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(57) ABSTRACT 

The invention provides a thin, lightweight, durable electro 
optic display assembly that is signi?cantly more ?exible 
than knoWn plastic electro-optic displays. The enhanced 
?exibility of the plastic display assemblies according to the 
invention is achieved by employing laminate display struc 
tures in Which there is little, if any, bonding betWeen 
adjacent layers of the laminate assembly. 
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COMPOSITE STRUCTURE FOR ENHANCED 
FLEXIBILITY OF ELECTRO-OPTIC DISPLAYS 

BACKGROUND OF THE INVENTION 

[0001] Commercially, it is highly desirable for an elec 
tronic display to be as thin and light as possible While still 
maintaining a high degree of ruggedness and impervious 
ness to forces that are a consequence of shock and drop. In 
the area of mobile electronics, such as cellular telephones, 
personal digital assistants (PDAs), and the like, siZe and 
Weight are critical factors to the commercial success of a 
product. HoWever, breakage of the electro-optic displays 
Within these devices remains the primary cause of repairs 
and product returns. 

[0002] In general, electro-optic displays contain an elec 
tro-optic material having an optical state that changes as a 
function of an applied electric or magnetic ?eld. The electro 
optic material can be contained on a single substrate or can 
form an electro-optic layer betWeen tWo substrates that are 
bonded together. Traditionally, electro-optic displays have 
been manufactured using glass substrates, making the prod 
uct heavy, rigid and prone to breakage. Lighter, thinner 
displays employing rigid plastic substrates also require 
structural support and shock absorption properties to prevent 
or reduce breakage. Therefore, attention in the industry has 
turned to the need for electro-optic displays that are thin and 
lightWeight and can also be bent or ?exed While maintaining 
desirable durability. 

[0003] There are many useful applications for such ?ex 
ible products. For example, so-called ‘electronic paper’ in 
Which ?ber paper is replaced With a display Would be much 
more compelling as a product if the electro-optic display 
could be rolled up or folded like traditional paper. Wearable 
electronics, such as pagers, computers or multifunction 
Watches, and the like, Would be more comfortable to the 
Wearer if the display conformed to the user’s body. Inte 
grated circuit chip cards or smart cards, Which have strict 
?exure life-test performance standards, Would be able to 
incorporate ?exible electro-optic displays and still conform 
to those standards. 

[0004] In addition to the electro-optic layer and sub 
strate(s), electro-optic displays such as liquid crystal dis 
plays (LCDs) require additional layers such as polariZers, 
analyZers, re?ectors, and the like, to achieve the desired 
electro-optic effect. In applications requiring input by a user, 
an electro-optic display of any type can also include a 
touchscreen incorporated into the overall display assembly. 
Often, electro-optic display assemblies can include a pro 
tective barrier layer, an anti-scratch layer, and the like. 

[0005] Conventionally, all of the layers of the electro-optic 
display assembly are bonded together by optically-clear 
adhesives, or other similar means. This results in a laminate 
having an increased rigidity, in much the same Way that 
bonding multiple thin layers of Wood together results in a 
plyWood sheet having signi?cantly enhanced rigidity and 
strength. Even When the individual layers of the laminate 
stack are very thin, the overall ?exibility of the bonded 
laminate is still signi?cantly less than the ?exibility of a 
single sheet of plastic having an equivalent thickness. The 
relatively in?exible mechanical properties of these plastic 
displays are therefore considered detrimental for perfor 
mance in applications in Which very ?exible plastic displays 
are desirable. 
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[0006] There is a need, therefore, for multiple layer ?ex 
ible electro-optic displays that have enhanced ?exibility. 

SUMMARY OF THE INVENTION 

[0007] The invention provides a thin, lightWeight, durable 
electro-optic display assembly that is signi?cantly more 
?exible than knoWn plastic electro-optic displays, While 
eliminating the need for additional structural support and 
shock absorption that glass displays and even rigid plastic 
displays require. The enhanced ?exibility of the electro 
optic display assemblies according to the invention is 
achieved by employing laminate display structures in Which 
there is little, if any, bonding betWeen adjacent layers of the 
laminate assembly. If any bonding is used, it is localiZed to 
areas Where stress induced by ?exing of the laminate assem 
bly is minimiZed. As a result, the ?exible electro-optic 
display assemblies according to the invention retain all the 
advantages of knoWn plastic electro-optic displays, While 
providing desirably enhanced ?exibility. 

[0008] In one embodiment, the invention provides a ?ex 
ible electro-optic display assembly that comprises an elec 
tro-optic display element that comprises a material having 
an optical state that changes as a function of an applied 
electric or magnetic ?eld, at least one laminar layer in 
sliding apposition to the display element, and optionally one 
or more additional slidingly apposed laminar layers, Wherein 
the electro-optic display element, the at least one laminar 
layer and the optional one or more additional laminar layers 
comprise individual layers of a laminate assembly; and a 
structure element for fastening together the individual layers 
of the laminate assembly, Wherein the structure element 
engages a portion of the laminate assembly so as to maintain 
the individual layers of the laminate assembly in the sliding 
apposition, Wherein upon ?exing of the laminate assembly, 
the individual layers slide relative to each other. 

