8 February 2006 WO 03/016993 PCTI US02/ 26077 ELECTROPHORETI C DI SPLAY W TH
DUAL- MODE SW TCHI NG BACKGROUND The el ectrophoretic display (BEPBbrusyd006
non- em ssi ve device based on the 5 el ectrophoresis phenonenon infl uencing
charged pignent particles suspended in a solvent. This general type of
di splay was first proposed in 1969. An EPD typically conprises a pair of

opposed, sSpasehapart and plate-like electrodes, with %@%ﬁfzﬁ 077
predeterm ning a certain distance between the el ectrodes. At feast one of

the el ectrodes, typically on the viewing side, is transparent. For the

passive type of EPDgpctidhckagclPrseplvuifinelReons efrresiniche top (the view ng
side) and bottom plates respectively are needed to drive the displays. In

contrast, an any of thin filmtransistors (TFT) on the bottomplate and a
non- patterned transparent conductor plate on the top viewing substrate are
required for the active matri x tBaCKEROUNDn el ectrophoretic fluid conposed
of a colored dielectric solvent and charged pignent particles dispersed
therein 15 is eTekkotegphietiodiginyt(BED)ivwnel-adisivededce bAbelronahes ol t age
difference is inposed,between the .t el ectrodes,. the pi nt particles
nigrate gy ealf"i“iog@’tr‘?sgﬁhf%’mteﬂ@ W@%&%&HW Pg}}ﬁlgssﬁuflgeﬂg at?of the pignent
particles. Jdnast. e g@ﬁérgrty;%@wkmgyﬁésMﬁgmpdssammawnAnBPla&@idmy be det erm ned
by selectively charging the plates to _be ejther the ¢olor of the solvent or
t he col or oﬁommewagioémwdpwe#epwdﬂét?&l%ahect@#espwgﬁépaﬁw arity will cause

the particl §R3adiQmiHiY AleRail BstindeDetweBOhOBRADHEE AR leddt Bne SIS @&YodegvVEr Sing the
color. Internedi ate color density (or shades of gra due to an

i nt er medi at &piceliyen tht vipvigerie, iyfepinaente Sorthe paasivelipe of BERS oW aAdparent plate
may be qbt aldigtn aycu%g&tohfa{e'tb;ﬂ@wtmlpg RcF a1 plaill Rd(1y #Pge OF Vol L ages.
KI'i ght ed S E

No bac IS nee int type of “reflective EPD di splay, although it
may be opt i vesded tg diwe theidismdays.oln oepirast an arry ofithinfilenirapsigora bTHL) oy then t he dar k.
EPDs of dif pxel  or .t ed previously,

For - axampl 8B nol pafebel A B AR Dot ny. | L
Trans. El ecsubstratDegteqiiadyr:thelatBveimadx (YDOBRD)s) Aaredectrbphoretic flsidncapsul at ed EPD

(25, descr beg g e, CBRRFBER. o SodPhy L ATLR PALEAL M AT0. 026) . Bach

of these has’i s as n pa ron-1 ype EPD,
t here ané p&rhiésedbawesattiusen elettendesno el ectrodes for dividing the space into

smaller cells i nW'tCl)ern%evroltatlgce) d e(rae\ﬁgenig i&&)(geedstje{w%gn {re Kgonggcttr%de%f thcta ptll(gament
particles migrate by attraction to the plate of polarity opposite that of the pigment
particles. Thus the color showing at the transparent plate may be determined by
selectively charging the plates to be either the color of the solvent or the color of the
20  pigment particles. Reversal of plate polarity will cause the particles to migrate back to
the opposite plate, thereby reversing the color. Intermediate color density (or shades of
gray) due to an intermediate level of pigment particles attracted to the transparent plate
may be obtained by controlling the plate charge through a range of voltages. No
backlight is needed in this type of reflective EPD display, although it may be optionally
25  added to improve the display viewability in the dark.
EPDs of different pixel or cell structures have been reported previously, for
example, the partition-type EPD (see M.A. Hopper and V. Novotny, IEEE Trans. Electr.
Dev.,, 26(8):1148-1152 (1979)) and the microencapsulated EPD (as described in US
Patent No. 5,961,804 and US Patent No. 5,930,026). Each of these has its own
30 problems as noted below.
In a partition-type EPD, there are partitions between the two electrodes for

dividing the space into smaller cells in order to prevent undesired movements of the

1



| 8 February 2006 WO 03/016993 PCT/ US02/ 26077 particles such as
sedi nent ati on. However, difficulties are encountered in the f&rfebaiarpA00tf
the partitions, the process of filling the display with the fluid, enclosing
the fluid in the display, and keeping the suspensions of different colors
separated fromeach other. Even nore difficult problens are encountered in

the devel opi@aioiddds a roll-to roll 5 manufacturing procgssuéf ch a
partition type of displays. The m croencapsul ated EPD Egsmg éﬁﬂzjfsjt antially

two di nensional arrangenment of - mcrocapsules each having therein an
el ectrophoretic conposition of a dielectric fluid and a dispersion of
charged pi gpmtitlessach isGedimentitivh. Howewel, ld;t‘ﬁmlﬁek sra shcountered irhthe fhirmiteat ri c

sol vent. The Croc | es ar pLepar Ln, an agqueous sol ution,
and to 10 aGfﬁTE ngtﬁ?fﬁ?w&%ﬁﬁhé‘g %:’ff’?’{% tﬁﬁ’@qﬁq‘r@%ﬂ? Bﬁ%ll{ﬁ‘? size is
relatively kfd@play,20d t&Ping MeGuPaions anﬁffdraﬁ OorS bépeatd ot eﬁc}S(th@ results in a
poor scratch resistapnce and a sl ow E ponse tine fo voltage

because a | &gengapl ‘B‘é@tm#n%sﬁ@e?wfﬁ gsihe Ve]@P‘éE‘FPf)ad’é’gg kequired for
| ar ge capsUlffufachirt@ prdcBa f&})éﬁ’dhqpﬂgj—dnbﬁtﬁ@@ﬂdlspﬁgls m crocapsul es prepared in an

aqueous solution typically results in sensitivity to high nnlsture and 15

t enper at ure condiheimgereencansulaied ERD basasupiaptiglly typ dinesnpiansd agpngement phy ge

quantity of nﬁcrod%géuxeg@e{chmlﬁg ﬂ&eﬂsﬁ aR LR RorktRRSp o%mhfo@a)mem&ﬁc fnkige use of the
matri x results 1h an even | ower response tine and/or a | ower contrast

ratio. To i eystadiwersioa of vhata,eﬁ pnglemtmcleathatmﬂb'é@wm vidh the digleglgent i s often
needed in t RSt VR pfbrokbks aﬁoﬂ{"ﬁ Héﬂ'igﬂ process in an
aqueous sol u‘% ?egnyﬁlnposrgsga i at | gﬁreg e d;/h% ?ﬁ 0 c‘ﬁtgrge controlling
agent s tlRat achiave bosefig echiragiritisy thelir mmammleasgs oorlatieety laige KS0:¥€ i cr ocapsul e
system i ncl I Ik% i r
applicati Oné‘}g&fﬁ?%‘} éﬁg }Oc%{g%l%lq%%?%l i 81?%2&%{%% tt%c; %d ag%g? EPDs wherein
the electr oqslbmscmmcfoce Eiven anitegefbecawsch lhuge gapﬂmvalelh thie t\ivo o;momcs ervoirs
containingc artlﬁi gh adleletric sol vent .
The channel § eséf’ geeﬁfr%g?{c}?fé? fapsules, So’atpe ﬁy?%%?@ﬁ‘& “@&"tf anr%cr'ﬂl&g N electric
contact wit bl;epé:récﬂns.ﬁ)&[mﬁs soktichrgpicdlly reshlts myﬁﬁmﬁfy to hfg&ﬁt&ﬁ@tremid glass from
whi ch si ge t he anel ﬁlia gﬁd overlies. t é:% rent uctors. The use
of 1 cr danalTEFBRRoay o S Bem BPe PP R R EED arr ay
polymer matfrix to obviate these shortcomings, the use of the matrix results in an even
slower response time and/or a lower contrast ratio. To improve the switching rate, a
charge-controlling agent is often needed in this type of EPDs. However, the
microencapsulation process in an aqueous solution imposes a limitation on the type of
20  charge controlling agents that can be used. Other drawbacks associated with the
microcapsule system include poor resolution and poor addressé,bility for color
applications.
US Patent No. 3,612,758 discloses another type of EPDs wherein the
electrophoretic cells are formed from parallel line reservoirs containing charged pigment
25  particles dispersed in a dielectric solvent. The channel-like electrophoretic cells are
covered with, and in electric contact with, transparent conductors. A layer of
transparent glass from which side the panel is viewed overlies the transparent
conductors.
The use of microchannels, microgrooves or microcolumns to form the EPD array
30 still has the problem of undesirable particle sedimentation or creaming along the column

direction. In addition, the lack of a seamless, air-pocket free and continuous sealing



30 still has the problem of undesirable particle sedinentation or cream ng
along the colum direction. In addition, the lack of a seanﬁ@é@”mazogﬁocket
free and continuous sealing 2 8 February 2006 WD 031016993 PCTI U502/ 26077
process to enclose the el ectrophoretic fluid in between the two el ectrodes
makes the roll- to-roll manufacturing extremely difficult. An inproved EPD

t echnol ogy oll-to-roll manufacturing process tly disclosed
in co- pend?ﬁggg%% i cations, US Serial Nunmber 09/518, ﬁggﬁ.f??gﬁnon 5 March 3,
2000 (corresponding to men/67170), US Serial Nunber 09/759, 212, filed on
January 11, 2001, US Serial Nunmber 09/606, 654, filed on June 28, 2000

( cor r espondipfogess to&nm&%@élaﬁﬂaphomd fluig i:BSeatwerh thduwb electidesBaked 2 rolF-i | ed on

February 15, 2 i.ch i ncorporated herein by reference. The
i nproved EPES ?98 %t%m’cglcéggﬁd%glﬁgﬁ formed from nicrocups of well-defined
shape, 'size and %W&veﬂﬁPD%aﬁﬁ&oéylahdl ££blvibrdll ﬁﬁuﬁﬁﬁxﬁg@ﬁm@asgmt particles

di spersed in a dlelectrlc sol,vent hi's te i nvol vi ng

m crocups aF¥sHR dFigped |’%ﬁ‘b%endﬁélamh§/aq° 5 %%@Eﬁﬁw ‘é&fﬂ% 4%1@?‘1&“ di splay may
al so be manyfAhtused (&h‘rehb%hﬂlﬁg@ WO@I/BﬂVO)YUSQhIMNﬂhbéHGQM9 sz Sléﬂloh pi xel s
formed of mcrocups filled w %q?s of djifferent colors red, green

or blue). HIWEIEAL 20RbIS S‘?'lél I‘JPUPPéf 6046p4 diles pryune 28, 2609 (?"Fﬁﬂ’oﬁqm&yst emwth
only the tragwido9e ﬁslymdMMMkmsh%montﬁ%%aﬁy&s iob@ apdet e 1ight

reflected fromthe "turned-off' col ored pixels Ereat reduces the col or
saturation ofichiae m@@%@@@d%ﬁ“%ﬁ@“@é@vﬁﬂ BDjcpmprigesclpssd s¢ls are gi ven

n the ol | oyiagscReliabisd, 7 GIGkRLS b, 32508 Mect Wilafia iffdaSuizat L €1

defici ency my renedl an over device such as a polyner
di spersdd | whﬂnged pigmpest particles dispdrsed fin 2 dielectrixt sfoivepﬁ ﬁéissmpr@qutechmle@k state and

appr oach i o TRR g ede bty AL iy Bl inoSh ShEEpD L MIGTMAR' FO8 01 16
the mninu nmpulsa):bé maimfe&h‘nrqd byaing hspatidbflagjacﬂnm;l')ay@ﬁ sodll pisddfomiddioft he shutter
devi ce, and_t.he co cui t, desi er nat vely, col or
di spl ays of "H&™"RY IWl ﬁso%qlfg n?c% %ghﬁ%ilégrﬁgl %iﬂuegd Prepa 83 by usi ng
color filtefsa rﬁajafdeﬂmehc@lfn ﬂlﬂsey;moeyysmg vﬁgxdmlwhe &ddmodalsnpldawp swichinger ,  dar k
G O R O T T N S R
concept Was réiu&s HRe6Mdr dafurdtion KF 88 Fumed-ortl color.” Motk details in this regard are
given in the following “Detailed Description” section.
While this latter deficiency may be remedied by an overlaid shutter device such
as a polymer dispersed liquid crystal to switch the “off” pixels to the black state and
20  keep the “on” pixels in the desired color state, the disadvantage of this approach is the
high cost of the overlaid device, the high Dmin (which is the minimum optical density
of the background) associated with the shutter device, and the complicated driving
circuit desi gn, ‘
Alternatively, color displays of the normal up/down switching mode may be
25  prepared by using color filters overlaid on the viewing side of the display. However,
dark Dmin and lack of a high quality “white” state are the majof problems for reflective
color displays using color filters.
-The “in-plane” switching concept was disclosed in E. Kishi, et.al., “5.1:
development of In-Pléne EPD”, Canon Research Center, SID 00 Digest, pages 24-27
30 and Sally A. Swanson, et al., ““5.2: High Performance EPDs”, IBM Almaden Research
Center, SID 00 Digest, pages 29-31. In these prior art systems, the color effect is
achieved by using a colored backgrbund with white or black particles. The



devel opment of In-Plane EPD', Canon Research Center, SID 00 D gest, pages
24-27 30 and Sally A. Swanson, et al., "5.2: Hi gh Performan8&eciRDy 20060 BM
Al maden Research Center, SID 00 Digest, pages 29-31. In these prior art
systens, the color effect is achieved by using a col ored background wth
white or black particles. The 3 8 February 2006 WO 03/ 016993 PCT/ US02/ 26077
di sadvant ese prior art systens is the |ack of, gj r.high quality
"white" or Pg@%@ggual ity "black" state. Mdrre details e{,rcgh]tesl 22807& ven in the
"Detail ed Description” section. Thus, there is still a need for an inproved
EPD with high quality full color capability that can al so be manufactured
in an effi cii&RtaniBOGEhese PAGriaktGYteMsl iy thb Jackof eithér high-quility OWhitemBrMEACt Ur i Ng
process. SUMVARY THE 1 NVENTI ON The present invention relates to an

