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MULTI-LAYER SHEET FOR USE IN ELECTRO-OPTIC DISPLAYS

[Para 1] This application is related to:

(a) U.S. Patent No. 6,982,178;

(b) U.S. Patent No. 7,236,292;

(c) U.S. Patent Publication No. 2004/0155857;

(d) U.S. Patent No. 7,110,164;

(e) U.S. Patent Publication No. 2007/0109219;

(f) U.S. Patent Publication No. 2007/0152956;

(g) U.S. Patent Publication No. 2007/0211331;

(h) U.S. Application Serial No. 11/850,831, filed September 6, 2007; and

(i) U.S. Application Serial No. 11/951,489, filed December 6, 2007.

[Para 2] For convenience, the foregoing applications and patents may hereinafter be referred

to as the "electro-optic display manufacturing" or "EODM" patents and applications.

[Para 3] The background nomenclature and state of the art regarding electro-optic displays is

discussed at length in the U.S. Patent No. 7,012,600 to which the reader is referred for further

information. Accordingly, this nomenclature and state of the art will be briefly summarized

below.

[Para 4 ] This invention relates to multi-layer sheets for use in electro-optic displays. Such

electro-optic displays typically contain an electro-optic medium which is a solid (such displays

may hereinafter for convenience be referred to as "solid electro-optic displays"), in the sense that

the electro-optic medium has solid external surfaces, although the medium may, and often does,

have internal liquid- or gas-filled spaces. Thus, the term "solid electro-optic displays" includes

encapsulated electrophoretic displays, encapsulated liquid crystal displays, and other types of

displays discussed below.

[Para 5] The term "electro-optic", as applied to a material or a display, is used herein in its

conventional meaning in the imaging 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.



[Para 6] 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 of finite duration, to assume either its first or second display

state, after the addressing pulse has terminated, 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.

[Para 7] Several types of electro-optic displays are known, for example:

(a) rotating bichromal member displays (see, for example, U.S. Patents 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);

(b) electrochromic displays (see, for example, O'Regan, B., et al., Nature

1991, 353, 737; Wood, D., Information Display, 18(3), 24 (March 2002); Bach, U., et al., Adv.

Mater., 2002, 14(11), 845; and U.S. Patents Nos. 6,301,038; 6,870.657; and 6,950,220);

(c) electro-wetting displays (see Hayes, R.A., et al., "Video-Speed Electronic

Paper Based on Electrowetting", Nature, 425, 383-385 (25 September 2003) and U.S. Patent

Publication No. 2005/0151709);

(d) particle-based electrophoretic displays, in which a plurality of charged

particles move through a fluid under the influence of an electric field (see U.S. Patents Nos.

5,930,026; 5,961,804; 6,017,584; 6,067,185; 6,118,426; 6,120,588; 6,120,839; 6,124,851;

6,130,773; and 6,130,774; U.S. Patent Applications Publication Nos. 2002/0060321;

2002/0090980; 2003/0011560; 2003/0102858; 2003/0151702; 2003/0222315; 2004/0014265;

2004/0075634; 2004/0094422; 2004/0105036; 2005/0062714; and 2005/0270261; and

International Applications Publication Nos. WO 00/38000; WO 00/36560; WO 00/67110; and

WO 01/07961; and European Patents Nos. 1,099,207 Bl; and 1,145,072 Bl; and the other MIT

and E Ink patents and applications discussed in the aforementioned U.S. Patent No. 7,012,600).

[Para 8] There are several different variants of electrophoretic media. Electrophoretic media

can use liquid or gaseous fluids; for gaseous fluids see, for example, Kitamura, T., et al.,

"Electrical toner movement for electronic paper-like display", IDW Japan, 2001, Paper HCSl-I,



and Yamaguchi, Y., et al., "Toner display using insulative particles charged triboelectrically",

IDW Japan, 2001, Paper AMD4-4); U.S. Patent Publication No. 2005/0001810; European Patent

Applications 1,462,847; 1,482,354; 1,484,635; 1,500,971; 1,501,194; 1,536,271; 1,542,067;

1,577,702; 1,577,703; and 1,598,694; and International Applications WO 2004/090626; WO

2004/079442; and WO 2004/001498. The media may be encapsulated, comprising numerous

small capsules, each of which itself comprises an internal phase containing electrophoretically-

mobile particles suspended in a liquid suspending medium, and a capsule wall surrounding the

internal phase. Typically, the capsules are themselves held within a polymeric binder to form a

coherent layer positioned between two electrodes; see the aforementioned MIT and E Ink patents

and applications. Alternatively, the walls surrounding the discrete microcapsules in an

encapsulated electrophoretic medium may be replaced by a continuous phase, thus producing a

so-called polymer-dispersed electrophoretic display, in which the electrophoretic medium

comprises a plurality of discrete droplets of an electrophoretic fluid and a continuous phase of a

polymeric material; see for example, U.S. Patent No. 6,866,760. For purposes of the present

application, such polymer-dispersed electrophoretic media are regarded as sub-species of

encapsulated electrophoretic media. Another variant is a so-called "microcell electrophoretic

display" in which the charged particles and the fluid are retained within a plurality of cavities

formed within a carrier medium, typically a polymeric film; see, for example, U.S. Patents Nos.

