially. 
0077. Either dialysis or diafiltration can be used in the 
present process, but for commercial production diafiltration is 
usually preferred. Dialysis is a simple equilibration process, 
while diafiltration employs high flow conditions and high 
trans-membrane pressures to accelerate mass transport 
though the membrane. Diafiltration is substantially faster 
than dialysis, and can be employed under conditions that 
prevent dilution of the material being purified, as is often the 
case in dialysis. Diafiltration is a readily Scalable process, and 
both laboratory scale and production scale equipment is avail 
able at reasonable cost. Diafiltration is a well established 
industrial procedure, widely used in the biochemical and 
other industries. 

0078. The present inventors have shown that both dialysis 
and diafiltration are effective in the removal of NMP from 
Suspensions of commercial polyurethane latices. It has been 
found empirically that dialysis and diafiltration of polyure 
thane latices using a membrane with a low MWCO (3.5 kD) 
can reduce the NMP content by more than an order of mag 
nitude in a few hours. For example, the NMP content of one 
polyurethane binder was reduced from about 14% (140,000 
ppm) to about 500 ppm by diafiltration. When using dialysis, 
the efficiency of NMP removal may be limited by dilution of 
the latex, which made the latex difficult to coat, especially in 
the case of a lamination adhesive. The latex could be concen 
trated by evaporation of the excess water under reduced pres 
Sure, but this was an awkward procedure. Examination of the 
molecular weight distribution of the purified polyurethane 
latex showed that it was essentially identical to the starting 

May 14, 2009 

material, i.e., no polymer was lost during dialysis. When 
dialysed material was used in the place of undialysed binder 
and lamination adhesive, a number of advantages were 
observed. 
0079 First, the degradation in the performance of organic 
semiconductor backplanes was largely eliminated. The same 
result could be obtained if only the binder, and not the lami 
nation adhesive, was dialysed. If the binder dialysis was omit 
ted, however, severe degradation in organic semiconductor 
device performance was experienced. 
0080 A second advantage was that the cell-gap resistance 
(a measure of the electrical conductivity of the front plane 
laminate) was higher, typically by about 50 per cent, using 
dialysed materials. A higher cell-gap resistance puts fewer 
demands on the on-state conductivity of the operating tran 
sistor (that is, a lower on-off ratio is permissible). This is a 
particularly important characteristic for organic semiconduc 
tortransistors, the on-off ratio of which is typically not as high 
as for inorganic transistors. 
I0081. A third advantage was a small improvement in the 
electro-optical properties of the electrophoretic medium pro 
duced from the dialyzed latex. As illustrated in Example 5 
below, use of dialysed polyurethane latex resulted in about a 
2L* (using the usual CIE definition of L*) improvement in 
dynamic range (the difference between the extreme white and 
dark electro-optic states of the medium) relative to use of 
undialysed material. 
I0082. The following Examples are now given, though by 
way of illustration only, to show details of preferred reagents, 
conditions and techniques used in the present invention. 

EXAMPLE 1. 

Synthesis of TMXDI-PPO Polyurethane with Tet 
rabutylammonium Hydroxide Neutralization 

I0083. The polyurethane prepared in this Example is simi 
lar to the prior art polyurethane produced in Example 2 below, 
except that it has a higher acid content. 
I0084. A prepolymer was prepared in a three-necked round 
bottom flask equipped with a magnetic stirrer, a condenser, 
and a nitrogen inlet. The reaction was carried out under nitro 
gen. Tetramethylxylene diisocyanate (TMXDI, supplied by 
Aldrich Chemical Company, 16.34g, 0.067 mole), poly(pro 
pylene glycol) diol (Supplied by Aldrich Chemical Company, 
average M. ca. 2000, 33.5 g., 0.0168 mole), and dibutyltin 
dilaurate (supplied by Aldrich Chemical Company, 0.04 g) 
were charged into the flaskand the mixture was heated at 90° 
C. in an oil bath for 2 hours. Afterwards, a solution of 2.2-bis 
(hydroxymethyl)propionic acid (from Aldrich, 3.35 g, 0.025 
mol) in 1-methyl-2-pyrrolidinone (from Aldrich, 8.5 g) was 
added to the flask and the reaction allowed to proceed at 90° 
C. for another 2 hours to obtain NCO-terminated prepolymer. 
The temperature of the reaction mixture was then lowered to 
70° C. Separately, tetrabutylammonium hydroxide 
(NBuOH) (from Aldrich, 6.15g, 0.0237 mol) and de-ionized 
water (100 g) were charged into a jacketed 500 mL. glass 
reactor equipped with a mechanical stirrer, a thermometer, 
and a nitrogen inlet, and the resultant mixture was heated to 
35° C. under nitrogen. The prepolymer mixture was then 
slowly added to the aqueous NBuOH solution to convert the 
prepolymer to a water-borne dispersion under mechanical 
stirring and nitrogen atmosphere. A chain extension reaction 
was carried out after the dispersing step with hexamethylene 
diamine (from Aldrich) dissolved in a small amount of water 
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at 35° C. The end point of the chain extension reaction was 
determined from pH measurement. Finally, the resultant dis 
persion was heated to 50° C. for one hour to make sure that 
any residual isocyanate groups were consumed by water. 

