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era Ly, a liquid crystal display device conprises, as shown in
Fig. 36, a qudﬁg crystal |ayer 7 sandw ched between two 15 substrates 1

color filters 4, a black i , ansparent el ectrodes 3, an
%ghﬁi%{ﬁéf(thin filmtransistor) type

| ayer 9 and so on are forne
spl ay device, as shown in Fig. 37, conprises a liquid crysta

0 sandwirghes beipyeema sustatevh aaNFEhTeRIPrEsRSoR 9l ass

rix 5, an overcoat l|layer 6, an alignnent |ayer 9 and so on forned

and a substrate | b, whicRcENIRRISEIEADY] ass substrate 1 with
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ayer at an appropriate level. According to the prior art nethods
of ligw d crystal display devi ce grexmedunem, aAgpacers are sprayed and
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personal computers, portable electronic apparatus and the like.
Generally, a liquid crystal display device comprises, as shown
in Fig. 36, a liquid crystal layer 7 sandwiched between two
substrates 1, on which color filters 4, a black matrix 5,
transparent electrodes 3, an alignment layer 9 and so on are
formed.

A TFT (thin film transistor) type liquid display device,
as shown in Fig. 37, comprises a liquid crystal layer 7
sandwiched between a substrate la, which comprises a glass
substrate 1 with transparent electrodes 3, color filters 4, a
conductive black matrix 5, an overcoat layer 6, an alignment
layer 9 and so on formed thereon, and a substrate 1lb, which
comprises a glass substrate 1 with transparent electrodes 3 each
comprising a source electrode 14a, a drain electrode 14 and so
on, insulating films 23, semiconductor films 16, gate
electrodes 13, an alignment layer 9 and so on formed thereon.

In these liquid crystal display devices, it is spacers
that regulate the distance between the two substrates and
maintain the thickness of the liquid crystal layer at an
appropriate level.

According to the prior art methods of liquid crystal
display device production, spacers are sprayed and dispersed
randomly but uniformly over the substrate on which pixel
electrodes are formed. Therefore, as shown in Fig. 36 and Fig.
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37, spacers are disposed also at the sites of sone pixel electrodes, nanely
at sone display sites of the liquid crystal display device . Spacers are
generally nade of a synthetic resin, glass or a Iike1 gﬁjlmlﬁbg and, when a
spacer is disposed on a 5 pixel electrode, its depola i2|n5 ction causes
i ght | eakage at the spacer site. Further, the liquid crystal alignnent is
di sturbed on the spacer surface, causing a bright defect, hence the
contrast and color tone are decreased and the display quality is
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a prohlem oMaielivy idPek i §8h1L ol f51 B, 3o MQel 890 110 thRecs80Y aterhavigeg thin
filmtransj st ora TFTs "~ 2u02 rmed thereon, for thé purpose
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a vol tage dFePef sapeacpbl aPFeying, ayhihe JpREBLSEhEPEE LpELRILEALEET he
linear tramsparsen$1052 discloses a method comprising applying a positive
voltage to the circuit electrodes and charging spacers
negatively and spraying them by the dry method.
30 The inventions described in the references cited above
use a substrate having thin film transistors (TFTs) formed
thereon and control the spacer disposition by applying a voltage
to the circuits of these thin film transistors.
However, they have a problem. Namely, application of a

35 voltage to the substrate having thin film transistors (TFTs)



el-ectrodes to thereby cause spacer-el ectrode repul sion. However, nere
application of a voltage of the sane polarity as the spacer charge to the
| i near transparent el ectrodes cannot attain a sufficient rnedfudtli 2802 in

el ectric potential between the 25 transparent el ectrodes but |eads to such
a state as shown in Fig. 9. Thus, any elzectric field suited for spacer

di sposition is not formed, hence the precision of spacer disposition is
very poor. It is therefore inpossible to inprove the contrast of the
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and a vol t@§sp devices BhkGhhgoMREiERE SAREIpHTasPRFess eidhegacer
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aspect, the |nveption _proyides met hod Tor 25 producin | i quid crystal
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lnterelectrode spaces by applying a voltage of the same polarity
20 as the spacer charge polarity to the linear transparent
electrodes to thereby cause spacer-electrode repulsion.
However, mere application of a voltage of the same polarity as
the spacer charge to the linear transparent electrodes cannot
attain a sufficient reduction in electric potential between the
25 transparent electrodes but leads to such a state as shown in
Fig. 9. Thus, any electric field suited for spacer disposition
is not formed, hence the precision of spacer disposition is very
poor. It is therefore impossible to improve the contrast of
the product liquid crystal display device to a satisfactory
30 extent.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to
provide a method for producing a liquid display device by which
35 the above problems are solved and which enables spacer



and filling a liquid crystal into the space between both the substrates,
wherein, in spraying positively or negatively charged spacers onto the
substrate, a voltage (V1) is applied to the 35 conducti Ve HUMc¥0dratri x and
a voltage (V2) to the transparent 1 9J UN 2002 5 electrodes, both the
vol tages V1 and V2 being positive ones and satisfying the relation V1 < V2
when the spacer charge polarity is positive, 5 or both V1 and V2 being
negative voltages and satisfying the relation V1 > V2 when the spacer
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el ectrodes and an a a secon strate e disposed
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the space dptveedddst inkhg subshHakBBstrate to be disposed opposingly
above the first substrate
15 and filling a liquid crystal into the space between both
the substrates,
wherein, in spraying positively or negatively charged
spacers onto the substrate, disposing the substrate in close
contact with an earthed conductive stage having a volume
20 resistance of not more than 10* Qcm,
and a voltage of 200 V to 5 kV having the same polarity
as the spacer charge polarity is applied to the transparent
electrodes.
In a second aspect, the invention provides a method for
25 producing a liquid crystal display device
comprising spraying spacers onto at least one of a first
substrate comprising at least pattern-forming transparent
electrodes, a conductive black matrix and an overcoat layer and
a second substrate to be disposed opposingly above the first
30 substrate
and filling a liquid crystal into the space between both
the substrates,
wherein, in spraying positively or negatively charged
spacers onto the substrate, a voltage (V1) is applied to the
35 conductive black matrix and a voltage (V2) to the transparent



and conmprising the step of renoving water fromthe substrate onto which
spacers are to be sprayed, and the step of bringing the substrate into

cl ose contact with an earthed 35 conductive stage and then spra ng spacers
while applying a 1 9 JaN 20p2 s voltage of the same polf &N B® the
spacer charge polarity to the transparest electrodes on the substrate. In a
fifth aspect, the invention provides a nethod for producing a liquid
crystal display device 5 conprising spraying spacers onto at |east one of a
first subsg[@&§r59g9r|5|ng at |east pattern-form ng transparent el ectrodes

and an al i gnnent ger and a second substrate to be di sposed opposingly
above the first %95 tFREevahBagrfl VAgaad| VduPa 1oy Bl binto onRe $psce
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polaritdy to the Qrmtst;i'aﬁ/‘énanél‘é%tha)d@ negatheelBodtibgesatm] stalte sfiyista at e
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voltage of 1 kV'is applied to e tra sparent el ectrodes “on st'rat e,
the current flowRgd b@t-We@rﬁQm%Cfﬂ a9 arerantel e iR cfelden & methasstfioat e and

20 the Conﬁﬂéahaﬁnét§9§1Q§1HOEr9§E€ltHQBpleGdAv1E% a sixth aspect the
i nvention provides a et hod SE)i()roducm a I|gU|d crystal % %y devi ce
réate

conpri sing spr ay‘F%PEbaé%éRfrﬁ Bg SPSL8rHRBLEraE ¥59%t °§&b§ rst
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alignnment | ayer_and a second subs te to b di sposed above the
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t he substrands, sehendisubstray dpibgdpepsiededyres imehnkeborieyt b driget 30

spacers onfgQnthe,gubstrate, the substrate is disposed into close contact
w th an earthed conductive stage, a voltage of the sane polarity as the

spacer charge p&%@lﬁ%l@%&p“@ﬁlﬂoq%tﬁdﬁ'stﬁaft@ﬁtsﬁﬁéétk?%t%efbﬁ oithe
subst nat e, 186 &lesttheesprm nal s of the vol tage application apparatus

wherein, in spraying positively or negatively charged
spacers onto the substrate, the substrate is disposesd in close
contact with an earthed conductive stage having a size smaller
than the substrate size to thereby allow the peripheral edge
20 portions thereof to be apart from the conductive stage,
and a voltage of the same polarity as the spacer charge
polarity is applied to the transparent electrodes on the
substrate.
In a fourth aspect, the invention provides a method for
25 producing a liquid crystal display device
comprising spraying spacers onto at least one of a first
substrate comprising at least pattern-forming transparent
electrodes and an alignment layer and a second substrate to be
disposed opposingly above the first substrate
30 and filling a liquid crystal into the space between both
the substrates,
and comprising the step of removing water from the
substrate onto which spacers are to be sprayed, and the step
of bringing the substrate into close contact with an earthed
35 conductive stage and then spraying spacers while applying a



1.~J JUN 2p02 7 are disconnected fromthe transparent el ectrodes, and
spacer spraying is carried out while the electric charge renmains on the
substrate. In a seventh aspect, the invention provides a %gﬁpgkg
producing a liquid crystal display device conprising spra ers onto
at least one of a first substrate conprigsing at |east pattern-form ng
transparent el ectrode and an alignnent |ayer and a second substrate to be
di sposed opposi ngly above the first substrate to and filling a quuid

crystal in S t i ng
posi tivel y\tfglr'wgga? g’ g spayegg gﬁ?ogﬁ%gggu%ﬁ]%% ";f:jol[ahrel upstrate
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vol tage of the S?HEaPPiP«tEﬂté/s;?é%E hecﬁeaﬁ%er?@%rgepmlaaéé ¥ I lreg to

the transparent el ectrodes on e substrate | € maintal ning that state of
vol tage appFPeaEina ?o?lguéérFéyﬁtﬁérﬁééoéﬁyt@ﬁgléﬁd t hen spacer spraying

is carrs ed out vm:hprrram@asprmﬁ@ st;iwefst @heooétVKéats?tgen@p@tla:&tﬂr%& I'n
an ei ghth the invention met ho u0|ng a liquid
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liquid cryst |nto en th I'rst substrate and a second
substrate conpri %Mgfltlﬂqlrnq Bl H-EridsTBYDEal figitredhenspeen ReHiwgen Hotd be

di sposed oppesimgtyrsLegbove the first substrate, wherein the first
substrate has transparent, el ectrode-free eéched [ eqgi ns f rmed within the

transparent el ect? &&“We’srl%d:r\ﬁ SHER PheILIBARLR o PeSpdRdPng
conducti vechbaekcomt £ & atehsanBSaanHedlnoaﬂneynng pﬁagéiueﬁysptapeggtively

char get SPAEECSce IBd bRORS SR LUge (e MBSyt LagR V)
t ranspar ensP@¢eet ¢ogege polarity to the transparent electrodes on the
15 substrate,

the substrate before and during spacer spraying showing
characteristics such that, when a voltage of 1 kV is applied
to the transparent electrodes on the substrate, the current
flowing between the transparent electrodes on the substrate and

20 the conductive stage is not more than 10°°

In a sixth aspect, the invention provides a method for
producing a liquid crystal display device

comprising spraying spacers onto at least one of a first
substrate comprising at least pattern-forming transparent

25 electrodes and an alignment layer and a second substrate to be
disposed opposingly above the first substrate

and filling a liquid crystal into the space between both
the substrates,

wherein, in spraying positively or negatively charged

30 spacers onto the substrate, the substrate is disposed into close
contact with an earthed conductive stage,

a voltage of the same polarity as the spacer charge
polarity is applied to the transparent electrodes on the
substrate,

35 then the terminals of the voltage application apparatus



both the voltages V1 and V2 being positive ones and 5 satisfying the
relation VI < V2, when the spacer charge polarity is positive, or both V1
and V2 being negative voltages and satisfying the relati d® YIN »g)2, when

t he spacer charge polarity is negative. to In a ninth aspect, the invention
provi des a nmethod for producing a liquid crystal display device conprising
sprayi ng spacers onto a first substrate conprising at |east pattern-formng
transparent el ectrodes, a black matrix, an overcoat |ayer and an alignnent

layer, 15 apd BEEI:EHH Eq!ékgm”c)‘ét %Ira'n'%%%rlerhec & Defaeen the first

substrate and a secon strate conpri si nttran5|stors f or med
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mheteln th@hgrgétrémgshgabﬁ bas tupesparent 20 el ectrode- frae atched
regi ons formned th|n t he %bansgagent electrodes over d within the

expanse of the c ?r%?ﬁé’r‘?&’l 2EBRGGet PR BHATK 1t PEovAAEss2 Baidhoq for
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the first substiabeolsefinased il ok dloageontacio i thAgeearained.
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polarity igs1appthed 4Rqtde atlrlf%j?&t{@{@'ltaﬁre%hﬁoge§ec§gd|%@séfﬁ(‘ﬁ P)%Ct
t he |nvent|on grOV|des a, et hod f Erodu0|n liquid crystal display
devi ce conPtPRPPEsPPRGF HTSPaRPYCORNE &LFSFsFUSSASEESRt e conprising at

| east ygat t er nf oram A trAnRsPar enguelect y 96L5, i ravtd thiel kbAge aod R d betwst al
into the space bg weepn the 35 first substrate and a second substrate

conpri si ng i FUPFHRFE®3/9 J U N 2002 9 transistors formed thereon which is
to be di sposed oppestiml yimbsyeayhegfposttsubdyr areneghéigenyt bhafigesit

substrate Q&écéfﬁd@ﬁ%&h@%%% leiGald, Ve h b Qafdsh 6&?@%@%@%&%dﬁﬁ¥5rg%%% “Ot

connected W th SUrT oUNdi g t ' ahspar ent- el ectF o of med Wit hi
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first subsk¥Pafe*t¥ H?s%%% Hefnteo ?o 52BSRAREE tweLRChA 0855t RBJ tBEnduct i ve

stage havisgbstyvateimhile maintaining that state of voltage application
for a certain period of time
and then spacer spraying is carried out while maintaining
20 that state of voltage application.
In an eighth aspect, the invention provides a method for
producing a liquid crystal display device
comprising spraying spacers onto a first substrate
comprising at least pattern-forming transparent electrode, a
25 conductive black matrix, an overcoat layer and an alignment
layer,
and filling a liquid crystal into the space between the
first substrate and a second substrate comprising thin film
transistors formed thereon which is to be disposed opposingly
30 above the first substrate,
wherein the first substrate has transparent
electrode-free etched regions formed within the transparent
electrodes over and within the expanse of the corresponding
conductive black matrix areas,
35 and, in spraying positivelyor negatively charged spacers



resi stance of not nore than 101 ~ cmand a voltage of the sane polarity as
the spacer charge polarity is applied to the transparent el ectrodes other
than the isolated transparent electrodes on the first substaygn p In an
el eventh aspect, the invention provides a nmethod for producing a lrquid
crystal display device according to thesfirst, second, third, fourth,
fifth, sixth, seventh, eighth, ninth or tenth aspect of the invention,
wherein spacers are charged positivel y or negatively by 20 being sprayed

through a phpsl tRe FREELOEuBSESERB, Oh FoTRERe gsﬁmg i% 3% Edigum In a
twel fth aspect, the invention provides a nethod for producing a liquid

crystal di SPREYCHEVEdRL agk drafi ngt t8d Re VPLE@Pe $¥eonkl §18 it ansnanant
fifth, sixéhecseyesth, eighth, ninth, 25 tenth or eleventh aspect of the

i nvention, wherein_spacers e fix on .t ubstrate.surface by heating.
n o it eonth BOHRCERS RRCFRRBH § bnoBrodPaBE PEqAPE Erye: arad SPtay

devi ces$ preatutefybygttthe methodohdil prioviueiieg Soe spaiogui dherystoall adiitpt ay
devi ce accggd%ﬁgiggvghe first, second, third, fourth, fifth, sixth,
seventh, eighth, nAinth, tenth, eleventh or twelfth aspect of the invention.
BRI EF DESCRI PTI G\ &P thHEL BROWRIGSL 85nging gatt & yodsrarat #od Sadtlisdvdingvi ew

illustratifgeafelai&n Vi V>2002 ,Re8O¥HROEBALE2 cﬁ\é&?yiéc%oqférti!&?/ substrate

when the stage_is earthed. Fig. 2 is schematic view illustrating the method

for produc?®®&lY®quid crystal display device according to an aspect 5 of
the pr@sent invelwi®mirdtilg.ashdst a Soheimidrct Prapaswie Seaeemdthoa geeve, of
a substrat sed, | e_li.qui . i.spl.ay device production

nmet hod ac ?%?%gf?g %nlgg%%gtcgkg#ﬁg ﬁ%éé%?&o%egﬁc%h[ch substrate no dumy
el ectrode is foreemprisliEygspraying sphepusi onpban Viewt ssbatitrém above,

of a substéahrioiRg A58dast bhetbiAUFErRing! 8hadllSPL&Nt deMd S JUAIuGt i on

nmet hod accoL ing to an asgect of the_invention on %hlch substrate a dunmy
el ect rode PL2F0rHRbr bhd EReCYRRRSPAr LAY CE| BREr BRe8L4FBNREE dENREcted with
tpe dlllt’olgy el ect ra@%.fﬂﬂigiga Eri]i@li@ e_egeltaui @npbg@hy:m%émdermd@léoye,
of a substrate to be us in.the liquid c tal display devi .pr ction
net hod acc%+5ﬁ%gﬁ?%sgﬁa § paRt %fs?ﬁgn?n§gﬁ¥?5ﬁ£8ncﬂﬁPE%séﬁﬁs%ﬁéBe%é&Hunny
el ect rode tsafisisiedranftb e tiharsyrar et obl ést todses drspoammEthepped inigtlly t he

dummy el eciygode. 20 figstG ﬁgs@rgggenatic view illustrating |lines of
electric force as Seeh W th a SUbStfate havi ng transparent el ectrodes al one

formed on an oveérh®ein afke hest dsplpetbatevbasageansparhatsane polarity
are regpecdiyetyodPpries dechbe LEGUSRAr epkmebeqt ndastardcthgsBhackt
matrix. electrodes over and within the expanse of the corresponding
conductive black matrix areas,
and, in spraying positivelyor negatively charged spacers
onto the first substrate, the first substrate is disposed into

25 close contact with an earthed conductive stage having a volume

resistance of not more than 10" Qcm
and a voltage of 200 V to 5 kV having the same polarity
as the spacer charge polarity is applied to the transparent
electrodes.

30 In a tenth asbect, the invention provides a method for
producing a liquid crystal display device comprising spraying
spacers onto a first substrate comprising at least pattern-
forming transparent electrodes,

and filling a liquid crystal into the space between the
35 first substrate and a second substrate comprising thin film



25 Fig.-7 is a schematic viewillustrating lines of electric force as seen
with a substrate having transparent el ectrodes and a dumry el ectrode forned
on an overcoat |ayer when different voltages of the sane polarity are
respectively applied to the transparent and dumy el ect roded HiNd28Re bl ack
matrix. 30 Fig. 8 is a schematic sectiomal view illustrating an

equi potential surface on the substrate in the conventional nethod for
producing a liquid crystal display device. Fig. 9 is a schematic sectional

view ill ust&ahs g taRsCHYLROL & 2dos W AL 1&) thhBe SUDS S 4 & oIk ilipl Pt age
is not 35 earthe U N 2002 mFig. 10 is a schematic "section Vi ew

illustrati Ag°¥Sr ghﬁtﬁbﬁ§ﬁ|5“§é§%@§ﬁ'the substrate and the stage in the
ma':]hod for produwhlegeanl th]fl: ﬂlmfyﬁﬁbsﬂr&@dz &lyaile.\/scﬂ?td-'d,g elJel:’drSm’ially
schematic i Lew ilLlus a b relations

Soberrato LigeFRE8,, KrEMskarHRt Buall PRl Al CARRLR QEWET Sl

di spl ay desuceouﬁdgnglZrassaasehermtlnect\noelws bruta ﬂmezbmlatlhlm A and i n
section, i EkHﬁEfuéEng éf@c@f&& %Jtrlﬁ'ﬁethé@p%r%éao‘%f O%Q%Jyx%%éﬁg}

an ordi narg COITITDI’I el ectrode substrate I n to meth

liquid cryStaFkdiabryy ad@ﬁscésa€€6¥lﬁﬁn‘@f1tt6leaﬁlﬁ§5e€%' HCUHE Wﬂtel
invention. Fig. 48dj s_raslsg@ymglpbﬁezqtvem&br\ﬂe@aﬂﬂﬁél% EBiFHEd¥bacers

equi potentia rface o the t hod for, ducing a liquid
crystal di 88#8#&&?%-55@&%%‘? srl{'é)%f L3t é‘@eﬁﬁ e?g, et i on.
Fig. M iscaosehmomtact sqld:él anemarthekstcrcmdungzntm stage havingremo ueakage

t hr ough nnlstur on th Estrate urf the stage side. Fig. 15 is a
schemati c EFaés %ﬁﬁl? aPPﬁS 5 a?o ?gﬂPentlal surface on the

substrate when taedsa agveltlasgeeaxft ltb@. sEng. pQBarsta 38 hgratdra ca dehairge
i ustratlﬁelgeleguwosﬁ@ii@é @&rﬁﬁ&%ﬂhéﬁ&é@%w&&d’&@& ga_xs%%fnr ate

surface is covered wth noi sture. 17 1s a schenatic si VI ew
i |lustratihgealfehrige EEFPEHPIGQFeE%PHgr@%?eﬁva/ﬁP@h Th&s ta§ubSEERtEmet er

di sposed bet weenmfwltémamras;eé@@,t rrce s rangh tilvh Qﬁl’@ﬂmdds\/% &Je%%dand is
to be used.in the, net du0|n§}a i quid.rystal dIS % ce
tic

hod for pr. g
accor di ng rOF A KUY 6r 1L ABIr SEEnt =T it bh dS¥4 8, accag
si de V|eM/firﬂSIr$e¢mgdhommnmdelﬁmurth»fﬁxﬁthﬁnnnxﬂhﬁtmewgma¢ereaghaylng is

nalntalnednpﬂtglég %ﬁg aa§%Q?Erg%ethg Fh@éﬁtﬁ?ﬂtaCt with an earthed

conducti ve stage a vo f{he same polarity as the
spacer charge pddflaﬂ@yntscpafcmarﬁaé’tlteeﬁhaﬁéleﬁﬁ RS 851 vedKsparaaa te ek Ses

f ormecoon péens eptavaletRRbAgW Bipeline Wil 38R resin or a metal using
a gas as a medium.

In a twelfth aspect, the invention provides a method for
producing a liquid crystal display device according to the first,
second, third, fourth, fifth, sixth, seventh, eighth, ninth,

25 tenth or eleventh aspect of the invention,

wherein spacers are fixed on the substrate surface by
heating.

In a thirteenth aspect, the invention provides liquid
crystal display devices produced by the method for producing

30 a liquidcrystal display device according to the first, second,
third, fourth, fifth, sixth, seventh, eighth, ninth, tenth,
eleventh or twelfth aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
35 Fig. 1 is a schematic sectional view illustrating an



12 spacers are to be sprayed, and then renoving, fromthe transparent

el ectrodes, the termnals fromthe voltage application apparatus while

appl ying the voltage of the same polarity as the spacer cHd}geNpghprity to
the pattern-formng 5 transparent electrodes. Fig. 19 is a schematic side
view illustrating how the step of voltage application within a spray
apparatus can be omtted and the tact tine reduced by applying a voltage to
the transparent el ectrodes on an earthed conductive stage prior to 10 the

step of Sp@&@i?é’@éﬁﬁag andreadsbAdthBedubatRase WRLAUGR St Re 23RN 3
appar at us %gge her with the conductive stage (table) . Fig. 20 is a

schemati c hng ew illustrating an enbodi nent of the first substrate of
the present invehigon? wtbckéshedcareas toloedrabhengonhelhekbhgd 2bris a

h i ' ill ' h di f .the fi b
of the preSERthEEA FhT R e Rt e s f e e RE R8T o 2sBRY @
schenats ¢ pf ahheipweseéhtisinaenbgon.furt her enbodi ment of the first

substrate of th eseni. iy i WM : h f t on.
o 05 T h sorbhafr ey [ R g TP b SO Sh Fbnl B 0 Boni o
the first SypsErate be ]Pﬁeuﬁﬁéséﬁt thavéaared, chvehadt €heglavedeviicenmed

thereon. FbBodi2dt L6nanSEREABLEEo S@LhE OFE aryiAWddd Wit ld NG iche 125 Rt hod
for produ |g§kd crystal dISplﬁéFgeVICe'aC ordlag to an aspect of the

cing a |
present in%ﬁ‘f?oﬁ‘.l fatesno dumayhe ECHRahSvERRF Rl ustrating an
temoodilmnent of thBi@ijr@tisLd)sid‘rﬁﬁn&t tofc tglearpreisant siegwetftxioan,ab\@iv?eh io|$0L-=1at ed
ransparen r reon. , 30 Fi.g, i .schemat.ic.plan view
iIIustrati%%géﬁg%%grgén%gdggg%tygfggﬁeliﬁng gﬁégFF;tngPT?Hedﬁyéggnt
i nventi on, PawdRCct toh arethed asparéing dean cipedtoafedhechényent iBngon27 i s
a schenat iygn pLRR WHRW At WSl ageét.&teﬁfeggé Y gﬁattrfa‘ tEQﬁs{:thégt odes

substrate of the present Invention, Wwth, i sol ate transgaren

formed t he?b®RErodas gagetpoly coppeghed yithgthe GUERKeRAEFELPABR Vi ew
illustusating a sgid) 3 urs melrscﬁm@ud j irge 1 eof vtifee:l,f isr&ﬁudmfthﬁbe'e();offh@
present invention ith isolated transparent electr s rmed thereon. 5
Fig. 29 is° %Eﬂ%%%r%%hg%c??% a}nvﬁgﬁ/g%qﬁlgpﬁﬁg§£§gr§§§P9?8 gﬁvﬁgﬁd in the
practice qgfreodieciitdmank flovd procucdingg ad iaquistpenistod] tiies phagndewvncen

accordi ng 10; N AFRRGL +QAf 5 g;‘i@?rtrbﬂ\éeﬂ if%@glelléjng?%g%ej ﬁr?ngQgER{c' ¢

sectional view 0?1 a spacer spray 0 to be use pr ac he
net hod forekﬁqﬁﬁgggg)Qg¢i@gmmpcted with the dummy electrode.

20 Fig. 6 is a schematic view illustrating lines of electric
force as seen with a substrate having transparent electrodes
alone formed on an overcoat layer when different voltages of
the same polarity are respectively applied to the transparent
electrodes and the black matrix.

25 Fig. 7 is a schematic view illustrating lines of electric
force as seen with a substrate having transparent electrodes
and a dummy electrode formed on an overcoat layer when different
voltages of the same polarity are respectively applied to the
transparent and dummy electrodes and the black matrix.

30 Fig. 8 is a schematic sectional view illustrating an
equipotential surface on the substrate in the conventional
method for producing a liquid crystal display device.

Fig. 9 is a schematic sectional view illustrating an
equipotential surface on the substrate when the stage is not

35 earthed.



crystal display device according to an aspect of the present invention.

Fig. 31 i s a schematic sectional view of a spacer sprayer to be used in
the practice of the nmethod for producing a liquid 15 cryséal di spl ay device
according to an aspect of the present invention. Fig. 32 ¥ JUN Phenatic
sectional view of a spacer sprayer to bgrused in the practice of the nethod
for producing a liquid crystal display device according to an aspect of the

present 20 invention. Fig. 33 is a plan viewillustrating the state after
spacer spraying o] e; substLr Fi schemati c
secti onal VIEM/O?Pg igcé§ g %aﬁéﬁa?geﬁ@ehglghgl %ﬁew rg%nggagﬁ%ﬁhg met hod

for producrﬁbaélmlqm—ﬁ %t‘ttﬁ‘-@/%ttéle éubﬁltaytﬁe@n@etfe@@@ﬁ@iengntti’lammqm@bt of

the presenfoknygaauemnﬁFaglléélasceyeka@ wl%gllalyl u%%%fel ng the state after
spacer spraying onto the substrate Shown in Fi 36 is a schematic

view illustrating*¥nel %oh§eﬁtFEH%@a§6cn§?ﬁéa°Pé# H#SUuégﬁgsﬁrﬁ¢q9QdacrystaI

di spl ay deyeEEtlEnth.lB?bem@eﬁﬁwrghb@t\tlaew ahdusid atiaR@ RO meeMdonal
met hod of ggT devi.ce roductlon EXPLANATI ON OF

Liquid cr | _displ
CoDES 35 1€ gﬁ&%ﬁﬁél %uﬁiﬁﬁéﬁe%'&?ﬁeiygas&lf*gt €-9 JUN 2002 14 la -
first subst rate Fba- Becond sidimnmaitiec ZfLeVp'olmlazéroKizrordjaslplpdprel ecky ode

(linear transpaeefdn el ELIEOGEa e P! 468 1 &L FOUDame-1ike state of the
black matrix on an ordinary common electrode substrate in the

10 method for producing a liquid crystal display device according
to an aspect of the present invention.

Fig. 13 is a schematic sectional view illustrating an
equipotential surface on the substrate in the method for
producing a liquid crystal display device according to an aspect

15 of the present invention.

Fig. 14 is a schematic side view illustrating the case
of current leakage through moisture on the substrate surface
to the stage side.

Fig. 15 is a schematic side view illustrating an

20 equipotential surface on the substrate when the stage is
earthed.

Fig. 16 is a schematic side view illustrating an
equipotential surface on the substrate when the substrate
surface is covered with moisture.

25 Fig. 17 is a schematic side view illustrating a leakage
current detecting system which has an electrometer disposed
between the transparent electrodes and the conductive stage and
is tobe used in the method for producinga liquidcrystal display
device according to an aspect of the present invention.

30 Fig. 18 is a schematic side view illustrating how an
electric field suited for spacer spraying is maintained by
disposing a substrate in close contact with an earthed
conductive stage (table), applying a voltage of the same
polarity as the spacer charge polarity to the pattern-forming

35 transparent electrodes formed on the substrate onto which



3a - isolated transparent electrode 4 - color filter 5 - black matrix
(conductive black matrix) 6 - overcoat layer 10 7 - liquid crystal 8 -
spacer 9 - alignnent l|ayer 10 - chanmber 12 - voltage appfjc 2@ appar at us
(direct current 15 source) 13 - gate electrode 14 - drain elec Bde 14a -
source el ectrode 15 - conductive stage {stage) 20 16 - sem conductor | ayer
17 - pipeline 18 - electroneter 19 - spacer netering (dosing) feeder 20 -
parting line 25 21 - dummy el ectrode 22 - etched region 23 - insulation

layer 24 -sghebed areatrdbpe ebesbe@at i RhEnU @ nddd 39::%%1

el ectrode region 29 - display piXxel (black matrix openi 30 - dlsplay

area 31 - EEéPEEPEﬁPFaFlFFﬁéoéééulﬁéﬁeﬁﬁﬁmln§éﬁf§€éT‘§§QDWSGE@S@RE OF THE
| NVENTI ON applecauhbaoaapa,'éatﬁst»bmi@I L9 POngt BiGe PFEEEN e | SW &IHd YarleS

descri bed §n1g§£€y as the spacer charge polarity to the pattern-forming
5 transparent electrodes.

Fig. 19 is a schematic side view illustrating how the step
of voltage application within a spray apparatus can be omitted
and the tact time reduced by applying a voltage to the
transparent electrodes on an earthed conductive stage prior to

10 the step of spacer spraying and causing them to pass through
the spray apparatus together with the conductive stage (table).

Fig. 20 is a schematic plan view illustrating an
embodiment of the first substrate of the present invention, with
etched areas formed thereon.

15 Fig. 21 is a schematic plan view illustrating another
embodiment of the first substrate of the present invention, with
etched areas formed thereon.

Fig. 22 is a schematic plan view illustrating a further
embodiment of the first substrate of the present invention, with

20 etched areas formed thereon.

Fig. 23 is a schematic plan view illustrating a still
further embodiment of the first substrate of the present
invention, with etched areas formed thereon. )

Fig. 24 is a schematic sectional view illustrating the

25 method for producing a liquid crystal display device according
to an aspect of the present invention.

Fig. 25 is a schematic plan view illustrating an
embodiment of the first substrate of the present invention, with
isolated transparent electrodes formed thereon.

30 Fig. 26 is a schematic plan view illustrating another
embodiment of the first substrate of the present invention, with
isolated transparent electrodes formed thereon.

'Fig. 27 is a schematic plan view illustrating a further
embodiment of the first substrate of the present invention, with

35 1isolated transparent electrodes formed thereon.



The nethod of liquid crystal display device (hereinafter referred to al so
as LCD for short) production-according to the 5 first aspect of the present
i nvention conprising sprayi ng spacers onto at |east one qﬁ;? &i&ﬁ%
substrate conprising at |least pattern-form ng transparent ‘e 8 t es and a
second substrate to be di sposed opposi nggy above the first substrate and
filling aliquid crystal into the space between both the to substrates
conprises, in spraying positively or negatively charged spacers onto the
substrate, dispoging e.suhst.r in cl ty W rt

conductive sta e%%90i23_5§vglﬁﬁ§%§€§?§t 2%%’ggg%gﬁ%%%éghég§ﬁﬁﬁﬁqggéﬁiand
appl yi ng, tfb‘rtt%ért capsgarent eifedheodds;sta sphistapL ofoR0they nreBIKY havi ng
the 15 samgnR@hafibhy @3 thhe sPRACRE TGP NAUR iddectiRRidBOngof LCD
producti on g%cordlng to the first aspect of the invention is applied to the
product i ont8fIEBPs by spraying spacers onto at |east one of a first
substrag e conpri sigg 29 ilseasdchaid i@ sfeatliong lt 28NS @nspeteetyidsfer and a

second 20 gubstrate. to di sposed a ingly, abave the first substrate and
F1Ting o Ehont desy eharRe REAToRcs SI R e b bREbSIR: F e Bbi e
above transpyséail diepfiryddsvare aotopdingctibaahyaspstticf ethdwrassntbe,
for exanpl enykhpeani zed transparent 25 el ectrodes. The above
pattern-form ng transparent el ectrodes are not particularly restricted but
may be, for exanpLg; Y riSpd-SHgRaf &t SECGTI962 IcHASYidluBetPRECT iSRE@Yer

transpey entoeheaigearien dheposadt ide pE ehkahe @i5od @rdfe?r@auaiﬁ bstirighisq The
strlpe-shagegsgggctrodis are_those used,as the so-called

s o .displ a
el ect rodes“F uPUSBHG¥ AFVUFE pREGOHEITEeEC FherSRRGS ¢ rtQﬁfﬂﬂ%%%qﬁg ina
| i quid cryshakndispl.ay device are display areas and each conprises the
transparent el ecttqdeforni ! VAR MY there The _substrate
to which the met E%g'gftgoggsrcg{ae&gﬁtﬁoryﬁS%g%é\é?o%rldf’%wtgfﬁ‘h%‘g???EtsP sﬁg’eec‘t of
t he presentoibs éagdbinchie tRractice of~the gurthgpificadpregubéngny ldmatildavi ng
at |leasy patieenifarsbngdytgapspargotoehentr odesn f Pk ther | t any
particular,rgstrlctig% ag to the sha%e th%reof, ﬁﬁ%ther<€§6§?$g¥%¥%$ﬁg or
filmlike, XREEFhSPance. Thus, there may be mentioned, anong 5 ot hers,
color filter subpigat®s iBayigtthemddiackeaRlibingl eDéwlof bl §dSer 3 rayRrCoat

| ayer, pattiern-form ng transparent elegctrad and an_al i.gnpent_ l.ayer.,, and
substr at esERak?ﬁ H§e§ E)ﬁa% © arq%ceaﬁfoglé?é%%%ch%é)ﬁ pf)ﬁflggf'ﬂgfao}r’ﬁqr‘ﬂgld
transpar encrgbbsirdieslapddeniati gnoendihayee  aWespechetfalthsulpstesane is 10
used, JPwWeyghentlohS Necessary to provide an insulation |ayer so that the
el ectrodes fornmed on the surface may not be short-circuited. Thus, when the
nmet hod of LCD prbétictiohs &cBbprBiHE" éLLHe trptingashrstasr afeer spaseiton i s

appl i ed tospheyprgdestbonnhef skbsEIhtbyRBolWEDIn g .meBhod can be applied to
ei ther comon el ctrqgﬁ.substrates.or segnent el ectraode substrates facin

g
thereto on condi1+%n thad TG} DAEFEFRDAS W R A AR T S PERYELT odes
at a m ni ntonbélusesipanetise peraidtdmedodbove rertthatfopaprodut angya 2Qquid
restrigted L nc ; I i X t .G lesin
partié%%s;??géF%gnégg%%??ﬁgggég%E%%%%rg§%€H%$?%{f%éﬁ%ﬂbzﬁ?%@%%?%ggn gining
a pignent dnh¥gefsed-therein; dye-colored particles particles show ng

adhesi veness upop; healy g 0p1 hh Ghilew 1120580 0ANGhdREBl e 20 S BPARKIC
resin or inorganic particles the surface of which is _netal -plated. The

vhi ¢
spacers sefREAYHRAJPHEP ERR EBPFLEAFEKABSYR| AT Fddi-d2€rystal displ ay
devi ces. In applpidqg 3tehes resbrenat 1£GH 4w 0dUokkeAtaago Kl Bgnkenthenkilr st

aspect, of the invention to the production_of TET .t L .30 transparent
o bt PSe-PrEatd EOL BPabPe g &' BRAEtHPRES Ly, A1 EBTay R 2.
Fig. 37 is a schematic view illustrating the conventional

method of TFT-tvpe liquid crystal display device production.