i npr oved ERmaliftii elpekd statsr Masedatails realse givet indher Dstsded DesPaRSiRR” i chi ng and t he
| n-pl ane sw t chirfg, Hdesildhet P MRfAe B Rin high hehFERhas dual

swi t chi ng nodes. 10 The nonochrone EPDs of the present’ inventjon are capable
of di spl ayi qapability thiat dap hiso boinenufasfurediinincasficient exgnnes paticylahdhita H#n t he col or
of the tgext ?{gﬂgl whi t e background, blue text, and red highlight
can be s O\Aﬁ%ﬂllﬁl%ﬁ%fﬁy S ngoccfsgd areas of the display. Furthernore, the full

col or EPDs of the present invention are capabl e of displaying high contrast

i mages of high color sat urat SSYIMABYORTER IRYANEPNy)| ack and 15 white states
are possible in Tﬁi@ﬁteéeﬂ\! invén !)r?fela@sﬁpina.fhﬁ o9dd BRIPwREESRrisdsBY@Akd on. The EPDs

of the present invention do not need conplex circuitry design, and are
conpat i bl e waditlonil op/doemswitching and teinyilate gwitehig-masles. dh othegwerlaéieur i ng

processes. BRI EF | PT1_ON DRAWNGS It is noted that all figures
B A

are shown aSPECh I'C and o scale. 20 Figure 1 illustrates the
common defi ci en@Ye mbndchenteBRDis bf thapriesekFDeention d1e caphble ofdisplayjmgdown swi t chi ng

node. Fi gures  2A 2 Lllustrate e lack of tru ite or true black state
in an EPD v&létﬂlgﬁtfﬂ%o#%glcf Whﬁ%lgn‘%&g%t %3 it]ﬁgco%%@]?e |tg§f’reex§m})]%’l ustrates a
typi cal el eglitebptiaroahd, blueedxlt, a0d red hizhlghe saarbe shawndn bnyoweleatadlartdsef the5 gener al

| ocat | _the up/d in- i tching el ectrodes. Fi 4A- 4C
[T ust rat e S, BserpoRe ol b apt MafoRfsteieas °

displaying high contrast images of high color saturation. Both high quality black and

15  white states are possible in the full color &isplays of the present invention. The EPDs of
the present invention do not need complex circuitry design, and are compatible with low

cost and high yield roll-to-roll manufacturing processes.

BRIEF DESCRIPTION OF THE DRAWINGS
It is noted that all figures are shown as schematic and are not to scale.
20 Figure 1 illustrates the common deficiency of the traditional EPDs with only the
up/down switching mode. .
Figures 2A-2D illustrate the lack of true white or true black state in an EPD with
only the in-plane switching mode. '
Figure 3 illustrates a typical electrophoretic cell of the present invention and the
25  general locations of the up/down and in-plane switching electrodes.
Figures 4A-4C illustrate the various possible scenarios of the improved EPD
with dval modes.
Figure 4D illustrates the highlight option of the present invention (top view).
Figures 5A and 5B illustrate the manufacture of microcups involving imagewise
30 photolithographic exposure through photomask.
Figures 6A and 6B illustrate the two-layered ITO electrode system.
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wi th dual nodes. Figure 4D illustrates the highlight option of the present
invention (top view). Figures 5A and 5B illustrate the nanuBaebmar 28006

m crocups involving i magewi se 30 photolithographi c exposure through

phot omask. Figures 6A and 6B illustrate the two-1layered | TO el ectrode
system 4 8 February 2006 WO 031016993 PCT/ US02/ 26077 Figures 7A and 7B

illustrate , e white state of the present inventign, %ﬁ op and
cross-sectwg)rqg(\)/]l%%\"fvs. Figures 8A and 8B illustrate the l{%'lr}(PeSB 9a7tgk state of

the present invention, the top and cross-section views. 5 Figures 9A and 9B
illustrate the nmultiple color state of the present invention, the top and
cross-section vi &iggres T4 ang7B4lluptmate thetrueiWhite,date ofthe present mEepties thed® dri vi ng
mechani sm FigurRssedtbfvilewts E i1l ustrate the conbi nation of the active and
passi ve driving _mechanisns. 10 Fi g%%?a 12A—q]§ Eillustrate_an alternative

conbi nation of t FEUEE#4 nd SBilisialedy g 1255 of repEeTainY CHe e |LED

DESCRI PTI ON & cldstisebthWEsWE.ON Unl ess defined otherwi se in this specification,
all technical terpms a d, herejn cordin t hei.r. conventi onal
definitions as tﬁ@reﬁé‘gm@mwf e%%@ngjﬁ%?ﬁoﬁF\tﬁtgf’gstﬁ%%ffentfg’e%ﬁn’t Yose of

ordi nary ski top andrrdsiigectiontviewdhe terns "wel | - defined", "aspect ratio" and

"I magew se exposuyre” e I o £0- .ng applications
identified above'.}L'g"ﬁe? ﬂ#‘é“%ﬁ%‘%&%%@gﬁﬁﬁgﬁe%ﬁggg%%ggngf the present invention
enconpasses the Figory tldt-1 1FiHistaEPBe cambihatioRpE theeptive 2ad paspivcdrivmem ni cr ocups,

m crochannel g 4. crocapsul es and the like. 20 The term "conventional EPD"
refers to any el ectro horetic cells known in the art. The el ectrophoretic
cel I s maylObe of digyres E@b@@lawaa%a@éypau&wwwoaiogfm gliee ndpasgie,  for

exanpl e, theaRaftddhadmtype di splays. The term "mcrochannel " refers to, as
an exanple, the type of electrophoretic <cells disclosed in US Patent No.

3,612, 758. 25 The ter IBEMEBB%QCR%&S&%FIMMOH ke i ndentations, which

may be created
Unless defined otherwise in this specification, all technical terms are used herein

according to their conventional definitions as they are commonly used and understood

15 by those of ordinary skill in the art. The terms “well-defined”, “aspect ratio” and

“imagewise exposure” are as defined in the co-pending applications identified above.

It is understood that the scope of the present invention encompasses the
conventional EPDs and EPDs manufactured from microcups, microchannels,
microcapsules and the like.

20 The term “conventional EPD” refers to any electrophoretic cells known in the
art. The electrophoretic cells may be of any shapes and sizes, and the displays include,
for example, the partition type displays.

The term “microchannel” refers to, as an example, the type of electrophoretic
cells disclosed in US Patent No. 3,612,758.

25 The term “microcup” refers to the cup-like indentations, which may be created
by methods such as microembossing or imagewise exposure followed by a development
step to remove the unexposed or exposed areas. Likewise, the plural form “microcups”
in a collective context may in general refers to the microcup assembly comprising a
plurality of such microcups integrally formed or joined to make a structured two-

30  dimensional microcup array. The dimensions of the microcup are disclosed in the co-

pending applications identified above.



by net hods such as m croenbossing or i nagew se exposure followed

devel opment step to renopve the unexposed or exposed areas. EIFRW@ezooﬁhe
plural form"mcrocups” 1in a collective context may in general refers to
the m crocup assenbly conprising a plurality of such mcrocups integrally
formed or joined to make a structured two 30 di nensional mcrocup array. The
di mensi onswghsdibRs M crocup are disclosed in the co- paitdjyReyBep! | cations
identified above. 5 8 February 2006 WO 03/ 016993 PCTI US02/ 26077 1. The

D sadvant ages of Conventional EPDs (1) EPD with only Up/ Down Swi tching The
EPD of Figure 1 has only the up/down sw tching node, The cells in the
figure are filled with a suspenS| on in which white positively charged
particles de 5The Bjisadwnths Conpdntiowad EPDsd, green and blue) dielectric
fluid. Al thre celﬁ) ﬂho Qi ovvn charged with a voltage

di fference bet rodes (not shown). In the green
and bl ue cells, ThehE’D of Figiret hasodly thew/dewnewitshiigreafe, Thhweellhitbe  positivel y

charged par i cl es ese_two ge ng el ectrode
which is tréﬁ% félm 'glﬁ&usangnsmnﬁ%lghf? eglg‘é lyc%dﬁﬁ—gcl%éaaﬁﬂ cles (i. e.,
white) is rcﬁs‘phxeédtlﬁdccblared(redl,rgﬁeeHMe)ﬂlhlectugﬂmﬂhauﬂlrmﬂamdhgure:bnduct or film
inthe two cells. In the red cel bot om el od owvoltage
consequentI35‘76%hﬂﬁmﬁ;ﬁ’ﬁeg“ﬁ%glvf’]lt%fikﬂeﬁeﬁ‘éeﬁb@%e’b ltqpc?fl‘ig °H}eg? ées%o t he bottom
of the cel |sho@ﬁ)dlﬂth@g&@i@lﬂbmfecélhﬁthmbﬁlelééﬁc(dbhﬁa,lovk‘zed)agbSheSvelﬁfe t hrough the
top transparent conductor fil e scenar as.shown in Figure 1, the

whi t e | i ghtPosii¥sly ghRiesdi PSR ip Segﬂ"%éalsgﬁ%fatﬁlt }9?)‘(@“@“%91655?4@ reduces the

col or sat urgiéaetr@spdréife, @8k a rbsultPih¥ €dlor of the pEtiEleddi. b.hwhiRd) ¥s réfieteli fo pl ane
Swi t chi ng Mbde Fi %gr es 2A-2D il | ustrat ﬁe di sadvan éa%ﬁcelg()f the prior art

EPDs wi th ohg yiewsshroyeh t‘é?ﬁ@aﬂeﬁﬁ‘i"ﬂ‘ilﬂ"%g%’& 1e R ogifsq i s cells are

filled wt rboﬁo:ﬁ@ie&fdd@ﬁ% b ® VE1EdgE; BnssleMBi the Whitdho¥ifiidiP chadded Jﬂﬂaesed particles
di spersed therein. The background of the cells is colored e., red, green

or blue). unigrtetethebottam of thesellamd thﬁopbéeféhfc@ew (e Fedy ﬁéeqnﬁ hrghghe
el ectrodes,y, @gnﬁ%@%unga@&bﬁﬁﬁs nmggéc%ﬁ&otaQsH% l)g@eqeth%hﬁéﬁﬁghi:e” and the

col or of the reen or is seen fromthe top
t r anspar entrefigeted ifiany. the/grean ané bine pixels matlmedua@éhe O@lor satwralimpeof stredeen t he

i n-pl angs el %gtlrodes the particles are scattered in the dielectric

(2) EPD with only the In-plane Switching Mode
Figures 2A-2D illustrates the disadvantages.of the prior art EPDs with only the

in-plane switching mode.
In Figure 2A, the cells are filled with a colorless dielectric solvent with white
20  charged particles dispersed therein. The background of the cells is colored (i.e., red,
green or blue). When there is a voltage difference between the in-plane electrodes, the
white particles migrate to either side of the cell, and the color of the background (i.e.,
red, green or blue) is seen from the top transparent opening. When there is no voltage
difference between the in-plane electrodes, the particles are scattered in tﬁe dielectric
25  solvent, resulting in white color (i.e., the color of the particles) being seen from the top
transparent opening. This arrangement of a colorless solvent, a colored background and
white particles results in a display lack of a high density black state.
In Figure 2B, the cells are filled with a colorless fluid with black particles
dispersed therein. The background of the cells is colored (i.e., red, green or blue).
30  When there is a voltage difference between the in-plane electrodes, the particles migrate

to either side of the cell, and the color of the background (i.e., red, green or blue) is seen
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25 solvent, resulting in white color (i.e., the color of the particles)
being seen fromthe top transparent opening. This arrangenef epuagy 2006
col orl ess solvent, a colored background and white particles results in
di splay lack of a high density black state. In Figure 2B, the cells are
filled wth a colorless fluid with black particles dispersed therein. The
backgr oundwgfysblasscel s is colored (i.e., red, green aicthlsufde7730 When there
is a voltage difference between the in-plane el ectrodes, the particles
mgrate to either side of the cell, and the color of the background (i.e.,
red, green or blue) is seen 6 8 Febr uary 2006 WO 031016"3 PCTI US02/ 26077
from the togidm thaipp teesperenppering . Whkhdhere iheo oliage differourietbaigusenithe ier ence

bet ween the j t t he

i el ectri o U iR, BeBRHEBE RS scaholf B\ AOoRR My SERRGRELAR 1°
particl es) l:nelonges&aemotbrafnhdﬂaaidesﬁehlgam[ﬁanﬁmtogpa:spugntOiWﬁmg Thisr angenent of

sol vent / back round/p r Ior i ate with 5
undesi rabl e a%aléﬁ r?gsotlveﬁ 2 ratpa‘rtlce ?larﬁrresnlﬁ%lgﬁ%b\t{\%g&ge s filled with
a col orl ess unlesirsbleDinkh mdlcaitast rgit ti cl es (Le., red, green or bl ue)
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the cell, and the color of the background (i.e., white) is seen from the top transparent

a

20  opening, resulting in a high quality white state. When there is no voltage difference
between the in-plane electrodes, the particles are scattered in the fluid, resulting in the
color of the particles (i.e., red, green or blue) being seen from the top transparent
opening. No high quality black state is available in this design.

In summary, the in-plane only switching mode results in either a reflective color

25  display having no high quality black state or a display having no high quality white
state. Contrast ratio and color saturation-are poor in this type of in-plane switching,
reflective color displays. In all in-plane switching EPDs, the substrate on the opposite
side of the in-plane electrodes is typically a transparent insulator, which usually is the
viewing side of the display.

