DESCRI PTI ON Manufacturing Method of Liquid Crystal Display Panel and

Manuf acturing Apparatus of Liquid Crystal D splay Panel 5 Technical Field
The present invention relates to a manufacturing nmethod of a |iquid crystal
di spl ay panel and a manufacturing apparatus of a liquid crystal display
panel. In particular, it relates to a manufacturing nethod of a liquid
crystal display panel and a 10 manufacturing apparatus of a liquid crystal
di spl ay panel wherein the manufacture is carried out in accordance with the
liquid crystal dropping schene. Background Art A liquid crystal display
panel is constituted by two opposing substrates between which liquid
crystal is enclosed. Fig. 7 is a schematic cross-sectional view of an 15
exenplary color liquid crystal display panel, which is one of liquid crystal
di spl ay panels. Liquid crystal %ﬂqﬁgépd as interposed between a TFT
(Thin Film Transi stor) substrate I an (Color Filter) substrate 5. On
a main surface of TFT substrate 1, a scan line drive circuit 2 is forned
and connected to an_external drive |IC (not shown) On a nmain surface of
scan line drive cirManufasturiag Netapd @f%@?ﬁd&éﬂﬂHQQﬂaBPﬁ@ﬂﬂé¢ned In 20 pixe

el ectrode | ayer 3, i i.ti.on e e .a JFT is also forned.
Ona main surface o aﬁl&g%t].lmgg é&?ﬁ?ﬂ%‘g ?E‘WF{Q Qﬁsaﬁp}aé’ryﬁ@ﬂt film4 is
formgd. On a main surface of a CF substrate 5 opposing to TFT substrate 1, a
color filter 6 is forned. Color filter 6 has the hue of three; red, green

and bl ue. TechnicabField surface of color filter 6, a comon el ectrode 7 is
formed. On a n surface of 25 conmmon el ectrode 7, an alignnment film8 is

formed. Liquid CEyREsERt igpention celategtase mgnpfacturing &eﬁ@géﬁ afighiflranistal i gnment
L8 Ol gy 2 RSOk S DRG0 ©
sur r oundegahiculil i igradeed tofd mamifftai; Bethod oSeahlﬁﬂTcrﬁﬂal diplagphddlangRace is
.keptlobet Wenfl\arlllulfacturmg apparatus of a liquid crystal display panel wherein the manufacture is
carried out in accordance with the liquid crystal dropping scheme.
Background Art
A liquid crystal display panel is constituted by two opposing substrates between
which liquid crystal is enclosed. Fig. 7 is a schematic cross-sectional view of an )
15 exemplary color liquid crystal display panel, which is one of liquid crystal display panels.
Liquid crystal 30 is enclosed as interposed between a TFT (Thin Film Transistor)
substrate 1 and a CF (Color Filter) substrate 5. On a main surface of TFT substrate 1,
a scan line drive circuit 2 is formed and connected to an external drive IC (not shown).
On a main surface of scan line drive circuit 2, a pixel electrode layer 3 is formed. In
20 pixel electrode layer 3, in addition to a pixel electrode, a TFT is also formed. Ona
main surface of pixel electrode layer 3, an alignment film 4 is formed.
On a main surface of a CF substrate 5 opposing to TFT substrate 1, a color filter
6 is formed. Color filter 6 has the hue of three; red, green and blue. On a main
surface of color filter 6, a common electrode 7 is formed. On a main surface of
25 common electrode 7, an alignment film 8 is formed. Liquid crystal 30 is charged to be
interposed between alignment film 4 and alignment film 8, and a sealant 31 is arranged

on the side of liquid crystal 30. That is, liquid crystal 30 is enclosed so as to be

surrounded by alignment films 4 and 8 and sealant 31. A certain space is kept between
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alignment filnms 4 and 8 by a spacer 9 interposed between them Thus, |iquid
crystal 30 directly contacts to alignnent filns 4 and 8 and seal ant 31. The
two substrates are fixedly adhered to each other by sealant 31. In the
present specification and the clains, a single substrate such as a TFT
substrate, and a single substrate wherein a pixel 5 electrode |ayer, an
alignnment filmand the like are forned are both sinply referred to as a
substrate”. Anong manufacturing nethods of a |liquid crystal display panel,
there is a manufacturing nethod referred to as liquid crystal dropping
schenme. Fig. 8 shows steps of the liquid crystal dropping schene. First, a
color filter and a pixel el ectrode 10 Iayer are respectively forned on two
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seal ant 3IisShstfatednged on the main surface of alignment film8 forned on CF
substrate 5, and liquid crystal 30 by a required anount is dropped on the
mai n surface ofArBOnamhgxfmmngmbtrhods bha haud orystahdisplpp pane] g¢hdieis subst rat e 1.

I bondi bst d ted b 50,
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is performed in ap re-re at nosp hera e arrangenent o

seal Hnt ariayer bee dspeppivetyforined be tWb qubstiracssy atdather@hft @rant dligndnenitrfiin ion of t he
alignment filns 25 on substrates are performed in a rel eased at rmsphere and
the bondi rigrmed emeach gb Sersabyzatesy| é\‘%t,uasseplémf s AFFaREed P2 Briagyfaes pleRnsced

at nospher a OHST her ef ore
their surfac?gg&he(g‘stg?éﬁ?gg%é %1 ip[%ﬁti%?y fog&ngf) ?ﬂfr e gsl#ﬁ?{a{ 22111 tﬁg%ﬁle l'iquid
crystal, auBgtfieé eNNadt] ISR crystal is dropped on the main surface of one of the substrates'

alignment films by a required amount. Fig. 9 is a schematic cross-sectional view

15 wherein the two substrates are bonded to each other in accordance with the liquid
crystal dropping scheme. In Fig. 9, components such as the spacer and the color filter
other than alignment films 4 and 8 are not shown. In bonding the substrates as shown
in Fig. 9, sealant 31 is arranged on the main surface of alignment film 8 formed on CF
substrate 5, and liquid crystal 30 by a required amount is dropped on the main surface of

20 alignment film 4 formed on the opposite TFT substrate 1. In bonding the substrates, as
indicated by arrow 50, respective main surfaces of the two substrates are kept in parallel
to each other and drawn toward each other to be fixedly adhered. The bonding of the
two substrates is performed in a pressure-reduced atmosphere. The arrangement of the
sealant and the dropping of the liquid crystal after the formation of the alignment films

25 on substrates are performed in a released atmosphere, and the bonding of the substrates
alone is performed in a pressure-reduced atmosphere.

