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pi gnent particles suspended in a solvent. This general type of display was
first proposed in 1969. An EPD typically conprises a pair of opposed,

spaced-apart and plzak@rdobkerrh€Cinsedes wiwk I0VASPROR! SrTTRERMEt er m ni ng a
certain distance between the el ectrodes. At | east one of the el ectrodes,
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been reported previously, for _exanple, the partition- tﬁ e EPDé e M A
Hopper andeowpased of agoloremilqutrnsolvent apd Phafg@d?}gne@&a@)‘ 1 diaRefseR INqreig7 9) )

and t mcro en t escribed in US Patent No. 5,961, 804
and USPat B %Cﬂgﬁ%@‘g‘%%g%@aﬁ gf these has its own 30 problens as
noted bel ow. | nWheparolthgeodiffeicnee El?ﬁipoﬁddérem/@nehqowa ¢ledtomiss, et pigerent he t wo

el ectrodes for. dividing the space into_snaller % Bo r%order to pr event
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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, [EEE 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
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1 WD 03/016993 PCT/ US02/ 26077 particles such as sedi nentation. However,
difficulties are encountered in the formation of the partitions, the
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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 addressébility 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



direction. In addition, the lack of a seanless, air-pocket free and

conti nuous sealing 2 WO 03/016993 PCT/ US02/ 26077 process to encl ose the
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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 design.
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 maj of 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



30 and Sally A. Swanson, et al., "5.2: High Performance EPDs", |BM Al naden
Research Center, SID 00 Digest, pages 29-31. In these prior art systens,

t he col orwefiBetdsss s achi eved by using a col ored backgroumrdTisvtr2eeii t e or
bl ack particles. The 3 WD 03/016993 PCT/ US02/ 26077 di sadvant age of these
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15  white states are possible in the full color displays 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 dual 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.



Figure 4D illustrates the highlight option of the present invention (top
view) . Figures 5A and 5B illustrate the manufacture of m crocups involving
i mgewi sew030/0pd9e3 ol i t hogr aphi ¢ exposure through phot omaskPCTRiSgue@37 6A and
6B illustrate the two-layered I TO el ectrode system 4 WO 03/016993

PCT/ US02/ 26077 Figures 7A and 7B illustrate the true white state of the
present inventiop, the to d crgss-section views. Figures 8 nd 8B
illustrate the t %%?‘é@?‘%?gﬂéuﬁ? a}eﬁ@eﬁvﬁ%tgétra&e of ﬁ\?é’ﬁ?sielg?r,w ﬁ(é“’ ﬁtﬁ%"l’ and

Cross-secti and srb&Wsctida vidvgur es 9A and 9B il lustrate the nultiple color

state of the present invention, th to d crqss-secti.on views. Figures
10A- 10E i || ust raFlguFFﬁéAﬂiér%%&E‘iS%te ﬁﬁ%‘?%&%%‘iﬁ&ﬁ’&ﬂ“ﬁ%@rea@% t9p | E
illustrate theceambithatvians of the active and passive driving mechanisns.
10 Figures 12A-12E illustrate an alternative conbipation of the active and
passi ve Jdri vi ngFigeeh2fiaadiB iiystrate fepyimderglermytataoiche mgeent YENPRGRE Unl ess
defined ot hgi,gerdsflsd-Rbsvispeci fication, all technical terns are used

her ei n accorpdi ng to their conventional definitions as they are commonly
used and under st bigdres 1GAGYE illwstate 8 Tldicten driving mechpiisbhe art. The terns
"wel | -defined", g Lak kg, i P- 1 -defined in
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scope of theephassent i nventi on enconpasses the conventional EPDs and EPDs
manuf act yred fropg m 11,1 ] i ke. 20
The tertrlnH"conven i g?r?gp%g? ﬂ%%%% g&{ﬁg&gﬁ%’é%?%c %g%g?%;d %tg‘%cagﬁﬂasstsﬁgom in
the art. Thddvieleethadjsheretic cells may be of any shapes and sizes, and the
di splays include, for exanple, the partition type displays. The term

"m crochannel " refers E%ﬁgp %MJ trophoretic cells
di scl osed in US Patentﬂ%‘/.&ﬁfsf@? , _ll"g(gN%(ﬁliT er m\%rﬁgir(ggup" refers to the
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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.



step to renove the unexposed or exposed areas. Likew se, the plural form
"mcrocups” in a collective context may in general refers to the m crocup
assenbl y wormpni®png a plurality of such m crocups integr&Cryushoveded or
joined to make a structured two 30 di mensional mcrocup array. The

di rensions of the mcrocup are disclosed in the co- pending applications
identified above. 5 WD 03/016993 PCT/ US02/ 26077 1. The Di sadvant ages of
Conventional EPDs (1) EPD with only Up/ Down Switching The EPD of Figure 1
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saturation of the red 15 pix with only the I n-plane Swtching
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di spersed mi‘geaitetmthe'Bbﬁoinaxfkmmnllll;lmld)ﬂletcbbr oétHesnédum @l. oy ed) (iseen throust,

green or blue). Wien there is VO ge dlffer nce .b tmee he_in

el ect r odesthe fdpdrangparens 0,93&%’5%1] fghé“ nﬂ“dﬁ%fcgn an 1’% ? '}‘ﬁg"h&tg IIH%L and
the col or @ﬁeétg@ﬁgﬁlctﬁggfé@ﬂ‘%& bhug galxelsr ﬁgatlygfeﬁﬁ&s e R MEhtiricHESTInd f@M the

top transparent openin re 1S no voltage difference between the
i n-pl afe epiret r odes, the partlcles are scattered in the dielectric 25
solvent, resulting in white color (i.e., the color of the particles) being

seen fromthe t80  ppp 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 the 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



transparent opening. This arrangenent of a colorless solvent, a colored
background and white particles results in a display |lack of a high density
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color of the particles) being seen fromthe top transparent openi ng. Thi s

ar r angenentargfgaaing ef solventfogelamowndiartcle pelotsarsts in e duty whitestatedvith y whi t e
state ""Bthuﬁdéﬂ%ﬁ I?essﬁ}q%nﬁa&@%hcomraﬂ ratio. Fi gu_re 2C shows the cells

filled Wwthaco colored particles (i.e., red, green or

bl ue) di sper sed Rifigt @Ushows ehertik gilled Rathef coﬂ&tﬁ:s@ﬁhid&vitﬁc&lb@@barti&@'(z there
is a voltage_difference between the in-plane el ectrodes, the col.ored

char ged par®d@rees orfplug) dispensed Gieraer The bpekgroupd of Bisicells wridackn Vhert Bereof t he
W
background s( b Vﬁltt%s glllfgiﬁﬁlcé @et@g&gh%ﬂl éfaﬂ«?h tepr?o&eg pt L E(?lgﬁ?]aacli’l%g %Qﬁﬁ ({%g en

there is no vo erence e 1 n- ane el ec
col ored parm]rgczit@m aither sidavf e edll andtihecdoedfabd badkgﬁmhdrem .» Dla€k s §deng i N
r of t articles (i green or bei ng seen fromthe

th | bl
top f ?éﬁspaﬁf% BARSPgTent tpakics e givre i e NBitaead Sesnes Pevsrn i edhr
quality. H‘f)‘l‘ﬁl\é%'iectre eshﬂ&kbo?df@& bir¥icle¥hiet s@at?etr@cfﬁrthg efgﬁgﬁ{lcggo‘?venﬁe lti Hl t,

the reflective display of this type appears to dirty ground
or a | ow délg edondf thepiréctes Gre.,itad tgnmnmnhhuearoemg sken Emgtjh@to@[ﬁransﬂmaeMel |s are

filled wth a .color fluj h, col or par i cl red, reen. or blue)
di sper sed toﬁgl?agnﬁlq‘hge‘%ﬁ @P&Wj e’rsr?é qfué”rys I&?ﬂ"f &L RAUEh AValits | s a

vol tage di ffi8f-20a€isRREWBRN Asherebilt, PAARAAIVRH pRARST this R LRpbAS lt@ﬁa\fé]agr ate
to either side of the cell, and the color of the background (i.e., white)

is seed5f r@lrmth@kgmndloaﬁmd@me Qf)reﬂpémmgtherEmmwreag in a high qual ity

white state. Wen.t her t ffere ce I

el ectrodes, t heei% Eigure ?Qsﬁlgrcguss%rgtﬁﬁ‘%&@vd by q.0909 e85 ﬂ‘c}%w}/tf gé]lﬂfe?l%&“il% (?eﬁj:

col or of trgeeemﬁtbmb aﬁ&gﬂse&therdi@drh@re@ﬁ?ro@ﬁd bf theloeReisReniRE Whéd Barelifg t op
t ranspar ent openr ng high quality black state is available in this

desi gn. | n velipgeedifferenprbstiveen thedn-plang clogiredssi thg paisigtes meigtate t githersidhef a
reflective tﬁé)ée?lr, and the color of the background (i.e., white) is seen from the top transparent
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 11 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
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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 iwopBan®swi tching, reflective color displays. |mcalusor/msopt ane
switching EPDs, the substrate on the opposite side of the in-plane

el ectrodes is typically a transparent insulator, which usually is the
view ng side of the display. 30 Il. Elect rophoret| c Display of the Present
| nvent i on Ereg@men@ntlblh astonztasses aclls ened Fomohiceochgickadndshe bke, aptietet i c

cell of the p ent I NV VWi l e onIy a cup-like cell is depicted, it
"< under st BBE° D ‘é‘%“"?‘?\téo%ﬁ%ﬁ% oS °Sis-\W5 03/ 016993 PCT/ US02/ 26077  pr esent

i nvention encong@asses (35 hd sniwidiedbétesn ey QLA ebstc thyth@2).1 Kis topnd al |
types of conventi onal 3D?ectro horetic cel Idsi)r(gﬁe cel | 30y%|§3 )sandvmoghed

bet ween a faypr @malnamﬁa@pb@ntmqm;r@ﬁe (@pyhowre Tb@bottma;}@fer EDhcansgs af
t d f 5
D et R s SRR I SRR S R B Y Bl 3L ©

| eft-hand $biten ekecliodd (33) ehegiotigén-pbBby cRooRNGL 6 themgmmmai slesid ode (36)

on the right-hand side and_ optional I%a col ored backgr ound Iag@1 (32b)
twei

There is aogta@laélw)wiqse%%g&uedﬂ%rﬁ )i ‘Hberp ishgandBdbior shratet By from
t he botto Iy (32b b t f th

el ectrode g%}gr%fe @g&) ((? 3t6) %ﬁs@g%‘?{;ﬁ%&ég%‘ieg%gt h % hgagl egt (r)gdeoloager ©
(32a). Alternat Thebyckgrdad layee (3B} anayde anetbp ef thesldchedd Baykg38endot ayer and

in this case, the layer 32a may be bl ac f oth ol ors Anot her
al t er n&?i vEhqven)y piagn H@a%éﬁ? 8‘%@%&&%’%5238 (}"ie{}ﬁPVe 8 har}’eb?%?r@al%\?ﬁrf’%hl ng
el ectrode, Iagglg g%gﬁggg{& ﬁp%&ga% Exﬁéi@asw thd13e IR ﬂlay 19@191 5'1.' ofTamérfeaidref t he

cells in F a clear; but colore e., red, green
15 or bl ue) d|eMeEMﬁxahsnMMensﬂ@BﬁxlmhbmnuwﬂmﬁwﬂmweDanEROGQwﬁdispersed
therein, and.the ack o or af e cells is ically black. The
partlcles ﬁﬂVdﬂﬁgBEQV? ‘“ﬁ@bé?? E?QWﬂh%gﬁﬁﬂlw %% he pur pose of