30 1L Electrophoretic Display of the Present Invention
Figure 3 illustrates a side view of a typical electrophoretic cell of the present

invention. While only a cup-like cell is depicted, it is understood that the scope of the
7
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this type of in-plane switching, reflective color displays. In all in-plane
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view ng side of the display. 30 Il. Electronhoretic Display of the Present
Invention Figure 3 illustrates a side view of a typical electrophoretic cell
of the present invention. Wile only a cup-like cell is depicted, it is
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under neat h- PlBE dpcliedss Gife 39)dipu} the bastom elesjre tively, the layer 32a may serve
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ot her colors. Another alternative iIs thaE the bottom | aé%rn may have only
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bet ween. TyRi gabdc¥erold¥CafethddSin ks daketiE Buyet 324 Raf bd B188 odbt Sihed colbRAr , but
colored (i.e., red;, green 15 or blue) dielectric solvent (38) with white
particles (39) dheqther slesmhativieis dahthe hetigmtlper mpplavg peyigee @l@e of the cells is
typically bl : rii \ it negatively charged. For
t he pur posesg{ff | gigti}g%r(&gt%g%%gﬁ%@selégg%dgmtatgﬁ%%f %e%arti cles are _

posi tively char gEicaty, theghidain Fighies aapfiiled svthiaslear, Tiisoloted(podedoareeti cl es in t he

v G i OSP TB.  RePTR PR alyf OF 1 (T o
flui d cont abakpguehamicg efithp ek istimeallp black. Xlthd partitlessay be positively or
‘negatively charged. For the purpose of illustration, it is assumed that the particles are
positively charged throughout this application.
The charged particles in the individual cells of a display may be of the same
20  color or of different colors. The individual cells may also be filled with an
electrophoreﬁq fluid containing charged particles of mixed colors.
As shown in Figures 4A-4C, the dual switching mode allows the particles to
move in either the vertical (up/down) direction or the planar (left/right) direction. For
- example, in Figure 4A, the voltage of the top electrode is set low, and the voltages of the
25  bottom electrode and the in-plane electrodes are set high. The white particles migrate
to and gather at the top transparent conductor film, and the white color (i.e., the color of
the particles) is seen by the viewer.
In Figure 4B, the in-plane electrodes are set at low voltages, and the top and the
bottom electrodes are set at high voltages. In this scenan'o; the white particles migrate
30  tothe sides of the cells, the color seen through the top transparent conductor film
therefore is the color of the background (i.e., black).
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when the white particles migrate to the sides of the cells, the color seen through the top
transparent conductor film, will be a shade of orange. |

20 Other shades or color tones may be achieved by using different
particle/medium/background color combinations, for example, white/red/cyan,
white/red/magenta, white/blue/yellow, white/blue/cyan, white/blue/magenta,
white/green/yellow, white/green/cyan, white/blue/magenta, etc.

The preferred combination to achieve a full color display is white particles, black

25  background, and fluids separately colored with an additive primary color (i.e., red, green
or blue).

A further aspect of the invention is a monochrome display with highlight
options. In such a case, all cells in the display have the same background color and are
filled with the same electrophoretic fluid (i.e., having the same particle/solvent color

30 combination). For example, the display may have white particles, the solvent is one of
the primary colors (red, green or blue) and the background color is a color contrasting

the solvent color. This arrangement is useful for a relatively simple two color device
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Prepara t.r retl |1 s of t ention The m crocups
gener al %/ %@W&W °Lr1r°%p& 58 rpé’%e#bo %ISI}OﬁOC%FO%e pﬁ% Stol i t hogr aphy as
di sclosed in US Seri al Nunber 09/518, 488 filed March 3, 2000

III.  Preparation of Electrophoretic Cells of the Present Invention

The microcups generally may be manufactured by microembossing or
photolithography as disclosed in US Serial Number 09/518,48 8 filed March 3, 2000
20 (corresponding to WOO01/67170) and US Serial Number 09/784,972 filed on
February 15, 2001.
While only the cup-like cells are illustrated in the figures, it is understood that
conventional electrophoretic cells and eleétrophoretic cells prepared from
microchannels, microcolumns and the like are also within the scope of the present

25 invention.

Ii(a) Preparation Of The Microcup Array by Microembossing

Preparation of the Male Mold
The male mold may be prepared by any appropriate method, such as a diamond

turn process or a photoresist process followed by either etching or electroplating after

- 30 theresist is developed. 'A master template for the male mold may be manufactured by
any appropriate method, such as electroplating. With electroplating, a glass base is
sputtered with a thin layer (typically 3000 A) of a seed metal such as chrome inconel. It

10
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For cont i nugittdnsyendchmbe offani ghape like round, square, or of other geometry. The male

mold may be in the form of a belt, a roller, or a sheet. For continuous manufacturing,

the belt or the roller type of mold is preferred. Prior to applying a UV curable resin
composition, the mold may be treated with a mold release to aid in the demolding

20  process. To further improve the demolding process, the conductor film may be
precoated with a primer or an adhesion promoting layer to improve the adhesion
between the conductor and the microcups.

Microcups may be formed either in a batchwise process or in a continuous roll-
to-roll process as described in US Serial Number 09/784,972 filed on

25  February 15,2001.

In the first step of the microembossing process, a UV curable resin is typically
coated on a transparent patterned conductor film, by any appropriate means, such as
roller coating, die coating, slot coating, slit coating, doctor blade coating and the like.
The conductor film is usually prepared by sputtering coating on a plastic substrate such

30 as polyethylene terephthalate, polyethylene naphthate, polyaramid, polyimide,
polycycloolefin, polysulfone and polycarbonate. The radiation curable material used is

a thermoplastic or thermoset precursor, such as multifunctional acrylate or methacrylate,

11



the belt or the roller type of nold is preferred. Prior to ﬁg}gl ying a
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5B. 15 Figures 5A and 5B.
As shown in Figures 5A and 5B, the microcup array may be prepared by

exposure of a radiation curable material (51a), coated by any known methods onto a
transparent patterned conductor film (52), to UV light (or alternatively other forms of
radiation, electron beams and the like) through a mask (56) to form walls (51b)

20  corresponding to the image projected through the mask (56). The conductor film (52) is
on a plastic substrate (53).

In the photomask (56) in Fig. 5A, the dark squares (54) represent the area
opaque to the radiation employed, and the space (55) between the dark squares
represents the radiation-transparent area. The UV radiates through the opening area (55)

25  onto the radiation curable material (51a).

As shown in Figure 5B, the exposed areas (51b) become hardened and the
unexposed areas (protected by the opaque area (54) of the mask (56)) are then removed
by an appropriate solvent or developer to form the microcups (57). The solvent or
developer is selected from those commonly used for dissolving or dispersing radiation

30  curable materials such as methylethylketone, toluene, acetone, isopropanol or the like.
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As shown in Figures 5A and 5B, the mcrocup array may be prepared b;é
exposure of a radiation curable material (51la), coated by an§ A& hods
onto a transparent patterned conductor film(52), to UV light (or
alternatively other fornms of radiation, electron beans and the |ike)
through a mask (56) to formwalls (51b) 20. corresponding to the image

proj ect ed ydgspy@ds t he mask (56). The conductor film (perusesredn a plastic
substrate (53). In the photomask (56) in Fig. 5A, the dark squares (54)
represent the area opaque to the radiation enployed, and the space (55)
between the dark squares represents the radiation-transparent area. The WV
radi at es t hr oughlterhativelyeihe epg:omrean(oS&)ne%placin@thB hbotoragbk andeoeatbur abl e

mat eri al |n Fl Ie 5 e.e 1823 51b) becone

har dened an % %‘é?oﬁrign/ are epr%(():tce Ctoxfﬁm?s?ﬁsggtgg%qu% area (54) of the
mask (56)) tmn@aiehﬁaﬂreemdwabdengmmmfbmposatee sol vent or devel oper to form
the m crocups (57). The vent or dev se d framthose

comonl y. used f Pg?ﬂe ((?%f‘?dmgf’c‘ﬁ’fsgﬁgﬁrg aﬁﬁpﬁﬁ%{ 3]?‘7’8?1&34%%8%?5 e materials
such as 3Jretdbydeahdyibe ¥Qin0 xquar, Bdcti@fillar, 1R £lofd) Or anyDEHRF ﬂﬁpd]oﬂ‘he@amhble like. 12 8
February 2006 WO 03/016993 P %ﬁﬁ 212607( Al t er na |veI¥1 tle exposure can be
done by  pl SE5aRgerRthp ARAEES T Lin prderdoyplsee o RER PRI substrate. In
this case, gaﬁﬁu@@ﬁﬂwsﬁtagt vf/mieraﬂambﬁhg @as@abmhmal progemgdgar ent to the

radi ati on wavel e use or exposure._ The openings of fhe mcrocups

pr epar ed a&@wpﬁ@y,ttbemsmebﬁwg %@Eléglsl?éf‘éenﬁdﬁﬁﬁv*g r egirlsethe ound, square,
rectangul aroucﬁ]%ggﬂ%al or any other shape. The partition area bet ween t he
openings is preferab kept small in order to achieve a high color

saturat ibn and Eerfefles YCW?FP@OW&P%WWW@%M@BP@ ddéndial cal properti es.
Consequent |y E %@8?%@ @fh@%%oﬂg 4186 ei:a%ﬂzé’ogx?crlbop or exanpl e,
en| ng

the circular ective e ect robﬁuoretl c plays, the
di mensi on oIf03&aabm“mmsymElUHiedeﬂmwmemﬁbrdmyshemﬂieﬁaﬂi@olf&lﬁthS @fabaiout 102 to

about | xI 06, n?, refe 0 ab ut | x| 05 The depth of
the mcr ocuﬁ?glql‘g BSpPre ré B?talﬁ %’P“téggﬁu he oRSENEIORHREL pr ef er abl y
from about a4 rit, @mm"eaﬁéﬁ%dmaédca@&mt offage &bpemliaglrgtv@n& hRashRti &bm area ratio,
total area bel ng defined as that of one cu wal I s nmeasured from 15

wal | ceht ervll piters, s i rangeof rgp abq%ﬂfpats’ah?ute Spepreferably &igm a9ows)-4 pr ef er abl y
from about 9 a¥but 0.9.

The colored background layer of the cells may be added by painting, printing,

coating or laminating a colored layer to the bottom layer.

II(c) Preparation of the Suspensions
20 The cells are filled with charged pigment particles dispersed in a dielectric

solvent and that migrate under the influence of an electric field. The suépensions may
optionally contain additional colorants that do not migrate in the electric field. The -
dispersion may be prepared according to methods well known in the art, such as US
Patents Nos. 6,017,584, 5,914,806, 5,573,711, 5,403,518, 5,380,362, 4,680,103,

25 4,285,801, 4,093,534, 4,071,430, and 3I,668,106. See also JEEE Trans. Electron
Devices, ED-24, 827 (1977), and J. Appl. Phys. 495(9):4820 (1978).

The dielectric solvent preferably has a low viscosity and a dielectric constant in
the range of about 2 to about 30, preferably about 2 to about 15 for high particle
mobility. Examples of suitable dielectric solvents include hydrocarbons such as

30  decahydronaphthalene (DECALIN), 5-ethylidene-2-norbotnene, fatty oils, paraffin oil,
aromatic hydrocarbons such as toluene, xylene, phenylxylylethane, dodecylbenzene and
alkylnaphthalene, halogenated solvents such as, dichlorobenzotrifluoride, 3,4,5-
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to about 0.9. The col ored background | ayer of the cells nmay be added by
painting, printing, coating or lamnating a colored | ayer t 8 Fehmatydt006m

| ayer. 111(c) Preparation of the Suspensions 20 The cells are filled with
charged pignent particles dispersed in a dielectric solvent and that

m grate under the influence of an electric field. The suspensions may
optionally, i, additional colorants that do not m in.-the electric
field. Thewsg'{%slgies'?si on nmay be prepared according to mﬁ%@li\)@ﬁ known in
the art, such as US Patents Nos. 6,017,584, 5,914,806, 5,573,711,

5, 403, 518, 5, 380, 362, 4, 680,103, 25 4,285,801, 4,093,534, 4,071, 430, and
3,668, 106. {rBloAheRokifkEidE @lfopehtaftird-béhzeneRdidhteenonkdds; 24, 827 (1977), and J.
Appl . Phys. 49(9):4820 (1978). The di el ectri&lélsol vent pref eé?bley has a | ow
vi scosity aReptashigroBenzene; ind rerfiperosalvenissuch gi@eriyprodecaln, prdferowluens. ooyt 30,

preferably 30auod1d:e ROECHD shOFCHIMTRAINICRR anyTBDPAIl MN, IGKanpl es of

suitable dielectri'c solvents include hydrocarbons such as, 30

decahydr onaptelerdliratright Iieesn pogtaining palyipdrs sehhas polyirsrioropsopalons oxide) oj | s,
par af fi n 501 lpor, TR AMREEL PEYIHDORLER) @5%!@%%&%0?&&1%@% suchyss BlARcarbon

phenyl xyl'yl et hane, dodecyl benzene "an al | cyl napht hal ene, hal ogenat ed

sol vent's su®Hs em Halostrbert Rrpdusy 6o+ Rivaiddead\l, perinomopelyalirylebsss suihygs 2006 WO 0
3101 6 9 9%@%’}1@%%’ %@%u%g%héj‘g‘ ﬁgllrn%ugi%ﬁlzd?m& B dfdreases K-Fluid

chl oropent a o- benzene, ononane, Ppentachl orobenzene, and

perfl uoro sG&knesfibm Bukont, Relawae.f Inooe prdfsoed ¢mbodiment | uor ot ol uene,

per {1 uor oxyl ey Et3 ookl At £GAR00: LI B AM RBRA Merals. Paul N, | ow
5 Ra &S ol'y pol‘y(perfl

mol ecul ar wei ogen nraining p nmers such as uor opr opyl ene
oxi de) 50f r embddGhenfpely(reeuofeprdpllamchxidey #ged as hoMiglectnic selednt.i f | uor oet hyl ene)

such as Hal ocar hgn | s from Hal ocay bon Praoduc I.p... River Edge, NJ,
per f | uor opol yal E@Weé?%ﬁ?%ﬁﬁﬁn@%iyﬁe%?@ﬁf&?o X %Iﬁgazﬁlaéqgrol ink from