The alignment films are made of a porous material, and therefore their surfaces

easily adsorb moisture.  If moisture is mixed into the liquid crystal, a problem arises
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2 that a voltage holding ratio decreases and that an inmage is unevenly shown
or showmn wth spots. In order to prevent noisture frommxing into liquid
crystal as a result of the noisture having been adsorbed by the surfaces of
alignment filnms and the like, the manufacturing process includes a step of
arranging the substrates in a pressure-reduced 5 atnosphere for a certain
period, which is referred to as a deaerating step. In order to carry out

t he deaerating step, a vacuum chanber, a vacuum punp and the |ike are
necessary for reducing the pressure around the entire substrates. In order
to successively carry out the steps fromthe arrangenent of the sealant to
t he bondi ng of the substrates in a pressure-reduced atnosphere, a facility

of enornous siz quired, 10 Additionally, if the deaerating step is
carri ed odgatﬁr‘i Pgﬁ B" g’r‘i‘é &g %@@W%Latt%n@%lséﬁﬁvemﬁ%WMSS@P&?‘es after

t he deaer e r
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the alignnment film for exanple. Accordingly, the deaerating step is

carried oumanifastuingtpsbeeshtiodes Hesepl pﬁgrrarfgmgwtée tsuhstrswbm a pregsuregedioeth ot her .

o n ; h t he_ | d tal,
trgn O?[ﬁ?f@%ﬁ%}gﬁ#ﬁﬁ@@%@ﬁéh%ﬁﬁ@%%ér ’ée E’naéraéf g‘p ng %de Dolgl%w crys a
rel eased %EHP%Qhﬁ{eQieae]rﬁi?@g‘ﬁﬁ?qRﬁEﬁﬂﬁ ch@r)ﬁ‘[:é?ga %ﬂm'\ﬁmﬁ%qéﬂﬁé%ﬂe di scI oses a
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sealant is set to be less than 4 wejght % and each step after forrratlon of
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and storage or 25 assenbly is conducted while dry air 1s purged onto the
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moisture in the air may again be adsorbed by the main surface of the alignment film, for

example. Accordingly, the deaerating step is carried out immediately before bonding
15 the two substrates to each other. The other steps such as arranging the sealant,
dropping the liquid crystal, transporting the product and the like are generally carried
out in a released atmosphere.
Japanese Patent Laying-Open No. 2003-107481 discloses a manufacturing
method of a liquid crystal display panel wherein water adsorption of an alighment film
20 immediately before arrangement of a sealant is set to be less than 4 weight %, and each
step after formation of the arrangement films and at least until completion of bonding is
carried out in an environment of humidity of less than 40 %. In the manufacturing
method, for example, after the alignment films are formed, storage or assembly is
conducted in an environment wherein humidity is less than 40 %, and storage or
25 assembly is conducted while dry air is purged onto the substrates. The step of
arranging sealant on the surface of a substrate is performed in an atmosphere of dry air,
for example, and the steps of dropping liquid crystal and bonding the substrates are

performed in an atmosphere of vacuum.  According to this method, moisture is
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performed in an atnosphere of vacuum According to this nethod, noisture is
3 prevented from bei ng adsorbed by the alignnent filnms in storing or
assenbling the substrates, and therefore a liquid crystal panel not
involved with residual inmages can be nmanufactured. Japanese Patent
Layi ng- Open No. 2001- 305545 di scl oses a manufacturing 5 nethod for
preventing noi sture or adsorptive gases from bei ng adsorbed by al i gnnent
filmsurfaces by inactivating the alignnent filmsurfaces imrediately after
a rubbing process. According to this nethod, a heating process is perforned
on the alignnent filmsurfaces imediately after the rubbing process at the
tenperature of at least 80'C and less than | OO C for a prescribed period

to thereb t te th | arit | t fil , Thus,
i stur oGP RAE i Seng aReo Sty e Blainy e iRy SteTIBEA Dy Che
al i gnment Jbdirm&u Bﬁcﬁﬁﬁﬁefoﬂé"ﬁirqﬁﬁ%ry&ﬂ Sp%Hé] o fNBIRE $ith %g@ua? %Qgezsf\-%ﬂ b?07481

prevented. Patent Document 1:" Japanese Patent Layi ng-Open No
(pages 3- mgnufdcgeed.2-5) 15 Patent Docunent 2: Japanese Patent Layi ng- OpenNo.
2001- 305545 (p Jgﬁ;}res 3 _and 4) Disclaosure of the Ipvention Problens to be

Sol ved by the JADES Bﬁ%LaamsV@PengEﬁemlr%ﬂ55ﬂﬁélsa'@a@radpm§a§%ag of
rad at o TG £ ofehnd B EREUE asoflik BANA b bERG RUREEed By SR 217

10|3 are sqnmmaﬁhceseisrh@dcﬁeatmgrtﬁé sligh@wint ﬁmakurﬂacey\ismﬁ@ﬁaelytaﬁuea YublifoW ng

liquid crystal and a seal ant arranged on alignment filns' main surfaces in a
rel eased awaeesphehecording to thiympthod lmnag gearessis perferansdianrthe aligement

R R A i ol R A BT
material , es@‘i’l'@f 08C s 8ﬁ5$r%s&ib% gri&fi&)otrhgx%?%%cﬁ% HR! ol a[Jt ik %tftﬁe' I msurface

if the allgnrrent mis air.
10 alignment film surfaces. Thus, moisture or adsorptive gases are prevented from being

adsorbed by the alignment film surfaces, whereby various unevenness in display can be
prevented.
Patent Document 1: Japanese Patent Laying-Open No. 2003-107481 (pages 3-
5, Figs. 2-5) _
15 Patent Document 2: Japanese Patent Laying-Open No. 2001-305545 (pages 3
and 4)
Disclosure of the Invention
Problems to be Solved by the Invention
As above, generally, the deaerating step of arranging substrates in a pressure-
20 reduced atmosphere is carried out immediately before the substrates are bonded to each
other. Figs. 10A and 10B are schematic enlarged cross-sectional views respectively
showing liquid crystal and a sealant arranged on alignment films' main surfaces ina
released atmosphere.  Fig. 10A is an enlarged cross-sectional view illustrating the state
where liquid crystal is dropped on the main surface of the alignment film.  As the
25 alignment film is made of a porous material, the moisture in the air is adsorbed by the
alignment film surface if the alignment film is left in the air. Before substrates are
bonded to each other, the deaerating step is carried out and whereby most of such

