WO 2004/ 088395 PCT/ US2004/ 009198 ELECTRO OPTI C ASSEMBLI ES [ 0001]
El ectro-optic assenblies useful in the production of electro-optic
di splays, and to materials for use in such assenblies are disclosed. Mre

specifica | rs and adhesi ve conpositions having I vol unme
W zog?/w PE‘BH%%O%#&@%&

resistivity, el'ectro-optic assenblies incorporating’s rials, are
di scl osed. The materials disclosed herein nmay be useful in applications

ot her than el ectro- optic displays. [0002] Electro-optic displays conprise a
| ayer of electro-optic material, a termwhich is used hereininits
conventional neaning in the art to refer to a material having first and
second display states differing in at |east one optical property, the

mat eri al being changed frorELECTRGOPTICIASSEMBLIESPl ay state by
application of an electric field to the material. The optical property is

typically col erceptible to the man eye, but be anot her gpti cal
property, sucﬂ%&ﬁ opt | etrpraphe r?f‘%eg&’gﬁsz “?‘é%i E‘c{%ﬁri?}'gi?‘}lcpﬂﬁ’ri"rféé%ﬁé’én@)r, in
the case of diggA¥S ahdt©NHREriafsOfor BN Quifadiddthlied SR dAs G081 Mdtet hE

sense of a change_in reflectance of electronmagnetic wavel engths outside the
vi si bl e range.speabedly, Thedess eandr @diagsiviec camperitions daving econtzedledit vilument i on
typically contaln:.: I Q- ' ' | | . 50]Ld.in the sense
that the el ec:rg%g-lgpl) ’|n‘EL(I:lﬁ e?nég é%ﬁ?ﬁ%ﬁ%ﬁ?gﬁtﬁé&ﬂg{%e S%‘Ph {sn%tr ggsézgsr?gésf{aﬁ%dggh t he
mat eri al may, Toednatttigds doolsed herbiaveay bt esefel inl apglications otlga shdni dlée@@d- spaces,
and to net hods hor. senbl i ng di splays using such an el ectro-optic
material. Suclf? Fgﬁp Y usi ng solid electro-optic mnaterials may hereinafter

for conveni engeodsg ref eBl@foloptiadisphos comBHRCA T29e08t él6ctralbptid! @Merial, dhus, the
term"solid electro-optic displays” includes rotating bichromal nenber
di spl ays (see '®81 $hich isrissddarein 8y its|copyqusiprd maeaningdins freadrs to maferr ocel |

The terms bi Srapianeckl MelaflEARE dRY Sibl AREbEah A Blsp Bhe hca 2004
conventi onal meepsitpgthe material deingt changsflefron dtsdirstploaiys second displapgtatd byl ay
o TS D Bl USRS IR BT SHLAChERRL B BhrT oo,
means of an addlofpseiceprifiei ks the Hunahieye it dhkyelid @dther @paSA Widpettiyi dueh akts first
or second dis %lpggal %rtagén?ihsigzi,trg ec%:arr]lge, Iulminescence or, in the case of displays intended

for machine reading, pseudo-color in the sense of a change in reflectance of

electromagnetic wavelengths outside the visible range.

[0003] The electro-optic displays of the present invention typically contain

an electro-optic material, which isl a solid in the sense that the electro-optic

material has solid external surfaces, although the material may, and often does,

‘have internal liquid- or gas-filled spaces, and to methods for assembling displays

using such an electro-optic material. Such displays using solid electro-optic

materials may hereinafter for convenience be referred to as "solid electro-optic

displays". Thus, the term "solid electro-optic displays” includes rotating bichromal

member displays (see below), encapsulated electrophoretic displays, microcell

electrophoretic displays and encapsulated liquid crystal displays.

[0004] 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, afier the
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whi ch of the SB8¥F

WO 2004/ 088395 PCT/ US2004/ 009198 addressi ng pul se has term nated, that
state will persist for at |east several tines, for exanple at |east four
times, the mninmumduration of the addressing pulse required to change the
state of the display elenent. It is shown in published U S. Patent
Applicati Qily NRan932/ 0180687 that some particl e-based %h?ﬁ&&ﬁ%&@%ﬁtic

di spl ays capab?e of gray scale are stable not only in therr extrenme black
and white states but also in their internmediate gray states, and the sane
is true of sone other types of electro-optic displays. This type of display
Is properly called "multi-stable" rather than bistable, although for
conveni ence the term "bistable”" may be used herein to cover both bistable
and nmulti-stable displays. [0005] Several types of electro-optic displays
are known. Oneddsepsingpulsechasderminadisl, that stateptill peisist formoleattisogralitofsofsnl  menber

type as descri f anple, .in.US. Patents s,, 5,808,783; 5,777,782;
5?1960, 761: 6, 1?%%‘,%6%9[66?%%%‘?: thg ,“B@‘?}‘%‘éi&‘m’é?nl%féygﬂ#ﬁéf%ﬂ,S&G%““Sfﬁd

6,147, 791 (al tbehgipettht Stateypethefdispthysalbmdnt B i0fh&n HEhEBIREH UK. A%t .
"rotating bichropal ball" di s(ﬁé the term"rotati n% bi chromal nenber” is
£

t | a . el
preferred as rPdcation Nas 400G/ @gg"'nth%?@ﬂ%i)afflh]é-b@éﬁde dropheusti¢ diseliyabove t he
rotating menbehsanid SR R0l Fg}a{e : nber of
smal | bodi es (t@dp_i cﬁﬁ%}?/}tsspher%%:tg?bg?t %ﬁ?‘ntg?l?c’g%@bl | c%dﬁvéh\#gasgagm%bﬂgr nor e
sections wi t h asofih dhdintntepedietsl grehstatas, tand ithd sans; isare afsomatoghen aypesobpol e.

These bodi es S n Lthin | pquid-tilled, vacugl,es, W thi, matri x,
the vacuol es °© gﬁ-ﬂ'go%?l?ﬁ}sgg%'w?‘ﬁs W‘aﬂ# %S}%lgy fsrﬁf’p?q‘yec%‘gi ’éléﬂt’é?t%bq? r’@ﬂ‘e’f 0
rotate. The apipmdbisaisle, athotitefor domehityicd theabian Unstatiler MRpby ubdl RieifhCt ri C
field thereto, thys ratating the badies to various positions and varying
%SHEblﬁt?‘blFﬁJgdﬁﬁﬁﬁ"%@q? ispla¥h through a viewing surface. This

type of electopptic MBEVdMD fyped ¥PlefedbdYpti ?ﬁ@ﬁg?-aré 006h. OReLhRs of ype of
el ectro-optic display uses an“el ectrochromc nedium for exanple an
el ect r ochr omi €legetophs i disnl#e if @r mtaingabishroowh rmerhlkerf typen asc desoribesy rfgr an

el ectrode forgg%n@% Iiga FS.iPatE’xﬂ%tNésr ogk&%m%?gﬂg%ﬁtkgg%ggfahg%ggﬁ and a

plurality of 1 ecul’'es capable of ’reversi or andge ed to
the el ectrod®é,05548]; 6,697,6%6pi28, 1046 12(H467B.and 61142)791 (AldibugtethiO@pe o853, 737;

and Wod, D.,.Infornation Display, 3).,24 .ch 2002). See al.so Bach,
U, et al., A&V.ppay%? .’ie?%g%?asl%(r?%%g %‘&%‘."“ﬁi{h@i th%ﬂi‘?ycé)Fit?rﬁ% %Btf““%i s type
are al so descbidhesinall émb&@X a8 Bleforrddastncre bR siied irbsodfkl 0P8R patents

| nt er nat i onal Ap?_I i cation Publication No. . .
mentioned above the rotating members are not spherical). Such a display uses a

large number of small bodies (typically spherical or cylindrical), which have two
or more sections with differing optical characteristics, and an intemalAdipole. These
bodies are suspended within liquid-filled vacuoles within a matrix, the vacuoles
| being filled with liquid so that the bodies are free to rotate. The appearance of the
display is changed to applying an electric field thereto, thus rotating the bodies to
- various positions and varying which of the sections of the bodies is seen through a
viewing surface. This type of electro-optic medium is typically bistable.
[0006] Another type of electro-optic display uses an electrochromic
medium, for example an electrochromic medium in the form of a nanochromic film
comprising an electrode formed at least in part from a semi-conducting metal oxide
and a plurality of dye molecules capable of reversible color change attached to the
electrode; see, for example ORegan, B., et al., Nature 1991, 353, 737; and Wood,
D., Information Display, 18(3), 24 (March 2002). See also Bach, U,, et al., Adv.
Mater., 2002, 14(11), 845. Nanochromic films of this type are also described, for
example, in U.S. Patent No. 6,301,038, International Application Publication No.
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2 WD 2004/ 088395 PCT/ US2004/ 009198 WD 01/27690, and in U.S. Patent
Application 2003/0214695. This type of nmedium is also typically bistable.

[ 0007] Another type of electro-optic display, which has been the subject of
intense r nd devel opnent for a nunber of years, is the
particIe-ggggggﬂgS%%trophoretic di splay, in which a pl BCAYSEP48¢91¥%har ged
particles noves through a suspending fluid under the influence of an
electric field. Electrophoretic displays can have attributes of good

bri ght ness and contrast, w de view ng angles, state bistability, and | ow
power consunption when conpared with liquid crystal displays. Neverthel ess,
problenms with the long-termimge quality of these displays have prevented
their wi despr et (92RO, &l in EXQIkRt APRlidatiSh 8603V UCTRHRis (i S B&higRPhor eti ¢
di splays tend to settle, resulting in"inadequate service-Iffe for these

di spl ays. [0008psatipigadydisbleent s and applications assigned to or in the

nanes of the b@@ﬁachus [ f Je o) (M apd E .[nk

Cor por ati on ha{ve recen%ﬁ%gﬁkﬁg‘%{eﬁ%‘ﬁé%&d%&l%’bf‘r&'\‘/h%l %aﬁ%%"s@iﬁeﬂ%‘@&g of

el ect Ir ophor et Entenﬁdfegeakr]csytmd ld?vniemmmt dored muebie atofcymsl J ﬁﬁth@w@dt’»lﬁasi@ |
capsul es, each,0 ich itself. onprises, an.internal phase containing

el gpt ropho(rj et ie&eﬁﬁp fﬁg‘éjﬁ%ﬁﬁwﬁm.ap@{&@& ﬂ%‘i{’(ﬂrgeﬂ ﬁ&“?qg‘gg;ﬁveiﬁg"ﬁéﬁhi‘ ng .
medi um  and a sagRading &2 TR OIS ldcichifla! ER i Riplys Y. Lhe
capsul es are thenselves held within a ponr?erci c binder too?sor m% oher ent

| ayer posi ti orféd haee aitebutes\ef apek brightesss apsh captsast, avidg viewsiag angles,tstite t ype

are descri bed,;a%i€X I ' S , 026 1 04
6,017, 584; 6, gééc?t&rilét? by ?ngb} goﬁﬁg%%ﬁ&l%ﬁﬁg@ ‘2’?‘??&“@5?&’5@
6,130, 773; 6, HbPlays4 Negertirdess,0groblis7 Wit 2the Bng3@noSMpagd qRdlity 7afl theSe 252, 564;
6,262, 706, 6, 262,833, 6,300 932 . 6,312 304. 6,312 971: 6,323 989: 6, 327, 072;
6, 376, 828; 6, ?%P?@gi‘?v%?ﬂ?éiﬁ?t?‘géfe‘ré?‘gﬁﬁ‘fe?g6‘?’3‘36; ﬁ‘irsé,x‘?‘@@% 8?‘%2%? %ggymgé 445, 374;
6,445, 489; 6, 4p%ldidphéretd disPlbzs tmd48Qetll82ies@tidO®h inbdequatediviSeliife for 506, 438;
6,512, 354; 6,515,649 6,518,949; 6,521,489; 6,531,997; 6,535,197; 6,538, 801;
6, 545, 291; 6, 8%5eieBlays 639, 578; 6, 652, 075; 6,657, 772; 6, 664, 944; 6, 680, 725;
6,683,333, anqods104, 13RuriiichslbafbnisPRCRLIARALL £81480%0 BUBI inpakhan opos.

, O ,

2002/ 0019081; 2002/ 0021270; 2002/ 00539 2002/ 0060321; 2002/ 00
the Massachusetts Institute of Technology (MIT) and E Ink Corporation have

recently been published describing encapsulated electrophoretic media. Such

encapsulated media comprise 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. Encapsulated
media of this type are described, for example, in 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; 6,130,774; 6,172,798; 6,177,921; 6,232,950, 6,249,721; 6,252,564;
6,262,706; 6,262,833; 6,300,932; 6,312,304; 6,312,971; 6,323,989; 6,327,072;
6,376,828; 6,377,387; 6,392,785; 6,392,786; 6,413,790; 6,422,687; 6,445,374;
6,445,489; 6,459,418; 6,473,072; 6,480,182; 6,498,114; 6,504,524; 6,506,438;
6,512,354; 6,515,649; 6,518,949; 6,521,489; 6,531,997; 6,535,197; 6,538,801;
6,545,291; 6,580,545; 6,639,578; 6,652,075; 6,657,772; 6,664,944; 6,680,725,
6,683,333; and 6,704,133; and U.S. Patent Applications Publication Nos.
2002/0019081; 2002/0021270; 2002/0053900; 2002/0060321; 2002/0063661;
2002/0063677; 2002/0090980; 2002/0106847, 2002/0113770; 2002/0130832;



2002/ 0063677; 2002/ 0090980; 2002/ 0106847; 2002/ 0113770: 2002/ 0130832: 3 WO
20041088395 PCT(US20041009198 2002/ 0131147: 2002/ 0145792: 2002/ 0171910:
2002/ 0180687; 2002/ 0180688: 2002/ 0185378: 2003/ 0011560: 2003/ 0011868:

2003/ 0020844: 2003/.0025855; 2003/ 0034949: 2003/ 0038755: [ 189:

2003/ 0096 T209E8E%F0102858° 2003/ 0132908: 2003/013752§?Té%8§W@§§§717;

2003/ 0151702: 2003/ 0189749: 2003/ 0214695: 2003/ 0214697: 2003/ 0222315:

2004/ 0008398 2004/ 0012839° 2004/ 0014265° and 2004/ 0027327: and

I nternational Applications Publication Nos. WD 99/67678; WO 00/05704; WO
00/ 38000; WD 00/ 38001: W00/ 36560: WO 00/67110: WO 00/ 67327; WD 01/ 07961
WO 01/ 08241: WD 03/092077: and WO 03/107,315. [0009] Many of the

af or ement i oneqopahEsIE7 amd)o%mhswat | Z003/01 BBAGNI 208210180687 N2000RI186688;
surrounding the discrete nicroca sul'es in an encaEsuI ated el ectro hor etic

medi um coul d BE0/AH3338d 29P3R0LGP; rﬁ?@@r@%ﬁ%% 200399208444 uEIRPOZSES; cal | ed
" pol yner - di Sp%éﬁdoﬁgw rzm%bws@ dzo%)@)oay 89” me ?sﬂ% e{z&ﬁﬁdﬁ@iﬂ etic

medi um conprises a pluralit di screte dro l'ets of an’electrophofetic
fluid and a @@ﬁllDtﬁﬂc?Q& rﬂﬂ@ﬁ@lb’fﬂé plﬁIOS'//i@é377d7naZO@Bl(h1517Qind2ﬂ(13é(118977ﬂ§ di screte

el et r ophor et PORPAERES! RoySopl el dhalea e, AGRROER HORHAEGS . cven
t hough no dis QOM/eomaﬁsm 200m/om:@ae,~ dnd Iatemetoml Ag})mmbnemcaﬁwwdsdual
droplet; see for exa af or ement j oned 2002/ 0131147, Accor di ngly, for

pur poses of t H@Op‘}9éé§§ Wébapfoéa% O @G@RO%OWMQ/:”%QO%@V@% @B M Qphor eti ¢
medi a ar e reg%ﬁb@%@aﬁwm@? oﬂévg%gcwr@yi/@m wcﬁ@)@m@@w &hd woredi a.