Ausi nont  or aféhiuinonEdyes arepdrticiledpesfuk- Eanplds 0f us@alrdyesinéludeybibattant , Del awar e.
In one preferred enbqdi t 0 h] ototrifluoragethylene), is used as the

di el ectric gﬁﬂt@‘gtﬁ'taﬁ)gﬁa gﬁﬁt%’é@“ Jﬁ%/dfegﬁclﬁ'?@g‘e’ Q%J?‘E’ﬁﬂ@%ﬁrﬂéhﬁ“e Solvant

pol y(per f | usneps aRneSEritXlhdtahd Fat SsifBladk foREPyinePRaldtd Co.sAtiacaq)t . The
contrasting col orant nay be dyes or_ pignments. hbn|g ic azo and

be d
ant hr aqui’ norfadagpack §rf€’nbé4dfif’]bﬁp%ﬁq°9hﬁ‘§ a5k X-OfegnPast.spthiginene. dyes i ncl ude,
but are not pyk| amh}aﬁgin%&:ye@vb 1 e shifEtdNinosd!Rad 1RHd 153V safraRlintRe gfebd Bl ue,
n

Macr ol ex Bl ue, Sol ve . .
28 from Aldrich. Fluorinated dyes are particularly useful when. perfluorinated solvents

are used. In case of a contrasting pigment, the colorant of the medium may also be
dispersed in the dielectric medium and are preferably uncharged. If the contrasting
20  color pigment particles are charged, they preferably carry a charge which is opposite
from that of the charged primary color pigment particles. If both the contrasting color
and the primary color pigment particles carry the same charge, they should have
different charge density or different electrophoretic mobility. The dyes or pigments
used in EPDs must be chemically stable and compatible with other components in the
25  suspension.
The charged primary color particles are preferably white, and may be organic or
inorganic pigments, such as TiO,,
If colored pigment pénicles are used, they may be selected from phthalocyanine
blue, phthalocyanine green, diarylide yellow, diarylide AAOT yellow, and
. 30  quinacridone, azo, rhodamine, perylene pigment series from Sun Chemical, Hansa
yellow G particles from Kanto Chemical, and Carbon Lampblack from Fisher. Particle

size is preferably in the range of 0.01-5 microns, and is even more preferably in the
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Blue 35, Pylam Spirit Black and Fast Spirit Black from Pyl am Products Co.,
Ari zona, 15 Sudan Black B from Al drich, Thernopl astic Bl ack XFebrupryodfi0BASF,
ant hraqui none. bl ue, ant hraqui none yeI | ow 114, ant hraqui none reds 111 and
135, anthraqui none green 28 from Al drich. Fluorinated dyes are particularly
useful when perfluorinated solvents are used. In case of a contrasting

pi gnent, tye.sRkesant of the nedium may al so be di spgigRdedRehe dielectric
medi um and are preferably uncharged. If the contrasting 20 co?or pi gnent
particles are charged, they preferably carry a charge which is opposite
fromthat of the charged primary color pignent particles. If both the
contrast i ngraggd of0.05-2miciohe Theipamiclys shodldhave iagpeptatile mtrca]l odnhreetcr(sacsr, y the sane

charge, the ould h I Si t fer
el eci r ophor éi"l‘lgnpfd’&s aﬁi?o ‘T‘Fﬁfﬂﬁ{}@n% cg‘ll‘] f)'?c r?g'ﬁ'? d)éh B't nust be
chem cal ly &ﬁlﬁéﬂ'ﬂm@é&dlhﬁg)m@ﬁ&nblbh muwmhbmtﬂmagmﬁmammmtmommmg @25

suspensi on. The char Co artl cles are preferably white, and
may be orgaﬂ?cé gfjon un ?5 8P ﬁﬁ???lku Such as Ti®2. If col ored pignent

particles are USFthJérEtﬁtgﬁi@ﬂengﬁrﬁﬁds(ﬁﬁyeﬂuﬁlfﬂiﬁhﬁéﬁﬂafghmwibaehﬂﬁﬂue
pht hal-ocyani ne gr een, diaryli E yel | ow, di ar%I i de el | and 30

qui nacr i don€Pligidyusingrhasee fentrofagent ormRay 3rayiFe A Fhasgs hea sy ?me&?ﬁheChem cal ,
Hansa vyell @i\éle&@@ixﬁehﬁls%ﬁaa‘lé&mg%%ﬂuel&bﬁﬂhﬁ%}ll@%&@{em%& ack from

Fisher. Particle size is preferably in the range of 0.01-5 microns, and is
even nore pPETEISISr Jor-pplymesicinnafureand way Jsolnieee nonigrs msluding Us02/ 26077

range of 0. %ﬁw%uﬂc%n@ @?vg ad t&%rogcgrdqi gddﬁlﬁl &G%ib@m'%ﬁééﬁfd%ﬁfé%&ti‘l%@psom i cal

characteristics, should not swol I'en or “softened by the di'el ectric
sol vent ,10anpolyhiteat siichinimi fee mialsiel anlydride eopplamershanyipysiding conglysieshensi on nust

al so be st a%@Fﬁ%ﬁh&ﬁtcgﬁﬁﬂhQ&ﬂkﬂé GBhex £ HLAS: ol SPéc}a@tg?’wdﬂ&tk on under nor rmal

operating contiftions grating pigment part Xhi bit a native
charge, or ﬁmﬂi)imylmhandgepblymphh(bNN-@mdelﬂtglnaeth)hénqb)awhtcroI agent, or may

acquire a char ers fogl%%%&qtegrelp?nrhguqaﬂrytugé@haggﬁag' ecoﬁl%lf/l?ﬁjzfgyntﬂﬁ I tabl e charge

control agen({pg are ic or
non- pol yrrerp@ﬂudmcaﬂbmscﬂvenand‘hemmchlkisﬁc ﬂmromtha;amn”suchm;-ﬂcmﬂoc FCncl udi ng

sonps, 18’ pEly BTG e BT AR MR oML AR 20T e o fSPﬁtpry??é?'ne
copol yner s, flustdsasthdints'sath 48Tyl ESAOFSEYBSN (ESNC 100aES (a8 EX1 00 ESD 4ddt er nat i onal

Speci alty P{JRC}IUCtSlgFont

Suitable charged pigment dispersions may be manufactured by any of the well-

known methods including grinding, milling, attriting, microfluidizing and ultrasonic

20 techniques. For example, pigment particles in the form of a fine powder are added to
the suspending solvent and the resulting mixture is ball milled or attrited for severall
hours to break up the highly agglomerated dry pigment powder into primary particles.
Although less preferred, a dye or pigment for generating color of the dielectric solvent
may be added to the suspension during the ball milling process.

25 Sedimcntatién or creaming of the pigment particles may be eliminated by
microencapsulating the particles with suitable polymers to match the specific gravity to
tha@ of the dielectric solvent. Microencapsulation of the pigment particles may be
accomplished chemically or physically. Typical microencapsulation processes include
interfacial polymerization, in-situ polymerization, phase separation, coacervation,

30  electrostatic coating, spray drying, fluidized bed coating and solvent evapération.
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(meth)acrylic acid copolyners, and N, N-di net hyl am noet hyl (meth)acryl ate
copol ymers. Fluorosurfactants are particularly useful as chargebowumy 2004 i ng
agents in perfluorocarbon solvents. These include FC fluorosarfactants such
as FC-170C, FC 15 171, FC- 176, FC430, FC431 and FC 740 from 3M Conpany and
Zonyl fluorosurfactants such as Zonyl FSA, FSB, FSN, FSN- 100, FSO, FSO- 100,
FSD and  URd ¢apikpdauPont . Sui tabl e charged pigment di spgeshQisseipyY be

manuf actured by any of the well- known nethods including gri ngl ng, mlling,
attriting, mcrofluidizing and ultrasonic 20 techniques. For exanple,

pi gnent particles in the formof a fine powder are added to the suspendi ng
solvent and the resulting m xture I S baI | mlled or attrited for several
hours to break UB(d)hEillrgsid\Sealing|of theMicrodupr y pi gnent powder into primary
particles. ating col or
of the diel ectr| C sollnégﬁciS %?%wgﬁ&&ﬁ%égbt ems?%s gé\dsultggc{ %ﬁ{r}fa{rﬁg t he ball
mlling pr oUS§sna1245mBer(ﬂ9fﬁé&ﬂ&(|cmsmndmg toaWDRAL6T70) dnd USi SerelNunghsr t i ¢l es nay
be el i m nat n uitable polyners to
match t he sgggz@ 7%“5?%@? eop r tus e%é qﬁgﬁcftl dsﬁ r%éﬂs%?vent.

M croencapsmb@pdmadhn‘rembyerqﬁergmemtthqneanunebjl es may be acconpl i shed chemically
or physically. T ni croen ul.ation I NG imterfacial

pol yneri zati on, elnﬂch‘B‘\pWFE%]ﬂ%g i 16%5‘500 epar & e’ly(%eusgglgacfeh%vat i on, 30
el ectrost at Eﬁlc@l&&bloﬂg:ah@m’fabe wiciptupg maf belictinzishddenla maalier nfwamdAsol vent

evapor ati on February..2006 03/016993. PCT/ USO 6 LLl(d) Filling
and Seal i ngprﬁ%’“P‘ﬁ@pfﬂa‘&}} lgé%ﬁgpeﬁsﬁg i ai’%éor%odm%g}t ?9%8@’55:&? dut Sar e
described i Borig¥Bing Ghapgd igm emiclesafspdwaalnaddﬁreaenmtnd\duwhﬁr TRO/ 518, 488

(corresponding to W01/ and US Seri al rrber 09/&) 4,972 referred to
in the ﬁpevﬁ%tﬁ@ew&’{*’@}?énat %I@EP‘H%WF%?C@W e AYLERg 2 f‘ncorporat ed herein

by ref er encechpib el bualbid BbjtencfitBeryChdakAGRIAS hdiablyiet, W th an

el ectrophoreticC hey are seal ed e critical step of seallng of the
M Crocups MeXAneseTy. W@myﬂmcmdmmbewemlmvwlé @ red approach is

to di spersegﬁg%é %Bﬁﬁﬁnﬁﬁli}ﬁ&biykxggb bl Rleaf g &qtoﬁg&ﬁ@mtpbfymfe sui d

conpri si ng arti dispersed in a colored’dielectric
sol vent . Theon1adxnrmnr@sal@u@blw@nemltgr@pﬁaﬂ@M‘é@gahlmmd%u@clﬁ ymialﬁ@ble

met hacr 31% at Gn uR elERE ’sol%n? Qtﬁi' has a spec1ﬁc gravity lower than that of the
electrophoretic fluid, i.e., the combination of the dielectric solvent and the pigment’

particles. The two components, UV curable composition and the electrophoretic fluid,
are thoroughly blended in an in-line mixer and immediately coated onto.the microcups
with a precision coatiﬁg‘mechanjsm such as Myrad bar, gravure, doctor blade, slot

20 coating or slit coating. Excess fluid is removed by a wiper blade or a similar device. A
small amount of a weak solvent or solvent mixture such as heptane, isopropanol and
methanol may be used to clean the residual electrophoretic fluid on the top surface of
the partition walls of the microcups. Volatile organic solvents may be used to control
the viscosity and coverage of the electrophoretic fluid. The thus-filled microcups are

25  then dried and the UV curable composition floats to the top of the electrophoretic fluid.
The microcups may be sealed by curing the supernatant UV curable layer during or after
it floats to the top. The UV light or other forms of radiation such as visible light, IR or
electron beam may be used to cure the sealing layer and seal the microcups.
Alternatively, heat or moisture may also be employed to cure the sealing layer and seal

30 the microcups, if a heat or moisture curable composition is used.

A preferred group of dielectric solvents exhibiting desirable density and

solubility discrimination against acrylate monomers and oligomers are halogenated

16



met hyl st yrene, butadi ene, isoprene, allylacrylate, polyvalent acrylate or
met hacryl ate, cyanoacryl ates, polyval ent vinyl including vi#ytheazeoes

vi nyl silane, vinylether, polyval ent epoxide, polyvalent isocyanate,

pol yval ent allyl and oligomers or polymers containing crosslinkable
functional groups. The UV curable conposition is inmscible 15 wth the
dielectric_solvent and has a specific gravity |ower tQ@F@%@@” 9f t he
eIectropdeQP?QAPfU|d i.e., the conbination of the di I'c sol vent and
the pignent’ particles. The two conponents, UV curable conposition and the
electrophoretic fluid, are thoroughly blended in an in-line m xer and

| medi at el )y geﬁﬁomelv é:sru@kPéé%rﬂuWoEtﬁer@fr&ﬁ Q@kislof 1P DAY Mechani sm
such as Nyr ravure octor blade, slot 20 coating or slit coating.
Excess f| uiReni, Bela‘emwedl thsir derivafiyrsr Slbfaaf@@ts Bey be @FMOI@PTOG@&F adhesign sy |
amount of e opr opanol and
nmet hanol %m&%@%ﬁgﬁéﬁﬁgﬁc g&%ﬂ%ﬁﬁﬂ%% IBF & g@??%%ﬁ%%@% Q?Tﬂ%d on the top
surface of Sutfheaql,mmtludq tonFQairfactars§ erméMrﬁOmP@muggn}’l Querasurfeiants Gami ¢ sol vent s

may be e nLLQ trophoretic
fluid. # q?‘%)ont’ ‘Wa ateshﬁlg}édt?%gﬁggyfa%ﬁgﬂ?%%ws ri eg ‘g L‘?ﬁlg “curabl e
conposi t i orpeffluomtssbitutédieng ohpin oirbexybc sidsand beihdervetivesf | ui d.  The mi crocups

may be sealed b curln h atant r g or after it
floats to the t g’Lﬁ?‘" elec 01?05?% gf“ﬁeap%g Séﬁm%r&lﬁ%y%ta?gérjlﬁly&ch as visible
| ihght I R Cséque@tiAalﬁ;lyhﬂ@tmebﬁ@mupw pkb@enﬂﬁmlmbm‘ngcpmuiaﬂg“&emthe sglm@yer 3nd seal
the microcups ternative ure yed to cure
t he seal i ngTFHGS %H%FSQ@E’PWWH&% E? ciscf attﬁ'ts ‘g Seﬁgfé’?ure curabl e
CoONMposi {( ONnd Sick s ma@rbla%&fo@xpnﬁédw@zuﬁaoﬂﬂ‘n dﬂ@iﬁ?&rbfé‘eaﬁﬁgﬂdﬁéﬁﬁ exhi bi ting
desi rabl e densi tgﬂand solubility discrimnation a a| ns cryl ate nononers

and ol i gone¥héchdp M@Bﬁ&@é@%hﬁ% Sqtysnt erapQratPpgRol 983 PCT/ US02126077

hydr ocar bongsctifiRloh ltﬂé%ﬂac% ot e BII&I BidoRupB SV olatile bfg%@smmfss,nafyrbe edusi mont
Italy or Du Pont, Delaware, and their derivatives. Surfactants maybe used

to inprove toAEushiPeaiseesty anfhe thisknesyrf thercoptings.| When vlatileselvartdrusethe

el ect rophorﬁme%vérmq’n@ﬁéfe&am&@ﬁb Infifks AL ith aal:&elecée%&%& Bduck ncl ude the FC
surfactants from 3M Conp fluorosurfactants from5 DuPont,

f | uor oaby ythe éesree pf m@mm%dmgut seglingflaygoang thedlpsropharetiel flvidngo chai n
al cohol's, Sf&%kf %eHﬁ’JeQEeS gﬁ% bt uf ﬁxqm:ng Qs ﬁl%ﬂg Hesﬁ%lp Whé ébeagé %ﬁw‘%ﬂﬁl their

derivati ves, ernativ ictrophoretic e “seal i ng
precur sor rtheovemodting hmﬁmﬁv@quéqmréhabyhat ofttie etlweolmommg Buids It the pr-event

I nterm xi ng, BRI St Bl RRTS KR BE! dot4,391, filed June 4, 2001,

thermoplastic elastomers have been disclosed as the preferred sealing material.