EXPLANATION OF CODES
35 1 - insulating substrate (glass substrate)



instance, at sites just below the black matrix sites of the color filter
substrate, which is a comon el ectrode substrate, and spacers are then

di sposed on the substrate having such areas by the nethod af LCD production
according to the first aspect 35 of the invention. Wile 1 e/ Wb esoan

el ectrode substrate in 19JiJ N2pQ@417 ordinary TFT type liquid
crystal display devices conprises a solid electrode, it is possible to
drive even an el ectrode substrate conprising etched transparent el ectrodes
in the sanpzmanRers@SshBs@kditRary TFT type liquid crystal di splay devices
5 by applying the same voltage to the respective el ectrodes. The net hod of
LCD producipon S8cerdi SYPE5TERE first aspect of the invention is carried
out by d|3905|pglarmzaﬁray|ng p03|t|vely or negatively charged spacers onto
a substrats ta bstr tetlndc 2 e _caont ct wi th aqh qyt ed onducti ve
stage to (refe %38 £d 8 §5 48t EénFSF KPP AN G & resi st ance
of not &ore thaixedle$2omraad@)appl yi ng a vol tage of 200 V to 5 kV havi ng

t he sane peglaLi e r lL.arity to the transparent
electrodes95 %¥g§§g%a t§ﬁﬂ%§56%??agge?%rgnge contact with the 15 earthed
conductlve4sra§@ ﬁﬁvﬁhé 8Tvol une resistance of not nore than 101 S~ cm the
electric pgtenpiakki fat2¢h gaBnBakbweeRd black arspargnt el ectrodes is
reduced and an electric.field suited for spacer disposition is formed, as
shown in FPgT ?VeFFOPt h8¥8Esary that the vol ume resistance of the above 20
conduata ve7staykbgbédnoetysnag than 101 S2cm The substrate is may be in

cl ose contact %%5@ %he conductive stage only over a certain area thereof.
The val ue of t 5 tage to be applied to the above transparent el ectrodes
is 200 Vt® 5 &kVigmhestvabkuergenerally 25 nakes it possible to produce a
sufflC|ent16epu£§5Mge§orce agai nst the spacer charge. Thus, precise spacer
p05|t|on|n? can be attained. A preferred voltage is 1.5 kV to 5 kV. The
kind of volfagevpitage papiicarapnyappareitéfeddiRegitr E8CTEBEr ent vol tage or
a pul 3& voltagesougee;nstance is suited for 30 use. The nmethod of spacer
sprayi ng ngﬁ be e theé Q gry met hod or wet nethod. In view of possible

| eak bet we tr%ﬁ PaFeRt -EP8Et r odes under the influence of moisture, the
dry et hodléf - s@raynnglestpoééerred however. 35 As the method of charging
or electri{ying §8@Eéﬁsei8c£98 ~J JU~; ~G0O~ 18 above-nentioned dry

met hod of sgrayln % nentloned for exanple, the charging

met hod whi & Co@%@d§@5169u§tﬁgeséé@égg to contact with the pipeline wall

repeatedl y16!1 0 §bhsc6R@L8tHY MBYBed, stable charging can be attained by

assin
P g 17 - pipeline

18 - electrometer
19 - spacer metering (dosing) feeder
20 - parting line
25 21 - dummy electrode
22 - etched region
23 - insulation layer
24 - etched area
26 - black matrix picture frame
30 28 - dummy electrode region
29 - display pixel (black matrix opening)
30 - display area
31 - equipotential line (equipotential surface)

35 DISCLOSURE OF THE INVENTION



5 spacers through the pipeline by neans of such a nmedium as conpressed air
or conpressed nitrogen. In that case, fromthe viewoint of spacer charging
and of prevention of noisture adhesion to the substrate syl g\gﬁF t he medi um
gas should preferably be in a dry state or as | ow as possi A0%oi sture
1o content. The above pipeline nmay be nmasle of a netal or a resin and it can
properly be selected in correlation with the spacer charge polarity and the
guantity of electric charge. The netal pipeline is not particularly
restricted but 19nifigé UEES) odiNY tH@reseRitPehi/B8S 1BRAEs (e S 515 6 n

mat eri al u% ils ni ckel , copper, alumnumor titanium and pipelines nade
of an alloa &dth as stainless steel. The pi peline inside wall may have a

coat of a netal, Thaaﬂmiﬂsodgolfdlqu‘:hrdﬁysﬂal plrlcsplldqddbvlcpéa(&ie&galri‘a(ﬂter

i nst . t | t t.ed

ntance: £asIbeshest L ALPR BEg! 20 dh B R LR ELEELINE o
or thedi kélrv\heasaeptpelfl tbenpde sehta inivglty onn swingtriisg nge sipra ysngh  as

Tef | on, th
2 mera o Shiasrs) CarPehsl SEFTRATR Bt fbd UL LR iea S B e
netal coat leasﬁePaFtamef@FmP-nﬁet5énﬁ@aéaﬂth@dectwp§le|55 a@é’ca‘lu,@@qmd e

chta[] gfhgm @gbsﬂraﬁa @cb%@@ﬁ@dﬁfﬁb@@%@ﬁ%ﬁbﬁ%%@Oﬁt@fé Itsrm%seran@d Cefts
Wi e pi e eon e resin el ine accunul a ing to
o Lur ot b8t SF AL EhRbR ol LRaFS Siovo ol { Falp e 1 9nics HatURet Batthade For
adj ustlilng shkesguahbest gzomprctlsasgelnnspma(yeng, ppispelivedy irf herglaltgwaly
material o r P f. LCD
broduct | on-AEERed HarrEEy RtSOERENMIBLEELED dBREES nd MRS &

conpri si ngcbﬁﬁaWQ@t%@é@{téi anjedrghed MOZFibEtlUQ)ﬁtt@gat haviny aive lofmea
first subsieaiersARRr bl AGLahokEathapaber @:érmam&'gaggwﬁpﬁr% ghgctrodes,

a conducti ve X and _an overcoat | ayer. _an d Substrate to
be di sposeErébﬁBéFﬁ@Fye BOVECERE 13 r'ed %"l\ﬂ)estorfatzé)oa?{dt?@llf\ﬁélaé’@q |t(§’t§9|
crystals : ng amé hposaamybatswene bptabetrhehauh%t pﬁuaslggrrprl ses, | Pspr ayi ng
positively or negativ S e onto the .su rate,. a ing.a

vol tage (V1) toe?tﬁ %ﬁ’é&c??\y‘g%b?g%é ﬁﬁf???cgﬁgd&f\gof 53‘5 %R&gt;)a)réé’e?:ﬁe

t r anspar ene £ dlheci nvertjohdtshapihbi editicates prbcarnd i GEILEPspos lsplmgmlges and
sal i sty ngsbgcLhg ERE81A0M s Mffe WIET, I1G SPRGRSS 1GHA0R RRAN

positive, or el ng negative vol tages an sat
rel ation \Aeésvzp%ﬁﬁr{lﬁ§°§%b86r EH&P@@’-’SEFaF#? i‘-’§dﬁégéf1Fivé s"Fﬁ@nd

transpar ensulps EEL£OUES beS db.%‘pb@b@lsopﬁééfiﬁgi yagospages hatgsngshehited

menti oned abgv e the t1.one her ei nabove referring othe
first aspe®t of ﬁwjen?n"i‘/ n'i?p]i %hr? rPE34S g?r?ec[ & Sh Oftﬁ]’r ®aspect
of the inveabsonatébe net hod of LCD productl on accordi ng to the second
aspect of the |ny @té@&ga@rgﬁﬁggh@%ig dQEOg{c’ Lr@fg }.XP?y‘ I quid
crystal display eV|ces ove cond |ve F1Xx

referred t?ée%%rbq:ﬁ%qi brak rirxy oef ef@rdﬁ§me§fear éageaﬁltzné foAnRepasengi cture

framess Thelgéetodestramk QBBthﬂJQGtéﬁni@éﬁf&ﬂn@kr%%Qba&r&ﬁ: wheeerbhese is
no conductive bl ack nma ive bl ack_matri x g be any
]

duc
Conducs | veA5% e Paf EHoaEhy Har e Caran POkt FREL Pon, TORUEXSRPIEne udod,
for exanplstripwsshapele electrodesnroakuitntedoofcathearbkaakspkrentt he

Vi ennoi Nt o1 o SONANEL I g OURYEE o HOF e Iy BT Rlccler 2y

chrom um are use nore |nsu at’l ng overcoat
layer is prlowipkedshapediceBectondest ave bhask vraedl as trhe ooecsdbded| ayer is

rovi dgd t circ t e re
gl ect ?‘gdes&aﬁﬁdﬁ@ﬁg%ﬁcﬁﬁ%ﬁiei% bl 28 %gg dkh?gggogéggﬁggcurﬁaﬁy

restrictec®pidvited dheplaying %Iﬁaﬁsbbﬁ‘éh@ 'éﬁirjsﬁﬁé dhSPhatil deVhgepBwRr. |t
i's made ofd b By YAt &as €Shd), c4O SSmpPSEABCEhe transparent electrode-

forming area and the vicinity thereof.
The substrate to which the method of LCD production
35 according to the first aspect of the present invention can be



f 9 J UN pppy 20 Wien the substrate is a substrate having color filters,

t he above overcoat | ayer also serves to level the color filter |ayer
General ly, such color filters can be fornmed by the pigmgnyyg z@ﬂersing

met hod or dyeing nmethod, for instance. 5 By applying a voltage™(Vl) to the
above conductive black matrix and a voli&ge (V2) to the transparent

el ectrodes, an electric field suited for spacer positioning is forned, as
shown in Fig. 2, in the same manner as shown in Fig. 1, |rrespective of
whet her th&g;???%rﬁ%? be thpBEEdh'a%%' O3k 9 %ts%ctpavt‘t 163y t hed
conducti ve agé h Fesistance 6 S~ cmor
not . V\hentt-‘hésﬁéaééﬁ emg@desmr@q@éheﬁ@omnywh@ét mrptar\r:equdratrages

are sel ect eéseﬁlee&bntm £¥0othaaasa PO ¢ Hdie rondhkikae r\Vduss Mea t 8- Bakd fy ed,
wher eby a gng repulsrve force 15 js ro uced on the transparent

el ectr odes LigakIPEpISIARFS or 48 &€& BEYVihR IneHRE v iBRoRs
spacer $ casthersdj sposed ﬁilt@ﬁsﬂl}sastﬁatéé Mrelﬂmcbaazlbmwmat(ﬁm Ydlbat i on

is the sa the_s [ t e son t_ he above
Vi and va EhbnEaSbosn BPRECeRRa aGers, BN ror G g SaRRE A TC, A0
is that a eégqtsodesfand:en@flnmemtdéayer_, land subsfueted Heorirgpatrleldk ng

the positigRgrpk, f&h' O@Eﬁéegﬁeiaef\éﬂrt hg%t'%'e&'ﬂ-'f%\f 'm%e Efa%%g%dr% I'f V1 and

V2 differ in polarrt e potential ference transparent
el ect rodeseaﬂat’fﬁgeﬁl%‘ﬁ FatarliHenRent dedGie ofReRed MR HSURILIAL GRS a

short 1@ r cuséd M hdwdeef prined éoataweersatﬂaetbr pﬁ@@aaenan elrentrades argerhe
bl ack matrix er js._a the result

will be faf?qu ECQP%rﬁ%%égaﬁ 8Fe€P¥W8df°8Ighguﬁye%%FSrmfﬁaPQ&nb §si ti oni ng.

Ther ef or e, shbetpoieotm&éddlfference betmeen V1l and V2 is 30 preferably not
Tor e unan, 100 V. rfyen dfianeiel AecRgLant iiin drblaLensy LacashR o dhe 00V
or less, it is a po ent ifféerence n I"SiVe" phase, Rence

i ntended sPhtsk WLEEE oM rigie dAMIEBIt ioan l§eaﬁﬁééﬁﬁl t@H@tre plrmblcu/wéanhe

pol ar istsy oémtrhey]lssawﬁsof tﬁeaﬁer:ﬁoaocee %5 aggﬂxee S B9EhkkVeokiibn the
vol t age (Vl to the g conductive black matrix and

the vol t ag® %%£§°%§pFPE§tF6t?ﬁeOFréﬁgﬁﬁpén? 8F§69?@d§§b§F€a§§ﬁeé@édngo t hat

the rel atieheMdts olcddi BLos ahiasf tiedy hBywedsd fige 510+ £dhvi i@ Ritbdisve rearce
appeari ng 5. matrix _sites becones relatively smaller than the

repul sive ?%?%gr%gﬁia?Fnﬁ afn%ﬂgmfransparent el ectrode sites, and the

spacers are di spbsedspacehe béatkonadrakoyet axe nahepyrtmceaehlgap bet ween
the ngigghb ?ééﬂﬂlcﬁé&tﬁue fRemM.Ag, téﬁBEgaBQHErgleﬁE%Qqe ark9c %” the

polarity o arge of spacers$ sprayed 1s ne t|ve - t he
vol t age (qun%%®¢%%dr@§lﬁhEaEBhaééﬁrvénBFaéRlﬁaPﬁF%lﬁ Gsth@P@HP?age (V2)

appl i ed tosirﬂi]@hétﬂésﬁélé%t @k@ﬁ&.rLeeeéoate1ﬁ@h@cae§lgﬁrehhaalbbereeaatl on V1
> V2 may fh ositive when the

satrsﬂ& l {e' i. ﬁ B?’
pol arity off¢helRhatye” 6? gﬁﬁﬂePé o¢ ESSpP3§§aC §3p58PHHE (+) and, when
t he poIar|a@heﬁlvanesaamgenohespangrertmlbhtsprayddatsonegahdvme@al, t hey

are bojgh hE; ¢ e bhesfoLgabi8 gy Ligtentndstingnede o i

produced usi ng fHe sams po acer
by using thetabpekatedpol™e ts)Pal@rét ﬁ@éVﬁotﬁhedyb%etrhecﬁ:@r tbéF&ﬂﬁﬁ? or

using the 9@51IQUEH(éiy@@éﬁraiypﬁag aegatk¥e (-) polarity relative to the
earth potential ._The reason t he otentlal ;fference betmeen %pand 25

V2 is produced UstA§Ft Wé@aﬁ@eﬁ%ﬁqr‘? £ TakeCl RpEo L RAGFEEIRBEHS )€ s as
follows. first aspect of the invention to the production of TFT type LCDs,

30 transparent electrode-~free areas are formed, by etching, for
instance, at sites just below the blackmatrix sites of the color
filter substrate, which is a common electrode substrate, and
spacers are then disposed on the substrate having such areas
by the method of LCD production according to the first aspect

35 of the invention. While the common electrode substrate in



When the above potential difference between V1 and V2 is produced using the
opposite polarity relative to the spacer charge polarity or using the
positive (+) polarity and negative 30 (-) polarity relatif\edtl 2002e earth
potential, spacers first undergo the influence of gravity, hence their
speed of falling tends to increase. On the contrary, when the potenti al

di fference between V1 and V2 is produced using the sane polarity as the
spacer charge 35 polarity, the speed of spacer falling tends to be

suppressedPgd$n%r§ @FW %gg% ZZgﬁmae %Qf?l”éigﬁﬂﬁgt@évlggs éﬁﬁ#

repul sive force . erence ween Vi femi ns
t he sane, éoéllé‘v\éﬂ-eFélrloldﬁg §§eé(§ pRESible ges e aya mreal effT©94® eci se

spacer poskubeRirAte Sotfes 5@@@%&@:{ E!‘an‘é’@@&en&%lé@ﬁf@d@@,uﬁ BRe ShBGET
charge p0|arlté£IS negat i a poﬁentl ence of 50 Vis to be

diffe
e o wBeRnbr Smotepidinan A ROl EabiE, VS EEL NS, B yathyhans
bet weers +25yVa@pdly12.5Vthlet sheteweer tab@0G oV thed r-eH;!fdbt\Lvel\mlﬁéttﬂrcﬁidH t he

sare, pol ar Y, aSohUARGEL s BEodRcROLATIddord hd B U LLaL st age of

falling, nanel are romthe su spacers éb only
the influenéetor anvamérl@ge il eetrriiedf |oentdbmdr1§mamgg f-lmmnrwe/m t ages

- 1000 V angoé%%&fw%gmma}; chbagRd §PREErE oD %@éﬁgf\%@@é I}{d uence

of the potential ference as Therefore, 15 spacers wt har ge

quantity QSHREEFEESoRRy CLRES ﬁPF‘Gé‘ﬁGeW&f ht R SatAed FORSGENE SIS or ce
in thedir ecetelfeﬂrea flallisnga § &kigeChd r GNoaat)i nax)rlﬁg a esUlhé @ Firsadde

electric fi QE1 Then, as the acers proach e sybstrate,
the route 8 Bgc@f("rﬁaf:r‘laﬁ )lpm @é?ﬂ n%f’t 5449 L%égé)%f VA8 the
pot enti al 8i XV érasniocey Ehe( sem\a’)pd»bametayl aa(]ﬂﬁa ¥pacer- ¢050g¥.pdlerefwre t he

speed of sp ge5§ﬁbg gkggtlgﬁg Eggd%gtentlal difference E2 can be varied by
sel ecting t producing the potential difference between

VI and 25 V2. ThEg, bypaé}ngt thg ﬁh@s\télattagénvéllgé§ wongad tvyighd thise

pot entj =l éhf:f:ﬁéa%d&@tfﬁb@ts‘&%%@ hhtih§ Pos3UREEr & O LOMEOL 1t RS SRAGET
p05|t|on|ngheven a small potential "difference. The gist of the second

aspect of énpl%seﬂFnbnﬁéﬁtPéﬁcFFé§ PAERBFA2INEREPFSD HH M Yntetaen dhespacer
posi tioni ngraaspheede mé@tf@ﬁebmsoesdhb\eel ynadirusl engrtbef 5b &uiftald i ng

speed by f n I ctrlc | sive..force field of
the sane po g}|g§c§g ?%§p§§9§ hgr r%bﬁérltyf%%o %asg& onﬁ on the idea
of polarity-due éttxamec/@sﬁmmevh%mm velﬂmecéeasstﬁnch@@rutm a@ave 35

The po}cﬁ“t béhdgbf:i%eﬁﬁﬁgge%&“\”}‘?&is X Oneéﬂola@cr}(z Ifhe shukeldNL4Q2 23

preferably not nore t above, the electric potentials
V1 and V2 BR¥ Bt imElosm %té‘rqtt ;V’l&%l the §6898Ftéﬁﬁr§1§aﬁ%l%}r¥ YWitd 2

t heref ore, ceyenimhgrebhenhpetemti al difference is as small as 100 V or |ess,
t he spacer posit%onln

he vglue of the voltage to be applied to the above
transparent electrodes is 200 V to 5 kV. This value generally
25 makes it possible to produce a sufficient repulsive force
against the spacer charge. Thus, precise spacer positioning
can be attained. A preferred voltage is 1.5 kV to 5 kV. The
kind of voltage is not particularly restricted. A direct
current voltage or a pulse voltage, for instance, is suited for
30 use.

The method of spacer spraying may be either the dry method
or wet method. In view of possible leak between transparent
electrodes under the influence of moisture, the dry method of
spraying is preferred, however.

35 As the method of charging or electrifving spacers in the



5 control can be acconplished. Since the overcoat layer is as thin as 2 to
5 a m breakdown tends to occur and the yield nay becone reduced when the
potential difference is in excess of 100 V. The quantity qaf J§@a@ﬁr char ge
is preferably 3 to 50 to ,u C g, the polarity being either positive (+) or
negative (-) . This spacer charge quantpgy range does not nean a di spersion
i n spacer charge quantity but nmeans that the average spacer charge quantity
is within the above range. Wen it is less than 3 ~ C g, spacers may fail
to make a LCj ; , ' ; I g Nalal ; ot be
bt ai ned | oSene L nE SRESAEPRERIDAOE BN it RaR bERGR PRI
the repul sfP&8 £ERERLEN &RCerBEEAiLEY F‘@I@%WW@&JI%W%%@WQ on will
begome t oospheeng E@rco&lm%mitﬁhtl&élﬁméf $104e sm}@aqgﬁ:épbat_teahb.gnn?%is
substrate, hence_a prolonged period,of tinme w e .required 20 for, spacer
aprayi no.  EHAE50R: PORRAG pEEaPLroRParg oIS B8 RS o rye PATRIEY he
spacer s shepaaecer thrnughkt ¢he ofipéiliper diyomeamss pac enabhar gedjuantast y. The
spacer cha Lty red_usi |, E- . SPA a r
(Product of SHREbRaRy {1 £ N PopERstentt 08,2 e e Bed, P AR
second asp¥&éewpeintheipepaest chaasiingn anche fsprsventd o offe madisrurss a

dummy el echhAdgiofi €8- tBel QuBse@thel 3uR MRIRN “heWrRGWNG 8 SHRsliate of
such type that two_di roduced from one substrate. The

sglj?a/ sgbst rates are

substrate BREARTARIEI RS ! G IEVGSTELROhfat HOW3BSIRPRS LRtH HhIO L8 Wity

el ect rimde té6npenvi.ded so as to surround each display area . Generally, this

dummy el ectrode Ls_f d _f.aQr_ -prevent]j t he al jgnnent .l aver from being

darmaged by spar k':ﬂ?la g uée@? @lﬁea]tlir%:e el c?)r%i z(z}laﬁ?, ﬁ“ngd} ﬁlégtﬁrlo%c?iro%]srf @Sd1| n

Fig. 3, thétecks poodamby bkeseledsed AnFicgrrélathionewdth $ha dpaoer

el ectrode QHEr&QegBiéF}gE?r ?HH Eh@cgﬁgﬂ%itg/ 8@l ectki? IHN,Ze24 connected
e. InFig. 5, ther

with the dummy~electro 1 ; is a du electrggdeforrred and
this is connect eBh@i PALahePiPEASPEr At NEFeBRFEdEY L2tk ERaLES CREd RYyta

dummy 18§ eci heUEdEB, SHEHng FBRELE, (Fifel bndsafiadd bf B ArRylvsadteeikhat the
nunber of s&acers I n e out er nos each pl

t t regi on of . di s .area may be
prevented ¥ S%atfelc}%%%%rnézotpé’etrhe?jewl P?‘éﬂ%éht%m"f‘%f r‘?‘lr’tﬁﬁl 12§ l%%?%a&&p.
When t her eof e maldognysgelp dostednlebe sveber dhepapelinenindisdeutadnnost
regi on of i.spl r.e i | r.ed he fall ow
reason. | nﬁ\%' eﬁ%:i%tafgloggo?t:f in%ﬁneg’?ﬁt'h)é i ssgaggggegpi%ﬂ%#%ﬁn "t %5087 \r&ng%gipar ent
el ectrodesP¥relabined, feReiRepaNsPve force-inducing electric field is

uni forae as showmhénr&s9n Fipahdnet NEr gHOr Bartheundrder rektepacguspdicsposed
bet ween each i\/\@ transgar ent. el ectrodei,l S staal [i ée%. ﬁ)ﬂ t he 15 peri phery

(out si de) bREthEedi sPF 99aPEH?rﬁomB\1/BF, LRESr BREFsPie £dles: eRP Y¥InYd ¢ hat

sEacgrs f)cclblldji:ﬂ@ei my en \dxlcitlniet %ikheremtﬁem;wplip@diihys. hedﬁe@eld adgbaty of

t he I SpIa area..as a result, . . the er o spagcer. LN the. oute S

oo on P oatn8h SR80 AL Suen NS R, 9 REEECTY 1 Sl IRk

wel |, the 2echuarbess i pirselinndue sperked wiedoresiedied lcor aduetiad wire _

repul sisve §pnGe a8 '%H&'%%a%tﬂhé B§ﬁ8§§ﬁe9fwiﬂﬁ) ‘EHEtr&’Q@aPEBHtg# RmaRaand, in

parti cul ar,,partlcfes Wt arge charge quantity are repe out of the
subst r at e. WHeRFe LNRHAL RE RRLRGS si AT Er 1T SRS PPl L 8 FRAF Ihg0259

t ranspar enin ediettdmdese Woliigiotlteadesek a¥cBe@dD Y TR ditithd @ fasguEBy s

el ectrode di H(.l) ed outgi de the %ifﬁl axé) area, the same]rel ectric Ei ﬁl d as
over the drSER &y ea ae LREEndDS SR TRES BinhE Gradr e t BT oRC BU 8RS i n
Fig. 7, anteadtworih rfigiluteheonatbeinoétspheecsangimgn ihehdupripedlieet r ode
regi ogaw | 3 ase appreci ably but spacers are disposed uniformy
W t hi %Ot hei"?/mnrg(%% %iaggﬁ?%?/ area. As a result, when a liquid crystal display
device is fabricarrdbisgizachheudgsantiby ohecertiegap BReGAES, uni form

throughoutp i he) dhopl @YrRELBngSOnt RatePigh dispba%t¥aLEOA hiYyl Bel NSured and
hi gh-contrast display iIs ,
connected Up in series.
The method of LCD production according to the second

35 aspect of the present invention comprising spraying spacers



35 realized. In Fig. 6 and Fig. 7, the underlying overcoat |ayer, 19JU
N 2002 25 black matrix layer and so forth are omtted. Wen the transparent
el ectrodes are connected with the dumy el ectrode, the sah® Judl pgage i s
applied to the transparent el ectrodes, so thatunifornspacer disposition
beconmespossi bl e, 5 as nenti oned above. ¥en the transparent el ectrodes are
not connected with the dummy electrode, it is preferred that a voltage
different fromthat applied to the transparent el ectrodes be applied to the

dunmy el ecaﬁgseatt 2c10¢ brase? Ls fﬁsfto's'u%vg&rat\éh%mgﬁsq' B 13067 1S

apart fro electro for i nstance acer scape Nto gaps
therebetme@ﬁtt¢ﬁ§r§P6mén9|ﬁréﬂéﬁaéeéés@leﬁﬁr@é@éne§ ﬁ@@@é§§ﬂyet@L®ﬂh>/ to

theI dugn%/ ﬁ{aﬁ@liéodﬁ?i anszafreﬁtaaatr@a b \é@ad& ar %%c@@l@Slslﬁ%s\t@att%g%ot B%n lthat
applie 0 e digplay area.to rive pacers ul si on,
to the. out & ABLFfbgPBRSORELHo? épga B e R R BRI 1 e
transpa enligledt codesali thtohehdusprcel pettwede botchudee, shiblstirstret
limted to e.n trode is
connect ed w%ﬁﬁbggghe dué:?w%e]ﬁug%t%rsggﬂ%ph‘gg%cfg yeﬁﬁ%g%%§5ﬁ°&§e5fs each
t ranspar enoned eche ol Hirea toon mag lad ng tahvpﬁéagﬂmwl &l eetihmdepndud tiive node
in which the, akigied; £ ra%aa&@p%a&ée@fzr)o%stﬁéec&qwee& %'ﬂe%m«;fd%'sy at

one end and at the other wt el ectrod f'ori1 nst ance 0 sum up,
the r espec??@létqf%é’[?éft@rﬂeSQBrle@’é@tV?o@@-%QOEétéHﬁn%%écﬁr}qq safdBf Viessi bl e

mannerLom t Bhé h%l%ltmah vlect? aden tH@%pa&této@lh@fgé@am&q&wcm 965&@:@.@%@' ng to
the third aspe f.the ent |nvent on co risin spac onto
at | east o?l’ép% QY} it %gcﬁlﬁ% aqeesa%[ndggtat érs Y309 gﬁlﬁl ng

t ranspar entebbdetonodes; V&walemgnhenspaayercl_aa\dgmrmhrrme e.sdnsgka&y var.eas
and a second subpALalfah0obfefl s0RERd-0BBGS! ROLKAROKE | BEALLES! RUDS!  at e

and filling a liquid crys ace between e Substrates

conpri ses EP3PBE |cﬁgqu1{n%rp¢59@ﬁgle¢6§+qn%@90&sﬁ aﬁf@g*éltlw@me ahaegédossscer s
35 onti® t hge s&DSaBAYE rd e SiUhp thatge ifl reltosSpeeptaTthd fidvedftiod. 1A8 JUN

2p2 26 explained in relation to the first aspect of the invention, the

method of LCD production according to the second aspect of the

invention can be applied to the production of TFT type liquid
crystal display devices.

20 The above conductive black matrix (also referred to as
black matrix) offers display areas in the manner of picture
frames. The picture frame condition is formed by each area
where there is no conductive black matrix.