[ 0010] An encapsul at’ed ctrop oretic display typically does’ not suffer
fromthe cl ust0éfh051;§1&nd settling failure node of traditional electrophoretic

e ces  and ROIeS S PR BA e PR Mg R beb o™ (7
of the word " phé whllswuiroisding ﬂie&lliﬂd@e inézrédapsulesen ah bndapmﬂned)éleqﬁrophbneng and
coating, including, th limtation: pre-netered coating ch as
patch di e coat®qfgm sﬂ°B{d %f? @ﬁ‘l‘cfcﬂs}?yoﬁ CORYIOPS, FRaL; | gﬁ%l%%éd%’ ‘&?Hﬁ‘r. ng,
curtain coatingg Pxﬁaﬁa} -Hispéradd ElectiopitkeS disPlaf'CinOWRich théblectfdbicns mddafmpar d and

in

reverse roll coafing; gravure coating; dip coating; spray
comprises a plurality of discrete droplets of an e ectrophoretic fluid and a

continuous phase of a polymeric material, and that the discrete droplets of
electrophoretic fluid within such a polymer-dispersed electrophoretic display may
be regarded as capsules or microcapsules even though no discrete capsule
membrane is associated with each individual droplet; see for example, the
aforementioned 2002/0131147. Accordingly, for purposes of the present
application, such polymer-dispersed electrophoretic media are regarded as sub-
{ species of encapsulated electrophoretic media.
| [0010] An encapsulated electrophoretic display typically does not suffer
from the clustering and settling failure mode of traditional electrophoretic devices
and provides further advantages, such as the ability to print or coat the display on a
wide variety of flexible and rigid substrates. (Use of the word "printing" is
intended to include all forms of printing and coating, including, but without
limitation: pre-metered coatings such as patch die coating, slot or extrusion
coating, slide or cascade coating, curtain coating; roll coating such as knife over
roll coating, forward and reverse roll coating; gravure coating; dip coating; spray
coating; meniscus coating; spin coating; brush coating; air knife coating; silk

screen printing processes; electrostatic printing processes; thermal printing
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coating; meniscus coating; spin coating; brush coating; air knife coating;
silk screen printing processes; electrostatic printing processes; thermal
printing 4 WD 2004/088395 PCT/ US2004/ 009198 processes; ink jet printing
processes,y &%ﬂ %b%r simlar techniques.) Thus, the res, ulti n? di spl ay can
be fl exi bl urt because the di splay nedi um can bg TPt i ™ using a
variety of nethods), the display itself can be nade i nexpensively. [0011] A
rel ated type of el ectrophoretic display is a so-called "mcrocell

el ectrophoretic display”. In a mcrocell electrophoretic display, the
charged particles and the suspending fluid are not encapsul ated w thin
capsul es but instead are retained within a plurality of cavities forned
Wi t hi n a car r ipescesses]i ink jet yﬁhﬁ@g bybceﬁes}dnﬁnahércsﬂriﬂafnteoﬁﬂﬁ;ueé‘ PThesanp! e,

I nt er nati onal %[ﬂﬁl'c ti.on Pu Of%?tlon . WO 02/01281, and U S. Patent
Appl i cation PEBMTES: figplexsan XRle-cBugger, H??Pﬁlseé%ldgﬁﬁw medigmpesa Peragi ng,

Inc. [0012] Opfiafed (2852 Price) @ﬁﬁétﬁo&ptﬂl&mﬁﬁaﬁﬂgeﬁc@%l ng dEXRIPeiveRO! YT -

di spersed liquid crystal, al so use ays o e’ present
invention. [d0A3] At héu@lﬁt@i e o shestreptioetivedisplaaisea sé-calledofaicuecl] si nce,

for exanple, I ph rticl ubs ant ally

bl ock transm isésatl ?‘tﬁwg%wb? ﬁ{%h#ﬁ%rﬁggtghec E@m@& cpldasyfya'rs‘lﬁc § %‘? eina
reflective noqbertlcleaan@/thelsaspenmpgdhm are ndi armhmhmﬂamtﬂnﬁ capslfestbat DpRiAte in a
so-called "shutte de’ ich,one. di_s tate i.,s substantjally opaque
and one is |idHt {a?’%ﬁé‘fﬁhé‘%ﬂ?]é“ ityafcavities f‘@'ﬁ'&ﬁ%‘f in 3 pAITISE WEGHENPISARY U, S

Patents Nos. @, E&i&ﬂ:‘ﬁlﬁhnﬂe@ forlahD, Mtﬁ'ﬁﬂidﬂaﬁAp}ﬁﬂzraﬁ% PubRAtio’ N8,/ RrPO2;
6, 144, 361; 6,271, 823; 225,971; and 6,184 Di el ect rophoretic displays,

which are si moP&128ly ﬁde&WoBh‘GPfeﬁP@h@HU@pI B‘}*@lcmﬂ M. y2002(975568 iteth ons i n

electric fieldg 8 RIER; &?%1,%? flcate in a simlar node; see U.S. Patent No.
4,418, 346. [001 f‘{e igci‘tl 0 the layer of electro-optic material, an

el ectro-optic [0Q1|‘23;pl ay Ptrralypss ofngedtwemptiat mlateasls tfon eatinple, |mirames- di sposed

on opposed Si electro- t of t hese t | ayers
bei ngpan el ect% ?‘%‘E{ o ligrd &ryftﬁf%?ta%i)ugﬁ%ﬁp?ﬁ ‘%ﬁ ayﬁé’ ﬂ“"t%%se é?‘é‘f:'\goﬁ d
el ectrode | aygom3]and OAﬂhMghb@Iehu'qfhoHnﬁ eledint I’aﬂﬁﬁ)ﬂeha)épﬁcﬁlea(sﬁhdaatfbler ned to

define the pixels of .the displa For. a one, el ectrode _|ayer may be
patterned int Gxﬂﬁﬁgé‘ﬂemf’%g “(—%’PP‘?I&‘%"S IBT“fg'p’t ke afisles; spbstantighy Aplack

transmission of visible light through the display) and operate in a reflective mode,

many electrophoretic displays can be made to operate in a so-called "shutter mode"
in which one display state is substantially opaque and one is light-transmissive.
See, for example, the aforementioned 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, which are similar to electrophoretic displays but rely
upon variations in electric field strength, can operate in a similar mode; see U.S.
Patent No. 4,418,346.

[0014] In addition to the layer of electro-optic material, an electro-optic
display normally comprises 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 elecirode
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
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colum el ectrodes running at right angles to the row el ectrodes, the pixels
being defined by the intersections of the row and col umm el ectrodes.
Alternatively, and nore commonly, one el ectrode |ayer has the formof a
single cog%#nu&gs el ectrode 5 WD 2004/088395 PCTI US2004/ 009198 and the
other el et?EHE"BRer is patterned into a matrix of pi XETUSRRPERes, each
of which defines one pixel of the display. In another type of electro-optic
di splay, which is intended for use with a stylus, print head or simlar
novabl e el ectrode separate fromthe display, only one of the |ayers

adj acent the electro-optic |ayer conprises an electrode, the layer on the
opposed side of the electro-optic layer typically being a protective |ayer

i ntended to preadem othfeelEodad 45eEls PakérBsBintFAMREINGE JilE HdcpbldORRlfC | ayer.
[ 0015] The manufacture of a three-layer electro-optic display normally

i nvol ves at | @¥eh dadnes eepiral o thpéisaley.ol. anoder penel dectiaomisvdispley, of the
afor ement | onedyib isoffkofied i REVAM 2 AR, HAR!AGE: Uitar SRS Aedlitng | ped 2
Fated & Fied p

process for manufacturing an encapsu ectrophoretic display 1h which
an encapsul atsephretk doom dphdispey, onhedicuef the ipyers adjarentfieudlesrolaptia lbyender i s
coated on to fl.exihl ubst pate. conpgi si ng i.ndj u I n~oxide (I.TO or a
simlar conducct% ™, Ségcaona?lleﬂﬁo%f’ CARYE s Sé’pg‘gsegr‘?édee&e&'f’r%ﬁgob?p H& i nal

di spl ay) on a tppiesly beihg|aprdtétive laps Uinemlsi Bl Greventhd endvabladelédtioad to form
a coherent |layer of the electrophoretic nmediumfirmy adhered to the
substrate. Sepdmagghe cleqaphicdeT containing an array of pixel el ectrodes

and an appr oprp{s arraﬂﬁ@%ﬁuf&@m@%%ﬁé—&#f};ﬁ%@ﬁ@ fd}‘%gd#p%*%@g}lgy he

el ectrodes to drive circuitry, is prepared. orm t
subst rat e havilm¢plydseatc dgastulon¢ Damihation soperativime Foo gxarspleani neeverdl tof thee

backpl ane usi m 0N ive. (A very.sinmla rocess.can be used
to prepare an ﬂ%ﬁ%%%%’c%ﬁﬁﬂéf ia%@ﬁ]g‘%i 3%[61& e él \Ihc t’ﬁm%t ts ?ff’n%%n?l ar
movabl e el ect pestesdyor memifatirivg ad enddpalftbdRRcitbpHoraicsdisplhe i vHidtc hh Ve
| ayer, such as a plastiﬁc%ilnl over . which _ the stylus or, other noyable

el ectrode can c@FapgElated cfccophopsticracdiug comprsing capstlening ingeras goated,en

backpl ane is ith aeddkitlé SatisRhi® cBRRribifig PAGRALRC:e @TONbE BGithilg dBhdRkive
el ectrodes and conductors on a plastic filmor other flexible substrate. The

obvi ous | ani ragtingn(whidhsrtasear e dlepsrode pHthg dinabAisply e p plagdc Bim,tthe s
ﬁ;gﬁ?;it L?I LOcht%suh]engiiﬂﬁI‘ E&@ing %Efﬁg dBied HRAL &ﬂe@%?érvo%'mesglgl&o%ﬁoreﬁc
g techniques can~be
- medium firmly adhered to the substrate. Separately, a backplane, containing an
array of pixel electrodes and an appropriate arrangement of conductors to connect
the pixel electrodes to drive circuitry, is prepared. To form the final display, the
substrate having the capsule/binder layer thereon is laminated to the backplane
using a lamination adhesive. (A very similar process can be used to prepare an
electrophoretic display useable with a stylus or similar movable electrode by
replacing the backplane with a simple protective layer, such as a plastic film, over
which the stylus or other movable electrode can slide.) In one preferred form of
such a process, the backplane is itself flexible and is prepared by printing the pixel
electrodes and conductors on a plastic film or other flexible substrate. The obvious
lamination technique for mass production of displays by this process is roll
lamination using a lamination adhesive. Similar manufacturing techniques can be
used with other types of electro-optic displays. For example, a microcell
electrophoretic medium or a rotating bichromal member medium may be laminated

to a backplane in substantially the same manner as an encapsulated electrophoretic

medium.



used with other types of electro-optic displays. For exanple, a mcrocel

el ectrophoretic nediumor a rotating bichromal nenber nmedi um nay be

| am nated to a backplane in substantially the same manner as an

encapsul a | phoretic nmedium 6 WO 2004/ 088395 P 2004/ 009198

[ 0016] In%ﬁﬂgﬁﬁﬁﬁéggses descri bed above, the Ianinatioﬁcg&ggﬁg&?ﬁ strate
carrying the electro-optic |layer to the backpl ane may advant ageously be
carried out by vacuum | am nation. Vacuum |l am nation is effective in
expelling air from between the two nmaterials being | am nated, thus avoiding
unwanted air bubbles in the final display; such air bubbles may introduce
undesirable artifacts in the imges produced on the display. However,
vacuum | ami nat[POI6]of t héntte ppeesses ddscalfed sHove) the-@miratonio phaYulsRatkhi S
manner i nmposes striggeqt reqﬁjrenenhﬁ E n the |amnation adhesive used,
especi al |y i n PHEMEIERClgfirooRticdayer e the %&Pgﬁe Bl¥ apcantageaisly s esedor et i ¢
medi um  The | & daduusD 1a8hakinY &/a8hey 18nhaNs Siélfetfkftw%nﬁ; é:g:l?:ﬂﬁigvgir fieh SN91 hto
bind the electro-optic layer to the layer (typically an el ectrode layer) to
which it is tdeBecandhs e @aterials being laminated gbusosvoiding mawanted ait bebbles in

el ectrophoreti l . LV, . hav fickent adhesive
strength to g%ﬂ%%ﬁ%%ﬁyyg‘ﬁglag%p ﬁ@ésclg??z@%éé‘gcte%lég%rgﬁ %ft?fg%tﬁgl tle ERRE58- optic

di splay is to pehwedan thealispidye Hoppeer anchuen tantihatidneof theoticapartadyant ages of
rotating bichr gerr?rl r%rrbcﬁr and encapsul ated el ectrophoretic displays is that
they can be mEl&TPIoRFLfiEay fhdMis IARDET PRt HRPEsal S WHPPPYF eioni bexi bil ity
not to introdusfindgbesdifesivetied! feclalBPhale cabb 8na ililafusiRkax ehéapbligkgd. The

| am nati on adhesi ve shoul d_have adequate flow properties at the |am nation

t enper at ur e 't SleHeRRECts BRligBalhe jPriaionadherve sheuld kave shifisient gdhesive t he
ot ro-opt i o nfh ROERIRPAMGBL AR SEE L AP IYP i oA b ABRfl Iy  YPES

el ectro-optic nedia are unusuall m nat 1 on
conduct ed at avhiehpteisaoureelapfinatest and e thehease aif cnt erb3Glabédn electtdphoretici um

cannot be exposged to,substantially, higher te ratur wi t hgut danage, but
the flow of tnﬁeéﬁ'gﬂ’netgf’vg&’r?ﬁg? @5’8@ \Aﬂj%netfaﬁg PUPgEny, AesiYR ngtgr Ece of
the capsul e- omthaticalighdldyies capblies BRethaCH thé elbirebpiic displages adbéd 6f ggul ar by

t he underlyi ng1 gbié)sul es., The | am nation tenperature should indeed be kept
as | ow as pos3ieBike tRRdand ngrafithearostant alvaniaessAfiTetting bichrasalmeszher but no

commer ci al  adhggieBapIafated @ irophoretic displays is that they can be made flexible), the

adhesive should have sufficient flexibility not to introduce defects into the display

when the display is flexed. The lamination adhesive should have adequate flow
properties at the lamination temperature to ensure high quality lamination, and in
this regard, the demands of laminating encapsulated electrophoretic and some other
types of electro-optic media are unuwsually difficult; the lamination has be
conducted at a temperature of not more than about 130°C since the medium cannot
be exposed fo substantially higher temperatures without damage, but the flow of
the adhesive must cope with the relatively uneven surface of the capsule-
containing layer, the surface of which is rendered irregular by the underlying
capsules. The lamination temperature should indeed be kept as low as possible, and
room temperature lamination would be ideal, but no commercial adhesive has been
found which permits such room temperature lamination. The lamination adhesive
should be chemically compatible with all the other materials in the display.

[0017] As discussed in detail in the aforementioned 2003/0025855, a
lamination adhesive used in an electro-optic display should meet certain electrical

criteria, and this introduces considerable problems in the selection of the



found which permits such roomtenperature |amnation. The |am nation

adhesi ve should be chemically conpatible with all the other materials in
the display. [0017] As discussed in detail in the aforenentioned

2003/ 0025 I nati on adhesive used in an electro-optic display should
neet certg?ﬁz%olq@%4t3?5lrncal criteria, and this introduces & ﬁ‘éﬁzﬂf’éfﬂ%F?e pr obl ens
in the selection of the 7 WD 2004/088395 PCT/ US2004/009198 | am nati on
adhesi ve. Conmerci al- manufacturers of |am nation adhesives naturally devote
considerable effort to ensuring that properties, such as strength of
adhesion and |am nation tenperatures, of such adhesives are adjusted so
that the adhesives performwell in their major applications, which

typical l'y i nvalatisiadiadsive JComMEx M Hatu@Bdresd 5F ladfindibh %esﬁ%ﬁﬁ%ﬁfaﬂyi n such
appl i cations, c{fghe electrical properties of the | am nation adhesive are not
rel evant, and 9¥MEcquunAtplic efart toenswang thal prapeities sedly asrstrepglly ofiadiivsienl t 0 such
el ectrical pr kA ; -1 L ak.l f sever al
fold) in certg?lg 1e ecttl?lli ca %ﬁ%%?%@%%veéﬁé?ﬁjgée%?c\f\%(geﬁlahlkﬁ?faggeesmes bat ches
of the sanme coerformiwell linntheiatiogor applestios, wipcle sypiedilyy idveheukmiddies

manuf act urer attenpting.to gptimze non-el ectrical . properties of the
| ani nati on ad‘ﬁ%@i’%“’( T’{g{; él%é Itﬁ’,%s‘r et Encl ,PW%&BPWP&IFS: g&%mﬁlFﬂmc nd was
not at all conscepentsd abahd ldntifstidnl MdheSMENEE Dot ReRVAR! hi IbnhRRAYIHES.
[ 0018] However, in electro-optic displays, in which the |Iam nation adhesive

y ! !
is normal |y | Gemmeacipl mapafic PRY A0 Bepdsto wipshe sleaisisply prapertiss.cbdesds fi el d
needed to changgs eh&Ginl : : L1C I he
el ectrical propéﬁliﬁles of thg@algﬁgfig%gﬂéréﬁhﬁggg%@%rg{?gﬁgllﬂ. pxﬁg%%a%e
apparent to elestst etegen éiffgient batshest ple theosamme comuiestialviamjnatibn tddbediweyi nat i on

adhesi ve beco | N he, Vol tage drop across the electro-optic
medi umis essﬁ%%%%% © tpg n%ar?]]gfaat\l}gqrtvgaée “3%115@? Spumpge non-electiicalie s

m nus the vol tpaerertibsay the fanssatioh adheaive ifok ieRampladizsistale tolactehdl dr@Sihpt i vity
of the adhesive, ayer is_too high, a sulb,stantial .voltage drop will occur
within the adfBdMERnpLasall concsmst abow reshiting changes in glecyiital properdies- oss  t he

el ectrodes. | ngsmasi ng tﬂlﬁve‘(ré’ﬂ,tﬁ?%le@&é-gﬁﬁc Ldig18E Gl Wfech 1the UinthaflBINET 1S

undesirabl e, sincé it increases e power consunption of the display, and

may require tHeesiieds sprmallydocatadictxeenite drgiendss, wehidomplpthe slectrisifield t o
handl e the | ReLaa0%niRkd ARCabdMOl VR of o' drdldl Mafit, b dlEi@fnes! ve

| ayer, which exten
properties of the adhesive may become crucial. As will be apparent to electrical

engineers, the volume resistivity of the lamination adhesive becomes important,
since the voltage drop across the electro-optic medium is essentially equal to the
voltage drop across the electrodes, minus the voltage drop across the lamination
adhesive. If the resistivity of the adhesive layer is too high, a substantial voltage
drop will occur within the adhesive layer, requiring an increase in voltage across
the electrodes. Increasing the voltage across the electrodes in this manner is
undesirable, since it increases the power consumption of the display, and may
require the use of more complex and expensive control circuifry to handle the
increased voltage involved. On the other hand, if the adhesive layer, which extends
continuously across the display, is in contact with a matrix of electrodes, as in an
active matrix display, the volume resistivity of the adhesive layer should not be too
low, or lateral conduction of electric current through the continuous adhesive layer
may cause undesirable cross-talk between adjacent electrodes. Also, since the
volume resistivity of most materials decreases rapidly with increasing temperature,

if the volume resistivity of the adhesive is too low, the performance of the display

