ikl e3e' ZR W6TRt 2 6 APR 20D2 SPECI FI CATI ON APPARATUS FOR SPRAYI NG

WICRCPARTICLES SPRAYI NG METHOD USI NG 5 THE APPARATUS, AND METHOD FOR

“ MANUFACTURI NG LI QUI D CRYSTAL DI SPLAY TECHNI CAL FI ELD The present2f ARM280&n
relates to a mcroparticle spraying 10 apparatus and to a mcroparticle
sprayi ng net hod and a nethod of manufacturing a liquid crysﬂlmmmmmmm
device, which utilize said apparatus. BACKGROUND ART 15 W't
el ectronics, mcrofine mcroparticles are used in a variety of «so150+
applications. Among such microparticles are electrically conductive

m croparticles in use in anisot rogl c films, conductive m crlmmu mwm&mm
use in the field of bonding technSE8EYFIGAGIRNCr oparti cl es 0
spacers in liquid crystal display devices. As one of the appli cedhsopns of

toed i poRBBhBRLHS A SpRALKNE pR IR AP SR NN A s TR
crystals di 'saEaggpHARATesgeAEDaMEyHoorrﬁeRsnANeFaen?URaiNGZBIQqut Cavesa2, a

liquid cry5&§F eyer 7 sandw ched t herebetween, a color filter layer 4, a
black matrrx [ayér 5, a transparent el ectrode Iayer 3, alignnent |ayers 9,

etc. as illustrated in Fig. 12. Here, it is a spacer |layer 8 that defines
the interval of two substrates 1TECH§IChﬂeF@EQDer t hi ckness of the liquid
30 crystal layer. In the copventional nethod of manufacturing a liquid

crystal display HB@.P&@W%W%%%W%&@&%W@ ’%Jp%t‘&%ﬁa?ﬁﬁjo?)épt’:?é’llé‘g
randomig/ aaﬁpuﬁatos ndyd avera asebsbaate ctar spraglpgx@étled;@catrfdnéemethba

spacer mc[ part| s.are inevita 3 Po the xe

ol ot r odesoE st ey g E oty SRaT AR AR HRE. (M GG R o
crystal disphdyapeareQDSbe seen fromFig. 12, with the result that the
aperture rate is substantially decreased. The spacer mcroparticles are
general |y conposed of synthetic resin | ass or the |ike and when the
spacer is disposed on pixel 5 meﬁﬁQKEﬁébNQ|%ﬁﬁ | eaks occur in the spacer

regi onew ng to mitlepadvanesd iion eafdratonilds addictioFinet hecebpartaties of

I d t al th bs disturbed, t f
O R e RSk e ap e h et T oo b ool ay

qual ity. 1f@itnopadeiclesowves colectt hiecablby eatidahiar ag'es:opﬁtre_isﬁmsenn

m croparti S§ €¥§P# e i | ack
natrlg aregégfdfﬁggj%h cigqggg?l ?é?ﬁbg§g§ m#%£8§? %i%fﬁi%ﬁggég is
provi ded fBhejfimlslod e%@%eettecﬁhrmlgﬂsayahﬁl Iﬂh‘er@P%]H‘FHClﬁ%ﬁEmll(ﬁ BBay
devi Ce.’@nds?heekbelﬁa§@q&ﬁdoér stET BhQF&chﬂésiéeSdeVl ce, for preventl ng

the optically erratic a o] the cel due to xt er nal h
t echnol ogy di r ect8cCED ?# {hﬁ; %vgﬁfrpﬁafﬁg hﬁéckt trix
areas, | laquldncrhetaled$splhyrdehaneplhaﬁeebeehrbﬂeadmp asedqihd crystal
display de¥EESOnal computers and portable electronic appliances. The
liquid crystal display device generally comprises a pair of
25 substrates 1, a liquid crystal layer 7 sandwiched therebetween,
a color filter layer 4, a black matrix layer 5, a transparent
electrode layer 3, alignment layers 9, etc. as illustrated in
Fig. 12. Here, it is a spacer layer 8 that defines the interval
of two substrates 1, i.e. the proper thickness of the liquid
30 crystal layer.

In the conventional method of manufacturing a liquid
crystal display device which comprises spraying spacer
microparticles randomly and uniformly over a substrate carrying
pixel electrodes, the spacer microparticles are inevitably

35 disposed as well on the pixel electrodes, i.e. the display areas



20" Japanese Kokai Publication Hei-4-256925 discl oses a nethod which
conprises holding the gate el ectrode group and drain el ectrode groy %’Rt}ﬁﬁz
" same electric potential during application of the spacer mcroparticles.
Japanese Kokai Publication Hei-5-53121 di scloses a nethod which conpri ses.
25 applying a voltage to the wiring el ectrodes during application of the
spacer mcroparticles. Mreover, Japanege Kokai Publication Hei-5-61052
discloses a dry mcroparticle spraying method which conprises applying a
positive volktage e I rod r t
spacer m c‘?‘L‘ 7 lEﬁ@ c\g%{/%aw dﬁs?ﬁ 23 %}gbgsgﬁgﬁﬁrgﬁeg bgl\?zefl ﬁv%?ll ably
depends onthherwelbftmtr the épettrlﬁﬁesamcﬁ-s shibrsdfeautd 2 1ldiye denirgasppl.i cabl e
to TFT liqphd sc;;a/éélalml@rﬂya%h@%sc%e gbRe SN '@éﬁ&o%d%@kyﬂhﬁ@ﬁ)ﬁ

devices, there "are no el ectrodes corres onding To said wri ng el ectrodes

but striper@felt (BEES aF &NF Lpbe s tsh ?H Ji% ABGGRAIL T 8- 8PPER AT Re&R Lt he
two sulestrelesttodésy migixelleakd ot 2002h3 eﬂaec&mdee@lomertg‘wOaéeas

correspond o_the bl ac tr|x fo e ectrod a aces W th
Che resul i il fphast el S5m0l 06 SR LEIGEE B B PRERH BT RRRRSY
Japanese Koknstallblorcémeoapaieemsmﬂﬂame i diistuarbes aoma:mmg;apmerfel n
the Spacerliihée'x%gdl"cel'ﬁ(; g | 44 Ghec&herl £ odgd ESﬁeacrc%ﬁa?éév‘é'E@r gi ng

t he el ectrodes on one of nsul ati1 ng substrates and sprayi t he spacer
charged t othfediapbapota®iiyyas the el ectrodes over the insulating

sugs: r1a>§ e and, Ir\naﬁdjetﬂt 08, o e EOGH! iRy ab@vdlt &pgé@@latr%@ag@gl,ertﬁéﬂgpabegt rode
susrae|namcror|ce ra appar.at us., so age hm
b i1 cberaneEbERERE | SnSuTR B APaABRaRC eI SRkt Rk e b bR, TeRhES e, ™
spacer Wwhi sieiéheiheusliak mam:mliucseSeascmndwdmnethat@aslcaf fid by thyarm nus
vol tage may, be,ap 8*'1‘391#9{( gég' g %Wﬁ%BOEB?f 1%@?09%@%6}{@ XsEhg%ge‘j 15
spacer mcropar | Cl es he arat ere one

vari ation th}Ph@ydra@mgla{mdnprustﬁﬁedspaééy deelce antd iim rtinnscase
variatjgon 9f I herSRaGR!i deh§/didl] ideiflde, W p2eR@Ntiny ehe! BEL$RAEEY Deing

charged to the opposite polarlt and such reverselg ép05|t|vely) char ged
20 spacer RFERbbardifeier afe H?s%%%%ddBﬁ tRecBFeERROILEIhNi ch are

negati vely char ges)tion ﬁ&@m@mwdﬂgeéu@@ttat@lsposm@tanﬁpa&:éy reduce the
es.e | i cation _Sho-63- 7702 scI oses acer

aperture rat apa ka S
Sbraying dopsrat LLeDR e R R RO R i o Tnd S assarRnEE are
consti t ut ethas plmlrebéc'er@@w odésasbighiad anyeteﬂ;tdltapitagl dewihgebe
gener gfed 93%5‘198&3!' ROk &i dPHﬂSEiC&Hi&ﬁnﬂeyohL2989§§r8F§C§QSQSC§| hiPHoand

bottom and t'he spacer equall zed ceil In electric potential is
sprayed. Bél@hfalsecorwxhsw%%%lagam@ gehe %bae*éroﬁ@ aaagﬁdavé #8pEnt hr ough
the 30 el e@léwréd@I@lroﬁ;heaﬁatmé ngaﬁ@e@ue@fribepéﬂ@ﬁeiamaaub@ngontrol led so
that the sggclfb n%/crop%f %c es_can_be. uni Fi 1dLspers andelgelgosmed on
a substrat GRber” ?h?%agfféc%f'cgﬁ?%{} ﬁé Sppar a"‘lQanest% $tting
speed of sbahbxcatmmpﬁeir&é&lZhndbectoaesoalmelthndsmhecheaempmsésby

expl o ng |.u e i PR
2002 £%1 ARy 4 TR B R g e e e g BB P L2 o,
sel ective ebnthel Smc‘%bd&b@r@mﬁh@lﬁéy tMoreeee )i ffarRanese NRleolver, when a

vol tage ispappliLdid® er'1353t6r1'0F5Q @i@éib@é@ aaélfﬁ%ﬂcqrop}bi‘itl%ﬁlé)%kgg}hng
el ectrodes, no sel ecti i s obtai.ned but . a iformelectric fi

prevai | s LARERRE whi h‘éo Jr%‘?\? BPRLYLEGA Qaﬁétllﬂet‘ﬁélttei%fta tJiesBFﬁﬂrnﬁew ce.
Thus, it |isleyerod®s eritl bfnegdt i te® diaxaes eot tiee Hpacer seébecpaveliylen.t he
electr de gaps S,..eX}

Hei - 875%3pd| \gg oeg‘éés]’?aghg%é%%%%af gép’?é;@‘?ﬁéfe;&ﬁsgggigus ‘%/%laqaalr# 8ggspg§i ng
chanber i sosobnected ©b wispageeleopppdesanrdi htbagafarer parenendrd, using
a gas as t%ﬁpn%f@asi@totdﬂ@r 1R@aeH diiydteh BE 9PN hDRISPRGR!. SYRRIN &@gﬁlao the

spraying c er. However RNi's spdcer spraying apparatus is not designed
15 for sel EYPLRl CGmplay SFVéﬁﬁéertrfe&FﬁF PRG POSUS T OLdFP FﬂEéSﬁBPBdbf‘g
preventi ngtdlmlvtlﬂmg)felmqefdem PP atidiglees lertirbeledi apkayispoasdof the

I qui dsscryfrtl aolrtqlios Yaglon%u\évpéen gieT’é_lv!on sN\éstraggs to form pixel



20" The present invention has for its object to overcone the above-nentioned
di sadvant ages and provide a mcroparticle spraying apparatus which the

di sposition of nicroparticles on a substrate carrying el ectrodes @&fhABR 2002
accurately controlled, particularly a mcroparticle spraying apparatus
capabl e of 25 selectively disposing spacer mcroparticles in el ectrode gaps
where no pixels are present even on a s¥ibstrate carrying an array of stripe
el ectrodes in use for the STN liquid crystal display device, to a

: e . . ¢ . Ui aui
Crystal diShasrors car i G BHD, U S d B O HE BB AL o o
t he presenfoimienttihen edelcitrodiet gapsni spapasi i b ety pfrhey inegudspahatushéor

sel ective giSposiddpioDigfeshed Qs MEr@paiisele on a substrate carrying a
plurality of electrodes %5 whi ch conprises _a spraying chanber adapted to

acconmodat e MPPR b0 JaPang } ateblicat ionipti412044bpl y means
for suppl ydngeBes &k N Ctopaid i Sy e Wik fe 5ai thepspytey CLhasbesceideBpraying it

id trate, . I licati f | yi |, t t
The ol ect roREotrd Jo0the 81 b eI R £oo8 o R rbt AL B PP EEOTBA mmans
bei ng capatrh eoré @pptlye npnslifdeimptstlevetstes andtsgesying sahe spacerodes
respectivel ar%@& 56 cond ﬁ?@%o?&ri@‘f R teié‘c\!ﬁeﬂs&lﬁ?@ 6%?@??‘0 a

m croparticle Sprayling nmethod ‘conprising applying an electric potential to

a plural i tinawl afirg stossded coand, siibaGdditd onghareRGEQl deophspeeee

el FCt nest f\m&é\i |M_;%8éllie@@xf@d/é r&lv\kzé\@r@ktépml @gnﬁ@f@ba%@i@p@ré@@éﬁng

sel ectively on said supstrate erein a mcroparticle sprayli ng apparatus

ho! udes PRI 0T RHE FaPLHE S HHD SRS S A A 45 SFares ChaL 15

The third @sepefdllning epgqud st henvegtitdvelsl ahagged apaterophiléectke

sprayi ng t hod rising applying.an el.ectric enti al . a urality of

el ect rodegﬁ?%?%%ggﬁpgigﬁgﬁ ?g e}lcgﬁgﬂﬂantge%lanll Egg’%lal%thl %IméLtn%s Vgitage

el ect r ost ata g belapp i@ foirestol diprgpgt hgaahdodicfpbke mgosdiidely chiargpdrticl e

on thggsub mAES Sl r e ' | ectric potential of
L oA AR R R S oY e

the sane polarity as arg m croparti ¢ . ng applied is disposed
inat least a d Vet (e reui BagemextRhER EPT ridmthkeChe gl BIRMEPRE of a

ni cropartiet eciel dpyeder Nzl o digd i 2ndhe weriphesy of s dssadstrate.
The fourth aspect oft tg]ef pre Ent i nvent i o) {iﬁl at es toba m crﬁgartl che
spraying M ROk Sbhiceig "SpRay ieF PGl & kIR TS hie S PhrEpgd to
const it ut echdppgiosdite patacrobgt iangeatchaterdrsely (posfiisddaedq) compogedi on
from bige corLesPARdiBg TetaRard i&ks spasks awfaeaeg%@@éaﬁégq%gqa @pethe

vehicle using a mcroparticle sprayli ng appar at us, ereln sai
ni cropar t i R¢EEHTRY PRt atUs Eptiseka bl _p raybgr&tanter for
accomodat &gs BaBtHsl Tt e dwc S5 HE CApwatit &l eatsappl y means conpri sing at
| east one 2 6 a%%nzeosoez Kokai Publication Sho-63-77025 discloses a
spacer spraying apparatus wherein the ceiling and bottom of the
25 apparatus are constituted as a pair of electrodes so that an
electric field may be generated by applying a direct-current
voltage across said ceiling and bottom and the spacer equalized
to the ceiling in electric potential is sprayed. Because, with
this apparatus, the spacer is caused to fall through the
30 electric field, the falling speed of the spacer can be
controlled so that the spacer microparticles can be uniformly
dispersed and deposited on a substrate.
However, with this spacer spraying apparatus, the falling
speed of spacer microparticles canbe controlled in some measure
35 by exploiting the influence of an electric field but since lines



6 Mcroparticle delivery nozzle duct and at | east one mcroparticle tank,
both for supplying a mcroparticle into said spraying chanber and spraying
it onto said substrate, and a voltage application nmeans for applyl

voltages to a plurality 5 of electrodes forned on said substrate, saltfPR 2002
vol tage application nmeans bei ng capabl e of applying dissimlar |evels of

vol tages to each of said el ectrodes. Th& fifth aspect of the present
invention relates to a nmethod of manufacturing a liquid crystal display

dovi ce 10 B! GheComPE! 265cUSLRg HhEnBHOKErIERL OREYLBLCLARAELLELR SPaY] Ng
appar at us, “di Sposi ng acer selectrvely on a su te carrying a stripe
el ectrode aleapr@@ﬁgtlﬁage@tbyeacgnur9ﬂ|9§ éPaP?ﬁeéﬁlﬂﬁaﬁsEQﬁéhﬂoéléétrodes

arranged ig;ipaiahlel. MowkdRe@PRINENG dolehak Y§|é/pﬂ$'lﬂé"d|t§y%|he0fst‘f9 kage to
an even nunEer of Ilnear t anaggrent el ctroﬂes ar nged in Raralle and a

rel ativel yeL8GFFeJBI 2B¥FaY § &kQ SVlH@hPe FEheNALEnt
el ect r @lesinedigbbbnedgosaial wicformndierctafid ifiedrd tpravepdrse becaueet bddes to

Lhereby P OAHCR A GPUIAR AN .80 £EL YELk, B ghapet sl ACL Y ghas)ti ve))

and a region ki a relative otentla
alternate pétxsereveahmoremxﬁfsm@bt\diq dasposer th@rswwuaﬁge@umlxaln

positivelyfg) ¢ é£989e58§§§rw9éré H899£k¥§5ye§1£t0harged spacer onto said
substrate or 25 further Spray |n$%a positive (+) charged spacer and a

negatively (-) chaPResepiek?l aFiktheebtonoficinlshededsi ghSehPeeene

SEbSt re e. spEEEE Qﬁﬁé?ﬁil Rd1 &pb&rattiE m?é:z‘%MﬁSanngEagm@ bhambs@hglgatl chlt ﬁw

showi n arncro rticle s in arat us, .enbo rinc es o e

nvent | on, CPIBSCBe S e S SRATHE ORI SRboi T ST & BiP O iAMGH posett i a

(+ (positi aegas) arseglhenvahmlcher etla¢ ispelaedt dw ﬁedeﬁroxaltlr(e s@rae@a:t supply

region as Egﬁg?g oghg géfégg Igﬁg&ggﬁ array as 35 viewed from above said
e

array. isS a schematic view showing the |ines of
electric force f%@%@%ﬁrrlﬁhﬁﬁ SOGiCeX BPrpHiedt apparptRerihdetsde®Aanadri g.