[0009] The structure element can comprise a ?exible 
frame structure having an inner periphery de?ning a vieWing 
area for a liquid crystal display, the ?exible frame structure 
engaging peripheral portions of the laminate assembly so as 
to maintain the individual layers of the laminate assembly in 
the sliding apposition, Wherein upon ?exing of the display 
assembly, the individual layers slide relative to each other. 
The resulting ?exible electro-optic display assembly can be 
mounted into any desired device, such as a cellular tele 
phone, computer, Watch band, PDA, pager, clock, integrated 
circuit chip card, or the like. Alternatively, the device itself 
can provide the ?exible frame structure for the laminate 
assembly, such as by molding a portion of the device over 
the laminate assembly. 

[0010] In another embodiment, the invention provides a 
?exible electro-optic display assembly such as that 
described in the embodiment above, Wherein the structure 
element, such as a ?exible frame structure, has a top surface 
portion comprising an area for vieWing a liquid crystal 
display, and a body portion, Wherein the top portion and the 
body portion comprise a housing for the laminate assembly 
so as to maintain the individual layers of the laminate 
assembly in the sliding apposition, Wherein upon ?exing of 
the housing, the individual layers of the laminate assembly 
slide relative to each other. An exemplary use for this 
embodiment is an integrated circuit chip card. 

[0011] In yet another embodiment of the ?exible electro 
optic display assembly of the invention, the electro-optic 
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display element, the at least one laminar layer and the 
optional one or more additional laminar layers comprise 
individual layers of a laminate assembly having a de?ection 
axis. A fastener is provided for fastening together the indi 
vidual layers of the laminate assembly. The fastener main 
tains the individual layers of the laminate assembly in a ?rst 
position relative to one another at the fastener, and Wherein 
upon ?exing of the display assembly, the individual layers 
slide relative to each other in regions outside the fastener. 

[0012] The ?exible plastic electro-optic display assem 
blies according to embodiments of the invention are espe 
cially suitable for, but not limited to, applications such as 
“electronic paper” and the like, Wearable electronics, such as 
computers, multifunction Watches, and the like, and other 
electronic and/or mobile communication device applica 
tions, such as cellular telephones, PDAs, pagers, calculators, 
clocks, integrated circuit chip cards, computers, television 
sets, combinations of the foregoing, and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1A is a cross-sectional vieW of a ?exible 
electro-optic display assembly according to the invention, 
comprising a liquid crystal display element and laminar 
layers in sliding apposition, held together by a structure 
element such as a ?exible frame structure. 

[0014] FIG. 1B is a vieW similar to FIG. 1A, illustrating 
spacing elements that can be used to prevent optical inter 
ference patterns resulting When the inner surfaces come in 
contact. 

[0015] FIG. 1C is a vieW similar to FIG. 1A, illustrating 
tWo electro-optic display elements in a single electro-optic 
display assembly. 
[0016] FIG. 2 is a plane vieW of an embodiment of the 
?exible electro-optic display assembly, such as that illus 
trated in FIGS. 1A, 1B and 1C. 

[0017] FIG. 3 is a plane vieW of an embodiment of the 
?exible electro-optic display assembly Wherein the structure 
element contains means for mounting the display assembly 
into a device or housing. 

[0018] FIG. 4 is a plane vieW of an embodiment of the 
?exible electro-optic display assembly in Which the structure 
element comprises a Watch band. 

[0019] FIG. 5 is a cross-sectional vieW of the display 
assembly illustrated in FIG. 4. 

[0020] FIGS. 6A and 6B are cross-sectional vieWs of 
embodiments of a laminate assembly housed in a ?exible 
plastic card Which comprises a structure element for holding 
together the layers of the laminate assembly in sliding 
apposition. 
[0021] FIGS. 7A and 7B are embodiments of the inside of 
the top cover of a ?exible plastic card shoWing circuitry and 
battery connections. 

[0022] FIG. 8 illustrates an embodiment of the ?exible 
electro-optic display assembly Wherein the layers of the 
laminate assembly are held together by one or more fasten 
ers placed on a ?xation axis orthogonal to a de?ection axis. 

[0023] FIG. 9 illustrates an alternate placement of fasten 
ers on a ?xation axis orthogonal to a de?ection axis. 

Nov. 20, 2003 

[0024] FIG. 10 illustrates a ?exing of an embodiment 
according to FIG. 9. 

[0025] FIG. 11 illustrates an embodiment of the ?exible 
electro-optic display assembly Where the layers of the lami 
nate assembly are held together by a single fastener in 
conjunction With a collar positioned along a second orthogo 
nal axis. 

[0026] 
FIG. 11. 

[0027] FIGS. 13A, B and C illustrate an alternative 
embodiment of FIGS. 8 and 9, Wherein the fasteners take 
the form of clips. 

[0028] FIGS. 14A and B illustrate details of the clips used 
in FIG. 13. 

[0029] FIG. 15 illustrates an embodiment in Which a 
single rivet assembly is employed to hold together the layers 
of the laminate assembly. 

[0030] FIGS. 16A, B and C illustrate detail vieWs of the 
rivet assembly. 

FIG. 12 illustrates a detail vieW of the collar of 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] The enhanced ?exibility of the electro-optic dis 
play assemblies according to the invention is achieved by 
employing laminate display structures in Which there is 
little, if any, bonding betWeen adjacent layers of the laminate 
assembly. If any bonding is used, it is localiZed to areas 
Where stress induced by ?exing of the laminate assembly is 
minimiZed. Therefore, the invention provides an electro 
optic display assembly having laminate layers With 
enhanced ?exibility over knoWn display assemblies. The 
invention can be applied to any electro-optic display having 
tWo or more layers including, but not limited to, displays 
employing electro-optic materials such as liquid crystals, 
polymer dispersed liquid crystals, electrophoretic micropar 
ticles, rotating bichromal microbeads, thin ?lm electrolumi 
nescent material, thin ?lm photoluminescent material, 
organic light emitting diodes and other electrochomic mate 
rials, and the like. 