The above conductive black matrix may be any conductive

25 one, without any particular restriction. Thus, it includes,
for example, those made of chromium, aluminum or carbon black.
From the viewpoint of conductivity, however, those made of a
metal, preferably chromium, are used more often. As shown in
Fig. 2, an insulating overcoat layer is provided on the

30 conductive black matrix. The overcoat layer is provided to
prevent a short circuit between the linear transparent
electrodes and the conductive black matrix and it is not
particularly restricted provided that it is transparent and has
an insulating power. It is made of an acrylic resin, for

35 instance.



earthed conductive stage having a size smaller than the substrate size to
thereby all ow the peripheral edge portions thereof to be apart fromthe
conductive stage, and applying a voltage of the sane poldr t/Na@li2 he spacer
charge polarity to 5 the transparent el ectrodes on the substrate. The
transparent el ectrodes, substrates, spagers and spacer chargi ng nethod
nment i oned above are the sane as nenti oned herei nabove referring to the
first aspect of the invention. As explained in relation to the first aspect

of the inventiongntherhQ %{;&;ﬁ%ﬁ% lj.l'-s(e:g t@ﬁBg‘Egait‘éngQ{}ﬁfﬁggé@goﬁrgf]j:[lthceeltgﬂ rd

aspect of the invention can o the producti 0 ype 1iquid
crystal di Spra3Pefesixearcosfed 2viet 3pFayFAEVSparisvaretiryceher dhidlited
i Eacler st ar gaQEr]E. h%é@é@a?@% é@&’hﬁéolb@t f@\ittﬁbg ¥@aht Bgef?EQEuert rt?_@s paE e;lt
el ect r odes, r .exanmpl e when the spacer .char po] arj is positive (+
and tho. voPLaEREpHE e 5 EnBat et B G o s | D NS
polarity (+) , aBysdmmiwimg ki gol8ageheviplis thd abose eyedeeaivanissk forth
not shown) et | _n f cers-dis t.he .subhstrate becones
smal | er ZOm%%g‘f}sft_ gb% ?zgg?géggoé’p%gﬁe Ovmtl?’ﬁ 1%%% _sa%%(_) t'hr'leolevcgirtoeg{ﬂes’ an
appl i cati onleotrhe ficdibpuibad fdreprods0Howererng iin fdmnestiges pivawrons of
the substrahepyhere tibetrgel $aR0 AIRNSPHLBhRIELEH PHE, 1O NGRISRIMS JPr ce
oper at es, sg t hat, spacers qccurri n%esl n .t he vicini ti of the periphery of the
25 substraf mw%gem@%t@tq SHFPOSRe INTRAPER GFRIER Rk Yhifthér™ of
spacern® oCedrthad ddnhduer Weisttialye Ravihg Pedbipheryeois thecdicIphay A
becones inﬁgffi ghgnh, so that the liquid display device may have a reduced
cel | thickhgg8 t ™ R i'BHery, causing display unevenness. 30 In the
production of STRheypehéCBsacéor chasgande, palseiivien $praynsgankarged
spacers, tfgs gt‘?@& r %ft%@%r F%b”ge%g't%ﬂs?asp%tottgr ’Eh{eowlfi%gfersa%%art%’ét
el ectrodes” and, an al 1 gnment [ayer and having a display area or areas 1s not
eart hed orCeuehtiaRdtl a1l s A sbobirri Wheredy & sHrany Hephl shvefediaehed 35

conduals veistpgaiudsd ohovhel tirdhgpafent hel &b 0eddd £ PRt 8Nd &Y replilzide 1
2002 27 between the .el ectrodes resul ti m appl i cati a voltage
oL BRI L

ng fro n of,
of the sanEOROf & 5 bES £ GK RIS an50 PRAFEY St 6% e disposed
pattern-foat tighd¢ asispes et téleebllnadtemanirilk Mohel oivenabidntie e Glamec

field for n@q?ﬁ)vgﬁ tggaggpsgﬁggg?i §snﬁ?éla¥i§‘elfr." form(shown in Fig. 9 as an

equi potential surfac OF a certain eléctric gotential), hence a sufficient
el ectric potentiBre disaseamuhivofheanhovebiél dndiVizedhatd dnbe sef ddid wamepacer

di spogiot | 0Fo18r 8f { & €He PrddiecRRREE JWilri ¢ P 1SPFRYE RO SHRL 9O6k FRACRr S, it

is 1o possible to dispose the spacers in gaps between the transparent
el ect r odes® yt%aQEd%‘F) A rEpUISIBARIFRRSR fg%:‘p(ﬂoéﬁd’ﬁlrﬁnﬁ SssPPsesions

f:orrpri si ng?ﬁtfdbh&if @d@nﬁ} fwdrtn ragﬁtizgansaaéenbfeﬂxeeu@ﬂ@ﬁ. anck lanl ahidgnnment
ayer in se, ta earthe i ve -stage an ing a

vol tage of "£ra- EERE"Th BBt arTEy” aEhPnEotRar sy L3siereRoPaPrEst: ohene
transpar entrahgp2reges erttedsulad sthe blaok maty icawe L Lt becdis posithieon of
the sybstratget nof?'Wea&&néafgow:?BiEéE?i%%fi'ﬂ@deOESE‘ﬁEHVSe%%%E kgads to
formation of an electric fie suite or s&aoer disposition. 20 I'n other
wor ds, wherr 2SPFHeRbGe ST rasins rdttd e Ré 2ekdiipakrenf 1Brecthe a8er copé

electric ppigatipd 44 trg gap Deigween wacthdet HPar iWvid It RNFRANGHe in
el ectrodes_becpnes sufilc%entl¥.l9§er t@aah%he electric go%entLal of the
tr anspar ent OB rdieSTesEhte theldt SYdteqnfeR FRAEEFt RRGI 28R4 Hays
mai ntai ns a zer d’deefore, pdtepbicentiAl el éferencé i venan VadahdrVspacer
di sposjt i j L 0. S n ui,pot I f ain
eIect?Pc agﬁéﬁé%£§§&i§°%Hﬂ§¥?0?§%§_1 gngry,§€%%2%¥§%5_g€§% é%%%?f%%ough
not shown dhfFexence ahel FHgsmallape LBPWedri Aeshe §&plBebweeficasiéhl
transparemjfference in the repulsive phase, hence the intended spacer
positioning control can be accomplished.
Thus, when the polarity of the charge of spacers to be
35 sprayed is positive (+), the voltage (V1) applied to the



30 el ectrode and the nei ghboring one and charged spacers are disposed in
each gap between the transparent el ectrodes under the action of the
electric force lines and of the repul sive force fron1the1gum§@2ﬁ@e as a
whol e upon the charged spacers with the sanme polarity as the v age
applied to the transparent 35 el ectrodegi(the alignment |ayer and so forth
not shown). ~ s UuN z~o0z 28 The above-nentioned stage is required to have
a volune resistance of not nore than 10L S2cm and t he above-nenti oned
substrate kn.C Cc it e .St oV, a t.al er.gent age
of the ar egB%{PQ?ﬁgk}gu gtgglact g@;?i% ghtgartl:\%% Ivzj,ﬁ%%&e(ﬁ% r?cc?r%lv\llgelgqo setﬁi\?eed

whi ch constsergPprenkecdectradesi aradectd sinddad thet helatidni¥y <of the
periphery ¢b fhe desphays&riea.upon exertion of a repulsive force on the

spacers as a result of formation of an electric field by a voltage applied
Lo the pattern-fBY MHLPE refive fhroEPHT SeH e £PGGEs SPPREERBT i bkia ore Ot
liquidsryshakidi spkay Hevomes, rellay iexfier iseadd e sthep aheapRiprilad v

certain lo he . i at st t n r. of . spacers hec S

i rregul ar ggr%ﬁeégﬁgﬁﬁkégnsgpggF 3%a§%ga§% §t%§?§FrPﬁ§ K % Span§g3§E%
varies in spachas poetdispameetyvihginbadk stanninsiglesspageedy ireadialy t o
cel | thickpgsspyaibahl gﬁéTﬁa.dLghBoE'iﬁ en oA SRIAY Y-l Rg 't'r%'l's%a‘ife%%t al

di spl ay device obtal ne e Cause of such variation i'n the nunber of
spacers i netRELYPERAIty of the periphery of the display area is that when

20 a wa tage of whensoHe palariity oFsthbBecisPegero £ _page rRotarid ¥pravarp! i ed
to the pattern-fognlng Lsani aren@ elect& qes tq.dlsgosghspacers i,n_the
gaps among*PhBRFEEL¥Erda! (r Bﬁlgp &3gsr d ? a@PPLdEhR LS Fhfe fondRE 1¥5acer s
falling ovelathematspkaynareae ovdlodge heval sypedied e the trenspeirenty of
the periphgfy. 2p,gLst \Mﬁedhé%é}ée@ﬁ gé’ gh%tp%'h 'S‘é'l%ﬁ:’ioﬁsvih%""%z' Qla? gy 1, 8
and 9, those spacers rch are to bée disposed in thé peripheral régions of
t he di spl ajakit&hiedecape to the outside, since no replusive force occurs on

that supstrate reghofbdd 6 ishPNbshde HBEhdbSPL 8Yvaeden 3Rl BBIardysShown
in Fig. 10, a repulsive force acts qn spacers over di splay area Since a

( t he
vol t age of OfH&'&SRBTEEI of iSRACEE § he RpaSerR Y&t § P Pvi e ) LrdpMbed on
the transpanerdoleleiciy edeshwi dHHgd b sphekrat®s behspealbe icHnduatiive
stage, which,is_at an eg&%hhpotential, gﬁgggs ?p 35.attra tivg force on

charged spackf stEFhetef drRtD a4 Eput EF ve 19 TP 55672 220 P8 EEE P FSm
wi t hi n t hebetivgen dfle aaddVani sipncabtdede bfyons énd ridie sheecpntiacityestage act

on th%per'sﬁgsw_eﬁai—ge ﬁgbéﬂég? apd Botisihg ehkeepposaysepsRacsry Lo

escape fromiwthin thé substrate. . i o
relative to the spacer charge polarity or using the positive
(+) polarity and negative (-) polarity relative to the earth
potential.

The reason why the potential difference between V1 and

25 V2 is produced using the same polarity as the spacer charge
polarity is as follows.

When the above potential difference between V1 and V2 is
produced using the opposite polarity relative to the spacer
charge polarity or using the positive (+) polarity and negative

30 (=) polarity relative to the earth potential, spacers first
undergo the influence of gravity, hence their speed of falling
tends to increase.

On the contrary, when the potential difference between
V1 and V2 is produced using the same polarity as the spacer charge

35 polarity, the speed of spacer falling tends to be suppressed



5 dn accordance with the third aspect of the present invention, these
phenorrena are prevented, as shown in Fig. 11, by disposing, in spraying
positively or negatively charged spacers onto the substr%t&, ;he ubstrate
in close contact with an earthed conductive stage having a et | er
than the 1o substrate size to thereby abbow the peripheral edge portions
thereof to be apart fromthe conductive stage, and applying a voltage of
the sane polarity as the spacer charge polarity to the transparent

el ectrodes I ong dge
port i ons. of ThE Sherr i arke VR U naiton i 0L HRE 0 ub B
weakened aR@tepidars drlaftfﬁéremcén@ett@e@él atlt rad SR sendane| B riansotant i al
of the tragspaeentael eafrepiasd mhiies 1thSo 880k 88 iakntiRGNHAPE Al - Spacer s
di sposed on the periphery of the substrate can be prevented as ‘conpared
with the c§B&C&F Pﬁél5& %&@Hrve stage having a size 20 larger than the

substreg e size. Mb];eee@sédaeﬂl@@ﬂdgapt{memlgtifagelmedzecf@bltmehapa@emmm;ef .
resi stance_v mor et X is in S. O X
101 S~cm Pﬁg mﬁ:&& gu%%%ta e aca Pgsaa%og?legi’?wdelp%#eeﬁr‘ﬂcaﬁ fgé ' t hat
of the transpaeemvemdmetmej@s VJS@rtChél’[Z 25hEhEOSpatealp@sffenanog @t il acy
becomes pogr 4 sTHe 48t 1%6 Loelelhe, PEryPAgE AL 2 6098,

,Fr:o&;h of 14 L%}%rate
is apart fromthe conductive Stag IS a state suc e su strate 1Is
ext endi ng béP8AdVe hehéeRdatei 98 %Itlegeam@sp%hwtifnaﬁ@e SRacRy |Fhatgg e is

an el emrleaubylwol at@dcied ech1008) SPAGETSE W11 d'r?é?@éﬁ?d«ﬂéh iy
portion concen rat%ﬂ%}i Therefore, when a vol tage t he sanme pol arlty as

t he spacer Efa heySHRSEERERe SRICEHR PEIW e dtriddenasr ned
on the subsfraheavebageoklageris pfn.eﬂelr all yexppldiedy tfaronl kHeherdltansgzar ent
35 6|ECtrOd§606$%£H8tl%%&%e%ake%gl tﬁ?yégfﬁe k%%&%qg§n§gﬁa (§ﬁ££?JLN

2p02 30 occur I'tage t O transpare S on
t he substranélugngeedér abEpreeercalalhdncfrfedamet a5t yedovelhbrefiousand

vol ts. 1W99?536r¥0&1@9% eaelr'gedquanereesé'a/r?aeyrécpwnl@ thebacorgs, di ifd cul t

to control the route of falli'ng of spacers. Wien it i's excessively hi gh and
when a bl aBRenmdEFraCcEsvemy dranl et tf oG dift Fhg dbyectior detfrdddinche

transparenrveke@&amdegraadlbhﬁ @baﬁgsdﬁtrna; fﬁoxﬁorree Iélsé@&ﬂﬁ?ﬁ fﬂélei El
substrate ?rgéo \@#@ cers arg Era ed na h %lb | a bl ack
matrix for on, 't RE PﬁcﬁpﬁﬁF Px2HB}°H 5 ]? Sr a
conducti veronee of m;mqemafsadllwqelsahengoome#D@Qt)sbgsthmmtnf)lrleahcammfe can
be obt “e he téHQY&lbéf‘fﬁeP@ﬁé Xgh S (BOtyPasdd Sl arl Yo d @Sk Tl ecio%t

i ncl udes me ones as those a ready menti oned herel nabove. 1571t
pr ef erred however that the above black matri x be a conductive one and

t hat me a?ﬁve cpnélﬁ@fbye, stcngeseeaa][bses Bee@E WRNEiRaT &ﬁtteﬁehesrraile[ in
si ze an -1 eril 0 eac a on e S Strate .
T Ehe cabatebh T AR B E IS Kad b S g By ¥ e TR R vRdeae of
the 20 subséiate fan ﬂnmmmge&m@tpqtmeyahtﬁdfﬁemmcbaa&m VIFiagd 12 is

2 SChOTRtl 6o ¥1 S 00 12, AL EANLAL BN ANLd VSREI A Jld ol R et he

plcturefrarre on an or Ina
el ectrode Bobsrthaé dhfférenee hmlerebe*pwedmr Py das Ipccpmldslcarm e:londtrrgél ay

devi ce accendidih e sttﬂE‘ioPi&%%;eé‘%ehWPfﬁ 1208ma Al C#&@é{tﬁ!@d‘iff fleR@nkler. St

substrate and the secon substrate to be di sposed opposi.ngly over _the tirst
substrate TR®adt®foPifFleefesondt paPECtoPLLEDCPPEETEAEOANTRALACRI 4dRSat ri X

is fornmed therevn, ammdiopn HiyHigredPsidhesphosk 1S 1t XKoWENRr €& elSe pi xel s
in a lﬁttlgéwlnegag{/]e}gosﬁlvely adjusting the spacer falling speed by
forming, on the substrate, an electric repulsive force field
of the same polarity as the spacer charge polarity, not based
only on the idea of polarity-due attractive force/repulsive
force as in the prior art.
35 The potential difference between the above V1 and V2 is



30 the display area. Further, in Fig. 12, parting lines are provided and
the regions outside the parting |lines constitute a dunmy el ectrode region
conprising dummy el ectrodes provided outside the displayqargay t he
substrate . The parting lines serves as basis lines in cutting e first
and second substrates 35 after alignnengsthereof. 1 9J UNZ2002 31 In
sone cases, at a dummy electrode site or sites outside the picture frane
state region of the above black matrix, there may remain a black matri x as
a solid magkarbBabh tnB%Sﬁor%h%hQQSHQbOWZOfAEhﬁeﬁkﬁﬁﬁeaaﬁbb§e?DgREhe region
conprising the 5 transparent el ectrodes are alnpst identical w th each
other, as Se¢RERBLFCRPEGNERBNA Yh ardtNohenofi §hel1gsanerpalebiby &5 Ithe

substrate gpacbElxidOwGdIdT itaV A, StEEr£008E | tdifdiOWheBVERe IR diRE Of a
smal | er coadggtlve stage than ﬁhe r%ﬁi n |quh|ch a conductive black matri x
is formed PeSGFFEREE 19 S EBALE oMS U NePBriGssr 5P FRACEF st WHddE i ve
stage t® tbenbtholechhabk aatomxlishedn, hecebyhd hevete@sdt ilaynt end izl of

t he conductjve bl trix lLowers, Accordjngly, the conductive black
matrix reglgbﬁnc%ﬁaféioa ¢y SFeaRdym &‘r?é"déo%&ugﬁcblé @Pag@.‘e 136leﬁffiF‘@fYor e,
even when bheocvendedtied whaneths po¢heial hdhf feresubsis atre,exaressl edtric

field suitedofer spacer positioning is formed in the region where the

conductive black matrix exists. Since, on that occasion, the region outside
the 20 conducti vERB| FeRNRAEYi REpFERGRE FREFES dSnBredsrehdd, 3t k8 électric

potentical afctd)e taleaps 1ROk ti/0Pe O g tdier ISaDHI AN e (i+)f bHencpsk bye ths |
vol t age apghted to the %ransparen .Electrode and |ncreases§@g t he .
direction suth THALStne %17%&%1?91%5 EntfAFe a%%‘?%afb%feé‘ﬁ?é‘ A &eSPeEsion
pot enti al ofnt bpateanspargat ghentitgebut2hedne shatte the waiviech gehepaegiron
outside th i ; : j.on: of..th jve ; rjx.l t
eart hed CO%%E%%%%J%%F(%)%%%&%% %%ggggéaéq}t\a]eéreab %gklctgﬁgu%: sl%/zthb%?lack
matri x, thdugl/greseacerss mgiwifedd By parke mg sufifdsiemt teadadendeere

there 1ss nNRigRNAELLL ¥e dd Aok diHd %aRAidt 8R Ot Sikle] tifessARdustianee3Q bl ack
matrix picture frane. en the electric potential] within the display area

i s conpar e w3 GERe bt ditdeS tife e¥regsayt A% 4 G/9/stBR LeRit ksl ¥adoacexi st

wi t hin theiniapledyecrea £ikilgh felregeplutspokefibraé ehkert ot e 11 plcoalet age
applied to e p n t 35¢ | tri tenti_al

et ueon reioicttEERRuEoEal dhtert FEets s3Mb G T SN S gl er cRe

el ect r odessulchtraee ot hencoandroloryed rnewled spi diirg ed,l Ivven régrryed

el ect rpdessaf esf kSR ggk?mﬂ@ g t flohi Ad§ HETY # eaqtsroo%%%d%nféot he

gl ass portion of the subs e both have a _high electric 5 potential.
Ther ef or e, PBSORAr VQES e he1 R8I EPSuBBEFEFE PEOWoACEPREGINaCKEGR ePECt ri C
potenti al degphensisonfonnegdaegtscHergybeqdeapliay.area and a |ow electric

potential regi Onl‘lr\{\é tsr]gaiancetrh%‘:hgir%%I %Xaf‘}E‘i’%‘y can be measured using a model
E-SPART analyzer (product of Hosokawa Micron), for instance.
25 In the above first and second aspects of the present
invention, the substrate preferably has a dummy electrode.
Figs. 3 to 5 each is a plan view showing a substrate of
such type that two display substrates are produced from one
substrate. The substrate shown in Fig. 4 or Fig. 5 is of the
30 type such that a dummy electrode is provided so as to surround
each display area. Generally, this dummy electrode is formed
for preventing the alignment layer from being damaged by
sparking due to static electricity in the production step.
In Fig. 3, there is no dummy electrode. In Fig. 4, there
35 1is a dummy electrode but the transparent electrodes are not



As. a result, the high electric potential region outside 1o the display area
serves as a wall against the repulsive force and inhibits ?Qaﬁﬁﬂ% occurrlng
within the display area from escapi ng out of the display a eby t he
nunber of spacers becones uniformw thin the display area, which results in
a uniformcell thickness and a uniformgdisplay performance of the 15
product liquid crystal display device. Even in cases where the substrate
onto which spacers are to be sprayed is of the gang printing type nanel y

t h j | th h
Ims\nt ?zngdpggégétgéﬁq% Q&%&l aau@ﬁfor alfrgé%spl gg}eg?%atss etk?élgﬁel %%ﬁ'fr&‘éﬁs
matrix is @éﬁ@ﬁé?ﬁ@efoﬁﬁeér 8vrdithd Sa 15l GoaNeGF st widid Uidte Vi sy smpEedach

having a skzecgdehethat it is within the periphery of the picture frane
regi on of the bl area., In the _above case

C trix . of each displa

o ality of soparasBrebRadEY L sstierhy Bl eEhPde ARy A BARRSE it | ty
of di s ay4aveasigrySheapeousdedsor taapl whal nynbefr sdpapaice reonduatere

st ages nmmay ovidin i cQn ve stage . w r ooves
> e ar exoBfe E TR Cr ot PO RT B 1A fr e L bk SR Sl T ut e
i s preferafégrassihgssot hhrr8dy efttehe di splifprd0 carega ldr carldagiaphen a
conductive bl ack r n pmg% dg?g: 0 f.rd c
field suited forWHggc%I?eP%Eisflﬁgn?%ﬂﬁ or e dve?%%hggﬁggﬁ €1€ rg%rreéven
when a conaﬁtﬁh%ugﬁé’@@sgr%glérni)ﬁ ezglﬁﬁéﬁytarfe‘-‘%?h%@sr BbA negluped

provi ded. fbr&néfbwauiﬁgtﬂ%ﬂﬂdqu ¥ge laieaﬁjfarlapérmbﬁl@the Hi%plEy ~pp2
33 on the effect of,th ﬁ %8 ctl ve sta ea ct ,bet ween
d

e. r of. cont
the conductF8 SPafBis e Pas A s Lr AR R e, SoEaRe Tt oo
smal |, howeepulsitie éd)feet-mﬁueanghéhgctmycbél:ehté s mimi &hed,.  aEhehefor e,

for 5 formageag ekectrise Lheldesult edytor spacer, dispositi on (athe

di Spl ay area, cont act tvveen t con Ive stage an
substrat e BRBYEEN wagletalsl Yrapsparentslediiodes st stabidispfay Qr ddeor

ar eas 1@ t€§r§1§lk)§i'§/36dﬂ1téfdé)t dfsthessi 4 ppdy 3Qwa,t H@wefféewn&frewltshkﬂw will
becone weak and electric field 1o suited, for, s%gcer 05| ion wll
i

br eak down %ﬁﬂelecx%/ﬁqsl Bechrt FPRGEES PCEYTRERS NI iFER Eha &&eEe8ti ng i n

the periphesaql réagl opn od mllchcsrduatyo&r €he alnepmayh@ﬂe@f é.é:la ple@@et,i on
accordi ng Eo t he.faur

h ect . of |nvent|on r|S|n spraylng
apacers L5 ERrBRR BE AT G R PR eI A R RS T st
pattern-forn ng Inanspaeriral eontddes Oénﬂhandasp@amreamweidd é:heecond

subst raf e ﬂ&n\P@ @fsgteﬁ@féleﬁeas yré%%%%ﬂéges&aigér%%aé %egﬁqsw'e' ing a

|IQUI d crys Into e sﬁ%ﬁgeéheaﬁeen Ologtg eﬁ;gtstrat eslpl%p Isesdt
step of rehRYFAGIWECaP Y 260t Ree %R P4t BCo WF AP POHAEY 0 be
Spraﬁeg anﬂ:étﬂa@rﬂ@m@f , bpapgiBUekheigHbat aaﬁ:@;@lh ﬂ:lhﬁr@leolﬁzaaﬁ‘@liﬂ:@ﬂalrwth aP
eart hed conductyv spacers ile applying a voltage o
the same p%?po\# ag h%f gg&g‘-@%éfﬁgE ©polarity to the transparent

el ect rodes on tﬁéommrr aivlmen 26 Vihktagarsiparbmt w ddtatodesl isdsor &hes,
mont | Sned TEIRASEE L B o0 SRLON: I AT EINA Ad 1S MR ro
expl ai ned # rAWE RS 1GF P dheisposedaspest dsf tbﬁedJrW%ﬁYlébrfﬁart Hélenétaﬁ‘@d of

LCD producti @apLeordhng 49 d-her fiold tdi SSReEtada tdhi®ends to the dummy
electrode region, as shown in Fig. 7, and, accordingly, the
number of spacers within the dummy electrode region will not

30 decrease appreciably but spacers are disposed uniformly within
the whole display area. As a result, when a liquid crystal
display device is fabricated using such substrate, the cell gap
becomes uniform throughout the display area, so that high
display uniformity is insured and high-contrast display is

35 realized. In Fig. 6 and Fig. 7, the underlying overcoat layer,



3o invention can be applied to the production of TFT type liquid crystal
di spl ay devices. As explained in relation to the third asﬁgqéﬁpf he
invention, in spraying charged spacers in the production hﬂ@gpe l'iquid
crystal display devices, for instance, the spacers 35 can be disposed in

t he gaps between the respective two 1,9 J U N 20D2 34 transparent

el ectrodes by neans of a repul sive force by disposing the substrate
conprising at |east pattern-form ng transparent el ectrodes and an al i gnnent

| ayer in c con i_th_an rth nductive .st age and applying a
vol t age of£?§§k58§§%§&p§%&Fft?nggsPh O§% c?f%ﬂ%ﬁk§£%£1arity to the

transparent el ecfhedethentraespabentaebectradehi sreasennacted ectth ctltie el d
sui ted fordﬁﬂﬁ\?%lé’é’ﬁp&&é;‘ 2 Qéﬁle%ﬁﬁ%d@%%fpﬁ%@%%@ﬁnﬁgﬁﬁﬁéﬁ' n

cl ose contact with the earthed conductive stage, as . 0 The
above stagBlPStregasr et tBahaire fo bFRAEer <kl SRamikel Ut PAGOMABRO THaNn €01
~cn1an¢;thgsaﬁgmeignaap@gbaeqay be in close contact with the stage at | east

over~a certain p@ggorﬁéon of the SU£fa§e ﬁreg thereof. In the case of STN
type liquid crysfaFRdrepl bH2ReRPERRE 95 FhECSRACRT S S Ly T MPS et |y
carri ed outhafdenmyhel ettepodd, ritbhhisngreSiemeced kthathe vabbigg Sitffierdrdte

al i gnnment r fﬁﬁ% § SaT L lat.h-Fi heti ¢ sipn.or the
i ke V\Dundkg%%u%%yg run%é% #lptti)}?%u\seﬁr%}fs ea(r%eﬁ%oﬁqhkﬁgréﬁg%hgéra?%%hée&f]et% o the
substrate Hha, duRuy, elpetsgPstrate may be sunmitted to 20 washing w th water

foll owighg the rubREnNGS4QP 1 sThE Sco@IREs | S wihledWPn 8fdi 431 JParRe20{s ap Ay
kni fe, for instance. However, the substrate is not sufficiently dried in

v
that case. TE9BFRE EHFRYsRF$F T @ARt VEOFr FBELERESY reRICeLS J@it 8F FERAGHHC of

nmoi sture aghpeeshtoebbewsuhst reherdfdéhef henl apsr af c2bel i e, bekBEBsNDI St ure
exists in the agr. I{ltha% case thg anoung ﬁ; gdherigg noi sture.varies as
t he tenper%?ﬁ?g ahd/ St 2B nét aE?Sr r?. FhteefFed? ?9gaf§§&ﬁ%ﬁdv$bacers
by appl yi nfeacectaaging ovaltmdea dbspatbat apelieddss the Highlepldrese tof

sever glg hu o] e I nd I hs :appl i.ed par ent
eIect?ghesggéﬁg?gfg%gYémﬁgﬁﬁsS gg#§§f58§§f%?8%§3%96 gﬁbﬁ%% éu%§??§%§ wi th
moi st ure aBfgEPRgofhERet 81gplAa¥ner8Aed above is attenpted in such a state

as shown in Fig.THe ndd8 6§F it i drealSthOWirasha rehe #1 8SER6&e Olvilthe
moisture, {o the stage side 35 Vigdde MUSLY &.0n heesyPsl A sulace &
in which one end of each transparent electrode is connected with
20 the dummy electrode, the mode in which both ends of each
transparent electrode are connected with the dummy electrode,
and the mode in which the aligned transparent electrodes are
connected alternately at one end and at the other with the dummy
electrode, for instance. To sumup, the respective transparent
25 electrodes may be connected in every possible manner with the
dummy electrode.

The method of LCD production according to the third aspect
of the present invention comprising spraying spacers onto at
least one of a first substrate comprising at least pattern-

30 forming transparent electrodes, an alignment layer and one or
more display areas and a second substrate to be disposed
opposingly above the first substrate and filling a liquid
crystal into the space between both the substrates comprises
disposing, in spraying positively or negatively charged spacers

35 onto the substrate, the substrate in close contact with an



alignment |layer is formed (sites at which an electrode is exposed) or at
sites where an alignnent layer is fornmed but is very thin, for instance, as
shown in Fig. 14. Upon occurrence of such |eak, the electni&Jinejgh to be 5
utilized for spacer disposition changes fromsuch a state as shown in Fig.
1 to astate in which the conductive stgge itself assunmes an increased
electric potential close to the electric potential of the electrodes due to
static induction so that the interelectrode electric potential will not

decr ease. 0 .at e .as.:sho ' ' il! thus
result, heﬁggkgtﬁaeggggltu?\?gvtgl g??&i&c%ﬁg{l&fiaal%&% Tr,%?‘bdu]ﬁéc?ngcchaa]nrgoqﬂ%)e

obt ai ned aRBPSEFa&e| §ézspheckherehysttion the ReriphrFabrdddinortions

Furt her nor ehekbothgo st sdgatte i 202 coneRveied WkhBeDAREUWESL 1 {18y a
i nterel ectroggagap resi stance reduces even when 15 the substrate side and

S .

the stags &P PeOf nshif a1t rddch 36t hBE. SPRERET BRATIMPI LBV dEUr y
st at e, %ucbrﬁant.elaaepatent EQbelﬂF:deesdiosi rtihmtshmst&?iﬁlom in Fi ]9. lis
attained, the e ri tenti i ibution in.t presence of nojsture
becones one such‘fgé g%%ﬁgpﬁﬁeﬁﬁgggfé?ﬁ\?ﬁe& i%gb%g‘&ral% SunisP&Crﬁrfoaé"r‘#d
reduces t hepsekecthiadgingpheshadarent ispusd abone de bhatmmme pacwers: iamed
sprayed U”H@Egiﬂﬁbé%‘éx:%’%fﬁ% RBPLL & &l a0t Egggbg!&f'%h%ngn%'ﬁ@{.?ﬂ he P?ﬁ’ima

[ acer resul t

sprayi ng conditions,,. erent” states of sp i sfp03| tron wl
since the FPPiUPEIaHNESIIGT 100 FALRRIBITSet BSPAFF &L dbcot Ry Rt iont Haes

_envit ' qmr:snmtathbu?wimn PrbdPildd Riith$ad ehkhthleadi figet® JRItm i ons
In e electric il

eld to be utilized _for spacer .dispasjitiaon. nerally,
the tenper SEUFBEAR’ FER S (PH 1 Yhe ibeeBEbar CEBRPAGHEL (PG rd duid
control | edctygshatedtiaphagxtienticeskowever, 30 they are subj ect to seasonal
fluctuations, f L nst. 0 i i r nges. al so
dependi ng on thce)&lflléquté &pgﬁr%gﬁgnﬁ%‘%sﬁfggﬁggﬂggﬁrﬂ%? reag?%ggf% a?ﬁ? ayi ng
or on the eXttdt semedral aabley asobhshstfaiiss. vaheres vrep | sed K reimapgeentn t he
amount; 0f  adBeE +HEe TP bYr 8xaRpLESHhENNGnEr @Falche 3padidel PARGESY Us
environment, process step and so forth cause 1 ~J NN 2J02 36 variations
in spacer B?%Ep)BéV?i oh) seBfetPReKELTIIRI PPIRASET HOdItES & 2pSPRSERENCce of
p(rjﬁdu_ct | i guedteoystals wﬁpbaytﬂeugw:sar&wt({%m,, aeVﬁﬁb\IlﬂTIQ_lngfitJhe? argment  of
adheri ng npi re.can_be nmintaiped_constan t.a_certain_level, it goes
w t hout 5 %;%ﬁgf%gg?r?heggﬁﬁigsg ?Hé igf’%tﬂé Eﬁ]ﬁgntsﬁt%yg"gh ttklg S:SE' rate
is, the easumper hef fepaceldndidpansed ezt rile fdulatmilig dpdonresspaediler

di SPOgiq | Ok SstIHEL ££0RCasDYoRHAYEAI G LR EhEP Lol BEOHNGRLgEUI € T om
t he substrate_onto which spacers are to be sprayeg to thereby stably form
an el ectri@FPiefationt B £be £52BpRBERNGI SPESIEPERS it becomes possible to
inprove the sel egdidvéy, Ah sRAGRIgPOSHELONE R BNE sbalns tor wilkiee thiegel d
crystal display devices excellent in contrast and di Q%ﬁa uniformty. The
Step of rehoVihd TRTRNEY rohfi T HO Wt i Dy L Gl & FPEFAREy &P 10
be sprayedtan dmmo=rs icedtuouti nay ihebhée ngl ¢ drel sylst thteppriphiety aprtdg ng.
It ma | s i o] L uri in
Furtngs | UResEarS oFhs Mnted Pl B Ihe SRS RSl Tne
sprayi ng aménpeatd hgSRACRILT | IRFWHF By nigh dshenaticimigyrind Shigspegtiohesat i ng

can be effegtih Ry; JBRNG Hie AHRSRIbs N s Al 8 &t | N ItiHed Q'hebligﬁfiﬁar ed
heating, for instance, W thout any particular restriction provided that the

substrat e LR GPELEANTBE PA¥RedsERIUAEd: RELSUBEEFETESEeRPelfitlr e
i ncreases,péhtpleihes | dgusbhgt di SpUegr easeaenneest hat the

30 In the production of STN type LCDs, for instance, when,
in spraying charged spacers, the substrate comprising at least
pattern-forming transparent electrodes and an alignment layer
and having a display area or areas is not earthed or such
substrate is disposed in close contact with an unearthed

35 conductive stage, as shown in Fig. 9, the electric potential



25 substrate surface resistance increases; thus, no current |eak occurs any
nore and stable and highly accurate spacer disposition becones possible.

The heating tenperature in the above substrate heating is 18 efuargggpy not

| ower than 50C. If it is below 50C, the 30 noisture renoving effect will be
| ow. A heating tenperature of 90C or abgye is nore preferred. The effect of
substrate heating varies depending on the heating tenperature and tine and,
therefore, it is necessary to properly select the nethod of heating and the

amount of - TRREEEHg ChE| RGFEIOASE §5 GRS Liosh TEPRNRRP LI K% % g
heat i ng tovsﬁxaage spridye repnes dod@didng asmohet ahergay agaaa:emadr;m]faﬁumy he
PhoStrate BblehePOLLOL BoPRTRG! PRLARGERent "OYOR: SURDS Sy L RSN dfpSRds on

the environnental > hunt d ore acer sprayrng is
carried 5 but thﬁeéulatcéryCafftlerldhéatm@gi qm\téxe, Salhﬁetmaetlm J{ﬁemearlqaf time

is requ redn&%rﬁO%heqn $hNG§ gWNen 5lshe S W linRlten 4l %\ﬁtféée r]i%tr éhs

di sposed on the stag e substrate may possibly becone warped
process of C@56RLRg® ﬁCEé#FaPﬁt?ﬁ§ﬂéﬁées qqg%m%ufqﬂf%FN%M%éﬁé@Qﬁ%ﬁee10 of

spacer di SpéﬁéthQlddQstQLb[ﬁlibhl Cla@iflo tC Rt @bt adintddl R HlAge 1 et ve
above-nentigned_s strat eatin uring, spraying can be effected, for
exanpl e, bﬁpﬁﬁﬁﬁtgﬁﬁpﬂa gﬁ8nsﬁﬁg ck ﬁbt plate-1i ke state or by disposing
an infrared heat@ngtuevotheIShandhimntbpragdaw chamged. sPpaeealsovetndrt i oned

ste i 58 ok0 t r 0 be
cprayel coRBYIALENS UsBoskOme Kb 1R GO bR e RS e e
drying gaseéﬁcﬁﬁ@dﬁﬁpby Eﬁénﬁoﬂérasﬁﬁpéééév@fﬁpm§es€bkﬁﬁé@@51ﬂ@eazo

adhering rr@ugge&gt@aaoﬁgr&g%@eatbxe%@ftf p@lt%@tr&:yfla)lr@wn@g & a@ispaR@rdas on
aces of the strate. The as 1.s preferably

t he upper and | ower sur n

inadry 5?2?8L5§EEF0§8da§np8 4PBRETEo éﬁe§b§8I 85&r§°@%ﬁ%¢tWBE B s
al so pref eeaedheiatohlecaboeestdnygiengngasppé yvdhga a2 vollerjger atfurtéenalameoner
t han rgom ure. e t, & fenperature b | ow
room tamperatarser S a8 ST R ST e BR et <A
depri ves heiectrogesen silss suhssralier eby thies salsstr bhe diampesidtioe offal | s,

wher eupon epb%twsecﬂaeéé&a'al%sfg eahegeé%stq{ £RB ers%n%%ﬁéb@auc@i)v@%*%%rg% to

t he substrate. Usable as the as are dry_nitra as, dry ai'r and
the |ike. FRadapbQef @F@étépnreﬁo@nn@ RELSLGr & 161 BmEtRd ©u BOET #PECSAt o whi ch
spacers ar@igpobetsphayed can al so be carrled out 35 by replacing the

nDIStQﬁF wWth a fO|V€Qer Egédgfangen a vol%age is appgled to the

transparent electrodes, the electric potential in the gap
between each neighboring transparent electrodes becomes
sufficiently lower than the electric potential of the
transparent electrodes, since the stage, which is earthed,

25 always maintains a zero electric potential. An electric field
suited for spacer disposition (in Fig. 1, shown as an
equipotential surface for a certain electric potential) is thus
formed. Namely, electric force lines, though not shown in Fig.
9 and Fig. 1, are formed in the gap between each transparent

30 electrode and the neighboring one and charged spacers are
disposed in each gap between the transparent electrodes under
the action of the electric force lines and of the repulsive force
from the substrate as a whole upon the charged spacers with the
same polarity as the voltage applied to the transparent

35 electrodes (the alignment layer and so forth not shown).