2, as 14 ewedrfdomdiie,d @bﬁrtablséﬂ%pafce&afa1§&ht;p§o§ieféﬁcad@ QhEéFab.@eF' g. 4
is a schematic view showing a rel atlv% gp gﬁ g en ive) )
a

tial 0Si
regi on and®a Pé?&??@ép9 5P pdt BhPTaPL( FGE?PaFééééﬁg enf bhfed on a
stripe el eqisplieyaarays as vnemeﬂqﬁiontapsvalsdudpaayayevEcg 5is a
schematic view showing the lines of electric 10 force forned in the region
of potential difference shown in Fig. 4, as viewed fromthe |ateral side of
said stripe el ectrode array.SUMMARYS GQEs THES cHEARTION/i ew showi ng t he

conb- shaped el eC‘FlﬁQqﬁ%éé?ﬁ;d1'n'0eﬁt'1‘oﬁrHQérfd\lCll‘%%pBE}ﬂeeg BPRATA ML ERRY T Ng
15 the prlnC|pI s of the invention. Fi 7 is a,sthematic view show ng a

i croparti é‘P%V§p?‘%?Fh@n%%p%%%%%a%ﬁ%ﬁfu ﬁ@dtHéoiﬁiiﬁc?pI“éErBPaFHéCiLﬁvent i on.
Fig. 8is ﬁpﬁﬁpeﬂgtalp@)a\tlaﬁtwmm whighothedisbosapdohict mispopyirogcappar at us

erbodying Lhe Buifctples ol ihe JMAMASN, 20 I gocd-i oy sehcmhe T ew

showi ng st T M Cro 1% Sprayi ng apparatus é
pr|nC|pIesp@rtihelanwgna|mncrépgrtiolessaregmngoaapavaEMﬁshemﬁhgethé

el ectrade paitef Pyast UAN% {fy ApaRPRAILPBRLE Pl cihE 1ME@NdQ¥de gaps
where no pixels are present even on a substrate carrying an array
of stripe electrodes in use for the STN liquid crystal display
device, to a microparticle spraying method and a method of
manufacturing a liquid crystal display device which utilize
30 said apparatus.
The first aspect of the present invention relates to a
microparticle spraying apparatus for selective disposition of
a charged microparticle on a substrate carrying a plurality of
electrodes
35 which comprises a spraying chamber adapted to accommodate



25'Fig. 11 is a schematic view illustrating the node of disposition of the
spacer according to electric fields in the enbodi nent of the invention.
*Fig. 12 is a schematic section view of the conventional |iquid crystal
di splay device. 30 EXPLANATI ON OF THE NUMERI C SYMBOLS 1. substrate28 Apg 2002
(insulating substrate) 2. board 3, 3a, 3b. transparent el ectrode (display
el ectrode) 35 4. color filter 2 6 APR2002 s 5. black matrix 6. over coat
7. liquid crystal 8. mcroparticle (spacer) 5 9. alignnment film 10,

spraying c 1 Cr i 1. ; ' ' {1 ;

dgl i zerg dggﬁﬁ%&(ﬁa{:ﬂ%pggﬁ%ﬁ%%a%kﬂ%ogfgﬁxggﬁ%%%fgg‘p !%%ﬂn&rgrgér?s 13.
huni dity cBherePREELCe ipdiet sabil ePray isenelmbee agceRr aving dti eibsaidpeed
fan 15 17. sppbptPgtdP. ad8aa *8btabeadpplieat@onchakgedrekerppl y2g 20a, 20b.
conduct or segnents go E%SCLESU@E IQVENTIC@ The ngsené nvention i s now
descri bed YRTHRESFI FOThB®f FrEF ﬁgggét ofPPRE pPBs@ﬁﬂ i iV ﬁ%FS €s directed
to a m&roparticlsaiprayiagesyaliatatsi dromesekdnt ing cdpapaeidi appaiyiag
charged m el CALT Vi it .electrodes
whi oh conpit SoarehE FEPELE o3 BEAEALESTED MY FeRiheRis Kool ithll ire.
m croparticle suPpgys Fameuesl Fhagrsesanti tropekior|welates da @

spraying.cﬁggpgbagggc§@rgygggihé fBtRaHd substrate, and a voltage .
application neans for, a ylng voltages to the el ectrodes dis oseﬁ§on sai d

30 substrate, safefRbte Y4 PBrE MG DERrg Edgant @ P LapplyENg
di ffermnt bevelscotodebtages babsardtel echaodengr aspecirbpakyicteneral ly

cPeoki g, OB LUBLULLST! Laicls.sl (gl bagcttgoatRbistile 0,
(positive)hicegbantantieaselectively on said substrate,
wherein a microparticle spraying apparatus includes a
means for eliminating an oppositely charged microparticle.
15 The third aspect of the present invention relates to a
microparticle spraying method
comprising applying an electric potential to a plurality
of electrodes formed on a substrate, charging a microparticle
electrostatically, selectively spraying and disposing said
20 microparticle on the substrate,
wherein a charged element with an electric potential of
the same polarity as said charged microparticles being applied
is disposed in at least a domain of the surface extending from
the nozzle orifice of a microparticle delivery nozzle duct to
25 the periphery of said substrate.
The fourth aspect of the present invention relates to a
microparticle spraying method
comprising spraying plural kinds of microparticles
constituted by dissimilar constituent material or surface
30 composition from the corresponding microparticle tanks with a
pressurized gas as the vehicle using a microparticle spraying
apparatus,
wherein said microparticle spraying apparatus comprises
a spraying chamber for accommodating a substrate, a
35 microparticle supply means comprising at least one



~2°6 APR 2002 9 relatively low potential [- (negative)] region are forned
and lines of electric force are forned by the potential difference. Thus,
rassunming that both of the voltages applied to the two el ectrodes a2 gop 2&e
sane polarity with respect to the earth 5 potential (ground potential) a 2
reference (0), insofar as a potential difference exists between the

vol tages applied to the two el ectrodes, one of the el ectrodes functions as
an electrode of relatively + (positive) polarity to forma relatively high
potenti al Lﬁ&egaﬁ&&él dE?t@'vg? .‘A‘o%t}ﬁeh%u@th%@de' echlade LQ.functioning an
el ectrode of “Fefative y - negaylve pol arity to form a rel-atively | ow
potenti al Picgrpgativél] teadiohothn foli suppdydndgl ienas cabopelrédaliec ifndioce ar e

formed frounthesslertihodafbdehati ¥5tyying Pasbhitkesapal Aidvrd t Red
el ectrode of relative

.nhegative [- (negative) olarity. Wien charged 15
o opar 11 I kA4S BPBULRRCEARSGATS PR P oL FRUshitars Bl ALY o
el ectrix ferfcelbaveohieenfbemaddont Baidhanbedraiter,oparticles are subject to

f in the dj t N . i G f if th .
(posi L1vely) charBed i yaPs REBHPASE PBTeETb Ll oPRR 6 T EAERAY 00 ¢ ne
line of 20dékedmilerfdevelsf ofhuplarges tregachvelfypadHaededtriles.
m croparticle sprayi pYreRPRLBLEs GE UL NG dhi NG JddSlofsRac & g

present invention achieves mcroparticle disposition control by applying

di fferent Pe¥BPd Bf Parbigesuréngadnlofiudd grapiets ddepleyr fEY168 a
substrgge to creghechaidhpib 4desi0ly €heydvee iy roei el silcavipad tGlkdeged

m croparticles into the region. The m croparticle spraying apparatus

accor di ng PBrFHéngiﬁgPaﬁgﬁgEf of the present invention conprises a spraying
chanber, a m cr opasposiegsapmpbacene arsl enidi we Mpldrage sappysitiradte car3yimegans.

The sprayigg et d I@@p IS 3 ed.,t Iﬁﬁﬁﬁﬁgﬂgﬁt ; rate
to be sprageﬁgafgﬁq%%croﬁ%%?%%ie gﬁg ?32g?g?hgzsgt e body ofﬁi%é%ggy

m croparti EFeNSpRaPRRgeAPPEFAfas arrengepr éBeRATRAYVEArI OAD 35 The spraying
chanbeys menti onsgpapwg HBYecCaRRGE3e ABLA! 1ev@160APR02083e1@ c0bnS¥REREL i C
resin. It na% be a _doubl e-wal |l ed structure conprising an jnner wall and an
outer wal | NUPRSEePEi hiede StARSRAR T (P leftdF %nﬂQé} parplilel

pr eL er abl gahd apli:@\lhgﬁ:vﬁlglil&ivaméee?!rofi]‘ffollﬁagte td aane et weebetrhef pehicphery of
said 5 substrate_and.t iLhner . t.he rayjn er, The.spraying
chanber 1S BPAPEPABNY SLER TIaT tirdBlrdt e Brt A Pel dRTRSs o R i28ed
sprayi ng chasbepatantbeléctebgeadtastbdrepy pentiicred abgien wheh a
mcropggti LNE (91 thi spd dventd on aedhi g icle
dispog?qio%gggﬁg?nglglggp?%?%#ﬁégIi%es&g%gé eé%??c fofﬁé%%vg¥ﬁgggﬁgétrate
and sprayi A§lehavgey RwPepartiates (RepatiTRe) dikpoF iV aRPasteristic
depends nughdpnihhehfial tbhgispead of mcroparticles, for the inertia force
of microparticles g rieg mﬁthntheinagnitLug%xgiféﬁli V4 5902} 5 mﬁ}h t he
result that the HbERSFnSRATEA™E het 1B5T & % cropart i CIPEdS%S SR VEd by
sai d |inesoof aehegativelyr ¢e)i shaegadkapbhyevarned. sahd sBabbitmgtepesd of
mcropggticles i N ihheaf - f.yaj LERI SRRAYiNg
chanbgggand the%?gﬁg%roﬁgﬁ?%lég glgg%?gg%gt?c)pgﬁg?Fty gﬁﬁegﬁaﬁégné anount
of the 20 nrerbpHPLycioschargRe IRaRar af tereatrily IR HEH OVONtohe
substrat e, tpROBgpAthgtefactors. In the present invention, it is preferable
to seek accurate disposition control of mcroparticles by adjusting the
vertical flowrate of air within said spraying chanber to thereby contro
the falling speed of 25BRIEFOPEBCREIPEIONTDE THE| DR§GWIENESd of microparticles
at whi t he pregise di sposit] . gt opart LGk : ' IS not
Iinité§ to one pg#ﬁf guigt%e%ggg?ggégbﬁaggl%E§§%Easggﬂlg§?§§gkgﬁgge are the
case in whEphavhagfappa ratepanPasly g tdgaPritreBlrs D HigAngeating .case
in which the spepdqi sol QW 4l BchBRaPLESENEW! BMEREhGNa LBEatakkiponspeed of
m croparticles can_be controlled to such a(greferred gflnt b¥ adj usting the
vertical fP8heRataloft dPPsittiyald EpPagnmpERahbeptively low potential

(- (negative)) region as formed on a stripe electrode array as

35 viewed from above said array.



The met hod for adjusting the vertical flowrate of air 35 in the spraying
chanber is not particularly restricted but 2 6 APR 2002 11 i ncl udes,
*anong ot hers: the nmethod which conprises feeding conpressed air or U?é APR 2002
fromthe ceiling of the spraying chanbers the nmethod in which a fan neans
is installed either above or below the substrates and the nethod which
conprises 5 withdrawing air froma vent Thol e provided at the | ower part of
t he sprayi ng chanber. These ki nds of nethods can be used in a conbination
of two or nore kj s.F?ri e if

preferable to w Fggr aw t%hé %%&P%gl%}t&%%ngﬁ ggrgh oJflllés %Sfe%&elgttrl%

shows an efanpedafmeshio @maygmgnmﬁbéﬁntma\l,rﬁ:cﬁ%mmﬁ sboemsmé‘ed bel ow
the substr tﬁgsBrlgﬁéaszBmtbseftatetaﬁ ¥§HE'6§|sEH@“@E%EEeOEl@bErbBethe
sprayi ng chanber can be adjusted. Wen a fan is installed in the spraying
chanber, i®8rff8Ypreferable to provide the ceiling of the spraying chanber 15
Wi th arsertures OFigsedaigeshsthématet! vhgwnshewial ao::ématlaerrpralgni form

air stream e_created ecayse.of . such
nicropartiEggéngrggpﬁedgﬁtég gﬁtﬁ?%%%?fﬁﬁggu%éfggtﬁél Hf§§ ngegﬁéﬁ%er)
Furt her nor é;- $aedatprayi nge@harmb@ﬂs farmeefar @isfy ri@epedeicdadds eirray,

di schar ge QPr§1$@bﬁhf98H QSQQQGQﬁgdaQQrSgOSGd Si nce the superfl uous

m croparticles 1n the spraying chapber can_then be w thdrawn fromthe
di scharge port, Fhe-nk dropasehemnat iF Spiay shewiagchhaclines deelrtrdr

i mpr ovgyl a@ercevfrmrvéﬁ iLn\Pd}félrbleoﬁL&)ﬁbb@bﬁt(iaMd/i ﬂgeﬁérecénsﬁbaaarrt mt;es
di sposed is 25 wt drg fro E ra cha tterrn & 5
mi croparti &r e8Sc¥heB8 m?@Q@ngb ?ﬁg ﬁi gﬁﬁr? FélgpF yirRG ﬁgﬁﬁ &04s
accordi ng aerbkhe first aspect of the present invention acconplishes