moisture evaporates. However, a region in the main surface of alignment film 4 where
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bonded to each other, the deaerating step is carried out and whereby nost of
such noisture evaporates. However, a region in the main surface of
aligmnent film4 where 4 liquid crystal 30 is dropped is covered by |iquid
crystal 30, and therefore noisture does not evaporate. As a result, as
shown by dashed Iine 40 in Fig. 10A, the noisture adsorbed by alignnment
film4 remains, As to the sealant, simlarly, as showmmn in Fig. | OB, in a
region in the main surface of alignnent film8 where sealant 3 1 is
arranged, the 5 noisture adsorbed by alignnent film38 remains as indicated
by dashed line 41. Fig. 1 1 is an explanatory view of a problem caused when
two substrates are bonded to each other while such noisture is retained and

aliquid i i n El i S . C tic

o1 anvi ew S ystd A HoRAR cdvEred WY HLACCH RS0, kidplerdhe it PR T
ring-like mhapgpor@sd Akaueshltciyshotn bysdaeied inge® ih Big oAl 8@imdistut® surrounded
by sealant 31. In the region where liquid crystal is enclosed, an inmge
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di splay p . _Wwherein, nmoisture r i ns i t. . of the ali.gnnment film
cover ot by i aFRE Y ot ied SR Te TR Y bt spalennd L PRRash Bl | m
covergd bymbib@re adsbed byhfikRasdt i Al 2RLAY aP Hdicateddy AMbddeanpear . Defective
display part 45 is a paft with a defect corresponding to 15 the regi on where
the |iquid crysdfigl 1 hasnlesphanatorypperd ofia pratiben saused wheln tvgo pstriates,are wher eas
defective di ay part. 46 is a part with a defect alaong sealant 31. .

Def ecti ve b%ﬁ@%%@‘,&c Ather ydule such-malstureis rpiging méaaa@ém@&?@gﬁpiwa\aﬁhlanment
filmand t ] i B1,0 e. 4L gL : [ & . ch

regi ons, i TaneRl. Pl isdhohbik Colgh Rhbe B AR M arfly pddd BTN

those i magesldnbal issbemedinundidgyiky shefe, ané ligiid Ry & enbiobédin.th@ Peglbnis, there
has been a problemthat noisture mxes into the liquid crystal, whereby the
vol t 48e hotugionpdeddyi ssalast e crladberseion whnre tiuid fystel is\eaclgpeshraymagthere is a

manuf act ur i.n t hod ,i,n ich what .is.called tipl roductkon is

por for med. i BAOS +k s Whoee o e Rishbad ) i (BhR SPH b hend,

not her subghéraingnoistife fehRingad pAE of 1he afiphfiér Hf cbSerediby the dagped liid d cryst al
cell, so that the cost is reduced 25 and the productivity is inproved. The

nunber of @wsthleindin pare ofiherslignmeniditm gowered by sligsealant, defective display parts
45 and 46 appear. Defective display part 45 is a part with a defect corresponding to

15 the region where the liquid cﬁstal has been dropped and the surrounding portion,
whereas defective display part 46 is a part with a defect along sealant 31. Defective
display part 46 is caused by moisture adsorbed by the alignment film and then mixed into
the liquid crystal via sealant 31. In such regions, images are displayed with spots or
unevenness. In particular, those images that are actually black are displayed whitish.

20 Thus, there has been a problem that moisture mixes into the liquid crystal, whereby the
voltage holding ratio is decreased to invite defective display.

There is a manufacturing method in which what is called multiple production is
performed, wherein a plurality of liquid crystal cells are formed on a mother substrate
and thereafter the substrate is cut by each liquid crystal cell, so that the cost is reduced

25 and the productivity is improved. The number of cells on the mother substrate surface
for arranging a sealant now reaches some hundreds per one mother substrate. Itis
assumed that the number of cells per one mother substrate continues to increase. In

accordance with the increase in the number of the cells, the mother substrate tends to be
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for arranging a seal ant now reaches sone hundreds per one nother substrate.
It is assuned that the nunber of cells per one nother substrate continues
to increase. In accordance with the increase in the nunber of the cells,

t he not her substrate tends to be 5 increased in its size. Some exceed one
nmeter diagonally. Arrangenent of a |arge nunber of the sealant on such a

| arge nother substrate requires a long tinme, during which the noisture

rel eased in the air is again adsorbed. Accordingly, even if the deaerating
process is performed i nmedi ately before arranging the sealant, it is not 5
effective enough against the noisture mxing into the liquid crystal,
According to the manufacturing nmethod i n Japanese Patent Layi ng- Open No.
2003- 1074 [ e r ra LOg the

al i gnnment a?%lear?ga ldaﬁsdﬂﬁﬁt %%?%ﬁ%fi% l?ﬁ?@%%?@ﬁ%’ i%ﬁglﬁ%fr%?l E £ {;gﬁ%}g?l oW ng

at nospher emmbanofithessgiireron soth a laoye mothedubgtraterequines a pbey ®mehduringt he air is
substituted by an inert and a pressure 10 reduced atnosphere. Further,

. as, .
cont i nuoustsich thgdanaigtyressleasaddp theaainis agpip @dsarbeds u dkecordingly sven éfithe
Accor di ngl [ . fraci l ity far stori t he substrates
or for ar r&aé%%r%ﬁ’gé ﬁ?é:éss‘?gsaﬁ %rﬁc?h%@é%%@a{e&?%eé@ri%#& 5?’ 88 ﬂfenseﬁlg?t’f .ﬂgapg , for a
| ar ge5 not hefectiveldnobigR heaitdh kit mE¥GeLABIRNAt Bl Siqudicpgeqal | y requires very
expensive substrate storage facility and sealant arrangenent facility, and
wher eby t he protesording tothesnanstheteng wikthed ibFapinescPaters Iagngr@pexNoene!l y
expensi ve., Addi tionally, in a manufacturin t hod wheye heat treatnent and
at mspherezopgﬂggégﬂétr’é NSERSFAY Hudforgrtng su Sﬂ'é%égg?t g tg“r %llggqr&néglims
deconposi t : j i i i e i al i gnnent
i e, ar e RonHEgeigh, P slafy 8 SUTTRE bl R RS e APl D st O L o
once renpJed Huynidigatn atmesphere vhersthagiinsubdsutddesy dnyinét gas langapeedsufe: | N8 due
to th atm)&’?h re rel ease. 20 According to the manufacturing net hod
di sctdsed TrHCsE FHRRIPECIO EHﬁh@awqﬁ@uo'@gkﬁhwalazbmmsté@mge mefughhas been a

bl ; T . Dt y ; A
B onment FnpHEREEDCAckobel SR 83 praTPATHAE by 1 SRy B Pt Hies
t her eaf t erortfbearedngithe s€aldne beasesil&gP &1 iy Maa paAddiat, ifenalarye motige t he

at nosphere release is perfornmed |ater, there has been a problemthat the
moi st ur e i ybstrate which exceeds one meter diagonally requires very expensive substrate storage
facility and sealant arrangement facility, and whereby the productivity is reduced while

15  the costs become extremely expensive. Additionally, in a2 manufacturing method where
heat treatment and atmosphere release are performed after the substrates are stored,
decomposition reaction in the alignment films progresses since the alignment films are
heated. Additionally, there has been a problem that the moisture once removed by heat
treatment is again adsorbed by the alignment films due to the atmosphere release.