Il lustration, itrypiafs &H@@éilstlﬂﬂglﬁé@ alRAI1ddGli85a alesr, bROIdred 6l &, el aiapd
t hr oughout th| s application. The charged particles in the indiyvi dual cells

of a di§pl ayblmaydibkecic splven‘s(éﬁ)ewnh@vm@ Iperticdgs (39) (hﬁﬁer@déhﬁremoar&tbe The

0t il e PRSI LSl M SRR SRR o

the dual swesEReREHERAE. Bbl SWHulgdRe BATINEEIRS, # % 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
electrophoretic 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 scenario, the Whlte particles migrate

30 to the sides of the cells, the color seen through the top transparent conductor fitm
therefore is the color of thé background (i.e., black).



nove in either the vertical (up/down) direction or the planar (left/right)

direction. For exanple, in Figure 4A, the voltage of the top electrode is

set | ow, wod3b®I¥vol t ages of the 25 bottom el ectrode and trlea/tisaz/pdoane

el ectrodes are set high. The white particles mgrate 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 el ectrodes
are set at | ow \nFigged4C, wheh thhaoltage ofitle tohelectrode sisehightthoddtaganétleet at

hi gh vol t ages. | hi.s.scepari o, .t he it article ] gr at to.the
o1 des ot |+ et eciduR i EERS “Ba e il sTecBRESS S 5 bl S SitEise e itk o
filmther ef@tRldsSmishe £0thebof@dm i ehdRAK ImAHRGcéari8; the RbRS bF the R1i¥\Ce.,
03/ 016993 PCT/ US02/26077 In Figure 4C, when the voltage of the top

el ectrode ired, gagentor fine) iswsen by thegaewer thieugh drettopirensperanb eendugtos im 2pw, and

m ar at o5t o STRG RO SR o raee s THedht LRindR s 1 horBRBRhE T e

fluid (i.ewhitoReicl@riaghc geedhnEdlut Sclbandy hyeithBeattthera@ fo thbsiieghs §Hoemt op
transparent conductor filmas 5 shown in the red cell of Fi gure 4C. To
present a reHigKEr or fp Hefen (noggionm) dilbpfoaper ispuefeypd becagsg ¥ wiedlyi n t he
green and . j i own in
Figure 4C %?dh[%(l)tg? rl?g&?%g’y"(r %gﬁuﬂéﬁgg\?}lﬁﬁa}ﬁhg’k@% gﬁln%'?h% @'ﬁpl)?{)evﬂ glrﬁngwglgcause it
typical |y teshibloigh gives et first futledober FRD whadeiroall ¢dieu ifdiedihgidd preeiilse,t he

dual switchin de. technol o gi ves e first ful]-color EPD wherein all
col ors lpnclb&ﬁ%ﬁﬁngﬁ’@éltf’ Oéglb‘%‘rﬂuag%’lﬁé? a‘i%labﬂéﬁ@eaﬁﬁle\mﬂcé- of high quality are

available in th Vi I be of
%u%tﬁ@i‘?n&g, e’c}‘l?gz\;\(/ﬂ{l:r 1151@%6{69%1%?' Helo¢ aﬁ’f’?‘&&g{ : .,gcyfcég, 1ofEor

any' color (e.g., cyan, magen i nstead o nl'y used
bl ack col omagenta) awteabEthetdomnomily ssedfbldekgotoe. Bor ermynphe the ¢dlloadf Wigue 2 r ed

clear dielectric.saolvent wth white positively charged particles .di spersed
therein andi®H¥ @%@k‘ﬁ?%ﬁﬁ%ﬂ et el%‘fm? V%W@W?W&W@& SE;W_.geFIrPa’cT € case,
15 when t heipardd §ledsin %&Hﬁt}ﬁclt:%oﬁﬁlfcotl%f thdGe1vhdy8 GRIIBY. (th #18s casthe col or
of the particles) is seen by the viewer and when'the particles mgrate to

cover tlhe bdtendne pdrticlaemightedo thetiop, thowbite oblot Gie., texi¢alon ¢fithepartickes))isi s seen
t hrough the _transparent conduct.or. However when th it articles

i arace to LR o anes Ipare e e |CES R I Bolig ol e

t r anspar enteorR B iHetRédifihl (N%., Wd) 1s sB&h ArsipBdRe RinsphireAtdndddoft Sk erRades or
color tones may be achieved by using different particle/nmedi uni background

col or conbivhenitenwhite partieles ppgrete tarhe Bdesed tlegeplls, 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



whi t e/ red/ magenta, white/blue/yellow white/blue/cyan, white/blue/mgenta,
whi te/ green/yell ow, white/green/cyan, white/blue/ mgenta, etc. The

pref erredwoasiorasat i on to achieve a full color display is Wwartusopasri cl es,
bl ack 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 nonochronme display with highlight options. In such a case,
al | cel |l s viifth & belogddsigldighhaption Heor sraraplbaakighld having sthite partitless @ yellaw | ed

ith th | ectrophoretic fluid (i.e. . having t tj cl.el sol vent
Sol or 30 coiertHaceuRL e basthasterout ssitipkol By et ATRPR R & ol s
the sol Ve(';btdglié ?%lf&_epi%l astsF@wR il PRl AP0 Ficl) e WhaItBE Whate phiieR) atdul t he

backgr oun i's a color contrasting thé solvent color. This | i
ar r angenenittracsediisethertopfoewiagrelctoi Sleywhitmgsiler is dreene IVben dhevilite partigtys

03/016993 PCT/ US02/ 26077 , Wt col.ored hi,ghl i.gh t.L on., e, an
EPD haut ngUGRRERTY AT e ROt er O Yo Vst fobn b KRTER
backgr ound,icam diRLAY., Wheh TRSWhitdPRECIEE 4k attRRtedTO KRy iB-plime deatiodeehl or

pi xel as shown'in Figure 4D (top view). Wien the white particles are all

attract ed dithet side ohihevelbtheblack eelor isgeen thipughiihe Opaigvongiclecdeds. \Wien t he

white particles.5 are uniformy .att. ted. - bot ; , the
yel | ow colllﬂi‘fer‘ingdlgtgecr?ﬁfrﬁ F“&ng%’ R%%%{eééﬁl%yﬁgwie%g&%@é%&%glg@.e bﬁegﬁé ?ﬁgeg'\/\hi te
parti cl es pGghahly @slreble fentief hithRERneapsiiBgtin adg pixels «fithdidisplsy den lof  t he
cell, the black color is seen through the toP,v_i ew ng el ectrode.

| nt er Méli aeelized|byrusingrthe dnal switskise Breshamsm g tisiny prifisto griye ¢y &astt o

I nt er il drdo ! Fecd .
i any. pi cepe i Er R e PR RIR U B, B s S ohi

mechani sm dckbfongd.i nvention to drive a | ow cost nonochrone EPD havi ng
pre-sel ected colors for the g)grti cles, the sol ve.nt'ﬁ1 agﬂl&f he. backﬂ ound. In
sunmary, the EPDssugmaryeths FRDsof theRresent BeRtiqnnvith the firal sW{ghmePRYe $ide can

provide th ' : I ioghy ' h @donbEBmand a
nmonochr on'e& fg{@‘%&@ﬁ#ﬁpgﬁ?@%ﬁ%@%@%ﬂggggg%:l F§1¥S§E?1315 Sﬁ‘g pi xel s of a
nmonoc hr o neERDsHttalyighlight lcoloPeagbilay irnanyafixéts efa mopbadremedispliyl s of the
Present |nvention The m crocups generally may be manufactured by

m cr oenbossi ng or photolithograph di s¢losed in US Serial Nunber
09/ 518, 4881H, | eBreparatiomof Blegéropbe ells of theRresent Inyeuiion

Serial Number 0’%167 %%crgglﬁ)sfgieﬁ&glbpﬁlay be manufactured by microembossing or
photolithography as disclosed in US Serial Number 09/518,488 filed March 3, 2000
20 ' (corresponding to WO01/67170) 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.

III(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 the resist 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
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February 15, 2001. While only the cup-like cells are illustrated in the
figures, it is understood that conventional electrophoretic cells and

el ect r ophwoaBiotee®l | s prepared from mcrocham els, m cro®crursnz2@nd t he
like are also within the scope of the present 25 invention. 111(a)
Preparation O The M crocup Array by M croenbossing Preparation of the

Mal e Mold The nal e nold may be prepared by any appropriate method, such as
a di anond is ﬂuhmoﬂed)@e@ﬁa layeraf photoossizs kst exposaked Y 0lAl maskds placed bétereret chi ng

| ect | at ' th | d. |
Che i o HBY BV Be e e RriSTRER e S B BeaR Pl e SoRSTRBL e ag
el ectropl gf} Cdé?r Vg%@m?e%xfﬁ erdoa?éﬁtakéqﬁen ?en%v%a%y%&dg&heﬁ Q&Hﬂiﬁfa?ﬁrdf#ﬂh& a thin

| ayer (typl a seed netal such”as chrone incone
03/ 016993 sBEz’EhUSlﬁv’lﬂﬁﬂﬁﬂng hardemdrphowms@a isydried @dlsab}'@fe(bagapihmtblﬂé@inst and

exposed tq UV. A nmmas | ac th and th r

phot or &si slﬁyer?ﬁéeeggﬁ feci‘“%r%%? erd? ﬂéeagﬁé?r Efﬁ%‘gfv&mﬁg%oﬁéy%%? e%%%al The
unexposed \Ab8as eflcholdifiing BHRKEOcIMI VARG vEIREMite Whdster 3ih BERRAPST Htle]

sol vent. The remai ni ng hardened photoresist is drjied and sputtered again

with a thity dedtafemiog oseeciratess aickelidapopition as desstiberkin ‘(@abPuTUSy

electroformn A.t |aI S N kel
cobalt. A& %\Wj\jf'éay(sj)fl“{nhcéwﬁra (tzlgéli ﬁéhl; P%%;M %ﬂ%@%? Eff r o?or m ng
or el ectr ofiqeof tHeGk6ld idlBpaslly| b@tﬂve@ﬁ ab@a s0itbado imicrofothidln Ukhesmastaad act ur i ng

of thin cover sheet optical media", SPIE Proc. 1663:324 (1992). The fl oor
of t helOnpladsa e mgds esing whmmgmmg @W@l@@@clﬁﬁ@g STRSAMNENNG, ¥He nast er

can 10 als chﬁrgg nggﬁlcléls%tn%ngtlgseerf W %F" P]h?l?errfe?%cg &S RNCAHES in “RepHA Y

e- beam wri % cRem & Ing, laser witing o aser
interfer ert@ﬁnﬁl@eé@@r&ﬁicb@—dpm@ "'SRH’EI}i’mat:iOGQ 76t@0(h99’@uedslteﬁ~mt1vn1yctm-quﬂi cs",
SPI E Proc. 3099: 76 82 (1997 Alternativ can be mad

di amond t UieRib§gL P&gr ﬂstheafgiﬂagg piiag %@?%@W OfrERe gﬁl% The

| e-
mal e-nol d thus i¢ a%%?ﬂ%ﬁ%sgﬁéﬂé% (ﬂ?ﬁlchE}gBé bRASoRANRER MBS toBd00 500

15 mcrons, pre et we m crons, and nost preferably
about 150 tm1c5@15 meﬁarahiy betmredn aboutibeo DO anyroak;aapé nhask prefasaiiy abeugl&rte 500r of

O OO e T B shie, POPLBL Aol FAchgll e, or, @
i's preferrgadiq (4 0 in'tRe 8RR ¥ k1R a W1k WralthBet! ¥k Bontinuous 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,
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conposition, the nold may be treated with a nold release to aid in the
denol di ng 20 process. To further inprove the denol ding process, the

conduct orwDioB14yay be precoated with a priner or an adhe®Caruspz/ewot i ng

| ayer to inprove the adhesion between the conductor and the m crocups.