6,672,921 and 6,788,449.

[Para 9] Electrophoretic media can operate in a "shutter mode" in which one display state is

substantially opaque and one is light-transmissive. See, for example, U.S. Patents Nos. 6,130,774

and 6,172,798, and U.S. Patents Nos. 5,872,552; 6,144,361; 6,271,823; 6,225,971; and

6,184,856. Dielectrophoretic displays can operate in a similar mode; see U.S. Patent No.

4,418,346. Other types of electro-optic displays may also be capable of operating in shutter

mode.

[Para 10] Other types of electro-optic media, for example encapsulated liquid crystal media,

may also be used in the present invention.

[Para 1 1] An electro-optic display normally comprises a layer of electro-optic material and at

least two other layers 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 display. 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 column electrodes. Alternatively, and more commonly, one

electrode 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 protective layer intended to prevent the movable electrode damaging the electro-optic

layer.

[Para 12] The manufacture of a three-layer electro-optic display normally involves at least one

lamination operation. As discussed in the aforementioned U.S. Patent No. 6,982,178, many 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. 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.

[Para 13] This LCD assembly process cannot readily be transferred to solid electro-optic

displays. Because the electro-optic material is solid, it must be present between the backplane

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 some 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.

[Para 14] Most prior art methods for final lamination of electrophoretic displays are essentially

batch methods in which the electro-optic medium, the lamination adhesive and the backplane are

only brought together immediately prior to final assembly, and it is desirable to provide methods

better adapted for mass production.

[Para 1 5] The aforementioned U.S. Patent No. 6,982,178 describes a method of assembling a

solid electro-optic display (including an encapsulated 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 electrically-conductive layer; an

adhesive layer; and a release sheet. Typically, the light-transmissive electrically-conductive 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 µm),

preferably about 2 to about 10 mil (51 to 254 µm). The electrically-conductive layer is

conveniently a thin metal or metal oxide layer of, for example, aluminum or ITO, or may be a

conductive 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 DE, and such commercial

materials may be used with good results in the front plane laminate.

[Para 16] The aforementioned 2004/0155857 describes a so-called "double release film" which

is essentially a simplified version of the front plane laminate of the aforementioned U.S. Patent

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 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.

[Para 17] Electro-optic displays manufactured using the aforementioned front plane laminates

or double release films normally have a layer of lamination adhesive between the electro-optic

layer itself and the backplane, and the presence of this lamination adhesive layer affects the

electro-optic characteristics of the displays. In particular, the electrical conductivity of the

lamination adhesive layer affects both the low temperature performance and the resolution of the

display. The low temperature performance of the display can (it has been found empirically) be

improved by increasing the conductivity of the lamination adhesive layer, for example by doping

the layer with tetrabutylammonium hexafluorophosphate or other materials as described in the

aforementioned U.S. Patents Nos. 7,012,735 and 7,173,752. However, increasing the

conductivity of the lamination adhesive layer in this manner tends to increase pixel blooming (a

phenomenon whereby the area of the electro-optic layer which changes optical state in response

to change of voltage at a pixel electrode is larger than the pixel electrode itself), and this

blooming tends to reduce the resolution of the display. Hence, this type of display apparently

intrinsically requires a compromise between low temperature performance and display

resolution, and in practice it is usually the low temperature performance which is sacrificed.



[Para 18] 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.

Patent No. 6,982,178. This inverted front plane laminate comprises, 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 electrode 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 combine good resolution with good low temperature

performance.

[Para 19] Certain emerging markets for electro-optic displays require displays which are thin,

flexible and rollable, such that the display can be repeatedly moved between a stored position

wrapped around a mandrel (which may have a diameter of only a few millimeters) and an

operating position, in which the display forms a relatively large flat display screen. For example,

it has been proposed (see the aforementioned 2006/0194619) to provide a cellular telephone with

a flexible display of this type to facilitate the reading of E-mail messages received by the

telephone. To provide the size of screen most useful for this purpose, such a flexible display

needs to have a thickness not greater than about 0.2 mm.