m croparticle di Si b n allin t f
m croparticles u%gg %hggrnf %é%%%g%? ??%gsghép Pé #hé g?ﬁgcghsgﬁﬁed over
the substrelecbupdes uwsmidiiniasnhergea pbi €1¢ SPEPYASY aRP3I PRL EhemspAaynay of

mcroppgtighgs rgﬁglggggrgg §nggn9gnghghopartrcles is increased to thereby
i ncrease |nert|a orce, ,so that the mcroparticles reach the subitrate

before their patBigs |slél?eF€Hem?Hh§ UieVashPHner BritdrspBarttGheaccur acy.
2 6 APR 20@grigitbesgborecus temh&;dyletgarcalal Princaplasgef shd li&trehlﬁ&on

di scharge port osed. during {h r i A | es
and opened after%%ghgfétrgﬁxz é%’ %ﬁﬁw %%eS%% &ﬁﬁﬁﬂgﬁgﬁé %g%o%léard

di scharge pprayéag appafhtm$mamhnﬁynnglb®@ prmnCLp§eanUéthEhenNEQCh@nge port
mentiofypd above peqprefecall Kohorared 9ief LAYEhnaDRYeLtNansURsE At e Set in
t he sprayrn chanbar sai |sc arge port 1Is cat e at a l[evel bel ow

t he subst rarérpﬁarhécésr aprAYied ApRe rates sitRedy 119 fhe gdnGioles ®ifl 1 be
10 deposrtggeomnbagtgghstrate to detract frontthe accuracy of mcroparticle
di sposition. The_s er _preferably has structure which all ows
control of inter ﬁég %gr fe(? 108A Y5y Oéfflrngpgp i S C R %P@%ﬁe&t}e
pattern of atherdilhgt tat enEoembbdiimdntr p$t 8helSndespliep.use is fine-detail ed
for e l e, the ectro a S : 1 Re e d on the
substrate for aané ﬁ?qg?dgc$§§§§%€§?sgﬁgg gg%ﬁggrﬁgigg Egérgapgsggbout 10
to 20 ~ m dpkpasakieneef rilre pEeaay alccosddpsl tedeheebsic of ik dodds thiet h

such a nar eRWodaRen® 8ROEhaChhgHhtidpually occurs . However, 20 the risk of
short-circuit is depen ent on the mi st ur e, cont ent %Tﬁgﬁ atnDsEhere in
f

whi ch the substrBi8-i ¢t 4 &6 ?W@Féc §eﬁtﬁP6hV+?§K° GPPVERFEQPALunder
hi gh hum dityuéandici/s@as, diBplleyt Hevicek is lowin a relatively dry

enviro nt. Therefore, by using a spraying chanber which permts control
25 of Tnternal humdity or dry gas purging, a larger electric potential can
be consistently appli e EXRGANEI QY QK rtife NUNERHerENBOInpr ove t he accuracy

of mcroparticle diggpasihic@n @gswqgklﬁg Buedyehtyiel d. Mreover, since the
humi di t y- dependent “variation in the el éctrostatic polarity of

mcroparticles ps board
3, 3a, 3b. transparent electrode (display electrode)

35 4. color filter

!



30"'a cause of poor reproducibility of disposition accuracy, insuring a
constant hum dity environnment contributes to an inproved reproducibilitg of
‘el ectrostatic polarity and accuracy of nicroparticle disposition. T&8 APR 2002
preferred humdity within said spraying chanber is 35 70% RH or | ess at the
anbi ent tenperature of 20 to 30C. The 2 6 APR 2002 13 dry gas which can
be used for said dry gas purging nmay fof exanpl e be air or N2. The spraying
chanber is preferably provided with a stage for setting the substrate
thereon. The stagephscRrgberakly a 5 grounded stage with a vol une
resistivity of not nore than 1010 cm Wen the stage is thus conposed of a
conduct or and a®hi §Fe¥oFPade repelling the linear transparent el ectrodes
(of the kV orden) isqappl cegstalcharge of opposite polarity appears on the
stage due to elgctrostatic Lnguction with the result that the 10 effect of

relatively revePsel56PRPEEY SIS d8VEFEHAd across the el ectrodes owing to
depol arb zati on Pe hadignmeht $ellmcti ve disposition of mcroparticles in the

el ectrode gaps. 1 Thi n that no disposition occurs at a higher
vol ume resistiv%py nggygﬁﬁeghgﬁgggter di sposition is obtained under 15
speci fi ed condi tlonBiFrRBRE6FELe RHBR1YhECYi&Es substrate has been charged
in a preceding step, mibeopAktstati geefil/eel gaptal so be obtained. As said
stage, a conduci&ve stage co rhsing tal, etc. can be used wi th advantage
but a conducti vel8taffc QBPFEEE wteRk20 an antistatic sheet may al so be
enpl oy=al. Furt h@knowvelthge dbplpuanpase akaeki minating a fraction of

m croparticles ar a0t Lte polarity to inprove the selectivity
of disposition ??'tﬁgﬂépégyrggg?gggzg%reas (el ectrodes gaps), the

m croparticle sphayvagtappadeatus 25 according to the first aspect of the
present inventiop. i sopagEerakl ¥+pravi ded with a charged el enent for

el imnating such nicrogagi%cles ? ogposite polarity within the spraying
chanber. Said chirg¥8rerBAENEPEEE ANt he spraying chanber is 30 preferably
provi degsl in at Leaspipidgmain of the surface extending fromthe nozzle
orifice of a mc¢prop iC delivery.nozzl e duct to the periphery of the
substrate. Prefgéab?§%’tgggaige%ﬁa%bga el emrent, a potential of the sane
polarity as thelficcbpagedcedsmestapplied. Moreover, the 35 potential to be
applied is prefegpabby,l apggr EggguEggrpﬁESﬂgh@g 2 6 APR 2002 14 to be
applied to each of sard electrodes on the substrate. The microparticle
sprayi ng apparatus according to the first aspect of the present invention
has a ag croparticle supply npapsnLosbRe orcrepantioke supply means is
adapted to feed mcroparticles jnto said spraying chapber and_ spraying

t hem over the suﬁg?r%fﬁge& elHY%?tbﬁ?t?ﬁlB°§uﬁ%¥9rggﬁaslPsdﬁg?lbarticuIarIy
restricted but iBherEfmrablspeatdefite pogsenti hgvant ionct o mdmdaties] hozzl e
duct means ] td t eed tl.cles
o said opf o Ao EharporE n A e b SR SR LR iR R AT BEgRRibh

m cropart i efed sdarIcedduEerapansial erom appebBatirptedcajaey Bg ehelushilék®. Wth
this nigroparbiebersdes! ¥hiBANScRPIRELST B0spRh¢i Al CERRARLECLBapRZAl goduct
and mcroparticle tank, the 15 mcroparti.cles can he charged + (positive)
or - (negaFeRTMEgerE STy THRE Mt opd (HARRR A peatealPPdsnraat s Ror

i nt er nal waklpplysagdsaidropardvpatreiodezirtdusaid Thprpyeaguchambegaanto be
used as saj jcle i p. | |y restri i.ncl S ressed
air and NZI‘igﬁ%§ g}rlrgnlgt g?hggéd %kgeé%%tgés’u%‘lnzdgg ‘é%g?e(ge %k%’fl é%%ﬁ:llig/) am§§§g gas
with for applying voltages to the electrodes disposed on said

30 substrate, said voltage application means being capable of
applying different levels of voltages to said electrodes
respectively.

Generally speaking, when two different levels of voltage
are applied to two electrodes formed on a flat surface, a
35 relatively high potential [+ (positive)] region and a



a M ni mrum of npisture.content. The charging polarity of particles is

defined by the work function of the material constituting the surface of
“microparticles and the work function of the material forming 25 the&6 APR 2002
internal wall of the mcroparticle delivery duct. Thus, generally when two
kinds of materials differing fromeach Qther in work function are br ought
into contact, the electrons begin to shifft fromthe material with a smaller
work function to the material with a larger work function so that a

potenti al 30) 0t (€1 NS, uith &% £ 36kgRRL 6BY ) Aol b LA s PaduCEd
bet ween the two nat resul ? éria er work
function i4ipesiaf @épytéﬁarg@@cwneef%@eﬁﬁyethmp%emtJaalu fdigérraver -

function l@hasgaasgahynﬁhahgedboihusf whenvbmea@eekaﬁpm@buoeoothbh@wo
mat eri al Estltutlng t

rface of roparticles is snmaller than the
Mok f ance SURCHEOURE s &f dine S3ng RRRa36 e WALk oHRTseet it e ePRER nal
wal | ofs t hpotrtent bpadr {gebendepotrenyidlitt ast hefarenoparn O ¢l éasaferpasi i vel y

(+) charge ]ﬁﬁﬁ& t he
n1cropart|gPesa?é§%§§£ﬁe E$§S% Hgﬁréf%k ?@%H% ectlgﬁllggtﬁnggls t he
tendency t hue elRCHEadnRs, ?ﬁé @f ¢b@r@h@@trﬁd%rﬂm@ﬂ@tﬁ%ﬁ8|a§l el petipde
strongly chargefaefeeifer mp@sqrwvté Cb@iar\m:y @otf@nﬁnacrx%g@rttllvféu@sh%ﬁ

weakl y charged mheE diffe F e Is,smaller cidentally, the mork
function oPOheHhid zf 89565188 uF§8&anackorbi BetBt RE E6RELEPYSot enti al
10 di f:foe][ eﬁﬁﬁctﬁ.em.ﬁgnaaheél@d:tmdiélhcaf kerecvart M]Jy }‘—ur(nteigamlvler) bbeattitgt
aspect o resent vient.ion, the mcr e su neans _Cconpri si ng
said mcro 8rf$ e (feel%a\r}é"rvflé'u@f)waﬁatﬁpﬁﬁ E grreegq ‘E %]afer%oél‘drer@flce
havi ng onlyhmaesnateophnneslefdeﬂbcérycdﬁotceraaedévrmedhﬁvomgthao or nDre

15 micr opag&ge{gfgg ddeﬁl?{/g_lg;i}liﬁfeirygyt/ %dréslp{fée%r Bh)érﬁtg/etfbct%é@!begrbw

more microparticle y|ng onst|t ent naterr al
mi cropart i eferatppiyehedipdadfiveudn ¢BAGRELEE) breokavel i cr Hhem: Fbﬁégeé‘an be

sel ectiwel m@b@ggedwlé@@%é b¥&hgRt 1nt:(d1€l§lélbll‘é©):rb.¥: fiJélIdi A8 wH¥:h such

m croparticles 20_through,th ropgr_on aid |ivery nozzle
duct s conpi?g?ﬁgoalgi ﬁgFéF ﬁﬁgg?lgﬁge gﬁ c£ﬂ§?F50eﬁﬁ nﬁgéFpﬁgs of said
two or noreioropapaitlebeadelsuefgctndzylae fducesiparhde]iumtiadiicslofsehect ed
accordi ng hecr I I\ Cr icl.es
used. The %ggéeg% %%&%’???%rés% jF?etkrﬂ%;an feﬁ::{v Fijotsq%lgétl C%B%%d 2
nlcropartlénetH@IﬁW§¢9té96t§pE©ﬁ$ ﬁstﬁgtbﬁséiﬁﬁpﬁioﬁaﬂérFbﬁslhﬁ9 Rive only

one m#y opartielect @akceuafnaueg;pas:@nal I HeBaYevE W) OEnAREEAM cropartl cle
tanks. 30 Wen, as sajd nlcrog icle sugg % nmeans haV|n8 é ngﬁ

m croparticle defPePyCHoREET B;ﬁrFEFﬂﬁl sSPRRT A et EFPR %?gatﬂe Ee.
havi ng twofdektvasyeducsds, tHenpnaEHmnunnvantummedphnevespmitropastmtlene and
the same ¢ c C g hi

(negat i ve) CBUBPBUE LD CRERFal PRy T B Hihshy Havels B Opigages

m cropart i tpecaleh |O\fe$§rldLR:3t€sCtr®® zﬁpmn@@oqn%selbs@mt@r@mcmt@r pafd.

Therefgy e, 1@Me§%kcewetwe FbEEQPARE sbgag% veﬁxr 84zhecdyphstiroaLONe to
t he ot her durlnghspraylng of mcroparticl es, positive)-charged

nlcropartléPEQ 8 IeghePati ve)-charged nlcropartlcles can be 5 alternately
or' sequential |y $néamﬁdr@path@cﬁybgpfay@ngFappa@aﬁuseact@ranng £br sheaspect
of the preient i nvent g nicroga |c e g@gly neansshavin%Ptmo.or nor e

m croparti tFESFaRRBEE °5I BepRrESER W -PRERAY ARt SGEPASSEEi 8 RPEFEPEFti cl e
suppl y neaohambepyisnhgrepadtictecpaglicneahd atel averhtafeapphdcation
nicrogg;tig%gn ank. When it is so arranged that the two or nore

m croparticlé tanks contain mcroparticles conprising dissimlar kinds of
material s or havThg @pLavingachapperceeebiposdt bave ipecadrrESPakPicl es

fr om sai d Hb@&ﬁﬁ@&htﬁ' £ émﬁﬁrﬁ?lt%eb@hgw ¢ WiRas idilce@pbadtt ivlEedati ve)
15 by rout] ggs;clglrpttesrgrl{g%édf ofe tlhveern%.cropartlcle spraying apparatus
of the present invention.