M crocups may be fornmed either in a batchw se process or in a continuous
roll- to-roll process as described in US Serial Nunber 09/784,972 filed on
25 Febr uaryinyBthep,Gpoxidetheih eligdmers os pelymefs anddharlike. odubidssitiogalmendatss, a WV

curable resin.,is t.ypicall coated.on.a tra rent. patt.erned conduct or
fiim by i s elinéR et Rt BhERRs A fOMBRGR Ry BREoRd 2PPHEE o1 ot
coating, shida sRBifiRdiondOEHAkte M ASEvEPIEEMDiodBick b edidakR phydibe: conduct or
filmis usually prepared by sputtering coating on a plasticC substrate such
30 as pol yeeplAniabpropeidishit Bag HiVecurgde tesithpryhedegapiedipaioe to dispapaingang
pol yi m de, | Ly ol.ycar.ho he radiation
cur abl esdma ggﬁg?fg%as &%813%{1{ %s%lﬁe%rt rr?ﬁ%% éog???%,aiggre?%net,rr%é& a’%ﬁ’%@ﬁ%‘sor, such as
mul ti functi onal Thefadiagiog corableahitadilyoated on thelco@uidf AheS@3 et US02/ 26077

vi nyl et her, epoxide, their oligoners or polynmers and the |ike.

Mul t i f unct Febessedly heanals mokhandenpressuei Hohemsleapaldinmeiabia ansrarpars.ed. A
conbi nati o Ul g f : i pelalel 4} ! | ate is
al so very {E:xg g U C'ltEBg ﬁaﬂ%#g\%dtgggﬁlgg%ﬁ%ﬁysi cooﬁrhec aﬁr?lic];:fg@%{ﬁ&rﬂggiég tt?g{su%é The W
cur abl e r eticesimyCoevetketys slseiajproald chobelirsmppashngndahel corlluowy opti onal |y
contaiﬂba g | vent. The_ solvent, if ﬁresenth rﬁggily evaporates. The

radi at bn EHYEHIsEaleR PP Paqisde i asHnicHadiabom e Xy K igdiakgn.dhs
embossed byl fen TRiaB1RAE I AMESmE BFS4HEE: Th nlallemBR i@tﬁéﬁlraeas%d%h@{q?' ¢ and
opaque, the conductor film substrate is typically transparent to the
actini c rasiicxoé¢ups forsed. t o cure the resin. Conversely, the male nold can be
transparent and the conductor 10 fil m substrate can be opaque to the

LS a0 i e e 1o curanl

fromthe

i | (] __f 4
m crocups for meghe gHckélthofapHa hadce @ FoPhrehiatioe bPthAtisdchlY altiPls @hdkRapr aphy
The phot ol ithographic process for preparation of the mcrocup array is
shown 1 HBumsgdy sl and 5B. As shown in Figures 5A and 5B, the nicrocup

array rmay be pr gggﬂ&gn nyFigures 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. .SA, 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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exposure of a radiation curable material (51 a), coated by any known

nmet hods onto a transparent patterned conductor film(52), to U/ light (or
al ternat iwelog/ootsber forns of radiation, el ectron beans amdTiuse2/bdoke)
through a mask (56) to formwalls (51b) 20 corresponding to the inage

proj ected through the mask (56). The conductor film (52) is on a plastic
substrate (53). In the photonmask (56) in Fig. 5A the dark squares (54)
represent the aAé’famaﬁpdg,uhe'expctshe qaadiedbnoby plpingfledphcodadhmdspasth (55)

bet ween th dar tst e ra tra aren area. The W
radi at es t §u$%$HEWF%ﬁQ H?Brﬁ ﬁ?‘%ﬁ”ﬁ?ﬁ Burabl e
mat eri al (ﬁ&na?hren%tﬁ@?&ﬁﬁhtioﬁxﬁv@léh h%df&%)éﬁdb%%fed areas (51b) becone

y

har dened and unexposed areas (protecte he opaque area (54) of the
mask (56)) are ifheﬂpmerms\pédlemy:r@nmpapmp@mdlaa@oedmeItwﬁmtm@hoctseimmer to form
the mc S %Mb The.sol vent or eg oper IS selec edf m t hose
comonl c}’e 3 b oA AR S d e alil%uﬁ%rr TREOTaL 8T A e aB?Jr erial s
such as rreaﬁwlbem)éhlt ﬁﬁ!]gs kzldre@ml y BER ERRR in biBIBPoARBROE aqaightdworl i ke. 12
WO 03/ 016993 PCT/ US02/ 077 ternatively, the exposure can be done by

pl aci ng theatwﬁa@e%wn@ﬁwlﬁkdnﬁmaamegé eswgbleteachanicalprepestiesr ate. I n this
case, the I t di ation
wavel engt h@gg%gﬁérﬁfpf eﬂf h(%g*&ﬁ{b'l‘ﬁ%s ({@%m%gs e %}Ee%agn‘ﬁ% ?:’r%%:%(ps p? é%ear ed
accordi ng bmcmi‘r&)pemhgods descri bed 5 above maybe round, square,

rectangul ar, hexagonal , or .any ot her shape. The partition area bet ween t he
openi ngf% is pr eF%“rrégP‘i}l"l?éﬁ"trgﬂlﬁ?rPuq Wsﬂﬁlﬁe?hetq}m%%‘i’lé‘?%eaﬁ mErded| or

saturation o) iy Qi b I Qperties.
b auen: TEISRANRE Bol 0L G TRLANA. 0 DsHROHIBEl G TRERRIT Rb R8RS
the circul@ropeitiRgo’ L8> Foke dih 6EME cRb@slis aPie taldeGrabsR!5ay abodthe

di nensi on of each i ndi vi dual m-crocup nmaybe in the range of about 102 to

about 1x1080hmicrarsepraferbbly ffonpabadlto a@m%nmmmﬂ Thelg@sning to fitegotdbpt h of

the mcroc the [ to ab 200 rons eferably
fr om about %ﬁ% ratﬁso EQLI)%I ]?fgu%%? go 18%35 81‘#1%; YehP rlllbc ltl%ng pelly B}eﬁﬁureda@gl? ratio,
total B eawhRicagedeking® rasgd dfetor®bban@.05up adelﬁ|OlB$l peefavably SromR aisdti el f rom
15 wall centers, is in the range of from about O. 05 to about O0.95,

pref er abl ytorabgr @Bout 0.4 to about 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.

III(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 3‘,668,106. See also [EEE Trans. Electron
Devices, ED-24, 827 (1977), and J. Appl. Phys. 49(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-norbornene, 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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The col ored background | ayer of the cells may be added by painting,
printing, coating or lamnating a colored |ayer to the bottom | ayer.

[11(c) Prepasardsen of the Suspensions 20 The cells are fi lPcadsaz/ede7Thar ged
pi gment particles dispersed in a dielectric solvent and that m grate under
the influence of an electric field. The suspensions may optionally contain
additional colorants that do not mgrate in the electric field. The

di sper si ontnttmyorb‘eennoeﬁhmdde ahbwoptinteglvoo-hetzhoe slickddrbnd@oan | n the art, such
as US Patents Nos 017, 84 5 573,,711,. 5,403 380, 362,
4, 680, 103, P%a‘&ll%ke%&e @@@“8%0450%‘2@8%‘ E%%)PGTQH@OQ °GB%; 1Y Borgigludiec, ) e

Trans. El € pLFRBroxkRE CraS43! BEE 24, an82C- 60607 Hm 3andothpARp|St. Y MNAB9) : 4820

(1978). Thé dielectric solvent preferably has a low viscosity and a
dielectric rrmmtaamelghﬁ halojgen eenigjpingfpolperrs suchtag pab&mrﬂwopwk@ﬁ &Bi99) about

col vent3 1 AerRE! AP BHED EodRabots RO S ne FIL AR PRGEeRY) ' ©

S-ethyli demrs%rdwﬁlawcmaﬁ Prédifct Toy.,| BiverBdgf NI pefhloropdlysiiyieinershydi acar bons
such as tol uene, xylene, phenylx Ierthane do ecyl benzene and
al kyl napht ﬁhﬂ@neHTr?aQOog@hﬁlp lglslfm@m’\@ﬂmlhoragryt@ﬁ OH5 snd asrses Kiflyidor i de,

3,4,5 -13 f_lr 1%9[8;’6&’9'41&&%{ %f%eopﬁgfﬁ{éﬂeggh%@%ﬁfm rifluoride,

chloropent 1'tor 0  benzerie ’or obenzene, and

perfluoro gelyenssiriliviodsylae)id wedas &xeahelecmpeaslfvbmo ﬁmhnﬁthﬁlmeferred
perfluoroxyl ene, FC-43, FC 70 and FC- 5060.from 3M gonga 3/ Paul M\, | ow
electri solvent

mol ecull@r WEbgAImaREoGEPedBpioRTaYiEe 9aldgnisrused pihe
poly(perf| Umo”[‘ﬂ@%x?t?%ﬁ %hg@aggg{?& dﬁ% rgﬁgrgbﬁé‘ NBHfoﬁﬂc?a{}@’anQ egon,

pol y(chlorotrifluoroe Qs from Hal ocar bon
Pr oduct Corapﬂlraqlalrmae d@hgae p&ﬂlpukadyﬁrlsa:fur dpcinyaésoflvetfnbdgessudhdadut Ganden,

HT- 200, d. K Ql K- Fl d
Ser o' f 1 MBSOV B ERaT S udAn R e B LY GOl BHboteHE Blie Sotveri
pol y(chl o ééfi Ia%?S{}th%”&ﬂ(ﬁaﬁdﬁ%lﬁ@fa%ﬁém@ﬁ&hlﬁﬁrﬁ@ &NArizbiih, anot her

preferred 1 |nen pol y(perfl uoropropyl ene ‘oxide) is used as f he
di el ectlfi c S$rdim/Bhrt:k B frive Addrich, mmlmalmxmmm apthrasjugnosat s.

oot i dyoBienaittmatingg Selll? R s R 1o b iR <O
Blue, Gl @ls%m DA@&(&' Pludsidated d3eb MR PartidBllay vdeful whb@ﬁbrmbﬁh&te&@w&n@nd

Fast Spirit Black from Pyl am Products Co. ri zona
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 pzrrticles 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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15 Sudan Black B from Al drich, Thernoplastic Black X-70 from BASF,

ant hr aqui none. bl ue, anthraqui none yellow 114, anthraqui none reds 111 and
135, ant hwagaion®ae green 28 from Al drich. Fluorinated dy@STarse2/26077
particul arly useful when. perfluorinated solvents are used. In case of a
contrasting pignment, the colorant of the nmediummay al so be dispersed in
the dielectric mediumand are preferably uncharged. If the contrasting 20
col or pi gnemge pfd.05-Q mirarse Thepagmiss shbwlgi hpveﬁ@mtblbly optieal pharactastigs, whi ch