20 According to the manufacturing method disclosed in Japanese Patent Laying-
Open No. 2001-305545, there has been a problem that decomposition reaction
associated with heating in the alignment films progresses, since the alignment films are
heated and thereafter the atmosphere release is performed. Additionally, since the
atmosphere release is performed later, there has been a problem that the moisture is

25 adsorbed by the alignment films again.

The present invention has been made to solve the problems above, and an object

. thereof is to provide a manufacturing method and a manufacturing apparatus with which

moisture is prevented from mixing into liquid crystal even with a large mother substrate,
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25 adsorbed by the alignment filnms again. The present invention has been
made to sol ve the probl ens above, and an object thereof is to provide a
manuf act uri ng met hod and a manufacturing apparatus with which noisture is
prevented frommxing into liquid crystal even with a | arge not her

substrate, 6 and with which a liquid crystal display panel is manufactured
with high productivity. Means for Solving the Problens In a first aspect of
a manufacturing nethod of a liquid crystal display panel 5 according to the
present invention, the nethod includes: a sealant arranging step of
arranging a sealant on a main surface of one of or each of two substrates to
be bonded to each other; a liquid crystal dropping step of dropping liquid
crystal on one of the two substrates; and a bondi ng step of bonding the two

subst r at es;qayiepehicRaMghid cHAgal i Andiug hgﬁﬁfa&tﬂFédt&%ﬂsugré grcg:?lcﬂgirt}‘;.or med

prior to the sealant arranging ste a 10 deaerating arranging in a
pressure-reduced at nosphere at | east a substrate on which the sealant is to
be arranged out of_ the two_substrates; and, to be perfornmed prior to the

bondi ng st ¥MsanyforSobdag the Brehlems | el easing the pressure-reduced at mosphere

by an inert gas. | t hi Eﬁ} ' g3 : i n advance
froma subst ra'?l?a1 on \Aﬁ%ﬁr}gasrgdaqﬁgn gﬁgq%?dr@né%%i}&g@g s?’fdllg@gyﬁglgell ar ge

not hep subgichrig totthe breeém ventién, REemeribd iRildes! £scalagharkbfigh agsef bed when
- the substrate is arranged in the air thereafter. Thus, a liquid crystal

di spl ay patredngig agdeplent eed mein susfack efpngyofios epeheafdmoaubsteases thderhondedict ur ed.
Addi ti onal the prqductivity.is.inmroved. Preferapl in the jnpvention

. above. 1 neerier Bl TaE Sy uAl o RripfaR BF Fiabing 1eHE SYP S o AR PR ot ep.
Enpl oyi ng {iRisatbRh@d bohdifg %ﬁ!o@ﬂéncﬁﬁg BRIBGuBthResBRadfothdl PR or med in

the air, and the productivity is 1nproved. Preferably, in the invention

above, t hemsthall intheainchrigs g bstpedommsedomidrao tisdsealanharmangBig steéppat es after the

rel egsin tep.. Enpl oying this nethod, the seal ant can be rranged before
most %af ? hecaeiRapg g’%ﬁﬁéﬂ Yeimytes aog,re§ngc-geg5qura§fn@§p eé%%‘@%@“ f’rﬁ‘ﬂ%s,"f%egq’fi qui d
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can be
to the bonding step, a releasing step of releasing the pressure-reduced atmosphere by an

inert gas. Employing this method, moisture can be removed in advance from a
substrate on which a sealant is arranged, even if it is a large mother substrate, to thereby
15 prevent moisture from being adsorbed when the substrate is arranged in the air
thereafter. Thus, a liquid crystal display panel of which defective display is prevented
can be manufactured. Additionally, the productivity is improved.
Preferably, in the invention above, the releasing step is performed prior to the
sealant arranging step. Employing this method, the sealant arranging step can be
20 performed in the air, and the productivity is improved.
Preferably, in the invention above, the sealant arranging step is performed within
30 minutes after the releasing step. Employing this method, the sealant can be
arranged before most of the inert gas adsorbed by the substrates leaves. Thus, a liquid
crystal display panel of which defective display is more surely prevented can be
25 manufactured.
Preferably, in the invention above, the deaerating step includes a step of
arranging the two substrates together in the pressure-reduced atmosphere. Employing

this method, a deaerating step immediately before the bonding step that has been
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25 manufactured. Preferably, in the invention above, the deaerating step
includes a step of arranging the two substrates together in the
pressure-reduced atnosphere. Enploying this nmethod, a deaerating step

i mredi ately before the bonding step that has been 7 perfornmed conventionally
can be elimnated. Preferably, in the invention above, the releasing step is
performed after the sealant arranging step and the liquid crystal dropping
step. Enploying this nethod, noisture adsorbed by the two substrates can be
removed. Thus, a liquid crystal display 5 panel of which defective display
is nore surely prevented can be manufactured. Further, in addition to the
defective display around a regi on where the sealant is arranged, defective

display in } L Qe stal is dropped can al so be
play | Npdfdrgl ggﬁlx{%ﬂﬁ?ﬁall?hﬁn bi gtgﬁ{aﬁfeay PP

prevented. Pref he inv on above, the releasing step is

performed pri orPteferaliig, in1Re inventiod aboye tied refbasingiteg ispeformad dfée! i qui d
crystal dropping step is performed within 30 mnutes after the rel easing
step. Enpl SHapbarranganeemand the linuigerystat dyepping stens pl Brpploging bds methmdt act ur ed

of which def | i spl round.a regi pn where t liquid crystal |is

dr opped isﬁggﬁééé&gg?eq&ﬁ?’éﬁg‘ﬁ?isni?f“ Besﬁg? E‘Ef‘i“\’/‘é"egi sgﬁ’éﬁr aglqu & %‘%r‘@ﬂ%l%’n wher e
the sgal ananel 6f whitkRB&REtiveldisgldy 18 niRE WElydRERAtedan Be WRAMAAGEAY | Ng Met hod of
a liquid crystal display panel = according to the present invention, the

met hod i ncFudfees, inaddisiah amtheadefentiye digplsy euod a regipamdiereghe seatmit ant on a main
surface of one of ar .eagh of .two subsirates.to, be bonded to each other; a
liquid cr yg‘?%gegr%gﬁnﬁﬁﬁkq?gﬁ e r"(ﬁ‘%‘p‘ﬁf“ﬂﬁ the ifwidicystals gronpad 6 alse behe t wo
substr at eS're@&?e@ bondi ng step of bonding the two substrates to each other.
The 20 rretﬂod urther includes: to be perforned prior to the liquid crystal
droppi ng step, Brefaeteriathagvaiton abbvea tiicripasigy stepds pariemed prioethited
atnmosphere at | east a substrate on which the liquid crystal is to be

dr opr}ﬁd outidwd ciysal dspppingistaps andthe ligud crysial ssonning epriscerfprmest withing e

bonding St fRuuedl Jbh BR.M8si%E §8p O ERBlFARRY il AT F A MRS @hEgornere
manufactured of which defective display around 2 region where the liquid crystal is
dropped is prevented, in addition to defective display around a region where the sealant
is arranged.