EXAMPLE 2 

Synthesis of TMXDI-PPO Polyurethane with Tri 
ethylamine Neutralization (Control) 

0085 Example 1 was repeated up to the point at which an 
NCO-terminated prepolymer was obtained and the tempera 
ture of the reaction mixture lowered to 70° C. Thereafter 
triethylamine (from Aldrich, 2.4g, 0.0237 mole) was added 
slowly over a period of 30 minutes to neutralize the carboxy 
lic acid. The reaction mixture was then slowly added to de 
ionized water (100 g) at 35° C. in a jacketed 500 mL. glass 
reactor under mechanical stirring and nitrogen atmosphere to 
convert the prepolymer to a water-borne dispersion. The 
chain extension reaction and the final heating of the disper 
sion to 50° C. were carried out in the same manner as in 
Example 1. 

EXAMPLE 3 

Preparation of Experimental Single Pixel Displays 
from the Materials Prepared in Examples 1 and 2 

I0086. The polyurethanes prepared in Examples 1 and 2 
above were separately coated on to metallized release film in 
a (dried) thickness of about 20 um. Drying of the coated 
polymeric films was carried out in a belt-transport drying 
oven at 60° C. and a transport rate of 1 ft/min (about 5.1 
mm/sec); these conditions are known to reduce the content of 
NMP to a very low level. Separately, an electrophoretic 
medium was prepared Substantially as described in Example 
4 of U.S. Pat. No. 7,002,728 and coated on to the indium tin 
oxide (ITO) coated surface of a 5 mil (127 um) poly(ethylene 
terephthalate) (PET) film coated on one surface with ITO. 
The two sub-assemblies were laminated to each other with the 
electrophoretic layer in contact with the lamination adhesive 
to form a front plane laminate as described in the aforemen 
tioned U.S. Pat. No. 6,982,178. The release sheet was peeled 
from the front plane laminate and the remaining layers lami 
nated to experimental single pixel 2 inch (51 mm) square 
backplanes, comprising a layer of carbon black on a PET film, 
to form experimental single pixel displays. No addition 
dopant was incorporated into either adhesive coating. The 
experimental displays were conditioned for 1 day at 50 per 
cent relative humidity (as discussed in several of the afore 
mentioned E Ink patents and applications, the electro-optic 
properties of electrophoretic displays vary with the moisture 
content of the electrophoretic layer, and hence it is desirable 
to condition test specimens understandard conditions prior to 
testing). 
0087. The electro-optic properties of the experimental dis 
plays were then tested by driving them to their black and 
white optical states using 250 millisecond pulses at various 
Voltages, measuring the reflectances of the black and white 
optical States, and converting these reflectances to conven 
tional L* values, where L* has the usual CIE definition: 

where R is the reflectance and R is a standard reflectance 
value. Table 1 below shows the dynamic range (the difference 
between the L* values of the black and white optical states) 
achieved at various Voltages: 
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TABLE 1 

Lamination adhesive 
neutralizing agent Voltage (V) Dynamic range (L) 

Triethylamine (Control) 7.5 7.1 
10 14.1 
12.5 2O.O 
15 24.4 

Tetrabutylammonium 7.5 21.5 
hydroxide (Present Invention) 