8



continuously across the display, is in contact with a matrix of el ectrodes,
as in an active matrix display, the volune resistivity of the adhesive

| ayer should not be too low, or |ateral conduction of electric current

t hrough the continuous adhesive |ayer may cause undesirable cross-talk

bet ween adYQ¥&#P88ect rodes. Al so, since the vol une r E&TASPPMYIW nost
materi als decreases rapidly with increasing tenperature, if the volune
resistivity of the adhesive is too |ow, the performance of the display 8 WO
2004/ 088395 PCT/ US2004/ 009198 at tenperatures substantially above room
tenperature is adversely affected. For these reasons, there is an optinum
range of |am nation adhesive resistivity values for use with any given

el ectro-optic ARghsututdldi RbsaMAAy 4B RBmMdnpetdbfre 16 Shvdrbet) bifect@f. Hobe

el ectro-optic nmedium The volunme resistivities of encapsulated

el ect r ophor et ithespwerisansa there jgrancepitinynarapge df eitetionmdbesivearssistivity values

resistivities ner el.ectr,0-opti. ' e usual ly of, the sane order of
magni t ude. Accfglfrule&%lp%’g,ny %‘ ﬁeéle%ﬁu%n%’lu(réédsglﬁ glltn?’\;ﬁ% {/an Vfr’ﬂ%[}/% ‘glrtr‘i’ h"gtr?%nma hesi ve
shoul d nornal lof hke aclectrslopttS iediuh01Zhohwovlame aesigthdtids 169 eheapdflattd ohm cm
at the operating tenperature of the display.,typicall round, 20C. The

am nat i on adiRRTBMERRSIEA ¥6 YRR Froupd TS B % ) BRaeTRTESE i 1y with
tenperat ure Wy elegtr8ioftit flediaQrd BALNPSS thE 8amSbRet 6OmRHitue, rﬁdébfamgw, sel f.

[ 0019] The nunber of commercial materials which can nmeet nost of the

previously di sherecume resigtivity ofthepaminatéony ashesiveshonidsnonmallybe anonrdido

adhesi ve for e | I thh0 G| ay, | ﬁ,rgp‘ L.N..P. ice a
smal | nunber 01;6 wa ec%(f?sa%gééggqgrlgt hog'!?l@mélhéﬁ tsh?’o S ﬁégetﬁﬁgeé%tﬂr&%fgtﬁ%or this
pur pose. A si rdidplay, gymivgllyo roundt 2P CalThe Hamimahiew redhesve abouldeldoi haler af or an

lated el ect tic ned 0020] However., th f such
Pol yost er - bas UG RAETEIRATSPONY W FoRPY YReBdh SR A B o ot

entirely sati si@ebQpiic sRARMPIEEL bet ween the desired mechanical and

el ectrical pr oBerti es, Lam nation_adhesi ves such as  acrylic polyners and
pressure sensilPPVA adhesibganmber of cemmersiab mgteridlsnivhich cak et mestledfathe cal
properties, b - i | 65,0k aberials L Rsui t abl e
for use in el g’éﬁ‘@%ﬁ?ﬁ@%‘@%@é@é@%ﬁ%@er,mﬁ‘lﬂﬁé’;ﬂto t'heresahaé een no
satisfactory usayn ofi eleatry-ioptic tiisplaglieenall, ead ippopted 4 emalb inumher ofrwatérane

enul sions to Jislprélese %Pe%hanc emulsions have been used for this purpose. A similar group of

materials have been used as the binder for an encapsulated electrophoretic
medium.

[0020] However, the use of such polyester-based urethane emulsions as
lamination adhesives is still a not entirely satisfactory compromise between the
desired mechanical and electrical properties. Lamination adhesives such as acrylic
polymers and pressure sensitive adhesives are available with much better
mechanical properties, but the electrical properties of these materials are unsuitable
for use in electro-optic displays. Moreover, hitherto there has been no satisfactory
way of varying the electrical properties of the urethane emulsions to "fine tune”
them to match the electrical properties of a specific electro-optic medium,
Accordingly, it would be highly advantageous if some way could be found to
"decouple" the mechanical and electrical properties of a lamination adhesive so
that each set of properties could be optimized separately.

[0021] Furthermore, in considering the choice of a lamination adhesive for
use in an electro-optic display, attention must be paid to the process by which the

display is to be assembled. Most prior art methods for final lamination of
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themto match the electrical properties of a specific electro-optic nmedi um
Accordingly, it would be highly advantageous if sone way could be found to
"decoupl e" the nmechanical and electrical properties of a |am nation adhesive
so that f properties could be optim zed separately. [0021]
FurthernnS@?QP%&@@%éidering the choice of a Ianinationpgaﬁ§§%ygk#@r use in
an electro-optic display, attention nust be paid to the process by which the
display is to be assenbled. Mst prior art nethods for final |am nation of

9 WD 2004/ 088395 PCT/ US2004/ 009198 el ectrophoretic displays are essentially
batch nmethods in which the electro-optic nedium the |am nation adhesive
and the backpl ane are only brought together immediately prior to final

assenbly, and didcrrbphdi@sd dighlbs hre dReaNAINELIBE ARADIDSH Wafich Adamcad-dhaE Nass

production. However, the aforenenti oned 2004/ 0027327 descri bes a method of

assenbl i ng a duediwnethecleminatipn adhefivepingl thei beeknlane greaonly drreyght dogsthsed
S hg S _ PrIE .
el ectrophore 'tlﬁalx&ydﬁ?élﬁﬁor WEER ab3mfR) h@ﬂ%ﬁ%%aﬂﬁrtogg@g%%g%‘d&% tr;égfr%{ ol ane

Essentially, s copendi ng applicati'bn describes a
| ami nat e" (" RBAgtyd wor cinassompodvsten. Howevaterthe aafbreglentionesn 20048037827

el ectrically-conductive .layer; a |ayer of.. 0lid electro-optjc. mediumin
ol ect 11 cal | Lortaaba merid Skissrbfils 9o alieole [ Wrbobiphet vo
layer; and a nriResEasedeREtrophyftic Alshiay), tkich ik ltadbptad S B4k Yeoduction,

el ectricall y-conductive |ayer_ w | e carried on a light- transm ssjve

. cwill  be . )
substrate, whifrentially tiis sopagiinsrappliaipr descrbesifesosalisd "frppiiplang dasingist r at e
can be manual |¢rpaRAgeh 3baPACsA i oHE, (2 Htht-tihsAERRSclednthiTbbniibeik AIMet e

wi t hout per manent rmat | e term "l ght-transm ssive’ used in this
copendi ng appllast adayand hesadidnelecroepdic miedinmt fre elestrisal chutgctdwih ghait ed

transmts sufficient light tp enable an observer, | ookin ht o t hat
yer to obeciiicondiie By B afheRle BRF i hrole R hP AT "o uim
vvhidc hdyvi Il be Hggf-&ﬁisiniss?&f e\kic&iuaﬂy-')bdiﬂcmuﬁh tldiygr ewtit t vd Qlﬁlfriegl- @ﬁnduﬁglilt?/e Layer
and adj acent substrate (if present). T ubsirate w e typica e a
pol ynmeric fil rHANSRESIEE SYbsHaenH Cylﬁﬁﬁ?gr%byaﬁflgfén@s eisﬁ“sFﬁgatrﬂé%g@sﬁm )altbout I
to about 25 Mgy (RIndRialy dridped REGHA 280 @RBPULO inhéO(230Qkih) D diietef 51 T O

254 m). The electrically-conductive |ayer I's conveniently a thin netal
| ayer of, for veswuplpermageninideformasioni Ade e i"Hgloxirapemissivetray ubrd & thidnduct i ve

pol yrmer.  Pol yec%BgAd%{Eapﬁ)ﬁgﬁf%lﬁtﬁalh%}eﬁl {Oplﬁggn {hjatj HE la%@f"h:ﬁg d\ééiblfhtéﬁl tﬁ’éﬂsﬂﬂ@

sufficient light to enable an observer, looking through that layer, to observe the

change in display states of the electro-optic medium, which will be normally be
viewed through the electrically-conductive layer and adjacent substrate (if present).
The substrate will be typically be a polymeric film, and will normally have a
thickness in the range of about 1 to about 25 mil (25 to 634 pm), preferably about
2 to about 10 mil (51 to 254 um). The electrically-conductive layer is conveniently
a thin metal layer of, for example, aluminum or indium-tin-oxide, or may be a
conductive polymer. Polyethylene 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.

[0022] Assembly of an electro-optic display using such a front plane
laminate may be effected by removing the release sheet from the front plane
laminate and contacting the adhesive layer with the backplane under conditions

effective to cause the adhesive layer to adhere to the backplane, thereby securing
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or I TO are available commercially, for exanple as "alum nized Myl ar”
("Mylar” is a Registered Trade Mark) fromE. I. du Pont de Nenours &
Conmpany, W/ m ngton DE, and such comrercial materials nay be used with good

results i t plane |am nate. [0022) Assenbly qf I o-optic
di spl ay ugvigﬁgﬁ%%ga front plane |am nate may be effegfgggﬂﬁﬂﬁg ving the
rel ease sheet fromthe front plane |am nate and contacting the adhesive

| ayer with the backpl ane under conditions effective to cause the adhesive
| ayer to adhere to the backpl ane, thereby securing 10 WO 2004/ 088395

PCT/ US2004/ 009198 the adhesive | ayer, electro-optic nediumlayer and

el ectrically-conductive layer to the backplane. This process is

wel | - adapt ed tthe sB&SvE 196 Glec@B-oflidGRdMEa{drQAl cledtrREBy-tdub@elap@io be nass
produced, typically using roll-to-rol]l coating technlgues,_ and then cut

into pi eces ofthahgckpiang. hhis serepnis wel-adinted HpBEsY produgsippksineentds fiqnh023] The
f i 0 3 i . i ,
arorenent | oneq,l&g 0l &f71¥ %5 On ?f}@fo{i%r%ha,ng}rﬂg@%&?%s&gfmut-t%%h ”Qoahﬂgn of

el ectro-optic ' nediumin a tront pla ior To 1ncorporati

the front pl arnechhapeneand then gutide gpdcay of lany tsiresndedsd ifmgusee tvith dspetifie r el ease
sheet is provbi ed with an electrically conductive |layer, and a voltage
sufficient to € ﬂ’gs' the optical state of the electro-optic nmediumis

appl i ed bet wegpozi s el qubrifs@hentionedNZ00al00YEIA7ayles desdiveha aledolr fogal |y
conductive |l ayer, on the opposed side of the electro-optic¢c nmedium
Observat i on ofteting the desiorndismmedipp & & ol plpne gwiateRnor|to ingRporstionof i n t he

medi um t hus Yl ] | |tk iz ' ' ' .
di splay, wt hatlt{%ggfrlggﬁ‘}e?lan?% E:éo{sﬁ'?o {l)fﬁ ggfg?‘a]%ptlﬁ%gt&?ﬁg%eér?ﬁdrgwd# g%féag}%&nlgt nmerely
the faulty froonidgd witk ahtdchizaBy cfivetite e, arida enitagei sufftaien? 0@ shage 7327

al so descri bes, a second, net hod r _testi,ng th ] ectr0-0ptic iyumin a
front plane | H? RRYG %tep? a\ti]'le r‘?&eo{arﬁ'ep ?é%etd'f"%% Sagll)pgleg%g{r“éeeen%lst%%ﬁ%e ase
sheet, thus f aohduwtiveleyeiragbthereldchicalty @ctduotioplayer oneidi apposelihvide ofthge | S
t hen observed in the sane, way_as be,forg fo detect.a% faults in th

el ect ro- opt i ¢ SREFPIARHC Perysy- Phiesyarian odihy clepip-PRig FisAiuRp WilbEanJgsedl 27686

describes a somyGalilsefl thd Qahfn @he avdidihh 1Ahind &£ Pult§ B&HBptid Ithadidn

sinplified version of the front ,
into a display, with the resultant cost of scrapping the entire display, not merely the
faulty front plane laminate.
[0024] The aforementioned 2004/0027327 also describes a second method
for testing the electro-optic medium in d front plane laminate by placing an
electrostatic charge on the release sheet, thus forming an image on the electro-optic
medium. This image is then observed in the same way as before to detect any
faults in the electro-optic medium.
[0025] International Application No. PCT/US03/27686 describes a so-
called "double release film" which is essentially a simplified version of the front
plane laminate previously described. 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
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pl ane | am nate previously described. One formof the double rel ease sheet
conprises a layer of a solid electro-optic nedi um sandw ched between two
adhesive | ayers, one or both of the adhesive | ayers being covered by a

rel ease ther formof the double rel ease she i a |layer
of a soligngﬁéﬂ?ﬁ 8 optic nedi um sandw ched between tmga?éﬁgﬁégﬁgﬁeets. Bot h
forms of the double release filmare intended for use in a process
generally simlar to the process for assenbling an electro-optic display
froma front plane | am nate al ready described, but involving two separate
| am nations; typically, in a first |amnation the double release sheet is
| am nated to a front electrode to forma front sub-assenbly, and 11 WO
2004/ 088395 PHenlib20R4d:d09h@Rtioh Henfrint sab-agenbly ik ddhinakd ta bhckplane id
sub-assenbly is | am d.to a backplane to formthe final display. [0026]
In view of thé“gagﬁﬁ@aégg9%ﬁ the assenmbly method using a front plane

| ami nate descrpdpeg in t hfvﬁ&pspﬂﬁr&dvmsgtsaﬁ%é QO2ABB/ mc'tﬁod' w2 igaabl € that

a |am nation adhésive be capabl bei ng i ncorporated into such a front
pl ane | ami nabéane |14rmn%tedp®nberbmth%ﬂoeemmon@ 209MOARTI23nit ifesisablethigea capabl e

of heing 1 NCOLRRLALCLNE @ UL oo SLERSROLIIASE' Sith W'hbk: ERer T Ded

[ 0027] Accordi I N one aspe ere | ro-o
assenbl y conpiarsinatg. i rssals@rdémmdmrﬂdztwlmﬂmﬂioﬁsadlﬁmmam eqphklsi afebdiagyer and a

| ayer of electro-optijc er di sposed bet e first and second
substrat es, tﬁécorpgaﬁgima% if‘rre ?Srfﬁe"éo‘\fl’?&‘?‘?ﬁ?‘gbegf a pol yneric adhesive
material and 0279 ddl ti X&Qo&&ﬂn?ﬁzt af dHOMyRcS Fhdre i@ POvBH el eRicibBpti@ POl ymer
el ectrolyte, a so el ectro and conbi nati ons thereof. The adhe5| ve

~l ayer cont ai maﬁfgmbhecc@msmg\f@st a@dfe@@ﬁﬁvbsgeteﬁ,ra@maawémm@daﬁrtaed abor 104
.nol es of addi t g@.}d]e Lcally,
the |ayer wl }OE‘Cger?g(rsl ?ﬁg t%aéb%%tos%b%%éﬂ ﬁ}iegg%'? %i%esl? Eelisb@tlr?tes Itive per
gram of pol ynmdhasivacﬂlawl &ommmhxgraamxtﬂmef Iaaptdmnemcaytd]m&mprmstend pul yur et hane,
vi nyl acetate, I at e ethyl ene X or a |ICb d

adnosi ve. . [0o8iTs seReed o il & BoraciEditir vt Pupl? d@Ekt s RFES

el ectro-opti c eleasigteh byd ﬁaﬁblﬁm“d’nrsltﬁ&eﬁ' Mhé(hdﬂeglveflaﬁeheomlﬁihﬁfgﬂhb eddidhesi ve

material and a salt.  ( The salt be, fof exanp an inorganic salt, an
organi ¢ sal t, T ¢PrERsissifFom abept 1058 about 10 moles of additve per gram of the

polymeric adhesive material. Typically, the layer will comprise from about 107 to

about 10™* moles of additive per gram of polymeric adhesive material. The layer
may comprise a polyurethane, vinyl acetate, vinyl acetate ethylene, epoxy, or a
polyacrylic based adhesive.