38-current leak to the stage can be reduced by w ping the back of the
substrate and the peripheral region of the substrate with E sol vent. The
noi sture can al so be renoved by di pping (i mrersing) the su St YW 002n a
solvent, followed by drying. 5 Further, the drying time can be reduced and
the tact tine in the production processygan be shortened by replacing the
noi sture with a sol vent and then dryi ng under heating. The solvent is not
particularly restricted but one mscible with water and having a | ow

boi ling point, such as _acetone. is |10 _preferred. The above step of. renoving
ol sture’ 1 or « nER8uBRPPRCBSOAEBRRAI SHEgBactr SoAFBEED bE Gl Byl UG so
be carri edrest.sbgnakl o ngtt hersubbtnale't @ it @t Witkerabea@Humaroridresd i ng

t he sane u j l-,C d :

Al oni g | RS ba e ar et R e e S e T e T e
same under PAEADARIRoPTathswREGet BE SRSstSBSEndt®er vacuum a vacuum drier,
for inggance, cameht@helgysh pHithdisdtbn ks 60REIKBUNGhL BB & $E 4 & rgproval
fromthe sggstrate in the above step, an el ectroneter, ar .the H ke 1's

provi ded 26R6eflfEER2ERe 1l BHERSFeRt SPESE Sded HE DU QT V&t age, as
shown i n FpgripRergnaf &hprefspYey ackiat eponrdeart itomad £ pur goses i setfmaicarhen a
vol t age of i Led_t p. el ectyodes jaft.er. t

above- nment Pén’ége s?%%g%g H%Is s%u%é;&ﬁie%oac?/% f&terﬂéet %%r?rcgefma Ieol\;%\ﬁcr%:grlbce{}ev%eee ¢ t he
transpar enPYeRetoLbdes apdlikd 25 tbsdpettibegnstfagaing fornspagerttan 10-6 A
I n proyd di pgethgghgye- mentionedel ectroneter orthelike, the el ectrodes for
vol tage application nay be utilized_or separate el ectrodes nay be provided.
The el ectrodes mhy Ff/RrafycEmapeLt LtdAuddarpyetal fdsmlay ¢RE1spapLhaY a
flat sheet egpapeende anstépe £lagilnadey FERteritalinmyabetRayetonduct, igy
material . 50é gfanpltg_ath cont.act $ ohes for teﬁgiqg.pur 0ses nmay be used as
the el ectrbaes. STEPT s RBEERTY ThatPaFet AR ™M Bt it ke Y SHSYER so as
not to beconesobstpatresof nthesabstrptde shbstoad eamtspadesr 3arsiEsayier .
Thi s iqnserti S [ r 39 be
facil iltrbgt egbggogégﬁggn%l%@%é_%ﬁ%%?n%{%% argiosfr:n_a%naa ﬁ]ﬁsg’g{aenq#pfgg%- down
noti on of EA&ELskbSEFREES ratirt QT arsHde. UNgVeRsessSnhey LY Hdres st e

surface hagradbgri A9spDh§t HEGica Bbereawdr.ent flows upon application of a
voltage 5 to the transLFar ent el ctrod%.as msn%honed above, hence nq

electric field sTREEFIIT LpalaP FAp6ditoion? SR WRRERRL IFRGHTS 1n
Ther ef ore, thé tihmicity efi theopengphetveeh thwe dispigyasest £$ erHatoddznand

the c uct i e plicati f vol f t I odes
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is hardly psodprbiedhkacthehpattreotiormingf typaserrénspeseritondesnds to

decrease. MheposbesgHEELBt 1hStROt gEpgabRbnkNaRek)’ @ AordB gheplfisgvhi el d
favorabl e for spacer positi.oni n% i.s formed and tli%jrspacers show  hi %hly
sel ective POEFE! AfitiySO18S AC KEREILORRE SRRRRES ife lweq AvebIthRydisPlavky is

applied toatée dutabipemerdisqihm Baedes, Ihetmwﬁenhifclyomfrtgmd)ﬁbweiphetrlye
transparen ectr.odes e.co I t i reat '6 A an
el ect %?’c f(it’gﬁt!(}lef é{dﬁ%gﬁl)gggg}a’sbécégyﬁé%g%?t%élhi? a? Igi(ﬁ%bgﬂ’cgg,&% ence
the sel ect®vithosé spacersdiwkpoBi eakenteObengispdaed. int the pesipbesal
however, t Yy~ 5U r t t snbNalkeuqaf Lk

el ect rorretg?sga&hﬁt?ﬁ Q;ﬁ%\g&%ﬁgyggc?ggﬁgggg iggﬁgr E%Er ngggﬁgédggﬁgeano
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case, a Vothaeieiphayingea.sufficiently high input resistance is
30 Thus, as shown in Fig. 10, a repulsive force acts on
spacers over the display area since a voltage of the same
polarity as the spacer charge polarity is applied on the
transparent electrodes within the substrate, while the
conductive stage, which is at an earth potential, exerts an
35 attractive force on charged spacers. Therefore, a repulsive



25 di sposed in the sanme manner as the electroneter for confirmng that the
measured val ue obtained by the voltneter be equal to the applied voltage
within the precision or error of neasurenent. It is to bel rggﬂ% Pogat, in
spacer disposition, it is not 30 necessary to apply a voltage of 1 KV to
the transparent el ectrodes. That the cupgent flow ng between the
transparent el ectrodes and the conductive stage is not nore than 10'6 A
serves only as a criterion for confirm ng that noisture has been renoved.

h
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formng tr | i er, and eco

substrate ng&rag{gspa?seeﬁ'l Sggggf:%gg g\l/le %\Eﬁ@# sﬁ‘ﬁ ebé’t ?ﬂfﬁ‘ﬁ ing a
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step ofs di 2P fige tdUh AUDSEY @ts\?'%dqé gls O%a&e%acgn?ﬁﬂ idba ﬁ%{] cht' ve
e tage o e same po

stage and 25 spra I ng spacers lying a arity

as the spaberberakeiperdrhy the Q]Fﬁac’ftlfle@lﬂ% i} @f tdedremspagent

substrate, ewé@t%aeghe mb§,t rete @@é@é@s@nﬂndt‘hé NBuSPAEeh f SPha¥LRY Shows
characteristics s en, a oglatgn 1 kV.is applied to the
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her ei nabove r ef e’-Fhe ngarbhedecondyctivpestagkt phefenabhvi bas Asvedumepl ai ned

inrelati OPewswlgcéwﬂﬁu@scp@ gztofmo?:]%et %ﬁemtk%wt@em 1wr?%e 4 N2002 41

met hod of LCD production cordin ot eflfth aspect invention can
be appli edei‘%e%ﬁé?fplldd&@t Fraf t*FFTwrﬁ%’/b% SubFlrd b ?§HHFrGF§’H} 8y eGévil€es.

potential close to that of the transparent electrodes, so that

25 the spacer positioning accuracy becomes poor.

The state that the peripheral edge portions of the
substrate is apart from the conductive stage is a state such
that the substrate is extending beyond the conductive stage,
as shown in Fig. 11.

30 If there is an electrically isolated electrode, spacers
will be dispersed in that portion concentratedly. Therefore,
when a voltage of the same polarity as the spacer charge polarity
is applied to the transparent electrodes formed on the substrate,
the voltage is preferably applied to all the transparent

35 electrodes so that no electrically isolated electrode may



As, explained in relation to the fourth aspect of the 5 invention, the
adhesi on of noisture to the substrate varies dependi ng on, §he environnental
hum dity and tenperature, anong others . Therefore, even 'eWNs?IIGZ:ers are
sprayed under the same voltage application conditions and t hesanesprayi ng
conditions, the electric field to be utgfized in spacer disposition varies,
io hence different states of spacer disposition result. Therefore, by

di sposing the substrate in close contact with an earthed conductive stage
and spraying spacers in interelectrode gaps with high accuracy and in a
stabl e manﬁgf:ugy applying a voltage of the sane polarity as the spacer
charge 15 pol ari Tietwolhegs ulistbeatepéliect todelse ﬁrtarisaoametsﬁracttmdé‘sack
and contro 0 b e ef t he
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t

I NS
henbas b B eSS SR URRELORne AL RaSE GHEo Ey it REBE tFA N
envi ronmeniéndt thieosetenpesabsteatd8t€ be d8sthsaddoapoainglgt bverhtiedi ty

of "0t Tor £ Lhan, 308 25 Whep A, £ hatieIUTLALLY koot HR08,.LRAN,00-

but the terrperature S enperature O, Smperat ur e
i s excessiarefya bdwek mh'anlxhles \ﬁ@trkﬂe@gthﬁvemmnmtsm ayFiat Her. cdbee

condensat i o1, Of Mterl@'d%&dgxf‘cat\é@ealk@qsr ¢hag | Me hiurd 1Y rlahrdQt wiRKE At han
50~ but the tenperature 1s
the display area. Further, in Fig. 12, parting lines are

provided and the regions outside the parting lines constitute

a dummy electrode region comprising dummy electrodes provided

outside the display area on the substrate. The parting lines

serves as basis lines in cutting the first and second substrates
35 after alignment thereof.



30 hi gher than roomtenperature (28 C), the environnment is unsuitable as
the working environnment. Further, when the relative hunighhm is_hi gher than
50~, the noisture in the air is excessive, causing cons 1dW8r ence of

noi sture to the substrate and making it difficult to realize high precision
35 spacer disposition. 1 9 JUN 2p~ 433in carrying out the nethod of LCD
production conprising disposing spacers at black matrix sites by applying a
vol tage of the sane polarity as the spacer charge polarity to the

transparent el ectpodes, diis e,ggﬁdtraﬁﬁﬁg g%scteoagsmvﬁgﬁrpg}g%& i ack

matrix sites in a high yiel ‘ accuracy e nol sture on
t he substr &he BFtounpifciangpatets elen detbprayaie ibd asknmabrisd thenaer eby

cause stabhgyf pefBLh0A Wladl mRlteftik ids fd @l ifPhasRacetndigpesiddOn.tnidhe
met hod of L ,Etoductl B agﬁorglgg tqQ the sixth aspect to of the present
nvent i on BORPERSPNG s bRsy PRECEpRREFL omPe 19 SR8t onE BT TN (the
substra e toapspairegtatlbeasbdpat beend bnosngideanspal ent el ecdi ederemgnd an
al i gnnent y n st.ra e .di spased opposi ngly above the
first subs ?agéhgﬁgt?Fgﬁﬁﬁggggﬁgqéﬁd%%F§§P§|1%h?§ 'hgz§pace bet ween 15

bot ht hesubst r at e§ncoaptosdsl ldiegpsubagratasivmPCRPyrodiat sl havingegath vel y

charged spgggksieitfohhCeSURSE AL e to'feaSHﬂéﬁ.i@Ee?&?%QcENéest‘P 4o th

an earthed conductive stage I a voltage o e sanme polarity as the

appl yi ng .
spacer chaFBe IRFERR dy VRIEh FP&ﬁi&ﬁgﬂéfﬁtbéPE e o FPEnedFaswHits t hen
removirey, 28 éxoshsbhentsangaeie] ot tadesarthedt esmanat svefstdee woJ t age

appl i catiop,_apparatuys, and carrying.out spacer spraying while the electric
char ge T entl RSVERL ¢ O ACIh ORI TPHA O aHORAPENL LBF (t Fodute PR dtios,
spacers andfspheeconlacging bdtbedmatntixodedealsoveracerthagigpeths

menti oned L pab e L Qg the fir fe invention. As
xpl ai nod CaneapELPEIBYEcihebE; R EOHE ol BRa NS Rkl O T o
LCD producEPBfuaEé¥rdrhigdee the sixth aspect of the invention can be

appli & to the preduetsen, AvenbyRtd cOHLACELYS! # aglk SRI ¥a 0BYE @80 30 As
explained jn relation to the third qﬁggﬁ% of, the invention, in spraying

char ged spaR&r¥RFtiHeE prEdELErbRl6! P39 §8F FR3GRE B SditdoPdRg

devi ces, fbs foshadcén the spatenswhamebehdi spasiedtiivet bd agkpmaltetineen t he
respective %Tgtgransparent el ectrodes by neans of a repulsive force by 35
di sposi ng tfie”stbstrate conprising at |east pattern-formng 19JUN
2Q02 44 transpar@hncel eenr bilet andaahonli gheeneghlapeputsideosbecontact with

an earztohedcaﬁaéeeiweb%ege:tngegﬁgpph&u@eaf&%teasi% Abtl Rereaul peharity as

t he spacer charge polarity ransparent el ectrodes on_thé substrate.
In this ca8techhiel eetentlplePd thguptedst BPripaser fditdgosibssnatsn e

Lo ) ety st weplane somacaiinibe sacadies |
Vol une. 1 osPaT A PTG LB IOR SEi IAF EhE SN St Hny b
in close l8ppoodakéeswhicheldetsiage tantiedss £ ahert racepd semt pleparbides .of
25 The state in which the region outside the picture frame region
of the conductive black matrix is not earthed corresponds, for
example, to the case where the conductive black matrix, though
present, is divided by parting lines, or the case where there
is no conductive black matrix portion outside the conductive
30 Dblack matrix picture frame.

When the electric potential within the display area is
compared with that outside the display area in such state, there
exist within the display area a high electric potential due to
the high voltage applied to the transparent electrodes and a

35 1low electric potential between respective two neighboring



the surface area thereof. If the volunme resistance is higher than the above
val ue, the whol e substrate will have an electric potential close to that of
the transparent el ectrodes and, as a result, the positioning accuracy wll
becone deteriorated. 15 Here, when the substrate is disposed in close
contact with the earthed conductive stagg and a vol tage &9 ¢¥ 88Bne
polarity as the spacer charge polarity is applied to the pattern-form ng
transparent el ectrodes on the substrate onto which spacers are to be

sprayed, ag.sh kA Fi electric field suited 20 for spacer
di spositi oﬁr?sgp%fﬁea. b%ﬁg%,@otd%g termnals of a voltage application

apparat us are refBveRie fQEeE hend.afsirsrida thiccdiFBday, atiper ellptin Ay

el ectric chacgerb8eaCLrdtbained, Odls @aent {1 ANSRAr €8] telLqlihAd @ 1ad A Lhar ge
an.electric field suited for

remai ns for ertain period of tipe. 25 Thus, _ ,

Cpacer di SpBaI T PSSR HraPhed FBF SHRRhTah% LARR AP O &1 9 € AT KSpacer o
are sprmayegotenthal . stEierefdiee spasefsrcas bﬁedwspmﬁeéubst!\@_ea ibe
respectlve ne L1 ng.trans r f, e tr es. .that _occasion, (At ]S
necessary ‘f%n?g?rg\g/g’t%emt@} rﬁq%é:letg:lfobgr%&#g 3 5%&88e13p%17%%£i°&¥5é1‘#&r at us
fromthe tthaspeariy erec andes loki ¢ keappl ginafentiddlt aggioh whtthsarohe

polarity agig?gagpgg%'charge polarity to the pattern-form ng transparent
el ectrodes. It the voltage aggl ication_is discontinued wthout renoving the
L}%ﬁar

terminals, the ef&ct H&S enhfphf eLRCBEIEIROVERE 13k KA kYO UASHdecat i on

appar afous 8R€,dBSphayestdd serdes ak 9 wall Nag&bRs 45t 1d etdgulsifveelfdrad t ed
for spacer_dis i

Lk |1 t b bt ai ned I .. _Th b
conduct | ve*Stabait A1 58 FEPERFBOrEURS bl b P AT Eh rHSPee st BGEEnEF o ¢ h
t he subst rQSGaphng doet afpi_:}aeeiilsipdeagsam!&a,onharé}bymheonumh_eetef iskbacers, such
as an al u%@e%égl hini P62 !Qfghﬁ.ﬂatchbt dis ‘?.%;/t Q‘%@aat whi€n! E%P;u‘ifts"‘ibt age
application. e applll cation of a voltagg of the dame pol arity as thé
spacer chargefponarally thécknesgaan@enunsfarnglisrirpacsiprepacerotidds s

pref enabl yoeganéedl 94hiQveryataer Hakp1R9r bediek. 1o time. A longer period of
vol tage application results™in_an increased electric charge accunul ati on,
hence in a prol dnged ducatesnwoe r Eheh @ RSt EF e PNt AFD GIPRIRF S 85Ri nal s

deri yeg froen béespohyegeiappki chti ?angppa&aﬁ:dag ‘ﬁbpa,sn_ame&ysmtahia@gai ﬁ
carried o P N t . [ LnsSta ndg thnhe

di spositi gél%\?éiﬁg? dj&ol lg'%éaalyégjéé%ﬁ ]?grr]g%g{l ot%begregjz)éﬁr ng‘Fi %%%% equfeelcstasngf erred
that a |itnérthogpdraheve arpn Meopreodagside for5akV, dbep baylamskd n idhsheyi ng

the mglhod, peeprdhpgik0i5heoRaYERE Pe2SBGCH Bl iBRRGPRCPERLaN R¥GNbFON. 20
This is because, since the electric charge attenuates with thée | apse of

time, it iSOREResE%R s tagenRe chnba ki ReRi&LiZonSHAR - Rhditdbs H4tdHD EBEL her
the earthesecOPIRIEY i ¥E SHAYSI d1Sure NDRIhE ©NElor S, tHY beeldd g tihi& of
substrate In clggﬁgfont act with the earthed 25 conductive stage, applying a

vol tage of S D1 @FFRy as the positively or negatively charged spacer
to the transparein ehecibodescoset he slbstratyg, ofi sepanetei agntthetieem nal s

of a val ta&@a&@@'é&?ﬁé%b%ﬁ% A% fe;ﬁghﬁrﬁﬁitt@!?fp&’{ 1a ¢l HIOGRS, peausi ng

t he conductive stage a rate Ininfimate 30 contact to"nove Into

the sprayRIOBRHEADDT V3 M)Wl tagd PR ten ol cdeivdu stiage ssfagebean
electric fierfedW{ ¢dJddiTRAeae gisplsei tbRAuEBIvEEs fafdred thogkBekeby

dl spose the Shackrs 4L LA JaneOeLeen (e d palser et Shect ggg, Won
whi | e stildndmhleysuysarsbktiagpreferhblyamet less than 30% of the display
30 area or areas.

When a conductive black matrix has been formed as
mentioned above, an electric field suited for spacer
positioning is formed over the display area even when a
conductive stage smaller in size than the matrix region is

35 provided. This is because the conductive black matrix takes



19 J UP~ 2002 46 polarity as the spacer charge polarity to the
transparent el ectrodes on the substrate, an electric charge renmains on the
substrate and an electric field suited for spacer disposilt aNi 202

mai nt ai ned. Here, as long as the substrate and the 5 conductive stage are
kept in close contact, the electric fiekd formed is maintained for insuring
adequat e spacer positioning, whether the "table plus substrate" is
positioned after novenent in an earthed site or in an insulated site.

Ther ef or e, ho n,Fi t he sien, of voltage to application within
t he spr ayef’ncﬁ‘n1 b\gr%&J % 5%‘(? qugc Y iadftail ed by applying a
voltage to the tﬁénspar@mae:b@c:tqrmms: bre tveeredhehedndontivei seage aged
before the e S AN, gt I et h the
t ranspar en%:ﬁ%l gét% :‘g?én?o%%yé)gg[}a )I%? 0 )elrigw%ég &u%ﬁﬂ }{w \y\%r_t

vol tage apphecafferttof tarr Hebng }éﬁéto@eoﬁtl@lmséﬁds pa%@geﬁ@@et ofcbre

Spr ayedg, Calj‘!o'@ﬁiﬂq'g”éﬁ@&Mi@&l%&%ﬁgﬁlﬁﬁﬁaféﬁ%ﬂﬁ& dhe B%Q‘quhnﬂnsﬂ%pest rate
Wi t hin spr er and r}E %ontrast d cr sta Wg g eV| ces
free of spQ&EP Vna’fﬁ% ' %Iaéf%pB t?%‘h%a‘&%r}l’ Eeﬁo AL VR HHR TR gr ee
of 20 effi enentlye skitestettwdhohiliCbr pfedabliydre amtoldssg:rtacn slog seved h
aspect of Se v C r ayi p rs. o | east
oo of o fCrspiefuiftah Elnatit R e ShRELERE LY P R I Sy P iog e

el ectrode &hé aﬁfactgmrwrtlray@r wzslalndcamsm asybsheat betorbe fHislzbsed

opposijygl ysakeys #de shialdt $UBSLE AL Co@NA 111 bEEREG Ruld GHEA ChYSidleddid the

space between both the substrates conprises di sposing, in spraying
posi ti vel vy Lheyati fel JCEREPYLa sPRRERE BATHLLPRIBGDLER rigte PaHP AR r at e
into cl oseregfibacbfwebbkhadigplbhedreanductive stage, applying 30 a voltage

of the same polarity._a sp r_ch olarlt totheta ar ent

el ectrodes on théhguE§?P8E rrgl(&ﬁt BFAi H‘%%tl%& 258 gl&g Vel t 316 bf&ihcati on
for a certaspepérpddtok pmsearad inlven tdamr worg réusti ngp spera ySmaayspegants | e
mai nt in at+s 0 ol.t-age | i 5 T, I

el ect raio%esgntstgbéécr %taégt énéclce)?sgan et %g}bls at%ofm%%lgg@g?%c%areﬁsﬁg

met hod menPr&kednabevaiaget rpRSBakENhE h%ﬁlr@%ﬂ amngt anrabbyrnert daviady to

amert | of ?ﬁ%‘:gegtﬁ?ag%w’%ﬁ%?ﬁ bEUIBERROEE SLAGLEI S Ot 1 g o
sp i uct i i
sevent h asBBEF‘% %Fh%na ?Jnﬁﬁh‘ﬂ ﬁfé diREot FHae Fﬁ}’gﬁﬁﬁc%e&'ﬁve‘ﬂn TET

type |iqui Hochy’smalswbstp&aaiyesiewnmse% téveplsaieped £i nem@irﬂxhgmaﬁer tfrernt hi rd
aspectof LAE LONE0H o0 ol BRYBK! 00, CLPLOSL SBA6ESH Iy dd g B O o) Of
Crys e stan

STN type | 1qui ces, for in Tre spacers
be di sposedfi hrmelgapthb@ubehrahe m@pe@lcbs/@ mmtwfarvslp:sh@m e@lretéterdodes

by means OfoRdfERuYS! yeadOieiR BY-dy SRS L RS WD é?b@y‘i%‘pé MG

| east pattern-form ng transparent el ecCtrodes and an a nrent ayer In
cl ose cont@&t et AeRA Eaﬂﬁﬁééycéﬁdﬁéﬁl @aﬁégéﬁﬁ@%ﬁﬁllﬁrﬁﬂjyat\?ol thege of
the 15 sanEraﬁlsparéMtaé1éber&§@@ebnchn@geumlt&raltby to the transparent

electrqsdes on th esaugs:gﬂraltae. Hg Ec ﬁ sﬁ%ctrlcflelag: §:U|te for
spacer2 di sposi t| cah®BePfoFried® ? bFP Sl hg PRETEA5ECY at82FRTEI 688 cont act
with the eapthed ahmmiicty metboagmnta@mmova Fegthe same as mentioned
hereinabove referring to the first aspect of the invention. As
explained in relation to the first aspect of the invention, the
method of LCD production according to the fourth aspect of the
30 invention can be applied to the production of TFT type liquid
crystal display devices.

As explained in relation to the third aspect of the
invention, in spraying charged spacers in the production of STN
type liquid crystal display devices, for instance, the spacers

35 can be disposed in the gaps between the respective two



20 The -above stage is required to have a vol unme resistance of not nore than
101 ~cm and the above substrate may be in close cont acty m ?@? st age at

| east over a certain proportion of the surface area thereo t he vol une
resi stance is higher than the above val ue, the whole substrate will have an
electric 25 potential close to that of ghe transparent el ectrodes and, as a
result, the positioning accuracy wll becone deteriorated. Upon voltage
application to the transparent el ectrodes on the substrate in a state such

that the sibahcateent disRosedoansiinesaid had COUMGRING Foen ¢

substrate i ctrostatical into cl contact wt the
conduct i vedéﬁagélngnthﬁa§U§>§§éatﬁt Cp@pgrlés}mamte liggagit, patt tera Romsvingof

vol tage appkhfdhheBntadl &t rbAYETarREaH! 81 DEANBER ltaﬁ!%xSHESéI@é@ At ddie
conductive stage hence no perfectly close contact "has 35 been attained as

yet . 1 ow3thyan merther penduckd vl sERARCERIARPL(iN% @ Yoltagacy the

di sposig i oBaine gO1aRPYad haessqbét:éatcma:pga @@uarmctyct@seze:waaetpa\mtnlt t he
which_is .an.insul

conductive_sta Ther ef n air

| ayer, occﬁigcg&&ﬁgno?h@‘%fo@%’t%%nd Itnhgil%sc%?tfiﬁ(:t?r\l/ees]teacgterl‘“t ﬁa étcgct ric
pot ent i al betikedt ierr eppeeri déspeisglibon wgnt benfoamedt byl éetingdes whlel not
decrease t QB §E£Ebciﬁ"l§l&§% tahﬁ:n% tthh€h§pé&fﬁh@@%&dd%ﬂﬂ%@%‘i‘éﬂg%cy

tends to deteriorate. r|n8 tage application t
thetranspa?énFBPEEt +BdE$9-16 -t he conductive stage and the substrate are

el ectrastati cal | ynativaes eskdge Q.%Clie‘é;hll@ed thi ﬁa@ée&ttfdl&ﬁt@ reshierece
gradual |y elimnates the air &émsa state of hi cl ose cont act |s

attai ned bef\dnreRe Eoaudd| £Rget AR FRAVE gHE§FFaF§ mahBean SLeSEr i ¢
field suitedntactspatirtiesposgei o isadoroesr =3 cHrtdin propodraticnasE, the
state of v%éagsragggl S?E'ao@h %eg%ef erably maintained for at |east five
seconds sinceé I's case, FREAIT is suffici ently elimnated from

bet ween t he condhnttlwe sy e fafdNt hgpsubsauidecr wi tdl e pleguidevilhas a 20

st abl y i ghpLeyel siﬁ} m 9.%' LADL 091 §OLHF ALYd CRIt RereectledHg et hod
of LCD productl on accor e el ghth aspect of the present iInvention

conpri si ngt¥pRPaYFng %Jd’afé%rr sll%)n@é)e arlﬂPkP%tlgs-‘EfE)%Pr atlee cahbyIBeREy haverast
patter n; f ggﬁ%ﬂgcér@gﬂﬁb%@tlt wetBG EQdes - 1a keosiehé ¥ Ec Q'e%(é]ﬁ aafjﬁna,llgtel t
over coa a and, an _.al i gn aye qU| crystal into
e oo o Ber i e A pBbh R s B e B2E i DR S b o ARRER
thin fil mtoabse sswrstfateeand herleos, e cGubsttatdenadi moselmmmpdsrtngl y
above e i : i+Ra, t

subst r%EPe ‘ﬂ%%;ﬁ%%atk?%%%ga&e l%%é]ttbrs tgll% Fragke)tlg?c%t%ﬁr e%ﬁ{- or rregswi thin
the transpakewt off Bbyrvgens Akpnaadr Winhisy e Erpbaree of Hawewsstr §8gondi ng

Cﬁnducé'Ves@$§@faﬁ§tiéxn§Ee§§ff@8§entmySBE&édnganﬁhtl&?%& or negatlveLy
charged, spacer s B2 e, oy st csubeiials, (avelyLga oLt age (VL) Lo the
el ect r odesamainet ed fi rait St Uree addlergesoVichandubstrate with tieod afp@e of
25 time, sincemoisture exists in theair. Inthat case, the amount
of adhering moisture varies as the temperature and/or other
factors vary.
In selectively disposing spacers by applying a voltage
to the transparent electrodes, a high voltage of several hundred
30 to several thousand volts is applied to the transparent
electrodes. Therefore, when spacer disposition onto such a
substrate with moisture adhering thereto as mentioned above is
attempted in such a state as shown in Fig. 1, a microcurrent
leaks, owing to the presence of the moisture, to the stage side
35 via the moisture on the substrate surface at sites where no



V2. are positive ones and satisfying the relation V1 < V2 when the spacer
charge polarity is positive, or both V1 and V2 are negative vol tages and
satisfying the relation V1 > V2, when the spacer chargel BoJUl 2% i s
negative. 5 The transparent el ectrodes, substrates, spacers and spacer
chargi ng net hod nentioned above are thegganme as nentioned herei nabove
referring to the first aspect of the invention. The above conductive bl ack
matri x and overcoat |ayer are the same as nentioned herei nabove referring
to the sec t f.th vnt h O\ ti.qne flrst
substrate, gﬁggrﬁéggl?elégeg s %or e%l eag'ﬁ: eraLnttsp‘fglrlgéﬁ %E%Ctgbdde[ranspar ent
el ect r ode- £kpeseti¢hed a:ize@m Uhsrreanu &l i pimen hel axgrarnise fotmeHebut is

correspondi,ag CORYHCt irve BhatknlRLN i WA, @5 wewndn Fig. 20. 15 Figs
20 to 23 each’is a schemafic vi eW|IIustrat|ng a first substrate with such

et ched areas forHBa"t AEFBERENTReSE EHEheleakeakhe adlambikcihlelgsto b to
23, da[ & f Oﬁﬁﬁd1Eé?pﬁbioéﬁhBGrgaQB%Bg1t:th§nt tnaﬁ@aéeﬁfoﬁl SGEH oslasc d te as
redetermn n over and within the expan corr.espandi n
EOI’IdUCtI ves 5%{8 ?riqu 'x\iaﬁ%a?s state éf‘c"ﬂ'éb‘:téﬁlfscﬂﬁguﬁélg\?ét%gﬁ 1\%14)9:31 tﬁe
expanse of ashemeeransnmmba@edleifﬂartm@miantgaw atlbseatoi th@altdansc
arranged | BotRa:a  gPRkl o dLLeeblay &te WhesHLE el AN pergeRd Chllne

t her et o, over —an € expanses of Crossing portions of the
bl ack matrP-Rtef-’ﬁllepﬁﬁ)dﬁc@leqﬁéyca@@t%'@libéfflrlﬂctf@di fdacsrape-bld st@tepe

linearyg r eeiegg%@rsuelﬁl Q%ta%@_ 2% rdin 1nCE"chj3U|l%rw1PI Q:%f'trssPé‘Q@ﬁt ( 'ﬂ&rce21) or

stripe-like (Fi 22 for _instance . requency of ap earance
etched are@B § er?&tlvr?aFiPEEFéFI%Ptr%‘sttlra}]cfiéatrépflﬁé?ncﬂﬂi’é’ g ch 30

appear per afiat s@&éch;vaespabéel dnlsb@fsla;ri@/norlspexro s.em@rea{ pwyse_lbsde l n the
hori zontal and/ Of, Vgétl cal di r }Drs\ TF é% | ui.d crystal .?gl ay
devices, a first-gh ?Fﬁ?éehael SoFbl ftlr gr |r$ 5 né‘r"salclO elfs’f’éidw& a
conmon emea:stode,atﬁdetmer@rsqiax@d& galpea:tersqwana;leeréduued ersera whan d 35
slectigfe 110 LhsLLel SIBSUI endtaeaEeabsa 0P A8 4 0ed Noram batn) U N

?ppQ 510 tro and t he vol tag ontro e respective pilxels
i s carriedobherbpy 'Us%lh%“]fcﬁllfﬁn ¥hiketrdRsps@byYsShalet r aSPapBnelerbEifodes

for [“ﬁd onI poﬁeﬁ@lmdlsabgt&%atlzshe@%f Qh%wne\i@ln FWhen 1etl%h%ctt%rl%a art_@mef or med
on e Soll el e

t, I th I
o eas qui tBIPREEHE BBRGBREEHL ShATREELER Lo theqRERoerFe, AT BOLStaF Sovi ce
assenbl ed, bheones nonadvectsead rshiorende Figex@fi edghbdohtie miaplapniform
per { OIJFRANCEna PeAGEOLURACC M LRCL S LSl Ot BoARECh; doddi dipvent | on, 10 10

sprayi ng positively or hegatively ch rged pacers onto the first substrate
a vol tage (V1) iBvappvhed ﬁ@asﬁéSbaaekS%ﬁwi&% dndes et sgBe( V2)taget he

transpar en&pﬁiﬁé&t?éﬁ%oﬁlﬁﬁné '&%d/@haéﬁ%rﬁé)gﬁmésspiWlﬁ@r&n@iﬁt'l@ﬁh%t' on as
made ref errlg irst aspect of the invention applies. I?E?/%teplylng
a vol tage ¥ ?e%n‘fh%t%ﬁﬂu%? SRAge i et Sl o SRy (S\} &
transpar ento ek €6t £ 08€Resibni 8opohsi BuBsteater maziesl eet:blrcuhlgeltd gliet ed for
spacer, di sgosm tion

wi thof re Y%F%@mﬁi‘g 55?%1?hgysﬁ%§t'f%lfl%eﬁﬁté{]%s%ﬁéo%q ;]Eootwm’t H.eg%lng’

conducti vetstageiations in the electric field to be utilized for spacer
disposition.
Generally, the temperature and humidity in the process
of LCD production are controlled to a certain extent. However,
30 they are subject to seasonal fluctuations, for instance. The
amount of adhering moisture changes also depending on the time
from washing with water following rubbing to spraying or on the
extent of drainage, for instance. Therefore, such changes in
the amount of adhering moisture as resulting from the
35 differences in environment, process step and so forth cause



20- having a vol une resistance of not nore than 101 S~-cm When the spacer
charge is positive, for instance, positive voltages are used as both
voltages to be applied, with the condition V1 < V2, g’réb ?ﬁzstronger
repul sive force is produced over the transparent electrodes and a weaker
repul sive 25 force over the black matrixgsites, so that spacers can be
di sposed at black matrix sites (in the case of negative spacer charge as

well, the situation is the sane) The reason why the above V1 and V2 and
the spacer _charge shoul sane .pol arit s.as fol]lows
Contr o1 |1 N80 2P RE S0 dCe SEARG H SFORHG SHAGE MR A LORY dul si ve

force of adospday mar fsrmangoe rce‘i:lprbﬂucluel:equi/.i canys téd di ep Ha 7 fdmvarded n
POLALI LY the PokgRthal ALiLenaiAR PRRICEROLIE f A0RB3AYILSL Elroday, and

t he bl ack natrlx econeé nce 2] overcoa in as
2to S ~ nPesﬁé#ﬂtQSD@ﬁr@Qnﬁtﬁgtéwcatsab@QEE@hnth@VQlansbamzﬂﬂ wiltdheutodes

and thes 329idYNR=2 Bl @,lm%qlierlm&ﬁb&n@flsituﬁéu@ar&%fbﬁ%ﬁé %Jﬂsedrf%t%u' ted

for spacer 0Si |on|n i's no nF erefore t he potentl

di ff erence®Bet @ne?z'i §hdtie F%r‘g?Ef-%Pa‘B V2R §HEREEED f\}-e]§b tesbdan on
control caspbeeacdmspbsih&dnmubh smnéessoeuenbyhpnovmalﬁgpeteaépabf
difference_is not [ or this

pot enti al PPe?é e |%£%ﬁe%$§H%F§Fv3H% ggége OQ? lﬁé PRFSET 8n :ﬁ%ﬁﬁben V1
and V2, théesamam@lmé;hembafssnabéyrécbemramgltegttrhe; Séebddswbpettfoaf the
'nventwn §gahb§sdiggoza%£ﬁt hod f c'oﬁlgspg Rdiabion :3caaidicns et he ninth

aspect” of resent | nvention comprisin aying spacers onto a first
substrate §8ﬁﬁ?FéVﬁ§Ya9flé3§FeEaPP§ﬂﬁlP@#ﬁﬂh@ Eispdre mrosiise: dAdeedd a

bl ack mat rchsaalomesgmaty bayekceandxae 1alengnienicondyerst and Hilspirg a
liquid cryst into the space 15 between the first substrate and a second
substrate BBﬁﬁ?Fgﬁﬁﬁ thin filmtransistors fornmed thereon, which is to be
di sposed opposi nfhg abepeofheembvshgsmbsstate,fcompthsesubstmgteasntbe

first félbs&:ﬁi‘éﬁ s§%§QP§t£ﬁ£ & dad %g) r}g&geahegg Eéfﬂécgo an tacc'l%g;h

regi ons forne he transpa ctrodes over
expanse oftbﬁesébﬁFééb@nﬁrhgrcﬁﬁdﬁﬁ¥ﬁYén§Fac?ﬁrﬁﬁylééaﬂwhﬁscaﬁﬂieﬁ gut

spraying pegirdatelng @henmw@w cﬁﬁarrggegpﬁe? ?s ompcﬂ&e flltrxﬁ%y%lﬂé%trate
di sposing the first su strgte i.nto %ﬁose con an eart hed conductive

stage haviR§ SCUEPGREAr BYi §8akdBIoL oFuﬁﬁﬁéaFﬁaﬁriQI §9c FPERY LBFpPPPNg, to
25 the transaaiﬂ@tlel&QtﬂﬁdeSprayiﬁbtagew@ﬂlzoo V to 5 kV having the sane

pol ari as the ar e arit a el ectr odes
Bibot A ea. spacire S Lo p Bk Ehg dar R rrbtr e P sAAD ST S P Y oPhe same
as nentlon@dthpletaabovehaeﬂek3|ng ba unérﬁreﬁthaspQOU,OEOIhenshaene»on

The 30 OV%J@EH&?JcW pa%t&'?:%l%%”?e%rﬂ?@ibﬁ'}ﬁ%\}l‘%{e% pabevEd gliBEkrAget O the

second aspect (6] he I nventi on. y di SpPos| ng he substrate 1 n close contact
with the cbPFRERAEBRAUEENVESsiRGEEaRRAch Masthe varRpera e sempREA BRI A0t

nore than 1Rdrea€8s, t BRech@BEEEL figPRbeBtL2e BetweaBekhes3d5thaspeski ve
transp%;enéugéggg QQSEr%é@ﬁ”ﬁ%sfgiéﬁgémldé}e@s s,2thus, no current leak
occurs any more and stable and highly accurate spacer
disposition becomes possible.
The heating temperature in the above substrate heating
is preferably not lower than 50 C. If it is below 50 °C, the
30 moisture removing effect will be low. A heating temperature
of 90 °C or above is more preferred. The effect of substrate
heating varies depending on the heating temperature and time
and, therefore, it is necessary to properly select the method
of heating and the heating temperature according to the
35 environmental humidity and the amount of adhering moisture.