IS opposite m t hat _of th h I
both the c&M H;\% tibsgwolrn Pt S%ﬁeﬁgﬁ’ﬁr %&5 g‘%}%’%}to{ﬂdgsbgﬁﬁ%ﬁ a’irniﬁl gegar ry
the same chaggernt P&ﬁltﬁl@%& nﬁeﬁ%msﬂalfsé B¢ §Hble GhARER cdigftBidiin Odredhing ©F ent

el ectrophoretic nobil dyes or pignents used in EPDs rrust e
chemi cal | yﬂetczmltﬂtmnamdemmal onﬂr@uwwhdkﬁph%r conponents in the

suspensjon. The_ gchar I’JITB.I’ Ies re and
may be drganic & en}lgfggﬁgmg@eﬁ %}ﬁ £ nflﬁﬁc}palrgg ?R‘W’& r%%nt

particles ggficufething JE'@JYarg‘@Uor@@l §g€n‘ﬁc‘dr(ﬁ€hyf dcqm@ﬁlbmgmamsmendmﬂmthe
pht hal ocyani ne green, di ara)él ide yellow, diarylide AAOT yellow, and 30

qui nacri do d@lecmowﬂﬁb dSwianis chege qoatiel %ﬂeg‘ﬁ@ﬁft wel kpewn fri %aguﬂwmﬁ Real

Hansa yeI I artl from
Fi sher. &y{ﬂ Oglncz)ré"pggq%%‘lg]mérgﬁ*y I'n gﬁbgﬁg@ﬂ%&%ﬁg{fn?m crons, and is
even nor e EHrﬁif irfiblayitsi shcli HﬁA&%sMD%oGﬁ&Q@&eEﬁﬁéﬂiSﬁé’s’u%ﬁﬂé, metahgapyf 0. 05- 2

m crons. The particles shoul d have acceptabl e opti har act eri sti cs,
shoul d1®ot Pbb’g e $1@ﬁ1néimd§0¥ﬂta@ﬂfe%iﬁll§!9n@%@mwﬁl%&tvﬂm 1%?191’053%35’5 houl d be

chemi cally vin p%oﬁdo&@&po?ﬁﬁ%r%&g ERENEL g.lﬁgﬂﬁ?ftloﬁé SHebRIty Pableisggal nst

sedi nent at i cream ng-o I*occ at| on un nor ma operating conditions.
5 The m gr @heth@cwlgmerd cqpatyniars,end RY-dmkttylaninoeibyli(wetiyhaygte or may be

charged explicitly_using charge cq h
when sus pe ReRAIYIErs; Feores a%té"c'“isl E%P(‘}’é?ifﬁ)y u%a*ﬁtaéﬁlilagrg% ﬁ%#bogf&%ﬁreggﬁ SQZL? g
are well g@fﬁﬁofdelmtb'aﬁ sBfvents! TBYse TBNuBERC IRLYINBFAGaRS st -y RS, TEC-i N

nat ur e, my a be ionic "or non-ionic, including ionic sur f act ant s'
such as5 Aeri@l;,(HC OTg, Mﬁﬂuﬁ@é&ﬁmﬁyﬂb@ﬁﬁéﬂe‘siﬂw@nmpmy aﬂitétza)lll}’}soaps 10

Copol yrer o ToGRiregyts Sieha remEbphy e Tesaen A kg PP EEBMd i ona
Speci al ty PRroghmiupont(meth)acrylic acid copolymers, and
N, N-di met hyl am noet hyl (neth)acryl ate
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 several‘
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 Sedimentatibn or creaming of the pigment particles may be eliminated by
microencapsulating the particles with suitable polymers to match the specific gravity to
that of the dielectric solvent. Microencapsulation of the pigment particles may be
accbmplished 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 evapbration.
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copol ymers. Fluorosurfactants are particularly useful as charge controlling
agents in perfluorocarbon solvents. These include FC fluorosurfactants
such as PEOL30G99FC 15 171, FC- 176, FC430, FC431 and FC 720Tfusere@® Conpany
and Zonyl fluorosurfactants such as Zonyl FSA, FSE, FSN, FSN- 100, FSO
FSO 100, FSD and UR from DuPont. Suitable charged pignent dispersions may

be nmanufactured by any of the well- known nethods including grinding,
mlling, attriting, m g:rofl ui di zing and ultrasonic 20 techniques. For
exanpl e, pi gnenidI(darKillad d Seal rogups ne powder are added to the

suspendi ng sol vent.and the resulti m xture.is:ball | ks -atrrited f
several hours @ﬁgﬁlﬁngﬁeailﬁg pﬁqcﬁﬂl%e/s 459 %%Fg%rg%e P{?e%élhggrgﬁéh%ggﬁér ei nt gr
primary paggisehHaNumpbA0IPBMSReEsTRpSidENE BOAWCD1h7e 70y andi (g8 atial Number
generating color of the dl.el’ectrllc sol vent . nmy be added to the suspension
during t he035a84,9%3 teferred to inthe psevias sertipnfthe distlorirss oLVRIGHRA Ry of the

pi gnent_ particle .be elimn . . m.croencapsul ating the particles

wi th sUl _t%F%P%f@%?{?nﬁx1%*‘8?8%%“&@“2%%% ic grav!oty to ?hat 01I‘O t he

di el ectric sol VgRtr th¥nfit:0ensans flled with anklechepipirgieiiiid phey irlsesledm¥hdhe
acconpl i shed chenically or physically. Typical nm.croencapsulation processes
i ncl ude i enitioat sten of sopbng pthp PHETOBHDS ey, R 3cgomBhished in 2 i OphBSe

separati on 11002, i 4 B bR iui di
ped coat | Ny KRAS SBYORHE g daBlep R ol bl ComAR AT ines B S Sl S ol zed
111 (d) Fil¢dogistipdchaegddipigmet pattieldvldispersad s a badotfeid|di¢legriapelvendallbag

proced ;. d ibed in th _ - . , !
09/ 5isf%S?s@{a&eﬁ%ﬁ%&fmﬁ%ﬁﬁﬁ%@%gﬁfﬁ9%9%%}@%#§Pﬁ?\ﬁt?n%18 2 00f 764, 672
referre i .sect | i -

ngﬂﬂ}asw}gnd? Egﬁﬁ?%ﬁg,rleﬁfééﬂeg) Ql?yl#r?ﬁte@b@l‘]bﬂ@ﬁt%@%d&% ovRicefaclste,5

i ncor porate rern nce intheir entirety. After the mcrocups are
filled witéyaataeylewsmipalet vinyl inghuding tieylberzens gandelangeénylethet i cal step

of sealing of the mcrocups . be accompl i shed,in f A
o g eSSBSt AP R R st

el ect r ophog &l dlinEBIPfuhidHal £0apderhairgHarbldamijositon idimpiciéd in a
colored dielectric solvent. The 10 suitable UV curable materials include

acryl at®s, W{i]tlhttlllmd:iﬁlplbmcsslvesT gnddr:@@,a speopfimgraniby Ioyves thandhe offhg adi ene,
i soprene, cryl ate, .po t I et hacr : :
cyanoacryl ‘glf‘é%?r’%ﬁ%(&?%%ﬁ%’Jﬁ%@qme?qﬁ%fbﬁl&\f ﬁ%t (gllel(rg\{:/ e%zen-e%ﬁldxe}%ﬁ%glsqe%ne,

vi nyl et her 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 coatihg'mechanism 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, isoprop anol 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 Visqosity 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
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pol yval ent epoxi de, polyval ent isocyanate, polyvalent allyl and oligoners
or polynmers containing crosslinkable functional groups. The WV curable
conposi tiwo 381499311 sci bl e 15 with the dielectric sol vent @ad/usay2@7specific
gravity lower than that of the electrophoretic fluid, i.e., the

conbi nation of the dielectric solvent and the pignent' particles. The two
conponent's, UV curable conposition and the el ectrophoretic fluid, are

t hor oughl yhyldteasbeds, perfuore Belvente sudhes pedhdroathedfratneAysimont, &dlyemitn t he

m crocups _ W th a precision coating hanj sm such as rad har,_ gravure,
doct or bl dfat Llgvars candgheir AgTeHivey | ur%etémSﬁﬁ%y tsiedlo %EFPH@B@ Rt by a
W per bl a%d%et@n%étr{hé Bter fIRY bEreef theIRopASRHO Tu RN and tNE&TIROhMRRa1OT

sol vent m xture such as %ept ane, |sopropaP|oI and nethanol nay be used to
cl ean t he Swiicduslinghéethedfithorfatiantstfram dVbGombany, Zpngftfoacsmriattants Hem

partition I f the mcrocups.. Volatile organi.c solvents e used to
cont ro!5 t]ﬁ@%isf&%?atcwlﬁtﬁﬂ f@@(f@?ﬁb@rgﬁteﬁﬁﬁ%ﬁ’%& SPﬁﬁ?ﬁg & i"f}a’i‘lgﬁ%laﬁ’ SThe
thus-fill e b 6850500 HnénhinArsdkiBdadiaddiBeikNedritiabd € conposi tion
floats to the top of the el ectrthoretlc fluid. The mcrocups may be

seal ed by curi njlterhatively éhmeleciraphorvtie dpihind thegeating gracaggonmaybe éifled | t

floats to the t.op..The WV.light. or other forns of..radiation.such. as visible
ignt. 1 R Sentialintg fheptisroctal el o iR R A LR S 1 Seal

the m crocyasursoNid gr1eat pmahkNy cm%tﬁbwwn@usetdiélegtﬁaxommo Thesahpbayggdor o cure
the sealing layer and seal 30 the mcrocups, if a heat or noisture curable

conposh® i dhe micraeens. may by aqcemphighed by pyeispatieed bit layer of seylipmatesiad bi ti ng

e LR AR el SO T PO R SPIRS) oRfihlf Tonoers
hydr ocar bawsctiope b khesuefas©bMba fitles tddroampsp dfdldtile brahicanbrchtsamybesusednt |

Italy or Du _Pont, Delaware, and_their derivatives. Sur a,%tesgnts may dbe used
to i mproveCEASHARFECEHY sddhabickngy ofthe gpatings SWhek & Vet enhis use

el ect rophopefd &e@édﬁit,gwl@@get%}?é‘d e isﬁ:ﬁm?f?éiﬁfeivﬁltm e d%i'écftﬁ&%cﬁ%lﬁ td f&‘c}l{ﬁﬁf the

FC surfactants from npany, Zony uorosurfactants fromb5
f | uor dacr ythatlesee 6f mormiehp betwgbmthesealfnguoyan-and st él¢attopholdetin furih din

al cohol s, rflyoro-sybstituted | ong.chai n carboxyl.ic acids _.and thei.r

deri vat | veTiaedioedhs Jearse ok nEraidet igp RSB SeerRRIGIHR: HHrcPPERC SR 6
precur sor fRY%vGEodtinkli€ienIRAMBNbIRE htn ki Of QLGP IREFHRSIHA. Bh BBt
interm xing, particularly when the sealing precursor is at |least partially

conpat i bl epeniling pateat dprdicaiien, IS Saial BumbeTHU874,89%k Hehlunedg, 300110 t he

matc ;?icglps tﬂgx)(no%?asgg %ﬁ%ﬁe%s eaq’e e igcrlgsoe%talst I?re%erzllleﬂ scleaq%l%rmﬁgrieﬁ.e aling