15 II:I a second aspect of a manufacturing method of a liquid crystal display panlel
according to the present invention, the method includes: a sealant arranging step of
arranging a sealant on a main surface of one of or each of two substrates to be bonded
to each other; a liquid crystal dropping step of dropping liquid crystal on one of the two
substrates; and a bonding step of bonding the two substrates to each other. The

20 method further includes: to be performed prior to the liquid crystal dropping step, a
deaerating step of arranging in a pressure-reduced atmosphere at least a substrate on
which the liquid crystal is to be dropped out of the two substrates, and, to be performed
prior to the bonding step, a releasing step of releasing the pressure-reduced atmosphere
by an inert gas. Employing this method, moisture can be removed in advance from a

25 substrate on which liquid crystal is dropped, even if it is a large mother substrate, to
thereby prevent moisture from being adsorbed when the substrate is arranged in the air
thereafter. Thus, a liquid crystal display panel of which defective display is prevented

can be manufactured. Additionally, the productivity is improved.
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by an inert gas. Enploying this nethod, noisture can be renoved in advance
froma 25 substrate on which liquid crystal is dropped, even if it is a

| arge nother substrate, to thereby prevent noisture from bei ng adsorbed
when the substrate is arranged in the air thereafter. Thus, a liquid
crystal display panel of which defective display is prevented can be

manuf actured. Additionally, the productivity is inproved. 8 Preferably, in
the invention above, the releasing step is performed prior to the Iliquid
crystal dropping step, and the liquid crystal dropping step is perforned
within 30 mnutes after the rel easing step. Enploying this nethod, noisture
can surely be prevented from bei ng adsorbed again, and defective display
can be prevente ] ‘A i ) ing step
"l Udes. o st op. SEAaYa EERch bV RS BB RNE b O pHPEY B

pressur e- r kqlid erysal dwppingrseep, midihe Yignid crisil dropgiimodep B pdefoahéd wittlin Bt ep

i edi atel y before the bonding step that has been perfornmed conventionally
can be el i Fitvéesedter thefgleasiag stap.i ngmplopmehis smeshado moisteretcen swrelydreesent

i nvention | i . 10 fact.uri .ho f a liquid crystal display
panel , thebﬁggﬁggﬁFﬁ% U %%Sﬂédgéﬂﬁa ?%e%%bg%§$qﬁyg?%$9%?v ?%nging a

seal agt on a napff&Hbl)aaeh@invaRnabowy, tl@@&eﬁiin% WRp ifdiRfet hatepsoft 0 be bonded
to each other, a liquid crystal dropping step of dropping liquid crystal on
one of theairgrgingibs twea sebstragasdogetims i thegpressers-refludsdratinpspheive Faopleyibgt r at es
to each other erein the apparatus,i udes: pressure-reduced at nosphere
creating 15UHBEREdrdea F‘&'&ﬁ ageﬁém{nﬁélagellpb@%’lprgﬁgg bPIEFL%g ﬁF%g‘?ﬁﬁ%ﬂ?e@Buced

at mospher € peritheti @b RAHiBRallyEaABS efifilnatedl €asing the pressure-reduced

at nosphere by an inert gas. Enploying this nethod, a manufacturing

appar atus of a WA manufacturnyred slpaditispcayrdpgnelthaptebenvimvehtiomis aked i a can be
rennéﬁd and can be prevented frpnlbeigg adsor bed agai n_before bonding the
two ditbst r Haputactarng mepodafadguidxyysielchisplayinapel, the methodinsluding: »aeal#nti on, the
pressure-r re cr i ns 4 ncl S vagu hanber, a
substrate g&?@%ﬁ %%@ﬁﬂ%rgﬁﬁgoar S%gl%b{;%g? ng Stinlg} agesﬂ "gsirleeroaftaoés? Q‘I,%n&{}‘ﬁ}é chanber, and
a vacuum pwiiirhiel tey@bstaiet g eddheoth@ Ty liGhig RAFRE Bropping step of dropping liquid

crystal on one of the two substrates; and a bonding step of bonding the two substrates to

each other, wherein the apparatus includes: pressure-reduced atmosphere creating

15 means for arranging the substrates in a pressure—redl..lced atmosphere; and releasing
means for releasing the pressure-reduced atmosphere by an inert gas. Employing this
method, a manufacturing apparatus of a liquid crystal display panel with which moisture
can be removed and can be prevented from being adsorbed again before bonding the
two substrates can be provided.

20 Preferably, in the present invention, the pressure-reduced atmosphere creating
means includes a vacuum chamber, a substrate arranging member for arranging the
substrates in the chamber, and a vacuum pump for evacuating the vacuum chamber.
The releasing means includes inert gas introducing means for introducing an inert gas
into the vacuum chamber. Employing this structure, a manufacturing apparatus of a

25 liquid crystal display panel can easily be formed.

Preferably, in the present invention, the vacuum chamber is formed so that the
two substrates to be bonded to each other can be accommodated. Employing this

structure, two substrates can be accommodated at the same time in one vacuum

9.