[0028] In one embodiment, the adhesive layer used in this electro-optic
assembly may comprise a mixture of the polymeric adhesive material and a salt.
The salt may be, for example, an inorganic salt, an organic salt, or a combination
thereof. In one particular embodiment, the salt comprises potassium acetate. In an
alternative embodiment, the salt may comprise a quaternary ammonium salt, for
example a tefraalkylammonium salt, such as tetrabutylammonium chloride or
hexafluorophosphate.

[0029] In embodiments wherein the additive is a polyelectrolyte, the
polyelectrolyte may comprise, for example, a salt of a polyacid such as, but not
limited to, an alkali metal salt of polyacrylic acid.

[0030] The adhesive layer containing the additive may provide other

functions besides an adhesive function. For example, the layer may be provided
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thereof. In one particular enbodinent, the salt conprises potassium acet ate.
In an alternative enbodi nent, the salt may conprise a quaternary anmmoni um
salt, for exanple a tetraalylamoniumsalt, such as tetrabutyl ammoni um

chl ori de uor ophosphate. [0029] In enbodi nent e additive
s a polyg%%%ﬁgéﬁé%e the polyelectrolyte may conpr|s§C¥@§(ﬁ£§3#% a salt
of a polyacid such as, but not I|limted to, an alkali netal salt of

pol yacrylic acid. [0030] The adhesive | ayer containing the additive may
provi de other functions besides an adhesive function. For exanple, the

| ayer may be provided 12 WO 2004/088395 PCT/ US2004/ 009198 w th regions of
differing colors and serve as a color filter. Alternatively, the |ayer my
conpri se an optittcedgidns @ idlf@nﬁgeabrstand[ﬁ%]ds al avldrifiltee| Rledrnaiivelyf the lagsendl y,
at |east one of the first econ substrates may conprise an el ectrode.
In one parti cU&r“SHBEARERtTC i W HFOPMe first and second substrates

conprises at |feesltj one ghekd é}@@lﬁa oﬂtﬁ ABHBIO atRadst sl bRlthe ARPARH RBRLG t he
first substrate nay conprise a egqut transm ssive el ectrically- conductive

| ayer (which cHpsteates may somprise eprerglpde. (in one pedisulas embedimest, wash ofcthapri se a

rel ease sheet g “ﬁﬂ% t | &S %%h[ ptic
medi um thus, t gn{é?rlg gt(%#?so odﬁllsig:ga%slg@nbgﬁy fé@tir(?d h%g%ttﬁe rc%lagf a
front plane {enlb@dlmmﬂ,eﬂmsﬁnmmmﬂrhednam comnprisef mrlgﬂ’temansunﬁdveZﬂﬁdﬁaﬂBr?SZ?
[0032] In a further, a ect t he present |nve rOV|ded an
article of rrar?ﬁpgli:cltu? ?h £ &Pt 28 @ Rlge t'ﬁ‘ﬁﬁeg? S“‘%? ByBAY of a
solid elect rQ:oﬁ@hbé?a i’@éﬂs@ Eﬁeﬁﬁ‘dhd\mefeleeﬁ-oﬁtﬁ@m%&ﬁﬁﬂﬂaﬁwi sRl@topReS ed

si des thereof; first adhesive layer on the first surface of the |ayer of

~solid el ectro-l%ffﬁﬂﬂta, thasithgentize elﬁ@%@g@ asspapdly wilkhoredhe Brmifa fppholoee si de of
the first adnqghigd AvelorbbM hOfctdAtiondl208Rbbsyayect T o-optic medium and

a second adheS|ve ayer on the second sur ace the | ayer of solid
el ectro-optic [ﬁ@lﬁ]um atIn lactustherozspedifoftthe pi‘escmtmmoa,etmmm mdhded we | ayers

conprising a ur ol yne adhesi ve Lal ¢ ve
sel ected from “g%ﬁ%r ( OP@Fyliel;ease St&g ’pn§1n§Cta %ﬁ 9 g%l I d
el ectrol yte, admtt:ﬁcvpﬁb Iikﬁdit@mhaﬁdi@ﬁﬁoﬁnd 83 suh-facarmi dsp;rosais@mttheréoﬁ he

resent invent there is oyi ded_a
P rst adheswe layer one:{lc rst surface of the layer of solid electro-optic medium; a

release sheet disposed on the opposed side of the first adhesive layer from the layer
of solid electro-optic medium; and a second adhesive layer on the second surface
of the layer of solid electro-optic medium, at least one of the first and second
adhesive layers comprising a mixture of a polymeric adhesive material and an
additive selected from a salt, a polyelectrolyte, a polymer electrolyte, a solid
electrolyte, and combinations thereof.

[0033] In another aspect of the present invention, there is provided an
electro-optic assembly comprising first and second substrates, and an adhesive
layer and a layer of electro-optic material disposed between the first and second
substrates, the adhesive layer comprising a mixture of a polymeric adhesive
material and an additive selected from a conductive metal powder, a ferrofluid, a
non-reactive solvent, a conductive organic compound, and combinations thereof.
The conductive metal powder may be, for example, nickel.

[0034] In a still further aspect of the present invention, there is provided an
article of manufacture (a double release sheet) comprising: a layer of a solid
electro-optic medium having first and second surfaces on opposed sides thereof; a

first adhesive layer on the first surface of the layer of solid electro-optic medium; a
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el ectro-optic assenbly conprising first and second substrates, and an
adhesive layer and a |ayer of electro-optic material disposed between the
first and second substrates, the adhesive |ayer conprising a m xture of a
pol yneric _adhesive material and an additive selected froma conductive
netal powd¥? 200408835 of | uid, a non-reactive sol vent, aPEGNGMEHPIL80r ganic
conpound, and conbi nations thereof. The conductive netal powder may be, for
exanple, nickel. [0034] In a still further aspect of the present invention,
there is provided an article of manufacture (a double rel ease sheet)
conprising: a layer of a solid electro-optic nmediumhaving first and second
surfaces on opposed sides thereof; a first adhesive |layer on the first
surface of thgelbadeheedtish@iell dn UeppbRuaRiei of HEHs M Ihedve herion? BR44QBB395
PCT/ US2004/ 009198 rel ease_sheet di sposed on the opposed side of the first
adhesi ve | ayerofselighelepeo-ppijemedianm; 'smsf # gecond edhesivedayer onvll savpndipitifage second
adhesi ve | ayer i .t h 0 | § | roszoptic
medi um at | eé’gﬁﬂ%%%&%??gﬁﬁewfgﬁi glg'ﬁcdmg%lg}élhgt h%ﬁé%ei \B/fe %a{j/]gtr gmgg&nﬁwsi ng a
m xture of a pdhasiver lageradioepriviag ramentu@| ofan golymeriaddhesivenmarriat bt afir om a

conductive netal. .po r, ferrofluid, a non-reactiye .sqlvent, a conductive
organi ¢ conpo&ﬁﬁ‘f‘eﬁ\r,\?gl%ﬁt(?ﬂ%f%tai ?ﬂ’i‘élf“ftﬁ’&r‘@ﬁtflfpf‘@_ 5f F’ﬁo%lﬂat ASORAEHEEE, there
i's provided anoRERCH coHIBHR! drEariCsinPBund QRB toBbinatichshetéctl i ty of capsul es,
each of the capsules conprising a capsule wall, a suspending fluid

encapsul at ed UP#3nIn t he bt #pathrie aspgrt, therel ia nspided jan eleptropheretie madan v

charged parti .S i i L . novi ng
t her et hr ough o%hﬁlglbl%ﬁ?g?w gﬂyg? o} nﬁ%?’;é%%f%??aﬁsh}é% gorfr‘%gm%g?ﬁ}ﬁlﬁlet aell’ medi um
further conpriaskuspelig rfind envapsolatedi wghinhthec eqpsuleewall tdnd bi pldsilityc ofipr i si ng
(a mxture Oféf oIgne&fc dhesj ve natgrial and an add'thve selqﬁte froma
salt, a poly TP Y)? geeG P {?ﬁ@l"‘si’é’fl e@t?"o?\?tsé‘,speéldlélgl Y e gcptap% ?/t0 and
conbi nati ons deligekrethtbehlon elication bfkmelaétrit fieldad did mydiviRthe Gedifim se from
about 10-6 to about 10"4 noles of additive per gram of, hinder. Typically,
the bi nder wi IfFrthes fompsising, 3 Hindsh syroupging the, capyirs the. Dinfes eunmIisingsp ¢ per

gram of bi ndenyjx{Re oph PERmIRYadGTRY MdRrialParnRCny MaRiVaddifectcdl Foth 28GRI AL €,
vinyl acetate ethylene, €poxy, or a polyacrylic based adhesive. [0036] In

one enbodi nentpolyelestroiyteder polymebri ¢leativlye.eh etntlido pleotralyicc anddeambinations
thereof. The binder containing the additive may comprise from about 10 to about

10" moles of additive per gram of binder. Typically, the binder will comprise from
about 10” to about 10 moles of salt per gram of binder. The binder may comprise

a polyurethane, vinyl acetate, vinyl acetate cthylene, epoxy, or a polyacrylic based

adhesive.
[0036] In one embodiment, the binder used in this electrophoretic medium
( may comprise a mixture of the polymeric adhesive material and a salt. The salt

may be, for example, an inorganic salt, organic salt, or combination thereof. In one
particular embodiment, the salt comprises potassium acetate. In an alternative
embodiment, the salt may comprise a quaternary ammonium salt, for example a

tetraalkylammonium salt, such as tetrabutyl ammonium chloride or hexafluoro-

phosphate.
[0037] In embodiments wherein the additive in the binder is a

polyelectrolyte, the polyelectrolyte may comprise a salt of a polyacid, for example
an alkali metal salt of polyacrylic acid.
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conbi nat i ons R SORIPLISRE: )

may conprise a m xture of the polyneric adhesive material and a salt. The
salt maybe, for exanple, an inorganic salt, organic salt, or conbination
thereof. In one particular enbodinment, the salt conprises potassium

acet ate. @34@{85@ native enbodinment, the salt may cgggmé; JRogat ernary
ammoni um sal {, Tor exanple a tetraal kyl ammoni um salt, "such™as téetrabutyl

amoni um chl ori de or hexafl uoro- phosphate. [0037] In enbodi ments wherein
the additive in the binder is a polyelectrolyte, the polyelectrolyte may
conprise a salt of a polyacid, for exanple an alkali netal salt of

pol yacrylic acid. 14 WO 2004/088395 PCT/ US2004/ 009198 [0038] The bi nder
containing the additive may provide other functions besides an adhesive
function. For [883fipl e, tIhe Hindederontmining tepedditvea magPprocids otlirahaing! ement .

[0039] In yet ,anqt her aspect, there is provided an el ectrophoretic¢c nmedi um
conprising a pitfa ™ 1"86&3%%"85?"%%5‘@% tﬁ%@‘”@‘&b%ﬁ’&’“ﬁ’é‘ﬁ%@ Spiepla
capsul e wal |, bigifpusseadi ng fluid encapsul ated within the capsule wall and a

plurality of electrically charged particles suspended in the suspending
fluid and capdBf3¥lof ndwivelgenothsr ameeto thsre Sroreyiged emelcotonhibretin neddaunr i ¢
field to the nggi i t S L.ngder roundi ng the
capsul es, the bﬁigggi?g%@%gﬁgiogghpéw%%%?@g?gﬂgﬁ%g%ngﬁélggga nge *ateri al
and an addi ti e ssprelitgdifid cmeagpsuletd dwithiny themreapghilepoatieand a plaraliof lofi d, a

non-reacti ve sgl yen conductjve or i c .compound, and cqnbi nati gns
t hereof . [ 00407 cag%c?fa‘ﬁrgF&]gg%’@Lef ,S“?Pﬁﬁ‘?eg‘ Psthsy ?c&gﬂlgaﬁmgﬂas‘iwgﬁ%(? rising
a mxture of movied heretireughcieppleatishbe in alectfib dieRiNodintdiMa, dehaehad from a
salt, a polyelectrolyte, a _%ol ymer electrolyte, a solid electrolyte, and

[

ndgy feEqupding the ‘capwase thee bindereeampsisingt ®ri al  may
be sel ected frngihRe d¥0h NG dhadivay t vanV LAYk yl ene, an

epoxy, a pol yacr Ii_c-bagﬂgidﬁﬁadhesieég? }zgﬁ ﬁ?o (?naélt iagﬁgv%jﬁgfreg%?.ﬁf%oéll]

Final |y, ther gohdncgvemetibpowderaufeaoflvid, znopreastivegobvent, acomductive argamiol ymer i ¢

adhesi ve mat ercioﬂlhoﬂhda@d"%o%%ﬂiﬂov?th% eloECt ed froma conductive netal powder,
a ferrofluid, 'anon-reactive solvent, ‘a conductive organi c conpound, and

[0040] In another aspect, there is provided an adhesive comprising a
mixture of a polymeric adhesive material and an additive selected from a salt, a
polyelectrolyie, a polymer electrolyte, a solid electrolyte, and combinations
thereof. In this adhesive, the polymeric adhesive material may be selected from a
polyurethane, vinyl acetate, vinyl acetate ethylene, an epoxy, a polyacrylic-based
adhesive, and combinations thereof.

[0041] Finally, there is provided an adhesive comprising a mixture of a
polymeric adhesive material and an additive selected from a conductive metal
powder, a ferrofluid, a non-reactive solvent, a conductive organic compound, and.
combinations thereof. In this adhesive, the polymeric adhesive material may be
selected from a polyurethane, vinyl acetate, vinyl acetate ethylene, an epoxy, a
polyacrylic-based adhesive, and combinations thereof.

[0042] Figure 1 is a schematic cross-section through an electro-optic
assembly of the present invention having the form of a front plane laminate.

[0043] Figure 2 is a graph showing the volume resistivity of various
polymeric adhesive/additive mixtures as determined in the experiments reported in
Example 1 below.

[0044] Figure 3 is a graph plotting the average volume resistivities of the

vatrious mixtures shown in Figure 2 with additive concentration.
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conbi nations thereof. In this adhesive, the polyneric adhesive material may
be selected froma pol yurethane, vinyl acetate, vinyl acetate ethylene, an
epoxy, a polyacrylic-based adhesive, and conbi nati ons thereof [0042] Figure
1 is a schematic cross-section through an el ectro-opti |y _of the

pr esent iHV%H??@Wxﬁaving the formof a front plane Ian?ﬁgﬁﬁaﬁ?gﬁﬁ§] Figure 2
Is a graph show ng the volune resistivity of various polyneric

adhesive/ additive m xtures as determned in the experinents reported in
Exanple 1 below. [0044] Figure 3 is a graph plotting the average vol une
resistivities of the various mxtures shown in Figure 2 with additive
concentration. 15 WO 2004/ 088395 PCT/ 1JS2004/ 009198 [0045] Figure 4 is a
graph simlar [D045Fi gur e Figupelt iSHgtabh gintitie to/Bipuat3 Bit sBbwirlghtie vRK46dR of
resistivities of polyneric adhesive/{etrabutyl ammpni um hexafl uorophosphate
mi xtures with 8% t VYBREenTFSIFVRES as OHet BYMRAAY | #ibesixe/tetRBwYlapEraim e por t ed
in Exanple 2 hekoworb S4Bkt Sithf3adyini O Bh&SratiRl 81 Bordsittidd VESmEO
control the volune resistivity of adhesive materials used, for exanple, in
adhesi ve | ayeresperimenterspented inFrpmpledshebdy.i es and di spl ays, and in binders
surroundi ng t psul es, 0 C t | ectrophoretic media, .are

di scl osed hergﬁ%ﬁﬁThe a?ﬁeé?%@plg@%#%ﬁhﬁgna%i%@gggsd?sé?%ggd,eh@?@?ﬁ enabl e
t he vol ume resesistivitlytof ailhesbe watedisls uwdd; irudixampleh 81 adtesiat Nyyersasfydlagrot he
mechani cal properties of the adhesive |ayer, or binder, Th adhesi ve | ayers
and binders, tORREURNERMES A (18 Y%fmgLéXo?m§%$émEHHW#P ég? eRpHFR of t he

sel ection of agbeshMRdRLRbpRIHERE POURIHQA HeAlh CTHRMRBNC RlyerR AR 1 €S

but which could not otherwi se be used because their volune reSistivities
are unsui t ablbduderh disclogere hetgin "enatie theirvetume gesistivitiretor bei ewiedi wighat an
adhesi ve | ayer, | — - adl - o) LSt hVi f the
material to an u@%ﬁtﬁg&g%n&g ?E%FCH@G%IW%%%}&% Asdg a‘)r/é’ @?érzqué{d%p Bretic
medi um [ 0047 ]adhésvecthpat sl Wipders thrsagnthl uddifion bPorerasnmnt atditiesst expanday

constitute a ompl ete el ect.ro-opti i ay or. I sub- assenbl.y. of such
S Sl oy s the vSeedon of aietike maiiafs il W dRbeBly deheBitRl Foporig i
af or ement i onedyifici NdouRNGoMothddriseNbS used bediRk | Gdfrl BRme r&RMRItRE Care

el ectro-optic di S_P| ay requires the presence of at | east )
unsuitable. Thus, one can "fine tune” the volume resistivity of an adhesive layer or

binder, i.e., to adjust the volume resistivity of the material to an optimum value for
a particular display or electrophoretic medium.