20 Examples of useful thermoplastic elastomers include di-block, tri-block or multi-
block copolymers represented by the formulas ABA or (AB)n in which A is styrene, a-
methylstyrene, ethylene, propylene or norbonene; B is butadiene, isoprene, ethylene,
proplyene, butylene, dimethoylsiloxane or propylene sulfide; and A and B cannot be the
same in the formula. The number, n, is > 1, preferably 1-10. Representative

.25 copolymers include poly(styrene-b-butadiene), poly(styrene-b-butadiene-b-styrene),
poly(styrene-b-isoprene-b-styrene), poIy(styrene-b;ethylene/butylene-b—styrene),
poly(styrene-b-dimethylsiloxane-b-styrene), poly((o.-methylstyrene-b-isoprene), poly(a-
methylstyrene-b-isoprene-b-a-methylstyrene), poly(a-methylstyrene-b-propylene
sulfide-b-oi-methylstyrene), and poly(c.-methylstyrene-b-dimethylsiloxane-b-o-

30  methylstyrene). Additives, such as silica particles and surfactants, may be used to
improve the film integrity and coating quality.
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precursor is at least partially conpatible with the dielectric solvent.

Thus, the sealing of 10 the mcrocups may be acconplished by 8debataendilong a
thin |l ayer of sealing material which is hardenable by radiation, heat,

sol vent evaporation, nmoisture or interfacial reactions on the surface of
the filled mcrocups. Volatile organic solvents may be used to adjust the
viscosity gfhsblisest hi ckness of the coatings. \Wen a voi,@f,{]%?g26§p,l vent is used
in the overcoat, it is preferred that it is immscible wth the dielectric
solvent to reduce 15 the degree of interm xing between the sealing [ayer and
the el ectrophoretic fluid. To further reduce the degree of intermxing, it
is highly desir aMemafivedy!, intdifacislpdbinferigatign follbwsd BIUV tinthgddeleen fdundg i S

endi ng. pat W GG BT LRSS, PRGBS0 S Feepboteht i fine 4. 2001
mmter 1ol 20 xamel ea o Uont i i ermpol aat b6 A%t aper ey relude di bl ock
Lri - bl ock oPHEEY BTk BPBY AT Chs CHREILACLT AR PO ABA o
(AB) n i ns Whitghprbtetablyy e f@iatidr. TH tWttg) oveRbaing Bdayss &jarticBledpy| ene or

nor bonene; B i s butadiene, .isoprene, ethylene, proplyene, butyl ene,

di met hoy! si vsssehkendhe e yprd b deaghpritiplpesolufledn he eameseiisMBer - be the same in

the forrmula. The nunber, n, is > -1, preferably 1-10. Representative .25

colool(ytrrers ingl gﬂt@e)ppﬁm{naﬁw?ﬁﬁem&w gli Iene)i o o st )
pol y(styrene-b-but adl ene-b-s yrene?,, ol y(styrene-b-isgprene-b-styrene),
pol y( st yrene- b- gihﬁ?qa@ﬁ g)ﬂggﬁlw gﬁgx_%_agapy&éﬁg the other electrode i m preferably

pol y( st yr engbahaigiaydyer. | staeadheshleXta®ialk include acrylic and rubber types of

pol y( (a-met hyl styrene-b-isoprene), poly(a- L

met hy| st§r effesswe pensiiv eabesiees T Yrerph)e adhsivep eoptaining for example,

pol y(a- met hyh R kMERAR-2PryRERRBLAAR, visyilildr s thoidndBhibityd &g, and

pol y(a- net hy+st yr ene-ag{y(%i n’e%hy?%’l | oxane- b- ao 38 ‘et ﬁy?st ydr%ene) . Additives,
such as si | duzablepdhasives mich agngoxsupdlasethane and gvayoapralatesed to i nprove the film
integrity and c ' | it - 0. - 0,

PCTI US02/ 26077 %ﬁﬂg;&%&g@@g tﬁfﬂl,eﬁgf? ggﬁi 6%|°§‘9n§3‘|n§a&f‘ﬁ|§ﬁnn%%?‘ tghsled by WV

curi ng has e usalasdne ofdhgbdiemddyerdlerirodes tat k@ ps@add thgacivodrdds. | nt er mi xi ng
bet ween.t he [ retic.laver.and the overcoat, is significantly

suppr esé}éd %%hgﬁ%n%@?ﬂn%ﬁ SI%CUC‘)) xéntthﬁisﬁen%téor?sltr@?sl)f’rﬂter at the interface by
interfacial polynerizatio The sealing is then conpleted by a post curing 5
step, prefédiVabl {hi{ iomyidf4h¢ Dunl Midde Sywitching ep over coating process is

particularly “W{#'P ?x dye used is at least partially soluble in the
t her noset precursof. ination ot the M crocups

(1)  Electrode Circuit Design

Figure 6A is the side view of the two-layer passive matrix electrode circuit

DR

2b design. Figure 6B shows the top view of a two-layer passive matrix electrode design for
dual-mode. The cells (60) are sandwiched between one top layer (61) and a bottom
layer (62). The horizontal bars are the row electrodes (63) that are transparent and run
through the top of the cells. The bottom layer (62) consists of one in-plane electrode
(64) that is on the left-hand side of the cell, one bottom column electrode (65) and

25 . another in-plane electrode (66) on the right-hand side. There are gaps (67) between the
in-plane electrodes and between the in-plane electrodes and the column electrodes.

The cross section of the top row electrode, the' bottom column electrode, and the

in-plane electrodes define the display cell.
30
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The seal ed mcrocups are then lamnated with the other electrode fil
preferably with an adhesive |ayer. Suitable adhesive nateri%ﬁ@bmﬁﬁﬁgbé
acrylic and rubber types of 10 pressure sensitive adhesives, UV curable
adhesi ves containing for exanple, nultifunctional acryl ates, epoxides,
vinylethers or thiol-ene, and noisture or heat curable adhesives such as
epoxy, polywghssbage and cyanoacrylate. In one enbodi magi Qe | nvention, a
substrate containing thin filmtransistors maybe used as one of the bottom
| ayer el ectrodes to also provide the active driving 15 nechani smand the top
el ectrode, in this scenario, is transparent. |V. The Operations of the Dual
Mode Switching 1V(a) Passive Matrix (1) Electrode Grcuit Design Figure 6A

is the side vie@of Dficing KimihgSequencessi ve matri x el ectrode circuit 20
design. Figure ; I : Lveqeatri x el ectrode
2B RBaNeL B %p@essw(eag?g&ftas e GO S

design for dua 3 are sandw 1 "bet ween one top |ayer
(61) and a domptisimg a domymem blaek backgtaendraod postivelaichdsgadsvhite partiples r ow el ect r odes

(63) that are transparen n rough the top of the cells. The bottom
| ayer (62) (%sooﬁrﬁ@ Eslelge?rcé){r?écadl@gly%qqgrﬁeugeal ectrode (64) that is on the left-hand

side of % he cel A truonditbsthte amy begananated by ctargingshe ©p Jovasiettiddesgdooher i n- pl ane

el ectrode (6 n.the.right-hand side. .Ther e S et ween the

i n-pl ane el %t?‘gccf&ormﬁ%ghp@zaﬁg’t%goﬁnﬁﬁﬁ gl?lagoe B a?‘?c?)e et'gs%égr‘{é}%t he col um

el ect r odes. pafiftRs apwass whkedha@ingdie Hotiem talpmi elweteliad6T)adéthe iiplatebot t om col umm
el ectrode, and th i n-pl ane electrodes define the display.cell. 30 18 8
February 20%@“9%9 &Q) U%%gmﬁdﬁﬁb&fﬁ%%%fz@ﬂww f%&r l%ser# ﬂ“éo@gquences To
il ustrate thé\@pe}a@bargf}@d@fﬁ%tbﬁlﬁ}k&ﬂgthgmewm S i _nv_ent: on, heI ecéraﬁhoreti c _ce: S
conprising a connon bl ac ackground and positjv Cchar ge ite particles
di sperstiin a g%%r“dé%rc@as‘%eﬁ‘il%]n‘ﬂe“é?fgﬂGgﬁ’oqfcgﬁA‘X’}qu]h@mgﬂ‘?ﬁaéesst ate maybe

generat ed by gRatigk Sete! Mhch 02 WHaWpSLiQ&tiH AfeHs mb3ate Bfthe B®F bEGHE edisCel | s or
pi xels with polarity opposite fromthat of the particles to draw the

particl es upewardingsploelichHhify) ApeemiEorpbe (o ey WPRIEPF YAEXIY65) and the
| n-pl ane eﬁ]ﬁ“(ﬁé}t%ﬁ&éﬂﬂﬁ%ﬁre%tﬂ‘m&Qﬁv&%@ﬂﬁ%@f&ﬁc&ls%ﬁo&iﬂ@ﬂ@%&inﬁitees- The white

color is seen throu
state,

15 A true black state can be achieved by, for example, a two-step driving process.
In the first step, the voltage of the row electrode (63) is set high and the voltages of the
column electrode (65) and the two in-plane electrodes (64) are set low. As a result,
white particles are first attracted to the bottom of the cells. In the second step, the
voltage of the in-plane electrodes is set low, the voltage of the column electrode is set

20  high, and the row electrode is also set high. Under these settings, the white particles,

~ driven by the electric field, migrate to and cover the sides of the cells, resulting in the
black background color being seen through the top transparent conductor film.
Alternatively, & true black state can also bé achieved by using a one-step driving
process. More specifically, the black color may be seen by setting the row (63) and

25 column (65) electrodes of the selected cells with high voltages, and the in-plane
electrodes (64) at a low voltage. The voltages applied to the row and column electrodes
may not be the same. This allows the electric field from both the top row electrode (63)
and the bottom column electrode (65) to force the particles in the selected cells to move
quickly towards the edges of the cells and results in a true black state of high quality.

30 . Figure 8A is the cross-sectional view of the same array of cells (as was shown in
Figure 7A) to démonstrate the true black state of this invention. The white particles in
all cells migrate to the sides of the cells, resulﬁng in the color of the background (..,
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the top transparent conductor |ayer by the viewer. 10 Figure 7A is the
cross-sectional view of an array of cells, which denonstrat e 8 Febmary

white state. When the white particles in all cells mgrate to the top of the
cells, the resulting color (i.e., white) is seen fromthe top through the
transparent conductor film (not shown). Figure 7B is the top view of the
array of cgblo$oig$9W Nng the true white state. 15 A truygthlsgstate can be
achi eved by, for exanple, a two-step driving process. 1In the first step,
the voltage of the row electrode (63) is set high and the voltages of the
colum el ectrode (65) and the two in-plane electrodes (64) are set low. As a
resul t, mm@ mbar[gtsieai@cﬁnaleeopft'ran@h:eﬁttcbnMEﬂlm Figunes8hstthedop vbwofie cells. In
t he second grp (ﬂtf voIt e of ltE {n pl ane el ectrodes is set |low, the
vol t age of A ?)H‘éeti? 20 high, and the row el ectrode is

al so set high. W@&fred(b@$ﬁad$‘ﬂﬁé, bNgeen) §tite oftid ie&ctleﬁcdllschﬂse achidvédven by the
electric figel to and cover f th cel resulting in
the bl ack Yﬁ%&?%ﬁ@g Ogéfo@r(mﬂ’ Flﬁﬁfmélééh{] t@l%ﬁﬁ’“ﬁﬂlﬁ ?ﬁef?éﬂfg ent conduct or
film Al §ergakbyaky) anatﬂertw&mqmglae&idaemmfe s%{m DethaGhicemedhity using a
one-step driving. tgroc Ss. More specificall bl ack col or maybe seen by

setting thebariinlgsg Yc%é’l‘fgb}i&eﬁl’?i;m%ﬁ@)’v@ étquaéglugpe{eﬁg) deaitheted cells

wi th high Vlsﬂrﬁoﬁg?ﬁeb&ﬂ&&&fﬁﬁclelﬁvmmes‘oveﬁhs%empa&mesaaathec&lew»ﬂ/ol tage. The
vol tages applied to the row and colum electrodes may not be the sanme. This

allows the & é@k?ﬂlesqlﬁ’eét(defﬁeérﬁf%tohbltlfﬁés se@hioush the Ve tERHFER63) and t he
bot t om col e \Agagy JDQ\&KQ%) comda%d;ﬁnawéam&a a‘él:&&ngfbtﬁé"ﬁ-es%ﬁtl ected cells to

nove qU|ck e edges of t s and results in a true bl ack
state ofl0 hughenqqalbymyvmgabe Fhawdérhmaﬁyle@nesemteéseﬂsefﬁmﬂéﬂth@n ew of the sane

array of Ceiac;tfgm( %}? §£_?a¥|¥g bwﬁ’bt?LEédgog ﬁ*u&‘%é tﬁeQ'oflifggQ zﬁ‘lﬁl‘ﬁm“vpﬁlet rue bl ack

state of th|S|nve sin smgratetothe
si des of thmrﬁn&sltcsthebﬁ&uidoﬂunglelwtrodee col or of the background (i.e., 19 8

February 2006 03/ 93 PCTI /260 bl ac k fromthe top
transparent con %Ter?fosﬁeﬁtj ‘gi‘%OF ° ¥HE Y poqscflg%ss?o%nt’%e array of
cells show Flguréshm ixdeSQ)lﬂidhﬁiOnﬁta&tt& whitectddok nadiwo@olyr statewid theshme, or green)

o e Ol L SEL GRS AR R YGRS YoLLROE O, 2, 0P (L0
and the twotop prélad&eda (63 EHionels whitegolomrte @BS wittothe whﬂe lbdﬂmdes@ﬁgxetedt he white
2?;2; (r: Lg: :an Lhe Co umn el(ejcl:crloge%%g%h(}whge gollgr%}the %JCIGICt%C (sjolvent (z%r %Ei,egrgc% the col um
or blue), and the cells with the white particles migrated to the sides of the cells show the
black color. Figure 9B is the top view of the array of cells showing multiple colors.
20 Although the dual switching mode was illustrated above by using two in-plane
electrodes (64) in a cell, the same results can also be achieved by using only one in-

plane electrode or multiple in-plane electrodes.