[Para 20] One major challenge in providing such a thin display is sealing the electro-optic

medium against the environment, including radiation. As discussed in several of the

aforementioned E Ink patents and applications, some electro-optic media are sensitive to oxygen

and moisture, and hence it is necessary that a display using such media incorporate barrier layers

to prevent diffusion of oxygen and moisture into (and, in the case of moisture, diffusion out of)

the electro-optic medium. It is also desirable to provide a barrier to prevent ultra-violet radiation

reaching the electro-optic layer. To provide a display having a commercially acceptable

appearance and resistance to mechanical damage, the viewing surface of the display should, at

least in some cases, have an anti-glare hard coat. Finally, the portion of the display structure

between the electro-optic medium and the viewing surface (hereinafter for convenience referred



to as the "front sub-assembly" of the display) needs to provide an electrically-conductive layer

which forms the front electrode of the display.

[Para 2 1] Providing all these functions in a front sub-assembly thin enough to be used in a

highly flexible display is a matter of considerable difficulty. While in theory it would be

desirable to provide all the necessary functions in a single, monolithic layer, there appears to be

no known material capable of providing all these functions in a single layer, and even if such a

material could be developed, it would probably be impracticably expensive for use in highly

flexible displays. Hence, it is necessary to use a multi-layer front sub-assembly.

[Para 22] Using such a multi-layer front sub-assembly, however, exacerbates another problem

in the production of highly flexible displays, namely the difficulty of performing manufacturing

operations, including coating, handling, laminating and assembly operations, on very thin

substrates due to the lack of stiffness of such substrates. These difficulties can be reduced to

some extent by using web processing wherever possible, but final assembly of a highly flexible

display requires lamination of a thin sub-assembly comprising the front sub-assembly, the

electro-optic medium and (typically) a lamination adhesive layer to a thin backplane, and this

lamination normally cannot be performed using web processing.

[Para 23] Another problem in designing highly flexible displays is the phenomenon of "creep".

Often it is desired to store a flexible display in a rolled or wrapped configuration (for example,

the display may be stored wrapped around a cylindrical mandrel or folded around the outside of a

cellular telephone or similar electronic device. When the flexible display is to be used, it unrolled

or unwrapped to a substantially planar configuration, then re-rolled or re-wrapped after use.

Unless the flexible display is carefully designed, the repeated unrolling or unwrapping of such

flexible displays is likely to cause the front and rear substrates normally present to move slightly

(creep) relative to one another. Such creep is highly undesirable, since it may result in

delamination of various layers of the display from one another, or introduce differences in

electro-optic properties between various portions of the display. Creep is a particular problem in

color displays using color filters, since any movement between a color filter disposed adjacent

the viewing surface of the display and the pixel electrodes present near the rear surface of the



display destroys the alignment between the color filter elements and the pixel electrodes needed

for accurate color reproduction and thus adversely affects the colors produced by the display.

[Para 24] Hitherto, the front electrodes of electro-optic displays have typically been formed

from a sputtered metal oxide ceramic, for example indium tin oxide (ITO). Such sputtered

ceramic layers are expensive and can constitute a substantial fraction of the overall cost of the

display. Accordingly, it is desirable to replace the sputtered ceramic layer with a continuous or

wet coated conducting layer which can reduce cost, but which may also reduce the barrier

properties of the front sub-assembly since ITO does itself provide some useful barrier properties.

Preferred embodiments of the present invention allow for use of such a continuous or wet coated

conducting layer while still maintaining good barrier properties.

[Para 2 5] The present invention seeks to provide a multi-layer sheet for use as a front sub-

assembly in thin, rollable electro-optic displays, this sheet reducing or eliminating at least some

of the aforementioned problems.

[Para 26] The present invention provides a multi-layer sheet for use as a front sub-assembly in

electro-optic displays which are thin and rollable. The present invention also provides a

lamination process which can be used to form the multi-layer sheet in a manner which allows

each of the individual layers to be optimized to fulfill its function independently of the other

layers. The layers can also be produced economically for their particular functions.

[Para 2 7] Accordingly, this invention provides a multi-layer film useful as a front sub-assembly

in electro-optic displays, the multi-layer film comprising, in this order:

a light-transmissive electrically-conductive layer;

a light-transmissive first protective layer;

a light-transmissive moisture barrier layer; and

a light-transmissive second protective layer.

[Para 2 8] Such a multi-layer film can be made very thin; typically, a multi-layer film of the

present invention will have a total thickness of not more than about 100 µm, and desirably not

more than about 50 µm; this total thickness is calculated not including any layer which is

removed before the film is incorporated into a functioning electro-optic display. For example, as

described in more detail below, it is often desirable to provide the film with a removable



masking sheet to facilitate handling of thin sheets involved during production of the multi-layer

film, this masking film typically being removed before the film is incorporated into the final

electro-optic display, and the thickness of such a masking film is ignored when calculating the

total thickness of a multi-layer film of the present invention.