[0047] The electro-optic assembly of the present invention may constitute a
complete electro-optic display or only a sub-assembly of such a display. As already
indicated, and as discussed at length in the aforementioned E Ink and MIT patents
and applications, a complete electro-optic display requires the presence of at least
one, and normally two, electrodes to produce the electric field necessary to vary
the optical state of the electro-optic material, although in some cases only one of
the two electrodes may be a permanent part of the display, with the other electrode
being in the form a movable stylus or similar instrument which can be moved over
the display to write on the display. When the electro-optic assembly of the present
invention is in the form of a complete display with two or more permanent
electrodes, each of the first and second substrates will comprise at least one
electrode. For example, the assembly may have the form of an active matrix
display, with the first substrate comprising a single continuous light-transmissive
electrode extending across multiple pixels, and typically the whole, of the display

(in practice, the first substrate normally also comprises a polymeric film or similar
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one, and normally two, electrodes to produce the electric field necessary to
vary the optical state of the electro-optic material, although in sone
cases only one of the two electrodes nmay be a pernmanent part of the

di splay, with the other electrode being in the forma novable stylus or
simlar i Qg {osWhi ch can be noved over the displ apct@swoibien the

di splay. When the electro-optic assenbly of the present inventionis in the
formof a conplete display with two or nore permanent el ectrodes, each of
the first and second substrates will conprise at |east one electrode. For
exanpl e, the assenbly may have the formof an active matrix display, with
the first substrate conprising a single continuous |ight-transm ssive

el ectrode extending across nultiple pixels, and typically the whole, of the
di splay (in prerarieslayemighich suppody therelaiiwhnbimlglityragsmigsive pleetraiesng

| cfi g y oo y
ayer whi ch subgge T ke Gadild NGO REAHiccRbeitar nadleo Ot fhe sfBEC 1 G
protects the rsebsitate/edsythd fomgidfe hatlgdimcadephisingarsappatpadibn dadraghjalityhi | e t he

econd bstrate has the fo of .a hackpl ape conpri.sing. qQrt portion
;nd a pl alrjalsit PRl effeue ese?"’g’(r&‘r‘%ﬁgg, Wﬁ’é’fﬁﬂle?‘?‘ #ﬁfée ﬁﬁ&‘iﬁﬁﬁ‘ﬁ?‘mﬁﬁ xells of
the display. Gaw QUsdclplans el RrthAChRRE dEAVinkit 8H8e¢es CRVIREAISShRO AL | near

devices (typically thin film transistors) and ot her ci_rcwtré used to
produce on’ t hérapgisters) equdc pthen sircuikg ussdtionpiodnes paetedrixel glectyedes nke di spl ay

(i.e., to sw . | 10US 1.0} X8 S: pilikal S tats S to
provi de a des itpr%gbcli-lhlglgaﬁégaég nH’t ?i@%lﬁlg pcflgf%ﬁ ﬁ%do@#“%ﬁt %1? n@?@%?é‘%ﬁt ﬁgﬂiﬁ!

el ect ro- opt i c cptisalstates neessane typrevidat desined imageron thewisplapkt i t ute a

sub- assenbl y ch a | ete display. In particular, the . electro-optic
assenbly may ﬁé@x@jt he. t iR velyc (e b apllc fifembly of the pRSatERUPR *The
-af or ement i onedn004dsafky 32311b-ds@erﬁblg hofasuch 0 cobRRE displayN&i @artiedRr,Ofhe t he
substrates (for convenience, say the first substrate Qonpriiees_a

i ght - t r ansni Sicire-opEf atsemplynty bavg M forp vé a iapplanlagtigple 2t deseredhif he front
el ectrode of gpd 'aﬁﬁém%tlﬁﬁécﬁﬁoozﬂ/mm. fSnB@ucil'a{ $onf YRAE M@haty, ldne W7 iR 1 Y al so

conprise a polyneric mor simlar pporting layer which supports the
rel atively t hismbsttatast(far cahvepiepon day thofisst supeirate)negppisen @ dghtrtrankmissive

g T L

backpl ane to f(agin,tthe fitst sestrdiespillaormally also comprise a polymeric film or similar
supporting layer which supports the relatively thin electrically-conductive layer
and protect it from mechanical damage), while the second substrate comprises 2
release sheet, which is removed before the front plane laminate is laminated to a
backplane to form the final display.
[0049] Indeed, many of the double release sheets of the present invention
can be regarded as special types of electro-optic assemblies of the invention. In
practice, such double release sheets typically comprise a layer of electro-optic
material having adhesive layers on both sides thereof, both adhesive layers being
covered by release sheets. Such a double release sheet comprises an electro-optic
assembly of the present invention in which both substrates are release sheets.
[00501 The adhesive layer or binder contains one or more additives
selected from (a) a salt, a polyelectrolyte, a polymer electrolyte, a solid electrolyte,
, and combinations thereof; or (b) a conductive metal powder, a ferrofluid, a non-
reactive solvent, a conductive organic compound, and combinations thereof.
[0051] | In certain embodiments, the additive may be a salt such as an

inorganic salt, organic sait, or combination thereof. Exemplary salts include
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[ 0049] Indeed, many of the double rel ease sheets of the present invention (
can be regarded as special types of electro-optic assenblies of the
invention. In practice, such double rel ease sheets typically conprise a

| ayer of electro-optic material having adhesive | ayer , | des

t her eof PRAOUERRL i ve | ayers being covered by rel eas%c'lgg%zgﬁo% uch a
doubl e rel ease sheet conprises an electro-optic assenbly of the present

i nvention in which both substrates are rel ease sheets. [0050] The adhesive
| ayer or binder contains one or nore additives selected from(a) a salt, a
pol yel ectrolyte, a polyner electrolyte, a solid electrolyte, , and

conbi nations thereof; or (b) a conductive netal powder, a ferrofluid, a non-
reactive sol vpotssivin aedialelCindverrailigadhmod @RNALE bspandlyCeiitubAihRBsiuther eof .

[ 0051] In certﬁgn enbodi nents, the additive m %e a salt such as an

i norgani ¢ sal FaSSPERAT Bedorideofurtsperanlesorf seheinsbide [thiumpsalie pudnis s
i nclude 17 VW@HQ6F)8BR6, PLRFISEHH/ @9@&%,8axil@@,tiﬁﬁﬁ*ggﬁ})%c?h@tp?esexﬁi}d
yl ammohi um “3al ts ‘such-as the

tetraal yl ammoni um sal'ts, especially tetrabut
chl oride. Fur preéarred éalip tedralpitylamintonivmm béxaflgotophdsphate,slatgely txgaise af the

Li CF3SOF3, Li 11 | BE ] AsF6, and Li N(CF3SQ2) 3. The presently
preferred sal gﬂgﬁty[ edrng%gl[ey Og%lﬁ%ﬁallﬁlJm hexaf | uor ophosphate, |argely because of

the stabilitjotagd i nerineba enibotiimentss #et polyrié&Sldctiolyto ihe polgaleaeblyrent s, t he

pol ynmer electrolyte is a polyelectrqlyte.. Polyelectr tes are pically
pol yners in P]Ié'%le%ﬁ s A)%’Fc_ _rléo(i oIS Hid Wﬂiﬁ%e@lﬂu& li%Léyc?Sn‘f}B@eBg%‘Te a
functional gr gidRceRASBHAPSIEd bPR hiFichShal @rouf CHpBICHELARMHg 18 FAH £ehargoganpl es of
certain functional groups within a p(;l@}/el ectrolyte include, but are not

linited to, capesissyHxampligsiofsertaiufuneiinngl grerppsvithih 6 pplystecolyte inglude hat
guaternary a ni : opnd I C b l.neg .wi t b 0rganic
or inorgani cn?él ?gwgl?‘ﬂa tg%%ﬁ%gﬁ@%ggzga%gﬁérﬁ%'& Saﬁphlq’g@%%‘? g% 9e+}lé1ctrol yes,
i ncl ude but gquaernay alinmintiwed compowpdb.yEhesy/polgmersicdn bp obmbingd eith osgahfconat e,

ly(2- vinyl i di | y(4-vi nyl i di | y(di met h i
bl ot tde. " boBy parEaBE hoLTh eyl hiet e Floalle? Qo EieBb b Aot hy
met hacryl at e) butA ar@r gdte inGtkdP b,y PoBebvt Y h@d] olyrerardi sulfosad,t pafy(2-

pol yacrylic acid, [0053] In a fu ther enbodi nent of the present_ invention,
the additive VEYRYIGHEY mepo(¥nypysidiae), Theokidimethylymmeriug| o chlogdgt " as

used herein dg§CrdiERy@minoethyl methacrylate), poly(diethylaminoethyl methacrylate). A
preferred polyelectrolyte is the sodium salt of polyacrylic acid.
[0053] In a further embodiment of the present invention, the additive is a

polymer electrolyte. The term "polymer electrolyte” as used herein describes a
polymer that is capable of solubilizing a salt. The solubility of the salt in these
polymers can be enhanced by the presence of oxygen and/or nitrogen atoms in the
polymer which form ether, carbonyl, carboxylic acids, primary secondary, tertiary,
and quaternary amino groups, sulphonic, acids etc. Examples of polymer
electrolytes include polyether compounds such as polyethylene oxide,
polypropylene  oxide, polytetramethyleneoxide, polyamines such as
polyethyleinimine, polyvinyl pyrrolidinone, polymers which contain quaterary
ammonium groups such as N'R1R2R3R4 wherein R1, R2, R3, and R4 are each
independently a H or a straight, branched, or cyclic alkyl group having from 1 to
25 carbon atoms and where the counter ion can be either selected from any organic
or inorganic anion.

[0054] Still other additives can include a conductive metal powder, a ferro

fluid, and/or a non-reactive solvent that may improve or, alternatively, hinder the
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pol ymer that is capable of solubilizing a salt. The solubility of the salt
in these polynmers can be enhanced by the presence of oxygen and/or nitrogen
atons in the polynmer which formether, carbonyl, carboxylic acids, prinmary
secondary, tertiary, and quaternary am no groups, sulphonic, acids etc.

Exanpl es fo pRbydiBys el ectrol ytes include polyether copp@RRsRGld¢dy as
pol yet hyl ene oxi de, polypropyl ene oxi de, polytetranethyl eneoxi de,

pol yam nes such as pol yethyleinimne, polyvinyl pyrrolidinone, polymers

whi ch contain quaternary anmmoni um groups such as NARIR2R3R4 wherein R, R2,
R3, and R4 are each independently a Hor a straight, branched, or cyclic

al kyl group having from1 to 25 carbon atons and where the counter ion can
be either selected fromany organic or_inorganic anion. [0054] Still other
addi ti ves can Momktyqd the daisdincthe welutien. Hxamplaseof, suitablermon-reddtive dplvemts/ or a

non-reactive : LT r | ter i vel | nder. the 18 WO
2004/ 088395 P%%%%%’S%?’S%S@% ehj%b‘?ﬁ?@ erplly iR Acefuc, Féy%lf’)‘l fiehvat.

Exanpl es of sW-nmiilydpynolidoreactts.vin sull vaothsr ehibobisska Wat @ndudivet sigdni€t her ,

di propyl ether, diethyl eneglygol,. gl , diglynme, . Nonmethyl pyrrolidone, etc.
In still anot r?B?lpg?ﬁﬁioM%g{S cga’é&h%ﬁggﬁ%d%%b%ﬁ%'lwg%éml%ﬁf testised as
the additive. co@@BuddeN- inkRidk i I9a0TR] e Spobfthibpese, ?Wgs iﬂg@_g{ﬁ?

pol yani l'i ne, pol ythi ophene, pol ypyrrole,” poly-3,4- dioxyethylen€e thiophene,
and deri vat i véoxypthylgng thiopbens, iapf derivativercofthese materialg gptiwir nstoapstoped 0055]
The pol yneric cgghesive material that is used in the adhesive |ayer or

bi nder can be any polyneric material that fulfills the particular needs of
the end- use dPHi5]cat i oithe Balymptie sdidsive undterbil ¢hapdd yesr incdha ddtesive ¢ayent eri al s
i ncl ude pol yurethane, ,vinyl .acetate, .vinyl etate ethylene, oxy, a

pol yacryl i c- bé’égﬁlﬁeré’(ﬁﬂgg ?olWeE%Wﬂfeﬁgttﬂ%trfgl%ﬁlﬁg?Wc @?E‘E"é’éﬁ%ﬁ“@é
~materials may ube appliostivh. Bas@ples 05f SGItABRUPoRNAREE . adiesi9¥ afeRalf ingu@ar ti cul ar
pol yur et hane th [ descrjbed in copending U S. Application

Serial No. 10/13?1%}9{@%%8@? %ﬁg]d Iaqsﬁatmov’@wbéwat? Gtlengd epesh gneelyewylarhas@t oduct s

Rhesi vo. mat oria s CApDinabiRs SRl T ARk RO ERd i bR ¢

precursor mat €F iaghepugehpsdse An example of a pﬁrticula.r polyurethane that can used is
described in copending U. S. Application Serial No. 10/715,916 filed 18 November
2003 and assigned to Air Products and Chemicals, Inc.
[0056] The additive incorporated into a polymeric adhesive material may
be formed in situ; in other words, one or more precursor materials may be
incorporated into the polymeric adhesive material or binder ;vvhere the precursor
material(s) can react with one anbther, or with the polymeric adhesive or binder, or
be changed by exposure of the adhesive material or binder to conditions (for
example, exposure to heat, light, or magnetic or electric fields) which cause a
change in the precursor materials to form the final additive.
[0057} The adhesive material or binder may contain components other than
the additive (or other dopant) used to adjust its volume resistivity; for example, the
adhesive material or binder may also contain a dye or other colorant. It is known to
form full color electro-optic displays by providing a color filter as a separate layer
on the viewing surface of the display (the surface through which an observer views
the display), this color filter containing pixels of differing colors, for example red,
green and blue. However, when a color filter is spaced from the electro-optic
material in this manner, there is the possibility of image distortion when the color

image is viewed at a substantial angle to the perpendicular to the viewing surface.
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I ncorporated into the polyneric adhesive material or binder where the
precursor material(s) can react with one another, or with the polyneric
adhesive or binder, or be changed by exposure of the adhesive material or

bi nder to?‘&pﬁ[}@%ﬂis%s (for exanple, exposure to heat, bLighkinoPboei@INELIC OF
iel'ds

electric Whi ch cause a change in the precursor materials to form
the final additive. [0057] The adhesive material or binder nmay contain
conponents other than the additive (or other dopant) used to adjust its
volune resistivity; for exanple, the adhesive material or binder may al so
contain a dye or other colorant. It is knowmn to formfull color

el ectro-optic displays by providing a color filter as a separate |ayer on
the view ng sdpfawil eich pwbltinsplitys (1t pensipief daserablarouplcevihec bolen fileser ver

views the display. LS color filter .containi ixels of differing
colors, for exﬁ{ahf%%ﬁ)éde%%fbac%?etgﬁ eé?fgobqug:mﬁgg\igvgge}f vﬁ‘é‘ﬁe"a?r’cg’ll% FeRPE er is
spaced from t prciigas csloOfiltérbeti@hehd alecttoded 6f GeBIPS) so HRENR dlgmide
possibility of inmage gl stortion when the color ge is viewed at a

I ma
subst anti al aRPETEY of e spdom ke will) affeck the paeforpmange of tha displer . Thisl 3 axD