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, o.-
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), po1y(styrene—b;ethylene/butylene-b-styrene),

poly(styrene-b-dimethylsiloxane-b-styrene), poly((c.-methylstyrene-b-isoprene), poly(o-
methylstyrene-b-isoprene-b-o-methylstyrene), poly(ca-methylstyrene-b-propylene
sulfide-b-a-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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whi ch is hardenabl e by radiation, heat, solvent evaporation, noisture or
interfacial reactions on the surface of the filled mcrocups. Volatile

or gani ¢ swbwafi®9my be used to adjust the viscosity andPChasotie@kness of
the coatings. Wien a volatile solvent is used in the overcoat, it is
preferred that it is immscible with the dielectric solvent to reduce 15
the degree of interm xing between the sealing |ayer and the el ectrophoretic
fluid. To furtAesmabalsentbifscideotyeeerohtiomfodioniedibyd ]V ictmhghdmi teh youwdwsi r abl e

that the specific gravity of the overcoating is sj frc ower .t han
t hat of tWé%b@@ﬁP’@bW@ﬁ‘?aémglpEﬁcﬁss IIHteETHBﬂ%g t}?{é%fhf%@ﬁeﬁgf’ %%%V‘?r@&flr on,

US Seri al {3@ Eﬁ%’!ﬁéﬁﬁﬁﬁﬁrg :pr%gseﬂl’ég%élfon%%én of&mﬁr%ﬁk@ﬁa{yé&tﬁr@stoms
have been di scl ose referre eal i ng materi al 20 Exanpl es of
usef ul thentema&:ea]sy interédcind polyaresizativgl. Ukhe sdaliry lsd‘h@n qompldzte@b:kapostwuhng- bl ock

copol yrrers rep e.forpul as ABA or whi ch s styrene
P et Ty S5 Brecoramy iy QY et st B oo s Re rogtredt g

i soprene, d%ERar 'w%@ﬁ the @feqrgéd'%% 1ea§>tlﬁaytha@1§z%ohﬂﬂérﬁtthemeﬁhbmgfe@m@br pr opyl ene
sul fide; and A and B cannot be the sane in the fornula. The nunber, n, is

> 1, preferably 1-10. Representative 25 copol yners incl ude

pol y(styr ene-b- Iﬂl@h@ﬂl@&t@p&%ﬂlﬂ@ﬂﬂb- but adi ene- b- st yrene),

pol y(styrene- b st

pol y(styr ene- b- %fﬂ%ﬁ él}l%l‘ yﬁfs are, ﬁ%:n l%mmated with the other electrode film preferably

pol y('styr eggh bn ddHeeiveYiyel. Suidbee &&h&ﬁlyé ﬁﬂ&‘)nals include acrylic and rubber types of
pol y((a met hyl st yr ene- b-i soprene),

net hy |16t yrispisuts-sesgpye adepives, fEY ﬁ\}ﬂa érfﬁéves containing for example,

poly(a-iet

pol y(a- rretr%étﬁéxyc?@r}%ag )%[t %élr’r&{]g?sf g@ﬁﬁﬁﬁg &%ﬁ%&?%ﬁglﬁ}rﬁgﬁ)? h%Addr tives,
such as sidurglfe pétickives g&h&@@psx,y pabustiiae andyyhwacrybde.t 0 | rrprove the film
integrity and coating quality. 17 WO 03/ 0%%993 PCT/ US()th&}m’:fgj)1

Al ternatively, Iprﬁ“éﬁf‘ﬁ’@ﬁﬁ“%@f%‘?éﬂ%&f’?ﬁrﬁ Birate GRyalpn 1 FESHRS been
found veryy, Qfﬂ@ﬁ ol Blonk 3¢ TS oRER! 1LF RcREESS 0 alsBt %ﬂh&h@%d&é‘é B8R t he

el ectrophoreti a er and the overcoat, IS srgnr ficantly suppressed by the
f or matlison méchanishi a:ndbthe tapesledtadeyrin dltis ‘schaeano ns eefispaeenby i nt er f aci al

pol ynmeri zation. The sealing is then conpleted by a post curing 5 step,
preferably ‘8y di at L on. _ 0 Ercoati ng process is

particul ar} ¢ Jperg = . g% ast partially soluble in the
ther moset precuns@y - Paésivﬂa(lﬂ)atﬁa@m natr on of the M crocups The seal ed

m crocups are then Imth the other electrode filmpreferably wth
an adhesive | aydy. Sflectiotle itdDesienmat eri al s i nclude acrylic and rubber
types of

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

2\0 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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10 pressure sensitive adhesives, UV curable adhesives containing for
exanpl e, nultifunctional acryl ates, epoxides, vinylethers or thiol-ene, and
noi st ur e WO 0BeH993 cur abl e adhesi ves such as epoxy, pol yur @Charse2/26ed7
cyanoacryl ate. In one enbodi nent of the invention, a substrate containing
thin filmtransistors may be used as one of the bottom |l ayer electrodes to
al so provide the active driving 15 nechanismand the top electrode, in this
scenario, is transparent. |1V. The Operations of the Dual Mde Switching

| V(a) Passive N2)rixDfitingHiedng Sdeuedicesuit Design Figure 6A is the side
view of the two:l ayer SSi Vv trix.electrode circuit 20, desi Fi gure 6B
shows t he topmﬁ%&ﬁétfatg%wafwng? S 13%1%%} TPy SPHgRPSHS gorggg ig;élhs f or

dual - mode. ;ofliRishfdl d onkBON bREELEABENG REE pbatiVee BhaBel While bayieles (61) and a
bottom |layer (62Z). The horizontal bars are the row el ectrodes (63) that

are transpdsmertedand clegncolpted solyanttdieusedp of the cells. The bottom | ayer

62 ' i.n-pl | . : .
of 1 hescel 1. ortb Sk Ff i S BEAETLy I Wbl hediBaib 9A00 1 A
el ectrode defB)edRllé BEpiklg Mithndits oppositd inethat 6f thaparticke o hetwden t he

i n-pl ane el ectrodes and between the iIn-plane el ectrodes an& t he col umm
el ect r odespartitles wvead whilecchergingrthe hettans golugy dectiodeni@e) ardhide fsPladen col um

el ectrode, W 3 : | i Y I 18 WO
031 016093 P 0B BEHIE PR FRGIRLGRE R MAIURE TR SRIRs ffE ot Vg
dual node thwkdpciandgareht dondsctoriugdttbyahe vielvert r ophoretic cells conprising a
common bl ack background and posiLiv?Iy char ged 'tﬁ par.ticles di spersed
in a difar col ofigires/d} pehe crapesstignal viewnok g prrayfiiclls frigh ‘%é’?iorﬁga@%nerat ed
by chargi ﬂa% : ' with
polarity gtgﬁg‘??t“gﬂ? P %‘?né{vtw}aitgﬁ E}{eq?ﬁ% part?%}hé%ﬁt%g%ﬂ?%?vteﬁ ﬁgﬂétggrlbtf ?%?I)%ggiupwar d
whi | e charthe negulting cobrt(om white)imseeh diotu thédsp (B&)ghathel trarpaient girsinetor

een { hr ou@H (oh gy EFaRe gaibie TbHua e Tabort 5f° Sarige Badfe Tyt gure”
7A is the gress-sectional view of an array of cells, which denonstrates
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, a 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, resulting in the color of the background (i.e.,

19



the true 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
t hrough twe osnasespar ent conductor film (not shown). Fi guP€TABO2/2600he t op
view of the array of cells showing the true white state. 15 A true bl ack
state can be achieved by, for exanple, a two-step driving process. In the
first step, the voltage of the row electrode (63) is set high and the

vol t ages Oflatd)Deingabeiifosl tRE topati@sdsnt candhctdrdilinEigure 3Bas ¢hesbp oievodies (64)
are set | ow aresult, white glartlcles are first attracted to the
bot t om of ﬁlﬁéﬂéépféellslsho‘f’%@ee%% agf gt the voltage of the in-plane

electrodes 1S SEleoldh eg]ere}ierhﬁ@%?ﬁfgeﬂ} aaeg@wgeleeiea%mﬁluesacﬁme@o hi gh,

and the row el ectto ‘al’ so” sét er these settings, the white
parti cl es, whelt theenlthye dﬂzﬁopl(mm)relactrbdead@) isrsetynigh, enddhaveltagovefa etlemsi des of

t he ceIIs resulting in the . black bac d co or he see ugh the
top tr sp%l?@?ﬂde&éﬂo%’étﬂé?t"fq nrplang ¢l ggﬁ &BP?E’ S ]PWUB'“ 8?{86 AN g“can al so

be achi evegalﬁé’le i 88 cal %%ﬁBfﬁledﬂéc\ﬁwﬁeld% 85 %o tHRbRMSPESEddeak the, t he
bl ack col o e seen by set the row and 25 colum (65

el ectr odesbmtorm hEhs kbt eﬂthceblllswm bEhcome@Id b\Yd ¢ whise patinles endthersolr gfie

el ectrodes 4) at a . low,volt l.t age w and

col um el e@’fgrdb%"é‘gnc Slyeh g e g8 a5 g,ygenscg ue " ?I’IPg%séht%q%ﬁ ﬁ?ﬁsggrelﬁfg field from
both the tgpdnew ehyee tAﬂﬁ@olBﬁé’&nb@zﬂfbn& hﬁytb@tamewmdamaueg @ahé pEsent 65) to
force the particlesS in e selected cells to nove %wckl y towards the

edges B hnrentamlzylanﬂlngé]@ﬂha%qdn’v@emﬁﬂeclw13@1?16@?@1? Ishrf arggd toythgr i ty. 30
Fi 8A th t f
Shown i n - PRt CCF R GR bR L oS e g T RS R e 100

The white paities temeibbttomlcone@l élsctrodgs.at e to the sides of the cells,
resulting 1n the color of the background

é .e., 19 WO 05(]&16993
PCT/ US02/ 26077 thuaeasz)x 1&3@?@@)%@@’41011?10%@%’9 thesame aHA¥% phrdheas STREY or film
Figure 8B s A 1% { O EYA)e d%inog%t@ﬁe e ¥AYtelb1 Gﬁhﬁém@%{%&m the ignd! ack

state. A colore , or gréen state of the selected cells
can beisch EP!D&dsplwl@ﬂ’thé b&smhﬁ\&@aomf The cetllspw(}r ihe)white pattichasenigB®dd foshs et

ol 0t r odes oy aliadi Crogen oo solscie Al i e Ff R Rt AR St
bot tom i D a1kl ol icfolls (65) o e Lot BPUERI RISt 0% B 2P2. and
the col or of bluthand t]@l cells with tsowhigapar(icles migrateddo thgrsedsa ob ﬂlebieﬁéthws theeen
through t hle)latcl? E:)olto; algsggre 9% 1s 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) TET Active Matrix
25 ) Electrode Circuit Design
TFT (Thin Film Transistor) éctive matrix used in the LCD display system 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 ITO, 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 array' 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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conductor |ayer. Any col or conbi nati ons may be achi eved according to the
present 10 invention by noving the charged white particles in selected

cell s of wopBned99i o the bottom Gay scale can al so be olrcaiusez2doy?
adjusting the voltage to partially nove the particles to the bottom col um
el ectrodes. Figure 9A is the cross-sectional view of the sanme array of cell
(as shown in Figures 7A and 8A) to denonstrate the white, black and two
col or st atelstioded tvmmsetsto ths s&RDe (i08p) efja BFT (Hiapr Basintplinp/dectiodas offhe cel | s

with the white particles nmgrat o,the, t l.ectrode 3 how t he
whi te col ofach celbcuepido firg %?%f%e(ef&?m % ag%ﬂn?ri quolégl%\rﬁf{})grrgkfee amtszl@%ta%ig?n c\cl)vl um
el ectr 0des1d5§§%>ﬂ§@@\ﬁg|%Q@o@?éﬁano%) dRBediteLiosiiNines E106Y @nd 1G6b)evhicti &, green

or blue); an e cells w the white particles mgrated to the sides of
the cells winieallytierough gelbottomosurfars gfithe dgBcs. sThagatesdd0va &g H70) pkthgr ray of

cells show L ti lors.. 20 Althou he .du I ' ]]F[R‘g S
illustrat %@@éaﬁﬁ ﬁ%‘ﬁ’ﬁ@‘“ﬁl}ﬁﬁt ﬁorﬁsﬁ%ﬁ%e 9@?5@8@1 %1(@!3 S ?@ﬁ%&ﬁé&ﬁg ce ﬁ,ﬂ){?he
sane resul fstopRfirfcs of IR dReitkeTRE sdiy aH8 sid@aldiiey feea matrixpstanearelat thegde or
multiple in-plane electrodes. IV(b) TFT Active Matrix 25 (1) El ectrode