35 The spraying chamber mentioned above may comprise metal



When, as said microparticle supply means having two or nore mcroparticle
“tanks, one having two microparticle tanks is used, for instance, one28 APRo2002
*kinds of mcroparticles varying in constituent material or surface
conposition may be 20 charged + (positive) by routing themthrough the

m croparticle delivery duct while the other of said two kinds of

m croparticles varying in constituent nB@erial or surface conposition can
be charged - (negatlve) by routing themthrough the sanme mcroparticle
del i very duct refore, erformng the I ng operation with two
ki nds of nPé&r SyXQHG‘P(FIl&s r\?éll |ngI€nm%¥5n}§?|gu ﬂl‘bi’gf\% %%ﬁgdothﬁ?F’éE%
chp05|t|0@ombt¢eﬁa@ebn dhnel aquea@a ahheute¢p@&ﬂFlVelﬁhQéQEQ?g the |

m cropartic san ive)-charge ropartic al ternately
or sequent Féf N ?plorggﬁq ns%ﬁ Yhd %ﬂbea’i’ EAlss Ph& W@g&ﬁaﬁ'? P& 15% ivery
duct of the elbavenmecp@partt lebetsdpplen ﬂmeawsenl tthies pprépbealyl eft saise two
Or TOr &5 NOZELRLUUELS aAiSthE! LAhel 65 Ll Yew! Fg&%g&hgeggﬁ{nsggnect ed in

series.” As mentioned above irst aspect o i nventi on
acconpl i shes t heTBPsﬁﬂﬁqH%cbéﬁpﬁél1%Pref2r6bAP’RsW02h§¥ the vegaidadl es

through t helontef e bifQii 0i n GRalDeHr 894 h TrRsnper Baﬁhb‘é £t&€1y la@jliseled .f or ned
by the potenti al d| ffetplence tvvee el ectrodes on.the substrate.

b
unl ess the rel at f*5A%Ht ?ﬂ‘edsﬁ aVEnd }b?ﬁldcéﬁgﬁﬁttl e RPN P€P§§H%6‘ssai d5
potenti al diff Ebientevést hoke it is vehenim myreparidled el spays indiorbeoditspds ed
sel ect{yel t mell
T R R R L e N R
| arge, t hechapfgeﬁgnmmmtwla%é;h@rr@ -t o@hgr@a‘-‘:pcsteFtthra€hédaF@eﬂfh§th

el ectrodes d@beilagst mscﬁtéﬁ%@ffﬂﬁwagﬁé&i &F i HAReE il AR UG, 1e3ul ting
in deposition thereof on the electrodes. Wen the chargi ng arount. or

potential dPEFEienEerfre ?Edms‘h’é‘m’ar‘%b%le% R FH&F Ipkht it dagiy tgle odn t he

el ectrodes fhecaugevehech ogyuswothfehé i ngswierempet tird efodes imOtwhsehf it@leent | 'y
altere t ween ctrodes

15 Wiile_ th f.f b b
2] ustBl bOVHPy Phg LREOHE EhgboVal HoE SLqhe DYpRRL A T 0o8arh SIELEPafies
respecti velfsbrcet inasemersablyr vabéed.i npossi ble to control the charging

amount of m CroP%E'f‘a!lqsingaEﬁ:QQH%f}E xﬂl8£91|9§£€iéi§§ 1%a<§'ef9fle&%'§zr€’r?e fi%w
charged. The above 20 mcroparticle supply neans according t0o the first

aspect of FRESpPEsRAE Yhviit i'dhe HRrE Wé‘%lﬁ&?é“}%ﬁrcraé‘ﬁiamecFélééFLF’VéWPduct
means and, th@ﬂ.\?\E@lﬁﬁstBﬁleapaEhglﬁS{ ﬁﬁﬁt eabkghiggt BRochar gifnghamount  of ]
m cr op, ticles i ot, .been achi rior.art.. 25 Since the
Char o130 albEAPEBF e CEBohs (18T diee 881 PRRL By L Forvel Sms fvsTof ne

m croparti sbbstreteheanony otter ifalctas syenfnonkee @mrsent tiny esttdogi,ngtanount
of m cropagi gk@%e‘f%lgetgo%éﬁ' ESQuEQt aﬁbggﬁhﬁlkﬁvﬁbn'@%lf g exanpl e,
connecting a duct conEose mat er | a e 0 arging m crogartl cles
30 in a grBAFTABRGFEECLASRY RE3UGF RIS hAuUEET EbAPbIA@WOrate RatakT Ui tédpabl e
of chargi ngamucw@aﬂm@l&samﬂ tHo tAeHeRY cOROEEE. tHS =1 AL pRider t he
charg% npunt , E ESI ve of the charging polarity, of mcroparticles can
be ju |o{9§F§°E’Bﬁ F8d by connecting a duct conposed of a materi al

capabl e of char gThg 838 iy spakt cfermclrc(gmztalx@ atrwisbeh ehenvptrbcd séuct
conposed o A 0 I i rticles
- (negati vé)lSp%gt(l:gﬁs%?trgu%#fOﬁ%{%{ %Q ?gsal d g:uqte"%%a g%tn%%‘?legdt al or
a resin andocanebpojutikibushsrs i xeteediur adlorfal ¢ §%1|C@nP@an@ISar ghﬁge
polarity apdeCRREOEAGe AMUMict tHie fmBlaldd Csp@&f o'fsm'i%troB%'i:tt'l%lile%r

restricted but may be a duct, conposed of a sinp tal _such Ni
or Ti I ahdgbt aEGn’bF?s?ﬁﬁea%Panl‘b‘f/h s"t}%?] %Beeébgs I\kﬂ"bovéln tflte Hﬁ?sﬁéta duct
internal lyinoeatedn\ theafakl ahbi epéeanbeommerspagtéulesr caftbe as fornmed

may be. cosbPBEERLERYEY Bct R EhsrteE bl b dh Ao gl vEFEfeR1® U

synt heti c féswnraWaenfaaiesin papé ssragedgashsabdrdellvery duct neans, the
outer wall of th@h@'xﬁ@thédpf&f%{ sYt }’F‘éjx)@cft edyctive wet al T, The
mcroparticles are electrostatjca 15 c as t contact wit

i nternd wanl the spsadise phambas éﬁe@ph §aégé?§]éaééﬁe§eﬁﬁraﬁﬁeéobsltout
between the resin duct and the mcroparticles. The apparatus itself is
grounded and, therefore, when the outer wall of the resin duct is covered
with a netal, the electric charge conmes in and goes out between the



20" resin duct and the ground so that the charge on the nicroparticles can

" be stabilized. The mcroparticle delivery duct is preferably such th stXEk
“ratio of the lengths of its conponent ducts connected in series can b 2002
freely altered. By changing the relative | engths 25 of conponent ducts
conprising dissimlar materials, the charging anount of microparticles can
be fine-controlled. Assum ng, for exanpl®, that Ais a conponent duct
adapted to charge mcroparticles in a high degree and B is a conponent duct
adapted to,charge mcroparticles in a | ow degree, the chargi ng 30 anount of
mi o opar t | SPELUERR " bEMORACOLBRERS! B8 BY thEANEDIFN REmREESEFatereiod
del i very dueimpgesskdt atiedoby thendekkei fgomompeneetl ldugt & fAtardsptaBing
series in [ [ , r i ~ Furt.her nore,
the mcr op%gg fn%ggt’) dgﬁlgvlggf/ﬂég?@éi %ﬁg pé)e%égfrpg%ﬁ{/rpés ulc%%%ﬂsar%t% %“lltes?u £ t&? %erl engt h
is freely abpustablleelgy the subFR 2092 ard vidry imefhase whitchl coapgtiisest he
chargi ng agRuRbrQfiAyCh PP AdielaGeh@MBEe fd¥dNRied iaRCLaEM &L L §hrtTRE

t hus-controll ed char |ng anggnt of n1cr€§? tlﬁ%es can be assessed by mneans
of E- SPARTtRﬁaPS-?féVl%FIo BRARETM cFRiFS .<§S, FoM§HQdth GEn WreiSess 18ai d

m croparti al eosbppky ioeang, tapeokawnong kinder. nPaetihtGlapaytwieée delivery
ducts conprising. dissimla rials,is used he .conhi.nation. of said two
or nore deFPWBngaﬁgt glﬁailgcggn%cr?i slet alsmﬁrua P%roanh%)loenetn " L]:&dtrgl"{th S &4i'n
conponent fordoreatdéver edswirermaofedal,. or two or nore ducts conprising

di ssimgar mater %‘%2?-8 Ehewd £ Al 1 8rSPL Y 's@:gda%l?@ ehHRb@ECH ¢hignt 0 the

first aspect of t present 1nventiron is equipp Wwth a volta%g
applicati of fBBndS FhFROTBHAtAGECUPEIE cBePHRL Feans BYs MeedisyRdd ths £8nappl y
V]9| tagle _tOtagp?ur:ahbhyl eioflesiéoﬁf%i@rmim_@ml S‘ig’aiéﬁnm icancgaa:al e
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The microparticle spraying apparatus according to the
first aspect of the present invention accomplishes
microparticle disposition control by bending the falling path

30 ofmicroparticles under the influence of lines of electric force
formed over the substrate but if said discharge port is opened
during the spraying of microparticles, the falling speed of
microparticles is increased to thereby increase inertia force,
so that themicroparticles reach the substrate before their path

35 1is altered, thus detracting from disposition accuracy.
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In" spraying mcroparticles with the mcroparticle spraying apparatus
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be in pen ent § Isposed on a substrate. From the standpoint of preventing
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a spacer
more microparticle delivery ducts comprising dissimilar

materials, a device having two delivery ducts, for instance,
is used, microparticles of one and the same composition can be
selectively charged + (positive) or - (negative) by routing them

35 through one or the other of the twomicroparticle delivery ducts



35 selectively on a substrate carrying a stripe transparent 2 6 APR 2002
2e . electrode pattern constituted by plural |inear transparent el ectrodes
“arranged in parallel, and applying a relatively high | evel of vol tgﬁ?@%[ﬁ?
even nunber of linear transparent electrodes arranged in parallel
relatively low level of 5 voltage to an even nunber of simlarly arranged

|l i near transparent el ectrodes nei ghbori'tig the first-nmentioned even nunber
of linear transparent el ectrodes to thereby produce a relativel y hi gh

potential ¢ &PPﬁéférY@)r}\aEQEiQPs a”dr}?ef&%c?xté Vely d | i trﬁj‘t‘d}?é

(negative) ) region in an alternate pattern -an scondltlon
sprayi ng e‘F%‘Pné‘PP%rE)b%]r?|O\?éI19’e(f¥)n%¥1%&@QﬂlC§|§a@é9m sreLnbhathasdpringhar ged
spacer OntQpﬁ@yﬂnéubﬁtmﬁéﬁop@ftﬁc])@§lttM@'-}’ (?&:sﬂﬂﬂvgﬁdcﬁe@ﬁ@@cﬂ and a

negatively cha pac terpate n,successi an,

Subot r at e maEteRarhEE RS B e G P Er P b Be ry S M ERRA h ca9 Bievi ce
accor disng abtehmateiyhoasseqmemtlahbypsps&medlamenheomubsnpatees usi ng the
m croparticl e spf\gym&rmpéra{sﬁstﬁfgowf&gé Lhe LErsheaspeglof the

i nvention. Thus means of e mcroparticle spraying paratus of the
first aspek@v%$t%%%12® thE%@?EﬁlC%ﬁeS%PE¥bp%?%m%I@@V%%@ V°|@rdﬂ@b%sed

sel ectivel rgl@ﬂo@af_supélé at n k&l Eyh NG1l 8o Shéi @@ear@ﬂﬁu@aé@@én@égétégdgaﬁar ay
constitute

P L | i near transparent electrodes arr ed in
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relatively+35v}(,ks>05|t|ve IIe and .t.he rel ati.vel egative) valley of
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2 6 APR 2002 29 EFRELG a?PPQ&Vym%SPF;cFG 1Wth‘2’?h% gaps
bet ween | imene mxm@mlelwm)deme Taerielotwp bycsppaythglea pasksi vel y

(+) chargefs spacgr £br ainsdatéyel yné- afcmégﬁpnéya&frmf@wﬁéfe@éyem nmeans
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the inventYdRY1R%e s FRESEINUENGpRRERELBS AW a8 COoMpodildfoseBay P he
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aliquidc %f]tal ay devi ce acc dlnftotheflfth(?speft of the
present inV JtY%]ﬁy t_Sp‘%l}&JeJl’e %’?%y‘? ETey T b2t Ar T HIES W an internittent
basi s, formmmmaﬁtlcnla@ ey Bsg ede hcowspi tsemy ot setahdsr cdusfaayi ng

fol | owed by, SEFONGh UarCBE SHA Qg BY( RUER AR | BLSFSLLL £ SRl AV BT
spacer mcr artic ance of spacer “di sposition due

t ur bul encetleg %?@%W%@@%\%t%%ﬁ b‘éeh%V%?bv@P@*éd Thes sforgyi My appar at us
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di sposing mcro artmi/es accur at el on a substrate. Therefore, in the

liquid crystaforRs %Ie‘(fi”&béln%ajr i SR aF SN TR T R o W SRy

devi ce, 20compedi tbsn bebte rreaté Byt or eth byedniende quilte cf y p@d i i vl ay

manuf act ur IS C e invention, the
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spacerzg 250 gabodiaeat of the mcroparticle spraying apparatus of the
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drawi ngs. Fig. 129 sthe JeerrRa et i5key Snbiv ey 46 rdhaite @RO%r ayi ng

appar at us r@r@@@b@ﬂ@léi@ sﬁarpplq» pteaspfit he ;pf@ﬁ@fﬁbﬁ@ tioweattv orAnspé ayi ng
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35 invention accomplishes the disposition control of



The spraying chamber 10 is further equipped with a vent 35 hole 14 and a
conductive stage 15. The vent hole 14 is di sposed 2 6 APR 2002 30 at a

" level above a substrate 1 and can be sw tched ON and OFF by ti meR Bc 8RR 12802
The substrate 1 is set on said stage 15. The voltage application neans 12
can be set to any output voltage value and polarity and is connected to a
plurality of 5 transparent el ectrodes 3% ornmed on the substrate 1 t hr ough
connecting termnals. The humidity control neans 7.3 maintains the relative

h dit
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e g T LR S L K L o i Pt o
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provi si on RAL 0 ctoddf ?l%é?Pa’EGBClW *Fﬁ‘é‘ HFSE)F%&CéPBEiLYoﬂ%%tB%l%?% RN r ed.
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of d| EI ax%elreoctar dlC eBSa an d %n t__LQer al r o{eglwsl )eég gtroges 3
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the display electrodes 3a form ng a pal r



35 As shown in Fig. 11, dissinilar |levels of voltage are 2 6 APR 2(b~) 32
“applied to the pIurallty of linear transparent el ectrodes arranged in
“paral l el . Thus, negative voltage (-) are applied to the linear tran@fai8Rt 2002
el ectrodes 3a, 3b but a relatively high potential is applied to the linear
transparent electrodes 5 3a than to the linear transparent el ectrodes 3b.
Furt hernore, the spacer 8 is charged néﬂ%tiVely and, then, sprayed. In this
arrangenent, the spacer can be di sposed excl usively between the display

el ectrodes 3 LRg ; I ARy LhXgl LA I

di spl ay cef—ﬂlffi]“—’lfcggfg]él egpggugthlgﬁggggng i %?hga?%ée%?Fon HggﬁgEX%%Ztrlcted
to the sinple na’tfhﬁﬁqrﬁjmfdl@'r’fy@@éﬁrélﬁépﬂ%?%élqlu%meéaﬁ Ay b6 setiad

appl i ed tooe iezrersq%l 8elr £&n by iEibAl gbi@h@}édCﬁAIc&fsﬁeEFaHdrﬁwfd
crystal di SB cell. 15 BEST FOR CARRYI NG OQUT THE | NVENTI ON The
fol | owi ng ERAFBILRY PPLAZLFY: BNEhENBIEdBAL 2MRYBNtion in further detail and
shoul d 5y no neankeheetcorisi ¢ ded tass dedt mangltdmaa&a@pewfriheedmmtnagn 20
Exanmple 1 h el ect e n S | igd. cr di_spl.ay
devi ces (C%FO% $u$€er- orgrree(gl ({sftj%stsggr@é% 58% |%{e}I a%%rlgh’r eé/s’ %‘el é’(fXgéS am
bl ack matrpx fidechi dehpphsing, ammmmwweawfdm 20 rzoverel étt mege gap
15 a m shggt, t@uegnﬁ@egéapl% dBered IS HR ML 195 LbRBE18LRE! f odes

(I TO el ect rodes) wred throu conductjve segnents out o di sp ay uni t

to forma 242 ConStel ek r%@%?@rﬂﬂ%/t%%% &5 ivakauce Fi Jlomovayy the

subst red e tAusrphepai el ofaa et a3 it dict K beotyv et &¢ walthgarantn Fhihm was
constructed and sabéfg_cge é%gg-rub i nﬁggg tr eat nen Then as illustrated in

Fig. 1, saFg™BaBstr tep pPﬁyFnﬁyghgﬁBéF 5854Mspr ayi ng
apparatus, and t@hennalse$im wibe age wgr iacatsadnl werle veaynedatedmeansai d

conducti ve, ﬁSQH‘éEE§ ﬁQl?hBE fnd! g?g% GUr é?@ﬁfd%&?g809%9%%9&@'08' | ed 35

i ndependently to eac e con tive Segnents Q 33 The
m croparti €PBAvGRkVRaBetalt edhe tfhlftlF@O%WﬂCFﬂeﬁ Arestleai e vprirical by