The rel easi ng means includes inert gas introducing nmeans for introducing an
inert gas into the vacuum chanber. Enploying this structure, a
manuf act uri ng apparatus of a 25 liquid crystal display panel can easily be
formed, Preferably, in the present invention, the vacuum chanber is forned
so that the two substrates to be bonded to each other can be accommvpdat ed.
Enmpl oying this structure, tw substrates can be accommbdated at the sane
time in one vacuum -9 chanber or the like, and a time for shifting to a
bondi ng step can be reduced. Additionally, the works in shifting to the
bondi ng step is reduced and whereby the productivity is inproved. 5 Effects
of the Invention A manufacturing nethod and a manufacturing apparatus of a

liquid cry i . [ ' [ ' re is prevented
from m xi nﬁ‘aﬁh ro&!*?ﬁhl?% angQ 3%‘%62{0?%%&%&@%%%%%&6%%(@ IFE\‘/&P? %/&'Ji S inproved,
and whi ch Addifigially aadwerieviarhifitngtol the BEndinPétBels redlired had ¥herkBy Bid ef
Description of the Drawings Fig. | is a process chart of a manufacturing

met hod accrspéiatiyity & impravedst enbodiment. Fig. 2 is a schematic

cross-sectional view of a manufacturing apparatus according to the first
enbodiment. 15 Fig. 3 is a schematic cross-sectional view of a vacuum

chanbgr i nEfehfs o' @eUhe&itidd N0 apparatus according to the first enbodi nent.
Fig. 4 is a schematic overall view of the nmanufacturing apparatus according

to the first eNipoaifaetiring Fiaghodbaridsa mapfoctesg giperaiuodf aiquehafystat ur i ng
TanUT act ur STRPRERGHE REC HNOUNE RAHES sarpedisidin modhg o taud - O °
crystal and with which productivity is improved, and which is applicable even to a large
mother substrate.
10 Brief Description of the Drawings
Fig. 1is a process chart of a manufacturing method according to a first
embodiment.
Fig. 2 is a schematic cross-sectional view of a manufacturing apparatus
according to the first embodiment.
15 Fig. 3isa schematic cross-sectional view of a vacuum chamber in the
manufacturing apparatus according to the first embodiment.
Fig. 4 is a schematic overall view of the manufacturing apparatus according to
the first embodiment.
Fig. 5 is a process chart of a manufacturing method according to a second
20 embodiment.
Fig. 6 is a process chart of a manufacturing method according to a third
embodiment.
Fig. 7 is a schematic cross-sectional view of a color liquid crystal display panel.
Fig. 8 is a process chart of a manufacturing method of a liquid crystal display
25 panel based on a conventional technique.
Fig. 9 is a cross-sectional view illustrating the liquid crystal dropping scheme.
Fig. 10A is a first explanatory view of a problem associated with a

manufacturing method of a conventional technique.
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Fig. 7 is a schematic cross-sectional view of a color liquid crystal display

panel. Fig, 8 is a process chart of a manufacturing nethod of a liquid
crystal display 25 panel based on a conventional technique. Fig. 9 is a
cross-sectional viewillustrating the liquid crystal dropping schene. Fig.
| OAis a first explanatory view of a problem associated with a

manuf acturing nmethod of a conventional technique. - 10 Fig. 1OBis a second
expl anatory view of a problem associated with a manufacturing nethod of a
conventional technique. Fig. 11 is a schematic plan viewillustrating a

problemof a liquid crystal display panel of a conventional technique. 5
Description of the Reference Signs 1 TFT substrate; 2 scan line drive

circuit; 3 pixel. electrode |layer; 4, 8 alignnent film 5 CF substrate; 6
color filter; %%'ollrﬂ%oﬁ aéf%%‘idr%‘ﬂé{‘at@rys‘ﬂ%&f ?%ﬁﬁ?mﬁéﬁ"t‘”a@eﬁs‘”’iﬁg?r oduci ng neans;
12 alr SUnRhiiRhRe pethdh bf 2UARK MR HEhaidek, Y| | nder: 16 10 vacuum

evacuati ng neans; I7 evacuation plpe; vacuation val ve; 19 vacuum punp;

20 vacuum chantiég,; 1123 asoipgmutic phasdew 2Risepiity ©pdbendofd liquidcwanlidizplayessel ;
30 liquid crystal; 31 sealant; 35 liquid crystal display panel; 40, 41
dashed | ipagel of 2 ‘ioﬁﬁ@éloaﬁstﬁﬂﬁ%uﬁorti on; 45, 46 defective display portion;
and 59 arrow. Best Modes for Carrying Qut the Invention 15 (First
Enbodiment) Referring to Figs. 1-4, a manufacturing nmethod of a |liquid

crystal di p@dcAiptidadekhe Reféréndd®igdsact uri ng apparatus of a liquid crystal
di spl ay panel accordi ng to a first enbodinent of the present invention is

descri bed. Fig.l| TFY subgraseelsssahdine dove ciraviindf goxeleleagodrelaperd4o8 a | i qui d
Crystal di st 49, R20e Secording fogh i oL cnbod merl, oA Ligu gy crysta
crystal digpk 3Ys RAB&kciPHR%hs ™2 t BB supply pipe; 13 air supply valve; 14  cylinder; 16
10 vacuum evacuating means; 17 evacuation pipe; 18 evacuation valve; 19 vacuum
pump; 20 vacuum chamber; 21 support base; 22 open/close door; 25 vacuum
vessel; 30 liquid crystal; 31 sealant; 35 liquid crystal display panel; 40, 41 dashed
line; 44 image display portion; 45, 46 defective display portion; and 50 arrow.
Best Modes for Carrying Out the Invention
15 (First Embodiment)

Referring to Figs. 1-4, a manufacturing method of a liquid crystal display panel
and a manufacturing apparatus of a liquid crystal display panel according to a first
embodiment of the present invention is described.

Fig. 1is a process chart of a manufacturing method of a liquid crystal display

20 panel according to a first embodiment. A liquid crystal display panel being
manufactured is similarly structured as the liquid crystal display panel based on the
conventional technique. That is, as shown in Fig. 7, on a main surface of TFT
substrate 1, a scan line drive circuit 2 for driving a TFT is formed. On a main surface
of scan line drive circuit 2, a pixel electrode layer 3 wherein the TFT and the like are

25 formed is formed. On a main surface of pixel electrode layer 3, an alignment film 4 is
formed. On a main surface of CF substrate 3, a color filter 6 is formed. On a main
surface of color filter 6, a common electrode 7 is formed. On a main surface of

common electrode 7, an alignment film 8 is formed. The liquid crystal display panel is
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conventional technique. That is, as shown in Fig. 7, on a main surface of
TFT substrate 1, a scan line drive circuit 2 for driving a TFT is forned.
On a main surface of scan line drive circuit 2, a pixel electrode |ayer 3
wherein the TFT and the |ike are 25 fornmed is fornmed. On a main surface of
pi xel electrode |ayer 3, an alignment film4 is fornmed. On a main surface
of CF substrate 5, a color filter 6 is formed. On a main surface of col or
filter 6, a cormon electrode 7 is formed. On a main surface of common
electrode 7, an alignment film8 is forned. The liquid crystal display panel
is -11 constituted by these two substrates being bonded to each other, with
a spacer i nter posed between them The two substrates are flxedly adhered

by a sealant Q enclos surrounded by
the two Sucgsstff%’tpggygme E@%F‘gtﬁff%i%e‘tﬁz’%ﬁ%‘t} 58?%?5 vY’rg\ansc?p Ez';{ccor ding to the
present i nygiok@beiwedi themal The tivB8ubseral@ Rk fedd adhareﬂﬂiyta%aaﬁf:@r d4ihpy to the
conventional techniques in that, an alignnent f| Imis formed in each of two

subst r at ediquid drgstdiGRdeendased ach spmcb eurrowidd by thentato dubstrateedrdoskalantd Lides: a
seal ant arranggﬂg step of arrag gin a sealﬁpt on a main surface of one of
or each of thosdedTAacEIing methpd acqogdieg {as IPrde’éideWQO%t 3 @rt8Hpi ng