IV(b) TFT Active Matrix
25 (1)  Electrode Circuit Desig
TFT (Thin: Film Transistor) active matrix used in the LCD d1sp1ay gystem has
been disclosed in US Patent No. 5,132,820. Such TFT technology can also be applied
to the dual-mode EPD of the present invention. In a preferred embodiment, the top
layer electrode made of a transparent conductive material, such as ITQ, is in one piece
30  which covers the entire top surface of the display. The top electrode connects to ground
(OV).‘ Figure 10A shows the top view of the bottom electrode layer of a 2x2 anay>of
cells. Figure 10B shows the details of the TFT connection. Each cell (100) comprises
one bottom electrode (101) and two in-plane electrodes (102). Each of the bottom
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bottom The bottomof the cells wll be covered by the V\/mte articles and
the color of the dielectric solvent (i.e., red, green or cbruary 8@0p
through the top transparent conductor |ayer. Any col or corrbl nations may be
achi eved according to the present 10 invention by noving the charged white
particles in selected cells of a pixel to the bottom Gay scale can also
be obt ai negydwsomedsusti ng the voltage to partially nmovepdfigsopiticles to the
bottom col um el ectrodes. Figure 9A is the cross-sectional view of the sane
array of cell (as shown in Figures 7A and SA) to denonstrate the white,

bl ack and two color states in the same 15 EPD di splay of the present

i nvention. @kerodeslchments torthe $ouroakiioBe) ofal T €1049). Fhenaplang elegfradeeof t op row

morated 1 SobbRamelP Dbl b S anoBETATAM VTl RO P ST
sol vent (i . 605)3) asfethfgisQHMaanﬁl(bbm)meciansﬁgndhbnesél%sand1(]6b1WiEChmmte particles
mgratedtot des e cells sho I e 9B is the
top view of virpigell g]FbBQ?[\lgwtaﬁe?ﬁh g&{e\/VIC p aét Sc@?orsglgﬁlfgfj@%ough t he dual
swi t chi PF rr[mBsh ol\e‘ﬁandlm“s@haﬁltml atﬂmby(losﬁlr?mghtruéﬂgommpiaﬂylmouigh&retrodes (|64)
in a ce e sa ults c al so ieve ng o one in- plane
el ectrode OLOWWTEHGQ?%%‘P% BB b%‘% mF # ﬁ%&%&hﬂx 25 (1)
Flr]ec'r_z:gdg %mgmﬁte@?&hgﬁbh'laﬁ{&(ml 3 Fil m Transi st olr:))tacF ve rrat r| X g;gd |Sn ]

e i spl ay _system has n di at en uc
TYr technol ogy dafhedpaongsss %@S\mgewﬁfﬁ’g flﬁgaﬂﬁébj e“l"hée resent

i nvention. |Jdyofrd? m%fbsmr@éle&maefilomma tlieruﬂplhmmc&adee(loej nedpeaiglyrade of a
transparent conductive nateria such as I TO is in one piece 30 which

covers tlﬁe Bthen p ovt of selis (1 §0) aws sermednthie 8528 e 08) pppdies Bﬁ°]éﬂg%?9ttp%%?éesconnect s to
ground ygmfé ?le‘?oé %fﬁ?@\TF*PQQ’JI@latéﬁ@ 1@43%&/&3%@&&!]%&% hepvehect rode |ayer,

of a 2x2 array o shows the details of the TFT
connecti on: TEH?CrAt(tl@ISﬂmqmg)SI%@iﬁfWP@é§1€ct€9€lém‘96mh@¢r'fltéﬂ@éltlﬂ76ﬁ@0@1@4) and t Wo

i n-pl ane el r
03/ 016993 Pgﬁ%&%ﬁﬁ%%%e" e%%ﬁp% Qgﬁ,ﬁggﬁ oJlrﬂg%)él(gg% a) of a TFT
(104a) . Theammepbmmecéloemsooma(leﬂa andalaQSh) QféheITFd“@miadIar@ eonpépteddour ce (103b)

of 210U N8T TET A030YaTh 1 b5 LR R0 RPLicils R OITIS o 1042, and

104b) connec Ba. an vertically through
t he bottom bias cfoamaomdsf ehﬁeceﬂeﬂxgn:é caphtiergd@%send 1¥Bparandiiecd ®o)d thé t he

voltages, so the voltages at the electrodes continue providing the bias to the cell even
after the switching. This driving scheme speeds up the switching time dramatically. In
addition, after the signal capacitors (109a and 109b) are charged, the driver can continue
20  switching the next row. The switching time for each row of electrodes is only the
charging time for the signal capacitors. This greatly reduces the response time of the

display.

(2) Driving Timing Sequences
To illustrate the dual mode switching of this invention, electrophoretic cells

25  comprising a common black background and positively charged white particles
dispersed in a clear colored solvent are used.
In a preferred embodiment, the top electrode of the device is permanently
connected to ground (0V). As illustrated in Figure 10C, the scan line is set at a voltage,
Von, to turn on all the TFTs on the scanning row. Voltages at the signal lines are then
30  switched to the bottom electrode and the in-plane electrodes. When the bottom
electrode and in-plane electrodes are both set at a negative voltage, particles in the cell

move to the bottom surface of the cell. The bottom of the cell will be covered by the
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5 TFTs (104a and 104b) connect to a scan line (108), which runs horizontally
t hrough the bottom surface of the device. The scan and si gnélFebiuaes2G06r m a
matrix structure, but they are insulated fromeach other. In the dual - node
switching, two TFTs (104a and 104b) are required for each cell to control
the bottom el ectrode (101) and the in-plane el ectrodes (102) independently.
10 When a G@s@feossel | s (100) are scanned, the scan |i ng(d@slsoAPPl i €S . a
voltage to the gates (107a and 107b) of the TFTs (104a and 104b) on that
row of cells which turn on the TFTs. At the sane tinme, signals for each

el ectrode are applied at signal |ines (106a and 106b), which are connected
to the draiwhite(pafiSies andcthd @idy)of the dieleetriT folvent (. Fhisd.cgresngnblue) is $¢¢® t hen swi t ched
to the sourges 03a.and 3 TFTs, which are connected to 15 the
bott om el ec ‘%éé%%%ﬁt?ﬁ?ﬁéﬁﬁgﬂ%@%aFgﬁdes respectively. The signals formthe
desired bias codidsirasd nfFignactD; whén théhonmlelectapizend mrang EBSEodand 109b) are
added to hold the voltages, so t vol.t ages at _Lhe e r onti nue
provi di ng tﬂ%bﬁgﬁattaé’olsﬁge wlipge, Egﬁﬁesué 8%%1%‘15 t%vhf?(?hslhﬁ%.% oﬁ'ﬁ'lsgelfc?lri vi ng
schene speevmenife white mividleshih the cdli imigrathita thatapad kHeyell, Ithe resultibigtwihite, aft er t he
signal capacitors (.109a and. 109b) ar harged, the driver can continue 20
swi t ching t PRIOTARSEEN %ﬁ’eﬁi’eth@ﬂ;}%ﬁ?%gu%r??g or each row of electrodes is
only the char gixgiidsirafed fnTFig BES Widhahe Ap@AGIetdds is sthit 9Vgardalidiy- r educes t he
response tine of the display. (

2) Driving Timng Sequences To.illustrate
the dual noblateslfetredss ag seimt Wﬁgghv.eﬂelé%&ipaw,glewawg Hﬁﬁgﬁﬂé’? ﬁ’& S‘E@f’i“'s 25
conpri si N9 fafeQEIREHeD raind 8LtkaBIadkHci@RfinPldrbeMe ketn EhGIB @t thhi t e particles
di spersed in a clear colored solvent are used. In a preferred enbodi nent,
the topl@l et’éﬁl@ﬁdf_@t@ﬂnd@%f@@vi ce is permanently connected to ground (OV). As
illustrated in Rigpp ﬁm} of s drd\Rared thel sighB chacG oiaetaclﬁce}ig.{'etcﬁﬁ?@d Von, to turn

on all the TFTs on the scanning row. Voltages at the signal ['ines are then

30 swi t chedaccerding i thesigunllied witageo Fehea pepv ofcelisfrgpnol RengscamiedgHBE® \Wen t he
bottom ele gpg i K tive

vol t age, paﬁltglﬁ(%q%s nSét' hrbeﬂgglﬂ]%ng}#rg%%?%%tﬁhheyeg%%éﬁh?ﬁwgéggaﬁ %%ﬁe cell. The
bott om of t $ignabepiciter dontiless tocgeraraselthis plectriefield a! oatnl ihermovemes of\D 03/ 016993

PCTI USO%_L,ZGOaZJCIevgbi te particles and the color of the dielectric solvent

(i.e., red, P green or blue) is seen through the top transparent conductor
| ayer . ~ The scan time limit of this design is determined by the signal capacitor discharge

time. The capacitor needs to be refreshéd (recharged) before the voltage drops more

than 10% to maintain a good switching speed. The display response (on/off) time is

determined by the pixel on/off time, because each pixel can be quickly charged and

20 refreshed. Thus, the line to line scan delay can be eliminated.

IV(c) Combination of Passive Matrix and TFT Active Matrix

(1)  Electrode Circuit Design
In this novel design, both the passive matrix electrodes and the TFT active

25 matrix are used in the driving electrode design. Figure 11A shows the top view and
Figure 11B shows the side view of the driving circuit design. The bottom electrode
layer (117) comprises the bottom column electrode (111) and in-plane electrodes (112).
The in-plane electrodes of each cell is connected to the source of a TFT (113). The
drain of the TFT is connected to a signal line (114) which runs vertically through the

30 bottom surface of the device. The gate of the TFT is connected to a scan line (115)
which runs horizontally through the bottom surface of the device. The scan and signal
lines form a matrix structure, but the two types of lines are insulated from each other.
The cells (110) are sandwiched between one top layer (116) and a bottom layer (117).
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As illustrated in Figure 10D, when the bottom el ectrode and in-pl ane

el ectrodes are both set at a positive voltage, particles in §FerocayR0dbdve
to the top surface of the cell. 5 Wen the white particles in the cel
mgrate to the top of the cell, the resulting white color is seen fromthe
top through the conductor layer. As illustrated in Figure |IOE, when the
bottonleleqﬁ J RHGsodss set at OV, and the in- plane electy ﬁgnﬁ&g7set at a
negative voltage, particles nove to the area of the sma i n- ne

el ectrodes, resulting in the black background col or being seen through t he
top 10 transparent conductor film After a row of cells are scanned, the

si gnal Capa%w&r&o&i&w%ﬁ%tﬁ@éo{)rwae&ﬁ%gﬁd)m@cmmﬁa&ntmmﬁm&%g noI i ne

vol tage. When a row of | s are not being scanned is in n- scan

phase. Duri s temef thronsllsda®). Jhereisa el 18) sepagaheive m-plangslectERies set by t he
S1 gnal _Capag kYol PESechBuAPNS! Blcrdsh bty Lbveddrahngont r ol he

novenment of part scan tine design is deternined
by the si gnévbtt@agémdﬁctrdﬁ%emﬁhg@PI@FR\QCUO‘ITWéleﬁ@HﬁQ:dlﬁRi%YWBedS to be refreshed

(recharged) bef in a good

SW t chi ng speedo’h% e‘hﬁ seg‘%"%@‘grg 12%8%28 E 70 H; tﬁ%gglyggg@m ned by the

pi xel on/ of fpaﬂswam,amlxevdmlus:entmis:ﬂle pbyeaieniod parhidesjn itekip ynd dewrgdigctiond 20

ref reshed. t he, | lin C L1 I V(c)

Corbi nat 1 on '8 TR rE R (172 e SRRl RR Skttt e O cui ¢

Design In th'blsagemrﬂiemiphngmovdmhtkbftﬂaepaqna]sss|’Eheimplarreiekecarb®saneodes and the TFT

active 25 matrix, a n the driving el ectrode design. Figure 11A shows
B felEr e

the top vi ewPioded ?FIWIS the side view of the driving circuit
design. The bottom el ectrode |ayer (117) conprises the bottom col umm

el ectrodd (111) @pd iDriviweTienind Sramenzeses (112) The in-plane el ectrodes of

each cell is conpe 0 of e n of the TFT
is connected to @1 Y éﬁtﬁ?ﬁa%gm?(% e%?ﬁ %nsrlﬁ en(lo%s%’ gF?retmﬁ?ﬁ%ugh t he 30
bottom SUFfaﬁlﬁprﬁingta}bemdjbmbﬁdcba’lih@o@ﬂhﬁimmt/ﬂ?cﬁﬁFg'Edm&ltepﬁmm ed to a scan

line (115) whic ns hori zont al | rough the bottom surface of the
devi ce. The SRS qé‘hﬁcgﬁréﬂ]ﬁfeésav @‘x'fl%?Bm a matrix structure, but the two

types of lines apgilluiiStddat Bigur 00)tRAGkh sBinkIE set at BRO1tER] Vén, (olt&la)onare
sandw ched bet ween one top layer (116) and ,a bottom | ayer 7ﬂ)l 22 8

Febr uary! ZOGQWF@BP@@BWP@F’WU PESE Bf e st gna]hnesareﬂlenswm’hdto

in-plane electrodes. When the bottom column electrode and in-plane electrodes are both

set at a low voltage and the top row electrode is set at a high voltage, particles in the cell

move to the bottom surface of the cell. The bottom of the cells consequently is covered

by the white particles and the color of the dielectric solvent (i.e., red, green or blue) is
20  seen through thetop transparent conductor layer. |

As illustrated in Figure 11D, when the bottom electrode and in-plane electrodes
* are both set at a high voltage and the top row electrode is set at a low voltage, particles

in the .cell move to the top surface of the cell. When the white particles in the cell

migrate to the top of the cell, the white color is seen from the top and the éell is in the
25  white state.