Circuit Dexpgnsulpier frarhieach gthetm Transi stor) active matrix used in the LCD

di spl ay system been di d.J : : FT

t echnol ogy can %%ﬁ%d%%%%% S%@%Bﬁ%bwﬁﬁgﬁgl@hﬁo%%@%&%&ﬁwg&%%g&e%[b el

i nvent i on. tolgdngolhe betise dleabad({10eNind thbén-plape cleatyates €102) indegdendeatie. of a

transparent conductive material, such as ITO js in _one \piece SR V\%i ch

cover sl® heWsn prewiod geldilPakae spannpd the wan ?@%é%ﬂﬂ&sa QLpEHRINR Sfifitct s to
round i { 3 I ,

g (Mbya EPHH) g,?@esﬂggﬁlg&%@q%%&wﬁ{ oS Qs WHRIPRrG gde | ayer

of a 2x2 ay o r sho e details of the TF
connect i onTFEACAL thekhm¢ 1i6R) signatpfdrsesh elevimdoate applied etsigmed din¢si( 092 anl t wo

PCT] US02) 260, WBE B SR o RTB g P 0s ko (HOAR" of P81 0a) |
The, i bl agg ELESLIALER BF soBea 05l LieBest o TrORBR BRI ol

anot her TF rains (105a and 105b) of the TFTs (104a and 104Db)
connects5 t othsibgttam diéctrede Gidaplamcel¢@Bidps wspastivelyn The sienpls 4oy therdesiiksh t he

and 1040y BhAREHCTILEGLEL] FREn R o ORI BRIT Y ough ¢ ne
2 ?f’ Lg[nuf gr @%ﬁa{%e%%g ?:/ﬁbevdjﬁgéscﬁ thel Q18ctiseiddc@tfhus pAvading theasas tonie ellingkhi X
" 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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are insulated fromeach other. In the dual -nobde switching, two TFTs (104a
and 104b) are required for each cell to control the bottom el ectrode (101)
and t he iwopBan®9®l ectrodes (102) independently. 10 When @Cmawovieoce! | s
(100) are scanned, the scan line (108) applies 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 tine, signals for each el ectrode are applied at
si gnal | i nelsite(pBifkelesard the 06loy of thiidefectn esadoam Giot aad taeqn i bdwaliingcep 105a and
105b) of t e TFTs., These si nal e then switched to the sources (103a
and 103b) trough thettpnfrangpar ‘ﬁ’ct%i M&tted to 15 the bottom el ectrode and

i n-plane el ect r&éjﬁﬁlsﬁﬁécﬂ)ﬁpﬁgﬁf%' 10D, Hhen Shehtom Eletrodenad depianedlechods
condition of each cell. Signal capamtors (109a and 109b) are added to hol d
the volt agebothset athaooeﬁiVBa’ghsgeapaltth@Sm@épﬁ%meé@ﬂﬁtﬁm@“&%\?f therfgllt he

bi as t f.ter [ AR eeds u
he. suit chVAES Eeneh Graarar pom PO eI RSl fhesdp bEp Pty RS- SERRERTREEE o s
(1 09a andcol&qp);eeﬁrfﬁ)rﬁﬂﬁit@ﬁ@ueﬁ%ﬁh@bbﬂcﬁfﬁ@&@eﬁontI nue 20 sw tching the next
row. The swtchi na time for each row of electraqdes jis onl,?/%i harg| ng

time for the sidmiluseaipdin Figpe 10 vdepihehatipny deritads 15 $fba e e of
the displ @%uet (%Zétrola'éé Yiong: e-tlglarﬂeggm% Etﬁg@ gﬁrtig?es é‘:{k}"ééstt) e Sed QPthg Yahi ppde

swi t chi ng rs1rnventilon ectro tic c COI’TpI’I Si ng a comon

bl ack backgrlectaads, pesiltingvialtie bk beitgmhint eojpabting sem thuiughtisten i n a
cl ear colored solvent are used. In a preferred enbodineiit, the top
el ect ridde Wspﬁémd@@ﬂ‘é‘éoignbernanently connected to ground (OV). As

iIlustrated in thruz{ ﬁov;'ggcellts R KGRk Jth@%lgn%l Shciftrs 8 ¥Rh 8l 8se chiARd to turn

on all the TFTs e scanning row. Voltages at the signal lines are then
30 swi t chegtcbrliigte tb@kltgnmlﬂieemtagmleWhadatdveof cﬁlblaameotédemscm ityyien t he

bottom el ect rode an | ane eI ect rod r oth set..at_a
vol t age, plfOPBISEAN lic’{“ﬁls? h “E%gF e%\pgaq éﬁ%g]f’?% itk 3381t ﬁt@' tglgl | . The
bot t om of glgxﬁdl %Qﬂa!c ¥ édntl%ﬁesct‘évg‘%ﬁﬁgtem{e él@@mc 21V AL IBRY ndvelchiSeI2/ 26077

white particles an the color of the dielectric solvent (i.e., red green
or bluE) ipatidlem through the top transparent conductor | ayer.

illustrated in Ejgure e.bott.om el e e J, -
el ectrodes ar eﬁ&%f%%lé‘?eqé'?‘%?gﬁ% ??%1%15 I8 eflgme& %Bg% Sllg{lll gg Ilghr? %ﬁ@g%hgf%e nove
to the topysur i€ 8akitbhecd$ld be refreshed (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 iatrix 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).
22



5 When the white particles in the cell mgrate to the top of the cell, the
resulting white color is seen fromthe top through the conductor |ayer. As
il lustratwo i1dPyure 10E, when the bottom el ectrode is s@CTAiSVIRL07ANd t he
in- plane electrodes are set at a negative voltage, particles nove to the
area of the small in- plane electrodes, resulting in the black background
col or being seen through the top 10 transparent conductor film After a row

of cells args sipoRRUbark Afs e @prlowcapanidto(ls Spthaeae ranglatena ard nmahpegh
according to the signal line voltage. Wien a row of ce|ls are not. bei ng

scanned, i thejtep ofihe colls (A49)- Skhsre isipaen (119) serigatingdha bR Weplang eledEodes he

el ectrode w I i i LIBURSIe @edENEr at e
the electr é5r3|me t}éggzr)l@g]g]o%?ctrtrgpgt(%ﬂeﬁnggée%g% S'eg Qﬁ%ﬁ’gg" ticl %15. Tﬁ’eﬁgcan tinme
linmt of thétontesimn detddtanditreid-fisnetdetvidenddfine dimadisplay cell.scharge ti ne.

Th i t ds to be refreshed har ged) before t | tage d

more than 109 (¢ WRITYATRIGUL4OCHP R Spte sleostes | R Ficponse

(on/off) [hdtGive %hatﬁlf FoH d&ﬁggﬁxhé Il%vﬁheiﬁ b_fl_ﬁﬁ/tielfeé i i8R 2RE ABWE Qireasdh. pi xel
y C an ed.

can be qui arge refres us, the line to |line scan del ay
can be el i Thevatsldne ¢lbtoydeCOii) mat thomotsdmratmiy eetitadei(k! Brpdovida thadissve

Matrix (1) Electrode Grcuit Desi In this novel .design, .both the passive
matrix el etliagadY tg?\Hl'P © ey eRt; Q%glie %tl‘frjrﬁﬁ‘r lﬁ?péan&s%%tﬁoﬁest #i& driving

el ectrode gl@ﬁ; R4 bFngurer 4 eshaws. the top view and Figure 11B shows the
side view of the driving circuit design. The bottomelectrode |ayer (117)
conpri ses the bottom colum el ectrode (111) and in-plane electrodes (112).
The inl®l ane el €t r oDxiyving Timing Sequen¢es connected to the source of a TFT
(113). The drain.ef .t TET (i.S_gconpeg: j ' : ich runs
vertically thr otjrﬁ PII?IESF%P%B@ R essuquﬁglcg%gm§ ﬁ‘é’%:ljtgc\gl?%lg&%ﬁg%%@gl%? the TFT
i s connect ggnpifsifg & 6enlonack bhbiigrowd aid posiniselyahared tdliteypattiviesugh t he
bottom surface of the device, The scan and signal lines forma matrix

st ruct ur e, dispersediia a cheartoplrsed sivant aediset-e i nsul ated from each other. The

(11n). 22 v odr ARG SR Bh b S R b A b Bl N R, B Y o
el ect r psles aff IHBIFTN@EL tha kearni@Nsparitagena thesigtdl linegdre thdneswitshedfo thhe cel | s

(110). Thegne-pllarsle glegt?opdeg.l %L?\%)lenst}elep ggttac;[nll Q u;[n?leeléc\{\r%dé Qﬁ fn?pqgneeellg&%ordgsd &2 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 blug:) is
20  seen through the top 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 Acell 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 cell 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 TFTS, 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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(112) and the columm electrode (111). The cross section of the top row

el ectrode, the bottomcolum electrode, and the in-plane el ectrodes define
t he di splwe osmido93 5 The top row el ectrodes (118) and bott @CTA0RRG77

el ectrodes (111) formthe passive matrix which controls the novenent of
particles in the up and down direction. The in-plane electrodes (112) and
the bottom colum el ectrode (111) provide the bias voltage for the

i n-plane nieimnt caphcitdreoptines ¢d gmeraif@meieﬁecpicaﬂcddehécmtnﬂélm mpeegentof ol | ed

by the TFT actjve rratr Vi n Sequences To illustrate the
dual node BHfiEleRi hg FW%YW%{'}%&%%%?PH Sg‘fl b{%’&ﬁ%r etic cells conprising a
common bl ack background and positively charged white particles dispersed

ina clear col Owgi )S AEERAGR CottBifhtioADf Pabdied NRALAY ahd THDACAvd Matrixt he
tT"“I‘t—'v_'t_t___IS_T'I_ﬂT—TFT—

scan signal is se age, von 0 turn on S on the

scanni ng row. V)t ag&decarode(cirgiiyBesiehi nes ‘are then switched to the

i n-pl ang el ectrodes., Wen -t col umm el ec

el ectrotes are Erb?q?th%rélp %&t(ﬂggfl’g%tﬂvg% CPAEAY AR oges?%l\%ié ec‘Jtrode is set
at a hi gh yphkia8e use@intthe iegink Bldchedsdsign. ImgiﬁeﬂDAtsh@wbﬂiettom&w fmce of the
cell. The bottom of the cells consequently is covered by the white

particles Em{lﬂt 2B elvey the sideveevdpiethe deiving cyepiy depien. j The bOtWBHele‘t‘j;F%]@n or