10 30.7 
12.5 35.4 
15 37.7 

0088. It will be seen from Table 1 that the lamination 
adhesive of the present invention showed substantially 
greater dynamic range at all drive Voltages than the control 
adhesive. This improvement is consistent with that expected 
from a difference in conductivity, and is similar to that found 
using a prior art doped adhesive of lower acid content. The 
control adhesive, neutralized with triethylamine, shows the 
electro-optic response expected for a very resistive lamina 
tion adhesive. Visual inspection of the displays during opera 
tion showed that the display with the control adhesive showed 
only a small amount of blooming at the edge of the display, 
whereas the display using the adhesive of the present inven 
tion displayed a large amount of blooming. A high degree of 
blooming is also consistent with an adhesive of high conduc 
tivity. 
I0089. The experimental displays were also subjected to 
low temperature testing. As discussed in several of the afore 
mentioned E Ink patents and applications, the electro-optic 
performance of electrophoretic displays tends to fall off rap 
idly at low temperatures, at least partially because the con 
ductivity of lamination adhesives falls with temperature. To 
determine the low temperature behavior of the experimental 
display of the present invention, the display was driven at 
temperatures from +25 to -25°C. using 15 V pulses of either 
250 or 500 millisecond duration, and the dynamic range was 
determined, using reflectance values taken 2 minutes after the 
end of the drive pulse. (This 2 minute pause before taking the 
reflectance value allows certain short-term effects which 
affect the reflectance value to dissipate.) The reflectance val 
ues obtained were converted to a dynamic range value in the 
same way as before, and the results are shown in Table 2 
below. 

TABLE 2 

Temperature Drive pulse 
o C. (ms)) Dynamic range (L) 

25 250 35.1 
15 250 35.8 
5 250 33.4 

-5 250 25.5 
-5 500 31.2 

-15 500 2O2 
-25 500 4.4 

0090. From the data in Table 2, it will be seen that the 
adhesive of the present invention provides adequate perfor 
mance down to about -10°C., provided that pulse length 
compensation is used, i.e., provided the drive pulses are 
lengthened at low temperatures. This low temperature perfor 
mance is comparable to that of a highly doped prior art lami 
nation adhesive. 
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EXAMPLE 4 

Purification of Lamination Adhesive of the Present 
Invention by Dialysis 

0091. A sample (49.3 g, 35% wt. solids) of the lamination 
adhesive prepared in Example 1 above was placed in a tube of 
dialysis membrane (Fisher (Registered Trade Mark) regener 
ated cellulose membrane, MWCO 3500). After closing both 
ends of the tubing with clamps, the tubing was immersed in a 
continually replenished, stirred tank of water for about 4 
hours. At then end of this time, 61.6 g of material was recov 
ered, with a solids content of 29.5% (95% recovery). Initially, 
the NMP content was 4.4%; after dialysis, the content was 
1.4%. The NMP content may be used as a surrogate for the 
removal of other water-soluble, low molecular weight mate 
rials. 
0092 Preliminary long term storage tests on displays 
using the dialyzed lamination adhesive prepared in Example 
4 above with prior art lamination adhesives, both dialyzed and 
non-dialyzed, and proprietary organic semiconductor back 
planes, indicated that the dialyzed lamination adhesive of the 
present invention had substantially better long term storage 
characteristics than the prior art adhesives. 

EXAMPLE 5 

Use of Dialyzed Binder and Lamination Adhesive in 
Electrophoretic Displays 

0093. A polyurethane latex was synthesized substantially 
as described in Example 2 of U.S. Patent Application Publi 
cation No. 2008/0074730, and was used as a binder in experi 
ments described below. A second polyurethane latex was 
synthesized substantially as described in Example 2 of U.S. 
Patent Application Publication No. 2005/0107564 and was 
used as the lamination adhesive in these experiments. 
0094 Experimental single pixel displays were prepared 
substantially as described in Example 7 of U.S. Pat. No. 
7,002,728, but using the aforementioned binder and lamina 
tion adhesive; the lamination adhesive was doped with 180 
ppm of tetrabutylammonium hexafluorophosphate. Four sets 
of the experimental displays were produced, as follows: 

0.095 (A) Neither binder nor lamination adhesive was 
dialyzed: 

0096 (B) The binder was dialyzed substantially as 
described in Example 4 above, but the lamination adhe 
sive was not dialyzed; 

(0097 (C) The binder was not dialyzed but the lamina 
tion adhesive was dialyzed substantially as described in 
Example 4 above; and 

(0098 (D) Both the binder and the lamination adhesive 
were dialyzed substantially as described in Example 4 
above. 