L1 quigl cry rﬁz{‘rﬂk‘acﬁlﬁgng?ﬁﬁh@d aécB?cE@é’%slthE%B%ntt 81t 14 8@1[]89 IHQIP]a?t sf‘rPal%fémQB{‘d' ng the

two substra In a pressure-re te a I'ncl uded.

The manuf atinus for@edr 2ol oftwa stibistrdied 16 by Béled db eaﬂha)thaammi inqhatithe present
enbodi ment includes, to be perfornmed prior to the seal ant arranging step, a
deaer at i ngnetb@cemcbﬂe%prsaﬁgmr@gran@na sieped gUARging @ gerdant QN AuBIR sydaced one

substrates t he,. ali t filmis | easi ng
Son of v et an ot e iRhdthic iR it Btanpinshorel bRl i DR e
seal ant ardman@itidubbteiies; and®8 bbAAIAE Stepof Dbt B twd QubiitafustiegetRéligh t he

conpletion of the rel easi ng step. After the allgnment films are fornmed on

t he Blibst rrxesssre- mdmeémomewratwl@ledanged in a pressure-reduced atnosphere
to renove rmlz,#ure nt ai ned e surface t he al :qgg)ﬁrrent films and the

( n tP a
like. Thereaft herrwl tlgaelﬁ pha btl&@é&net# t&a’e&aa%&l PEFE%hy an i nert
gas such nbod “g%%l e to Bl g%gﬂ%dﬁldrqsme R38int SrALHY heJa AahMifS of the

por ous sur e al’ign
step of arranging in a pressure-reduced atmosphere the substrates on each of which the

alignment film is formed, and a releasing step of releasing the pressure-reduced

15 atmosphere by an inert gas. The sealant arranging step is performed within about 30
minutes after the completion of the releasing step.  After the alignment films are formed
on the substrates, the substrates are arranged in a pressure-reduced atmosphere to
remove moisture contained in the surface of the alignment films and the like.
Thereafter, by releasing the pressure-reduced atmosphere by an inert gas such as N; gas

20 or Ar gas, the inert gas is adsorbed by pores of the porous surface of the alignment films.
Thus, moisture is prevented from being adsorbed by the alignment films when the
substrates are brought in the air.  Accordingly, no moisture remains between the
sealant and the alignment film, and defective display around the sealant can be prevented.

In the present embodiment, liquid crystal is dropped on the substrate arranged

25 opposite to the substrate to which the sealant is arranged. In the present embodiment,
this substrate to which the liquid crystal is dropped is also arranged in the pressure-
reduced atmosphere and thereafter an inert gas is introduced to release the pressure-

reduced atmosphere. The adsorption of moisture can be prevented since the inert gas
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Thus, noisture is prevented from bei ng adsorbed by the alignment filns when
the substrates are brought in the air. Accordingly, no noisture remains

bet ween the sealant and the alignnment film and defective display around the
seal ant can be prevented. |In the present enbodinent, liquid crystal is
dropped on the substrate arranged 25 opposite to the substrate to which the
sealant is arranged. In the present enbodinent, this substrate to which the
liquid crystal is dropped is also arranged in the pressure- reduced

at nosphere and thereafter an inert gas is introduced to rel ease the
pressure- reduced atnosphere. The adsorption of npisture can be prevented
since the inert gas -12 is adsorbed by the surface of the alignment films.

As a result st,ur an be .remved on1the aI| nnen in a region
there 1 qu asPbRl bl Gr SERE S BB ARG o8F aderdemomapieay bF feiie egi on
where |i quirsn§he/siadin eﬁ‘ﬂﬂnﬂﬁ%@e&bﬁ%ﬁ% IRfRY bx?st%l*‘lﬁs%%éﬁ QHJ&B é@%nﬂ%fe@ﬂve can be
prevented. 5 The i'nert gas in The pores of the porous al grninment Il ms and
the |ike idispldypiaehofegiomiisdretiguiddystdhad bdee drcgapddfaﬁdlseﬁelsnﬁrmrtdwg aagronas tine
el apses. Thus, the concentration of the inert gas adsorbed by the alignnent
f|In1decré§§@§Rﬁ?qﬂqkeelapses. Accordingly, it is preferable to arrange

the sgalant as fﬁeonﬂex‘i‘%gr@gﬁé B{)(%S%Hh% cPotr&f‘s gl‘rﬁ%ﬁ'f[iﬂéaﬁf&el @‘i'n pface of

particul ar, I's pre mnu

conpl et onm@i‘stutr@ endlBie liRé RahffiGdSht3Rhe AP ad @mé BRpbdsdUTHUE rth{é&callceﬂkmm dfg step
also, it is preferable to perform the step within about 30 minutes after

the pr essuﬁ@imﬁ@@dscub%ls)pmrabgﬁlrserrté'llrealserdasgy as time elapeest dasordiiglyrit t he two

substrates. to bl (%nded tQ each t her are bat h din
o asur e rBaUHEALRINATHHS S TP ot Sony ipornee pRes O Pathh iy o5l ospher e by

the inert nlRcfaSitid érref“c?ﬂﬂ’@fd d’&s@%t}ﬁﬁ'a‘BBuﬁU’tﬁfnﬁ?és%Pﬂe?cérﬁﬁeﬁé’rpéf trh@t e provided

with the sealant or the substrate provided wth the liquid crystal
def et0i ve mHemgihgytepssasiathediquid ¢rytthledroppingstgeabof it mfprbﬁembkaetalmﬁormnd t he
dropping of the liquid crgstal cap be prevented. At the sane tine, noisture

adsor bed bieske Va‘Fh"gﬁt?f%‘ﬁ@ fpipwes Aljerithe pressuge-raycerbatmaspliese isgelsasedtyom t he