' As illustrated in Figure 11E, when the top row electrode and bottom column
electrode are set at a high voltage and the in-plane electrodes are set at a low voltage,
particles move to the area of the small in-plane electrodes, resulting in the black
background color being seen through the top transparent conductor film.

30 This design has the advantage of reducing the in-plane switching time. As the
in-plane electrodes are controlled by the ’I"FTs, the signal capacitor holds the voltage on

the in-plane electrodes. During the non-scan phase, the electrode with a voltage set by
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The horizontal bars are the top row el ectrodes (118) that are transparent
and run through the top of the cells (110). There is a gap 8Febmaseddfbating
the two in-plane electrodes (112) and the colum el ectrode (111). The cross
section of the top row el ectrode, the bottomcolum. electrode, and the

i n-plane el ectrodes define the display cell. 5 The top row el ectrodes (118)
and bot t omygQbpigtysel ectrodes (111) formthe passive ngifdssdpi,ch controls

t he novenent of particles in the up and down direction. The in-plane

el ectrodes (112) and the bottom columm el ectrode (111) provide the bias

vol tage for the in-plane novenent of the particles. The in-plane el ectrodes
are cont r okHeaignil yapiabitor Ténkinacstto genenaitivel electrit Gield2)d Emirel thgmévementpfSequences To

illustrate the dual.node. switchi this invention, electrophoreti | |
conpri <1 ng AR GREeR et o SRR el Vcnar gea whi te par ti ol eq

di spersed.in a clear colored solvent are used. As illustrated in Figure 11
C, the scan signél(d) Altentatise Cambinhticnd Padsive Matrix and FFEctitéMatrix t he TFTs on

t he scanni ng I’OV\@ Voﬁageﬁ ﬁtct.gﬁ ssi gnal .lines are then switched to the
i n-plane el ectro ks. col umm el ectrode and i n-pl ane
el ectrodas are bmatahothd abvehtlesiyn) v tiopdssigemaritelédneddsapd TBvactivect rode is set

at a high voltage, rticles in the cell . nove,to t ottom surface of the
el | The bR ABE R et it FiTdZecterife BBy BT uni o
particles ampgutIeBeRW thddidd Ficv 6t ted @Bingichcsiledigl) i THeibotom ele@fbde gr een or bl ue)
is 20 seen through the top transparent cg{nﬂjﬁgtorlaé?r. ‘@SH}@&' strated in
Figure 11D, layprdh2 D empises Rottew celupp slgerodn i 2; .-BFnaiﬂé“e wrededlie: e both set
at a hi gh vebi@ad8edode 6ﬂkﬁchtc‘éﬂlcdxﬁlé\étsﬁtb%%@é&bflam?lﬁﬁtTlﬁaerﬁVof/tﬁé tage,
particles in the cell nove to the top surface of the cell, Wen the white

particl dd i AFTeneds fo 2 signglrlize €2( whick rmp periégally feough the ot SWiFE & col or is
seen from t g deQt. A ghiB6F RETET bchndd tb Q?can%@?ﬂ)}@hi@ﬁ Ah€horAenthly Ustrated in

Figure 11E, when the top row el ectrode and bottom colum el ectrode are set
at a hi gh vdireushéedatiom pufacpofihedesice| Bretspan@adsignablings forgta matibw vol t age,
particles frodl [ I resulting in

t he bl ack ngg‘gﬂ‘ééﬁgyrﬁey%éﬁ?@%e&%% %@%&?‘h?%ﬁ‘!&ﬂpeﬁ@ a?%%ﬁ@gg%gparent conduct or
film 30 Thbewdesi tgmlalex126h endzachetiorn fayer (637).r Bibhotizmgtal has am thsltepmowswi t chi ng

time. th I N- I e JE e signal
capaci ?31; hgﬂe%ogfﬁgwﬁa?%g%%ﬁgg@ ﬁ@ﬁ?\ﬁ%@% gle (lgcf%ceioé fwre 3%312% ﬂ; I?sl an%a Bt he non-scan
phase, the €128 depaatmngithe tivodn-platet cgodse(l2)an? Bie bottom electrode (121). The

cross section of the top row electrode, the bottom electrode, and the in-plane electrodes

define the display cell.

The top row electrodes and the in-plane electrodes form the passive matrix. The

20  in-plane electrodes and the bottom electrode provide the bias voltage for the in-plane
movement of the particles. The bottom electrodes are controlled by the TFT active
matrix,

(2) Driving Timing Sequences
To illustrate the dual mode switching of this invention, electrophoretic cells

25  comprising a common black background and positively charged white particles
dispersed in a clear colored solvent are used. ‘ .

As illustrated in Figure 12C, the scan signal is set at a voltage, Von, to turn on
all the TFT's on the scanning row. Voltageé at the signal lines are then switched to the
bottom electrode. When the bottom electrode and in-plane electrodes are both set at a

30 low voltage, anid the top row electrode is set at a high voltage, particles in the cell move

to the bottom surface of the cell. The bottom of the cells will be covered by the white
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8 February 2006 WO 0 310 1 6 9 93 PCT/ US02/ 26077 the signal capacitar
continues to generate the electric field and control the nov& Fehpay2006
particles. This effectively reduces the cell switching time. VI (d)

Al ternative Conbi nati on of Passive Matrix and TFT Active Matrix (1)

El ectrode Circuit Design 5 In another novel design, both the passive matrix
el ectrodesygifhids active nmatrix are used in the dripcpgs@lestrode design.
Figure 12A shows the top view and Figure 12B shows the side view of the
driving circuit design. The bottom el ectrode |ayer (127) conprises bottom
columm el ectrode (121) and in-plane electrode (122). The bottom el ectrode
of each cel partivies astthecdlar df ke distestriceolodnt @] Fell, frady bludhie sedn #irougbf t he 10 TFT
connects to.a signal |ine glz‘g% whi ch runs vertically through the bottom
surface of DPFIPR e coRROLRYL of the TFT connects to a scan line (125),
whi ch runs hori 2@nMMustrdtyd intFigueUIQD, When thodittmekeutiddaaad miplideelectesdece. The scan
and signal lines form, trix  structure ut they are insulated from each
other. The ¥ebytsqt it?g;‘&a‘fo agea g iRePR P %@#9@%865&%%?)‘” Ivgl%?’p %@3 and a

bot t om | ay e, #elekil noveltd@hd 18P §utbd Ftheldall. SWhérEthd WEitd faRicledn thécgl ect rodes (128)
that are transparent and run throu the top of the cells. Therg is a gap

h
(129) separ@igaiRyiothsdor oishs t‘r?llﬁh?ilﬁgl“%}gé@itl% geleids gopp Srpmihrtop Fd BeR¥Bm el ect r ode

(121). The is¢{M@sensagehki on of the top row el ectrode, the bottom el ectrode,
and the in-plane electrodes define the di splq(% cell. The top row el ectrodes

and the in- pl anésdlseatebiadigurel2h v thedenfoweelqshipde ard batipm copgny - p| ane

el ectrodes t.Gf r oM ] i)‘w?ﬁﬁ’ca r the

i n-pl ane rr%\g/bg?r%‘;r}tﬁe %?Lttaﬁlg%hgjg?ﬁeb@g?%e%r e O%c%rgﬁe]sgfg%a‘fgl es argee(’)cont rol |l ed by
t he TFT1@ct pavticles mave ioxthe {red of thei spiahh ip-ptinsictegr@ety rsnitiog inTthe bladkust rat e t he dual

node sw t chj _ng. LS. tnventd i s 25 conprising a
comon bl a%a@%%atr@hﬁbcf nsg&pdggﬁ%hl t@%a ﬁkéﬂgﬁ#%g&d&/ﬁ?@?l%ar ticles dispersed in
a cl ear col or ed Thisldesigit has the adwetige ofsedutingithe npiewn switchingtime. A2@e t he scan
signal is sget, at.a vol.ta n turn.on all th FTs ontp][e scanni ng
one Vol t agaofhel Piad 1 e Be R, tihunlenfietoyalte e Rutoph B o
el ect rode. bhem eldaeodeoDuring thé satscatshagniie Elactplawith e veeige adbgthar e bot h set at
a 30 | oy vol.tage nd the top row electro is set.at a hi | t age,
part ] of L8 ' Pyegeectin coniies @grePi B Sbi it P ebdry ek Sl B e Bot  om of
the cells vgakticldye Ty caeLIPIedidethebd]l stritching time.
While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the
20  true spirit and scope of the invention. In addition, many modifications may be made to
adapt a particular situation, materials, compositions, processes, process step or steps, to
the objective, spirit and scope of the present invention. All such modifications are
intended to be within the scope of the claims appended hereto.
It is therefore wished that this invention to be defined by the scope of the

25  appended claims as broadly as the prior art will permit, and in view of the specification.
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24 8 February 2006 WO 03/016993 PCT/ US02/ 26077 particles and the col or of
the dielectric solvent (i.e., red, green or blue) is seen thBekjrary2RB6+t op
transparent conductor layer. As illustrated in Figure 12D, when the bottom
el ectrode and in-plane electrodes are both set at a high voltage, and the
top row electrode is set at a |ow voltage, particles 5 in the cell nove to
the top surface of the cell. Wien the white particles in the cell mgrate to
the top of the cell, the resulting white color is seen fromthe top and the
pixel is inthe white state. As illG#Mted in Figure 12E, when the top row
el ectrode and bottom columm electrode are set at a high voltage, and the
in-plane electrodes are set at a |ow voltage, 10 particles nove to the area
of the small ih- pl ahecletteaphprstie displag somprisiag smartayef slegerphordtiegebund col or

bei ng seen,throu . t uctor film This design has the
advant agewo re%“e%i‘g{‘;f’%%?‘% %1%%?@%%%%%@%?%3 time. As the bottom el ectrode
is controlled by thetopHdwr comprisngntlp etrapradd, t or hol ds the vol tage on the

bottom el ectrode. During the non-scan Ehaser t%@ el ec{er ode wi tlh a vol tage
set by the 15 i gnat bUtepnleys spmpasing Alatom glegizofs and at fepst o8¢ BeplA?% fiel d and
control thecipycarpt of the particles. This effectively reduces the cell
switching time. Wiile the present invention has been described wth
reference to tRe spuacdl§drepharptivoepintrenition fied thefein which glegirephgeetignder st ood by

t hose skil 0t I ' - qui val ents
may be suﬁé@p?sﬁ éld"fzg &nlp?lﬁ%su%hg%%%é%eﬁgfﬁcg%wﬁ%%fm? g‘gleg%‘?’ fsf)tﬁ’@gtnog scope of
t he i nventoloent niktuadahidtsarchargad pigmedi partidés carrg theespmieehargel polanty aadapt a
particul ar _situatian, terials, cQmpositions, processes,. prqocess step or
Steps, t oof feamppelet Whereby ot df sl qleskophorai el (Rl RO RRERon. A |
such nodi fieatdiongseme intended to be within the scope of the clains

't i

appended hereto. is therefore wished that this invention to be defined by
the scope of tRe 25 Thgstastrephasetisi dieplapsofotlann (1ywhesein saidghiegcolorsargi | | pernit,

T oh Bl O RABLBEHA FOR o ROV
solvent mixture or a background color.

3. The electrophoretic display of Claim 1 wherein said electrophoretic
cells are prepared from microcups.

4. The electrophoretic display of Claim 1 wherein. said electrophoretic
cells are prepared from microchannels.

5. The electrophoretic display of Claim 1 wherein said electrophoretic
cells are prepared from microcapsules.

6. The electrophoretic display of Claim 1 wherein said bottom layer has one
in-plane electrode.

7. The electrophoretic display of Claim 1 wherein said bottom layer has
two in-plane electrodes on the left and right sides of the layer respectively, with the
bottom electrode between the two in-plane electrodes.

8. The electrophoretic display of Claim 6 wherein there is a gap between the

in-plane electrode and the bottom electrode.
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wherein each of said electrophoretic cells conprises: a) a top |ayer
conprising a top electrode, b) a bottom|layer conprising a b%gﬂﬁﬁméﬂgeﬁrode
and at | east one in-plane electrode, and c) an el ectrophoretic conposition
filled therein which electrophoretic conposition conprises charged pignment
particles dispersed in a dielectric solvent or solvent mxture and said
charged pignent particles carry the sane charge polarity and are of the
sanme col or, whereby each of said electrophoretic cells is capable of

providing a three-color system The el ectrophoretic display of Caim1l
wher ei n sai d t h"r ee %I%ﬁcgoall‘%et“’tqﬁl@l@’d?f&lalmplWﬁ%reﬁ’ﬁg?rﬁéEF FPYnent particl es,
or the coI Tﬂll'bet“g)l !egtrg&gs\fﬁ,mthglbott&gg}ég@gdem Xxture or a background
col or. ectrop (?retlc di spl ay Claim|l wherein said

el ectr Ophor et i do. ceTlheselem@ppmmpadlgpla}" ohaim ¢ mdergpssaidichatged pagreentr ophoreti c

di spl ay of i’:l vvger ein, said electrophoretic cells are prepared from

m cr ochanm ’é:esgre“flﬂ el ectrophoretic display of Claim1 wherein said

el ectrophoretiqi. celths eaerc&olmcea&r @idplhy @M Cthigd QCRertinesaid Ghargdk pigment

el ectrophoretic di SP| ay. of Claiml wherein sajd bottom | ayer. has_one

i n-pl ane PPEEISEAHROL 7 CO}PﬁéeléFté‘é:tf'i"Bbﬁ’Gr%?‘ipcccﬁ’iS@B?%? g9 ereshinb¥eelPYi n sai d
bot t om | ayes, hasnade¥®, | N-pl ane el ectrodes on the left and right sides of the
| ayer respéctively, wth the bottomelectrode between the two in-plane

el ectrodes. 8. 1The @he@teﬁ@?ﬂiGrfélpl@Srdh}’sqﬂ Glpinp Willmlmssldvmglﬁ@nﬁ selieteori s a gap

bet ween the ane el.ectr.ode .a attom r od 6 F ary 2006
9. The el es8]tvF%tpW§?‘érF i'd oél % 6?‘85/ S%IFCQ% arm B‘ eriei*h n ﬁt%mg reg %en ebqlsléépar ating
the two i ryem\a,rb@alehmmagbdfas fromthe bottom el ectrode. 10 The

el ectrophoreti c di sg_l ay. of Claim] wherein said charged pi gnent ?rti cles

are white. 11. lFhe dheslerGpmigreici dsniaysyf Gpinad vehezsimstidiodeds BYLdHs @t éhar ged

pi grent. Qaro&lsel:eleéd 3fctn A Brosp! BhsifBlzeSHt BEL TN gb&, BLRURERNSLahifAg of red,
gr een, ue, ye
magenta.