2004/ 088395 PEISAANARNY AR, ol AVA! SheaGL, FFOPLE Bt rfod  Bida! P

desirable to place the col or ter 1 I at j ace e o-optic
mat eri al it seRfpolyHeanig\hase materigl with winee giffephg diyery ot hextmodsosf dyies, tte forhet ween

t he el ectrodeg, of ,t di.spl.a that_the el ectri.cal r rties of the
boror T1 1t o Clhetea ! et RPURY or Sfhet Albeoh WErnE it ] wyRkeBRRA' hE Byl
particul ar pr diffeeing vyt will afib@rthé iclec@ical Fropatessotthefl doldrefitteran ahd!sanad | Y

formed by dyin a ol ric base material with three differing dyes, or
m xtures of d9’§§],‘ertﬁ‘ef Fitve fgger er&Frééﬁscgﬁ%& breie Ay Rerused tacoupietagt

portions, andifeleffegtsWH th¥ Qifferinbadyel RRq FdHdeCthe UidctEdal PRoIURS oMithd Abf €ct the

1
el ectri cal progert ies of the color filter in the sa manner. The adhesive
| ayer and bi néleissubsigaiigllycwnifoeme therebayavbidingsartifacts ewthst imagetduetthaons f ect s of

the differi ”gul‘i%'?ﬁ-l é%éaﬁg%ggrﬁtep%itﬁi&ecﬁéEél&aﬁqe[).r operties of the color filter
reby avoi

substantially unitorm t Ing artifacts on the i nage due to non-
uni form el ect f4058] pr opkrit iatss kvicwin (et ftiee efotementiohdde2003/@N5H40) |thati s al so
known (see thg

krown (5o {1 R8I om0 SOMEN) 1l T Rl 2 A7
encapsul at ed e edapadied Ebdtfoplbreit A¥plhPiorddustthelappeatiRe AF BRGRpRY, THe
di splay. The provision of such an optical biasi n%; el ement may affect the
el ectrical prByoisiangyf sgeh an optical biasing element may affect the electrical properties of
the adhesive or binder, and the electrical properties of an adhesive or binder
containing such an optical biasing element may be optimized by used of the
additives described herein.
[0059] The optimum amount of additive will of course vary widely with
the exact polymeric binder or adhesive material and the exact additive used, and
the desired volume resistivity of the final mixture, However, by way of general
guidance it may be indicated that a concentration of from about 10 to about 10
moles of additive per gram of binder or adhesive has been found to give useful
results. When the additive is a salt, this range is for 1:1 salts such as
tetrabutylammonium chloride, tetrabutylammonium hexafluorophosphate and
potassium acetate; if 1:2 salts such as sodium carbonate or calcium chloride are
used, lower concentrations, of the order of 10 moles of salt per gram of binder or
adhesive may suffice. As shown in the Examples below, the volume resistivity of

adhesive materials typically varies in a predictable manmer with the concentration
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t he adhesive or binder, and the electrical properties of an adhesive or
bi nder containing such an optical biasing elenent may be optim zed by used
of the additives described herein. [0059] The optimum anount of additive

will of course vary widely with the exact polyneric hj r esive
mat eri al WRIWHESXact additive used, and the desi re%%ﬁ%ﬂ@mp@g?stivi ty of

the final m xture. However, by way of general guidance it nmay be indicated
that a concentration of fromabout 10'5 to about 10.4 noles of additive per
gram of bi nder or adhesive has been found to give useful results. Wen the
additive is a salt, this range is for 1:1 salts such as tetrabutylamonium
chl ori de, tetrabutyl ammoni um hexafl uorophosphate and potassium acetate; if

1:2 salts suchf s ag8Mive AnddcAed Mk Fndl cHoRle G WEWRhEY Adgiv BouldSRAddéoONer
concentrations, of the order of 10-6 noles of salt per aram of binder or

adhesi ve may #Achieye 2 dagredivelimmg ngsistiyity mayifpadily bsaletammined empiicghe resistivity

of adhesive lals L.cal ' ' LCt ] t he
concentrati on[@%gI WO 20%%?%@??@%@??@%%8%&6@8?%‘5'}1 %@Efgﬁ%g{ghs%éédq and
hence the fi nasbiofkos erd inihagionradbdsivas di grior ertsdiestroebpibie daspthasl fot exaaphd eve a
desired vol une_ resistivit readi | . be, det er m ned irically. 0060]

Al t hough snal ps élr?ﬁﬁlﬁﬁ §° B %:gﬁwspﬁgggsﬁgghbggo& tngI'ﬁg?%%Eciuémgse gend%é bi nders
and | am nat i ogtoR@Besickesalts Nar@ tyfcaligr ise€ PCirtheOftbiage disSth@\esfoin® thegxanpl e

as biocides to, protect the polynmers frombio] ogical_ degradation during
extended st oPigdal e milafupgtion, i qopispst.dhe gddided uses WUPS REFSEY $VEE®s t hey

perform their grebhREadPlo B g%&ﬁrcoﬁé{ﬁfeﬁl{s% thé gapﬁﬂ%fcaﬁﬁdertd?ﬁaﬁﬂgﬁ5ﬂ ves used

in the present invention re intended to be perranent constituents of the
pol yneri c bi nadesiye $inge rihayi ore izterdedi toe efedice pammynent cadjustmenteth the ef fect a

per manent adj nt.. | vty eof . . AlsQ, 4 mum anmount s
of additives g@}ggg %‘%12) @lﬁltpe?ga@%?fr&ﬂg&ég%ﬂgﬁﬂt%({@ys (gf: %déﬁtﬁa‘fegtlﬁé%gﬁeg@g Shount s of
sal ts used assubistaatigisgredter thifDhe kinounytp ofsalts ysedrae bivesdss atc. pr ocedures are

required to i [porate, th additi,ve into the adhesive material. If, as is
typically theﬂﬁ)géﬁ, t he TYRISALY; 08 pegjaly Procedupes, 38 Femyirado it RPgRRTas 1he of a

l'at ex or sol ubdditivedintd e aﬁﬁ’éﬂﬁ@iﬂ(zﬁeﬁ'ﬁtmraki’dty?iﬂall}ﬂm@ casel BietdiRdsive 19fer @ tO the
el ectro-optic material, and drying to formthe ‘adhesive |ayer, the additive

wi |1 nornal | yfunepiby eweting s fdmvelds stexdirsipliitiondfithe adeesivgiaateripl oadp i i on

substrate, or on to the electro-optic material, and drying to form the adhesive layer, |
the additive will normally simply be dissolved or dispersed in the latex or solution

of the adhesive material before coating. The additive may be added to the latex or
solution neat or may be dissolved in an aqueous solution, non-aqueous solution, or
combination thereof. Similarly if, as is typically the case, an electrophoretic
medium is formed by mixing a slurry in capsules in a liquid with a latex or solution

of polymeric binder and coating the resultant mixture on to a substrate and drying

to form the electrophoretic medium, the additive will normally simply be dissolved

or dispersed in the latex or solution of the polymeric binder before this latex or
solution is mixed with the capsules. It is of course necessary to ensure that the
additive is uniformly dispersed throughout the adhesive material in order to
prevent variations in conductivity within the final adhesive or binder layer, but
those skilled in coating technology wilt be familiar with routine techniques, such as
lengthy agitation on a roll mill, for ensuring such uniform dispersion.

[0062] The choice of the specific additive to be used is governed largely by
considerations of compatibility with the other components of the adhesive layer

and solubility in the adhesive material to which the additive is to be added. If, as is
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of the adhesive material before coating. The additive nmay be added to the

| atex or solution neat or nmay be dissolved in an aqueous sol ution,

non- aqueous solution, or conbination thereof. Simlarly if, as is typically
the case, an electrophoretic nmediumis fornmed by m xi in

capsul es WO with a latex or solution of pol y%g?ﬁ]ﬁ@?@ ef and
coating the resultant m xture on to a substrate and drying to formthe

el ectrophoretic nmedium the additive will normally sinply be dissolved or

di spersed in the latex or solution of the polyneric binder before this |atex
or solution is mxed wth the capsules. It is of course necessary to ensure
that the additive is uniformy dispersed throughout the adhesive materi al
in order to pRySVATTLthe @hded tHeGidditive iCObUAIdEY td ¥n Widdbhdlatdieoffthe atiheabesi ve or
bi nder | ayer, but those skilled in coating technology will be fanmiliar with

routine techniiiedl, ecaldieve shonld: by choser 40 iheNe #od waten salwbility, s thabnsuri ng
such uni for m dingRAgraiO Micali A%A land BEHBRAICENRbniLPCsaHP G éain ra wﬁﬁﬁ.]t o be

used is governed largely by considerations of conmpatibllity v e ot her
conponent s of Gdtes b¢ tagen toyensuredhad throadglifive dops nott qabee sggegstioreofithterial to

whi ch the addijtjive. | o] .| S 21 2004/ 088395 .

PCT/ US2004/ ood&ﬂ@’é%a’i“%%b‘%ﬁ?ytﬁ?%‘gﬂ%‘ées%‘?“@hdees%%}’é}’ Bt Buptilc? Bt i he
aqueous | at ex p#f of ie alhesise ndateriatandishbuld trioe cheldichlly eeasth@ith dhdedieiesen to
have good water solubiljty, so tgat acimr} salts al kali nmetal and,
substituted arfdHm AT herpagts of Jos bpal gisp %F ¥l yhigh it evenfially somgs §80t aken to

ensure that thgnaeddi:iexfnfRe%: hikpiaRUse aggregation of the latex particles.
Al so, the additive shoul d desirably not cause major changes in the pH of

the adhesive 806l al, e addion ef pus orgnelsiadditivgs greally expands thasangdiedsi ve

(material or ot r of..the. final. dj.spl . W I h i |, L al. comes
into contact ,&%&%x}gﬁtgﬁélst ﬁglcgggﬁglegjﬁ§£ a?ét}@ﬁts %\M;fag@nﬁ%}lg\rqﬁ%ﬁ%gr%yor nor e
addi ti ves gr eaddcyroeppanditplayhdnrpartgelagfthe pdlitjoresf enenmteoieadditivehermhlesan be
used as binders and | agi nati on adhesivyes in | ectro-optic.displays. In
ot aul or s B SRR BRedr i fheeferael prppitist gD EEdts

pol yneric nat Qﬁ!e&hﬁo-\sﬁii@bisﬂ&%@mwﬂw@bolﬁﬁ@@@aigtivﬁ_ﬁsE:ﬁgllair;spmtésabbe in

el ectro-optic displays but ich have volunme resistivities in their pure
states too hiligh {oceeselid cAlip, siQegigme slaqire-optipdisplaxs eFrroidy icecapruipedy s,
especi al ly_encARRULAIER: diShIER! dARIRIS!Em A BRI a8 UehsRIvEGH HRAMAHE

di spl ays, are sensttive t sture, t
addition of the one or more additive may be used to replace. water-based

polyurethane dispersions hitherto used in such displays with non-hygroscopic
and/or hydrophobic polymeric materials.

[0064] It will be appreciated that the modified adhesives and binders
disclosed herein may be useful in applications other than electro-optic displays.
[0065] A particularly preferred embodiment of the electro-optic assembly
of the present invention will now be described, though by way of illustration only,
with reference to Figure 1 of the accompanying drawings, which is a schematic
section through one such assembly having the form of a front plane laminate. This
electro-optic assembly comprises a substrate, a conductive layer, an electro-optic
layer, an adhesive layer, and a second substrate in the form of a release sheet; the
assembly is illustrated at an intermediate stage of the manufacturing process for an
electro-optic display before the subassembly is laminated to a second assembly,
namely a backplane.

[0066] The front plane laminate (generally designated 100) shown in

Figure 1 comprises a light-transmissive substrate 110, a light-transmissive
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addition of the one or nore additive may be used to repl ace water-based

pol yur et hane di spersions hitherto used in such displays with non-hygroscopic
and/ or hydrophobic polyneric materials. [0064] It will be appreciated that

t he nodified_adhesives and binders disclosed herein may. he useful in
applicati ong 2PHIEP*Y han el ectro- optic displays. [0065] A GO | y
preferred enbodi nent of the electro-optic assenbly of the present invention
wi |l now be described, though by way of illustration only, wth reference
to Figure 1 of the acconpanying drawi ngs, which is a schematic section

t hrough one such assenbly having the formof a front plane |am nate. This

el ectro-optic assenbly conprises a substrate, a conductive |ayer, an

el ectro-optic cleaode layan] 2 e sledtto-biticdliyer ABO, 2AaHBRABH adHiebivE 1ALL1d0mplihe form
of a release sheet; the ssenbly is illuystrated at an internedi ate stage of
t he manuf actur? Wgﬁaﬁ? %@%Egaoﬁ i r&ﬁaseéﬁ%eétlsr ingptedinghe progessisé being remeved

b nbly i ) i : 0066
subassenbl y i S MhdIainfhibR adheSHE AEr %%E@L%agyitg%ﬁﬁéﬁm% &M}aﬁﬁr 1ol 0066]

The front plane | am nate (generally desi‘gnat own in Igure 1
conprises a |i%yPackplegmsni ssi ve substrate 110, a |ight-transmi ssive 22 WO

2004/ 088395 P 2004/ | a6t a | ectro-.optig |ayer
130, a | am nat oéﬁadhes?@%]sl%gsytrg% @@dg g&gpahg%ﬁé ézgiseemgp?ég? ﬁ%@(fmlf %b!a ?el e;se
heet is il ushilgdtZEdumhpolyethplene hthfalakecshiegt. TRebovad suffsc@id B igFat i
zdﬁgsi i/Z :ayg[ﬂ%g%t ?mmgrggop t%?arri.nati ﬁt of . th IEPL élbg% ¥:%mt‘a:l‘mbdaf(’(331kIpf)gme.
[0067] The subdtf gﬁ@“’i‘ {D\éﬁ? %ﬁIVF?’“BgFW%‘?gﬁgF@ﬁﬂ%I%?EWCmWh‘r‘ﬂe %fch as a
7oml (177 morpabyeldaitondielal&s SRR NBWES, Fos BERiple ANRoteOIVR 1254 thabEorb! N

Figure 1) of substrate 110, which forns the view ng surface of the final
(»di splay, may HeFeviokt radiationp barrige Hivers 4o arevertyiagrssy olbexygmaninoistie igganpl e a
protective | aygt fn@ & : ! I radi af i rri ngﬁ{ 0
prevent ingress o]%aox g%?’]l%g(rl%n%?ég%%{rl@ ?(;nattlégsd toﬁ%ﬂp | nea?lgcﬂp{sl%i:lé){/, aneg of
anti-refl ecti dhe clisplayngivated amigrticy eppeiesuciptd ofilsulpstmaeet1G és thef thi fightdi spl ay.