0099. The electro-optic properties of the four sets of 
experimental displays were then tested Substantially as 
described in Example 7 of U.S. Pat. No. 7,002,728, but using 
300 millisecond pulses of +15V, and the extreme white and 
dark state reflectances were measured and converted to CIE 
L* units. The results are shown in the Sole FIGURE of the 
accompanying drawings. In each set of readings, the left-hand 
bar represents the extreme white state of the display, the 
center bar represents the extreme dark State, and the right 
hand bar represents the dynamic range (i.e., the difference 
between the extreme white and dark states, measured in L* 
units). 
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0100. It will be seen from the FIGURE that the dialysis of 
the binder and lamination adhesive had no adverse effect on 
the electro-optic properties of the displays. Indeed, the two 
displays (B and D) in which the binder was dialyzed showed 
an improved white state, the displays C and D showed an 
improved dark state (improvement of the dark state is of 
course represented by a lower L* value). The display D, in 
which both the binder and the lamination adhesive were dia 
lyzed, showed the greatest dynamic range of the four sets of 
displays. 
0101 The electro-optic testing was repeated using +15V 
pulses of 100 and 500 millisecond duration, and +10V. 100, 
300 and 500 millisecond pulses. In all cases, the results 
obtained were consistent with those shown in the FIGURE. 
0102. When front plane laminates containing the binder 
and lamination adhesive combinations mentioned under (A)- 
(D) above were laminated to backplanes using organic tran 
sistors, it was observed that the front plane laminates contain 
ing undialyzed binder caused rapid degradation of the organic 
transistors whereas front plane laminates containing dialyzed 
binder did not. A similar but smaller effect was noted using 
dialyzed lamination adhesive. 
0103) From the foregoing, it will be seen that the present 
invention can provide lamination adhesives which provide 
electro-optic characteristics and low temperature perfor 
mance comparable to those of prior art adhesives while avoid 
ing the use of fugitive ionic species which can damage certain 
backplanes, and potentially lead to other problems. Further 
more, the present invention can provide 
0104. It will be apparent to those skilled in the art that 
numerous changes and modifications can be made in the 
specific embodiments of the invention described above with 
out departing from the scope of the invention. Accordingly, 
the whole of the foregoing description is to be interpreted in 
an illustrative and not in a limitative sense. 

1. An electro-optic assembly comprising an adhesive layer 
and a layer of electro-optic material, the adhesive layer com 
prising a polymeric adhesive material and an ionic material, 
the ionic material having one of its cation and anion fixed to 
the polymeric adhesive material and the other of its cation and 
anion free to migrate through the polymeric adhesive mate 
rial, the ionic material reducing the volume resistivity of the 
polymeric adhesive material and not being removed by heat 
ing the polymeric adhesive material to about 50° C. 

2. An electro-optic assembly according to claim 1 wherein 
the ionic material comprises a quaternary ammonium or 
phosphonium cation and a carboxylate anion fixed to the 
polymeric adhesive material. 

3. An electro-optic assembly according to claim 1 wherein 
the polymeric adhesive material comprises a polyurethane. 

4. An electro-optic assembly according to claim 1 wherein 
the ionic material comprises a quaternary ammonium or 
phosphonium cation fixed to the polymeric adhesive material 
and a hexafluorophosphate, tetrabutylborate or tetraphe 
nylborate anion. 

5. An electro-optic assembly according to claim 1 wherein 
the ionic material comprises repeating units derived from a 
basic monomer and a mobile anion selected from the group 
comprising Sulfonates, Sulfates, hexafluorophosphates, tet 
rafluoroborates, bis(methanesulfonyl)imidate, phosphates 
and phosphonates. 

6. An electro-optic assembly according to claim 5 wherein 
the basic monomer comprises any one or more of vinylpyri 
dine, B-dimethylaminoethyl acrylate, N-methyl or benzyl (vi 
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nylpyridine), N-alkyl or alkaryl-N'-vinylimidazole, and 
B-(trimethylammonioethyl)acrylate or methacrylate. 