11 abt r at ol ERCR7 L EabER: hORoaRbRAIRRRE T BAF HER e LEMRIde 50, The

el ect r odespoisiat et&@frbdé@ﬁ eadh céll tmgllactwd thageulaa afd TFFTt(d)%)r (T\heeilrzﬁn oftdide i s set

at a low voltage, particles_ in the nove, to the to urface of the

cel l . WenTﬂIecommt%tOﬁaﬁiwé ﬂlé§(1|2ﬁ)=t"ﬁ§°1b’é’lnﬁ verhcaibntheoy tﬁﬁgotf%’a sgfacepd cel |,
the white S T f I S e

stat e. ﬁ%‘%’ CIreat B e o i‘grﬁﬁ(’@\?\ﬁ %ﬁ“%@”%%@%@?ﬁ 8&&%%1%/ bot t om

col um eI dﬁbugid«heabﬂomeurfacte caf thn dgviceo| Thegeamard sngn_al imespﬂoanet maitfixt rodes are
set at a low volta particles. nmove to the are hes plane

el ect r odes SUpEWLs) ?‘%ﬁﬁeﬁ #e ﬂW@faﬁqdafE‘?%n epctcheto @é} @rzoi)%rleﬁﬁn "%18]?56 hr ough t he
top transpgt&in %Q%ﬁlé%ﬁﬁz&j dfda ﬁb@toMa?eﬂ‘?@T)g "Th@@l%n%&ﬁaﬁ%‘@ﬂ’é ageropfrow
reduci ng the in- ne”"sw tching tine. I n-pl ane el ectrodes are
control$ed eh:ytrodtas (H&)sthattat@tr&lsgmnt amelpmthrwghﬁbb tbs) aftibe oddlst dderedn a gepe

1,2| P ;gge Sgkﬁ%& rsglg;%;f %%%MB@Q%H%@S 9]%289;11]‘1 the 8ttg1|nee etcgr(c))ge (1‘%13. TRe
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 TFTs 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, 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 will be covered by the white
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t he signal capacitor continues to generate the electric field and control
the novenent of particles. This effectively reduces the cell sw tching
time. VI(WPpodot@phati ve Conbi nati on of Passive Matrix and PCEUSAZ2409E Mat ri X
(1) Electrode Grcuit Design 5 In another novel design, both the passive
matrix el ectrodes and TFT active nmatrix are used in the driving el ectrode
design. Figure 12A shows the top view and Figure 12B shows the side view
of the dri partigles andihietcotbe oif Gre.didberibsdlventi(eé. petly pden of Eye)yis edeathroughpr i ses
bott om col m el ectrode%q(iﬁﬂt) gd i n-pl ane el ectrode (122). The bottom

el ectrode B "R HARsPRept H%Ef Yo the source of a TFT (123). The drain of

the 10 TFT Conn?@tiﬁusﬁﬁteﬁ 1§!F & 131 %&%ﬁé&m&ﬂb&@u&&%ﬁﬁ r#] 1hfeadidroliy ough

t he bottom surface of evi ce. e gate of the TFT cornnects to a scan
| i ne (125) arejoitcset atmblghdpltmamiﬂhyton tovoelgtiradeds Sﬁiotat oinve uoltagespaficlehe

d Th d t th
Moul aisd Fr B akERve 8 raBEg ot G2ReBo ik e whitt Pl B heln 2 op
layer (126mig %t@t@b&@ﬂtﬂe&%ﬁrthé tektlting WABteRIdrz O8dealrdd@ il 18 Snd M phe row

15 el ectrodes (128 at are transparent and run through the top of t he
cells. Theﬁénﬂtﬁ‘&hlwate( 129) separati ng the two in-plane electrodes (122)

olectrode. i he BoTTBRERd bl abf iR BaIF ddlaRemd Bl cdBine (e

di splay cetlectrofeerrd o at O ghlvetbgep dasthanapldne eiddtrplange St atch IR@esitdger m t he
passive matrix. The 20 in-plane el ectrodes and the bottom el ectrode

provi dE t hearFlas mewe tae arqsrof theesmall igrnlare el@ﬁﬁ@éﬁ% gesudingindheblaek cl es. The
bot tom el egli g 8618 FARL SOl FihubH 4l \Bp HadsoAfdit ¥haulRh Fhat,  (2). DXi ving

Ti m ng Sequence rate | ng of "this invention,
el ect rophor et i cThisldesign Bﬁs the afivansdge @f seduoingtie ﬁp-dGWnlsazﬁklghglﬁﬂfé axkhe

T o
S Ty

si gnal lines are then sw t ottom
el ect ridde siguhlicapgoitaneontinees to @desratartiee dlotthic fietd atd canB6l ﬂlemoveinremgcff,thand t he

the bott orvEliFacEie e ehufmetile G PR Mt ool 1s wilT be covered by
the white 24 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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WO 03/ 016993 PCT/ US02/ 26077 particles and the color of the dielectric
solvent (i.e., red, green or blue) is seen through the top transparent
conduct orwbDag®1699As illustrated in Figure 12D, when the beCrarsmke@ct r ode
and in-plane electrodes are both set at a high voltage, and the top row

el ectrode is set at a |low 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 theWHAL IS 6EAIMBIDABNg white color is seen fromthe top and the

ixel isin the white state il lustrated in Figur 2F, . nthe to
POM/eIectrode aﬁd bo ‘%BPEWQEC@F@@?F@ﬁeﬂﬁP%eEﬁﬁgﬁF%QaﬁﬁbﬁﬁgﬁP?%ﬁﬁ, agd
the in-pl aﬂﬁ-d@%ﬁf@%ﬁt@ﬂiﬁ?n@d&.set at a low voltage, 10 particles nove to the

area of the small in-plfane el ectrodes, resulting in the black background
col or being seen through the top transparent conductor film_ This design

has the advantage of Thedigeirenfordiis digplaoniCleim § chmpgsing electrpgharefic celgt t om
el ectrode s .contralled b e IF e Si C i . hol vol t age
on the éjbof’ afnggﬁle e(el%te r o‘%gaycéjrﬁ?%S-ggageﬁgla&%nqnéca%%BWafég%q% egélg :}g%ls §%%1§8rw th a
vol tage setomprideba tdpelsttgsirl andapidbotiom Iewsricompesestadb@@neelatitodehadeat ectric
field and control the npvenent of the particles. This effectively reduces
the cell siestompigptangglecypds. e t he present invention has been descri bed
with reference to the specific enbodinments thereof, it should be
under st ood by tgose ggL bjetloiardiieidHidy dBihinY 2 ARG ib&gede
and equi val ents " may be sggggétateghaigkout lepart#%%s%ron1t§% Oltrue
spirit andasgogeraf fromenicrocepd.i on. | n addition, many nodifications may be
made to adapt a particular situation, materials, conpositions, processes,

process. step or step t t he qbjective, . spitit and scope, of. the esent
ventTon. Al ducn TharRresaote s Rl stk Pk BiSe "o
the cl ai ms,RRRPERAKOORSEAChiinelss therefore wi shed that this invention to
be defined by the scope of the 25 appended clains as broadly as the prior
art will permt, and in view of the specification. 25 W 03/016993

PCT/ US02/ 26077 SWHAT Theelettrpnimorsticglisplay o{Claine & tyhspive satl ietectpatsiretic cells

conprising_electro for i.n-pl ane and up-down swi tching node. 2. The
el ect ropho?l%tp?‘(g?aa?ésjﬁﬁ%ﬁglfot&%@éﬁi 1 conprising electrophoretic cells

6. The electrophoretic display of Claim 2 wherein said bottom layer of said

15  electrophoretic cell has one in-plane electrode.

7. The electrophoretic display of Claim 2 wherein said bottom layer of said
electrophoretic cell has two in-plane electrodes on the left and right sides of the layer,

with a bottom electrode between the two in-plane electrodes.

8. The electrophoretic display of Claim 6 wherein there is a gap between
20  the in-plane electrode and the bottom electrode.

9. The electrophoretic display of Claim 8 wherein there are gaps separating

the two in-plane electrodes from the bottom electrode.

10.  The electrophoretic display of Claim 1 wherein the electrophoretic cells
are filled with an electrophoretic composition comprising a colored dielectric solvent

25  with charged particles dispersed therein.

11.  The electrophoretic display of Claim 10 wherein said charged particles

are white.
26



5 sandwi ched between a top transparent |ayer and a bottom | ayer wherein
said top layer <conprises a top electrode and said bottom | ayer conprises a
bott om elwotisot®9mnd at | east one in-plane el ectrode. 3. PCAIS02/26077

el ectrophoretic display of Claim1l wherein said el ectrophoretic cells are
prepared from m crocups. 10 4. The el ectrophoretic display of Caim1l
wherein said el ectrophoretic cells are prepared frommcrochannels. 5. The

el ect rophor et i c1gj spiTay etirédiaidnic! dispher & Cladai ol whbett sapbicredd martiedéd s are

prepared from m crocapsules. 6. The el ectrgphoretic display of daim?2

wher ei n saPi§ Batcolnmselssied Tom & gioyp cansigingof Fes BEseat 1B GEIlPVhRENSAL | n- pl ane
el ectrode. mZd erl'EQe el ectrophoretic display of Claim2 wherein said bottom

| ayer of sal 8781 ect rophoretic cell has two in-plane electrodes on the |eft
and right sides of the layer, wth a bottom electrode between the two

i n-pl ane el ect r d8les. T8e elEhopHoecticrdisphayr et Cleing il @ plhageim$aiChalivent & offreeadom

there is a gap tween 20 the in-plane electrode and the bottom el ectrode.
9. The 2l eé%?%?fﬁg%ﬁ Fowh CySIing oL Eadagiers Bl BHOV AP a4 Ao

separating the two in-plane electrodes fromthe bottomel ectrode. 10. The

el ectrophor eti c 14i spiTaY eREtGHREMCAIMISS 6 Clainh @ viHepSh EARMBOTGMIGyee0f e are
filled wwth an el ectroghoretl c conposition conprising a colored dielectric

sol vent  28levfrophordimragids pha edlet ssecthidSpam 8 @roupronaistng affblackyged, green,

el ectrophoretic . display of Claim10 wherein said charged particles are
white. 26 60%71%%85%‘)/?9%191%%26077 12. The el ectrophoretic display of
Claim 10 wherein said charged particles are of a color selected froma

group consi stingsof madelegtrestivreth digplayef Claith 2cytreinsad cteegeptoaeticl@ll! The
el ectrophoretic display of Claim 10 wherein said solvent is of a color 5
sel ect ég f figthea copPUTIng 8 aenasate hackgrounddayegr een, bl ue, yel l ow, cyan and
magenta. 14. The el ectrophoretic display of Claim2 wherein said bottom

| ayer of the elgct rﬂggfe@gir)%heo%@dc' dikplayPbt @lafR 9 WHRRNS 64i8 HadkeRind 18P UP

consi sting of black,
on top of the bottom layer comprising bottom and in-plane electrodes.

17.  The electrophoretic display of Claim 15 wherein said background layer is

underneath the bottom layer comprising bottom and in-plane electrodes.

15 18.  The electrophoretic display of Claim 15 wherein said separate

background layer has a reflective surface.

19.  The electrophoretic display of Claim 15 wherein separate background
layer is of a color selected from a group consisting of black, red, green, blue, yellow,

cyan and magenta.

20 20.  The electrophoretic display of Claim 10 wherein said electrophoretic
display is a monochrome display with highlight features.