Coated onto the er surfa of .substrat 10.is, th in ljght-
transni ssi ve gf%%@gflggfﬁgmg@ﬁd‘i?@fi\l#’é’e}I‘H'%&(%foferﬁl?lé’fogrg@ Yhigh g‘ft"'l"t*ﬁ, thi ch
acts as the omiwh foaneleehralt ot fifkl tdispldy. THT @ilmp|eYted R TTONEe coat ed

with I TO are available co rcially.
available commercglﬁf. y

[0068] The electro-optic layer 130 may be deposited on the conductive
layer 120, typically by slot coating, the two layers being in electrical contact. The
electro-optic layer 130 shown in Figure 1 is an encapsulated electrophoretic
medium and comprises microcapsules 140, each of which comprises negatively
charged white particles 150 and positively charged black particles 160 suspended
in a hydrocarbon-based suspending fluid 165. The microcapsules 140 are held
(\' retained within a polymeric binder 170. Upon application of an electrical field
across electro-optic layer 130, white particles 150 move to the positive electrode
and black particles 160 move to the negative electrode, so that electro-optic layer
130 appears, to an observer viewing the display through substrate 110, white or
black depending on whether conductive layer 120 is positive or negative relative to
the adjacent pixel electrode in the backplane.
[0069] The FPL 100 is desirably prepared by coating the lamination
adhesive 180, in liquid form, conveniently by slot coating, on to release sheet 190,
drying (or otherwise curing) the adhesive to form a solid layer, and then laminating
the adhesive and release sheet to the electro-optic layer 130, which has previously

been coated on to the substrate 110 bearing the conductive layer 120; this
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[0068] The electro-optic layer 130 nmay be deposited on the conductive |ayer
120, typically by slot coating, the two |layers being in electrical contact.
The electro-optic |ayer 130 shown in Figure 1 is an encapsul ated

el ectrophoretic nmedium and conprises m crocapsul es 140, each of which

conprises negativel charged white particles 150 and .t ar ged

bl ack part‘ivelg@émis@ suspended in a hydrocarbon- based %&?g&%ﬂﬁhénﬁw d 165.
The m crocapsul es 140 are held retained within a polyneric binder 170. Upon
application of an electrical field across electro-optic |layer 130, white
particles 150 nove to the positive electrode and black particles 160 nove
to the negative el ectrode, so that electro-optic |ayer 130 appears, to an
observer viewi ng the display through substrate 110, white or bl ack

dependi ng on wWagfiktion GRLCRY N ety DeaITfedidd uking BOSId Meiiion G@ateinagvelgl ative
to the adjacent pixel electrode in the backplane. [0069] The FPL 100 is
desirably prep@itdessiyiesizdiy,ithglaprration dhesiveomay e seplisgeovesdhe elgctra-epticd f or m
conveniently i Ng: : v ( t herw se
curi ng) the adbed £ Fa % ioa W dibelRt 6RSE vEREPhorde pverel i il

adhesi ve and r gleetaldd.)sTheatlesso shéve 1Y wconwnmptly e 7Imy €1771480) filnhidependasg

previously been copated o 0 the sybstrate 110 .bearing t.he, conductive |ayer

120! this’ 23 GBRI0braEaTdes B RGBS 58 Ay R DeiBIses B ent |y

be effected usfilgvhtla Fébdse |agé'ﬂt,rtai' eRdinplé Al dikdonat AY ¢lhystrated Uh Figfs 1¢agi rably,
e

the | am nati on adhesi ve may appl.ied over the electro-optic, layer 130 and
then dried or BiHet sieeclodif BeFlder SHheTwEs W@@S@@P@ﬁ&ﬁﬁlﬁnﬁm 4dapRs80 sheet
190.) The rel egg6reSREaipI 88 isSlam@MY@NoCR bhokpPané (@bl stolhy t8)fofnh i ﬁgapend' ng
upon the nature of the electro-optic nediumused, it may be desirable to
coat this fildsplay.h a rel ease agent, for exanple a silicone. As illustrated

{in Figure 1, t el easg_ sheet,..1.90 i s peel ed_or ot herw fromthe
| ami nati on adh@??% 180 ef oraéldjt%%’ FPLPQfOO i%fafné)n? nat \g%é%g{yzi%é‘grgﬁiane (not
shown) to for nhdxafludropladsphaié, spinelyded Q@) inder 130 end/ovlamidation adlesive ¢ 80.

t et rabut yl anungni um_ _hexaf | uor ophosphate, ,is_ingcluded in the hipder 170
and/ or | am nat fdhe FAiE¥E &t 80 "'h}qségtlﬂé”%l‘t?&ilgpvﬁ 13 §°{1Yf’nl:?é‘ﬂyr?é$?}£%ﬂ13n bi nder

170, it is conygBiiemiddér AREEIhIcE i dRted GARS Wl MMRIRMHEEInG Ithe fukstyddd €10 4nd coat ed
on to a filmconprising the substrate 110 and |
conductive layer 120, as described in the aforementioned E Ink and MIT patent and

applications, Similarly, if the additive is to be included in lamination adhesive 130,
it is conveniently added to the liquid form of the lamination adhesive before
coating to form the layer 180, as already described.
[0071] The following Examples are now given, though by way of
illustration only, to show details of preferred materials, conditions and techniques
used in the present invention.
( [0072] Example 1

A base adhesive material was prepared by blending NeoRez
(Registered Trade Mark) 9630 and NeoRez 9330, two polyurethane dispersions
available commercially from NeoResins, Inc., 730 Main Street, Wilmington MA
01887. This material was divided into eight samples of approximately 50 g each,
each sample containing 40 per cent by weight of solids, and varying amounts of
potassium acetate, tetrabutylammonium chloride, or poly(acrylic acid) aqueous
solution were added as indicated in the Table below; a control sample was also

provided with no additives.
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conductive layer 120, as described in the aforenentioned E Ink and MT
patent and applications. Simlarly, if the additive is to be included in

| am nati on adhesive 180, it is conveniently added to the liquid formof the
| am nati on adhesi ve before coating to formthe |ayer 180, as al ready

descri bed. WOPI¥9883%5e f ol | owi ng Exanpl es are now gi ven, PCRESERMIRay of
illustration only, to show details of preferred materials, conditions and
techniques wused in the present invention. [0072] Exanple 1 A base adhesive
mat eri al was prepared by bl ending NeoRez (Registered Trade Mark) 9630 and
NeoRez 9330, two pol yuret hane di spersions available comercially from
NeoResins, Inc., 730 Main Street, WImngton MA 01887. This material was
divided into ei[gtt3sjsanpl es of approxi megglyy 50 g each, each sanple
cont ai ni ng 40 r_cent weight of soljds, and varying anmounts of
pot assi um acet dt SamplefNahutKeightebsamptechl or izlditive polly ( adsssi(g) aici d
aqueous sol utijon were added as(@ndicated in the Tabl g bel additivecont [ ol
sanple was als prévi ded with5mp2 addit]ves. BAAWD 2004/ 08839p

PCT/ US2004/ 009198 [10073]| Tabl sp.&anpl e Ve of sanplegAddi 1 ve] Mass
22

(g) of ) additfive 20 5012 N &y I S0} 00 BEg Nt 001 NC1
0.051 3 50. 30 [BUdNGI 07099 W%iu RGac—0- RO 1%49. KOS o 6 50.00
KQAc 0.082 7 u.OO?P;—"v“-\, sodh US'QfAJ' t—O0#56 -a——100+4} h--ef— he
sanpl es was m Xed—far—a—fpertod—6—Fto10-days A% enéw—e—a_(@gx_gugh‘y
homogeneous prcduet—and—t@—pe_ﬁgg;e&- : ny g&0AG ke sl jds 0.040

6 50.0 KOAc 0.082

7 50.00 PAA, sodium salt 0.156
) (40% wt aq.)
( ‘ [0074] Each of the samples was mixed for a period of 7 to 10 days to

ensure a thoroughly homogeneous product and to re-disperse any gel-like solids,
which formed as a result of adding the additive as a solid to the sample. At the end
of each mixing period, visual inspection confirmed that all the samples were free
from any significant amount of gel.
[0075] Each sample was then coated on to a release sheet and dried to
produce a layer of adhesive approximately 40 pm thick. The dried film was
laminated to the conductive surface of a poly(ethylene terephthalate) film provided
with an indium tin oxide coating, the release sheet was removed and the exposed
surface of the adhesive laminated to an experimental 2 inch by 2 inch (51 by 51
mm) backplane comprising a polymeric film coated with a layer of graphite to
( produce a single-pixel test unit (essentially a single-pixel display minus the layer
‘ of electro-optic medium). The resultant test units were conditioned for 5 days at
25°C and 30 per cent relative humidity. The thickness of the adhesive was
measured and recorded, and the resistance of the adhesive layer was determined.
The volume resistivity of the adhesive was then determined from these
measurements and the results:are shown in Figure 2 of the accompanying
drawings. Figure 3 shows the average results from Figure 2 against the additive
concentration.
[0076] From the results in Figures 2 and 3 it will be seen that the additives

altered the volume resistivity of the adhesive by about an order of magnitude, and
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which fornmed as a result of adding the additive as a solid to the sanple. At
the end of each m xing period, visual inspection confirnmed that all the
sanples were free fromany significant anount of gel. [0075] Each sanple

was then c 0 a reI ease sheet and dried to pro
adhesi ve ag‘gci@ @PE? tgl y 40 p.mthick. The dried film wasgefarsn?oggﬁogggto t he

conductive surface of a poI y(et hyl ene terephthalate) filmprovided wth an
indiumtin oxide coating, the rel ease sheet was renoved and the exposed
surface of the adhesive lamnated to an experinental 2 inch by 2 inch (51 by
51 mm) backpl ane conprising a polyneric filmcoated with a | ayer of
graphite to produce a single-pixel test unit (essentially a single-pixel

di splay m nus thwe ﬂlay\ematimi el edtme-regditivitynaes Usdsondtile et vigtaddigss units
were conditioned for days at 25C and 30 per cent relative humdity. The

t hi ckness of tﬁ%ncgﬂ‘ﬁ&q“ve was neasured and recorded, and the resistance of
the adhesive | gy was determ ned. Thegupiyipe resistivity of the adhesive

was then deternmned fromthese neasurenments and the results, are shown in
Figure 2 of thé¥¥8tonpanyhing Exawals rifjestramisgiee Ffeshoab Eﬁeblayl@ma@munesul ts

fromFigure 2 e.results
in Fi gures 2 aﬁgﬂf'}m {DPB%PQ%SNM‘%\@Q %‘Ol?&'? ﬁﬁegr E%J%P I v%a%glz % %P? &1 ume
resistivity of materiabdbe®soribed)in ahe uforemenioted colf:enﬂmgnAppllﬁﬁtloﬁrBinaQNoV\O
2004/ 088395 PClé}j?gﬁE)M 009198 that the variation in volune resistivity was
reasonably lin % additive concentration. [0077] Exanple 2 [0078] This
Exanpl e i1l ust[@g7e3 the gfobiesbufibnst S NBRIPFY asiRHzURdm NOXRf 1060k gm?%‘eohat e
(NBu4PF6) in |owering the volunme resistivity of an adhesive erial
gescrl bed in t Bdt 2p0 RO ohbign coere rreprgedapsdi added op Geionsalikets of a
0/ 715, 916. e t 0,200 ng
of the salt pgg@]dﬁeﬁa%ggjfs &leﬁltcpgl%d%ertggg?%gg}&%ﬁ dg}é pagtd; aé&.ﬁ%h@a“fbous
al i quots of a tpH) ympbs hithe sali pgreran oﬁadhasmc adﬂséapptmmdﬂs]yr]@ﬂtb 20060 of the
It ranging from h I r hesi.v
:gl ;[ d Sa( gpp? Oxpﬁgt% lﬁ%t ' altys{%B eglvg aso 1d§3 %amg e.’[%]e resu tdantegalt €
solutlon/dlspersmn mixtures were mixed on a roller mill for at least three hours to

ensure complete mixing.
[0080] The salt-containing dispersions thus prepared were coated in the
same way as in Example 1 above and dried at 60°C in air for at least 10 minutes to
produce dried adhesive layers having thicknesses from 12 to 20 pm. The resultant
adhesive layers were then converted to single pixel test vnits in the same way as in
Example 1 above; at least three test units were used for each salt concentration.
Control test units containing the same polyurethane adhesive without any additive
(7 were also prepared. The completed test units were conditioned at 30°C and 30 per
cent relative humidity for one week prior to resistivity testing.
[0081] The volume resistivity of the test units was then measured using
driving pulses of 15V and 300 msec duration, and the resultant data plotted in
Figure 4 of the accompanying drawings. From this Figure it will be seen that the
addition of the NBu,PF; resulted in a substantial decrease in the volume resistivity
of the adhesive material, by about two orders of magnitude over the range of salt
concentrations tested, and that the volume resistivity varied linearly with salt

concentration.
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ppm of the salt on a weight/weight adhesive solids basis). The resultant
salt solution/dispersion mxtures were mxed on aroller mll for at |east
three hours to ensure conplete m xing. [0080] The salt-containing

di spersions thus prepared were coated in the sanme way as in Exanple | above
and dried at 60Cin air for at least 10 mnutes to produce dried adhesive

| ayers having thicknesses from12 to Zblapms The resultant adhesive | ayers
were then converted to single pixel test units in the same way as in

Exanpl e 11 Arbslgetro-aptit @@sémbly €smpasihg fikdtlahded®ndsthstrate£ a0 Hrhdhesive
concentration. Control test units contalngag t he sa?gﬁpolyurethane adhesi ve

wi t hout 12¥Rf andiR tayee of glecoamis patesiat dgposed betwvgarethedirskband gacerd wer e

condi ti 3 rLelatl 1 d - ar. qto
oot st 1 Gupy st e Aegidh Bk oSFBlishE St Y oo MG VE R4 S0
t hen neasuadditivesselgetedrfrormrgsat)lsspslyeibcttdiyteanthdpbemeretdiytata solid and t he
resultant data plotted in Figure 4 of the acconpanying drawi ngs. Fromthis
Fi gure ilesiiqlytepand 5ewbﬂnﬁét0n§ﬁaere&>éaﬂﬂiaéﬂﬁaﬂt oppef marﬁgnﬂmﬂeéubﬁtrates
subst ant r i he volune resistivity of the adhesive material, by
about tm%)%oprr %rgsaﬁ?'g%ggdn‘%'t ude over the range of salt concentrations tested,
and that the volune resistivity varied linearly wth salt concentration. 26

G aims 2l Arfeleelr€@@iptio a8BEMDIVSSRITHINY t6 VEI §ivh@rdihthé adREsive Iy covlisiseat es,
and an adhesive layer and a |ayer of electro-optic nmaterial disposed

bet ween & méxtaier eftthg mehyaedmadhesive Mmatedal and@ sathesi ve | ayer conprising a
m xture of a polyneric adhesive material and an additive selected froma

salt, a | yel ectrol.yte, a, polyner. electrolyte, a lid, electrolyte, .and
comb! nat] ARCBREP BRIt anse R aderisRes A werdn 1 aat cOoiearbitsdn
conpri sefefdteel ectrode. 2. An electro-optic assenbly according to claiml
wherei n the adhesive | ayer conprises a mxture of the polyneric adhesive
material and a salt. 3. An electro-optic assenbly according to claim?2

wher ei n 4. i slattro-opiip aissesbbhos eccsdimgn to atatne? evhedein Ahe shtcomprizesiac assenbl y

according to claim?2 wherein the salt conprises a quaternary ammonium salt.
uaternary ammonium salt.

5. An electro-optic assembly according to claim 4 wherein the salt comprises a

tetraalkylammonium salt.

8. An electro-optic assembly according to claim 5 wherein the salt comprises

tetrabutylammonium chloride or hexafluorophosphate.

7. An electro-optic assembly according to claim 1 wherein the polyelectrolyte comprises

a salt of a polyacid.

8. An electro-optic assembly according to claim 7 wherein the polyelectrolyte comprises

an alkali metal salt of polyacrylic acid.

9. An electro-optic assembly according to claim 1 wherein the adhesive layer comprising

the additive is provided with regions of differing colors and serves as a color filter.

10. An electro-optic assembly according to claim 1 wherein the adhesive layer

comprising the additive further comprises an optical biasing element.

11. An electro-optic assembly according to claim 2 wherein the adhesive layer comprises

from about 10 to about 10 moles of salt per gram of polymeric adhesive material.
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5. An electro-optic assenbly according to claim4 wherein the salt conprises
a tetraal kylammoniumsalt. 6. An electro-optic assenbly according to claim
5 wherein the salt conprises tetrabutylammonium chloride or

hexaf | uor ophosphate. 7. An electro-optic assenbly according to claim1l
wherein the polyelectrolyte conprises a salt of a polyacid. 8. An

el ectro-opty c - rdi tqQ cl.aim.7 erein the | yel ectrol yte
conpri se@p Agnelgﬁﬁg-ﬁfﬁltlég?, §§%Sb y ?g%qrawél t@a?i%'(/nl )(\@VJQ(?(%W t@‘? aﬁﬁeé'lvgiﬂ%- optic
assenbl yongmivedifrgntaboat a0™td abber e0hnidies aflbsis preglary of peRTicdHesivehe
additive is provided with regions of differing colors and serves as a col or

filter. Materiadh el ectro-optic assenbly according to claim1 wherein the
adhesive layer conprising the additive further conprises an optical biasing

dnost vel 3 Ayureeipik BsSChb, AaaR R0t R, LR 1he ReFud TN Sinivthes

gram of Ppeblyorithgnedhesi ve material . 27 12. An electro-optic assenbly
according to claim 11l wherein the adhesive |ayer conprises fromabout 10-5
to about 10-4 noles of salt per gram of polyneric adhesive material. 13. An
el ect r o-BhtAncelastseiplip assembdli accardingl taiahith Windieedin edob afdhe $irstandaseond
conpri sesb & %ol ur et hane-t.SI 14,(. An telﬁcéro-opti c assenbly according to claim
1 wher ei YPEHBIFSHOTHESS F PRI SRESHBYS subst r at es conprises at |east one

el ectrode. 15. An electro-optic assenbly according to claim1l wherein the
first SubPplBefOMESRSenly A0UaGAB IR Wihaehine fial SubdRgUGhprEes

el ectrode, the seco substrate conprises a release sheet, an he

el ect r o-alightdramsiissive electsailyeboridactiveoelaptrode nthei semondiGubdtrate torapesef a
manuf acture conprising, a Ia}/er of a solid el Egtro-opti ¢ medj um havi ng

first arl8e8semhges FARELIRHIGRPRS BPAYMdS 3994¢ &HRSITo0plG MediResi ve | ayer

on the first surface of the |layer of solid electro- optic nediunm a rel ease

sheet di ed.. [ de.of t ' jve l.ayer .fromt.
Tayer of Lo SR ianSRBREERoBRI der bR SRR AR B AL PERR VR
second dirstf @eksedonidhsurfaesrombpsalddbiet € tHareooatfirst adf%ﬁiwna?/@t ohegstirspne of
the first and second adhesive |ayers conprising a mxture of a polyneric

adhesi vesurigcef e laygr ahsalithelecte- geﬂic‘emegwm;r@%elaag%rsh?etaii@mw ettheol yte, a
opposed side of the first adhesive layer from the layer of solid electro-optic medium; and
a second adhesive layer on the second surface of the layer of solid electro-optic
medium, at least one of the first and second adhesive layers comprising a mixture of a
polymeric adhesive material and an additive selected from a salt, a polyelectrolyte, a

polymer electrolyte, a solid electrolyte, and combinations thereof.