[Para 29] In the present multi-layer film, the light-transmissive electrically-conductive layer

comprises indium-tin-oxide or a wet coated conducting layer. Other light-transmissive

electrically-conductive layers can of course be used, for example very thin sputtered layers of

metals such as aluminum. Since it is often desirable to protect the electro-optic medium present

in the final display from too much exposure to ultra-violet radiation, at least one of the first and

second protective layers may comprise an ultra-violet absorber. The moisture barrier layer may

comprise an aluminum oxide. The film may comprise an anti-glare hard coat on the opposed side

of the second protective layer from the light-transmissive electrically-conductive layer.

Alternatively or in addition, the film may further comprise a masking film on the opposed side of

the second protective layer from the light-transmissive electrically-conductive layer, the masking

film being removable from the layer with which it is in contact without substantial damage to

said layer; obviously, if both the anti-glare hard coat and the masking film are present, the

masking film goes outside the hard coat. The film of the present invention may further comprise

an adhesive layer disposed between the first protective layer and the moisture barrier. In some

forms of the multi-layer film, to provide addition moisture barrier protection, the moisture barrier

may comprise first and second moisture barrier sub-layers separated by a non-barrier

intermediate layer. This intermediate layer may be an adhesive layer.

[Para 30] This invention also provides a process for assembling an electro-optic display using a

multi-layer film of the present invention. Such an assembly process can be conducted in several

different ways. For example, the multi-layer film can be converted to a front plane laminate in

the manner described in the aforementioned U.S. Patent No. 6,982,178 by coating an electro-

optic layer directly on to the light-transmissive electrically-conductive layer of the multi-layer

film, separately coating an adhesive layer on to a release sheet and then laminating the two

resultant sub-assemblies together by contacting the adhesive layer with the electro-optic layer,

typically under heat and pressure to form the front plane laminate. The release sheet can then be



peeled from the front plane laminate and the remaining layers laminated to a backplane to form

the final display.

[Para 3 1] However, it is generally preferred to convert the multi-layer film to an electro-optic

display using via an inverted front plane laminate as described in the aforementioned

2007/0109219. Accordingly, this invention provides a process for assembling an electro-optic

display comprising:

providing a multi-layer film which itself comprises, in this order:

a light-transmissive electrically-conductive layer;

a light-transmissive first protective layer;

a light-transmissive moisture barrier layer; and

a light-transmissive second protective layer;

providing a double release film comprising a layer of an electro-optic medium

sandwiched between first and second adhesive layers;

providing a backplane comprising at least one pixel electrode,

laminating the double release film to the multi-layer film with the first adhesive

layer contacting the electrically-conductive layer, thus securing the double release film to the

multi-layer film; and

laminating the double release film to the backplane with the second adhesive layer

contacting the backplane, thus securing the double release film to the backplane; in this process,

the two laminations may be done in either order.

[Para 32] In this process of the present invention, the multi-layer film may further comprise a

masking film on the opposed side of the second protective layer from the light-transmissive

electrically-conductive layer, the masking film being removable from the layer with which it is

in contact without substantial damage to this layer, the masking film being removed from this

layer after the multi-layer film has been secured to the double release film. In this process, the

multi-layer film typically has a total thickness of not more than about 50 µm, not including any

layer which is removed before the film is incorporated into a functioning electro-optic display,

and the total thickness of the laminated multi-layer film, double release film and backplane

typically does not exceed about 150 µm.



[Para 33] This invention also provides two processes for forming preferred multi-layer films of

the present invention. The first of these two processes comprises: providing a first polymeric

sheet comprising an ultra-violet absorber and having a light-transmissive electrically-conductive

layer on one surface thereof; providing a second polymeric sheet having a moisture barrier on

one surface thereof; coating an adhesive layer on to either the moisture barrier coated surface of

the second polymeric sheet or the surface of the first polymeric sheet which does not carry the

electrically-conductive layer; and contacting the first and second polymeric sheets together

leaving the electrically-conductive layer exposed and with the adhesive layer and the moisture

barrier disposed between the two polymeric sheets. The process may further comprise providing

an anti-glare hard coat on the surface of the second polymeric sheet remote from the moisture

barrier.

[Para 34] The second of these two processes comprises: providing first and second polymeric

sheets each comprising a polymeric layer having a moisture barrier on one surface thereof;

coating an adhesive layer over one of the moisture barriers; contacting the first and second

polymeric sheets together with the adhesive layer and the two moisture barriers disposed

between the two polymeric layers; introducing an ultraviolet absorber into one of the polymeric

layers; and forming a conductive layer on an exposed surface of one of the polymeric layers.

This second process may further comprise providing an anti-glare hard coat on the surface of the

polymer layer remote from the electrically-conductive layer.