M cropgar | cﬁgréf:réé Q:'kﬁeﬂ'c@mta%"t Rith, ta ﬁﬁi@r&wl Fhane ShetAcuEopht The

M cropear| d been ative char ged. DC vol of +150 V was
applied tot Eﬁc—? Ctsrallcdcgagg '%%%E‘Pc%’ﬁﬁi@r? ePHE r]ijﬁtéve%ﬁ‘%grf%@ #8Ftage of
-150 V WaSaaﬂpiheadumOplaetdtdiers t eTheredpatatidiis seddidi $ igyoundedeanti, mer

cont ol . {PRCRBEEEL, WAR PEREREL ML 11 e Al of s commeps e Al Pyt he

substrate setonds an er a se secon
vent hol e aaseiopendde @ﬁes@rg@c@hdsgemomm 1énéndf9@¢|$ Outeetyiens, thhe

vol t agg appkkgat HQEtV‘@ﬁdt Hﬁ@egrgﬁﬁd iBethatetnal cBQ%’??L?fuggﬁg}["’azose}?Ht 0 25C

and the hum, dlt%ﬁ hin the sgra\é g changer was co
M cr oscopi BLEXGRRRAEFORSoFaRhBE t4t&®dprayed with the 15 spacer as
above reveal ed that¢ riiergpacerclwaddiden i slpeseﬂs e fiest akell yy slvethweratt he

o <oy odesshe YLD, 8 vOLL a0 0, 150 N o2 Bt LRR! Lol s

t he bl ack i Sposed a erval’s o y stripe The
spacer m csepaesmarebeoﬁmeﬂey gdibsresgt.e %@mm%dhamhaﬁmhbegtber 20 1

M2 weggs cabeulbghgdnedPeqiEiberonBsid9HGMEssimilar materials, the

charging amount of microparticles can be fine-controlled.
Assuming, for example, that A is a component duct adapted to
charge microparticles in a high degree and B is a component duct
adapted to charge microparticles in a low degree, the charging
30 amount of microparticles can be fine-controlled by means of the
microparticle delivery duct constituted by connecting
component ducts A and/or B in series in the combination of AAA,
ABA, or ABB, for instance.
Furthermore, the microparticle delivery duct is
35 preferably such that its total length is freely adjustable. By



By cutting the conductive part of the substrate used, a conmon el ectrode
panel simlar to the conventional one was obtai ned. 25 Exanple 2 Exg8pAPR 2002
“that the spraying tine was set to 20 seconds and the voltage was applied
under the sanme conditions as in Exanple 1 for an initial 10 seconds and
thereafter in the reversed polarity for the remaining 10 seconds, the

spacer was sprayed 30 in otherw se t he Xame manner as in Exanpl e 1.

M croscopi c exam nation of the substrate sprayed with the spacer as above

| ed th i d | 1
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m croparticles ﬁ&uﬁﬁ’&@@@&éﬂ@& &h§r§mt é@:éﬁn%@fCﬁﬂ@k@ﬂa@ﬂ@cQ@BVerted
to the count per nmm2. The result was

q? cept that the

humi dity cBRRrRF IatSsRReS Rt BRBASCRF %@PAW#EQ& %é“&&%ﬁWﬁg éR&RBer was
purged sM thodyy Bbirogsbagas. the spacer was sprayed in otherw se the sane
manner as Exanpl I C_exa n.of. the substrate sprayed with
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pattern asornmExanmieeraEkaqbeeddlExeeptduhas aoppuyeingi Héssémmilaal

devi ce capg 5{;8;_«951%% RSED, 2L N9 Y S bl 981 £hegt PQIEﬁ‘éa ellver%/ hat

two-el ectrode 1 nterval s MBS prep are connected to es SO
vol tage coBPEtBAEHEPIRILEE & H@H%PQWHBBPHEI@:‘F‘? Gdesa ihe e compPpent

di rectign @ﬁcth@ooé_@leaawmometambsbratﬁo bhemspacatcyesceppaysdngn
ot herwi se the s manner in Exanple 1. 20 M croscopi c exam nation of

thesubstra?és§bWé 28 ﬂ??ﬁr%ﬂé spacer as above reveal ed that the spacer had
been dlsposed |nThéemSeﬂ®p@atiele asrapifkyaapperdtufoapacatiing twabheée 1 25

The common gr%?% le f oL ,or gégﬁ%ngﬁ%‘%}én% (r:lf'bg %ez%@%ppdééﬁheﬁ ad%gﬁgg (the

convent|0n5 ectro was prepare
sane size aspiheaeltentrrrezﬁdes of Thtanypd bt age Hpp ldomraen Baans sigy dysmgned

equi pr%g a%@sagfé@yodsg £hy 30, ebfﬁkmeg @:@de%EtE‘gdéQ tbahea ¥Rl Lage

coul d ppl1 ntlre cel DC voltage of -1 kV was
appl i ed t osthgtearei agdelacErByRScaff PHElMﬂﬁgsdéﬁf?H%nEoﬁﬁﬁﬁléI@gtrode
wer e groundsmta@Bgrebyshiaeeleétebeebrrestebceva&ye est abl i shed betmeen t he

charged spacer vBae sGyhbade | PR 58 akBR1ed Bl RRL uitcd0€ B SO U
coul d be dmspnsedsonreﬁerabthaCeVe&tagaegr(n@ﬂsal§pé§éde+n electrode
9aps) .29 The application of different levels of voltages to said
electrodes respectively by sald voltage application means can
be carried out typically as follows. Thus, in the case where
said plurality of electrodes formed on a substrate are stripes
for instance, the pattern of applying a relatively high level
25 of voltage to two adjacent electrodes and a relatively low level
of voltage to one neighboring electrode is repeated as
illustrated in Fig. 2. By applying the voltage in the above
pattern, a region with a relatively high potential (+
(positive)) and a region with a relatively low potential (-
30 (negative)) are alternately formed on the substrate, with the
result that lines of electric force are produced as illustrated
in Fig. 3. Therefore, when the microparticles fed and ejected
from said microparticle supply means have been negatively
charged (-), the microparticles are subjected to forces acting
35 in the direction opposite to said lines of electric force so



When the spacer was sprayed in the above condition, the spacer
_mcroparticles were disposed without positional 5 selectivity on thgsmgéﬁeﬁBZ
substrate surface. The reason is probably that because the el ectrod

was narrow, the lines of electric force formed were substantially

equi val ent to a honogeneous electric field over the substrate. 10 Exanple 5
A liquid crystal display device was com?ructed using the m croparticle
sprayi ng apparatus shown |n Fig. 7. This mcroparticle spraying apparatus
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and a vol tagerefaar%elust eehbalﬁghehecendueﬁsate lnlilltth& gofdivhaen, the

t heti le di t
T Sek sHESEPRECheRP ot ot T4 Wl LFE ORI 0t S RS EdPeE0R 0 o
per f or m spiayendefioposdtiensndsihent tehe amscempam@l@lm iveéoeronds, 15
ventilzgiogowasipel (o[ PP HqdP, SPNETovibes, tﬁﬂ%ﬂ@%ﬂ%ﬁ%ﬁ@a

perform spraying for an addltlonal 10 Seconds, fol lowed by 6 econds of
settling af8295€8Ecohhe BPLoBAEY| afi SR1EAIENE SsAMBakBRARE - as above.

Finally, the pOMheﬁuﬁmmpaa&mMetschade@erfenagswsihﬁvéhmm)ad}mm,t aken out.
20 It was fog d that the s ace ative e N duct

ond the opRREPeRhR ok BB RReSE 1R RE B sl F Y ak ket hRb Rt R e Rt ne
M croscopiapgkamhgaaioalat1Vhéys&bwtVaﬁEagprayedamhthwohedspaeet as above

oot des FachaPaRBoaEY 528295?9"%%8"@%*"ééﬁﬁé‘éﬁ@ﬁnéﬂéeﬂghéﬁﬁ%ing
adj acent eﬁéeﬁtéeégrt@haﬁew the dniqerrartiales \camdeasiiispegedransthenhe

spacer wasedbsposad QQEQVahh@nbtﬁékaBE@bKng3QrEéﬁGEhén§ Except that SW1
and SW4 were selected cer s sane. ranner as

rayin t
in Exanple 5. It ﬂé@oYﬁﬁndt ﬁaP?EFﬂg aﬁﬁr &Bilﬁéﬁa?Pvgf Q%s§1@ﬁa?§ed by
the N ducVoﬁﬁdgéhEospamdrehastpodésirebpeétivemargydsbydthelBSgél

“lrnlg&EdaEBEngEEon means may for example comprise applying a
relatively high voltage and a relatively low voltage to two
electrodes each in an alternate fashion and repeating this .
application pattern as illustrated in Fig. 4. By applying
voltages in accordance with the above application pattern, a

35 relatively high potential (+ (positive)) region and a



2 8 APR 2U02 37 M croscopic exam nation of the substrate sprayed with the
_Spacer as above reveal ed that the spacer had been di sposed betmeeB%éhe

adj acent el ectrodes to which a voltage of +150 V was applied and

the adj acent electrodes to which a 5 voltage of -150 V was applied. Thus,

t he spacer was di sposed under the bl ac ITB.tI’IX Conmpar ati ve Exanple 2
Except that a voltage of +150 V was ap led to both 10 conductive segnment s,
i.e. all the electrodes, and SW1 was selected to perform spraying for 20

SeCO“dS SP@E§£1§@19YLBQ geggbgimnse H@@E@EG@? 'Peﬁhénséﬂg FBPREH as in
rrple5 As a res

ij e a er was uni yg on the substrate.

15 This | s2bFeFRABF§ BéHhE qﬁﬁﬁ%ﬁ@1¥F§bFP8&é§E SePé eh Gtk dRECEhe

el ectrode gapuw¥esabadr O, Fidje bi aee proalhestili cTHOfefome, ewisetbstitent i al |y
eous _electric.field hat no.positional

I
el ecti vi tY-0EEPREL P ReR PRPEbTgi RGC SBFehial Aot ESLBaRprEoBEEERe ¢ ha
a vol t &e sﬁpplﬁmwamshapplbeelntnegatlnvebmdlaeti&zhasggdenthe i.e. all the

el ectrodesy; apd gg%%gg@g SEL OGO BRI S AN ifnorthéod%@geegagxa

spacer sprayl ng erw se the sane nanner as In
5. As a re@BP?SlFﬁet%ﬁdt%er av‘-sﬁl?%féa P edr Mithhihenaesydst £has, the

only diffetgaceitrepacoipaeat ive &mp@b@d&bemg gaﬁaemetwaéﬂbeneof;wo g
ect.r ode

nlcropartlckes deposi,ted. .This i H q§ $€ thﬁ C h

nere 30 i SHERESHRE HEVBEER 802G s ade hat POt AR R F ST APBIEERT |

f or ce Mer eWBebs&tm\mmnqpaeIFmQA@Isehavewaehqpm@EMEwby ed*e)ctcmacrgfendel tlhso t hat
no positio /s f¥i§
nlcPopart|@?éréﬁéfg%%Yég¥n%%§%§igég§?ﬁgorgé§QRl é§§1 Rﬁcro earF BBP
(particle df aracrisc iQﬁceSém et fhey @x@rrﬁéapoggd)l@rtdmgam bebp@anl BBP

(particle gi,anei&ttPoded) t8UNHPER-AT BRI QEIVELD BbIkYol 89g¥aRREEHUEHE
provi ded. These spacers wer e acconmodat ed i n 1 ndependent "m croparticle

tanks 5 an®PB¥%dwas sel ected to spray both spacers through the sane duct
in suamessi on i NWipéhenwsea \tdSlPté@ér% tias patExanpl e sdlopAed best:l t, A

e neoet ME Mo hFERrOE "0f. BopaskLLYSLY (SRR R Lo S dhct, 10

reveal ed tbbarghe mpenepahadCbeenCdnsbesenrbﬂedeendtﬁesadpadenn el ectrodes
to which a; H&é%ﬁ 98=Rf é’&éodi/ff‘@?eﬁ@p%bEQti‘Bﬁs betj’i‘?%f§1ec§§g ALt he

el ectrodes Ii'ed. Thus, t’he spacer coul d
be 15 d|sp6@§athﬁaéy {hé %h%éﬁeﬁa?+?&0partlcles and negatively {-)

20 charged microparticles are delivered concurrently, the (+) and
(-) charged microparticles may form aggregates. Therefore,
the differently charged microparticles are preferably
delivered alternately or one after another.

Furthermore, when such an application pattern is used,

25 the position of microparticle disposition may be switched by
changing the polarity and level of voltage in the course of
spraying of the microparticles. Thus, the voltage application
means is preferably one capable of changing the polarity and
level of voltage to be applied to each electrode on a substrate

30 in the course of spraying.

The application of voltage at different levels to a
plurality of electrodes by said voltage application means may
also comprise applying a relatively high voltage to an even
number of electrodes arranged side by side and a relatively low

35 voltage to an even number of similarly arranged electrodes



Exanpl e 8 Using the microparticle spraying apparatus illustrated in Fig. 8,
a liquid crystal display device was constructed. The 20 sprayi ngz:é'u rmeim?f
" this apparatus has two voltage application termnals connected. to e

vol tage application neans 12 so that varying DC voltage nay be applled to
transparent el ectrodes on a substrate. gg vol tage application neans 12 is
adj ustable to the desired voltage value™and polarity. 25 The spraying
chanber has a microparticle delivery duct 1la in its upper position so that

m croparti ghes8n¢afo e & g d ik RANY @lverONRMBaS s aélredt'ltdheté”'%nd
sprayi ng chanber. Installed in a |l ower part of the spraying chanber 1s a

gr ounded aFEH?ﬁEﬁPQt58é5098P9é9é81ﬂPtHaéﬁegﬁtlSM%E?C 3K é?u%@ﬁlhnﬁ
resistivi tExﬁQeEslﬁ@] *&r@rﬁelmrtlv\ﬂmqhha.g&ubslta@e ds +t andechy aeedt iMeggosed

bel ow t he S varla eed fa h a stream of_ aiur _can be
created w tsLﬁl n ¢ %ta prayi hgc %‘SXF VPR atp\ijonlca[ CHE % RERPRY 8T
sprayi iy chashbplehbd a nesh-structure for |nproved uniformty of air flow,