[0032] An electro-optic display element can be de?ned as 
an element that comprises a material having an optical state 
that changes as a function of an applied electric or magnetic 
?eld, including photoelectric-induced luminescence. That is, 
the material is “switchable” from one optical state to 
another. Generally, the sWitchable material is associated 
With one or more substrates on Which electrodes may be 
located to change the optical state of the material in accor 
dance With a desired pattern. 

[0033] There are a variety of different types of electro 
optic displays employing the sWitchable electro-optic mate 
rial disposed betWeen tWo substrates that are bonded 
together to form a so-called microencapsulated display. For 
example, electrophoretic displays achieve images by elec 
trophoresis, the rapid migration of microparticles in colloi 
dal suspensions. In this type of display, light scattering 
particles are moved Within a dyed colloidal suspension by 
electrostatic forces. The particles either move toWard the 
vieWer, in Which case the typically White particles are 
observed, or to the surface aWay from the vieWer, in Which 
case the White particles are hidden by the dark dye. 
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[0034] Cholesteric displays employ a cholesteric liquid 
crystal material that, When sandwiched between conducting 
electrodes, can be sWitched betWeen tWo stable states—the 
so-called focal conic and planar states—in Which the helical 
structures of the liquid crystal have different orientations. In 
the focal conic state, the helical structures are unaligned and 
the liquid crystal is transparent. In the planar state, the axes 
of the helical structures are all perpendicular to the display’s 
surface resulting in essentially monochromatic transmission 
by the display. 

[0035] Another type of microencapsulated display 
employs microscopic beads, randomly dispersed and held in 
place betWeen tWo plastic substrates by a ?exible elasto 
meric matrix of oil-?lled cavities. The balls have strongly 
contrasting hemispheres, black on one side and White on the 
other. The White side is highly re?ective, While the black 
side absorbs light. Each hemisphere has a unique intrinsic 
charge, resulting in a force on the ball When an electric ?eld 
is applied and the axis of the ball is not aligned With the ?eld. 
The side of the ball presented for display depends on the 
polarity of the voltage applied to the electrode. 

[0036] Liquid crystal displays (LCDs) are attractive 
because of the loW drive voltages required to sWitch them, 
their relatively fast response times, the Wide availability of 
drive electronics, and the signi?cant intellectual and manu 
facturing investment in the technology. Attempts have been 
made to develop LCDs that intermix the liquid crystal Within 
a polymer matrix in order to make them compatible With 
plastic substrates, one example being polymer dispersed 
displays (PDLCDs). PDLCDs are fabricated by intermixing 
the liquid crystal and a pre-polymer into a solution prior to 
assembling the display. After assembling the display, the 
polymer is cured, typically by ultraviolet light. During the 
polymeriZation the LC separates out from the polymer into 
microscopic droplets. Since the droplets of LC are not in 
contact With any alignment layer, the orientation of the 
molecules is random and light is scattered by the droplets. 
Applying a voltage to the electrodes of the PDLCD causes 
the LC molecules to become aligned, resulting in the display 
becoming transparent. 

[0037] All of the foregoing electro-optic displays can 
employ layers on an outer surface of one or more of the 
substrates such as, but not limited to, polariZers, analyZers, 
re?ectors, or other optical compensation elements, anti 
scratch layers and other protective barrier layers, and the 
like, and combinations of any of the foregoing. 

[0038] There are also a variety of electro-optic displays 
employing an electro-optic (or photo-optic) material dis 
posed on one substrate. For example, thin ?lm electrolumi 
nescent (TFEL) displays employ a glass sheet as a substrate 
that is coated With an electrode (e.g., indium tin oxide) and 
a light-emitting phosphor ?lm (e.g., ZnSzMn). A thin ?lm 
black layer is then deposited to provide optical contrast, 
folloWed by application of a rear electrode (e.g., aluminum). 
The display is then “encapsulated” With a solid gel and a 
glass cover plate to keep out moisture. These displays also 
can employ additional layers on an outer surface of the 
electro-optic layer and/or the substrate layer, such as but not 
limited to, absorption and interference ?lters, re?ective 
layers, protective layers, and the like. 

[0039] Organic light emitting diodes (OLEDs) form 
another type of electro-optic display based on light emission 
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by phosphorescent phosphors upon electrical stimulation. 
The OLED can employ a glass substrate as a substrate that 
is coated With an electrode and a light-emitting small 
molecule based on, e.g., aluminum quinolate (Alq3). These 
displays also can employ additional layers on an outer 
surface of the electro-optic layer and/or the substrate layer, 
such as but not limited to, polariZer layers, re?ective layers, 
protective layers, and the like. 

[0040] Each of the foregoing embodiments of electro 
optic displays can additionally include a touchscreen ele 
ment incorporated into the overall display assembly, for 
applications requiring input by a user. 