[Para 35] Figure 1 is a schematic cross-section through a first multi-layer sheet of the present

invention.

[Para 36] Figure 2 is a schematic cross-section through a second multi-layer sheet of the present

invention.

[Para 37] The accompanying drawings are not strictly to scale. In particular, for ease of

illustration, the thicknesses of the various layers are greatly exaggerated relative to their lateral

dimensions. The present invention is well adapted for the production of thin, flexible electro-

optic displays; typically, the multi-layer sheets described below will have thicknesses (measured

without the masking film, which is discarded before the final display is used) of not more than

about 100 µm, and possibly not more than about 25 µm, and the sheets can be laminated to



flexible backplanes of similar thickness. It has been found that the thin, multi-layer sheet of the

present invention, when used with thin electro-optic media and backplanes, is effective in

reducing creep.

[Para 38] Figure 1 of the accompanying drawings is a schematic cross-section through a first

multi-layer sheet (generally designated 100) of the present invention. The sheet 100 comprises a

masking film 102 having a thickness of approximately 2 mil (51 µm), and an anti-glare hard coat

104 in contact with the masking film 102. The masking film 102, which is removed before the

final display is used, and may be removed before the sheet 100 is laminated to a flexible

backplane (not shown) to form the final display, serves to protect the hard coat 104 from damage

during production of the sheet 100. The masking film 102 also serves to increase the thickness

and stiffness of the sheet 100, thereby facilitating handling thereof.

[Para 39] The sheet 100 further comprises a 0.5 mil (13 µm) poly(ethylene terephthalate) (PET)

layer 106, which carries, on its surface remote from the hard coat 104, an aluminum oxide

(AlOx) barrier layer 108. The barrier layer 108 is in contact with a thin (approximately 5µm)

cured adhesive layer 110, which secures the barrier layer 108 to a second 0.5 mil (13µm) PET

layer 112. Unlike the PET layer 106, the PET 112 contains an ultra-violet absorber. Finally, the

sheet 100 comprises an ITO layer 114, which acts as a barrier layer and also forms the front

electrode of the final display. Accordingly, the ITO layer 114 is present on one external surface

of the sheet 100 so that it can lie as close as possible to the electro-optic medium. In contrast, the

structure of the sheet 100 places the AlOx layer 108 in the middle of the stack of layers, between

the two PET layers 106 and 112. This placement of the thin AlOx layer 108 reduces the chance

of mechanical damage to this barrier layer.

[Para 40] The preferred process for manufacturing the sheet 100 shown in Figure 1 is as

follows. An ultra-violet absorber is incorporated into a PET sheet 112 and on to one surface of

the resultant UV-absorbing PET layer is sputtered an ITO layer 114. Separately, AlOx is

sputtered on to a second PET sheet 106. A curable wet adhesive 110 is coated either on to the

AlOx-coated surface of the second PET sheet 106 or on to the non-ITO coated surface of the first

PET sheet 112, and the two PET sheets are secured together to form a sub-assembly comprising

layers 106-1 14 in Figure 1. Finally, the anti-glare hard coat 104 is coated on to the exposed



surface of the PET layer 106 and the masking film 102 (which is supplied as a pre-formed film,

typically in roll form) is applied to the exposed surface of the hard coat 104 to increase the

handling thickness of the sheet 100 and to protect the hard coat 104.

[Para 4 1] The total thickness of the sheet 100 (without the removable masking film 102) can be

less than 50 µm. As already indicated, the two PET layers 106 and 112 are each 0.5 mil thick, so

their total thickness is 1 mil or 25 µm. The adhesive layer 110 is about 5 µm thick. The anti-glare

hard coat 105 will typically have a thickness of 2 µm or less. The sputtered barrier layer 108 and

ITO layer 114 each have a thickness of the order of about 1 µm. Accordingly, the total thickness

of the sheet 100 will be about 34 µm. Manipulating sheets of this thickness during conventional

roll-to-roll operations poses considerable difficulties and hence a relatively thick masking sheet

102, typically having a thickness of about 50 µm, is desirable to provide a sheet with a thickness

which reduces the difficulties of coating on conventional web processing equipment.

[Para 42] The ability to provide all necessary barrier, ultra-violet protection and hard coat

(mechanical protection and anti-glare) functions in a single sheet of this thickness enables the

production of much thinner electro-optic displays than is typically possible in prior art designs,

in which the various functions of the sheet 100 are provided by separate layers. As already noted,

the sheet 100 may have a thickness of about 34 µm. A typically double release film might

comprise a 25 µm electrophoretic layer sandwiched between a 25 µm adhesive layer (which is

laminated to the sheet 100) and a 6 µm adhesive layer (which is laminated to the backplane), for

a total thickness of about 56 µm (not including the release films which are of course removed

before the double release film is incorporated into the final display). By printing organic

semiconductors on a polymeric film, it is possible to produce backplanes having a total

thickness, even including any additional barrier layers needed, not greater than about 25 µm. An

electro-optic display produced from the sheet 100 and such a double release film and backplane

would have a total thickness of about 115 µm, and physical characteristics not very different

from commercial 5 mil (127 µm) PET film. Such a display could thus readily be wrapped around

a mandrel (say) 10 mm in diameter, or wrapped around a cellular telephone or similar electronic

device of similar thickness.