35 The rotationgl,spegd ot the fQQSl@hgﬂ§??€§?@ti§0aﬁ§$%%§Pﬁ% %%IE gPR ZUU2

39 direction of rotation was to insure a air

t he substrBEEFEINn & e ladmed vehéghrrpleerfekd bl i éPOWVﬁhbll’cﬁ%lr%ﬁQId
di spl ay deyi egsateokol, ﬁbhtgbtéﬂbibﬂat (ReBakh el a@@@&@hea§eSIze 80X285 a

m bl ack na rix I|n rode mnd el ectrode
gap 15 ~cnf ‘s’ﬁé@t’" F an(i‘rﬁﬁu’oitgﬁ%% R ECAIGE J\Rhershofﬁ eELrfe

el ectroesfortd0 elleet robeisivyebei ng(pwsditd) oughlepndfict he el siegsreaf S

out si de_of ELEStQ&%gkg?cE”%rigt&éOfé‘ia'f‘tj?vell O”b neé v%§ JALIE of VRE

fabricated ter spacer sprayin e Segnents
were cut oﬂ?—nﬁé of @liegd rd c Eprsh @:%cnerwtgmgw éprtnﬁél s ddie §|e21§)ralA

pol yi m de %bbﬁlﬂ%ﬂtof the & f BFBE hii Bhdp & the SKNES § +0f p &s D1 vam QBgtJ.B%
substrate ared aboie angd subjecfed to ub |ngM ﬁeatnent
c

ni croparti N8 HBFi GERYTE cPoﬁiﬁlﬂés RPEKER @Nﬁye OWEEQGFPﬁéaé ﬁeters
in totes |Qﬁgbhtﬁ.frbl}¢erégﬁl‘bh9nghducﬁ.§ conseot éfl bgreemeas) withedhet he

| t I t t t d KV
2opl o ¢ oBPRECABRALS FUE LERErTR ol HE 5 Bredt DS ShddoFOLhESs. 1
conb- shapegattechr odeaassénby yapmbly bny o tragea toifve 2y hilgh tvo lithkegeoaher a
CO”dUCt'VerégQEF%i ié‘th‘tﬁl GcoCQQS'éi 8tr&§§s5é/ éﬂeﬁgo%ftﬁgoﬁ)y ()

m croparticl cro ear| BBS-6.8 ~- ISUI Fi ne 25
nlcropartlGhérgﬁﬁc@FCBOPﬁ5§l§éﬁﬁyéHd(Pﬁ§a§b§8éV §-hadhB&€Rdnegati vel y (-)

char gezd . M.L@repa@pwlesaahﬁabeoaleiaotsbe inba‘ifﬁéeeﬂ:tSpbayedowbtbyspacer 8
d under .t he bl ack matrix

as above r aled.t t he spacer E g S 1

T The ol cHEouET hHa thRoE AREE Eba B Y cRE s LR E P LY REEL 1A S b et Rapo

el ectrode assenbThe &xphptatoExcépvolhageshtorstaipenalespeedesf the fan
16 was set aEQo?QQEépE’b EH@ éBéG@r—mén‘é’i‘g %Br ﬁ)é‘E@eBHdBS/ pEAREWLSeshhg same 35

conditions as In n?
voltage app 1catlon means may for example be accomplished as

25 illustrated in Fig. 6, that is to say by constituting a stripe
electrode array by disposing two comb-shaped electrode members
each having a given pattern in staggered relation and attaching
the connecting terminals for two electrodes each to conductor
segments 20 of the two comb-shaped electrode members. As an

30 alternative, the voltage application may be achieved by forming
connecting terminals each in a width corresponding to 2
electrodes forming the stripe electrode array and attaching the
connecting terminals to each two electrodes alternately at both
ends of the stripe electrode array. It is also possible to form

35 each of said connecting terminals in a width corresponding to



40 M croscopi c exam nation of the substrate 1 sprayed with spacer 8 as
above reveal ed that the spacer had been di sposed under the bl ack 2#@tARRX 2002
 the el ectrode gaps on the 2-electrode side of the 2:1 conb-shaped

el ectrode. 5 Exanple 10 Except that a voltage of -2.0 kV was applied to the
conductive segnment on the 2-electrode side of the 2:1 conbshaped el ectrode
assenbly and a voltage of -2.3 kV to t I other 10 conducti ve segnent and
that a duct conprising a 2 mlong SUS duct and a 1 mlong Ni duct as

connect ed %Hesgigﬁﬁ ¥as dggd @§aE5§nﬁiEBQpﬁEEEEEesﬂghE&eEXnﬂEEE'%§?’ the
sprayi ng of 'Spacer B was® per for e urideér ot herw se the sane condi ti ons as
i n Exanpl etermiBal Eposbeprersgappndinenedecthedsubsthatecitageayed with

spacer 8 a§pﬁﬁ9&§tisﬁeﬁb§daigatbéh@a§9§earoﬁthBQ aggmy@bgpaseeleaa@r the
black matriXx" i n the el ecirode_gaps on the 2-electrode side of the 2:1

conmb- shapedl8PEELYoRE. MOBNEXQfpPePI?VEXcept that a 2 mlong Ni duct was
used ass the m cropasppliendevoveayesiued dakeh anfl sehial ed evalrcalys oh tRe0 kV

was applied to.the cond RY n . 2= e od i he 2:1
conb-shapeauéﬁEE?ESdgpagééﬁbﬁﬁiggggagegﬁfgggl§ %§35E2S?E% ggaﬁkégoﬁﬁer
conduct i veappguéng,a vhbtapacdrl B WYt s pnaypdfdt adec beHeine b conaesirgd
condi tions L ey . i am et t 1
sprayed wi jE:ﬁsts}lf)@ac,er 8 é’?e%ngi\/{gcér gf\s/j%é?e(% t%)kfla?l@%fev gga\gtfé? dgle}lheag'ﬁI%Eesferﬁi—%ilsposed
in the bl abR REPYVIReat ROteNtHRL f %%récega# 04 e 2terscPrsderablsi de of
the 2:1p coab-=paped vellecigeoste 1 0BRanpbodth Tarnbeatsamey) ehect indeedssi gn
for STN Iiggid C stakﬁgféplax deviges mgigi&ggfl'ze 1gi_fgair %f insulating
substrat es“38 ¥onp?¥Sity “$'6a8 BFﬁéglgﬁﬁn% éﬁ Su fngr iﬁb& 31 0.7
Pn}t ,~FalmﬂezE62véltabecbf arODnyuhatapgl;abs?n?yetboog;foﬁhth;atwolor
ilter y : r ]ﬁﬂ%i ; a
stripe eIeg%Fﬁggag$F§¥%§§%§$§%?%gﬁo Sgﬁ#??%ﬁ%khggiﬁgleé%?%ggsaékgg t he
el ectrodesteotheceddcbtpdpde &het Retapsppraydsfipsgnes petnegna2the two

comb- shapedeeheah1 9dRi 23SBEBbYeWeDBOPVeRARCHe( Ei8h180 o ABuaki gnEBBLLfi 1 m
was fornmed on each |nsula1%i§%substrate,and r ubbed. t he |nsu%at|ng

Then,
substrate EaFfPihg the Tl et VeayEr LRPIRRHLR TP 5NGRE TRt ed
with a seakaphihyl]lOtsovteiarh privolltage dfiel GEalVahtschetaiamel igdiso haads

whi ch serv Lntr S T , - j sub 1
f or med mﬁt%g?ﬁgré giég&é?§§$$bd%%%§§?%fgﬁ 1ﬁ%§5gg¥§ﬁ#?%ﬁgggb%by%ggggﬁanber
as shown i afFLE009V hpad bhRenvaprigedappbi thei shecéiratfal s were connected 15

s0 thajg DC vol t agRe CRH1 bRy NASPENCE b)Y Sdlietbid B heORAUALAN §
space?éo& t he syntﬁeti C r%si n mcroparticle BBS60510-PH ( Seki SE? gilnés

: e
Cheni cal | CBOLFaUAS hegst -9 et e eHEneat BRRPSH ety on the substrate by

said voltage application means can be judiciously selected’
according to the magnitude of electrode gap and the charging
amount of microparticles, among other factors. For example,
25 even when the polarity of charge on microparticles is -
(negative), it is sometimes more conducive to an improved
disposition of microparticles to provide a potential difference
of 100 V by applying a potential difference between -1100 V and
-1000 VvV, thus 100 V, than applying a potential difference
30 between 0 to 100 Vv, thus 100 V. The rationale is as follows.
In the case of a potential difference formed by a polarity
opposite to the polarity of charge on microparticles, the
microparticles are first subjected to the influence of a
gravitational force in a position far away from the substrate

35 to have their falling speed accelerated but in the case of a



" 20 Thus, as shown in Fig. 11, a DC voltage of -2000 V was applied to

di splay el ectrodes 3a and a DC voltage of -2080 V to display electrodes 3b
"to create a potential difference of 80 V between the two groups of2@iARR 2002
el ectrodes 3a and 3b. The charged el enment 19 was charged to the sane
polarity as spacer 25 8 to -5000 V. As g,result, the spacer 8 could be

di sposed excl usively between the display electrodes 3a. The spacer charged
to the opposite polarity was deverted away by the force of attraction

acting bﬁ_t p@eentma;&pia@m?@mb Eb@m@bageﬁe_@a@c@pblégiﬁp atsgalﬁe %@l@&iit@igr Oyeﬂ
t opogr aphi ¢ _selectivity of spacer dispositiqn.was obtai ned_as._ conpared wit
t he absenc8foFk?ﬁgecﬁgrSéﬁrgggﬁgﬁquﬁf %h n%a%ﬁgnﬁaFPegg Pﬁs%P&ting
subst r at esmicweperitanipat tdndg hotberdsse hgrated 30 Emal ih B degicamad t he
| am nat e eF - ' mant r t off
: tp 8 \A%E{pﬁ—?i;tf%higpaéé%ﬂgﬁ%t%?ggOgﬁgﬁhdeglggnv\er e,%cﬁtgrggfés gliﬁag'rﬁggl ter, a
| i qui d Trydedre? ®dscrppédpaget ofcoiprepariicilgsi wichyshel ldnesl &f device
conpri si ngesakdrRai Fotkel N§UERALGHEC S UL S af €511 6 h HDUSTRI AMa rARPLINCABILI TY
The present inventi OE, {nconstltute as ,above, enabl gsé t%ﬁgurate control of

t .

m cropar t i BP&1HFSPoSFt MAATERALLGHESr FLEPOPREr 8o SkEeh&d of

manuf act ur Degeadh hguon dara,@,alitdismm/f@lmfmh b€ teOEPlrinsa rl]gartdlale pkbﬁ:%n(tfiatlhe

m croparti gl raying 1 ara ! i nti co i_shes

i an- preci Gt OACAPREESRY: B 0P & EBLea)tn PRASErec R0t SqRL ot tinet

t r anspkl enchergepen slisgopedd i@lesy b oespest dhleyst neahe frmigirapewtd cdesan STN
liquid cryshabofhsp! g% AG¥hCSs ngbkﬁcgﬁqecggxﬁnkhgn§§ eandem.s pLayi; ad

nmet hod. As a consequence, the spacer can be di sposed E sel ectively under
the black HREFEx to provide a liquid crystal display device featuring a

hi gh contrast andnfggeal/ing hherbperdentesof;ispaene- Asseepatedchieght | eaks.
3 CLAIMS 5 10 2 ' i

..~ . 4 8 APR 204 ,1..éA nd dé @ m croparticle spra¥ing
appar at us FBFo¥ANEARRAL Hh EpESCPEGH TG Wiaf GBA" ATHESTIAPE Oe B 550
subst reg e tcaveythgna Hamakirvpaotielestnages smrpyredongaa iapeaningeahanber

adapted to t ] I . 1.cropasti S I S r
suppl yi ng gggggmggpﬁﬁ%%%%é%gglg%sgpgy?{zgg%%(gﬁseroug% g&ﬁgl ﬁé%i t on
sai d subst faseconfddos gossageonppni tat¢yrlepandy Guchppnyingevolitigos to

the el ectrgdegydhgpeserlieropakrdistibst r ahe, miBenekposatdoRl eroparticle is
di sposed 0, an electrode gap 2, The M FLopald l Spraylng apparatys
accordi ng MgCLoP P g

20 prevented.

The microparticles which can be disposed by’méans of the
spraying apparatus according to the first aspect of the present
invention is not particularly restricted but may be metallic
microparticles, synthetic resin microparticles, inorganic

25 microparticles, and light-opaque microparticles comprising a
dispersion of pigment particles in a synthetic resin matrix,
colored microparticles, microparticles responsive to heat or
light to develop adhesion, and metal, synthetic resin or
inorganic microparticles whose surfaces have been plated with

30 a metal, among others. The method of spraying said
microparticles may be whichever of dry and wet spraying methods.,
In the wet spraying system, the spacer is dispersed in a mixed
solvent such as water-alcohol but since the spacer can be
charged even under such conditions, the effects of the invention

35 are not comprised. However, sincemicroparticles with a larger



15 T aim 1 wherein the spraying chanber is adjustable for the vertical flow
rate of air therein. 3. The mcroparticle spraying apparatus according to

" 20 Daim1l or 2 wherein the spraying chanmber is adjustable for ingtgneal 22
hum dity or purgeable with dry air. 4. The microparticle spraying apparatus
according to 25 Caim1, 2. or 3 whereijgthe spraying chanber is provided
wWth a stage for setting said substrate and said stage has a vol une
resistivity of not nmore than 10l1o i2cm. 30 5. The m croparticle spraying

apparatus ameeghgJgaiméun€l abm be Rord aecdrwheng dikpessprayhegdelanmber is
internallyéBrode d w d elsnent. 35 |Q 6 APR 2(p~ 44 6. The

e h_a,char

m croparti éangayFXSESBpéPaPﬁg%SEES ding to daiml, 2, 3, 4 or 5 wherein
t he charged el enbattliessdbspostd amwht chewist rapes o s ceh hddeposiided

ext endi ng l @ Ok k fi ; ] i i : to the
peri phery %Pq?%%]gs]%%tt?laet ght#gﬁ%%glrknﬁ%r%pg%ﬁg‘?%{é%%a%%g aJaC\pbg)?rﬁéLt stto

accor dithg tBecfargtiaspect of theoprgsgh réPHePﬁéoﬁic¥BﬁéﬁtFépeb§upply
neans Coppﬁ%ﬁe§oh\é@,ofo%@x@ﬁb@_em @I@@@rstdkféte:tagieallsi,vew_ifsltgut&s@rutémgna& nor e
m cropartic anks, and supplies_a mcroparti i ressuri zed gas
ns L he venerel T Ser pRehstar fy The & Bt e hi by aloe LEr Ry PRES Ahrber o o
?T]ne of sai dutrfiecer niwwedet| veey admnet alasitsdiredteeils uBrdanah saisdltwdoar nore
i croparti el.i c S i ssi.oi const.i ials. 8.
The. m or opsFerel ansard, PHg rariaitbh eng SaRLraEc SR hrkyEnt SBEE-TS P
or 7 wereFhreHétimer epatbechorfappl §lackinsdras a microparticle delivery

duct conprising 48 OredBFSiddiehsSa Furlitsivd harcHalenitdlke 88 pnreeked in
series. 25,9. The mcroparticle spraying apganatus accordlqg to Claim?7 or
8 wherei n tRESRTEPBPRFT iNQte PAEHFSNF rdyC EePE T AAF 68t BbE dMF b T AthEXRBPAEI ve

I engt hs of beompansphretict eleonneated suchensesind@rl@rahbgameatoparticle
the i oroparErErEoednply TSRS corprt Bele RATtr o R LT e i nks.
15 linear transparent electrodes arranged in parallel on a
substrate can be adopted.

The stripe electrode pattern mentioned above is the
pattern used for the display electrodes of a liquid crystal
display device.

20 The second invention is directed to a microparticle
spraying method comprising applying an electric potential to
a plurality of electrodes on a substrate, charging a
microparticle electrostatically, and spraying and disposing
sald microparticle selectively on said substrate, wherein a

25 microparticle spraying apparatus includes a means for
eliminating an oppositely charged microparticle.

In accordance with this invention, therefore, said
fraction of microparticles charged to an opposite polarity can
be eliminated to improve the selectivity of disposing

30 microparticles in the electrode-free areas (electrode gaps).