[0041] In one embodiment, the invention provides a ?ex 
ible electro-optic display assembly comprising an electro 
optic display element that comprises a material having an 
optical state that changes as a function of an applied electric 
or magnetic ?eld, at least one laminar layer in sliding 
apposition to the display element, and optionally one or 
more additional slidingly apposed laminar layers, Wherein 
the electro-optic display element, the at least one laminar 
layer and the optional one or more additional laminar layers 
comprise individual layers of a laminate assembly; and a 
structure element for fastening together the individual layers 
of the laminate assembly, Wherein the structure element 
engages a portion of the laminate assembly so as to maintain 
the individual layers of the laminate assembly in the sliding 
apposition, Wherein upon ?exing of the laminate assembly, 
the individual layers slide relative to each other. 

[0042] In embodiments illustrated in FIGS. 1A and 1B, a 
?exible electro-optic display assembly 1 according to the 
invention includes an electro-optic display element that 
contains an electro-optic material 2, disposed betWeen tWo 
substrates 3 that are bonded together, such as by a gasket 4. 
Bonding betWeen tWo or more substrates can be achieved by 
an adhesive, by ultrasonic Welding, by laser cutting, or the 
like. The adhesive can be an ultraviolet cured adhesive, if 
desired. The type of bonding of the substrates is not critical 
to the invention. Although tWo substrates are illustrated, an 
electro-optic display element having one substrate is not 
excluded. Further, the display element is not limited to any 
one type of element design. The type of electro-optic mate 
rial employed and the con?guration of the material With or 
Without other compounds or electrode materials Within the 
element are not critical to the invention. In the embodiment 
illustrated in FIG. 1, spacers 5 are shoWn as an example of 
other non-limited materials that can be included in the 
electro-optic display element. 

[0043] The substrate(s) 3 can be made of commonly used 
optically clear materials such as, but not limited to, cast 
allyl-diglycol carbonate, or the like, Which is a relatively 
rigid material. Flexible clear plastic materials including, but 
not limited to, polycarbonate, polyethersulfone, polyethyl 
ene naphthalate, and the like, that are Well knoWn to those 
skilled in the art, can also be employed as the substrate(s). 
Alternatively, the substrate(s) may be made of clear glass, 
preferably a very thin ?exible glass. For example, a suitable 
?exible glass substrate is about 0.030 mm thick and avail 
able from Schott Glass Technologies, Inc., Duryea, Pa. If 
desired, the substrate can comprise a composite of a polymer 
and a ceramic or a composite of a polymer and an inorganic 
material, Which are Well knoWn materials. Moreover, if tWo 
or more substrates are employed, they can be individually 
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made from different materials. An advantage of the display 
assembly according to the invention is that commonly 
obtained plastic, glass or composite substrate materials can 
be employed that are optimiZed for such desirable features 
as hardness, scratch-resistance, puncture resistance, and the 
like, but can have very little elasticity or be very ?exible. 

[0044] The display assembly 1 also includes one or more 
layers adjacent to an outer surface of the electro-optic 
material and/or to at least one of the substrates 3, to achieve 
the desired electro-optic effect. These layers can include, but 
are not limited to, polariZers 6, a re?ector 7, and the like, but 
can include other or alternative desirable layers, such as an 

analyZer, an optical compensation element, or other layers 
knoWn to those of ordinary skill in the art of electro-optic 
displays. Commonly used polariZers, analyZers and re?ec 
tors can be employed Without limitation. In addition to 
enhancing the electro-optic effect, these layers can add 
desired features, such as hardness and scratch resistance or 
anti-re?ection layers to the display assembly. Other layers 
can include an anti-scratch layer or any type of protective 
barrier layer. Additionally, the layers may include a ?exible 
touchscreen input subassembly, currently manufactured and 
incorporated into rigid products such as Palm Pilots or other 
PDAs. The layers, together With the electro-optic display 
element are all slidingly apposed and comprise individual 
layers of a laminate assembly 8. 

[0045] In the embodiment shoWn in FIGS. 1A and 1B, the 
individual layers of the laminate assembly are held together 
in sliding apposition by a structure element, such as a 
?exible frame structure 9 having an inner periphery 10 
de?ning a vieWing area 11 Which is better seen in FIG. 2. 
The ?exible frame structure engages peripheral portions of 
the laminate assembly so as to maintain the layers of the 
laminate assembly 8 in the sliding apposition until ?exing of 
the display assembly alloWs the individual layers to slide 
relative to each other. The materials used for the ?exible 
frame structure are preferably softer and more elastic than 
those used for the substrates, and have no requirement to be 
optically clear. For example, the ?exible frame can be made 
from vinyl, urethane, polyethylenes, polyvinyl chloride, 
cellulose derivatives, vinyl resins, polystyrenes, polyamides, 
polyimides, polycarbonates, paper, rubber; mica tape, plate 
or sheet, glass cloth, and the like. The ?exible frame can be 
made from a polymer ?lm, preferably an adhesive-back ?lm. 
Exemplary ?lms can include, but are not limited to, Kap 
ton®, Nomex® and Mylar® I. duPont de Nemours Co.). 
For example, an adhesive-based ?lm can be folded over the 
laminate stack. An optically clear ?lm can cover all or part 
of the vieWing area for the electro-optic display, if desired. 

[0046] In any of the embodiments according to the inven 
tion, spacing elements 12 that prevent direct contact 
betWeen the inner surfaces of the laminate layers may be 
incorporated, as illustrated in FIG. 1B. The spacing ele 
ments are used to prevent optical interference patterns 
resulting When the inner surfaces come in contact. Such 
patterns are commonly called NeWton rings or fringes. 
Spacing betWeen layers is usually maintained at less than 10 
mils, though the exact gap is not critical other than that the 
gap must be greater than 1/2 the longest Wavelength of light 
of interest. Methods commonly used by those skilled in the 
art include printing the spacer elements onto at least one of 
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the surfaces. Other methods may involve use of adhesive 
coated microspheres such as those used to maintain the cell 
gap in a liquid crystal cell. 