[Para 43] Numerous variations of the structure shown in Figure 1 are possible. The masking

film 102 can be omitted if desired. In some applications, it may also be possible to omit the hard

coat 104, leaving one surface of the PET layer 106 as the viewing surface of the sheet 100.

Depending upon the sensitivity of the particular electro-optic medium used to ultra-violet

radiation, and possibly the intended use of the display (for example, a rollable display intended

for use as a display screen in an indoor lecture theater may not need ultra-violet protection), the

ultra-violet absorber can be omitted from PET layer 112, or ultra-violet absorption can be

provided in other ways, as described in the aforementioned 2007/0109219. The AlOx barrier

layer can be replaced by any sputtered or evaporated metal or ceramic layer or polymer having

sufficient transparency and barrier properties; examples of appropriate materials may include

ITO, aluminum, silicon oxide, silicon carbide, and the homopolymers sold commercially under

the Registered Trade Marks CLARIS, ACLAR and SARAN. Similarly, the ITO layer 114 can be

replaced by any sputtered or evaporated metal or ceramic layer or polymer having sufficient

transparency and conductivity; examples of appropriate materials may include aluminum, a

conductive polymer such as PEDOT (poly(3,4-ethylenedioxythiophene)), and carbon nanotubes.

[Para 44] The combination of the AlOx layer 108 and the ITO layer 114 provides a more

effective barrier layer than either layer alone. The barrier properties of sputtered films are limited

by small pinholes inevitably present in the sputtered layer. By laminating two sputtered films

together, as is done in the manufacture of the sheet 100 as described above, a redundant barrier

layer is formed in which superposition of randomly distributed pinholes in the two barrier layers

is highly unlikely.

[Para 45] The sheet 100 is also mechanically durable. Mechanical stress tends to cause cracks

in AlOx and ITO barrier layers, but the presence of the redundant barrier layers and the fact that

these barrier layers are applied to different polymeric (PET) films separated by a thin adhesive

layer tends to decouple the occurrence of cracks in the two barrier layers from each other. A

sheet 100 as shown in Figure 1 (with or without the masking film 102) has been rolled 10,000

time around a 15 mm diameter mandrel without showing any decrease in barrier properties

relative to the sheet prior to any rolling.



[Para 46] Although the discussion above has been primarily directed to very thin front sub-

assemblies having thicknesses of the order of 25 µm, additional impact protection can be added

by increasing the thickness of the sub-assembly. This can be effected by increasing the thickness

of one or both of the PET layers, laminating additional layers (for example of PET, PEN or

polycarbonate), or providing thicker auxiliary layers, such as the adhesive and barrier layers.

[Para 47] It might at first glance appear that an essentially monolithic, non-laminated sheet

having properties similar to those of the sheet 100 could be produced by sputtering the two

barrier layers on the opposed sides of a single polymeric layer, with an ultra-violet absorber

being provided either within the polymeric layer or as an additional coating over the non-

electrode barrier layer (i.e., the AlOx layer in sheet 100), coating the anti-glare hard coat and

applying a masking film if desired. However, such a process has the serious disadvantage that,

since the sputtering and coating steps are carried out sequentially on the same polymeric layer,

the yield loss at the various steps are compounded, which is likely to render the resulting sheet

expensive. Furthermore, defects in the polymeric layer that nucleate locally poor barrier

properties are likely to affect barrier layers on both sides of the same polymeric layer, so that the

barrier properties may well be compromised. Similarly, cracks due to mechanical stress are

likely to occur at the same location in both barrier layers.

[Para 48] Figure 2 of the accompanying drawings is a schematic cross-section through a second

multi-layer sheet (generally designated 200) of the present invention. The sheet 200 comprises a

masking film 202 having a thickness of approximately 2 mil (51 µm), and an anti-glare hard coat

204 in contact with the masking film 202. Both the masking film 202 and the hard coat 204 are

identical to the corresponding layers of the sheet 100 shown in Figure 1 and serve the same

functions. The sheet 200 further comprises a 0.5 mil (13 µm) poly(ethylene terephthalate) (PET)

layer 206; however, in sheet 200, it is this layer 206 which carries the ultra-violet absorber. The

surface of layer 206 remote from the hard coat 204 carries an AlOx barrier layer 208A, which is

secured by a thin (approximately 5µm) cured adhesive layer 210 to a second AlOx barrier layer

208B. Barrier layer 208B is carried on a second 0.5 mil (13µm) PET layer 212. Finally, the sheet

200 comprises a wet coated conducting layer 214, which forms the front electrode of the final

display.