The third aspect of the present invention is concerned
with a microparticle spraying method comprising applying an
electric potential to a plurality of electrodes on a substrate,
charging a microparticle electrostatically, selectively

35 spraying and disposing said microparticle on said substrate,



35 11. The microparticle spraying apparatus according to ,2 6 APR 2002 45
"Claim7, 8 or 9 wherein the mcroparticle delivery duct is a netal duct .
©12. The microparticle spraying apparatus according to 5 Caim 1l wadérgprR 2002
the netal duct is internally covered mﬁth either a nmetal different fromthe
metal constituting said netal duct, ? resin thin film 10 13. The

m croparticle spraying apparat us accord ﬁg to daim7, 8, 9 or 11~ wherein
the mcroparticle delivery duct is a resin pipe externally covered with a

metal . 15 &rﬁer‘é% M@Q@@ﬁtépérﬁe%man %q%t%tlt&pagéﬂfﬂw%ft enfainm 1, 2,
3, 4, 5, 6, 8, 10 or 13 wherein the voltage, application nmeans

is capabl eP@flaéﬁéﬁ(g?ﬁgsatlfﬂa“B&Irgplatrﬂil&rgr@ bevag FprLigd é@eglﬁBoﬁédaﬁblqted to
each of salléaeite@tddmeim of tine s&&tf&TdeaéEtéﬁdﬁ.hg o sﬁeonﬁoiﬂlérafﬂ)ﬁﬂtga 15.

botenti al B8 & PLAPAFRL) L6n oo oLl ehss hirta Rubee Bea bRk GG 23 ©

nicropa5t|@D@SZ5a§bectrostat|calIy sprayi ng and dlsp05|ng sald
m croparticle sebggki V%lu}é Qlﬂr%@}ndo%u?%%)'b@ri%el %!h%'r'&e@l H&‘ﬁﬁ:%p%&tth%'l%s

sprayi ng apparatus i hcludes a nmeans at1.ng char ged
n1cropart|@D@Ctﬁﬁdf§ﬁmdtﬁﬁcp8ﬁﬁﬁﬁl@Féfﬂ§edﬂ§p§§§6eFﬁeQntéléctP@@@ gap. 30
16. (Arrend@«ﬂ)crécmlelzgomwetm ezbwairar awiiag ciRtrided @Q'éﬁfdnil f&@ldaitﬂ’l'ey:"e'b@ an
el ectric p%tentlal %é ng i t.y of electrodes 8 F}prstra e and
charging a ﬁl@F&Sgr??c? b1 reSEaRathiGtes RGGSEPEEY? e@@a% rd€and
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nozzl e duchek@phBeySoekhRBeEYbRt radk] TURPhiatevead reaitd canopepartiale is
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15 However, when such a charged element is disposed on the
wall of the spraying chamber as in the prior art, no comparable
effect can be obtained because of the large distance between
the charged element and the microparticles.

The potential applied to said charged element is

20 preferably higher than the potential to be applied to the
electrodes on the substrate.

Thus, microparticles charged to a given polarity are
disposed in selected positions on the substrate. If the
potential applied to said charged element is low, the stream

25 of microparticles is diverted by the repulsive force from the
electrodes on the substrate so that the microparticles are
rather deposited on the charged element.

The fourth aspect of the present invention relates to a
microparticle spraying method comprising spraying plural kinds

30 of microparticles constituted by dissimilar constituent
material or surface composition from the corresponding
microparticle tanks with a pressurized gas as the vehicle using
amicroparticle spraying apparatus, wherein said microparticle
spraying apparatus comprises a spraying chamber for

35 accommodating a substrate, a microparticle supply means
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mlcropartlcle delivery duct.

Thus, by spraying two kinds of microparticles varying in
constituent material or surface composition alternately or
serially, the microparticles charged positively (+) and the

25 microparticles charged negatively (-) can be independently
disposed on a substrate.

From the standpoint of preventing inaccurate disposition
of microparticles due to a turbulence of pressurized gas within
said spraying chamber, the spraying of microparticles is

30 preferably carried out on an intermittent basis.

The fifth aspect of the present invention is directed to
amethod of manufacturing a liquid crystal display device, which
comprises using the microparticle spraying apparatus according
to the first aspect of the present invention, disposing a spacer

35 selectively on a substrate carrying a stripe transparent
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fo iowed y 1 second of cessation. By such an intermittent
spraying of spacer microparticles, the disturbance of spacer
disposition due to a turbulence of pressured gas can be

15 prevented.

The spraying apparatus according to the first aspect of
the present invention is capable of disposing microparticles
accurately on a substrate. Therefore, in the liquid crystal
display device, particularly STN liquid crystal display device,

20 which has been manufactured by the liquid crystal display
manufacturing method according to this fifth aspect of the
invention, the spacer is exactly disposed under the blackmatrix
pattern so that the device features a high contrast without
light leaks attributable to the spacer.

25 An embodiment of the microparticle spraying apparatus of
the present invention is now described, reference being had to
the accompanying drawings.

Fig. 1 is a schematic view showing a microparticle
spraying apparatus embodying the principles of the present

30 invention. A spraying chamber 10 is provided with a
microparticle supply device 11 comprising a microparticle
delivery duct 1lla and a microparticle tank 1llb, a voltage
application means 12, and a humidity controller 13.

The spraying chamber 10 is further equipped with a vent

35 hole 14 and a conductive stage 15. The vent hole 14 is disposed
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The humidity control means 13 maintains the relative
humidity within the spraying chamber 10 at a constant level.

The microparticles (spacer) 8 fed from the microparticle

10 tank 11lb through the microparticle delivery duct lla to the
spraying chamber 10 by means of compressed air are charged as
they repeatedly contact (collide with) the inner wall of said
microparticle delivery duct 1lla. To the electrodes 3 formed
on the substrate 1, different levels of voltage are applied by

15 the voltage application means 12, so that lines of electric
force are formed in certain patterns on the substrate 1.
Therefore, the charged microparticles (spacer) 8 are subjected
to the influence of these lines of electric force, whereby the
disposition thereof on the substrate 1 is controlled.

20 Fig. 7 is a schematic view showing another microparticle
spraying apparatus embodying the principles of the present
invention. In this embodiment, the microparticle supp}yxneans
11 has at least twomicroparticle delivery ducts 1la. Otherwise,
the construction of the apparatus is identical to the

25 construction according to the embodiment described
hereinbefore.

Fig. 9 is a schematic view showing still another spraying
apparatus embodying the principles of the invention. 1In the
microparticle spraying apparatus according to this embodiment,

30 a hermetically or substantially hermetically sealed, clean
spraying chamber 10 is provided, at its top, with a
microparticle delivery duct 1lla used for ejecting charged
spacer microparticles 8. This microparticle delivery duct 1lla
is connected to a supply device for feeding the spacer 8 and

35 nitrogen gas (not shown) through piping 17. In the lower region
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glass or the like and carrying display electrodes 3 is disposed,

EEEES

with a lead wire 18 for applying potentials to the display
electrodes 3 to form an electric field being further provided.
5 The wall surface of the microparticle spraying chamber
comprises polyvinyl chloride so that, when spraying the charged
spacer 8, the wall surface is charged to the same polarity as
the spacer 8, with the result that the charged spacer will not
be attracted onto the wall. Moreover, a charged element 19 to

10 which apotential of the same polarity as the spacer 8 is disposed
within the microparticle spraying chamber.

The method of charging the spacer 8 includes the method
of charging microparticles with the microparticle supply means
described above, the method of applying a potential to the

15 spacer 8 with a static charger (not shown) installed within the
microparticle spraying chamber, and the method of charging the
spacer by friction using a microparticle delivery means
comprising a stainless steel or other metal duct, among others,
and any of those methods can be selectively used.

20 As shown in Fig. 10, the electrode pattern of said
plurality of electrodes comprises, as formed on the insulating
substrate 1, stripe display electrodes 3a, 3b, and conductors
20a, 20b for applying potentials to the display electrodes 3a,
3b. Connected to conductors 20a, 20b are lead wires 18a, 18b

25 for supplying a current to conductors 20a, 20b for forming an
electric field. As an alternative, an electric potential may
be directly applied to each of display electrodes 3a, 3b by means
of probe pins or the like, i.e. without provision of conductors
20a, 20b.

30 The display electrodes 3a are paired. The display
electrode 3b is a display electrode interposed between a pair
of display electrodes 3a and another pair of display electrodes
3a. As explained below, the spacer 8 is selectively disposed
exclusively between the display electrodes 3a forming a pair.

35 As shown in Fig. 11, dissimilar levels of voltage are
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5 3a than to the linear transparent electrodes 3b. Furthermore,
the spacer 8 is charged negatively and, then, sprayed. 1In this
arrangement, the spacer can be disposed exclusively between the
display electrodes 3a forming a pair.
Although a simple matrix liquid crystal display cell is
10 used in this embodiment, the invention is not restricted to the
simple matrix liquid crystal display cell but can of course be
applied to a ferroelectric liquid crystal display cell or a TFT

liquid crystal display cell.

15 BEST MODE FOR CARRYING OUT THE INVENTION
The following examples illustrate the present invention
in further detail and should by no means be construed as defining

the scope of the invention.

20 Example 1

In the common electrode design for STN liquid crystal
display devices (color filter-formed substrate, RGB pixel
aperture size 80x285 um, black matrix line width 20 gm, ITO
electrode width 290 um, electrode gap 15 pm, sheet thickness

25 0.7 mm), a substratewith the stripe electrodes (ITO electrodes)
wired through conductive segments out of the display unit to
form a 2:2 comb electrode assembly was fabricated (Fig. 6).

On the substrate thus prepared, a 0.05 pum-thick polyimide

alignment film was constructed and subjected to rubbing
30 treatment.

Then, as illustrated in Fig. 1, said substrate was set
in the spraying chamber of a spraying apparatus, and terminals
for voltage application were connected to said conductive
segments so that a direct current voltage could be applied

35 independently to each of the conductive segments.
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application terminals, while a DC voltage of -150 V was applied
to the other terminal. In this condition, under timer control,
the spacer was ejected with the aid of compressed air over the
substrate for 20 seconds and, after a settling time of 60 seconds,
10 the vent hole was opened for 30 seconds. At the end of this
vent time, the voltage application was turned OFF.
The internal temperature was set to 25C and the humidity
within the spraying chamber was controlled at 40% RH.
Microscopic examination of the substrate sprayedwith the
15 spacer as above revealed that the spacer had been disposed
exclusively between the electrodes to which a voltage of +150
V was applied, that is to say under the black matrix (disposed
at intervals of every 4 stripe electrodes). The spacer
microparticles on the substrate were counted and the number per
20 1 mm’ was calculated. The number was 200/mm?.
By cutting the conductive part of the substrate used, a
common electrode panel similar to the conventional one was

obtained.

25 Example 2

Except that the spraying time was set to 20 seconds and
the voltage was applied under the same conditions as in Example
1 for an initial 10 seconds and thereafter in the reversed
polarity for the remaining 10 seconds, the spacer was sprayed

30 in otherwise the same manner as in Example 1.

Microscopic examination of the substrate sprayedwith the
spacer as above revealed that, in addition to the same
disposition lines as in Example 1, the spacer had been disposed
between the other comb-shaped electrodes (at intervals of every

35 two stripe electrodes). The number of spacer microparticles
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Example 3

Except that the humidity controller was switched OFF and,
instead, the spraying chamber was purged with dry nitrogen gas,
the spacer was sprayed in otherwise the same manner as Example
1.

Microscopic examination of the substrate sprayedwith the
spacer as above showed that the spacer had been disposed in the

same pattern as in Example 1.

Example 4

Except that a prover-like terminal device capable of
energizing every two stripe electrodes at two-electrode
intervals was prepared and connected to both sides so that
voltage could be applied to the individual electrodes in the
stripe direction of the ordinary common substrate, the spacer
was sprayed in otherwise the same manner as in Example 1.

Microscopic examination of the substrate sprayedwith the
spacer as above revealed that the spacer had been disposed in
the same pattern as in Example 1.

Comparative Example 1

The common electrode for ordinary STN liquid crystal
display devices (the conventional common electrode not in the
comb-shape) was prepared to the same size as the electrode of
Example 1.

The conventional spraying equipment was provided with
electrodes and wiring so that a voltage could be applied to the
entire ceiling. Then, a DC voltage of -1 kV was applied to the
ceiling electrodes and the wires of the common electrode were
grounded, whereby lines of electric force were established
between the common electrode array and the ceiling. Therefore,
when a negatively charged spacer was sprayed, the spacer

'V{a 10900U& () - 0! k™ S#109%x& ()-0!y" S#l
~H S#10%JU&' () - 0JKLMZ] ~_= 1t #1098JU& () - 010% U& () -' 10%



ug () - 10 U 10 U 10 U f#10%

U& ()-0! f#109JU& ()-0!t f#10%JU& ()-0!t f#10%JU& ()-047FzX6dY: 1

‘ "p f#lO%U}U& ()-sOly" f#10%JU& ()-sO! " f#10%U& () -S0! Q f #109JU& ( R-6sAPR#A6
U& ()-s010% U& () - o<=wU6+: 10 f#10%

'() sO!y” f#10%0U& () -sO!t R f #109& () - %~ f #1090JU&' () - sO!' yM f #10%JU& () - sO

“f #1098JU8' () - sO=>?NQ@ngE: 10 “f#1!p , #10%h& ()-t0!p

, #10%Mh& ()-t0! p, #109%h& () -t 0y10% h&'() & 0% h&'() 10 10 nn-./OwXMB70

10 10 10m1c#é@3&ﬁuéle§(50diﬁi%éﬂ&ﬁﬁﬁoéédtdﬂ th#188mMon electrodes (not

h& ()-t0!~ #10%\8&'& g %ﬁb lo%nh&' ()-t00=@\lg}[ 9MB70

ly® 8#10%1& THOEH §698) §? d8PS) 5#1090U8’ () - SO! SH10%IUE’ () - s010%

U& ()-&f -10% When the spacer was sprayed in the above condition, the

O

spacer microparticles were disposed without positional

5 selectivity on the whole substrate surface. The reason is
probably that because the electrode gap was narrow, the lines
of electric force formed were substantially equivalent to a
homogeneous electric field over the substrate.

10 Example 5
A liguid crystal display device was constructed using the
microparticle spraying apparatus shown in Fig. 7. This
microparticle spraying apparatus is equipped with four
microparticle delivery ducts lla varying in constituent
15 material and has a structure such that the spacer can be routed
selectively through these four microparticle delivery ducts 1lla
and sprayed with the aid of compressed air. More particularly,
the following spraying modes are used.
On selecting SW 1, the spacer microparticles are sprayed
20 via the Ni duct.
On selecting SW 2, the microparticles are sprayed via the
SUS duct.
On selecting SW 3, the microparticles are sprayed via the
gold-plated SUS duct.
25 On selecting SW 4, the microparticles are sprayed via the
Al film-clad PVC duct.
A microparticle tank 11lb is capable of accommodating two
kinds of spacers.
A spraying chamber 10 is provided with a vent hole 14 in
30 its side wall at a level above a stage 15 and this vent hole
14 is opened and closed under timer control after completion
of spraying. A humidity controller 13 is also provided so that
the interior of the microparticle spraying chamber can be
maintained at a constant relative humidity (25°C, 40% RH).
35 The conductive stage 15 disposed in the lower part of the
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10 U 10 In the common electrode design for STN liquid crystal

display devices (color filter substrate, RGB pixel aperture

size 80x285 um, black matrix line width 20 um, ITO electrode
5 width 290 um, electrode gap 15 um, sheet thickness 0.7 mm),
a substrate with the stripe electrodes (ITO electrodes) being
wired through.conductive segments out of the display unit to
form a 2:2 comb electrode assembly was fabricated (Fig. 6).