14.  The electrophoretic display of Claim 1 further comprising a background
layer which is on top of the bottom layer comprising the bottom electrode and the at least
one in-plane electrode.

15.  The electrophoretic display of Claim 1 further comprising a
background layer which is underneath the bottom layer comprising the bottom
electrode and the at least one in-plane electrode.

16.  The electrophoretic display of Claim 1 further comprising a
background layer which has a reflective surface.

17.  The electrophoretic display of Claim 2 wherein said background color is a
color selected from the group consisting of black, red, green, blue, yellow, cyan and
magenta

18.  The electrophoretic display of Claim 2 wherein said electrophoretic
display is a monochrome display.

19.  The electrophoretic display of Claim 18 wherein all said
electrophoretic cells have white charged pigment particles.
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cyan and magenta. 12. The el ectrophoretic display of Caim1 wherein said
dielectric solvent or solvent mxture is of a color sel ect el Febmuaryt29€6gr oup
consisting of red, green, blue, yellow, cyan and magenta. 13. The

el ectrophoretic display of Caiml wherein said bottomlayer is of a color
selected fromthe group consisting of black, red, green, blue, yellow cyan
and nmagenta. 14. The el ectrophoretic display of Claim1l further conprising
a background |ayer which is on top of the bottom |l ayer conprising the
bottom el ectrode and the at |east one in-plane electrode. 15. The

el ect r ophor et i 20. di sHeajectrbpl@iretiodigpléyefi(leim Bowpereiviatigaid clestrorpretind | ayer

theat T od8l BRECT e Rel Rl SEine AP ENE! Bl AR A PCl 2y ot

daiml fubhdigingofrgd peem blee, ydiook gyanwund magyea. whi ch has a reflective
surface. 17. The el ctrog_horetlc d

.di.spl of Claim2 wherein said. background
color is a cotlor sHigUgrhqrea qlﬂa&fgﬁﬁm&@ngﬁ?ﬁnﬁg Sﬁﬁ “Effcg(?R},‘or?técd, gr een,
bl ue, yel l@M§ ha¥ it BOECtrifBEe: 8r dodvent HixtBleRF iHeQRMEcBlor Selettéira tef Cl ai m 2
wherein said el ectrophoretic display is a nonochrone display. 19. The

el ect r ophareupi consisting efyeoereen.dilvn, yelawheya andamagentai d el ect rophoretic cells
reve e cheyged FLTRGL i, St T, FepuamRgpe 20, T

el ectrophoreti¢ di splay o el'ectrophoretic cells
have char ghdtroptgneiticepahdviechetsackgrotibcod@mehidois bfackel ect ed from t he group

consisting of red, green, blue, yello cyan anpd magenta. 21. The

el ect rophor et | %3d| s&eae@ecgf’p]@rﬁti‘#i@aﬁ&lé‘%h{‘%WFer?&i S8dect r ophoretic cells

have the diglEsHorite B NARhOdankVaVigRdundicslod ke@éd frbif tsagBusol or sel ect ed

fromthe group consisting of red, green, blue, yellow, cyan and magenta.
|z>§lm,

22. The elcensistwglobras; prseny eypnoyellowamagers anderreixtura ferapdi d
o oty o ) 5oL DR IGAR NBelbd b 29 T
display is a multi-color display.

25. - The electrophoretic display of Claim 24 wherein said electrophoretic
cells are filled with electrophoretic compositions comprising white charged pigment
particles dispersed in dielectric solvents or solvent mixtures of different colors.

26.  The electrophoretic display of Claim 25 wherein said different colors are
selected from the group consisting of red, green, blue, yellow, cyan and magenta.

27.  The electrophoretic display of Claim 26 wherein said different colors are
red, green or blue.

28.  The electrophoretic display of Claim 24 wherein said background color is
black.

29.  The electrophoretic display of Claim 1 wherein said top layer is
colored or with a color filter.

30.  The electrophoretic display of Claim 29 wherein said electrophoretic cells
are filled with an electrophoretic composition comprising white charged pigment

particles dispersed in a colorless dielectric solvent or solvent mixture.
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el ectrophoretic cells have the sanme background col or selected fromthe group
consisting of red, green, blue, cyan, yellow, magenta and a $Esbuay 2088r eof .
24. The el ectrophoretic display of Caim2 wherein said el ectrophoretic
display is a nmulti-color display. 25. The el ectrophoretic display of Caim
24 wherein said el ectrophoretic cells are filled wth electrophoretic
conpositions conprising white charged pignent particles dispersed in
dielectric solyents or solvent nixt%res of differeFt col.or 26. .The

el ect rophoreti é1di sPi BEpesss for thepmanpizgiue &f anecleciropheretis éﬁ?ﬁgdioﬂ‘rpgsﬁge

sel ect ed folcRibfHoRetR QU wherE Sdch0g sl d@BopHBk&RMNellblidi@apadbleldf Providii@n and
magenta. 27. The el ectrophoretic display of Caim26 wherein said different

col ors ar dhreg-eqlor sysieminsaid process compriseFhe el ectrophoretic di splay of Caim 24

wherein said backgr Of | . oretic display of
Caim1 wher eiaﬁ sai‘"géj[[}1 gﬁc}?ég%?d @gaﬁégﬁgpgﬁ%& J%%teﬁécggg‘% gér} filter. 30. The
el ect rophoret i) di Sphdyg ofenClaimpli@etivhel2omthe aadiateinentabbpinatessliby cel s are

filled with an EI ect roPhoreti c _conposition conprising white charged pignment

parti cl es RIFOFBPLSHE R MAEEFIG PRIWHOSFUMYI ¢ sol vent or sol vent mixture. 28

8 February 200§ 31.fiAnPiHeeR&ESclEQfophbiRtisBeldhatht daf fectbpRited @migosipidar et i ¢
di splay conprising electrophoretic cells wherein each of said

el ect r ophse@priging ehargedipigraens aprticles flisperesd; i ja digleptria splecat eipjobentmitag sai d
process c j ; . i iatd : LeHr VEmed tOp

el ectr odegﬁg@g?;ﬁ%ﬁf&%lgﬁ %ﬁgrﬁé?%é%ncrag%%tgra %gﬁg#g%@%tg}%hgggn t eS%r gdi ation
curabl e nebler;j al by m croenbossing or i nagewi se exposure to radiation; c)

filling the open el egtroph tic cells. with an el ectrophoretic conposition
conpri si ng cha‘f)gedS q’é‘ﬁé‘?ﬁﬁﬁ)‘gretl?c&rf’g Or?ffcscﬁh?’%gi in a dielectric solvent or
sol vent m xturg amngninhenChatGed dhceBitretRells WitBa 18R Edmpringsame char ge
polarity and are of the same <color; d) sealing the filled electrophoretic

cel I's; andodymiclesirodes and in-planesdeqtiodese| ect rophoretic cells with a layer
conprising b oghom ?hg SIIO%QS(;%? (f‘mgl jl%lpéréﬂ%e%%tcg%gseﬁe the color of charged

pigment particles, or the color of a dielectric solvent or solvent mixture or a background
color.

33.  The process of Claim 31 wherein step (e) is carried out with an
adhesive layer.

34.  The electrophoretic display of Claim 1 wherein said at least one in-plane
electrode and said top and bottom electrodes are driven by active matrix systems.

35.  The electrophoretic display of Claim 34 wherein said active matrix
system comprises TFTs.

36.  The electrophoretic display of Claim 34 wherein the bottom electrode is
switched by a TFT and the at least one in-plane electrode is switched by another TFT.

37. The electrophoretic display of Claim 36 wherein said TFTs are
controlled by a matrix of scan lines and signal lines.

38.  The electrophoretic display of Claim 34 wherein the top electrode is a
transparent conductive material.

39. The electrophoretic display of Claim 1 wherein said at least one in-plane

electrode and said top and bottom electrodes are driven by passive matrix systems.
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32. The process of Caim31 wherein the three colors are the col or of
charged pignent particles, or the color of a dielectric sol §&abruapy 2986vent
m xture or a background color. 33. The process of Claim31 wherein step (e)
is carried out wwth an adhesive layer. 34. The el ectrophoretic display of
Claim1 wherein said at | east one in-plane electrode and said top and
bottom el ectrodes are driven by active matrix systens. 35. The

el ectrophoretic display of Caim34 wherein said active matrix system

conprises TFTs. 36. The el ectrophoretic dis Iax of Claim 34 wherein the

bott om el ect r od@ i sThesshpotroneretin digplayaf Glagn ¢ wherein saidglectiorhgrptigiellse

el ectrode,j i t Which £ Rhetal & gHaspl ay of
d aim 36 \"A‘FZS? 1chy*arllltd(sfai t@%%gggrtgﬁggﬁfr%ﬁ %czjr “by genr?r%t ri i@%‘l g?:a?l&i_i nes and
si gnal | i sad tord8yer Thmpr$es etplwplityof tdve eldétmdengndoshiddicgtiom 18yerwhmpasas at he t op

el ectrode is rans ent, conduct i v. terial 9, . .The el ectrophoretic

di spl ay oﬁ’h@@?’ ﬂfTﬁl\ﬁﬁﬁ?%Ftﬁo%gF%‘F%Pluf%@sémg'ﬁianfa ﬁl-eﬁﬁ%%%é' el ectrode and said
top and bottomiel ecTioER6tréphoredici dglayoyf Widim ¥@ wiRtdin Xaidly e BRctrddds 8
February 2006 40. The el ectrophoretic display of Caim39 wherein said

el ect r oph6PBPHiE l@@ll%ﬁ"}é%@%ﬁﬂ%@ﬁ%&%@t‘\i@eﬂe Hanspareshandaya thrgpghethe
transpare m@e Sakfy p&reﬁ@g%isqgggm 1J@nd said top layer conprises a plurality
of row el ectrodes ang sald bott m\ayer conprises a plurality of colum

el ectrodes andt2a pl Theadléctrpphdretindipplamnel Grior4Q whersin s4itd, colimen eleeiradenphor et i ¢

di splay of O aim40 erein, sai.d row electrodes conprise.horizontally
oriented 5?’83??%"35”8?? n%?dc o eg ?rgr‘@bc raé%&anﬁﬁ%felrlttf dtr?'nnr %%ht% ﬁee top of
t he el ect bofdinbeihe@lecebptoritit dehs ilpaedllel. 42. The el ectrophoretic di splay of
Cl ai m 40 wherein said colum el ectrodes conprise vertically oriented

el ectrode bar $hi chheglestiophoreiadisntey effdaimtl Vhssiighidipplansslecbrdest the
el ect roDhQBﬁgﬁ% Vefidafly beR&d abdtflde bérs thJﬂ%r@{rﬁﬁgﬁr@ﬂ%ﬁ%ﬂ ﬁlr(gigﬁmllé’iy of Caim
40 wherein sai S n

i n-plane el ectrode conprise vertically oriented el ectrode
bars whi chotere of tharekpteshoretwrodlls impatdliebugh t he - bottom of the
el ectrophoretig cel}s in.payallel. .44 .The electrophor.etic display of Caim
43 wherein s ai‘@'i n_?a}reaerll%ctr%pﬁoretlc Alsplay of C-lialm whereRar if-plane

electrodes are positioned between column electrodes and aligned to the sides of

electrophoretic cells.

45. The electrophoretic display of Claim 1 wherein said in-plane electrodes
are driven by an active matrix system and said top and bottom electrodes are driven by
a passive matrix system.

46.  The electrophoretic display of Claim 45 wherein said active matrix
system comprises TFTs.

47.  The electrophoretic display of Claim 1 wherein said in-plane electrodes are
driven by a passive matrix system and said top and bottom electrodes are driven by an
active matrix system.

48.  The electrophoretic display of Claim 47 wherein said active matrix
system comprises TFTs.

49. The electrophoretic display of Claim 1 wherein said charged pigment

particles are positively charged.
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el ectrodes are positioned between columm el ectrodes and aligned to the sides
of electrophoretic cells. 45. The el ectrophoretic display oB FHepalai3006
wherein said in-plane el ectrodes are driven by an active matrix system and
said top and bottom el ectrodes are driven by a passive matrix system 46.
The el ectrophoretic display of Claim45 wherein said active matrix system
conprises TFTs. 47. The el ectrophoretic display of aiml wherein said

i n-plane el ectrodes are driven by a passive matrix systemand said top and
bottom el ectrodes are driven by an active matrix system 48. The

el ect r ophor et i €0-di spihgelasirophosgtin dsplayndi(daim swhereinsaidharggd pigmensy st em
conpri ses : g ophoretic display of Caiml wherein said
char ged pi%ﬁ%ﬁe’r{sa pfgtlt?\%ﬁ}gés}ﬁ%eg' positively charged. 30 8 February 2006 50.
The el ect rophoflket i ¢ Thespdcargplafretid disptaylof\ii@mel whatid seidangedhmpimgnent

particles ar tively char e€. 51. The el ectrophoretic display of Caim
18 wher ei rﬁ?%yggﬁ%’i&‘ﬂpﬁﬁ h‘%‘i'%g 1S3 t her conprises highlight features. 31
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