[Para 49] The preferred process for manufacturing the sheet 200 shown in Figure 2 is as

follows. The process starts from two sheets of PET which already have an AlOx layer formed

thereon; such PET sheets bearing AlOx coatings are readily available commercially, and the two

sheets will eventually form the layers 206/208A and 212/208B of the final sheet 200. A curable

wet adhesive is coated on to one of the AlOx coatings, and the two PET/A1OX are brought

together and the adhesive cured to form the layers 206/208A/210/208B/212 of the sheet 200.

Ultra-violet absorber is diffused into the PET layer 206, and the conducting layer 214 is wet

coated on to one surface of the second PET sheet 212. Finally, the anti-glare hard coat 204 is

coated on to the exposed surface of the PET layer 206 and the masking film 202 is then applied

to the exposed surface of the hard coat 204.

[Para 50] It will be noted that in sheet 200 both the AlOx barrier layers 208A and 208B are

buried between the two PET layers and are thus well protected from mechanical damage.

[Para 5 1] As with the sheet 100 shown in Figure 1, numerous variations of the sheet 200 shown

in Figure 2 are possible. All the variations mentioned for the sheet 100 can also be effected in the

sheet 200. In addition, the ultra-violet absorber can be incorporated in either PET layer The

masking film 202 can be omitted if desired. In some applications, it may also be possible to omit

the hard coat 204, leaving one surface of the PET layer 206 as the viewing surface of the sheet

200. Depending upon the sensitivity of the particular electro-optic medium used to ultra-violet

radiation, and possibly the intended use of the display, the ultra-violet absorber can be omitted

from PET layer 206, or ultra-violet absorption can be provided in other ways, as described in the

aforementioned 2007/0109219. The AlOx barrier layer can be replaced by any sputtered or

evaporated metal or ceramic layer or polymer having sufficient transparency and barrier

properties; examples of appropriate materials may include ITO, aluminum, silicon oxide, silicon

carbide, and the homopolymers sold commercially under the Registered Trade Marks CLARIS,

ACLAR and SARAN. Similarly, the conductive layer 216 can be replaced by any sputtered or

evaporated metal or ceramic layer or polymer having sufficient transparency and conductivity;

examples of appropriate materials may include aluminum, a conductive polymer such as PEDOT

(poly(3,4-ethylenedioxythiophene)), and carbon nanotubes. In the sheet 200, the order of

assembly is important to reduce yield loss.



[Para 52] As noted above, in the sheet 100 shown in Figure 1 the ITO layer 114 serves both

conductive and barrier functions. In contrast, wet processed conductive layers such as the layer

216 in sheet 200 typically have poor barrier properties. Accordingly, in order to preserve

excellent barrier properties, the sheet 200 is provided with two AlOx layers 208A and 208B (in

contrast to the single AlOx layer 108 in sheet 100) to provide barrier properties similar to those

provided by the combination of the AlOx layer 108 and the ITO layer 114 in sheet 100. Providing

two AlOx layers 208A and 208B in sheet 200 is economically feasible since an AlOx coated

polymer film is relatively inexpensive, whereas ITO is expensive. The mechanical properties of

sheet 200 are very similar to those of film 100.

[Para 5 3] From the foregoing, it will be seen that the present invention can provide a

mechanically robust front sub-assembly with excellent barrier properties for use in an electro-

optic display. Features such as an anti-glare hard coat, ultra-violet absorber, thickness and type

of masking film employed (if any) can readily be varied to suit individual customer

requirements.

[Para 54] It will be apparent from the preceding discussion that the films of the present

invention can be used with any electro-optic layer which has a solid external surface to which the

film can adhere. Accordingly, the present methods can be carried out using any of the types of

electro-optic media described above. For example, the present methods can make use of rotating

bichromal member, electrochromic or electrophoretic media, and in the last case the

electrophoretic media may be of the encapsulated, polymer-dispersed or microcell types.

Displays produced using the films of the present invention may be used in any application in

which prior art solid 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.



CLAIMS

1. A multi-layer film (100; 200) useful as a front sub-assembly in electro-

optic displays, the multi-layer film (100; 200) being characterized by comprising, in this order:

a light-transmissive electrically-conductive layer (114; 214);

a light-transmissive first protective layer (112; 212);

a light-transmissive moisture barrier layer (108; 208A, 208B); and

a light-transmissive second protective layer (106; 206).