1 9 JUN 2002 52 and an electric field suited for spacer disposition is
formed in the same manner as shown in Fig. 1, with the result that spacers
are disposed in etched areas (interline areas). The volta. lﬂPZ@ appl i ed
to the above transparent 5 electrodes is 200 V to 5 kV. a vol'tage bel ow
200 V, a potential difference sufficieng,for achieving spacer posi tion
control may not be produced. At a voltage exceeding 5 kV, short-circuiting
may readily occur betmeen t he transparent el ectrodes and the conductrve

bl ack matri x. Wﬁs qre ihe Vv %t pecrg t he sane exp | ana as nmade
referring to the FRgtie %B‘&c Silae ﬂtﬁpcﬁt:earp5pf@¥l P P8 M
char ged spaoerssuaeamaryirarggmxoadiltnererw bhaspdrdt dtd hétenvardliong ihheome

electric figld.tarned pye httt?crt ra,lr@%;fat & %%tasogﬁsﬁﬁgeﬁ 3 AR ST ve

force agai ASt the charge ol ari spac SOt ose spacers
sprayed ovBimipétyeri phergfofret hepacrest spubyLnat escanefeadbly cscaped

outsides TRU$. ihRe4RUFREK, gfftgpacl%rastl(ygsposed on the periphery of the first
substrate tends to decrease. Ceneral ﬁg%transFarent eIectrodes are forned

only in the 20 di'SHFE§TaresesEatRPES $ d6F TR 14 fer IR Y ninth
aspects of stheei mxenttm\ sutsievete, ivhilse prafldr hed thetdtsms@ar@mtthe

el ectrodes for i r at the sane

vol t age ass'?%gfa’igﬁ? s‘%\ a%/gla%é’dgggé?épgl h?% er eJtPE%Pg g%? njgr S0t he
decrease i Afngabéingf lspaeetleSlpetenseenl ye@@tcgdeotmeﬂmhsepte@ stragee and
spacersg ar efdggageedduebtetmnwdh@ R q%s@iﬁ?ﬁﬁ.l&%rﬁr ¥ntHRe RRidodf LCD

production ac ing to the tenth aspect e present invention
conpri si ngS§BF8yi ng spacers onto a first substrate conmprising at |east

pattern-form ng @aetaaeeeameﬂtleheat Q883 r adRd hsialtlindg d@ﬂm@ws@rewstgal

to th bet t trat trat
Compr i 51 N AE A LRCLATS FOF SRR Bech o METa0R IPARECHI? & R bandr difsed
opposrnglypabpeeluke Bitast subbyr atisposdmgyr isses nfsiangd aeatied idestice
substrat e, }WRSEBgt g QQ\[}' ng . hLeekated, 35 electrically floating,

transparent act rodesPAct connect ed 1 9J UN 2002 53 with the
surroundi ng trantharapeverpentbdasdbstepo? Fetend THng ndes tuzmshrameithe

e'eCtrOdessﬁbsEkHtEh@n%épﬁﬂiéhoéghE%r%O%&%ﬁQQﬂ%bn%pQ%@%@ B 124 < @RS as
formed on the first or, K second

strate in s rayrn positively or
negati vel y©8TEh&HgRHT spRCERE BHRRET He 345t %‘Ei’b’srtgﬁt %Qp't% NGHHES i r st
substrate gasoonl ae cppeactndi ubwem sariflaed sC oifd weiel \selbstta@e;ehavtrng a

I h | | 1. f th
sore g8 ar PopCRERenEols kel Eak Bl Faured) B, M Rt B R oo
ot her thandrMeHngaat@nl metmmpaatredrtl@drectsmwezm thheth‘a ssio s§edter-at e.
In the firghosubsid{ab@ sl oL ﬁi@lﬁéﬂéﬂtﬁy Rg & dhTstyPe dd aubdeCly PodlsidigP! ay

device, it is a'general practice toforma coIor filter layer "on a gl ass
substrate BAd2R BPé@ﬂ(uFrﬁt fry, cPREAtE8PmM an overcoat |ayer of an insul ating

material on the tel pg ilééqpreferred that the above drying gas be at a
25 temperature not lower than room temperature. In the case of
air blowing at a temperature below room temperature, the gas
used, even when it is in a dry condition, deprives heat from
the substrate, whereby the substrate temperature falls,
whereupon moisture resulting from condensation may possibly
30 adhere to the substrate.
Usable as the drying gas are dry nitrogen gas, dry air
and the like.
The above step of removing moisture from the substrate
onto which spacers are to be sprayed can also be carried out
35 by replacing the moisture with a solvent. For example, the



15. layer and further formthereon transparent el ectrodes and an alignnent
| ayer (not shown), as shown in Fig. 2. In the description that follows, the
first substrate is to be construed as having the above coh8tJuNugGidn. The
transparent el ectrodes, substrates, spacers and 20 spacer chargi ng net hod
menti oned above are the sanme as rrenti ongd herei nabove referring to the
first aspect of the invention. The black matrix is not particularly
restricted on condition that it has a light blocking effect. It may be nmade
of chromu ' car lLack _or ment . .for .instapce.. 25 Th
over coat g{lé? ??#gk q-hes l%ﬁgte ﬁ%ﬂt?gnré Lﬁ%?%ibrygﬁl&@énlgegg?rk??ﬁﬁkt%tet he
second aspébe ofbsheatavand i e pﬂrtim:il'rertatie negdspafehhe ed wos togies wart he
above firs te, L | ate oat i ng,

b SpRSLhRle rhdes; ate, LoLaRdaiss) Bkedenslen! gghbéﬁkg g

transparent el ect rodes not connecte the s trodes in
a manner sbéRmeRainghefhar subssaese \m @ Falivendepditdd avfed iy sbrwigegpondi ng

bl lack nptriyrtREM ngharaamn?swm@mahnbgl ﬁedaéedFazg& tHo 828 gachds a
schematic V{_Lew il {ustratin irst subst rate havi ng such i sol at ed

t r anspar entn8| BEPFIHGE%O%??-BF%G CREr B6n ShoTregen DY XOF2 2548k Wifown in

Fi gs. 25dtm028tuthesethsal abedehltalasi[alalteﬂétn eiz@awgodﬁmear elefaQ:rlrm;d byhet chi ng
In a prede L onte ar ent ectr

ar eas. Eac%ngé%p% ptlﬁ t;‘?%lf1 yr%?gﬁl(ﬁ% % ra E1">5nlhsas alng Qﬁ,

(di stance Baberv\eed hhmcgr aeépwnbpn@lMa@@pm’tentstmhe@tsr ede taned ,t e

i sol at;eq tggggggggat el ectrode) of not less than 3 a m nore preferably not
| ess than the etched zone width is Iess than 3 ,um

short - ci rcui t i ngTRAYIPRER $7EB Rfirr el Ve TS 6eFe elsisih dilify Sibstsigdeent
el ectrode @ﬂdothmcﬁo&,pé@dr@afé aps o eg;srsiz@atwdealswezaesnda&s:ﬁd Witch

| ated t t t f d t t f th
cor ospondPAg || BT BitRCR RELERE e bF i 6% AU s VAFPIMGet Tor s pe the |
hori zont al sameamden wacuure. difhecti oo igeupendecolval taeriet mfﬁnrctvud liyn t he
15 expanse, %OWPE?CQBE%BBQ%QQ 23?18%»:”%%%55 %'h@ ﬁ%r%r %Sf%'l%g.eﬁ%rl H/Sul for

i nst ance . e not restric | hear,
(Figs. 25 laﬁatmgr the same amde@r*o@csulsrnape&pr( aléowzay tche gulwbéate kJéld(eIIi g.

27), for '0§&@1ﬁ‘xﬁe a%"cufuﬁrﬁek'%ié b aRPRHHKE c%fn 5&81&:538{1@1?%6! Laepar ent
20 el ectrodes is_not artl cul art%?rest ricted, either each

appear per dot pF‘P’éhc et TR XS | tW%%W%rr%@V%Jevfe‘i% t;ﬁexél |rr?11 he
hori zont al imantherapevéi sakpdi arckilentrbmetee BETthyepelndequlsdpﬁrby&tiab

di spl d t | th
one’ a2bcr hebieRR O el Shd il ST S RRPEEL e ot 1Y, 55 Bsn when
i sol ated taariparedn Ei@ctlrbdagdaa@n‘eﬁeﬂeﬁed\nqmut@raoglofm tétae?:pm@@sley

et chi ng, alyo&mg%én aﬁ)%p@aw dhe diepl fagdsaPicd el 't‘i}ﬂhgp‘érré%tta'

di spl ay devjce assenb I n the sanme manner as in the prior art an

adverse ef $E8ELFQ %F@&keerdtés O YRR £ HPRGA el qRo P eMtes LUt TP L)

substrate tﬂ@evldw:ﬂér?ilillawﬁb séenbendase mfimsmlr@h@elé@ﬂw@é@r&n@ltﬁ@t rodes
in th% above nobde.i s 1; g i nt cl osetﬁ% th an earthed conductive
R 9F st

st age awch‘&n%u?/ﬁ‘ﬁ?res n?:% of*°h&t ha 101 S~cm and spacer
sprayi ng 35 i s chtpiredidingwitié abappl—menn@;mme@l ¢ hget odne her saneheobi ety

the electrodes for voltage application may be utilized or
separate electrodes may be provided. The electrodes may have
any shape, for example a needle-like shape or a flat sheet shape,
30 and the electrode material may be any conductive material. For
example, contact probes for testing purposes may be used as the
electrodes.
It is necessary that the above electrodes be provided so
as not to become obstacles in inserting the substrate into the
35 sprayer. This insertion of the substrate into the sprayer can



1 9 JJIN 2002 55 as the spacer charge polarity to other transparent

el ectrodes than the isolated transparent el ectrodes on thﬁgfuﬁﬁtzﬁybstrate
By disposing the substrate in close contact with the 5 eart’hed c nductlve
stage having a volune resistance of not nore than 101 S~-cm the electric
potential of the gaps between the respegyive transparent el ectrodes |owers,
as shown in Fig. 24, and an electric field suited for spacer positioning is
formed, in the same manner as shown in Fig. 1, and spacers are disposed 10

th t | ectrad Th t d f
Sl‘spoi.'tfﬁha Bt LT ERRRRS et R o by B R o bEr b Rl BRS  he
spacer di amet ep-and/-dowrhacthiange ft Hereubsrate it dges exicsetiode S. KV,
when t he bl ack mgt.r 'cése% %réq%c 'h\ée’s%@ﬁxiat% rsgwé%é\}_g l,gglaglacark matr|%<15 occur

bet ween the transparent electrodes an e conduct and even
bet ween t hBolsihggar enickrectrsgas dhawWshePpPsoRBPedcCREAABpaf entval ezge odes,

| eadi ngsto+a 'tﬁ‘éUQ%@n)é'p@r@ntAtellé@tQ‘%d@ﬁ 26 RRoRIed alddng dawn-d hd he
step of sprayi rrive at. the substrate surface before their maki ng a

n
20 necessaf e@&%ﬁc ﬁéﬁi@ ?Hét§ﬁa5€F FES8 orf P A St i SrehP Bred et ased.
The arnount 1ehgeltect thercharge 08 the &paeehtmobentghaem@enath@enti oned

f i nd f
Cpacers. i FecbrBal ErY ShEr BESTSS e Sher S nabEParE 2rbe BE) %oa%%%@%&  as
a repul si veffervelhgaenst 1 e spatde eﬁnacgeop@lsanstg;esber hzttan Hdsé Apacers
R f |
Sprayefy ovep tel%clﬂglere X gOfs uH*EPed 'frosnI 52}53:%{ Qhessgfcgs’(}tfdﬁ%ﬁg' sV

out si de the same ore, spacer 'S ose on t
peri phery BECEHEer) raengardia é?ée§ﬁé\7~6§t<'¥ P ErRRARSE tdés@é’érléé@él twwlﬁeto

general Iy, dekzasRar.entnehecheogdesrane far Aed g@bxtb@ thandh ol ay amrea, it

is preferre ciice of tent h aspect, t.he |nv ntlon t
T arsnhr onelarbeirogt Bl e At r St Hon CH AR Y RE St ahP i dat Bef SEne AT
that the sate wvpkhteage shdwihlgHlN 2R02 A6 vas fddwit iapplnged to the dlsplay

area b, app 1 od K8 hhre1oA0saiaN, G eghiades,onlshded Nyl solaparen. |
t hi s arrangenent e decrease inth CEer's "oCCur's y out5|de
t he di spl ayoatke tared sypasarts eéaetdpsip(ssetlhamkf:@r&m;/ fhowiing baewsenitd ay

area. The mhgga%nleca @P&@éé%&oﬁ@ﬁ?rﬂd&éﬁ\ﬁé@t&%ﬁ” d&P?§§QEC€h the

i nvention, IS as |ne Int irst, second ourth 1 fth,
si xt h, sevéﬁthA'ePQh?%eCEFhFhfb?l@eﬁ%ﬁoééB%%tf?ﬁ QPEFq?nﬁ%ﬁHQﬁi %ﬂﬂn&ﬁ ses

Charlgl ng Sﬁg@any pestuit¥al Yhéﬂc@rtlﬂégé’élé@tYVD&yS@f Bkt imrﬁptdylmm a
pr peline nade o

y th
P rbunt2hr TBRY: BeeBRteacht ShacRPErooRE ShPudude < B EPBL ek R ERERY ed i ¢ n
the wet nevhbétagk sprayremgenhnd ime ipecifstbr elesproret oy ivdriilng iomy t he

substrate el FREQVEHat a higher current leads to a reduction in
transparent electrode voltage due to voltage drop. In this case,
a voltmeter having a sufficiently high input resistance is
25 disposed in the same manner as the electrometer for confirming
that the measured value obtained by the voltmeter be equal to
the applied voltage within the precision or error of
measurement.
It is to be noted that, in spacer disposition, it is not
30 necessary to apply a voltage of 1 kV to the transparent
electrodes. That the current flowing between the transparent
electrodes and the conductive stage is not more than 10°° A serves
only as a criterion for confirming that moisture has been
removed.
35 In carrying out the method of LCD production comprising



15 The nethod of LCD production according to the twelfth aspect of the
invention, which is as defined in the first, second, third, fourth, fifth,

si xth, seventh, eighth, ninth, tenth or el event h aspect ofigh@ﬂiﬁWEntlon
conpri ses fixing spacers on the substrate surface by heating. 20 By using
spacers exhi biting adhesi veness upon heabi ng, for instance, and fixing them
on the substrate surface, it is possible to prevent spacers from noving
after disposition and thus produce a high quality liquid crystal di spl ay

devi ce uni fiqis 's'ln%eéﬁaéé‘ﬁ‘éﬁleéfa@l@%aftg‘i‘?c 9f gk %'Jf’l)é t]ﬁ:’%ﬁé the

met hod of causSing spacers tqo express adhesiveness up ea
be nention@d, t&F0SGTSt PO ithYe afetihsd SRARRY m?gr%mliafrgltépar@r@% th a

t her nopl asttlrenrs@elrrénltadﬁéc@ﬂ@dé@ﬁ J.ff_eiilﬁgfh £OBBLEAI Mkt @iréﬁd&}%rﬂﬂhé damctive
group onto th pacer?ggrface s .al so EOSSIb|e to ca s acers to show

30 adhesi v&ﬁé‘éj% apo H2%S £8 S&tfua&r? BYeSoRE e SRer .rcﬁﬂe 49%ui d
cryst als di sl ayadeyvidisspesioribmatt blabé& mintrieeynttfesas;sealw@fzstmjaM&m i on

d f
scons. Pt e AeBere ot dhl RO oy 2050 B! B8, LSt
el eventh oﬁnsentswlef;lhvesbemtmntorfethnv@amwthelrteqfs Uhivaey ﬁpundctmat 19
JI.~td 200%h\‘é7steh'e%|ﬁ&%8.%ya%¢ R O AUA idnA il SR a1 8 TYHTRRCE

characteristics wthout Show ng any unevenness 1 n display. BEST S FOR

CARRYI NG OURTHRE PROERTFER S FRLIGR InithG BR&FHHES Hut}%% PR GHE e sent
i nventi®n |(a1frwrth'3heﬂef@ré biNeyoal €in§RVerep o fyentor iveans ikt dkrbafidase of

th t A t t rqde bstrate f
STN type. LEBDT BRBEEE DR (960 % 1400 SRS A< 2T S AL b RERVER ot CPTEEE m
| i near trapspaibde eb ectpogies ther edutladrieonpek TArpandeunelimimxt elehe

el ectrode gngggcggtgoc@r ntt 'f&%gnetlfgtt%%%[%ﬁggr%ﬁ ? rgéggsafntcpgggﬂf§sfo%m7

was prepar he 'su rate
0. 05- um t heek eperfracdé 1allidgdRenspagpar ,P%H-ltd-l@f%{i@ -suBpeat sasudty ubbi ng

treat npgt . bzeemégbeééewlm @fls%ots)épgpgeérﬁré)@l!ﬁ.'a'& R rikned £ SyREleAt es,
nanely it had two rnmed thereon. All |inear transparent

y
el ect r odesIPPROYER étEBaeQ}g P&CEITHECted 20 with one another outside the
di spl ay areas antfhemwtgcicedfvidihpacdoktage sappdndiatg da t&mﬁiﬁth&md‘dﬁat a

direct curpen i e C
substrate. hghéo#%898n€19$6 |§ﬁg%% r% hégc&%ﬁﬁb % %éé?gf Qﬁl %’usted
Wi th respeéeags 9bEt Qéeaaﬁélrﬁcﬁl safe tyelter icoppPris inge adplapsit @@éctanars a dry

met hOCb&IOr@M%ﬁmlﬂﬁo@.%ﬁgfagi‘eﬂ'ts%"Jl'e@:t%@@'e%e%"rﬂd”'%n%lag%ﬁme‘%ﬁo‘@'&ye'} gt a29. On
an earthed conductive alum num stage was placed an antistati ¢ mat, having a

surface re§?§PBHC§UBFtﬁéFenﬁPebﬁhgﬁ5P95e§~@ﬁﬂoﬁl@@&#éa?@ﬂ@a@@ewfﬂﬁthe
stage, andstbetsubst &ader Woksith Sapasefﬂutmen:@emallnmtasené%csm aelttween

Lherew {1 oBUL! DRC) iScyabLA0 R0 LER' 100 AR Rl e ey R wih @
intr oducedsuhsbrahe J'splcapsehcacmb’eacsm:ttﬁatanaeanottltealge:ourdgmtllve stppt iaadl t o
ot 257" 880y Mo Rt AR Ragdane oo P e o Sl B0
as the spacer charge polarity to the transparent electrodes on
the substrate, wherein the substrate before and during spacer
spraying shows characteristics such that when a voltage of 1
kV is applied to the transparent electrodes on the substrate,
30 the current flowing between the transparent electrodes on the
substrate and the conductive stage is not more than 10 A.
The transparent electrodes, substrates, spacers and
spacer charging method mentioned above are the same as mentioned
hereinabove referring to the first aspect of the invention. As

35 explained in relation to the first aspect of the invention, the



1 9J UN 2002 58 Then, a voltage of -2.5 kV was applied to all ITO

el ectrodes on the substrate. Wile maintaining this state, t e spacers were
passed t hrough a stainless steel piping (whereby the spacers w@Neﬂmharged
negatively (-) ) and sprayed onto the 5 substrate using conpressed air at a
pressure of 1.75 kg/cn2. That the spaceys were negatively charged was
confirmed beforehand. Qobservation of the substrate having the spacers

di sposed thereon under a |ight mcroscope reveal ed that the spacers were 10

| ocated in th nt ctro Th er re fo n bl ack
ot o st et RoH e BB T e PR A i e T bR S sbar b F Ry
substrat e waseatit.oaf tanfbélmpl:héxy ttdh e heeo prevatuicdiain stEe‘pE‘mftmallungld

| am nati ng r | quid crystal 15 filling and so on, to give
aliquid chf gte?tldlaég g dg\gg"éec Exa anple 2 A conmon el ectrode substrate for

STN type LCD proaactexeﬂraégeéssnsereétartatoe fFroovAhge Fomntn getttesrtn Aforatieng
linear 20 tHaasRabANt t8lealihededn @ HOhdtk tiBld ivs rade sfﬁ‘bsftertaaéé 'x&ﬁ*trsom um

and color filters; aperture si ze of each of RGB pixels - x 280 um bl ack
matrix |i neeaﬁafiﬁns S %ﬁnﬁéWW&nFé%ﬂH%%r%étnq ta%taepaguaea 3Ronaro
el ectrode bihersi. dthheréﬁ@rep@vemteeﬁlseetcre&@aﬂe smecyed—uﬁéeﬂﬁhewaa@es

t hi ck = th trat st r at
Formed o 0788 ARFIRRI ST YT hERBCLr BRRALe FaS o APV bhE E i o
rubbi ng tréhenshect The fdelst tate sbédiredesn Ispeceuctiapeshtion mamire ss
shown 4 thncé d3@rLSLRg Lhiy %e%“'%%”gta%e:f/ o%@tecq‘durne r%fs nple 1 was

followed in the same manner exce 0 t ge of KV was applied to
the 1 TO el ectrodEBerffeKEBsCcOBi ‘él%BgéwatF}éﬁ %rbtt.ea%eblsrt rfaltcesmmqtgaqthe
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by applying a voltage of the same polarity as the spacer charge
15 polarity to the substrate electrodes, it is necessary to check
and control the moisture on the substrate.

As mentioned hereinbefore, the moisture condition on the
substrate can be checked, for example, by providing an
electrometer or the like between the transparent electrodes and

20 the conductive stage, as shown in Fig. 17.

The method of checking by providing an electrometer or
the like in the above manner comprises applying a voltage to
the transparent electrodes on the substrate onto which spacers
are to be sprayed and measuring the current flowing between the

25 transparent electrodes and the conductive stage. On that
occasion, if the substrate is in a moistened state under the
influence of the humidity and so forth, the leakage current
flowing from the transparent electrodes to the stage will be
strong and, if the substrate is in a dry state, the leakage

30 current will be weak.

Therefore, for checking the amount of moisture adhering
to the substrate before spraying as well as during spraying,
a voltage of 1 kV is applied to the transparent electrodes and
the current flowing between the transparent electrodes and the

35 conductive stage is checked by means of an electrometer or the



The procedure of Exanple 1 was followed in the same manner 5 except that
the antistatic mat was renoved and the substrate was dispogqﬂ @hrectly on

t he conductive al um num stage. Cbservation of the substrate 3 nEWQhe
spacers di sposed thereon under a light mcroscope reveal ed that the spacers
were |ocated in the interel ectrode gapsgsThus, they were found at 1o bl ack
matrix sites. Conparative Exanple 1 The procedure of Exanple 1 was repeated
except that plastic pins were erected on the conductive al um num stage and

15 the substrate p ed. t hereon o-that t ubstrat e was kept
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t reat nent . spacers while applying a voltage of the same polarity as the

15 spacer charge polarity to the transparent electrodes on the
substrate, the temperature and relative humidity within the
ranges of room temperature (18 C to 28 °C) and not more than
50%, respectively, so that the current flowing between the
transparent electrodes and the conductive stage may be

20 restricted to not more than 107° A.

Furthermore, in storing the above substrate, for instance,
the substrate is preferably kept in an environment at room
temperature (18 C to 28 °C) and at a relative humidity of not
more than 50%.

25 When the relative humidity is not more than 50% but the
temperature is lower than room temperature (18 °C), the
temperature is excessively lower than the working environment
and may rather cause condensation of the moisture. When the
relative humidity is not more than 50% but the temperature is

30 higher than room temperature (28 °C), the environment is
unsuitable as the working environment. Further, when the
relative humidity is higher than 50%, the moisture in the air
is excessive, causing constant adherence of moisture to the
substrate and making it difficult to realize high precision

35 spacer disposition.



All I TO el ectrode ends, on one side, were connected with to a voltage
application tool having a nunber of needl e el ectrodes, which tool was
connected with a voltage application apparatus so that a dilr®dtNcar ent

vol tage might be applied to the ITO el ectrodes on the substrate. Further,
the black matrix was partly exposed by partly 15 scraping off the ITO

el ectrode | ayer and overcoat |ayer outside the display area and the exposed
parts were connected with another voltage application apparatus so that a
direct current voltage night be | i | s the black matrix portions
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i rtions

el ectrode pareltage-of they sapaRP I AF i P AIF DY RO
was -2 . 4B8okihe jtuahsapsrientExdept eodes Tdretdaf sabsttheepriteadwemodfingyanpl e

4 was fol | ) i t tra hay] er i sed 20
t her eozfr? ung%&qatrl%ljéﬁ%{a\{%tpca&ges%Sellé%éc\%égﬁsees& %E’aet %gkgggéggec?g%aed%&g %%
di sposed uappbiahyian dppeka s s isndiceesying overspaeedisptaing @dlileven in
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the display area was sti nore 1 nproved as conpared with Exanple 4.
The transparent electrodes, substrates, spacers and
spacer chargingmethod mentioned above are the same as mentioned

25 hereinabove referring to the first aspect of the invention. As
explained in relation to the first aspect of the invention, the
method of LCD production according to the sixth aspect of the
invention can be applied to the production of TFT type liquid
crystal display devices.

30 As explained in relation to the third aspect of the
invention, in spraying charged spacers in the production of STN
type liquid crystal display devices, for instance, the spacers
can be disposed in the gaps between the respective two
transparent electrodes by means of a repulsive force by

35 disposing the substrate comprising at least pattern-forming



25 Then, this substrate was used to conplete a liquid crystal display

devi ce by the conventional process. The thusconpleted liquid crystal

di spl ay devi ce showed hi gh contrast and no displ ay unevenhdsh2802over the
di spl ay area upon observation of the display on the screen thereof. 30
Exanple 6 A substrate constituted in thggsame manner as in Exanple 2 except
that |inear transparent el ectrodes and a dummy el ectrode were forned
thereon and the linear transparent 35 el ectrodes were connected with the
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t husconpl ekedsh@Bnshawdd ghi gh contrast and no di spl ay unevenness all over
the display area o] e | O | spl n_t Ny eof . 15
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that the volftzae reme tedni®’ (50 akd tk sshmrgeubkémes eshay tecinciidsang,
occurrggl bebweantt herhTehel sehiedss adstheved blééktmrgfbdpcﬁe@m& &8 In

t he proceduge of Exanple 4, a vol}fage of . 0_kV was apgl led to the I TO
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potential close to that of the transparent electrodes and, as

a result, the positioning accuracy will become deteriorated.

15 Here, when the substrate is disposed in close contact with
the earthed conductive stage and a voltage of the same polarity
as the spacer charge polarity is applied to the pattern-forming
transparent electrodes on the substrate onto which spacers are
to be sprayed, as shown in Fig. 18, an electric field suited

20 for spacer disposition is formed. Then, the terminals of a
voltage application apparatus are removed from the transparent
electrodes, whereupon an electric charge is accumulated on each
transparent electrode and the charge remains for a certain
period of time.

28 Thus, an electric field suited for spacer disposition is
maintained for a certain period of time. When spacers are
sprayed in that state, the spacers can be disposed between the
respective neighboring transparent electrodes.

On that occasion, it is necessary to remove the terminals

30 from the voltage application apparatus from the transparent
electrodes while applying a voltage of the same polarity as the
spacer charge polarity to the pattern-forming transparent
electrodes. If the voltage application is discontinued
without removing the terminals, the electric charge will flow

35 out via the voltage application apparatus and, as a result, any



Exanpl e 9 The procedure of Exanple 1 was followed in the sane manner 30
except that a dummy el ectrode was formed in the manner 23 n Fig. 5 and
all linear transparent el ectrodes were connected with th gﬂHLQ(EIectrode
bservation of the substrate having the spacers di sposed thereon under a

| ight mcroscope reveal ed that the spacggs had 35 been di sposed at bl ack
matrix sites all over the display area 1 9 JUN ~~~2 63 and in particular
t hat spacers had been disposed uniformy at such sites in the narginal part
of the dlspla ar.ea as | l..,.Th tate of spacer dJSpOSItJ n i
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was prepargdiastlelh9gh #8Q2age, for example 2.5 kV, be applied in
employing the method according to the seventh aspect of the
present invention.

20 This 1s because, since the electric charge attenuates
with the lapse of time, it is necessary to take the attenuation
into consideration.

Further, the earthed conductive stage is a mobile one.
Thus, by setting the substrate in close contact with the earthed

25 conductive stage, applying a voltage of the same polarity as
the positively or negatively charged spacer to the transparent
electrodes on the substrate, disconnecting the terminals of a
voltage application apparatus from the transparent electrodes,
causing the conductive stage and substrate held in intimate

30 contact to move into the sprayer, and applying a voltage on the
earthed conductive stage, an electric field suited for spacer
disposition can be formed to thereby dispose the spacers into
the gaps between the transparent electrodes.

Upon removal of the terminals derived from the voltage

35 application apparatuswhile still applyinga voltage of the same



64-the substrate. On this substrate was fornmed a 0.05-~cmthick polyimde
al i gnnent | ayer, which was subjected to rubbing treatnent. The substrate
was of a type for producing two final 5 substrates, nanmglyJin Z@d two

di splay areas fornmed thereon. The I TO el ectrodes were fornmed with a margin
of about 10 mm from each edge line of thg substrate, as shown in Fig. 5 and
the dumy el ectrode was connected with a voltage application apparatus so
that upon vol tage application to the dummy io electrode on the substrate, a
di rect curre
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Exanpl e 12C?ﬁ5rﬁﬁ\5/cjeh‘ll‘r”gd Fjérsf aXaSeY OF£D § 7% ABASEFRE 1% thghner
except t haﬁlsbeapl pektiehei xatuskd wasdaceel alilthc achighi deglleaclofmatri x with
a I|n %Efgf 35 n1and t he conductive stage used was consisted of two
d|V|ded)po ﬁs r8 pectively corresponding to the two display areas on the
substrate in a nﬁhaemeshcd ohalCPbhprdidvctdédnpectipodéngath whe Semenithsi de

from aspect of the present invention comprising spraying spacers

onto at least one of a first substrate comprising at least
pattern-forming transparent electrode and an alignment layer

25 and a second substrate to be disposed opposingly above the first
substrate and filling a liquid crystal into the space between
both the substrates comprises dispos;',ng, in spraying positively
or negatively charged spacers onto the substrate, the substrate
into close contact with an earthed conductive stage, applying

30 a voltage of the same polarity as the spacer charge polarity
to the transparent electrodes on the substrate, maintaining
that state of voltage application for a certain period of time
and then carrying out spacer spraying while maintaining that
state of voltage application.

35 The transparent electrodes, substrates, spacers and



15 each picture frame edge of the black matrix of the rel §aqbl%h§play
area. Cbservation of the substrate having the spacers disﬁ S t‘frér eon
under a light m croscope reveal ed that the spacers had been di sposed in
interel ectrode gaps, nanely at black matrix 20 sites. Thereafter, this
substrate was used to conplete a |iquidyerystal display device by the
conventional process. The thus-conpleted LCD showed hi gh contrast because
of no occurrence of spacers in pixel sites, unlike the case of spacer 25

spraying by the prior art had of, LCD production.. lts display perfornance
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process. Tk hus- C. leted L showed hi gh contrast and good dj y
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di splay argaspd&ikgchnsubgbkatetBavbRgrikengPacensadicspased rnhebeqn neas
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oryetal i CBRAoAES e TR T IRA D AUEnE P SR e SRV AR € 1R % GREG e
stage had wishzen efarthedtonbactiisel ayageemnd tdrp lspageasvobt &gdicpaned in
and RS 11 Gt e Knesiert SR BolatakSine WGk ComeRte tom ng
to the abseheetpvbdspacmrthatsyiisteiats t ednahbivacasdarantedrdcied dyf igddd
g'r Zgl ay unkfioegkt YooWspYche LRSpdisResht kAR 8k #BRREESHLLrenghinkNendi Pl ay
substrate in close contact with the earthed conductive stage,
as shown in Fig. 1.
20 The above stage is required to have a volume resistance
of not more than 10 Qcm and the above substrate may be in close
contact with the stage at least over a certain proportion of
the surface area thereof. If the volume resistance is higher
than the above value, the whole substrate will have an electric
25 potential close to that of the transparent electrodes and, as
a result, the positioning accuracy will become deteriorated.

Upon voltage application to the transparent electrodes
on the substrate in a state such that the substrate is disposed
on the earthed conductive stage, the substrate is

30 electrostatically brought into close contact with the
conductive stage.

In that case, it is presumable that, at the moment of
voltage application, an air layer occurs between the substrate
and the conductive stage, hence no perfectly close contact has

35 been attained as yet.