[0047] FIG. 1C illustrates an embodiment of the electro 
optic display assembly that includes a second electro-optic 
display element 13, including its attendant layers that are 
similar to those of the display element 12 and are designated 
With an “A” in addition to the numerical identi?cation. That 
is, a ?exible electro-optic display assembly is provided that 
comprises a ?rst electro-optic display element and a second 
electro-optic display element, Wherein the ?rst and second 
electro-optic display elements independently comprise a 
material having an optical state that changes as a function of 
an applied electric or magnetic ?eld, at least one laminar 
layer in sliding apposition to the ?rst or the second display 
element, and optionally one or more additional slidingly 
apposed laminar layers, Wherein the ?rst and second electro 
optic display elements, the at least one laminar layer and the 
optional one or more additional laminar layers comprise 
individual layers of a laminate assembly; and a structure 
element 9 for fastening together the individual layers of the 
laminate assembly, Wherein the structure element engages a 
portion of the laminate assembly so as to maintain the 
individual layers of the laminate assembly in the sliding 
apposition, Wherein upon ?exing of the laminate assembly, 
the individual layers slide relative to each other. The ?rst and 
second display elements may be the same or may be 
different from each other. An advantage of this embodiment 
is that the electro-optic display assembly can comprise a 
front portion 11 and a back portion 11A, and the ?rst and the 
second electro-optic display elements are positioned in the 
laminate assembly such that the ?rst electro-optic display 
element provides an image on the front portion of the 
electro-optic display assembly and the second electro-optic 
display element provides an image on the back portion of the 
electro-optic display assembly. 

[0048] FIG. 2 illustrates one embodiment of a structure 
element such as the ?exible frame in Which the shape of the 
frame is generally a rectangle having four sides 12. HoW 
ever, a ?exible frame can have a variety of different shapes, 
such as oval or irregular shapes, and the like, Without 
limitation. A?exible tail 13 for connecting the liquid display 
element to conventional display driver electronics is also 
illustrated. The ?exible frame can have an outer periphery 
14 for inserting the ?exible display assembly into a housing 
(not shoWn) such as a mobile communications device, a 
Watch, a PDA, or the like, or other electronic device, such as 
a cellular telephone, a calculator, a clock, an integrated 
circuit chip card, a pager, a computer, a television set, or the 
like. Mechanical features can be added to the frame to aid 
With mounting of the ?exible electro-optic display assembly 
into the device into Which it is to be integrated. For example, 
as illustrated in FIG. 3, mounting holes 15 can be placed 
betWeen the outer and inner peripheries of the ?exible frame 
structure. Alternatively, exemplary mounting means can be, 
but are not limited to, pegs, rivets, velcro, or the like, or 
combinations of these. The mounting means can be ?exible 
or rigid. The mounting means can employ adhesives for 
mounting the display assembly into the device. 

[0049] In another embodiment of the invention, the struc 
ture element can engage the peripheral portions of the 
laminate assembly by overmolding, such as With a urethane 
or other thermoplastic polymer. In one such embodiment, 
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the device in Which the laminate assembly is to be employed 
can itself serve as the structure element. A non-limiting 
example of such a device is illustrated in FIGS. 4 and 5, 
Which illustrate a Watch band 20 that is a structure element 
for maintaining the individual layers of the laminate assem 
bly of the electro-optic display 21 in the sliding apposition. 
The device, such as the Watch band can further comprise 
conventional electronics, battery and controls 22, as knoWn 
to those skilled in the art of electro-optic displays. As shoWn 
more clearly in FIG. 5, the ?exible electro-optic display 
assembly includes the electro-optic display element 23 com 
prising the electro-optic material dispersed betWeen sub 
strates 24 and 25 and a re?ector layer 26 slidingly apposed 
to an outer surface of one of the substrates 24. A clear 
protective top layer 27 can optionally be added to protect the 
display assembly from damage. 

[0050] It may be desirable to provide a means for more 
?rmly integrating the molding With the ?exible laminate 
assembly. For example, small holes or notches 28 can be 
introduced in the peripheral areas of the laminate stack that 
can become ?lled With the polymer during the molding 
process. Such notches or holes can be produced, for 
example, by die cutting or by laser, such as a carbon dioxide 
laser, by knoWn methods. 

[0051] In another embodiment, the ?exible electro-optic 
display assembly comprises a ?exible frame structure hav 
ing a top portion comprising an area for vieWing the electro 
optic display, and a body portion, Wherein the top portion 
and the body portion comprise a housing for the laminate 
assembly so as to maintain the individual layers of the 
laminate assembly in the sliding apposition, Wherein upon 
?exing of the housing, the individual layers of the laminate 
assembly slide relative to each other. 