A voltage of +150 V was applied to one of said conductive

10 segments and a voltage of -150 V to the other conductor. 1In
this condition, the synthetic resin microparticle spacer
Micropeal BB (particle diameter; 6 um, Sekisui Fine Chemical
Co.) was sprayed. First, SW 1 was selected to perform spraying
for 10 seconds. After a settling time of 60 seconds,

15 ventilation was performed for 15 seconds. Then, SW 3 was
selected to perform spraying for an additional 10 seconds,
followed by 60 seconds of settling and 15 seconds of ventilation
in the same manner as above. Finally, the power supply was
switched off and the substrate was taken out.

20 It was found that the spacer was negatively (-) charged
by the Ni duct and the spacer was positively (+) charged by the
Au-plated SUS duct.

Microscopic examination of the substrate sprayed with the
spacer as above revealed that the spacer had been disposed

25 between the adjacent electrodes to which a voltage of +150 V
was applied and between the adjacent electrodes to which a
voltage of -150 V was applied. Thus, the spacer was disposed

under the black matrix.

30 Example 6
Except that SW 1 and SW 4 were selected, spacer spraying
was performed in.the same manner as in Example 5.
It was found that, the spacer was negatively (-) charged
by the Ni duct and the spacer was positively (+) charged by the
35 Al film-lined PVC duct.
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Except that a voltage of +150 V was applied to both

10 conductive segments, i.e. all the electrodes, and SW 1 was
selected to perform spraying for 20 seconds, spacer spraying
was otherwise performed in the same manner as in Example 5.

As a result, the spacer was uniformly sprayed on the
substrate.

15 This is probably because the ceiling electrodes were
distant and the electrode gap was narrow, the lines of electric
force were substantially equivalent to a homogeneous electric
field so that no positional selectivity was obtained in
spraying.

20
Comparative Example 3

Except that a voltage of -150 V was applied to both
conductive segments, i.e. all the electrodes, and SW 1 was
selected to perform spraying for 20 seconds, spacer spraying

25 was performed in otherwise the same manner as in Example 5.

As a result, the spacer was distributed uniformly on the
substrate, the only difference from Comparative Example 3 being
a fewer number of microparticles deposited.

This is probably because the ceiling electrode were

30 distant and the electrode gap was narrow, the lines of electric
force were substantially equivalent to a homogeneous electric

field so that no positional selectivity was expressed.

Example 7
35 As the spacer microparticles, A: the synthetic resin

A
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Micropearl BBP (particle diameter 6 um, Sekisui Fine Chemical
Co.) and B: Micropearl BBP (particle diameter 6 um)
surface-treated with alkyl isocyanate were provided. These
spacers were accommodated in independent microparticle tanks
5 and SW 2 was selected to spray both spacers through the same

duct in succession in otherwise the same manner as in Example

5.
As a result, Awas negatively (-) charged and B positively
(+) charged by the SUS duct.
10 Microscopic examination of the substrate sprayedwith the

spacer as above revealed that the spacer had been disposed

between the adjacent electrodes to which a voltage of +150 V

was applied and between the adjacent electrodes to which a

voltage of -150 V was applied. Thus, the spacer could be
15 disposed under the black matrix.

Example 8
Using the microparticle spraying apparatus illustrated
inFig. 8, a liquid crystal display device was constructed. The

20 spraying chamber of this apparatus has two voltage application
terminals connected to the voltage application means 12 so that
varying DC voltage may be applied to transparent electrodes on
a substrate. The voltage application means 12 is adjustable
to the desired voltage value and polarity.

25 The spraying chamber has a microparticle delivery duct
l1la in its upper position so that microparticles 8 can be sprayed
by means of compressedair into the spraying chamber. Installed
in a lower part of the spraying chamber is a grounded aluminum
stage overlayed with an antistatic sheet (volume resistivity

30 < 10%° Qcm) on which a substrate is to be placed.

Disposed below the stage is a variable speed fan 16, by
which a stream of air can be created within the spraying chamber.
In addition, the ceiling of the spraying chamber had a
mesh~-structure for improved uniformity of air flow.

35 The rotational speed of the fan 16 was set at 50 rpm (the
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display devices (color filter substrate, RGB pixel aperture
5 size 80x285 pum, black matrix line width 20 um, ITO electrode

width 290 um, electrode gap 15 um, sheet thickness 0.7 mm),
a substrate board with the stripe electrodes (ITO electrodes)

being wired through conductive segments outside of the display
unit to forma 2:1 comb electrode assembly was fabricated (Fig.

10 6). (After spacer spraying, the conductive segments were cut
off to provide a common electrode panel of the usual size).

A polyimide alignment film was formed in a thickness of
0.05 um on the substrate 1 prepared above and subjected to
rubbing treatment.

15 The microparticle delivery duct 1la was a nickel (Ni) duct
measuring 3 meters in total length (three 1 m-long ducts
connected in seriles).

Then, the voltage application terminals were connected
and a voltage of -2.0 kV was applied to the conductive segment

20 on the 2-electrode side of the 2:1 comb-shaped electrode
assembly and a voltage of -2.1 kV to the other conductive
segments.

In the above condition, the synthetic resinmicroparticle
Micropearl BBS-6.8 u-PH (Sekisui Fine Chemical Co.), i.e.

25 microparticle spacer 8, was sprayed (the spacer 8 had been
negatively (-) charged).

Microscopic examination of the substrate 1 sprayed with
spacer 8 as above revealed that the spacer had been disposed
under the black matrix in the electrode gaps on the 2-electrode

30 side of the 2:1 comb-shaped electrode assembly.

Example 9
Except that the rotational speed of the fan 16 was set
to 500 rpm, the spacer 8 was sprayed under otherwise the same
35 conditions as in Example 8.
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Example 10
Except that a voltage of -2.0 kV was applied to the
conductive segment on the 2-electrode side of the 2:1 comb-
shaped electrode assembly and a voltage of -2.3 kV to the other

10 conductive segment and that a duct comprising a 2 m-long SUS
duct and a 1 m-long Ni duct as connected in series was used as
the microparticle delivery duct 1lla, the spraying of spacer 8
was performed under otherwise the same conditions as in Example
8.

15 Microscopic examination of the substrate 1 sprayed with
spacer 8 as above revealed that the spacer 8 had been disposed
under the black matrix in the electrode gaps on the 2-electrode
side of the 2:1 comb-shaped electrode.

20 Example 11
Except that a 2 m~long Ni duct was used as the
microparticle delivery duct 1la and that a voltage of -2.0 kV
was applied to the conductive segment on the 2-electrode side
of the 2:1 comb-shaped electrode assembly and a voltage of -2.3
25 kV to the other conductive segment, the spacer 8 was sprayed
under otherwise the same conditions as in Example 8.
Microscopic examination of the substrate 1 sprayed with
spacer 8 as above revealed that the spacer 8 had been disposed
in the black matrix area in the electrode gap of the 2-electrode
30 side of the 2:1 comb-shaped electrode.

Example 12
In the common electrode design for STN liquid crystal
display devices, which utilizes a pair of insulating substrates

35 comprising soda glass and each measuring 370x480 mm and 0.7 mm
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and an overcoat layer and an insulating substrate having a
stripe electrode array consisting of 300 nm-thick ITO
electrodes with the electrodes connected outside of the display

5 area to forma 2:1 comb-shaped electrode assembly were prepared
(Fig. 10).

An alignment film was formed on each insulating substrate
and rubbed. Then, the insulating substrate carrying the color
filter layer and overcoat layer was coated with a sealant by

10 screen printing. The sealant contained glass beads which
served as the intraseal spacer.

Then, the insulating substrate 1 formed with the stripe
electrode pattern 3 was set in the spraying chamber as shown
in Fig. 9, and the voltage application terminals were connected

15 so that DC voltage can be independently applied to said
conductors.

As spacer 8, the synthetic resin microparticle BBS-
60510~PH (Sekisui Fine Chemical Co.) was negatively charged and
sprayed.

20 Thus, as shown in Fig. 11, a DC voltage of -2000 V was
applied to display electrodes 3a and a DC voltage of -2080 V
to display electrodes 3b to create a potential difference of
80 V between the two groups of display electrodes 3a and 3b.
The charged element 19 was charged to the same polarity as spacer

25 8 to -5000 V.

As a result, the spacer 8 could be disposed exclusively
between the display electrodes 3a. The spacer charged to the
opposite polarity was deverted away by the force of attraction
acting between the spacer and the charged element 19 so that

30 an improved topographic selectivity of spacer disposition was
obtained as compared with the absence of the charged element
19.

Then, the pair of insulating substrates 1 were laminated
by hot pressing at 180°C and 0.8 kg/cm and the laminate was

35 after-baked at 150°C. Then, the unwanted parts were cut off.
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Thus, conductors 20a and 20b were cut off. Thereafter, a liquid
crystal 7 was injected to complete a liquid crystal display
device comprising said pair of insulating substrates.

5 INDUSTRIAL APPLICABILITY
The present invention, constituted as above, enables

accurate control of microparticle disposition on a substrate.
Therefore, the method of manufacturing a liquid crystal display
device comprising the use of the microparticle spraying

10 apparatus of the invention accomplishes high-precision
disposition of a spacer in the electrode gaps of the transparent
stripe electrode array, especially in the manufacture of an STN
liquid crystal display device, unlike the conventional random
spraying method. As a consequence, the spacer can be disposed

15 selectively under the black matrix to provide a liquid crystal
display device featuring a high contrast and free from the
incidence of spacer-associated light leaks.
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1. (Amended) A microparticle spraying apparatus for
selective disposition of a charged microparticle on a substrate
5 carrying a plurality of electrodes
comprising a spraying chamber adapted to accommodate said
substrate, a microparticle supply means for supplying said
microparticleintosaidsprayingchamberandsprayingit<nlsaid
substrate, and a voltage application means for applying
10 voltages to the electrodes disposed on said substrate,
wherein said microparticle is disposed in an electrode

gap.

2. The microparticle spraying apparatus according to
15 Claim 1
wherein the spraying chamber is adjustable for the

vertical flow rate of air therein.

3. The microparticle spraying apparatus according to

20 Claim 1 or 2
wherein the spraying chamber is adjustable for internal

humidity or purgeable with dry air.

4. The microparticle spraying apparatus according to
26 Claim 1, 2.0r 3
wherein the spraying chamber is provided with a stage
for setting said substrate and
said stage has a volume resistivity of not more than 1010
Qcm.
30 ,
5. The microparticle spraying apparatus according to‘
Claim 1, 2, 3 or 4
wherein the spraying chamber is internally provided with
a charged element.
35
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6. he microparticle spraying apparatus according to
Claim 1, 2, 3, 4 or 5
wherein the charged element is disposed in at least one
domain of the surface extending from a nozzle orifice of the

5 microparticle delivery duct to the periphery of the substrate.

7. The microparticle spraying apparatus according to
Claim 1, 2, 3, 4, 5 or 6
wherein the microparticle supply means comprises two or
10 more microparticle delivery ducts and one or more microparticle
tanks,
and supplies a microparticle, using a pressurized gas
as the vehicle, from said microparticle tank into the spraying
chamber via one of said two or more delivery ducts as selected,
15 and
said two or more microparticle delivery ducts comprise
dissimilar constituent materials.

8. The microparticle spraying apparatus according to
20 Claim 1, 2, 3, 4, 5, 6 or 7
wherein the microparticle supply means has a
microparticle delivery duct comprising two or more ducts of

dissimilar materials as connected in series.

25 9. The microparticle spraying apparatus according to
Claim 7 or 8

wherein the microparticle delivery duct is adjustable

for the relative lengths of component ducts connected in series.

30 10. The microparticle spraying apparatus according to
Claim 1, 2, 3, 4, 5, 6, 7, 8 or 9
wherein the microparticle supply means comprises two
or more microparticle tanks.

35 11. The microparticle spraying apparatus according to
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12. The microparticle spraying apparatus according to

b Claim 11
wherein the metal duct is internally covered with either
a metal different from the metal constituting said metal duct,

or a resin thin film.

10 13. The microparticle spraying apparatus according to
Claim 7, 8, 9 or 11
wherein the microparticle delivery duct is a resin pipe

externally covered with a metal.

15 14. The microparticle spraying apparatus according to
Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or 13
wherein the voltage application means is capable of
changing the polarity and level of voltages to be applied to
each of said electrodes on the substrate in the course of

20 spraying.

15. (Amended) A microparticle spraying method
comprising applying an electric potential to a plurality
of electrodes on a substrate, charging a microparticle
25 electrostatically, spraying and disposing said microparticle
selectively on said substrate,
wherein a microparticle spraying apparatus includes a
means for eliminating an oppositely charged microparticle, and
said microparticle is disposed in an electrode gap.
30
16. (Amended) A microparticle spraying method
comprising applying an electric potential to a plurality
of electrodes formed on a substrate and charging a microparticle
electrostatically, and selectively spraying and disposing said

35 microparticle on said substrate,
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wherein a charged element with an electric potential of

the same polarity as said microparticle being applied is
disposed in at least a domain of the surface extending from the
nozzle orifice of a microparticle delivery nozzle duct to the
5 periphery of said substrate, and
said microparticle is disposed in an electrode gap.

17. The microparticle spraying method according Claim
16, wherein the potential to be applied to the charged element
10 is higher than the potential to be applied to the electrodes

formed on the substrate.

18. A microparticle spraying method
comprising spraying plural kinds of microparticles
15 constituted by dissimilar constituent material or surface
composition from the corresponding microparticle tanks with a
pressurized gas as the vehicle using a microparticle spraying
apparatus,
wherein said microparticle spraying apparatus comprises
20 a spraying chamber for accommodating a substrate, a
microparticle supply means comprising at least one
microparticle delivery nozzle duct and at least one
microparticle tank, both for surrnlying a microparticle into
said spraying chamber and spraying it onto said substrate, and
26 avoltage applicationmeans for applying voltages to a plurality
of electrodes formed on said substrate,
said voltage application means being capable of applying
dissimilar levels of voltages to each of said electrodes.

30 19, The microparticle spraying method according Claim
18 comprising spraying a microparticle positively charged (+)
by routing them through one of the microparticle delivery ducts
and negatively (-) charged by routing them through another
microparticle delivery duct using a microparticle spraying

36 apparatus,
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5 Dboth for supplying a microparticle into said spraying chamber
and spraying it onto said substrate, and a voltage application
means for applying voltages to a plurality of electrodes on the
substrate,

said voltage application means being capable of applying
10 different levels of voltages to each of said electrodes on the

substrate.

20. The microparticle spraying method according Claim
18 or 19
15 wherein one microparticle of two kinds varying in
constituent material or surface composition is positively (+)
charged by routing them through a microparticle delivery duct
and a microparticle of the other kind is negatively (-) charged
by routing them through the microparticle delivery duct.

20
21. The microparticle spraying method according Claim
18, 19 or 20
wherein a microparticle is sprayed on an intermittent
basis.
25

22. A method of manufacturing a liquid crystal display
device

which comprises using the microparticle spraying
apparatus according to Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

30 12, 13 orxr 14,

disposing a spacer selectively on a substrate carrying
a stripe transparent electrode array constituted by a plurality
of linear transparent electrodes arranged in parallel, and

applying a relatively high level of voltage to an even

35 number of linear transparent electrodes arranged in parallel
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alternate pattern and, in this condition,
further spraying either a positively (+) charged spacer
or a negatively (-) charged spacer onto said substrate or
further spraying a positive (+) charged spacer and a
10 negatively (-) charged spacer alternately or in succession onto
the substrate.