25 Wen the conductive stage had a size of 30~ of the display area sone
spacers had been di sposed at pixel sites as well. Wth the crystal

di spl ay devi ce conpl eted, however, the contrast was I|ttIe | ce by the
smal | nunber of spacers disposed at pixel sites, and the devrce shomed hi gh
contrast. 30 Wen the conductive stage hgad a size of 20% of the display
area, the spacers were disposed randomy on the display area and the liquid
crystal display device conpl eted showed no inprovenent in contrast. 35
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wat er and shéﬁldmanneakmnth, aenagier thkaispacethpokTOiehéntracasr aey ¢ charsmed as
shown in Fg EQ@% 15 a voltage mght be applied to all |linear
t ransparen e? y applying the voltage to a site outside the
di spl ay ar ea. FbﬂbvemgV@@Mﬂ%ﬁﬁwmgl©®h§©@ﬂ@rt@@ﬁﬂﬁ@ﬁQaGEMQEkﬁﬁﬁ%@d%®raylng

gave &gcONpRA é‘ér?&&é@ﬁ@e SybSL & alrfd NAle %ﬁ&%ﬂaaéé xar@ tefleet@asftr g‘ig

ordinary one, 20 The sprayer” used was a dry net sprayer pro uce

Ni sshi n EndgFhERFFRE €9.226R QMR- | T IHiIy e13E rﬁ?sd'@ﬁﬁébt OFG &t élr#idh‘allllﬁ’or

vol tagedap@liﬁﬁﬁaaésa@héoaﬂﬁchﬂd wi bbagevolft agghapptiledel eBnaRRAr aUs was
provided in

he sprayer and_ .a w re,conduct S ed | t he sprayer so
Phat  a vol Fabecnegree Suefh Wi MHRUTTA VS adl ol ShemiPbtaate aapt
(trademar kanpebelatriof £EekidsauiEedefChenpeakyr pgasppbelitishzés FoZledn) were
prepangd as QQP spacers Then, as the heating/drying step prior to spacer
sprayi ng, %e color filter substrate repared_in the above manner was 30
dried by heatrngInnt%ﬁto@@ﬁeatt@ﬁ €$¢g¢ g6 Wohteegs ppplieabiPRgifpi sture.

After the plfdf@ﬂaslymaimmtﬂoe{ etvma@asit aﬁ%egeeana@ earé@,empeﬁdectl ve
st ai nl ess st eel € age,in,clo s¢ contafiy Q a g g % confr m ng t hat
the subst ra#eeshbieddhb h&rﬁ? FRelERFMY NG lﬂrnﬁ 8Fr ngc PHERED p5 r source
was 35 concemdect iwée hsthegel dietket sodssratesi wéshotthei destihe dhapl ay 19

JUN 25592 G881 58 o YOILRS Gloc2, 00KV uaS hen a0RL) edy oL Laed by

feedrng spacers ess spacers were
char ged posrt|véﬂwe(mthoén@fsh@@yphgduﬁeh@@n@@c©n@18@bt@rahe ahdeth

conpressed, Qhi£O9SR- tHOah £ ENEPBRGERL YR Ccomprising spraying spacers
onto a first substrate comprising at least pattern-forming
transparent electrodes, a conductive blackmatrix, an overcoat
25 layer and an alignment layer, and filling a liquid crystal into
the space between the first substrate and a second substrate
comprising thin film transistors formed thereon, which is to

be disposed opposingly above the first substrate comprises
using, as the first substrate, a substrate having transparent
30 electrode-free etched regions formed within the transparent
electrodes over and within the expanse of the corresponding
conductive black matrix areas, and, in spraying positively or
negatively charged spacers onto the first substrate, applying

a voltage (V1) to the conductive black matrix and a voltage (V2)
35 to the transparent electrodes, wherein both the voltages V1 and



5 charged negatively on that occasion was confirnmed beforehand. The wor ki ng

envi ronnent in spacer spraying was at roomtenperature (2?1 é:) Uﬁn%Pﬁ
relative humdity of 70~ . Wen a voltage of 1 kV was appli d o] e

transparent el ectrodes on the above substrate after heating, the current
flowi ng between to the transparent el ecjgodes and the stage was found to be
on the order of 10-12 A (Qobservation of the substrate having the spacers
di sposed thereon under a |ight mcroscope reveal ed that the spacers had

o cot rodoot 2 are BAEI LD HRES G AN SR P TRECHLYR 06 SPOGE td TO

el ectrodes No Spacer Wwas Imay pi
Ther eaf t erthtshepegbmcrla@!ege\asom;mty d T @odidtizvea loirgbbdhcVisamd R ey

device by hBgaeeuentionals RHCeat sFhenbiitite CUTRISLRvEDyahopeds g

contrast and good di splay 20 charactefistics owmng to t sence
spacer - dueSPRGRE FBAKIGePOERAMSYe 186 PHE Y3¥6eedur e of Exarrpl e 15 was

folbl owsd in the mae*czénspaa@ﬁteé@e@trbaa@ tI@@b&t@ﬁt@fs,h%ta'crélglsdrawcmg t he

substrate rror t acer a current ow .n et ween
Che-t 1 anepaPBRET shans trbes Eha b A abb e 4 Foaae bF meAthas of 1
kV to the heaaspabent ebéelrmdqstonthlee fdulsst raa;peqmaefcltéxcekedwamtlfomund to

be in the order 9ﬁﬁ3a%c;lwpe% duc %?5E9%9€r£:@%n%"8§%?@égt f%’y%]zge Spacer s

spacers di sposed thereon un m croscope revea

had been ngﬁﬁéftF ﬂétmeé'mlyoﬁeﬁi mmené)@@?@df@fg%lfﬁl%toéﬂ‘@os%@@ﬂ@@ﬁm%ﬁton | TO
el ect nmedesgrnanel ynagnghgﬁl ay pi er s as well. 35 Thereafter, the substrate

was used to conple 69 crystal dlsplay devi ce by

tg)@g I | % UN 200%
the conventi onal © Q‘h%e?ﬁb%n% F T e FUPEEr 2587 itheds 3F < ifRT&SSr ast
to the LCDNchEnaermiretﬁn&@a&emeﬁdll.écﬂfoﬁbe uﬁﬂsm@felem:%ﬁiedlﬂelel ght

| eak Th d t,
ngﬁnggeexcegxﬁlgﬁaﬁeqlh ss(égg%?%fﬁg %glﬁlegﬁggéo}%ﬁa%s? m%p%k?%tcﬁg\g%gplog’ﬁilé%f or 30
m nut es. Thenducténe blawkngabetiweenetle RO shawspaneltigel €6t.r odes and the
stage jypon appl i paLion 195 2% é@éﬁ %%ea %%hjemlé\fl iéw tlrlfi’z%% ?.?x%;oglgﬁgs@des

on the substrate was checked and foun
Obser vat i oBUBFt¥akesybhr anehnhalrhgdt ﬁée§}§aé@|r§‘eé| §p8seanther eon under a

light m crOSCOpeTmey@@thzetdﬂakeabtﬁ SPaceia hadills bgerdgbspased raehean! y in
I TO el eCtrOde ggggrrggggaegghggg the transparent electrodes in a
predetermined pattern over and within the expanse of the
20 corresponding conductive black matrix areas.

The etched areas may be over and within the expanse of
the corresponding linear conductive black matrix portions
arranged in the horizontal direction or the direction
perpendicular thereto, or over and within the expanses of the

25 crossing portions of the black matrix, for instance. They are
not restricted in shape but may be linear, rectangular (Figs.
20 and 23), circular, cross-shaped (Fig. 21) or stripe-like (Fig.
22), for instance. The frequency of appearance of etched areas
is not particularly restricted, either. Thus, they may each

30 appear per dot pitch, per pixel pitch and/or per several pixels,
in the horizontal and/or vertical direction.

In TFT type liquid crystal display devices, a first
substrate having color filters is generally used as a common
electrode and the transparent electrodes are formed as a solid

35 electrode. 1In the first substrate, a voltage is applied to the



el ectrodes, nanely at display pixel sites. Thereafter, the substrate was
used to conplete a liquid crystal display device by the conventiona
process. The thus-conpleted LCD was inferior in contrast 4tg ?@ CD of 2o
Exanple 15 as a result of the influence of spacer-due Ilght

Exanpl e 18 The procedure of Exanple 15 w@s followed in the sane 25 nanner
except that the procedure nentioned bel ow was perforned in lieu of the step
of heating/drying substrates prior to spacer spraying. A hot plate was

provi ded 'ﬁo&'ﬂﬁ SRegYr ghambery and dohh t%rﬁ ﬁ?ecthe‘h"@%sf&%rc{ﬂ?fe

di sposed thereon inc ose contact 30 wt the
al uni num sRé¥eliadsearthég8d oHE Rot USHade thds ﬁééﬂb@raam&tmmalam num

surface \A/aﬁraasﬁa@bﬁede%c%%d@s Foehied B sURRIdRE MBS tdigRosed in close
contact with the alunlnun1s eet, .a voltagg of +2.00 kV was ap I|ed to the
t

transparent el ectPBHBIRERL i BFRD When stohfdiadeasar s kprned apethe modiichg was
carri e outleottbdeseyre toingy, asvoltlade dslapbPiefko@hend g0y @rkas The

current fl Qwi et.ween ransparen | ectrodes and the st on
applicati oﬁ%?gapﬁ&\%%aﬁgggg nafléf}%?om rﬁltele rlarhs%aer hﬁuége%’ﬂ%%%@%g‘ﬁpﬂﬁé’
substrat e da¥icherkeemaheldf diente oobadubovae Wof Nuerce 5sObxertatiam tdfe t he
substrate jayjp E8r§RaRe di sposed thereon under a |ight mcroscope
reveal ed tﬁatbt%y pgcers E been di sposed linearly in the ITO el ectrode

gaps. Thus, no sﬁec@@C%@ameen‘athm %ﬂ}‘%ﬁlsﬁwfpl%feltfﬁ Haveridiosaf t er,

t he Sl!mtrﬁhes;v@éyiﬁ@%dﬂ@mﬁfo& ﬁeb'a(ili'v‘éljyocﬁé teal a@@f@yoxﬂﬁylt% by
t he convengl onﬁa?@%ocess The ete h contrast and

good di spl $ErFEH & V8 tﬁﬁet SB]&‘E %E)él%tgﬁe
| eakage. 15n&xanpbbt&@eTme2p)r uoedheetmhnﬁpam'phe Biewazolelsl.oned in the sane

Tanner except g ALy Al (098048958 & 03nd SIS kU S,0L: 47 K yaR Pl own

onto the substrate om above a owin lieu
heat i ng/ dry¢ Rgrsimgt F@t Bhepfisptt és§9§€epf26h§p#é}§fﬁﬁ§loﬁhép@drlleént fl owi ng

bet wears t he trane Aty il Lat¥otasg@nNd 1t heo HragecHRAB L 2RR! Y LAtk @R Qi x@
vol t age of kVt the élzi)nioaté%g el ectrodes on the substrate vvas hecked

and found "t‘%dl?e"% bage1 FOREPEA SBE & HeC SRS atd APPSRt
spacers dl’S@OS@ﬂmZéntéEéeﬁﬁlundﬁéld lsuglntedmfeusospeeerr avepbed ttibat, tafse

Spacer e FOURAT W LA it by <Hi 2 598 ST b - ndy ab PEICC FRESIIEEE at e
was used t@ispoplirgdhe $u}qetnateystaloelemlnéaaqtemteabq/omcmectnmertag@nal
s o Ry s £S5 SOAD, LS, LR AT Opob BBrentticfon g dgod o o1y
hen the spacer charge is p051t1ve, for 1nstangg,
positive voltages are used as both voltages to be applied, with
the condition V1 < V2, whereby a stronger repulsive force is
produced over the transparent electrodes and a weaker repulsive
25 force over the black matrix sites, so that spacers can be
disposed at black matrix sites (in the case of negative spacer
charge as well, the situation is the same).
The reason why the above V1 and V2 and the spacer charge
should have the same polarity is as follows. For controlling
30 the spacer falling positions with high accuracy, a repulsive
force of around 1 kV is required. If, here, V1 and V2 are
different in polarity, the potential difference between the
transparent electrodes and the black matrix becomes about 1 kV.
Since the overcoat layer is as thin as 2 to 5 gm, short-
35 circuiting occurs between the transparent electrodes and the



Exanpl e- 20 35 The procedure of Exanple 15 was followed in the sane 197
U N 2002 m nmanner except that the substrate was dipped in agefpn nd t hen
the acetone was renoved fromthe substrate by means of an air kni inlieu
of the step of heating/drying substrates prior to spacer spraying. The
current flow ng between the 5 transpareg{ el ectrodes and the stage upon
application of a voltage of 1 kV to the transparent el ectrodes on the
substrate was checked and found to be about 10-i A (bservation of the
substrate e.spacers |sposed t upde I Croscope
eveal od t HAECRBeCRAEeRes PSP iaEY SPEREely Pty fo R R

el ectrode gapstidhasg e npadengwasfbmmmmiMATheneﬁnyedlspbapopéneﬁamite

Ther eafter ;e 8BS A6 d0%1 oo vo0, £ oRlzebears o b Gy ol snlay

devi ce by tﬁe convent1 on process t hus-co
contrast aR@sSgddandiepiegl tancharaaaany stshed bt ngsuece s exlesewizsen dthe

Spacer ﬂuepbt%hb@a&%?er@&é@h@ gﬂthEmQ!’.Pceﬁé&ﬂ@l fndx e & tjréﬂ/\/qsoo
followed in t nmanner exc

e s : e subsirate was aced in a
vacuum dri Br SR8 G it & BoSeaRe Sndar Tekenom L1 FhY FO S HAUPRARRS t hen
the vol tage applAsatoenthe kbeakipneabetwarspdlenhdelVact thdesamed spacer

sprayi ng “@&ﬁlbﬁgﬁgbﬁtSEymﬁérrE%§e9¥35§“$"%%eo t?¥f%w§e%k gatdng/ dr yi ng

substrates prior to spacer spra Re "Cdr ren bet'ween t he
transparen@nﬁﬁé§@06dé§PéhéSthe stage upon application of a voltage of 1 kV

to thedranspar e-mae@de%doogfi@?wsuée@éh@&:\&%fb@@%@ﬂ% fa%g;é%tt o be

about' 1 OvW_ A . (Observation of the substrate having the spacers di sposed
30 thereon®tn8BR BTEFERE hPEPB§é8§eCP@P§&ﬁé@9tﬁ&FaﬂH@QS§Q@€F§ShQ@t@e@n

di sgosed Ifgeatlsubett:aeelE@mpke@tm@datga@&sthu:t,tem maﬁ@hgwas f ound
wWithin any _dis

corpl ot 6 SEFRARPAYER) sthrChFedrsy AR B TEHE  cBRVERETGTAT Tteddd The
35 t hus- coapl &l isghrh€3iY dlagwed andht icdnirrqast 1 agdi daod/stisslpliayo tHe $palceU N
2002 15 Dbetween the first substrate and a second substrate comprising
thin film transistors formed thereon, which is to be disposed
opposingly above the first substrate, comprises using, as the
first substrate, a substrate having transparent electrode-free
etched regions formed within the transparent electrodes over
20 and within the expanse of the corresponding conductive black
matrix areas, and, in spraying positively or negatively charged
spacers onto the first substrate, disposing the first substrate
into close contact with an earthed conductive stage having a
volume resistance of not more than 10 Qcm and applying, to
25 the transparent electrodes, a voltage of 200 V to 5 kV having
the same polarity as the spacer charge polarity.

The transparent electrodes, substrates, spacers and
spacer charging method mentioned above are the same as mentioned
hereinabove referring to the first aspect of the invention. The

30 overcoat layer is the same as mentioned hereinabove referring
to the second aspect of the invention.

By disposing the substrate in close contact with the
earthed conductive stage, which has a volume resistance of not
more than 10* Qcm, the electric potential between the

35 respective transparent electrodes lowers, as shown in Fig. 2,



~2. char-acteristics owng to the absence of spacer-due |ight |eakage.
Exanpl e 22 5 The procedure of Exanple 15 was followed in t£§ a manner
except that the environnent for storing substrate and t hd Pﬁ'ﬂﬁz

envi ronnment for spacer spraying were both controlled at roomtenperature
(23 C) and a relative humdity of 40~ agd the step of heating/drying
substrates prior to spacer 10 spraying was omtted. The current flow ng
bet ween t he transparent el ectrodes and the stage upon application of a

| t f kV. t the t ; t, I t h b hecked
hnd found PBURER LR AR Sl R T e SBRGRY, BhSuF e IRLOE B R e g
t he spacer sndibposenelBanherces shden amrﬁwn ﬁmcwosmomma%aﬁankﬂjtﬂ&u t he
Spacers haQ bee sdta%EOaﬁgﬁbggaar ye'trérnte%le arEQse' re‘}‘i%n%a%sc Q}US

spacer was oun ay pixe ere after, e substrate
was used to coinb@eValtEqalﬂoc ?sﬁapléﬁ§p¢§yt@@v@§@V§ytﬁﬁes@@ﬁ@@ﬁt|ona

process Thee20rbRHS- QQ”@b@thtbC@ %ﬂomeﬂtthOoQEQ&éaEEléﬂdZGQOQ displ ay
characteristics owin t he absence of spacer-d 8 | eakage., Exanpl e

23 25 The BPHERHLAE f%‘(’é%?% SiH It G0 If&ﬁeachhet’% STRRC MRS tehade pt
that the eawnteanremhyf abtsber pmgdaubatraae andoﬂ.f’I&gWOékt:Bgdemjl gorwent for
spacer sprayi re. both controllﬁglat c%nt%eqyprat e 23 C and 2

rel ative hi |t§lSFué 08niethes heatlng &ryl SUDSTYAY nprlor to
spacer 30 sbeayrngeﬂaendntheedonﬁheteuﬁr@d@C&ImthQXbetmeen the transparent

el ectrfles and the £1A¢0.41900 308! L5AL18D, nd Suald 8881 ghabik 4o he

transparent el ectrodes on t sub ate was checked ound to be 1 n the
order of 1pefeprivgsépyvhhrofiisstt REPSGHsPLatdehdviviegtine sprddes - dlsposed

35 thereon under1g ddrHiting eh9§§eaes aay@@é a¢ cbirati nigheo Thacel Sthadpeck 9 ~uN
2002 ~3 beegég{s osed, not 0 L t é %Eégde g ps bu%%also abundantly on
| TO el ectr® akeRyigr. dﬁr}s%? $ChF X611 1§ kREOFRERQYCT ThE LEANEERT SHe

subst rat e wecusedetsmmnﬁ atwepul $ e ototrr:psi@indwmhaycldevge@otlmurt@

conve e i,.Qr t to
the LOD of CECRBTEIT5 8 07 balN B HRe | DTS o Shdds Paiathg

| eakage. E«xérrtihe Ridr 410 sTipes todfs mnerwasilévoﬁedapef@m‘eha@a- i iTrars, the

envi ronMenfymber of spacers disposed on the periphery of the first

substrate tends to decrease.
Generally, transparent electrodes are formed only in the
20 display area of the first substrate. In the eighth and ninth
aspects of the invention, however, it is preferred that
transparent electrodes be formed outside the display area as
well and that the same voltage as that in the display area be
applied thereto. By doing so, the decrease in number of spacers
25 occurs only outside the display area and spacers are disposed
uniformly within the display area.
The method of LCD production according to the tenth aspect
of the present invention comprising spraying spacers onto a
first substrate comprising at least pattern-forming
30 transparent electrodes, and filling a liquid crystal into the
space between the first substrate and a second substrate
comprising thin film transistors formed thereon, which is to
be disposed opposingly above the first substrate, comprises
using, as the first substrate, a substrate having isolated,
35 electrically floating, transparent electrodes not connected



mai ntai ned at roomtenperature (23 C) and a relative humdity of 20~ and
thereafter the procedure of Exanple 15 was i medi ately fol 18wddN 210e step
of heating/drying substrates prior to spacer spraying was omtted and the
wor ki ng envi ronnent 15 for spacer spraying was controlled at room
tenperature (23 C) and a relative hum digty of 50~. The current flow ng
between the transparent el ectrodes and the stage upon application of a
voltage of 1 kV to the transparent el ectrodes on the substrate was checked

and found to _be_in the order of 10-B A 20 servatio f _the substrate
navi ng. (e ShacERs T ARG AR £ T o P B e CEpENs SVEAER ¢ hat
t he spacer shbadrbeepadieaposédclirvesl wiithirhehel @xgaasta ade tgaps. Thus, no
spacer was .51 i spl ixel site. reaften, t ubstrate
nhe Used & SoLoanpEhting BRbCY SRR U LU Bie (St fonal
process. THecthdssubsplreted EaD,sHiowse Hsvna @etsidsitvednt ogo o gditsiptedyy

charactgri éhh%ée&"‘é?@cé?st&&é%g‘ir‘& sRaceradue &igﬁésiﬁﬁk&%-fﬁ%t :
Exanpl e 25 The substrate was stored beforehand in an ehvironment maintained
at room t efpBELFaLE 1BLE)CMRe £adiagt v HupRdeethed 19anairet e sdad%®r t he

Er o;:edu;g Hévﬁér%b?l@l?e“.@éé%iéﬁw i é‘{o@' Not dldr@edan Thee @t&paﬁ)@_(itatpp&.yin ‘h
eating/drying,substr rior.to.spacer,.sprayin s om a e
wor ki ng en i?’%ﬁf@ﬁ? O%1%39]5 i\ %?}iﬁlg ?%rt%%ascéﬁc%b\rlggﬁﬁgge 1% a&#ﬁ ol l ed
at room t efipecheuteafigpaCeninelactelodeisv o ter diltayn dhes50-solBtedcur r ent
flow be ran el.ec d d e upon application
of a vo tagégggp%ggekt%%?Egggggﬁsggrg%% gﬁé%?rg g%#%%Q%he substrate 5 was
checked and foundnthe&irstt sebokreke diorgopsaltobsngvafliFant vpe tliguid
subst lr ag et BQVBF%H&‘PSﬁP@yG@LeSri@'?pQﬁgQ hf@émd J%J@Q%F:ttl_clel '?c%lgo'?lmcé ;&qgﬁe
reveal e a e, spacers een _di sposed not _aqnly in el ectrode gaps
but Cal S0 aBARGBRLSToR e Bl 48 (ORAL L ALAERS B RS pikchigh (2
well. to Thereadtesat tlheyexubstamtiasuids tisednabeebaplet €éha ¢o Dper & idiest al

di spl deyi b h N | S 7. - c0 S

i nfer ?%E’r i %gggﬁt¥%ét ?‘%%9{;%% t@ﬁhﬁgﬁgl%ralré&g%}_%?e%‘u%%f%ﬁé%ngﬁuence
of spacer-dbégnight Laakagdnolsshrampl e 326 SRopBMIDN Féldectr-odeénstibetrate for
STN type L@s@f@ﬂ%%h%é@kéﬁo&'&!?%ﬂé‘?ﬁ?r@‘:%ﬁ%@&é’ﬂé bs%%@%%hfs%gﬁ‘e%

| i near transparent electrodes, a netallic chromumblack matrix an

col or filtdfsha¥pBpt the 8Po¥eofFoBSER tHEIRAB pixel s = 80 x 280 um netallic
chrom um bl ack nphéi ¥rhhBpavefthetTedbruflesackybseragskn epaceest ahayer =

3.0 ~¢c | TO el ect,rode, wi dth, =.290 u. i nterel ectrpde di stance =.15 um
i oss 28, cRraet SRl Rkbuog mehs nd dSBhEe S RS B 40 B o oned
substrat e haseinabedear@f@srumgt liockhpolfiiirsitdespleicgnoentthleayaventhionh was

subj ected § eWPQEE%é%ﬁf&”P tr%ot“]ﬂaf{félﬂoﬂlﬁmreeé 'ta{t%lne% (lc-ggd?.lt"i%tnr odes,
strlpe el ec I’OC!GS on .e sSupns rajte were conrected W In the umy
el ectrode ERgEd hasa Lophidel appine afifestappht Favsoe sadee f £hzomdifect

current vohiadeniihghtabBoaPBlbe® be alpilhkenel e€birodastance.
25 The overcoat layer is the same as that mentioned
hereinabove referring to the second aspect of the invention.
Within the transparent electrodes on the above first
substrate, there are formed isolated, electrically floating,
transparent electrodes not connected with the surrounding
30 electrodes in a manner such that they are located within the
expanse of the corresponding black matrix-forming areas, as
shown in Fig. 24.
Figs. 25 to 28 each is a schematic view illustrating the
first substrate having such isolated transparent electrodes
35 formed thereon.



on- the substrate. The voltage application apparatus could arbitrarily be
adjusted with respect to voltage val ue and voltage pol arijy. Rpgggprayer
used was Nisshin Engineering's DISPA-a R 35 (trademark, d y #é i

sprayer). The substrate was di sposed 1 9J UNZ2(~2 75 in close contact
with an earthed stainless steel conductgye stage. A termnal of the voltage
application apparatus (direct current power source) for voltage application
was provided within the spacer and a wiring was Ied into the sprayer and 5

connected with t e de o] t. .V pply
m ght be nmade toﬂglgH% Je‘\l’ g%égdezsgc%&h%s ;ﬂ?rgé{ Soslﬁ\ylt%r?c;:reagﬁpa%lf%ﬂ
(tradenmar kelpcbdadesFrsrirnad Y aschngi ak; pq%dqtlemr@rs&ctwldtn ara;du m
were prepaggd éénftﬁﬁpia%%er%ranfs?ﬁa?*é% eéle‘(:‘%'ﬂo%&e Heas?- 3pk¥has appl i ed to

all I TO el ectrodes on the substrate for 1 mnute. Thereafter, the term nal

of the vol £8ge BPPFi Eaﬂneﬁ BppaFahing viese Besebhnaka e HifEh h(@lssd'éé‘é?r% wer e

passed g hrgagheanswlenb@%%e%bgaamlgplt&gn(s\fda&reem dike tsRee h e char ged
15 negatively onto the substrate_ by nmeans of conpressed

air. That Fﬁ@léBﬁ@eF§aﬁéBérﬁééa?4§€F§°9ﬁérQédnﬁéslééﬁfFPﬁEd Speéfyr AR
Cbservat i opraffetbblyub@tt I:Larse hlaamrsgumhe gparies @ tdheposetle Wierteons Ueky a

light m crgﬁcopg %veas]hor nanell@snaq ar{%%c]&eagjtol?pgggrlg h b%&%lgl sposed

in the, erel ectrdde ¢ aps X Si 7 In
Exanpl e 26CoaneaPARiAnM téansmgenﬁo@é@mr@p@ @nes & heorsadatifid h the whol e

reversg si geaftphbensuBItEaLBdet he 25 ternlnal of the voltage application
appar at us was conQected wth the du ggtrode on the substrate on an

eart hed stainl es§h8t8bFep| af ovhifhy &8 - TANSBR IR/ QRS ¢4 all
| TO el ect r 6demcéionaf e nuiehidhelieadiwansé het ttefe*rida:adrem‘pdrhﬁngolltm@%r

licati 3 t di ted, .th at d th
Forl L T oPadRe BREE e Rt R atc RoGTRBe . REPEUBraNG SR oBes rd car t hod
st ai nl ess direttsbage ithetdieresprixyn pleame@ld,lcald@rstﬂaemtsploaywnghmikrear ried
out indhe.330RsFRBREELAS g?§géﬁgﬂhﬁnﬁ6bl %%%E'%ﬂf%Emﬁﬂ SRS

havi ng the spacers di spose her eo t mcroscope reveal ed
t hat al nosPoationfe fony gngmﬁpa%f ~dhey are not restrlcted in shape but

may be linear, rectangular (Figs. 25 and 28), circular,
cross-shaped (Fig. 26) or stripe-like (Fig. 27), for instance.
The frequency of appearance of the isolated transparent

20 electrodes is not particularly restricted, either. Thus, they
may each appear per dot pitch, per pixel pitch and/or per several
pixels, in the horizontal and/or vertical direction.

In the TFT type liquid crystal display device according
to the tenth aspect of the invention, like in the one described

25 referring to the eighth aspect of the invention, even when
isolated transparent electrodes are formed within a solid
electrode by etching, a voltage is applied to the display area
of the liquid crystal display device assembled in the same
manner as in the prior art and no adverse effect is produced

30 on the display performance.

The first substrate having transparent electrodes and
isolated transparent electrodes in the above mode is brought
into close contact with an earthed conductive stage having a
volume resistance of not more than 10 Qcm and spacer spraying

35 1is carried out while applying a voltage of the same polarity



76 spacers had been disposed in the interel ectrode gaps, nanely at bl ack
matrix sites. Exanple 28 5 In Exanple 26, an aluninun1fgiIJmfatﬁrought into
cl ose contact with the whole reverse side of the substr @e Q term nal of
t he vol tage application apparatus was connected with the dumry el ectrode on
the substrate on an earthed stainless stgel plate, and a voltage of -2.5 kV
was applied to 1o all ITO electrodes for 1 mnute. Thereafter, the term nal
of the voltage application apparatus was disconnected, the substrate and

t he al um numf0|l in close cont ct vvltp each other, were transferred onto
an i nsul at FRgERABIRA (R FE 2HI S PE; ﬁ‘fllté/h Bro Rt dsiaiSHAT §'He SL5ChF oSS
chanber, atbHaspaher ispiayedgtwassparentdedet tirodeze onamderdgdret as i n
Exanpl e 26 gp§§%¥gt|on of the substrate having the spacers di sposed

t her eon un%le rght mcroscope reveal ed that al nbst all the spacers had
been di sposed i nByhdispoeisgetheodsbgapetenaneryoge aonbhatkwikhr thesites.

Exanpl g 29, &eagagfb {&% r\%_i%t%g ﬁé@iﬁgfao(ro%t e 4G T gdug ecf Bredl ass

substrate provi attern-formng’linea transpar ent rodes a
metal | i ¢ chhani L’bRaok ther ekeahdicoporentiadraf wperdaps bsatZ@e@f tdach of

RGB pi xel srgs80c¥i ¢80 reBpamd it ld1e G REdMbhbasck aRighowm memg doh g' 25

N AL TR R MR I 8 Y DR
prepared asnttie: salret maheerQos tshicwrsibsFigt € waadf spaedra LrdBispoiskidck
pol yi rgode ?111 ngpg%igggﬁ_r&wbggﬁggtsglijegq:&ggetso rubbing treatment. All

t ransparen tro stripé el'ectrodes) on the substrate
wer e connect ed whaivielitlhe edueayi 8ed doscspader ddgpers ittd ca vebragerably

appl i cati ofnaRPAI @S §SL S0 At a§th011.189 Jt 'd;le;té%c?soea ghe %a&tr e@a}ne\tglrt age
m ght be a %E)Iled to all | TO el ectrodes on the substrate. The voltage

appl i cat i P AHPEFRUCRARIY H¥Har | AF Bev‘éﬁ}:%g?e%x‘\?\ﬁ@lm%s%é‘é’if Paeol t age

\[/)?Isgi ang v?ét%g@cmh@tfﬁ}y id hcﬂaﬁi@dmay@,r stetTh mgrﬂ\hs_?lhwmﬁrygreaa&ugg_ S
-~ I agena 0oa S e Ssupstr se In
Ol on Bon StEOaBRE fel Yol kIO BRI BNE" L1 e AS AR EntPRoBRRREE [ 1)
of the volbhgekapptriatammd expsrarkst s drditrher tt reurspante nin wé e cEaowdes) ahdr

| h | ed
vol tage appj i qatj,qn ‘éﬁér@ﬁ%%!é?&gt Qeﬁ?%éiéé fee?cggrifrgrtggg'gﬁayflﬁ‘eﬁ Sﬁge wes 1 e

into the sprayer an connected wt strate so
t hat volta&é Bebpiv y2 4R gt 2 cmic ﬁ@)llallflgIdlwféllé’bttrh@dé§e@n0tfhép§éb'§f19ate

M cropear | BBt P tivadefatke puBddehtef sSelkkhsdi bEifBeelbneheninarlingparticle
o1 ze: o 2500 Hel o DL P 80 891 D SPASE TR s T o Y98 PRy P Y
decreased.

The amount of electric charge on the spacer may be the
same as mentioned referring to the second aspect of the
invention.

25 In spraying charged spacers, the electric charge formed
over the transparent electrodes acts as a repulsive force
against the spacer charge polarity, so that those spacers
sprayed over the periphery of the first substrate can readily
escape outside the same. Therefore, the number of spacers

30 disposed on the periphery of the first substrate shows a
tendency to decrease.

While, generally, transparent electrodes are formed only
in the display area, it is preferred, in the practice of the
tenth aspect of the invention, that transparent electrodes be

35 formed outside the display area as well and that the same voltage



electrodes on the substrate. Imedi ately after voltage application (the
duration of voltage application being zero) or after 1 second, 3 seconds,
20 5 seconds, 10 seconds or 60 seconds of voltage applicatg gon @gacers were
passed t hrough a stainless steel pipeline (whereby the spacers were charged
negatively (-) ) and sprayed onto the sypstrate by neans of conpressed air.
That the spacers were negatively charged was confirnmed beforehand. During
spacer 25 spraying, the voltage of -2 0 kV was continuously applied to all

| TO el ect rode Each sua] strate havi t he acer d| sposed t hereon was
observed URBENAE FPBhLCHS DRt SHORIRY RRE2 HEFEPLE o8 R ERe FEGOATRI vias
eval uat ed émeteruﬁesfomjtt$m§|ttueodlppﬁ.agrmg@£ Im ahikodtoasgedhspatid i on

per oent ageq{ oLl ooel BUTDEL AlBR3C8ES cdlsnoned AL, bl gk ralaiz ol s, per

certain nu pi Xe er ~of spacers S*C&r tain nunber
of pi xel s]dirhelay,xsaree andsspbcamedrar dispowed mnté@lrexly wdkhinl theJ Ut ~
2002 7 Ta@igpiagggghon of vol tageapplicati on before01351060sprayi ng
(seconds) D sposi 1i onper cent o‘x)fr( )92949598>99>99 Exanmpl e 30 A col or f| I ter
substrate (gl assTReUBe RS ?)g RRFAYFE @%aﬁ?%‘??ﬁ#r&ﬁ fhdhe fdgventh

tj _ransloa_renaseé@@td:i})ﬂlee%l_n?remtleld Itﬁh%@h@.@d&lﬁ\ﬁ@fa@ﬂédnm the BNk, segtmat, o of
| Spersion 1 C or | e ayer or ne t reon, ertur Sl Zze aC (0]
R i o otbYBS, SPolheh) L Eken Aol Rl T L PO e R e e R

~cm pi gneaspdct pef shenirtvyeletmhorcdmplmesres! ehergihigckressr s pde idhowetl vi. 5
~cm yl i was
o oparsy’ sef AT IV ER Sor e Fndn LB N BD IV RORESE T oL TH, WO

100 um i n SF Zemekadeus braedgo9ers antedil tf nwlweelemetmemeﬂntr@f charge

corr espon%ﬂ%ﬁt@%a@ﬂ k% Bé%ré@édif%ds Q%'&tﬂe@s'e\ﬁ Y] é&ﬁpé‘@é&%@ﬁ@'the
direction, Z5 as shown in Fi hi s substrate was formed a

0. 05- um t h'ek wtyt%oéesarﬁggﬁgrﬁnt% PIRRILSA RS SRR SR 89 SE&108RIng
treat ment.odhehérensperene ekechpodesdwere connect ed with a vol tage

applicgati on appagat us ites tside the display .area on he_20

fil teﬁ%subst r at 2{‘%?10{“ %??h%f,L?ﬁepf?gHggéPgnég 8¢ PEdEC SPSr tgﬁ(]j%gber coat
| ayer wer eappett pisthapedeoffione wixpols d spas decfﬁnelde;mhherﬁmml aekondiri x
and the bl@l‘ffr&mtfdd(rtﬂ?rtflh Wer& @l SAGanRact gdathh 2 mﬂ?(%k@erte‘ﬁ)éﬁ age

appl i cati on_apparatus so t ireét currenf voltage t be applied
t her et o. T%e'z%ntwwcttag&ﬁaﬁ éBYPBElQBpaF%EEléBﬁI%“&#TEH tSRRG9LF on

beadj ust edcMét Sub£EpLEE tQry¥atéapg Makuengnd voltage polarity.