[0052] An illustrative example of this embodiment is 
shoWn in FIGS. 6A and 6B, in Which the laminate assembly 
30 is incorporated into a laminated ?exible plastic card 31, 
such as an integrated circuit chip card. In the embodiment 
shoWn in FIG. 6A, the card comprises a top cover 32 for 
vieWing the electro-optic display 33 and a body portion 34 
that is preferably opaque. The laminate assembly 30 is 
layered and ?tted into an appropriately siZed opening 35 in 
the body portion 34 and the top cover 32 is laminated to the 
body portion 34, thus forming a housing that encloses and 
holds together the layers of the laminate assembly in sliding 
apposition. In an alternative embodiment shoWn in FIG. 6B, 
the body portion 34 comprises an inner body 36 and a 
bottom cover 37. The top cover 32, the inner body 36 and the 
bottom cover 37 are con?gured to provide an appropriately 
siZed opening 38 for the laminate assembly 30 to hold 
together the layers of the laminate assembly in sliding 
apposition and to contain the assembly Within the housing. 
Upon ?exing of the plastic card, the individual layers of the 
laminate assembly slide relative to each other. An advantage 
of providing a laminate assembly having slidably apposed 
layers into a ?exible plastic card is that the card can ?ex 
sufficiently to meet strict ?exure life-test performance stan 
dards Without delamination of the electro-optic display. 

[0053] The integrated circuit chip card can further com 
prise electronic connections to the laminate assembly, inte 
grated circuits, battery and controls 39, including micro 
modular electronic systems and the like, as knoWn to those 
skilled in the art of electronic displays in integrated circuit 
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chip cards, such as the chip card disclosed in US. Pat. No. 
6,019,284, the disclosure of Which is hereby incorporated by 
reference. 

[0054] FIGS. 7A and 7B illustrate more detailed vieWs of 
embodiments of the inside of the top cover of a smart card 
131 and the non-vieWing area surface of the laminate 
assembly. As shoWn in FIG. 7A, the electro-optic display 
assembly 130 is connected to a micromodule (a printed 
circuit board) 132 having an integrated circuit 133 for smart 
card functions. Also illustrated are additional integrated 
circuits and passive components 134 located on the display 
assembly 130. A battery 135 is connected to the display 
assembly by a contact ledge 136. The display assembly is 
connected to the micromodule by a contact ledge 137. FIG. 
7B illustrates another embodiment of the inside of the top 
cover that does not include a separate micromodule. That is, 
the display assembly 130 comprises a micromodule area 138 
containing integrated circuit 133 for smart card functions. 
The battery 135 is connected to the micromodule area 138 
of the display assembly 130 by the contact ledge 136. 

[0055] In some embodiments of the structure element such 
as the ?exible frame structure and/or fasteners described 
herein, When the display is not in ?exed con?guration, the 
structure element holds the layers of the laminate assembly 
in the correct alignment to alloW the display to function 
correctly. When the display is ?exed into a curved shape, the 
performance of the display may be degraded. For those 
embodiments Which have degraded performance during 
?exure, once the display is alloWed to resume its original 
shape the display Will regain its original performance char 
acteristics. In other embodiments, the laminate assembly and 
structure element are manufactured in a pre-?exed con?gu 
ration and the structure element holds the layers of the ?exed 
laminate assembly in the correct alignment to alloW the 
display to function correctly. 

[0056] In yet another embodiment of the ?exible electro 
optic display assembly of the invention, the electro-optic 
display element, the at least one laminar layer and the 
optional one or more additional laminar layers comprise 
individual layers of a laminate assembly having a de?ection 
axis. A fastener is provided for fastening together the indi 
vidual layers of the laminate assembly. The fastener main 
tains the individual layers of the laminate assembly in a ?rst 
position relative to one another at the fastener, and Wherein 
upon ?exing of the display assembly, the individual layers 
slide relative to each other in regions outside of the fastener. 

[0057] For example, FIGS. 8 and 9 illustrate a laminate 
assembly 40 that is held together by tWo or more rigid or 
?exible fasteners such as, but not limited to, tWo or more 
rivets 41 placed on a so-called ?xation axis 43 that is at a 
non-Zero angle to a de?ection axis 42. That is, the layers of 
the laminate assembly 40 cannot slide relative to each other 
on the ?xation axis. HoWever, the layers can slide relative to 
each other outside of the ?xation axis. The de?ection axis 42 
is determined by the axis at Which the assembly is bent; that 
is, it is non-speci?c to a particular display and Will change 
depending on the direction in Which the display is bent. As 
a non-limiting example, the ?xation axis 43 along Which the 
rivets 41 are placed can be at a side 44 of the laminate 
assembly or can be centrally located, as illustrated in FIGS. 
8 and 9, respectively. HoWever, the ?xation axis can be 
located anyWhere on the laminate assembly depending on 
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the con?guration and location of the de?ection axis. In a 
similar embodiment illustrated in FIG. 10, tWo or more 
fasteners 50 can hold together the layers of the laminate 
assembly 51 and are placed on an axis 52 orthogonal to a 
de?ection axis 53. In this embodiment, the orthogonal axis 
is a ?xation axis. The layers can slide relative to each other 
outside of the ?xation axis during ?exing of the laminate 
assembly. 

[0058] In the embodiment illustrated in FIGS. 11 and 12, 
a single fastener, such as a rivet 61 is used in conjunction 
With a collar 62 positioned along a ?xation axis 63. In this 
embodiment, the collar positioned along the ?xation axis 
maintains rotational alignment betWeen the layers of the 
laminate assembly 60 about the axis 64 of the fastener 61, 
but still alloWs for ?exure along the displacement axis 65. 
The collar 62 may be a rigid, semi-?exible, or ?exible 
element that may be either fully circumferential around the 
laminate assembly 60 or only semi-circumferential. Asemi 
circumferential collar comprises an elongated portion 66 
having opposite ends 67 and 68. A fully circumferential 
collar comprises an additional elongated portion 69 con 
necting the ends 67 and 68. The collar may also contain 
features Which constrain the motion of one or more layers 
relative to each other along the displacement axis. For 
example, as illustrated in FIG. 12, molded protrusions 70 on 
an inner Wall 71 of the collar keep the collar from sliding off 
the laminate assembly. 