21.  The electrophoretic display of Claim 20 wherein all said electrophoretic
cells have white particles.

22.  The electrophoretic display of Claim 20 wherein all said electrophoretic
25  cells have particles of the same color selected from a group consisting of red, green,

blue, yellow, cyan and magenta.
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bl ue, yellow, cyan and magenta. 15. The el ectrophoretic display of Claim?2
wherein said el ectrophoretic cell 10 further conprising a separate

backgr ourmioloayed9s 16. The el ectrophoretic display of C ai mcTHSaeqei n sai d
background layer is on top of the bottomlayer conprising bottom and

i n-plane el ectrodes. 17. The el ectrophoretic display of Caim15 wherein
sai d background layer is underneath the bottom | ayer conprising bottom and
i n-pl ane el ect r2les. Tiselé@rophhetie ldesptayafitdaiat 2&whersiul alsand elGteipiodkbicwher ei n

sai d separate. background | ayer s a ref] ectiive,surface. 19..The
S eot r opnorEhavabs Hdenge LV of B e Rubr SeesiS PR Dt PO oty o |
of a col orreggé@&%%qletg,gmva" %@%ﬁg-g&héti ng of black, red, green, blue,

n .

yell ow, cyan a magent a. The el ectrophoretic display of daim10
wherein said el ectrophoretic displ ai:m,i s a nonochrone display with

hi ghl i ght feat u?bs. Phe elppieophieetic dipkorad Gleim & yherpingsll @idelestrpharréicei n al |
sai d electrophor et cel ave white particles. 22. The el ectrophoretic
di spl ayseof ce%lggla‘ﬁqe%a{m%aéc%éjfoﬁmgl | said el ectrophoretic 25 cells have
particles of the sanme col or selected froma group consisting of red, green,
bl ue, yellow, cyan amke segespharetié dispRyBI/AGOEBwWREEINIBDAIP El0ctiophdtketicThe -

el ectrophoretic display of Caim20 Wnergin all said el ectrophoretic cells

have the didisdgrs the sap baskerapmdiqlorselaeied Gopra giorn contsting et §FGtip

consi sting e n and nmagenta. 24. The

el ect ropho?lg%’lcgﬁlg’ic&?gﬁgjyﬁ%?e g]?dn? £ g?%ri%%@al | said el ectrophoretic 5
cell s have bl ack background. 25. The el ectrophoretic display of Caim20
wherein all sai20.el ethe epttoyphpictic dospldyofidsien thehemimsabhelkgraphotticol or

sel ect from a. grou .c(ﬂns'.stli ng of red, green, blue, cyan, yellow,
magent ¥ anffs %‘S%Wﬁl‘? gr@d'%-26. The el ectrophoretic display of Caim10
wherein said electrophoretic 10 display is a multi-color display. 27. The

el ect rophor et i comi spTRY eleétrdghdidic A&pHyITei1ins26 heleRCdalDEIbEFphbeetic

cells are filled with white particles dispersed in dielectric solvents of different colors.

28.  The electrophoretic display of Claim 27 wherein said colors are selected

from a group consisting of red, green, blue, yellow, cyan and magenta.

15 29.  The electrophoretic display of Claim 28 wherein said color is red, green

or blue.

30.  The electrophoretic display of Claim 26 wherein said background is
black.

31. The electrophoretic display of Claim 26 wherein said individual

20 electrophoretic cells have particles of mixed colors and the same background color.

32.  The electrophoretic display of Claim 31 wherein the colors are two or
more colors selected from a group consisting of white, red, green, blue, yellow, cyan

and magenta.

33.  The electrophoretic display of Claim 31 wherein said background color is

25  selected from a group consisting of black, red, green, blue, yellow, cyan and magenta.
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cells are filled with white particles dispersed in dielectric solvents of
different colors. 28. The el ectrophoretic display of Cdaim27 wherein said
col ors arwodgle®ved from a group consisting of red, greenpcrlusez/2602t | ow,
cyan and magenta. 15 .29. The el ectrophoretic display of Caim 28 wherein
said color is red, green or blue. 30. The el ectrophoretic display of Caim
26 wherein said background is black. 31. The el ectrophoretic display of

A ai m 26 wher ei B4.sai Thé BRtivopheadticlspdyesi Tl 2 iierain s4ill ke hasteoflas ti cl es of
m xed col ors and the sane background color. 32. The el ectrophoretic

di spl ay of clestganhorptiogel issionef o1 withgreologfdict wo or  nore col ors sel ect ed
froma group consisting of white, red, green, blue, yellow cyan and

TRgenta. 33 oings e eaht eReSk i A Qhintha\Wheth Ve LR R

background col or is m”a group consisting o
green, bl uecllsyhai¢ ohite pyrielcadispamgdnt acol @Besy\Oidd@ 1 3631t PCT/ US02/ 26077  34.
The el ectrophoretic display of daim2 wherein said top | ayer of the

el ectrophoretic,cell ,is colar or wwth a color filter. 35 Th

el ectr _horetic? ispﬁé?oﬁssvrgﬁ_ &%ﬁ %ﬁé%%é%ﬂ?og‘38%?8%&%?3?&% cells
have whi t ecRarddes f&dilh fREIRESELd th-BowRbRIttIRBS nfdd6d, 84l rdcesPdotfiHses 5 36. A
process for the manufacture of an electrgghoretlc display with electrodes

for both in-plame anforopagiolayeshy cwshingg radiatéon cusahle nsiwiee ¥er@dmpspsey a)
formng a 'ﬁXeﬂiq coating a radiation curable material over a transparent
el ectrode Fﬁfg?F %Yxforning open cells on the radiation curable material by
m croenbossi ng b0 OoriiBEEYNSRIIE ¥ Gfeltbdiation é@d&latrﬁmiamzrﬁibﬂobinmssﬁﬂge open
cells with an el ectrophoretic conposition; d) sealing the filled

el ect r hhopempagewiselegpossiye fogadigiening t he sealed cells with a |ayer

conprising an o OSibﬂﬁﬁhﬁgéﬁaﬁﬁﬂ%fgﬁﬁw§%§mﬁéﬁéﬁﬁ@%ﬁﬁﬁ%ﬁgﬁg”a””faCt“re of

an el ectrophoretic di'splfa d cells are
| ami nated with &) aye¢aliagnip fildédgecropbpietiscélls; el ectrode and an adhesive
| ayer.

€) laminating the sealed cells with a layer comprising an opposite electrode.
37.  The process for the manufacture of an electrophoretic display of
15  Claim 36 wherein the sealed cells are laminated with a layer comprising an opposite

electrode and an adhesive layer.

38. The electrophoretic display of Claim 1 wherein said in-plane switching

mode and said up-down switching mode are driven by active matrix systems.

39.  The electrophoretic display of Claim 38 wherein said active matrix

20  system comprises thin film transistors (TFTs).

40.  The electrophoretic display of Claim 38 wherein the bottom electrode of
each electrophoretic cell is switched by a TFT and the in-plane electrodes of each
electrophoretic cell are switched by another TFT.

41. The electrophoretic display of Claim 40 wherein said TFTs are controlled

25 by amatrix of scan lines and signal lines.

42.  The electrophoretic display of Claim 38 wherein the top electrode is
made of a transparent conductive material in one piece covering the top of the

electrophoretic device.
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38. The el ectrophoretic display of Claim1l wherein said in-plane swtching
node and sai d up-down switching node are driven by active matrix systens.
39. The eweaBnopbdretic display of Caim 38 wherein said &cmivse2/e@rri x 20
system conprises thin filmtransistors (TFTs). 40. The el ectrophoretic

di splay of Claim 38 wherein the bottom el ectrode of each el ectrophoretic
cell is switched by a TFT and the in-plane el ectrodes of each

el ectrophoreti c4gel | Tas elestbpHoRar diplansttlaim Thvherdd said iepRineswitciihgr et i ¢
di splay of C aim40 wherein said TFTs are controlled 25 by a matrix of

scan | i nesmededand gpid bpidopaswighing predecire Gy INORAESV e THIEHIEERF C ai m 38

wherein the top electrode is nade of a transparent conductive material in

one pi ece coverj t - G i - 16993
pCT Usoa) 26077 149, | TH SBPuinck AR iR RS L tF Yot Roprei e e

i n-pl ane swiddehited betvosta azopl traadpdrenplagenumdsaiidtioni lagemo céhiclr siditopJayer by
passive matrix systens. 44. The el ectropharetjc display of. daim43 erein
el ect ro%hoP@FP‘éSlﬁ%EPg‘?%ﬁ% of Zoyh 8RFIEPIES 2B ?%gﬂﬁ%{ngrﬂf????‘éﬂgﬂ% éﬁ!ur ]g?/'é’\fhand a
bott om | ayggy, e‘l\&‘g%ﬁesszﬁidda;?lﬁfélilt}%(ﬁﬁ— 2feQIRELAENY @ plurality of row

el ectrodes and sald bottomT1ayer conprising a plurality of colum

el ectrodes and a plurality of in-plane el ectrodes. 45. The el ectrophoretic
di spl ay of O ai #4544 Theekcmogmireicodsplay eftClaigdd whetnimrdid eowiglectzodrsal | y

oriented el ectrode bars.whi.c re transparent and run thrqugh.t p of
the el ect r SPRBH HRZ0BRIK Opﬁrr&ﬁ‘iFgFﬁr%% a%)wﬁléh aﬁeil]t@anépaérg]%tr%%ﬁgrrl te}{r‘lgl‘gghdtl51 gpl ay
of d ai m 4g,pran&blactssihdratiel cdlPingdaesltel.odes conprise vertically oriented
el ectrode bars which are transparent and run through the bottom of the

el ectrophoretic cells in parallel. 47. The el ectrophoretic disql ay of Claim

44 whet@in sai d4pn- pThpélestrephoretradisplanaitian 4 sherean said colupilendiodet et r ode
b whi ch - t Lermuaf
e?recszt rolp(k:loF @%ﬁ%gé\gﬁqﬁgﬁl& %’?%g%ﬁ%}%#&d%@ﬁ&? e heﬁgg?lgs?p g{r etic é?@%?’é@heof Claim

47 wher ei nbsaor of thepdl eon@phbdretit celtkda pamtlel. posi ti oned bet ween col um
el ectrodes and aligned to the sides of electrophoretic cells.

47.  The electrophoretic display of Claim 44 wherein said in-plane electrodes
comprise vertically oriented electrode bars which are transparent and run through the

15  bottom of the electrophoretic cells in parallel.

48.  The electrophoretic display of Claim 47 wherein said in-plane electrodes
are positioned between column electrodes and aligned to the sides of electrophoretic

cells.

49.  The electrophoretic display of Claim 1 wherein said in-plane switching
20 mode is driven by an active matrix system and said up-down switching mode is driven

by a passive matrix system.

50.  The electrophoretic display of Claim 49 wherein said active matrix

system comprises thin film transistors (TFTs).

51.  The electrophoretic display of Claim 1 wherein said in-plane switching
25  mode is driven by a passive matrix system and said up-down switching mode is driven

by active matrix system.
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49. The el ectrophoretic display of Caim1l wherein said in-plane swtching
20 node is driven by an active matrix system and said up-down sw tching
node i s dwbDwaf169by a passive matrix system 50. The el ect rephusomedoc7 di spl ay
of Claim49 wherein said active matrix systemconprises thin film
transistors. (TFTs). 51. The el ectrophoretic display of Claim1 wherein
said in-plane switching 25 node is. driven by a passive matrix system and
sai d up-down swistchi mge BRERopHBréId digay SYCIakh bY heRdn said sytdlegmris0 WO

03/ 016993 PCT/ US02/ 26077 52. The el ectrophoretic display of Oaimb51

wher ei n saFybteie comprispsthindilsyisnsisioenoidilistes thin filmtransistors (TFTs).
31
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