20 By using spacers exhibiting adhesiveness upon heating,
for instance, and fixing them on the substrate surface, it is
possible to prevent spacers from moving after disposition and
thus produce a high quality liquid crystal display device
uniform in cell thickness and free of display unevenness.

25 As the method of causing spacers to express adhesiveness
upon heating, there may be mentioned, among others, the method
comprising covering spacers with a thermoplastic resin layer
and the method comprising introducing a reactive group onto the
spacer surface. It is also possible to cause spacers to show

30 adhesiveness upon light irradiation by some or other means.

The liquid crystal display device according to the
thirteenth aspect of the invention is one produced by the method
of LCD production according to the first, second, third, fourth,
fifth, sixth, seventh, eighth, ninth, tenth, eleventh or

35 twelfth aspect of the invention. It is uniform in cell



The sprayer used was a N sshin Engineering dry sprayer, as shown in Fig.
32. The substrate was di sposed on an earthed stainless steel conductive
stage in close contact with the sane. 30 Term nals for vdl $ai/8i 20plication
as connected with the respective voltage application apparatus were
provided within 1 9 JUV 202 79 the Eprayer and wirings were led into
the sprayer so that voltage supply to the substrate m ght be nade.

M cropear|l SP (trademark; product of Sekisui Fine Chemical; particle size:
5.25 um were prepared as the spacers. 5 Then, a voltage of -1.5 kV was

applied tothAEXREESsBRFeRE SelNddly S¥ed 1Y (HSRIAS REAOIHANFS vol t age of

- 1. 48 kV t ehtlachkadls tiatsr Wi thoitt eidwinanspanevalmady qdesdigwlati ve -,
black matrix portions: relative +). Wile naintaining this state, spacers
wer e passed through a stainless steel pipeline to (whereby the spacers were
char ged negati vel y) Basd Mp@@ﬁed@@n@@ﬂﬂﬁiNﬁﬂQ&?am&:&NVENNEDMﬁ conpr essed

air. g‘fft the Sp?ﬁgrfof‘%gggﬁgt%ﬁé}satf ‘?.Hflcr"&aée ‘EBbeEQEQnP ‘?l‘cal%qx

Qbservation of the fIrs avi ng e spacers dlspose Tereo
under a |i ght furEhescépeatbvedlhal @rs, hiswerBrspRyens %@%d@mlcﬁ@[ﬂd@d in

t he etchedyar eas @Egg@ oS tRown vidh thig. 33. Thereafter, the substrate was
used to conplete a TFT type liquid crystal display device by the

conventional process. Upon screen observation, the thus-conpleted TFT type
LCD showedERambilghicontrast owing to the absence of spacers in the di spl ay

ar ea. anple 31 b | | t
3501 70 kY ved SO o RSk aEs SR R TP Bt {20
transparenﬁ3épe6tﬂé@emmbGﬂaﬁheSUQSMDaﬂe @ﬂUhupahﬁannyiqnmﬂnqx#hnaar
appar at us %@ﬁn Er%ﬂ@”@féggré h?o:%@&g) ddr; R '(QHEwﬁE‘Pﬁ‘M

t heprocedure o | owed servati on of the rst su strate
havi ng theeépééep§e3vldﬁ§p§§edJQMerkﬁiQﬁﬁﬁﬁr%@¢|@ﬁ@ a9 ck Bscopaspeveal ed

tT Eat t he Zﬁﬁiek?ehédob?eﬁuﬂl szraes?cile»rpaﬁelwaeteﬁedsmbe&%;adeone Exanpl e 3%
e proceaure o e was In t e nmannher _.except that
h OnG P30 58 Qs LARMAG 2 0- 08 i thIcK polfinide

an ant¥¥tatic ma
alignment layer, which was subjected to rubbing treatment.

The substrate was of a type for producing two final
substrates, namely it had two display areas formed thereon. All
linear transparent electrodes (ITO electrodes) were connected

20 with one another outside the display areas and connected with
a voltage application apparatus so that a direct current voltage
might be applied to the ITO electrodes on the substrate. The
voltage application apparatus could arbitrarily be adjusted
with respect to voltage and voltage polarity.

25 The sprayer used was a dry method sprayer produced by
Nisshin Engineering Co., as shown in Fig. 29. On an earthed
conductive aluminum stage was placed an antistatic mat having
a surface resistance of not more than 10’ Qcm in close contact
with the stage, and the substrate was disposed thereon in close

30 contact therewith. Further, the voltage application apparatus
was provided with a connecting terminal for voltage application
and the wire therefrom was introduced into the spray chamber
so that a voltage might be supplied to the substrate.

Micropearl BBS-PH (trademark; product of Sekisui Fine

35 Chemical; particle size: 6.8 um) were prepared as the spacers.



19 JUN 202 eo of not nore than 10' ~ cm was di sposed on the stainless
steel conductive stage in the spacer sprayer in close contact with the
stage and the first substrate was di sposed thereon in clo8elWomldct. 5
Qbservation of the first substrate having the spacers disposed thereon
under a light mcroscope revealed that the spacers had been disposed in the
etched areas al one. Exanple 33 10 The procedure of Exanple 30 was foll owed
in the sane manner except that an antistatic mat having a resi stance val ue

of not nore than éo SZcm s di s%ossd on.f he stalpﬁl esé ste g( nducti ve
stage in the spatBflspfaye PﬁecP s&4contdcivani ARRLHE t&gé n e first
substrate easctirsdesesh thersudstireid os&hliS cnatatkinChgerhiat sbatef e

f t b t

i G oscope PavaiPaic b He Tl Lk BARRInnagsoebe li% o e Aareby, a
al one. 20 Cthepapaceve Weeesihea yesh nggedripie Mad -nadantdospoiyed amieo gitvscedur e
of Exarpl es38sbya8BPl¥kAG éoM%kE@Q@doglrlat a ¥¥éE9uEQeoErPn$Qak$ﬁ&m

el ectrodes_and a_vol t age " of matri x portions .
However, shBRE- EFPCéPPFﬁéSoUSEF‘-r BEIBELNSY %rﬁ%y&éf SR EdirEad odes 25
and the copdfieteMenhl ack ITB.tI’I X and, as a result vol t age application coul d
not be carried ogt. ExaEPI col or f| ﬁ% subs ate %gl ass,.substr
provided with 30 BatF&PhPBrid §e| f‘ﬁ%if’r? SNnEh* J~rré%t gli% T sl II|c
chrom um bthekeantundemadl tohomifddassrapd oered Lehetisoh thapep s cees sieze of
each ofp RGBopL¥ehsin BHeX lﬁﬁgre!’d@:t%h@ 'g'aiasChr?HhHm PhackppBeLELXbiae

wdth 1n stripe direction = matrix l1ne wdth perpendicular to
stripe diréeepgninsblagk méﬁf1%/a§lﬁﬁépar ed as the first substrate. 1 9

iTN 200248~ Thentharsafber, OEhAQCEaﬁgub@brlpakfhad bﬁaﬂ&@?@pﬁteQLECEFOdes
~m X umil Rn Sl ze or ne 0s es I ans r.en

ol cott odosCEBFVRRoRIPREC R (B e b b iRt i Thaes PRt Fi g
28, by forstegs®f gyatinde leirralme(tﬁd,l sebshrhbercu’dtangangeqmqufst%a a
o G FORBHELLNS BRACKoTBLY Yol HIGEANT 18 il ARGl 0T AL, PRSI

t here strate has f rrred hi"Ck eallgnrrent
| ayer, which was subjected to rubbing treatnment. The transparent el ectrodes
wer e conneﬁ;cglq yith a voltage io application apparatus at sites outside the

di splay area on the color filter substrate so that the transparent
el ectrodes ot her®tIAHAThE 1RSI RLPEdSEPAREBAPEHRT SITEL VBRI IPgRESE LoD
connect ed \(\glasshsws’ctag@ pppviaati wmtapparcatet]tsl—&@dmanacmnlehage m ght be

appli%ﬂ)thgggggparggtvg OQQB[i%aEi%%kaR %&u%a%OU|% metallic
chromium and color filters; aperture size of each of RGB pixels
= 80 x 280 um, black matrix line width = 35 pgm, acrylic resin
overcoat layer = 3.0 um, ITO electrode line width = 290 um,
interelectrode distance = 25 um, glass thickness = 0.7 mm) was

25 prepared as the substrate.

On this substrate was formed a 0.05-um-thick polyimide
alignment layer, which was subjected to rubbing treatment.

The substrate electrodes had such a constitution as shown
in Fig. 3.

30 Using this substrate, the procedure of Example 1 was
followed in the same manner except that a voltage of -2.0 kV
was applied to the ITO electrodes.

Microscopic observation of the substrate having the
spacers disposed thereon revealed that the spacers were located

35 in the interelectrode gaps. Thus, they were found at black



15 arbitrarily be adjusted with respect to voltage val ue and vol tage
polarity. The sprayer used was a N sshin Engineering dry spra er as shown
in Fig. 34. The substrate was di sposed on an earthed st ai hi%ed¥ $hRe|
conductive stage in close contact with the same . 20 A termnal for voltage
application as connected with the voltagg application apparatus was
provided within the sprayer and a wiring was led into the sprayer so that
vol tage supply to the substrate m ght be nade. M cropearl CB (tradenarks
product of_ Segki sui Erne 25 Chemical; particle size : 5. 7 ~c m) were

pr epar ed a8 ﬁexsﬁé &Ps . Then, a voltage of +1 . 8 kV was applied to the
t ranspar ent eIectrodes ot her than the isolated transparent el ectrodes on
the substrpa g@ ke maintaining this state, spacers were passed through a
pi peline ( ere t he spacers wer e charged 30 positively) and sprayed onto

the substrate by BT G PF Eo5atP wahielireesdpbe &he sape pesingtvel y
charged wasxeepti thed beé %@@ﬁé‘@at@&@éﬂdﬁé@&éﬁo&é@ drid $hes hgistatz@ havi ng

t he spacers di ﬂosed thgreon nder % rroscope reveal ed that the 35
spacers hati2PenSBPSBEs8dr g5 ¥n8hin Pﬁ P&du§ 1Veney uminpRosager 9 gui v
2002 ez sites whebsethet tomerf thhesuisot ated Hmnﬁgoaherﬁpa&teem lddd@esfe@r rred.

Th f T
di gge:yt gevﬁl%?g%ﬁ%&h&&a%ﬁlv%\ﬁﬁ gﬁ‘gﬁ(}o%r eggé@%g pgnezhsacér so%g%?}f/sat |‘% t he
t hus- conpl b@edtér@Tlmyq:i'e l10Om estedvgett deickgh ge@st-r aShuswi tﬂgeymeme fowshed of

spaceng i Lihexdhsplay gieas. The spacers adhered to the alignment |ayer as
aresult of pressure application to a sealing material and heating in 10

the curing process, and their translocation or the |like was not observed.
Exanpl e 35cahpaﬁa@§eguEeamﬁlgxanple 34 was followed in the sane 15 nanner

except that an tistatic,mt ving a,resistance vagu of noh re t han
10' S~cmwas pl a %ﬁo?ﬂ%uﬁ?a?ﬁlt§gm8}8e? ¥BRAGEPFE egtgégep Eﬁé spacer
sprayer i npl:&mtsecqmmsamtem thethedsameheandntihetfivess l smbstm st geasand

di sposed thgr %Ql%sjtr}(?@eorﬁgs 3:9{5}1&% théi’egﬁsesfa’ ahLen. ol shB‘%tE'aftétwa%JQr%égat at

havi ng t he 'spacers di spose ereon undef a i ght nm CroScope revea
t he spacerSnﬁ@habe@nfnbmpbhedsbhg9 by ehdse sites where there were the

i solated t ranSpaék?é‘ér@é@féﬁ Qﬁ%h&%rﬁ@tr@@e @é@bfﬂﬂgetﬁg st ¥ Heedpbs caf

Exanpl e 34 was in ame manner exc gnent di spersi on
type bl ack IP%E?%IP %méédquht Fﬁléﬁoércotpﬁer%ﬁ?éﬁg%rﬁklﬂtaEEensé?ar‘r%FSaHSr?he
sane pattelscased alsteinade disphagne leebtedd sintes.x BhAss) orthedpandrshat a

20 were disposed nearly randomly.

Comparative Example 2

The procedure of Example 1 was followed in the same manner

except that the voltage applied to all ITO electrodes was -
25 1.0 kvV.

Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that the spacers were
located also in the display electrode sites. Thus, the spacers
were disposed nearly randomly.

30
Example 4

A dummy electrode-free common electrode substrate for STN
type LCD production (glass substrate provided with pattern-
forming linear transparent electrodes, a black matrix made of

35 metallic chromium and pigment dispersion type color filters;



30 vol trage of +2.0 kV was applied. Qobservation of the first substrate
havi ng the spacers di sposed thereon under a |ight nicroscopg jﬁyﬁﬁbed t hat

t he spacers had been di sposed only in those sites where there Wwe t he

i sol ated transparent el ectrodes fornmed. 35 Conparative Exanple 4 ~ 9 "uw
2002 83 The procedure of Exanple 34 wasgdoll owed in the sane manner except
that pins made of a resin conprising a fluoro resin were erected on the
stage and the first substrate was di sposed thereon to thereby keep the

whol e fi f ] f i l,at i f
ai?.eréé?%%??gﬁgéﬁggﬁgpgﬁ£%?égg%gﬁ&gfé%&ggﬁ%jpkﬁéQ:g& ;kggdi %@g?ﬁereon
under a |itghickhessstdpesd nevealedrh tlat chiverspacbilsckanlabeén Misnoesetnot

only at blackonph!ixcsiies i 2SR o0 Athe st kansparent, el I
abundant | y X0 Thhy oSy LES riin y. R Rr e aerr T 59 '?ﬁ%%%e;toﬁoed f or

produci ng aiPEqUitdtRr§stdP MPrsplBfededreéracdeordskgncs FhédSprdsemtlass

i nvent ison, tiwbekhebs asonentumpness adtoven 15 Figa Iethed pfeprreducisngnd qui d
crystal disp]ay _devices conprising a substrate having pattern-form ng
transparen?ugfgﬁ?ESdes formed thereon and nakes it possible to dispose
spacers excl usi vehythis et trretee tvase fomtnericebkeCt 0 b @ rs{iAniek pdadRRny dat

black mirix;ghieie 10v8LoPRRECAPAGE! SubleRtel 2oMdBLIAGA L QYRLALNE
di splay area or to di spose spacers at B Ck matrix sites Wi th hlgﬁ yield
and accuracy, ardittdTegdestiree: aaest o e 64Fer i Hgre omagtest wisht age

appl i aat i 08 Vi tike 4PRNSERE e6h tRIACKEPIRS 0Rutber SUDSt £ @t € eWelii-B ke spray
chanmber. 1t is therefore OSSI%|€ toFBroduce liqu

d crystal 25 display
devi ces sh¥nl TPk g Foanectrghy' a?(a‘@%];tasgrf:o\ﬁpr?d'l\fé‘rtﬁorﬂ GﬁpéGﬁt‘E-Fést ,
mai nt ai ni ngo athant faordd cedt ¢t mdene s Jaraydnavi gt Weghappddldd todichel Ao

perfornanc%lg99£§8£§r5ﬁt£ﬁg ¥ﬁ%9?95téh0“j”9 di spl ay unevenness, in a stable
[

manner wi th a reduction rntac me” 30 Even in the case of TFT type
liquid crystal dishthgrdeithedslaciudtatitiguivgscmpsttdly dixqolseyl devbeeslyhow ng

very Risgh £opipagh W EHHH@%%'&Q&H%C?&YQP%DH SOErESQE(ﬂ%&aBul@Eide
produced. The 1jquid crystal display devite according to the
the display area and the éxposed parts were connected with
another vocltage application apparatus so that a direct current
voltage might be applied also to the blackmatrix portions. The
two voltage application apparatus could each be arbitrarily
20 adjusted with respect to voltage and voltage polarity.

The substrate was placed in the spray chamber in a state
insulated from the stage in the same manner as in Comparative
Example 1.

Micropearl BBS-PH (trademark; product of Sekisui Fine

25 Chemical; particle size: 5.3 um) were prepared as the spacers.

Then, a voltage of -2.50 kV was applied to all ITO
electrodes on the substrate and a voltage of -2.48 kV to the
black matrix portions, to give a potential difference of 20V
therebetween. While maintaining this state, the spacers were

30 passed through a stainless steel piping (whereby the spacers
were charged negatively (-)) and sprayed onto the substrate
using compressed air at a pressure of 1.75 kg/cm’. That the
spacers were negatively charged was confirmed beforehand.

Observation of the substrate having the spacers disposed

35 thereon under a light microscope revealed that the spacers had



35. invention, which is constituted as nentioned above, shows no 19JUN
?0p2 84 spacer-due |ight | eakage, shows very high contrast, has a uniform
cell thickness and has high quality display performance chanqugﬂiﬁ@écs
wi t hout show ng di spl ay unevenness. 1 9 JUN 2002 $5 c~.~rrrs 1 . met hod
for producing a liquid crystal display device 5 conprising spraying spacers
onto at least or.e of a first substrate conprising at |east pattern-formng
transparent el ectrodes and a second substrate to be di sposed opposingly

e bRCR TSR S SRl gt} g Srvaial ot Lhe space
negatively charged spacers onto the substrate, the substrate is disposed in
cl ose contgg hLhcan earthed conductive stage having a vol ume resistance
of not nore %ﬂé% 181 ~2cmto thereby inprove the 15 precision of selective
spacer positi onfiswestrate sprivetbfuter in &eparast naneerragcshatntest
vol t ages of ; R0Bx ¥np e 54 ké&&@ztyt Neh4 HeL Sd®r POk A dd Ar @st tdTRe SRS s G @
polarity 18, 8Rp! L Pl 1 0808 & LA RRAI M, P RE £98880at 1ayer surface and

the linear transparent electrodes were connected with the dummy

electrode, as shown in Fig. 5, was used, and a voltage was applied

to the dummy electrode and black matrix portions using separate

10 voltage application apparatus. The blackmatrix portions were
constituted so as to enable voltage application thereto in the
same manner as in Example 4.

By applying a voltage to the dummy electrode portion, the
same voltage was applied to the linear transparent electrodes

15 as well. The voltage applied to the dummy electrode part was
-2.50 kV and that applied to the black matrix portions was —-2.48
kV, just as in Example 4. Thereafter, the procedure of Example
4 was followed.

Observation of the substrate having the spacers disposed

20 thereon under a light microscope revealed that the spacers had
been disposed uniformly at black matrix sites all over the
display area, even in its marginal area. The state of spacer
disposition in the marginal part of the display area was still
more improved as compared with Example 4.

25 Then, this substrate was used to complete a liquidcrystal
display device by the conventional process. The thus-
completed liquid crystal display device showed high contrast
and no display unevenness all over the display area upon
observation of the display on the screen thereof.

30
Example 6

A substrate constituted in the same manner as in Example
2 except that linear transparent electrodes and a dummy
electrode were formed thereon and the linear transparent

35 electrodes were connected with the dummy electrode, as shown



20 2. The nethod for producing a liquid crystal display device according to
Claiml, wherein a voltage of 1.5 kV to 5 kV having the fg@ggfolarlty as

t he spacer chance polarity is applied to the transparent fdes. 25 3.
A nmethod for producing a liquid crystal display device conprising spraying
spacers onto at |east one of a first supstrate conprising at |east
pattern-form ng transparent 30 el ectrodes, a conductive black matri x and an
overcoat | ayer and a second substrate to be disposed opposingly above the

first S“bsl{xaftieg agd aé' e gna'tfwé 6 eAle LRt yrgbelé@aﬁ Qpoth

t he substr erein, rn sp I'ng positrve nega |ve y c ar'ged
1 9J UN 2032 s@bsgavc@tsonmfothﬁeom@tra‘aeéxa\@ng)rthagéwmr; disrmmed ed to

the conducti¥gebh \afde Bl [h{}h@ﬂﬁ'lé‘rc‘.@é:éégere(‘)@lécp thiae Eﬁ@@;@@é@ﬁé had

electrodes both the voltagés V1 and VZ being positive ones "and
sati sfyi ngPehe FeFResed al Rdagk W@é‘ﬁlt’%é@ﬁécé lcﬁ'&?ﬁetlb%ldalrfil:t%ﬁkf @rea
posi tie, &fidbiod badt iand A2 tb@Jtngplaega'tsl Madvbééﬁg@ﬁs@é‘@eéainlsﬁdﬁlﬂgy tahe

et hod for SBFBAGERG 1S A G RL AT f A e S AR a6 i m 3,
wher ei n th@h@059ateabfdspaeeendespesmEepnvinamhevmamglnaﬂ @BK€ ofarth®00 V.
display area was still more improved as compared with Example
4.

10 Then, this substrate was used to complete a liquid crystal
display device by the conventional process. The thus-
completed LCD showed high contrast and no display unevenness
all over the display area upon observation of the display on
the screen thereof.

15
Example 7

The procedure of Example 2 was followed in the same manner
except that the voltage applied was -6.0 kV. Discharge, hence
short-circuiting, occurred between the ITO electrodes and the

20 black matrix.

Example 8
In the procedure of Example 4, a voltage of -2.0 kV was
applied to the ITO electrodes and +100 V to the black matrix.
25 Discharge, hence short-circuiting, occurred between the ITO
electrodes and the black matrix.

Example 9
The procedure of Example 1 was followed in the same manner
30 except that a dummy electrode was formed in the manner shown
in Fig. 5 and all linear transparent electrodes were connected
with the dummy electrode.
Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that the spacers had
35 been disposed at black matrix sites all over the display area



15. S. The nethod for producing a liquid crystal display device according to
Caiml, 2, 3 or 4, wherein the substrate has a dumry el ectrode and, in
applying a voltage to the transparent el ectrodes, a volt é%JU% 4plied to
the dunmy el ectrode as well to thereby attain a uniformcell gap. 20 6. The
met hod for producing a liquid crystal dgsplay device according to Claimb5,
wherein the voltage application to the transparent electrodes is effected
by connecting the dummy el ectrode with the transparent el ectrodes and

| yi 25 | \ he .d | 7. h hod f duci
PPP Y o2 YRS AT ST RbE RS hE 9 atn AR MRl Pt M9 @
vol tage apputbdsibeshenduneynatettabdears of therdidp¥apmide aoedde
appl i ed 30 &gst&rs@sggsem ehgg%%%n §n /é_h@emqgi Q1 QUGG

|'iquid crystal _display vice conprising spraying spacers onto at |east one
of a firstd3sPsalstFed e'adiilildi AGra: 1MPaevepad & cFoMPIF o il &l dkepmlent 1
9 JUN w5p218i electrodes, an alignnent |ayer and one or nore display areas

and a second substrate to be dj sposed opposi,ngly above the first substrate
and filling a |iQuFQ SHos hEeLE H’é%ggéa 43 ‘F&EEE"—B&%YS@WW crysta

t hesubst r atiesphligr denicenbpr aiengoposentiiveky orocegat.i vEhy thasged spacers
onto the s | s. di [ h.c t . Sri th an
ear thed c§§@%£€%§% %?g %%gﬁ%éﬁ%fg¢rFéﬁé%??ﬁgﬁh?ﬁgJgﬁﬁggggiggﬁgé Nerehy

al |l ow t he pktioVerathe P2y i e tUReR ofbser tat kgraraf fhemdilse leanduct i ve

stage 10 apecas¥pbiaoenefethe sanme polarity as the spacer charge polarity
is applied to the transparent el ectrodes on the substrate. 9. The nethod

for producing a liquid crystal display 15 device according to C aim 8,
wher ei n t hexampsérapoe onto which spacers are to be sprayed has a bl ack

matrix formed thereon, said bl mat i el onduct i and sai d
conductive stage %%ﬂcﬁ%eoﬂg%é?a%eeﬁpvgar ?géic?we?rﬁéf ?‘L'g‘le TS Eargs
conpar ed wexbephetpattar subshnetpehaphegak etigestofet bachl &bkt20imetr x of
each displ t t 1Q. 4T L produci l'iquid
crysta5§di§%?§§5 EgﬁEeQ§%§§?§?%8 ?BdcgaF%RQYSEEEEQﬁEQFe?ﬁgghgogggg of

cont act bethersgonheutohdaeclineast fgansnarené sibstradesi yemst npéss

connected with the dummy electrode was used and that a voltage
of -2.0 kV was applied to all linear transparent electrodes by -
means of a voltage application apparatus comprising bar

20 electrodes and -2.03 kV to the dummy electrode using another
voltage application apparatus.

Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that the spacers had
been disposed at black matrix sites all over the display area

25 and in particular that spacers had been disposed uniformly at
such sites in the marginal part of the display area as well.

Example 11
A common electrode substrate for STN type LCD production
30 (glass substrate provided with pattern-forming linear
transparent electrodes, a black matrix made of a resin and color
filters; aperture size of each of RGB pixels = 80 x 280 npm,
black matrix line width = 35 um, acrylic resin overcoat layer
= 3.0 pum, ITO electrode line width = 290 um, interelectrode
35 distance = 25 pym, glass thickness = 0.7 mm) was prepared as

I



25 than 30~ of the part of the display area. 11 . A nethod for producing a
liquid crystal display device conprising spraying spacers onto at |east one
of a first 30 substrate conprising at |east pattern- forn1ﬂ§ YEMNBar ent

el ectrodes and an alignnent |ayer and a second substrate to be di sposed
opposi ngly above the first substrata andsdilling a liquid crystal into the
space between both the substrates, 35 and conprising the step of renoving
noi sture fromthe 1 9 J UN 2902 88 substrate onto which spacers are to
be sprayed, i hesshep-Lf di sposing the substrate into close contact with an
eart hed con uctrve stage andt hensprayi ng spacers while applying a voltage
of the sane pol ar¢n \thess s sdpader waschargedpal Gr ¢ ?yx o thick paAypaidet

el ectrodes @mm@eﬁ@bﬁéy@fﬁ WHl&H%@QYShB‘ﬁ)é@EGdt Be puBBHBLORrebtmehective
Spacer p05|t|om

the_tra nt el ectrodes
net hod for produc ?gﬂ?ﬁedW?§t%F ﬁ|£¥$ 99 8@9%8813805V8|%QHF3 C ai m
11, mheEE|nsmbstsaeaspfnamebylng hmdstuoednSpﬁayrhedaeufobmeheahemgohhe

substrate Prior i eRACPLISREINNG \ Ae rdNEASINGN SALRLRUE AR ol duid

crystal displa device accor &reln t step of
renovi ng nonst ﬁgcbaedgedlbuiCH&théaﬁuhgtrﬁéesub%ﬁﬁE%Eléanh@ §ba@dr

spraying. léne Wté@@cﬁﬁfd@ﬁ%'cdd?ﬁm@cﬂécﬂlw&wraY%b@'ta%'eSBbﬁh%gt@%\ﬁ' ce

according to d 13, wherein the ste f renoving noisture is

carri'ed out2BRAHRENF ngP atliRy BRINoKPLLRAR §HB%%F§FéOBrF8rtP8 dpREYr
sprayi ng. 181 edbeoa@tdrod HeolsupisedadieNdaadl kgot doer Yot @lvali gy anigh tdpei ce

accordi ng t alm % erein he S renovi ng noi sture
is carried R b?d é%l%%fnﬁ ﬁn?i?ﬁFEo PhC} & FVSH% SFF%F ‘to spacer
spraying. 16 . Theheretpoayéorupeddues niasiingindivegsing dodplaPIS8bAdevi ce
accordi ng tﬂRPN@&%B%%ar%%’sﬁ%ay%@,ogslghowﬂeiﬁiﬁiéhQNL The conductive
stage was almost identical in shape and size with the ITO
15 electrode region on the substrate and thus had a size such that
each edge was about 10 mm inside the corresponding substrate
edge, as shown in Fig. 11, and such stage was disposed within
the sprayer. A connecting terminal for voltage application as
connected with the voltage application apparatus was provided
20 within the spacer and a wiring was led into the sprayer so that
voltage supply might be made to the substrate.

Micropearl BB-PH (trademark; product of Sekisui Fine
Chemical; particle size: 7.25 um) were prepared as the spacers.

Then, a voltage of -2.0 kV was applied to all ITO

25 electrodes on the substrate by voltage application to the dummy
electrode. While maintaining this state, the spacers were
passed through a stainless steel piping (whereby the spacers
were charged negatively (-)) and sprayed onto the substrate
using compressed nitrogen gas. That the spacers were

30 negatively charged was confirmed beforehand.

Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that the spacers were
located in the interelectrode gaps, namely at black matrix
sites.

35 Thereafter, this substrate was used to complete a liquid



step of renoving noisture is carried out by allow ng the substrate to stand
under vacuum or by heating the substrate under vacuumprior to spacer
spraying. 35 17. The nethod for producing a liquid crysfaljul 9gbay 191
U N 2002 89 device according to Claim12 or 13, wherein the heating of the
substrate is carried out at a tenperatureso. not lower than 50 C. 5 18.

The nmethod for producing a liquid crystal display device according to Claim
11, 12, 13, 14, 15, 16 or 1 7, wherein, upon application of a voltage of 1

kV to the té§9§9§1e@isﬁi§9t699PéeoﬁytBEeSHQ%@E%E@oﬁBHGerQEB%et'@HeOf the
step of renpving noisture,_ the current omnng between the 10 transparent

el ect rodes %ﬁu¥ﬁ%°%ﬂ%%F?%t%cgnﬂh?ﬂéchhEBchv rgphgReravgst OkoPe than 10-6
A 19. A rre@@@@rf@mc@rccmgaegr@ imqu_l)aalcsytte@I lﬂhBP}lcéi)tHéeMaﬁé d:ﬁ)rspralc%lxng

f fi t
eact patt CoRErEH IRy EhaRSdRr At E Rt Ae L A SOEE B et T ByePIRNG o
second subspenfermnande wlisspbsedcoppadgedghby galvalveishéafiursitf catnisty atve ngnd
filling a I Uéﬂa&é¥S¢§%?b§19169e?%Pa898£eEﬂ@e819P&QXtQ?e%UbStrates 20 and

conpri sing t e ste posi ng e substrate in | 0Se contact with an
eart hed conductive stage and spraying spacers while applying a voltage of
the sanme potaihbye as2the spacer charge polarity to the transparent

el ectrodes on the substrate, 25 hﬁéSUb tr?ie bef L and dgrig JSpacer
Sprayi ng. showi ng PHErBETSrILEs cof JLeArbRat LLvien BoVbPUage Bl Ao gars
appl i edot o himenér mesqm@rte‘ahaelteret bbdek n(nrtrtmeusalds/tarsaaeneﬂérﬂelJocur:hemnlhkrowi ng
Det e L APTRN y S8 R B B Bl PR PR
sel ective stpa@@rwmsci:@m@nshgdu<nfatwpadeva;ﬂetiheortansparenpeete&eﬁ-ades 20.
The nethod £9F - PERENEIRNG fol 101 STy a i SRl AY ALV s2EditRd iH0 0 aim
19, manner such that the divided portions each was 5 mm inside from

15 each picture frame edge of the black matrix of the relevant

display area.

Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that the spacers had
been disposed in interelectrode gaps, namely at black matrix

20 sites.

Thereafter, this substrate was used to complete a liquid
crystal display device by the conventional process. The
thus~-completed LCD showed high contrast because of no
occurrence of spacers in pixel sites, unlike the case of spacer

25 spraying by the prior art method of LCD production. Itsdisplay
performance was characterized by good display uniformity owing
to spacer disposition all over the display area.

Example 13
30 The procedure of Example 11 was followed in the same
manner except that the conductive stage used was larger by 50
mm than the substrate.
Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that the spacers had
35 been disposed in interelectrode gaps, namely at black matrix



35" wherein the step of disposing the substrate into close 1 9 JUN 2D02 90
contact with an earthed conductive stage and spraying spacers while

appl ying a voltage of the same polarity as the spacer chhBgdNd@itarity to
the transparent el ectrodes on the substrate is carried out under conditions
controlled so that the 5 tenperature is g¢thin the roomtenperature range,
nanely 18 Cto 28 C and the relative humdity anounts to not nore than 50~
RH. 21. The method for producing a liquid crystal display 10 devi ce

according to,d ai,n 2 er.ei n.the substrat t..in an environpen

where the tohEss A0 Enal IR AReSPaBREBcRatrr el cisheibd s B8R ¢ o
2 8 C and the mm|ani vee hpet dphgranoblntbet diaplagoreethan 50~ 15 RH 22. A
met hod for producigr@, ki gy dcrﬁrsygh%g_ha%@ ¥ s AR £ 8 COIREL SLEG erq%wdng

spacers onto at |east one of a first 20 substrate conprising at [east
pattern-f or@F ¥igtak aAspatayit deveeerbdeshangorNeRFLgRARNPIPESEF - anBl@ second

substr atse t@h@@—ébﬁppéEQdODQDSSHQ%¥daHQ§§ Ebﬁtibéﬁtaﬁabébbatalé Qa&l||ln9 a
liquid crystal into the s etme re

ubstra [
Spraying bORSTTOBRINET Iebas Sty ChAdd b AL e orieB 1ENeR Eabet 1Lt Vet ho
substrate ipedispesetl porciose @ﬁntaetdmspmagnaeaathhdweoeducthéeceuage a

vol tage of Eﬁﬁf—ﬁ{%‘gcp&égrdéé/rea{%éé‘gbescpﬁgse{rafaarb%eenrpo' A § ac%r%pph

t he transparen trodes ©On en the ernlnéls og % he
vol tage appiisptapnuapperacss wae dbsedkAdeted from the transparent
el ectrgg@es and spacer spraying is carried out while the electric charge

remai ns on the substrate. 35 1 9 ,1UN 2002
Example 14

The procedure of Example 12 was followed in the same
manner except that the conductive stage used had a size of 40%,
30% or 20% of the display area.

15 FEach substrate having the spacers disposed thereon was
observed under a light microscope and then used to complete a
liquid crystal display device by the conventional process.

When the conductive stage had a size of 40% of the display
area, the spacers were disposed in interelectrode gaps, namely

20 atblackmatrix sites, like in Example 12, and the liquidcrystal
display device completed showed high contrast owing to the
absence of spacers at pixel sites and was characterized by good
display uniformity owing to the disposition of spacers all over
the display area.

25 When the conductive stage had a size of 30% of the display
area, some spacers had been disposed at pixel sites as well.
With the liquid crystal display device completed, however, the
contrast was little influence by the small number of spacers
disposed at pixel sites, and the device showed high contra§t.

30 When the conductive stage had a size of 20% of the display area,
the spacers were disposed randomly on the display area and the
liquid crystal display device completed showed no improvement
in contrast.