2 . A film according to claim 1 having a total thickness of not more than 100

µm, not including any layer which is removed before the film is incorporated into a functioning

electro-optic display.

3 . A film according to claim 2 having a total thickness of not more than

50 µm, not including any layer which is removed before the film is incorporated into a

functioning electro-optic display.

4 . A film according to any one of the preceding claims in which the light-

transmissive electrically-conductive layer (114) comprises indium-tin-oxide.

5 . A film according to any one of the preceding claims in which the light-

transmissive electrically-conductive layer (214) comprises a wet coated conducting layer.

6 . A film according to any one of the preceding claims in which at least one

of the first and second protective layers (112; 206) comprises an ultra-violet absorber.

7 . A film according to any one of the preceding claims in which the moisture

barrier layer (108; 208A, 208B) comprises an aluminum oxide.

8. A film according to any one of the preceding claims further comprising an

anti-glare hard coat (104; 204) on the opposed side of the second protective (106; 206) layer

from the light-transmissive electrically-conductive layer (114, 214).

9 . A film according to any one of the preceding claims further comprising a

masking film (102; 202) on the opposed side of the second protective layer (106; 206) from the

light-transmissive electrically-conductive layer (114; 214), the masking film (102; 2020) being

removable from the layer with which it is in contact without substantial damage to this layer.



10. A film according to any one of the preceding claims further comprising an

adhesive layer (110) disposed between the first protective layer (112) and the moisture barrier

(108).

11. A film according to any one of claims 1 to 10 in which the moisture

barrier comprises first and second moisture barrier sub-layers (208A, 208B) separated by a non-

barrier intermediate layer (210).

12. A film according to claim 11 in which the intermediate layer (210) is an

adhesive layer.

13. A process for assembling an electro-optic display (100; 200), the process

being characterized by:

providing a multi-layer film (100; 200) which itself comprises, in this order:

a light-transmissive electrically-conductive layer (114; 214);

a light-transmissive first protective layer (112; 212);

a light-transmissive moisture barrier layer (108; 208A, 208B); and

a light-transmissive second protective layer (106; 206);

providing a double release film comprising a layer of an electro-optic medium

sandwiched between first and second adhesive layers;

providing a backplane comprising at least one pixel electrode,

laminating the double release film to the multi-layer film (100; 200) with the first

adhesive layer contacting the electrically-conductive layer (114; 214), thus securing the double

release film to the multi-layer film (100; 200); and

laminating the double release film to the backplane with the second adhesive layer

contacting the backplane, thus securing the double release film to the backplane,

the two laminations being done in either order.

14. A process according to claim 13 in which the multi-layer film (100; 200)

further comprises a masking film (102; 202) on the opposed side of the second protective layer

(106; 206) from the light-transmissive electrically-conductive layer (114; 214), the masking film

(102; 202) being removable from the layer with which it is in contact without substantial damage



to said layer, and the masking film (102; 202) being removed from said layer after the multi

layer film (100; 200) has been secured to the double release film.

15. A process according to claim 13 in which the multi-layer film (100; 200)

has a total thickness of not more than 50 µm, not including any layer which is removed before

the film (100; 200) is incorporated into a functioning electro-optic display, and the total thickness

of the laminated multi-layer film (100; 200), double release film and backplane does not exceed

150 µm.

16. A process for preparing a multi-layer film (100) useful as a front sub-

assembly in electro-optic displays, the process being characterized by:

providing a first polymeric sheet (112) comprising an ultra-violet absorber and

having a light-transmissive electrically-conductive layer (114) on one surface thereof;

providing a second polymeric sheet (106) having a moisture barrier (108) on one

surface thereof;

coating an adhesive layer (110) on to either the moisture barrier coated surface of

the second polymeric sheet (106) or the surface of the first polymeric sheet (112) which does not

carry the electrically-conductive layer (114); and

contacting the first (112) and second (106) polymeric sheets together leaving the

electrically-conductive layer (114) exposed and with the adhesive layer (110) and the moisture

barrier (108) disposed between the two polymeric sheets (112, 106).

17. A process for preparing a multi-layer film (200) useful as a front sub-

assembly in electro-optic displays, the process being characterized by:

providing first and second polymeric sheets each comprising a polymeric layer

(206, 212) having a moisture barrier (208A, 208B) on one surface thereof;

coating an adhesive layer (210) over one of the moisture barriers (208A, 208B);

contacting the first and second polymeric sheets together with the adhesive layer

(210) and the two moisture barriers (208A, 208B) disposed between the two polymeric layers

(206, 212);

introducing an ultraviolet absorber into one of the polymeric layers (206); and



forming a conductive layer (214) on an exposed surface of one of the polymeric

layers (212).
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