17. An electro-optic assembly comprising first and second substrates, and an adhesive
layer and a layer of electro-optic material disposed between the first and second
substrates, the adhesive layer comprising a mixture of a polymeric adhesive material and
an additive selected from a conductive metal powder, a ferrofluid, a non-reactive solvent,
a conductive organic compound, and combinations thereof, and at least one of the first

and second substrates comprises an electrode.

18. An electro-optic assembly according to claim 17 wherein the conductive metal

powder comprises nickel.
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polymer electrolyte, a solid electrolyte, and conbinations thereof. 17. An
el ectro-optic assenbly conprising first and second substrates, and an
adhesi ve _ | ayer. an er of electro-optic materjal disp osed between the

first and- $&cytgle aB%rw af:t«yge CORPTigHIg & '@%9'1%f)ﬁb?O'tS’o@r'ﬁﬂf@T%'Cdn?ﬁ'%FU%V"&@ a
pol ym?”fh: c%b"r‘\ ’@#rﬁ g' r?&%;os%’& GG HHe¥Eofs 8 1RSH Shdsh geFBH‘ﬂ‘rlé:fn‘sYe.
erro ul

met al on-reactive solvent, ~a conddctive organic
conpounc$,urfanel otﬁmﬂ)layat pbsalid dlectofoptiamdeditim %s&lemsb@eﬁmepdsedsd)n trend
rjses.an.el ectr An eI tic assenbl

d bst
ccor di APPOSER SEIE I PE ek TP el U GG e YRl o) SIRRD Sl Fecuvandke
28 19. @s@d’dﬂd‘%(ﬁlé&ivéﬁpéﬁ @ﬁttﬁ’é Se SEHIPEhrfd dadof tﬁe'lé\,yeﬁrof%follé e%tﬁodoptlc

el ectro-optic nediumhaving first and second surfaces on opposed sides
t her eof ;medifin, st iea:*plhese\néthi@i@t and seisend iadbesive layers eootprising aaylemrafofsol id
electrootlcrre eas . di sposed.on the osed, side of the
iret adnbneud dheie riupfnCiitod Agive sERETET Bt 6 SEpeERRCRF IRl PoRART
second gghefihivea ndnaballive 86vERC aNbnAUEhiAc 6 fqa;fmdmn aykrd, &d 8&hbmhations
el ectro-optic nedium at |east one of the rst and second adhesive |ayers

conpri sithgreaf.ni xture of a polyneric adhesive material and an additive

sel ected froma conductive net aI powder, a ferrofluid, a non-reactive

sol vent,_a co ductive ogrganj.c c oun and nati ons thereof. 20. An
ol ot r opHbAR FECHRN TG BT e A e S CasuBeace AL etaries
capsul e I in
he s & e e M e SopsR 2l ahd
sus pendeqauialityt ¢dfeelectspaliydchaygéd lmadtldeﬁ:lsnmmtnﬂed in difie ﬁus«pe@m@ﬂu@tmd)o@mhm

| i f field th dj f
conpr | sidighaving BRrPUEaNe BrcinpiCetdh bim AREL tait W e lom et
m xture fgﬁheﬂc&ﬁwﬁﬁg la%.ﬁé@ﬁéuﬁ@rf@ﬁ@fﬂ@&a;ﬁﬂuve@mhélémderv:@misﬁfgt @%lf(tru@é’fbﬂ

salt, a polyelectrolyte, a polyner e ectrolyte a solid electrolyte and
conbi nata pelymefierastiiesivelnaeia bod ancstitive seJectedifom aceal @i pajyelecicolwiema2o

wherein the bi npr i ture of 't c adhesive materi al
and a sdi®?Y mgt‘ze%ﬂhoﬁfee& ?@5@%'?8??'@%%‘?6?@98@39@?% r1“:’8‘th aim 21 wherein the
salt conprises potassiumacetate. 23. An el ectrophoretic nedi um accordi ng

to clai mRhWBREFLPhSREC FdiufmCAROr GRS t& clai3iPivAfein METBINGBRLSRIptises a

mixture of the polymeric adhesive material and a salt.

22. An electrophoretic medium according to claim 21 wherein the salt comprises

potassium acetate.

23. An electrophoretic medium according fo claim 21 wherein the salt comprises a

quaternary ammonium salt.

24. An electrophoretic medium according to claim 23 wherein the salt comprises a

tetraaltkylammonium salt.

25. An electrophoretic medium according to claim 24 wherein the salt comprises

tetrabutylammonium chloride or hexafiuorophosphate.

26. An electrophoretic medium according to claim 20 wherein the polyelectroiyte

comprises a salt of a polyacid.
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24. An el ectrophoretic nediumaccording to claim23 wherein the salt
conprises a tetraal kyl ammonium salt. 25. An el ectrophoretic nedi um

accordi 0 c¢laim?24 wherein the salt c ri.se t et rabut yl anmoni um

chlori dggoé‘nﬁigﬁijWSF%%@? ngg_ccgr@?n%p ‘gg@&?gdé?ﬁfp@c the RRIYBIERY A¥tor ding to
cl ai m 2@omfprices antdnealPolkyalsafiof PoklaRryieyB.i ses a salt of a polyacid. 29 27.
An el ectrophoretic medi um accordi ng to claim 26 wherein the pol yel ectrol yte

conprises an al kali metal salt of polyacrylic acid. 28. An el ectrophoretic
medi um d8cAndilegraphoctin mePinmiaeceiding tveclhinm @6 wieerer thei bigdéheompudslng ithve
further pri.ses an optical biasing elenent. 29. An el ectrophoretic nedium
accor di ﬂé8ﬁ;§eéﬁj'§ri‘%%n fbsr?&r?%PH@C%'Pg%ﬁ'%ﬂag@ﬂn%-a to about 10-4 nol es of
salt per gram of binder. 30. An el ectrophoretic nmedium according to claim?29
conpri sbagakr 10 : - bj r.
S n” an AR RpRidhet mgahin A80Mind b oM B e rB B gt
conpr i sd§™anolpslof saktpeageam3ad birderel ect r ophoreti ¢ nmedi um conprising a

plurality of capsules, each of the capsules conprising a capsule wall, a
suspending fluid encapsulated within the capsule wall and a pl ura,JJ ity of

el ect ri e8I AP eldrpb@refin Miediuss asoeisérbiadclaim 2Acosmpyiséraifram abeutd Gante ahapdbl e
of novi pg-at | i ion of an electric field to the nedium

t he nedﬁgmnq@%‘rgioﬁérgwggﬁgﬁ@fbggl a tri nder surroundi ng the capsul es, the binder
conprising a mxture of a polyneric adhesive material and an additive

sel ect ed1f npraIGctRPhBASHd e diRh AkbchRMIET clafh REMIRIEIN fhe BN cdrRBiddsVs
sol vent, a conductive organi c conpound, and conbi nations thereof. 33. An

adhesi veolyurgthaséng a mixture of a pol yneric adhesive material and an
additive selected froma salt, a polyelectrolyte, a polynmer electrolyte, a

wher el 1 3enBn SHSHFBNOEe e AESILPR CRVERIN 3 PLTaly G cabovFonvath HanpureshiRe,
nesi veo SN g B e e 8 Py ARG M R B S SR MY s el anda o
a pol ynphiralitydif etsctricattytobarged padicks susgendead in the suspending fluid and capable

of moving therethrough on application of an electric field to the medium, the medium

further comprising a binder surrounding the capsules, the binder comprising a mixture of

a polymeric adhesive material and an additive selected from a conductive metal powder,

a ferrofluid, a non-reactive solvent, a conductive organic compound, and combinations

thereof.

33. An adhesive comprising a mixture of a polymeric adhesive material and an additive
selected from a salt, a polyelectrolyte, a polymer electrolyte, a solid electrolyte, and

cambinations thereof.

34. The adhesive of claim 33 wherein the polymeric adhesive material is selected from a
polyurethane, vinyl acetate, vinyl acetate ethylene, an epoxy, a polyacrylic-based

adhesive, and combinations thereof.

35. An adhesive comprising a mixture of a polymeric adhesive material and an additive
selected from a conductive metal powder, a ferrofluid, a non-reactive soivent, a

conductive organic compound, and combinations thereof.
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selected froma conductive netal powder, a ferrofluid, a non-reactive
sol vent, a conductive organic conpound and conbi nati ons thereof. 30 36.
The adh cl ai m 35 mh%£wbn t he pol ynerjc adhesive nmaterial is selected

from a 3%' ¥§e}%?€{‘ﬁ%m% of Glaiy 3 %ﬁ'@th%wyrneé@étdéieéwﬁmte&?éls seleelggyiom 3
pol yacrﬁb@gr&ﬁaﬁéﬂ, v.ﬁxg%été&@ \gﬁgpbé‘e%ﬂa'ét@{;lbﬁasaﬁ Bgagﬁan glgﬁc@mc%'aggafo optic

assenb nmprising first and Second subStrates esive layer and a

| ayer oadbmsm¢ﬁmufomhbwemonsMﬁﬂboﬁ1disposed bet ween the first and second

substrates, the el ectrophoretic nedium conprising a suspending fluid and a
char ed particles suspended in the suspendi ng

pIuralllg%g electrlcall
Fluid and RaSIE-BRIGaReambl RERiTNGD @ﬁauﬁéﬁcaﬁgﬁuewmﬁ 2 %aﬁmwe. c
fel 41 eyehandBiaye of d1P eREhBBhYRtINEiNT OPoLEY Bl thetiet g SoRHdy/ e | ©

adhesive ‘material "and an a Ive selected om a a po yel e yte,
a pol ynmeubgtates rtbedlectraprmotficdmedact rcohmrs;ngaalduspmmﬂingh‘lumhand tarpshmnablfy of38.

An el ectro- |y di 37 wWh t h I
the” SuSlRSHRaly ShATH eaUoRSrasRentef Mins SHoprORRG 199 BrocapeRI: meynan
el ectr Otr?éi?éthﬁ?o@g% AP ¥pB ARSI ¢¥hari é’IeE{r%' 8P o WMeSmBHIuN hﬁe%hfe's%%yfégd the

suspending fluid are present as a plurality of discrete droplets
cl ect r ophowpeEsing a rrmctutﬁmifa|pptyememnaqﬂne%vmmaaermimﬂmaédlpmsele@teqofnwrmri c

bi nder su oun dro | ets 0. ,An_e tIC assenmbl y according to
ol 5 m 33 PEVRERHENTed PEPRE Hiectiige a SofE Rlghie vadt SFERIAERSoa i Ui n
a pl uralmérgopf cavities formed in a carrier medium 41. An electro-optic
assenbly according to claim37 wherein the adhesive |ayer conprises a

m xture of the polymeric adhesive material and a salt. 42. An electro-optic
assenbl 3‘38ae.n®1¢£ﬁtrcgoptu: aissaimblzgfjaombe:tieg IhD then 7l whemip thesparticlestasisthem

acet ate. AN ﬁlectrootlgase ﬁ rdinato claim4l wherein the

sal t coﬁﬁ?ﬁ’ ng fluid areandipg é(ﬂﬁfﬂh ralliy;of c@psUes. an el ectro-optic assenbly
according to claima43 wherein the sal t conprises a tetraauylamoniumsalt.

45. An %beﬁwe?e&r& bEti@SSETRbY RLORTiAY B cfafin H7ANAE A WHEP SISkt

conpri seés
suspending fluid are present as a plurality of discrete droplets, the clectrophoretic

medium further comprising a continuous phase of polymeric binder surrounding the

droplets.

40. An electro-optic assembly according to claim 37 wherein the particles and the

suspending fluid are retained within a plurality of cavities formed in a carrier medium.

41. An electro-optic assembly according to claim 37 wherein the adhesive layer

comprises a mixture of the polymeric adhesive material and a salt.

42. An electro-optic assembly according to claim 41 wherein the salt comprises

potassium acetate.

43. An electro-optic assembly according to claim 41 wherein the salt comprises a

quaternary ammonium salt.
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t et rabut yl ammoni um chl ori de or hexaf | uor ophosphate. 46. An electro-optic
assenbly according to claim37 wherein the polyelectrolyte conprises a salt
of a polyacid. 47. An electro-optic assenbly according to claim46 wherein

el ootro apt R AR BEadBdhy B bl dicln Ble S0 aRNReT 00| cyer

conpr i stetgpadyarasdntunvealts provi ded with regions of differing colors and
serves as a color filter. 49. An electro-optic assenbly according to claim
37 wherein the adhesive |layer conprising the additive further conprises an
opt i cal 4Bi A8 i%t@-@mﬁssmb!ymwgm tocljinidd whersimthe saltoorprises o cl ai m 41

wher ei ntét%wgﬁ%@;ﬁ,‘a&%ﬂdgﬁpﬂé;‘asf%ﬁ%é%gp%??é{t 10-6 to about 10-4 nol es of

salt per gra meri ¢ adhesrve ertal.”"51. An electro-optic assenbly
according to claimb50 wherein the adhesive |ayer conprises from about 10-$%

to about6lAn4iemicesptf assdhblpiccoFdng &f clafth WrBLh&redfitRShMGelcbRbEId al - 52. An
el ectro-optic assenbly according to claim39 wherein the adhesive |ayer

conpr i s68MRripes guadtafaneolyadd. An el ectro-optic assembly conprising first and
second substrates, and an adhesive |ayer and a | ayer of an el ectrophoretic

di i d_ bet the first d bstrates, th
o1 cot 1 oA B ERE RSP P ap Y ARG A 1R PR ARGV A GRS NEIBEUPMI 1y of

el ect ri gainpyisédanamehlRABEdl ShR DT pefACAREGcld) the suspending fluid and capabl e
of nmoving therethrough upon application of an electric field to the nedium

t he adhesive layer conprising a mxture of a polyneric adhesive materi al
and an d8dAbielectsedptit askdmidinazcRiing tdiain 3¢ wisdrein evattiesive fager of | ui d, a
non-reactive solvent, a conductiye organic conpound, and conbi nations

t her eof COERTSIRG the @@ﬁftwedﬁpr%\“%fi w&r%g@am diffetinorGalars anthisenesqg a color
substraggs, and an adhesive layer and a layer of a rotating bichronal
menber el ectro-optic material disposed between the first and second
substrates, the adhesive |ayer conprising a mxture of as polyneric

adhesi vegmah @ldoto-emtit assmt@lytaicwmw{ ertlain Bramh@refitite adhdiple/glect rol yte, a
pol ymer el ectr ol Kt e, a solid electrolyte, and conbi nations thereof.
comprising the additive further comprises an optical biasing element.

50. An electro-optic assembly according to claim 41 wherein the adhesive layer
comprises from about 10°® to about 10 moles of salt per gram of polymeric adhesive
material.

51. An electro-optic assembly according to claim 50 wherein the adhesive layer
comprises from about 107 to about 10™ moles of salt per gram of polymeric adhesive

material.

52. An electro-optic assembly according to claim 39 wherein the adhesive layer

comprises a polyurethane.

53. An electro-optic assembly comprising first and second substrates, and an adhesive
layer and a layer of an electrophoretic medium disposed between the first and second
substrates, the electrophoretic medium comprising a suspending fluid and a plurality of
electrically charged particles suspended in the suspending fluid and capable of moving
therethrough upon application of an electric field to the medium, the adhesive layer

comprising a mixture of a polymeric adhesive material and an additive selected from a
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55. An electro-optic assenbly conprising first and second substrates, and an
adhesive |ayer and a Iayer of a rotating bichromal nenber electro-optic
mat eri al 0se e fi }rsgt and second substrates, the adhesive

i s et ween
Taver CBRAIANRGNSIahPRVERE TR sb R R ERCHU SOPBL e SV AREOHC add i ve
sel ect edofibBING HRNEMRbINgBIcAB RdreBpWder, a ferrofluid, a non-reactive

sol vent, a conductive organi ¢ conpound, and conbi nations thereof. 33

94. An electro-optic assembly comprising first and second substrates, and an adhesive
layer and a layer of a rotating bichromal member electro-optic material disposed
between the first and second substrates, the adhesive layer comprising a mixture of aa
polymeric adhesive material and an additive selected from a salt, a polyelectrolyte, a

polymer electrolyte, a solid electrolyte, and combinations thereof.

55. An electro-optic assembly comprising first and second substrates, and an adhesive
layer and a layer of a rotating bichromal member electro-optic material disposed
between the first and second substrates, the adhesive layer comprising a mixture of a
polymeric adhesive material and an additive selected from a conductive metal powder, a
ferrofiuid, a non-reactive solvent, a conductive organic compound, and combinations

thereof.
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