35 Example 15



91-23. *The nethod for producing a liquid crystal display device according
to Caim22, wherein the earthed conductive stage is a nobile one and, in
spraying positively or negatively charged spacers 5 onto tpg ﬁﬂpib ate, the
substrate is disposed in close contact with the conductive Stage,“then a
vol tage of the sane polarity as the spacgf charge polarity is applied to
the transparent el ectrodes on the substrate, the termnals of the voltage
application apparatus are 1o di sconnected fromthe transparent el ectrodes,

t he conductive stage together with t trate . | oS ntact therewith
is transferred toﬁg:osp Ogéﬁligﬁﬁﬁgle sgﬁaéﬁg?e@ﬁ]{ éﬂj g}ﬁé‘ég‘l‘&ﬁs)&rgﬁiiuﬁ&lp?
carried out (glssg4sulpsheehedprovigedduéichgpatitequi-docmisgall idespl ay device
conprising spLAYHRPeSPAELESE PHIOs At I16@Sd 1 PIE Afr il T 24D rt%%ﬁ and

conprising at_least_ pattern-formng transparent electrode and an ali gnnment

| ayer and aCeEeBnl LE®ES i ARCE IR Pz Qlicfhesed 6ppBSPrplyehbovEQ e 2810 st
substratge apéh,fidddanaig |iquid crystal into the space between both the
substrates, wherein, .in spraying .positively_ or negatively charged spacers
onto the SUBRTPREWN bls ke Chpelineci dthiL 3 eut ARTEaSe 2ot BUETRORk an
eart hed conDugér e Bitageam, al Moldlage: rafdd he e pobagind,y 1A etrlee egpaode

char ge pol agj | s applied to t sparent _el.ectrodes on the substrate
whi |l e naint%}%?%%é%hatﬁétﬁpé 8?g§8|%§§§Q§6§%icaPrgnkﬁg '8 RIEBPLA aSeriod
of tinme, anehehewospaeke.spraying is carried out while maintaining that

015918335 Gy CeRRCTTIND Lo ongobel L0 BBt ormeme
Then, the substrate was washed by showering with pure water and
then drained with an air knife.

The ITO electrodes were formed as shown in Fig. 5, so that

15 a voltage might be applied to all linear transparent electrodes
by applying the voltage to a site outside the display area.
However, cutting the conductor portions after spacer spraying
gave a common electrode substrate not essentially differing
from the ordinary one.

20 The sprayer used was a dry method sprayer produced by
Nisshin Engineering Co., as shown in Fig. 31. A connecting
terminal for voltage application as connected with a voltage
application apparatus was provided in the sprayer and a wire
conductor was passed into the sprayer so that a voltage might

25 Dbe supplied to the substrate.

Micropearl BBP (trademark; product of Sekisui Fine
Chemical; particle size: 7.25 um) were prepared as the spacers.

Then, as the heating/drying step prior to spacer spraying,
the color filter substrate prepared in the above manner was

30 dried by heating in an oven at 90 °C for 30 minutes for removing
moisture. After the drying step, the substrate was disposed
on an earthed conductive stainless steel stage in close contact
therewith and, after confirming that the substrate showed no
warp, the terminal of a direct current power source was

35 connected with the ITO electrodes at sites outside the display



wherein the voltage application state is maintained at |east for 5 mnutes

prior to carrying out spacer spraying while maintaining that state of

vol tage application. 5 26. A method for producing a l|iquid 8rd&k 2¥92di spl ay

devi ce conprising spraying spacers onto a first substrate conprising at

| east pattern-form ng transparent el ectregles, a conductive black matrix, an
overcoat |layer and an alignnent 1o layer, and filling a liquid crystal into
t he space between the first substrate and a second substrate conprising

thin fi|”1t$§@§lStﬁ”ﬁbfﬁﬁé@“%f**é?@@ M@iﬁgsiﬁhéﬂ Qﬁpﬂié@93€9198@9§i59|y
above the flrsé%substrate, wherein the flrit substrate . h transggrent 15

. € .nas
el ect rode- f F8BALREhERAFBEF ohBTPBPReA RIFBAPHSSHe SERE sB&P@iﬂ“@léH £3@8Y over
ang Wi thin ghecexparsam ohlau:bedcpnm'esm@lljj/ r(ggdoaﬂgcﬂﬁneqzibigachemrﬁ&dft@reeas,
and, 1 n sprayin SI{l y _or_negatvel, arge cers onto the first
substrat e, X%%?%%ﬁ% FQ%%rigoggﬁﬁlS%dt81¥ﬁég58'co%§g€t ve Prack Tefff® and
a voltage (&R23rgedtiegatarsharentheltecccodéon was lcarf nmed bgdsr¢haand V2
bei ng positive o i.sfyi el at | n e spacer
charge polarity ?gﬁ%g£?¥?€%? %bgfoﬁﬁgﬂEV%aaﬁggsglbgﬁggygggarége vol t ages
and satisfydhgadmeteeparpbiryl(23 ) ande tﬁéa§pa@e‘rum:1ngnrtgxeo§o7l%%m t hiex
negative . 2%ollwgdeiadk¥alaPa@HiGidtd ta theut aksystaht di1Hd @by ose
according t CI%%W]ZG 3% mheretg tQﬁ oIentlﬁl difference between V1 _and
V2 i's not noPE LI SUBSVIEEE S ARBUIGE 1 PSAUBFRE B 1IN BRYSESP
di spl ayrodevike t¥mrcxprrerst kg esprayiesgasgdates stenteowasfiowid soblséraat ¢he 1 9
JU N 2002 Qgrgggpgksiggl?t | east pattern-form ng transparent el ectrodes, a

bl ack matrix, an overcoat layer and an alignnment layer, and filling a
liquid crystal inPlseneatparebhehaesibsbeate havinamsheAracans diseosed

substrate CORpFésShNthddd B 1ibAL GnddA8StShOS TR thher €08 Wi Gy d sako be
di sposed opposi ngly above_thé first substrate, )
been disposed linearly in gaps between the respective
15 neighboring ITO electrodes. Thus, no spacer was found within
any display pixel site.

Thereafter, the substrate was used to complete a liquid
crystal display device by the conventional process. The
thus-completed LCD showed high contrast and good display

20 characteristics owing to the absence of spacer-due light

leakage.

Example 16
The procedure of Example 15 was followed in the same

25 manner except that the step of heating/drying the substrate

prior to spacer spraying was omitted. The current flowing

between the transparent electrodes and the stage upon

application of a voltage of 1 kV to the transparent electrodes

on the substrate was checked and found to be in the order of
30 107 A.

Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that the spacers had
been disposed not only in ITO electrode gaps but also abundantly
on ITO electrodes, namely at display pixels as well.

35 Thereafter, the substrate was used to complete a liquid



wherein the first substrate has transparent el ectrode-free etched regions
formed wthin the transparent el ectrodes over and within the expanse of the
correspondi ng to conductive black matrix areas, and, in spiayuﬂgqa@sitively
or negatively charged spacers onto the first substrate, th ff t““Substrat e
is disposed in close contact wth an eargded conductive stage having a

vol une resistance of not nore than 101 S2 cmand a voltage of 200 Vto 15 5
kV having the sanme polarity as the spacer charge polarity is applied to the

{ranspar ent ool { oe8p1 29: o8 ELNY EAE BOAGUALRENG,! LOULASerySEAL di splay

device 20 conprising s ng spacers onto a first subStrate conprising at
| east patt efUSOEPRbeEeAnEpHreas énéeriedesn gABLERBLI &g Ahki §GPdoé&r yst al

into the spagsnpeé Wwesnathg féssitsybsthat en@ndedcsee@ndpabbstaaktelight
conprising thin filmtransistors forned thereon which is to be di sposed

opposi ngly beakidSe the first substrate, wherein the first substrate has
isolated, electrically floating, transparent el ectrodes not connected with
t he surrouq&%qﬁ?%éaﬂ§parent el ectrodes but fornmed within the transparent

el ectrodes Wt the expanse of the corresponding 30 black matrix areas as
formed on the firBte awreeednde substxampeleaht, wan Eptagvag posthevebpeor

negatively char ged. SPAGET S KOG d Q%Héﬂi]ﬁa{teﬁ rlfed R & EE@P§99§55‘@ eis

di sposed in close contact wth an earthed conductive stage ng a vol une
resi stance ®f 4otCnfpes BRaRinoies~-cni3e anarantofiagéngfbekeesanthpol arity

as the 1@pa0@faﬂ§§5‘éggnt élﬁcﬂr&%@s a?]a()_ﬁﬁelgétﬁgbaﬁbbyl ia@pam@h:cednt @gt ae
transparent electro er a the |1 so te tran arent,.,el ectr e on
Lhan P ees T ekEas BT RIS dloR Bkt et Sl L ARARRT AN SEbERIRR SN
5 devi ce ace®s dilngcked Chmiinfdun@, t8 bd, 16, tBe drder 6f 10;° a1, 12, 13, 14,
15, 16, 17, 18, - , , . ner e
spacers are char éczmds%xg?ﬁ?/%%g glr%gnsetgo;%?l\z/%?/ﬁ?\%yvl%é F]}ééssg{aa%%cf ?ﬂ?%égﬁda

pi pel i ne neldlkeBEOR YWKdsh aot 1gh hetid raRGIRe K& VEdes 5528 HRlisACeys hide

net hod 1f50r 196 OFIUE1 Hifo fed | B3k CoreX v sitrall 1 18 sl e Cg%f}%C%ftdia'l@sot enCrepm 1,
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thus-completed LCD was inferior in contrast to the LCD of
20 Example 15 as a result of the influence of spacer-due light

leakage.

Example 18
The procedure of Example 15 was followed in the same
25 manner except that the procedure mentioned below was performed
in lieu of the step of heating/drying substrates prior to spacer
spraying.
A hot plate was provided in the spray chamber, and a thin
aluminum sheet was further disposed thereon in close contact
30 with the top of the hot plate. The aluminum sheet was earthed,
the hot plate was heated, and the aluminum surface was
maintained at 150 °C. Then, the substrate was disposed in close
contact with the aluminum sheet, a voltage of +2.00 kV was
applied to the transparent electrode portions and, 3 minutes
35 later, spacer spraying was carried out in the same manner as
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crystal display device by the conventional process. The
30 thus-completed LCD showed high contrast and good display
characteristics owing to the absence of spacer-due light

leakage.

Example 20
35 The procedure of Example 15 was followed in the same
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The procedure of Example 15 was followed in the same-
20 manner except that the substrate was placed in a vacuum drier
and allowed to stand under vacuum (1 Pa) for 5 hours and then
the voltage application to the linear transparent electrodes
and spacer spraying were immediately carried out in lieu of the
step of heating/drying substrates prior to spacer spraying.
25 The current flowing between the transparent electrodes and the
stage upon application of a voltage of 1 kV to the transparent
electrodes on the substrate was checked and found to be about’
107 A.
Observation of the substrate having the spacers disposed
30 thereon under a light microscope revealed that the spacers had
been disposed linearly in the ITO electrode gaps. Thus, no
spacer was found within any display pixel site.
Thereafter, the substrate was used to complete a liquid
crystal display device by the conventional process. The
35 thus-completed LCD showed high contrast and good display
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the working environment for spacer spraying were both
controlled at room temperature (23 C) and a relative humidity
of 40% and the step of heating/drying substrates prior to spacer
10 spraying was omitted. The current flowing between the
tLransparent electrodes and the stage upon application of a
voltage of 1 kV to the transparent electrodes on the substrate
was checked and found to be in the order of 1077
Observation of the substrate having the spacers disposed
15 thereon under a light microscope revealed that the spacers had
been disposed linearly in the ITO electrode gaps. Thus, no
spacer was found within any display pixel site.
Thereafter, the substrate was used to complete a liquid
crystal display device by the conventional process. The
20 thus-completed LCD showed high contrast and good display
characteristics 6wing to the absence of spacer-due light

leakage.

Example 23

25 The procedure of Example 15 was followed in the same
manner except that the environment for storing substrate and
the working environment for spacer spraying were both
controlled at room temperature (23 °C) and a relative humidity
of 85% and the step of heating/drying substrates prior to spacer

30 spraying was omitted. The current flowing between the
transparent electrodes and the stage upon application of a
voltage of 1 kV to the transparent electrodes on the substrate
was checked and found to be in the order of 107 A.

Observation of the substrate having the spacers disposed
35 thereon under a light microscope revealed that the spacers had
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10 The substrate was stored beforehand in an environment
maintained at room temperature (23 C) and a relative humidity
of 20% and thereafter the procedure of Example 15 was
immediately followed. The step of heating/drying substrates
prior to spacer spraying was omitted and the working environment

15 for spacer spraying was controlled at room temperature (23 °C)
and a relative humidity of 50%. The current flowing between
the transparent electrodes and the stage upon application of
a voltage of 1 kV to the transparent electrodes on the substrate
was checked and found to be in the order of 10° A.

20 Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that the spacers had
been disposed linearly in the ITO electrode gaps. Thus, no
spacer was found within any display pixel site.

Thereafter, the substrate was used to complete a liquid

25 crystal display device by the conventional process. The
thus-completed LCD showed high contrast and good display
characteristics owing to the absence of spacer-due light
leakage.

30 Example 25
The substrate was stored beforehand in an environment
maintained at room temperature (8 C) and a relative humidity
of 10% and thereafter the procedure of Example 15 was
immediately followed. The step of heating/drying substrates
35 prior to spacer sprayingwas omitted and the working environment
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5 was checked and found to be in the order of 107° A.
Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that the spacers had
been disposed not only in ITO electrode gaps but also abundantly
on ITO electrodes, namely at display pixel sites as well.
10 Thereafter, the substrate was used to complete a liquid
crystal display device by the conventional process. The
thus-completed LCD was inferior in contrast to the LCD of
Example 15 as a result of the influence of spacer-due light
leakage.
15
Example 26
A common electrode substrate for STN type LCD production
(glass substrate provided with pattern-forming linear
transparent electrodes, a metallic chromium black matrix and
20 color filters; aperture size of each of RGB pixels = 80 x 280
um, metallic chromium black matrix line width = 25 um, acrylic
resin overcoat layer = 3.0 um, ITO electrode width = 290
pum, interelectrode distance = 15 um, glass thickness = 0.7 mm)
was prepared as the substrate.
25 On this substrate was formed a 0.05-pum-thick polyimide
alignment layer, which was subjected to rubbing treatment.
All transparent electrodes (ITO electrodes, stripe
electrodes) on the substrate were connected within the dummy
electrode region to a voltage application apparatus so that a
30 direct current voltage might be applied to all ITO electrodes
on the substrate. The voltage application apparatus could
arbitrarily be adjusted with respect to voltage value and
voltage polarity.
The sprayer used was Nisshin Engineering's DISPA-uR
35 (trademark, dry method sprayer). The substrate was disposed



10G 10G@BL0YGE () - 96@LOYGE () - ! kn - #109& ()-! - #109%GG& ()- ) a’aaa{ Y8g\ =
1l Cf109& ()-Z.)! f109%@Z& ()-Z. ! f10% & ()-Z. ! f10% ()-Z. f10%

& ()-Z. S109%Z& ()-aab\ bbbb{Z9g\= !l “f10%& ()-Z. f109%&1(9 JBN 2002
“F109@Z& ()-Z.Z "f10% & ()-Z. ! f109%ZZ& ()-Z. " f10% & ()-Z. bb?c~cccd dyws- =
10Z, 8109%&&' ()-! f10%& ()-Z.! f109%&' ()-Z.75 f 109R2vZ& ()-Z.. " f10%

& ()-Z.!" f10%& ()-Z. dddddTd\ ddnk= 10Z, 810% V, $10%& () - - YL0%Z&' () -

S109@& ()- @O0%& ()-!10%& ()-3 10Z 10zdf 7ggg\ hhi zX6K=

S100 ()1 11 ki BPA 9001 Vi Bl oapooat thoResErLh rea o5y cotltive !
10ZZ! °, $109%77&u¢) - -A persioed qf the vaionge appliicatAoomriz=atus (direct
current power source) for voltage application was provided
within the spacer and a wiring was led into the sprayer and
5 connected with the dummy electrode on the substrate so that
voltage supply might be made to all ITO electrodes on the
substrate.
Micropearl BB-PH (trademark; product of Sekisui Fine
Chemical; particle size: 7.25 um) were prepared as the spacers.
10 Then, a voltage of -2.3 kV was applied to all ITO
electrodes on the substrate for 1 minute.
Thereafter, the terminal of the voltage application
apparatus was disconnected, and the spacers were passed through
a stainless steel piping (whereby the spacers were charged
15 negatively (-)) and sprayed onto the substrate by means of
compressed air. That the spacers were negatively charged was
confirmed beforehand.
Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that almost all the
20 spacers had been disposed in the interelectrode gaps, namely
at black matrix sites.
Example 27
In Example 26, an aluminum foil was brought into close
contact with the whole reverse side of the substrate, the
25 terminal of the voltage application apparatus was connected
with the dummy electrode on the substrate on an earthed
stainless steel plate, and a voltage of -2.5 kV was applied to
all ITO electrodes for 1 minute.
Thereafter, the terminal of the voltage application
30 apparatus was disconnected, the substrate and the aluminum foil,
in close contact with each other, were transferred onto the
earthed stainless steel stage in the spray chamber, and spacer
spraying was carried out in the same manner as in Example 26.
Observation of the substrate having the spacers disposed
35 thereon under a light microscope revealed that almost all the
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we& ()- stalnless steel plate, and a’ vo tage of -2.5 kV was applied to

10 all ITO electrodes for 1 minute.

Thereafter, the terminal of the voltage application

apparatus was disconnected, the substrate and the aluminum foil,
in close contact with each other, were transferred onto an
insulating table (made of a vinyl chloride resin) in the spray

15 chamber, and spacer spraying was carried out in the same manner
as in Example 26.

Observation of the substrate having the spacers disposed
thereon under a light microscope revealed that almost all the
spacers had been disposed in the interelectrode gaps, namely

20 at black matrix sites.

Example 29
A common electrode substrate for STN type LCD production
(glass substrate provided with pattern-forming linear
25 transparent electrodes, a metallic chromium black matrix and
color filters; aperture size of each of RGB pixels = 80 x 280
pzm, metallic chromium black matrix line width = 25 pm, acrylic
resin overcoat layer = 3.0 pgm, ITO electrode width = 290
pgm, interelectride distance = 15 um, glass thickness = 0.7 mm)
30 was prepared as the substrate.
On this substrate was formed a 0.05-um-thick polyimide
alignment layer, which was subjected to rubbing treatment.
All transparent electrodes (ITO electrodes, stripe
electrodes) on the substrate were connected within the dummy
35 electrode region to a voltage application apparatus so that a
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(trademark, dry method sprayer). The substrate was disposed
in close contact with an earthed stainless steel conductive
stage. A terminal of the voltage application apparatus (direct
current power source) for voltage application was provided
10 within the spacer and a wiring was led into the sprayer and
connected with the dummy electrode on the substrate so that
voltage supply might be made to all ITO electrodes on the
substrate.
Micropearl BB-PH (trademark; product of Sekisui Fine
15 Chemical; particle size: 7.25 um) were prepared as the spacers.

Then, a voltage of -2.0 kV was applied to all ITO
electrodes on the substrate.

Immediately after voltage application (the duration of
voltage application being zero) or after 1 second, 3 seconds,

20 5 seconds, 10 seconds or 60 seconds of voltage application,
spacers were passed through a stainless steel pipeline (whereby
the spacers were charged negatively (-)) and sprayed onto the
substrate by means of compressed air. That the spacers were
negatively charged was confirmed beforehand. During spacer

25 spraying, the voltage of -2.0 kV was continuously applied to
all ITO electrodes.

Each substrate having the spacers disposed thereon was
observed under a light microscope and the state of spacer
disposition was evaluated in terms of disposition percentage,

30 as follows.

[Disposition percentage (%)] = [number of spacers disposed at
black matrix sites per certain number of pixels]/[total number
of spacers per the certain number of pixels]

The results thus obtained are shown in Table 1.
35
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Example 30
A color filter substrate (glass substrate provided with

5 pattern-forming linear transparent electrodes, a metallic

chromium blackmatrix and a pigment dispersion type color filter

layer formed thereon; aperture size of each of RGB pixels = 80

x 280 um, metallic chromium black matrix line width = 35

pm, pigment dispersion type color filter layer thickness =
10 about 1.5 pm, acrylic resin overcoat layer = 3.0 pum, glass

thickness = 0.7 mm) was prepared as the first substrate.

Then, rectangular etched areas, 25 gm x 100 yum in size,
were formed over and within the expanse of the corresponding
blackmatrix areas formed centrally in the horizontal direction,

15 as shown in Fig. 23.

On this substrate was formed a 0.05-ugm-thick polyimide
alignment layer, which was subjected to subbing treatment.

The transparent electrodes were connected with a voltage
application apparatus at sites outside the display area on the

20 color filter substrate and, further, the transparent electrode
layer and overcoat layer were partly scraped off to expose part
of the chromium black matrix and the black matrix portions were
also connected with another voltage application apparatus so
that a direct current voltage might be applied thereto. The

25 twovoltage application apparatus couldarbitrarilybe adjusted
with respect to voltage value and voltage polarity.

The sprayer used was a Nisshin Engineering dry sprayer,
as shown in Fig. 32. The substrate was disposed on an earthed
stainless steel conductive stage in close contact with the same.

30 Terminals for voltage application as connected with the
respective voltage application apparatus were provided within
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state, spacers were passed through a stainless steel pipeline
10 (whereby the spacers were charged negatively) and sprayed onto
the substrate by means of compressed air. That the spacers are
charged negatively was confirmed beforehand.

Observation of the first substrate having the spacers
disposed thereon under a light microscope revealed that the

15 spacers had been disposed in the etched areas alone, as shown
in Fig. 33.

Thereafter, the substrate was used to complete a TFT type
liquid crystal display device by the conventional process.
Upon screen observation, the thus-completed TFT type LCD showed

20 high contrast owing to the absence of spacers in the display
area.

Example 31
Using the same substrate as used in Example 30, a voltage
25 of -2.0 kV was applied from a voltage application apparatus to
the transparent electrodes but the terminal of the voltage
application apparatus was not connected to the black matrix
portions. Otherwise, the procedure of Example 30 was followed.
Observation of the first substrate having the spacers
30 disposed thereon under a light microscope revealed that the
spacers had been disposed in the etched areas alone.

Example 32
The procedure of Example 31 was followed in the same
. 35 manner except that an antistatic mat having a resistance value
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conductive stage in the spacer sprayer in close contact with
the stage and the first substrate was disposed thereon in close
contact.

5 Observation of the first substrate having the spacers
disposed thereon under a light microscope revealed that the
spacers had been disposed in the etched areas alone.

Example 33
10 The procedure of Example 30 was followed in the same
- manner except that an antistatic mat having a resistance value
of not more than 10’ Qcm was disposed on the stainless steel
conductive stage in the spacer sprayer in close contact with
the stage and the first substrate was disposed thereon in close
15 contact. )
Observation of the first substrate having the spacers
disposed thereon under a light microscope revealed that the
spacers had been disposed in the etched areas alone.

20 Comparative Example 3
An attempt was made to follow the procedure of Example
30 by applying a voltage of -1.5 kV to the transparent electrodes
and a voltage of -1.3 kV to the black matrix portions. However,
short-circuiting occurred between the transparent electrodes
25 and the conductive black matrix and, as a result, voltage
application could not be carried out.

Example 34
A color filter substrate (glass substrate provided with

30 pattern-forming linear transparent electrodes, a metallic

chromium black matrix and color filters formed thereon;

aperture size of each of RGB pixels = 80 x 280 pgm, metallic

chromium black matrix line width in stripe direction = 25

rm, black matrix line width perpendicular to stripe direction
35 = 35 um) was prepared as the first substrate.
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10 application apparatus at sites outside the display area on the
color filter substrate so that the transparent electrodes other
than the isolated transparent electrodes might be connected
with the voltage application apparatus and a DC voltage might
be applied thereto. The voltage application apparatus could
15 arbitrarily be adjusted with respect to voltage value and
voltage polarity.

The sprayer used was a Nisshin Engineering dry sprayer,
as shown in Fig. 34. The substrate was disposed on an earthed
stainless steel conductive stage in close contact with the same.

20 Aterminal for voltage application as connected with the voltage
application apparatus was provided within the sprayer and a
wiring was led into the sprayer so that voltage supply to the
substrate might be made.

Micropearl CB (trademark; product of Sekisui Fine

25 Chemical; particle size: 5.7 ym) were prepared as the spacers.

Then, a voltage of +1.8 kV was applied to the transparent
electrodes other than the isolated transparent electrodes on
the substrate. While maintaining this state, spacers were
passed through a pipeline (whereby the spacers were charged

30 positively) and sprayed onto the substrate by means of
compressed air. That the spacers are positively charged was
confirmed beforehand.

Observation of the first substrate having the spacers
disposed thereon under a light microscope revealed that the

35 spacers had been disposed, as shown in Fig. 35, only in those
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~pff pEQﬂiWﬁE(@pg%mng&pﬂ)to'auyﬂaiuﬁg.material and heating in
the curing process, and their translocation or the like was not

observed.

Example 35

The procedure of Example 34 was followed in the same
manner except that an antistatic mat having a resistance value
of not more than 10" Qcm was placed on the stainless steel
conductive stage in the spacer sprayer in close contact with
the same, and the first substrate was disposed thereon in close
contact.

Observation of the first substrate having the spacers
disposed thereon under a light microscope revealed that the
spacers had been disposed only in those sites where there were
the isolated transparent electrodes formed.

Example 36

The procedure of Example 34 was followed in the same
manner except that a pigment dispersion type black resist was
used in lieu of the chromium black matrix and the same pattern
as in the case of chromium black matrix was formed and that a
voltage of +2.0 kV was applied.

Observation of the first substrate having the spacers
disposed thereon under a light microscope revealed that the
spacers had been disposed only in those sites where there were
the isolated transparent electrodes formed.

Comparative Example 4
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disposed thereon under a light microscope revealed that the
spacers had been disposed not only at black matrix sites but
also on the transparent electrodes abundantly and almost

10 randomly.

INDUSTRIAL APPLICABILITY
The method for producing a liquid crystal display device
according to the present invention, which is asmentioned above,

15 is a method of producing liquid crystal display devices
comprising a substrate having pattern-forming transparent
electrodes formed thereon and makes it possible to dispose
spacers exclusively in electrode-free interelectrode spaces,
namely at black matrix sites, to dispose spacers in such a mode

20 all over the display area or to dispose spacers at black matrix
sites with high yield and accuracy, and to reduce the tact time
by omitting the step of voltage application to the transparent
electrodes on the substrate within the spray chamber.

It is therefore possible to produce liquid crystal

25 display devices showing no spacer-due light leakage, showing
very high contrast, maintaining a uniform cell thickness and
having high quality display performance characteristics
without showing display unevenness, in a stable manner with a
reduction in tact time.

30 Even in the case of TFT type liquid crystal display
devices, such liquid crystal display devices showing very high
contrast without showing spacer-due light leakage can be
produced.

The liquid crystal display device according to the
" 35 invention, which is constituted as mentioned above, shows no
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1. A method for producing a liquid crystal
display device
5 comprising spraying spacers onto at least oneof a first
substrate comprising at least pattern-forming transparent
electrodes and a second substrate to be disposed opposingly
above the first substrate
and filling a liquidcrystal into the space betweenboth
10 the substrates,
wherein, in spraying positively or negatively charged
spacers onto the substrate, the substrate is disposed inclose
contact with an earthed conductive stage having a volume
resistance of not more than 10! Qcm to thereby improve the
15 precision of selective spacer positioning in a space of the
transparent electrodes,
and a voltage of 200 V to 5 kV having the same polarity
as the spacer charge polarity is applied to the transparent

electrodes.
20
2. The method for producing a liquid crystal display
device according to Claim 1, wherein a voltage of 1.5 kV to
5 kV having the same polarity as the spacer charce polarity
is applied to the transparent electrodes.
25

3. A method for producing a liquid crystal display

device
comprising spraying spacers onto at least oneof a first
substrate comprising at least pattern-formning transparent
30 electrodes, a conductive black matrix and an overcoat layer
and a second substrate to be disposed opposingly above the
first substrate
and filling a liquid crystal into the space betweenboth

the substrates,
35 wherein, in spraying positively or negatively charged
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both the voltages V1 and V2 being positive ones and
satisfying the relation V1 < V2 when the spacer charge
polarity is positive,

or both V1 and V2 being negative voltages and satisfving
the relation V1 > V2 when the spacer charge polarity is

negative.

4. The method for producing a liquicd crystal display
device according to Claim 3, wherein the potential difference
between V1 and V2 is not more than 100 V.

5. The method for producing a liquid
crystal display device according to Claim1l, 2, 3 or 4, wherein
the substrate has a dummy electrode and, in applying a voltage
to the transparent electrodes, a voltage is applied to the
dummy electrode as well to thereby attain a uniform cell gap.

6. The method for producing a liquid crystal display
device according to Claim 5, wherein the voltage application
to the transparent electrodes is effected by connecting the
dummy electrode with the transparent electrodes and applying
a voltage to the dummy electrode.

7. The method for producing a liquid crystel display
device according to Claim S or 6, wherein the voltage applied
to the dummy electrode is different from the voltage applied

to the transparent electrodes.

8. A method for producing a liquid crystal display

device
comprising spraying spacers onto at least oneof a first

substrate comprising at least pattern-forming transparent
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10 and & voltage of the same polarity as the spacer charge

polarity is applied to the transparent electrodes on the

substrate.

9. The method for producing a liquid crystal display
15 device according to Claim 8, wherein the substrate onto which
spacers are to be sprayed has a black matrix formed thereon,
said black matrix being conductive and said conductive
stage comprising one or more parts each smaller in size as
compared with the picture-frame peripheral edges of the black

20 matrix of each display area on the substrate.

10. The method for producing a liquid crystal display
device according to Claim 8 or 9, wherein the area of contact
between the conductive stage and the substrate is not less

25 than 30% of the part of the display area.

11, A method for producing a liquid crystal
display device
comprising spraying spacers onto at least oneof a first
30 substrate comprising at least pattern-forming transparent
electrodes and an alignment layer and a second substrate to
be disposed opposingly above the first substrate
and £illing a liguid crystal into the space between both
the substrates,
35 and comprising the step of removing moisture from the
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with an earthed conductive stage andthen spraying spacers
while applying a voltage of the same polarity as the spacer

5 charge polarity to the transparent electrodes on the

substrate to thereby improve the precision of selective

spacer positioning in a space of the transparent electrodes.

12. The method for producing a liquid crystal display
10 device according to Claim 11, wherein the step of removing
moisture is carried out by heating the substrate prior to

spacer spraying.

13. The method for producing a liquid crystal display
15 device according to Claim 11 or 12, wherein the step of
removing moisture is carried out by heating the substrate
during spacer spraying.

14. The method for producing a liquid crystal display
20 device according to Claim 11, 12 or 13, wherein the step of
removing moisture is carried out by blowing a dry gas onto

the substrate prior to spacer spraying.

15. The method for producing a liquid crystal display
25 device according to Claim 11, 12, 13 or 14, wherein the step
of removingmoisture is carried out by replacing moisture with

a solvent prior to spacer spraying.

16. The method for producing a liquid crystal display

30 device according to Claim 11, 12, 13, 14 or 15, wherein the
step of removing moisture is carried out by allowing the

substrate to stand under vacuum or by heating the substrate

under vacuum prior to spacer spraying.

35 17. The method for producing a liquid crystal display
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device according toClaiml1l, 12, 13, 14, 15, 16 0r 17, wherein,
upon application of a voltage of 1 kV to the transparent
electrodes on the substrate after completion of the step of
removing moisture, the current flowing between the

10 transparent electrodes on the substrate and the conductive

stage is not more than 10°% A.

19. A method for producing a liquid crystal
display device comprising sprayving spacers onto at least one

15 of a first substrate comprising at least pattern-forming
transparent electrodes and an alignment layer and a second
substrate to be disposed opposingly above the first substrate

and filling a liquid crystal into the space between both
the substrates,

20 and comprising the step of disposing the substrate into
close contact with an earthed conductive stage and spraying
spacers while applying a voltage of the same polarity as the
spacer charge polarity to the transparent electrodes on the
substrate,

25 the substrate before and during spacer spraying showing
characteristics such that, when a voltage of 1 kV is applied
to the transparent electrodes on the substrate, the current
flowing between the transparent electrodes on the substrate
and the conductive stage is not more than 10° A to thereby

30 improve the precision of selective spacer positioning in a

space of the transparent electrodes.

20. The method for producing a liquid crystal display

device according to Claim 19,
35 wherein the step of disposing the substrate into close
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device
comprising spraying spacers onto at least one of a first

20 substrate comprising at least pattern-forming transparent
electrodes and an alignment layer and a second substrate to be
disposed opposingly above the first substrate

and filling a liquid crystal into the space between both
the substrates,

25 wherein, in spraying positively or negatively charged
spacers onto the substrate, the substrate is disposed in close
contact with an earthed conductive stage,

a voltage of the same polarity as the spacer charge
polarity is applied to the transparent electrodes on the

30 substrate,

then the terminals of the voltage application apparatus
are disconnected from the transparent electrodes

and spacer spraying is carried out while the electric
charge remains on the substrate.

35
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Y& 10AV(&(Q the é%acer é%agge po arlty is applied to the transparent
electrodes on the substrate,

the terminals of the voltage application apparatus are
10 disconnected from the transparent electrodes,
the conductive stage together with the substrate in close
contact therewith is transferred to a spacer sprayer,

and thereafter, spacer spraying is carried out.

15 24. A method for producing a liguid crystal display
device
comprising spraying spacers onto at least one of a first
substrate comprising at least pattern-forming transparent
electrode and an alignment layer and a second substrate to be
20 disposed opposingly above the first substrate

and filling a liquid crystal into the space between both
the substrates,

wherein, in spraying positively or negatively charged
spacers onto the substrate,

25 the substrate is disposed in close contact with an earthed
conductive stage,

a voltage of the same polarity as the spacer charge
polarity is applied to the transparent electrodes on the
substrate while maintaining that state of voltage application

30 for a certain period of time,

and then spacer spraying is carried out while maintaining

that state of voltage application.

25. The method for producing a liquid crystal display
35 device according to Claim 24,
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onto the first substrate, a voltage (V1) is applied to the
20 conductive black matrix and a voltage (V2) to the transparent
electrodes,
both the voltages V1 and V2 being positive ones and
satisfying the relation V1 < V2 when the spacer charge polarity
is positive,
25 or both V1 and V2 being negative voltages and satisfying
the relation V1 > V2 when the spacer charge polarity is negative.

27. The method for producing a liquid crystal display
device according to Claim 26,
30 wherein the potential difference between V1 and V2 is not
more than 100 V.

28. A method for producing a liquid crystal display

device
35 comprising spraying spacers onto a first substrate
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close contact with an earthed conductive stage having a volume
resistance of not more than 10 Qcm and a voltage of 200 V to

15 5 kV having the same polarity as the spacer charge polarity is
applied to the transparent electrodes.

29. A method for producing a liquid crystal display
device
20 comprising spraying spacers onto a first substrate
comprising at least pattern-forming transparent electrodes,
and filling a liquid crystal into the space between the first
substrate and a second substrate comprising thin film
transistors formed thereon which is to be disposed opposingly
25 above the first substrate,
wherein the first substrate has isolated, electrically
floating, transparent electrodes not connected with the
surrounding transparent electrodes but formed within the
transparent electrodes within the expanse of the corresponding
30 Dblack matrix areas as formed on the first or second substrate,
and, in spraying positively or negatively charged spacers
onto the first substrate, the first substrate is disposed in
close contact with an earthed conductive stage having a volume
resistance of not more than 10 Qcm
35 and a voltage of the same polarity as the spacer charge
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polarity is applied to the transparent electrodes other than
the isolated transparent electrodes on the first substrate.

30. The method for producing a liquid crystal display
device according to Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 21,
28 or 29,

wherein spacers are charged positively or negatively by
being sprayed through a pipeline made of a resin or ametal using

a gas as a medium.

31. The method for producing a liquid crystal display
device according to Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29 or 30,

wherein spacers are fixed on the substrate surface by
heating.

32. A liquid crystal display device produced by the
method for producing a liquid crystal display device according
to any of Claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30
and 31.