[0059] In an alternative embodiment illustrated in FIGS. 
13 and 14, one or more clips 81 can be employed as 
fasteners to hold together the laminate stack forming the 
display 80. The clips can be located on the sides of the 
display. HoWever, as illustrated in FIG. 13A, the clips 81 
can be located in the corners of the display if the display is 
rectangular in shape. That is, the display assembly has a 
periphery comprising at least a ?rst side 82 and a second side 
83 that intersect to form a corner area 88 of the assembly, 
and the fastener is located in the corner area of the display 
assembly. If the display has curved outer edges, the clips can 
be formed so as to closely conform to the perimeter of the 
display edge With Which it comes into contact. Possible 
con?gurations of a clip 90 conforming to a side of the 
display and a clip 91 conforming to a corner of the display 
are illustrated in FIGS. 14A and 14B respectively. It is also 
preferable that the upper 93 or loWer 94 inner surfaces, 
respectively, of the clips Which come into contact With the 
laminate stack have protrusions 92 that extend into holes or 
depressions in the outer layers of the laminate stack so as to 
retain the clips in the desired position relative to the laminate 
stack. For example, FIG. 13B illustrates a hole or depression 
pattern 84 in a top sheet 85 of the laminate stack. FIG. 13C 
illustrates a hole or depression pattern 86 in a bottom sheet 
87 of the laminate stack. The protrusions may be on both the 
upper and loWer inner surfaces of the clips, but it is 
preferable that the protrusions only be on one of the inner 
surfaces. The latching mechanism provided by the protru 
sion/hole combination may be augmented With a heat or 
ultraviolet light activated adhesive on the inner surface With 
the protrusion. This single-sided latching mechanism alloWs 
for all laminate layers to slide apposing With each other. 
Additionally, the side of the display on Which the single 
sided latch is located can be alternated so that each outer 
laminate layer can have at least one clip latched to it. 
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[0060] In another embodiment, a single rivet assembly 96 
may be used as shoWn in FIG. 15 and in more detail in FIG. 
16 Wherein the rivet is located in a corner of the display 95. 
Features are incorporated in the rivet assembly 96 that, When 
riveted to the laminate stack, align With edges of the stack 
that intersect at the corner at Which the rivet is located. 
FIGS. 16A, 16B and 16C illustrates an outer oblique vieW 
of the top half of the rivet assembly 96, a rear vieW of the 
top of the rivet assembly, and a vieW of the bottom half of 
the rivet assembly, respectively, shoWing corner alignment 
rails 97 and insertion hole 98 for a rivet 99. In this Way, a 
single rivet With corner alignment features can be used to 
hold together the laminate stack, both rotationally and 
laterally, While still alloWing for the individual layers to slide 
against each at all points other than at the rivet. 

[0061] In any of these embodiments incorporating one or 
more fasteners, preferably optically clear fasteners may be 
used in the area for vieWing the electro-optic display, if 
desired. Means for fastening the layers together can also 
include other conventional fasteners, such as pins, bolts, 
screWs, clamp pairs, and the like, knoWn to those skilled in 
the art. The fasteners may be rigid or ?exible. 

[0062] This Written description uses examples to disclose 
the invention, including the best mode, and also to enable 
any person skilled in the art to make and use the invention. 
The patentable scope of the invention is de?ned by the 
claims, and can include other examples that occur to those 
skilled in the art. Such other examples are intended to be 
Within the scope of the claims if they have elements that do 
not differ from the literal language of the claims, or if they 
include equivalent elements With insubstantial differences 
from the literal language of the claims. 

I claim: 
1. A ?exible electro-optic display assembly comprising: 

an electro-optic display element that comprises a material 
having an optical state that changes as a function of an 
applied electric or magnetic ?eld, 

at least one laminar layer in sliding apposition to the 
display element, and 

optionally one or more additional slidingly apposed lami 
nar layers, 

Wherein the electro-optic display element, the at least one 
laminar layer and the optional one or more additional 
laminar layers comprise individual layers of a laminate 
assembly; and 

a structure element for fastening together the individual 
layers of the laminate assembly, Wherein the structure 
element engages a portion of the laminate assembly so 
as to maintain the individual layers of the laminate 
assembly in the sliding apposition, Wherein upon ?ex 
ing of the laminate assembly, the individual layers slide 
relative to each other. 

2. The ?exible electro-optic display assembly of claim 1, 
Wherein the electro-optic display element further comprises 
at least one electro-optic ?exible substrate for the material 
having the optical state, and Wherein at least one of the 
laminar layers is in sliding apposition to an outer surface of 
the substrate. 

3. The ?exible electro-optic display assembly of claim 2, 
Wherein the ?exible substrate comprises a material selected 
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from the group consisting of plastic, ?exible glass, a com 
posite of a polymer and a ceramic, a composite of a polymer 
and an inorganic material, and combinations thereof. 