7. An electro-optic assembly according to claim 1 wherein 
the electro-optic material comprises a rotating bichromal 
member or electrochromic material. 

8. An electro-optic assembly according to claim 1 wherein 
the electro-optic material comprises an electrophoretic mate 
rial comprising a plurality of electrically charged particles 
disposed in a fluid and capable of moving through the fluid 
under the influence of an electric field. 

9. An electro-optic assembly according to claim 8 wherein 
the electrically charged particles and the fluid are confined 
within a plurality of capsules or microcells. 

10. An electro-optic assembly according to claim 8 
wherein the electrically charged particles and the fluid are 
present as a plurality of discrete droplets Surrounded by a 
continuous phase comprising a polymeric material. 

11. An electro-optic display according to claim 8 wherein 
the fluid is gaseous. 

12. An electro-optic display, front plane laminate, inverted 
front plane laminate or double release film comprising an 
electro-optic assembly according to claim 1. 

13. An electronic book reader, portable computer, tablet 
computer, cellular telephone, Smart card, sign, watch, shelf 
label or flash drive comprising an electro-optic display 
according to claim 12. 

14. An electro-optic assembly comprising an adhesive 
layer and a layer of electro-optic material, the adhesive layer 
comprising a polymeric adhesive material which has been 
Subjected to dialysis or diafiltration to remove organic species 
having a molecular weight less than about 3,500. 

15. An electro-optic assembly comprising an adhesive 
layer and a layer of electro-optic material, the adhesive layer 
comprising a polymeric adhesive material having a content of 
N-methylpyrrolidone not exceeding about 500 ppm based 
upon the total weight of the adhesive layer and layer of 
electro-optic material. 

16. An electro-optic assembly according to claim 15 
wherein the polymeric adhesive material comprises a poly 
urethane. 

17. An electro-optic assembly according to claim 15 hav 
ing a content of N-methylpyrrolidone not exceeding about 
200 ppm. 

18. An electro-optic assembly according to claim 17 hav 
ing a content of N-methylpyrrolidone not exceeding about 
100 ppm. 
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19. An electro-optic assembly according to claim 15 
wherein the electro-optic material comprises a rotating 
bichromal member or electrochromic material. 

20. An electro-optic assembly according to claim 15 
wherein the electro-optic material comprises an electro 
phoretic material comprising a plurality of electrically 
charged particles disposed in a fluid and capable of moving 
through the fluid under the influence of an electric field. 

21. An electro-optic assembly according to claim 20 
wherein the electrically charged particles and the fluid are 
confined within a plurality of capsules or microcells. 

22. An electro-optic assembly according to claim 20 
wherein the electrically charged particles and the fluid are 
present as a plurality of discrete droplets Surrounded by a 
continuous phase comprising a polymeric material. 

23. An electro-optic display according to claim 20 wherein 
the fluid is gaseous. 

24. An electro-optic display, front plane laminate, inverted 
front plane laminate or double release film comprising an 
electro-optic assembly according to claim 15. 

25. An electronic book reader, portable computer, tablet 
computer, cellular telephone, Smart card, sign, watch, shelf 
label or flash drive comprising an electro-optic display 
according to claim 24. 

26. An electrophoretic medium comprising a continuous 
phase and a discontinuous phase, the discontinuous phase 
comprising a plurality of droplets, each of which comprises a 
Suspending fluid and at least one particle disposed within the 
Suspending fluid and capable of moving through the fluid 
upon application of an electric field to the electrophoretic 
medium, the continuous phase Surrounding and encapsulat 
ing the discontinuous phase and comprising a polymeric 
binder which has been subjected to dialysis or diafiltration to 
remove organic species having a molecular weight less than 
about 3,500. 

27. An electrophoretic medium comprising a continuous 
phase and a discontinuous phase, the discontinuous phase 
comprising a plurality of droplets, each of which comprises a 
Suspending fluid and at least one particle disposed within the 
Suspending fluid and capable of moving through the fluid 
upon application of an electric field to the electrophoretic 
medium, the continuous phase Surrounding and encapsulat 
ing the discontinuous phase and comprising a polymeric 
binder having a content of N-methylpyrrolidone not exceed 
ing about 1000 ppm based upon the weight of the electro 
phoretic medium. 