4. The ?exible electro-optic display assembly of claim 2, 
Wherein the material having the optical state is disposed 
betWeen tWo ?exible electro-optic substrates bonded 
together, and Wherein at least one of the laminar layers is in 
sliding apposition to an outer surface of one of the sub 
strates. 

5. The ?exible electro-optic display assembly of claim 4, 
Wherein the ?exible substrates individually comprise a mate 
rial selected from the group consisting of plastic, ?exible 
glass, a composite of a polymer and a ceramic, a composite 
of a polymer and an inorganic material, and combinations 
thereof. 

6. The ?exible electro-optic display assembly of claim 1, 
Wherein the material having the optical state is selected from 
the group consisting of a liquid crystal, a polymer dispersed 
liquid crystal, an electrophoretic microparticle, a rotating 
bichromal microbead, a thin ?lm electroluminescent mate 
rial, an organic light emitting diode and an electrochomic 
material. 

7. The ?exible electro-optic display assembly of claim 1, 
Wherein each of the laminar layers are independently 
selected from the group consisting of a polariZer, an ana 
lyZer, a re?ector, an optical compensation element, a touch 
screen element, an anti-scratch layer, a protective barrier 
layer, and combinations thereof. 

8. The ?exible electro-optic display assembly of claim 1, 
Wherein the structure element for fastening together the 
individual layers of the laminate assembly comprises a 
?exible frame structure having an inner periphery de?ning a 
vieWing area for an electro-optic display, the ?exible frame 
structure engaging peripheral portions of the laminate 
assembly. 

9. The ?exible electro-optic display assembly of claim 8, 
Wherein the ?exible frame structure comprises a rectangular 
shape having four sides. 

10. The ?exible electro-optic display assembly of claim 8, 
Wherein the ?exible frame structure comprises an irregular 
shape. 

11. The ?exible electro-optic display assembly of claim 8, 
Wherein the ?exible frame structure comprises an adhesive 
?lm. 

12. The ?exible electro-optic display assembly of claim 8, 
Wherein the ?exible frame structure comprises a molded 
plastic. 

13. The ?exible electro-optic display assembly of claim 
12, Wherein at least one of the layers of the laminate 
assembly comprises a means for facilitating engagement of 
the peripheral portions of the laminate assembly by the 
molded plastic. 

14. The ?exible electro-optic display assembly of claim 
13, Wherein the means for facilitating engagement is a notch 
or a depression in a peripheral portion of the laminate 
assembly. 

15. The ?exible electro-optic display assembly of claim 1, 
Wherein the ?exible frame structure comprises a Watch band 
or a ?exible plastic card. 

16. The ?exible electro-optic display assembly of claim 1, 
Wherein the ?exible structure for fastening together the 
individual layers of the laminate assembly comprises at least 
one clip engaging a peripheral portion of the laminate 
assembly. 
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17. The ?exible electro-optic display assembly of claim 
16, Wherein the peripheral portion of the laminate assembly 
includes a side periphery, and the clip engages the side 
periphery. 

18. The ?exible electro-optic display assembly of claim 
16, Wherein the peripheral portion of the laminate assembly 
includes tWo side peripheries that intersect to form a corner 
of the periphery, and the clip engages the corner. 

19. The ?exible electro-optic display assembly of claim 
18, Wherein the corner is a square corner. 

20. The ?exible electro-optic display assembly of claim 
18, Wherein the corner is a curved corner. 

21. The ?exible electro-optic display assembly of claim 
16, Wherein the clip and the peripheral portion of the 
laminate assembly include a means for facilitating engage 
ment of the clip to the peripheral portion. 

22. The ?exible electro-optic display assembly of claim 
21, Wherein the means for facilitating engagement com 
prises a latching element extending from the clip for engag 
ing a corresponding element in the peripheral portion. 

23. The ?exible electro-optic display assembly of claim 
21, Wherein the means for facilitating engagement com 
prises a rivet. 

24. The ?exible electro-optic display assembly of claim 1, 
Wherein the display assembly comprises an outer periphery 
for inserting the assembly into a housing. 

25. The ?exible electro-optic display assembly of claim 
24, Wherein the housing comprises an electronic device. 

26. The ?exible electro-optic display assembly of claim 
24, Wherein the housing comprises a Watch band, a tele 
phone, a calculator, a clock, a personal digital assistant, an 
integrated circuit chip card, a pager, a computer, a cellular 
telephone, a television set, and combinations thereof. 

27. The ?exible electro-optic display assembly of claim 
24, Wherein the display assembly comprises a mounting 
means for mounting the display assembly in a housing. 

28. A ?exible electro-optic display assembly comprising: 

an electro-optic display element that comprises a material 
having an optical state that changes as a function of an 
applied electric or magnetic ?eld, 

at least one laminar layer in sliding apposition to the 
display element, and 

optionally one or more additional slidingly apposed lami 
nar layers, 

Wherein the electro-optic display element, the at least one 
laminar layer and the optional one or more additional 
laminar layers comprise individual layers of a laminate 
assembly; and 

a ?exible frame structure having a top portion comprising 
an area for vieWing an electro-optic display, and a body 
portion, Wherein the top portion and the body portion 
comprise a housing for the laminate assembly so as to 
maintain the individual layers of the laminate assembly 
in the sliding apposition, Wherein upon ?exing of the 
housing, the individual layers of the laminate assembly 
slide relative to each other. 

29. The ?exible electro-optic display assembly of claim 
28, Wherein the ?exible frame structure comprises a ?exible 
plastic card. 