regi on exc&gmgrpéast hose regi ons where the sealant is arranged and where the

After the two substrates to be bonded to each other are both arranged in a
_ pressure-reduced atmosphere, by releasing the pressure-reduced atmosphere by the inert
15 | gas, irrespective of which substrate is the substrate provided with the seaiant or the
substrate provided with the liquid crystal, defective display associated with the
arrangement of the sealant and the dropping of the liquid crystal can be prevented. At
the same time, moisture adsorbed by the alignment film and the like can be removed also
from the region except for those regions where the sealant is arranged and where the
20 liquid crystal is dropped. When the time during which the substrates are arranged in
the air after being released by the inert gas is short, it is not necessary to perform again
the deaerating step of arranging the substrates for a certain period in the pressure-
reduced atmosphere immediately before bonding the substrates together, and the
bonding step can be performed immediately after the pressure is reduced.
25 In the manufacturing method according to the present invention, even when the
substrates are stored in the air for a long period after the alignment films are formed
thereon, the deaerating step of arranging the substrates in the pressure-reduced

atmosphere and the releasing step of releasing the pressure-reduced atmosphere by the
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20 liquid crystal is dropped. Wen the tinme during which the substrates are
arranged in the air after being released by the inert gas is short, it is
not necessary to performagain the deaerating step of arranging the
substrates for a certain period in the pressure- reduced atnosphere

i mredi ately before bonding the substrates together, and the bonding step
can be perfornmed imedi ately after the pressure is reduced. 25 In the
manuf act uri ng met hod according to the present invention, even when the
substrates are stored in the air for a long period after the alignnent filns
are formed thereon, the deaerating step of arranging the substrates in the
pressure-reduced atnosphere and the releasing step of releasing the

ST O R T A, < MU LA PR 4
dropped. T, starigea@ghed.m‘ﬂ{ét rBbnl ﬁng‘xtIofan 8i@ferem{m§mnaa ﬁ%ﬁ\#&&g{iﬁgﬁhdﬂa&md as

di scl osed 1| t he venti onmal art references er el ere around

the substdisdlesdiistieubstdntivhal drt(refetgrey whateiniBe Aiphdrearcadelee air or an
inert gas. In the 5 present invention, the substrates are once arranged in a

vacuum at nBpFReeis substituied Gureed) dy ik meisiuee-redueed 3y opymissiigeed Ender enoved,

an inert I.S: r b t rfaces of..the alj il nd the
like. gUnI ?ﬁ%féﬁ%ngg@_oen ’ ﬁ.@ﬁﬁ?’%&@%ﬁ?ﬁg“ﬁ% rﬁagg%di ias%alcgléllé]g‘?ﬁgb%? {?_eaggﬁsgnt i onal
art ref er efie @foistiife it fullP@UaptRses 9ad Yerhdved! Arifert F;@s i UBsdrbéd Bsthe Rudaces of
environnment requiring noisture control or the l'ike, and they can be stored
in a nor rrauhe_ﬂbgranmﬁgwr@l the like. tUnlikelyi tgrthemanfatingngmetifods disdlosed s a

result, the manufacturing.facilit. can be reduced in size, and the

b oduct i vi 1 PRSI pactRorhe i nebeesry <6 Soene Rag iR aR can be

manuf act ur gd:d i : rd : i when
substrat es@rg/]p‘ogﬁ‘x F@?S@lﬁs{%}eﬁoﬁﬁ?ﬁ%g%@c%q%\l%%?%{%%g?ﬁ%‘??g%eﬁiqg aper (%%/med are
storéd i n amosplns pivertke hilyminens il St formed 5  Aoatrésult] fed mdmfacardofacilityt he
facility has been enor rmuslé/ | arge inevitably. However, as the deaerating

step and t fAR hededucst iysize, @pd Hieprpdvativitinesdmprivnediand shalidud enystat displgeal ant i s
arranged in the nuf act uri net hod, according to the present application,
bl adRrerp aetred fsPcrane

such a r%%léwf'g' not necessary. As a result, for the
| arge subst r at eAnng Yarid¥Substrates, conventionally when substrates of a large size with
which multiple production is performed are stored in an atmosphere that is moisture-

15 controlled, for example, the facility has b;aen enormously large inevitably. However, as
the deaerating step and the releasing step are performed immediately before the sealant
is arranged in the manufacturing method according to the present application, such a
large facility for storage is not necessary. As a result, for the large substrates also, the
productivity is improved and the mass-production is achieved.

20 Additionally, as the arrangement of the sealant and the dropping of the liquid
crystal can be performed at the atmospheric pressure, the arrangement of the sealant and
the dropping of the liquid crystal can be performed easily. Accordingly, the works can
be proceeded faster, and the productivity is improved.

Figs. 2-4 show explanatory views of a manufacturing apparatus of a liquid

25 crystal display apparatus according to the present invention. Fig. 2 is a partial

schematic cross-sectional view of the manufacturing apparatus according to the present

invention. The manufacturing apparatus according to the present invention is used in a

manufacturing method of a liquid crystal display panel including a sealant arranging step,
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productivity is inproved and the mass-production is achieved. 20
Additionally, as the arrangenent of the seal ant and the dropping of the
liquid crystal can be perfornmed at the atnospheric pressure, the
arrangenment of the sealant and the dropping of the liquid crystal can be
perfornmed easily. Accordingly, the works can be proceeded faster, and the
productivity is inproved. Figs. 2-4 show explanatory views of a

manuf acturi ng apparatus of a liquid 25 crystal display apparatus according
to the present invention. Fig. 2 is a partial schematic cross-sectional

vi ew of the manufacturing apparatus according to the present invention. The
manuf act uri ng apparat us according to the present invention is used in a

manuf act urin tho of .a l | rystal | a anel i ncluding a seal ant
T ang ng SHG CAal 4opga el cng & bahdias SR GO LB N HbSIBRAR Kot op o
bondi ng t b appar at us
is used f\dgh?ﬁe%?ﬁlhﬁg %E?a r‘é‘gtaggirmm% dr tﬁ#ﬁ%meﬁf%g Lﬁrprﬁ}%g appar at us
of a |iquidhengstal display panel according to the 5 present invention has

pressure- reduced at rmsphere form ng neans for arranging the _substrates in a
pr essur e- r educ el NAEHtEIng ap&ﬁdtrwfééﬁurdgcrﬁ%drdsspiwaﬂel ACHATARE tohide

pressyr & 1 RUUGPHBHIRAALEI S AN LS oslRte rifnd S AURPLERILER, guCh a5 2

TFT Subst’ an al rgnnmen and a strate 5

on whi-ch aqmt)stadtegﬂraiqﬂ&ssﬁreLﬂauwedfa@hmeﬁr Encbreleaslfe thehils for Yél6atHp tanber 20:
Vacuum chanber 20 is 10 formed by alum num although it may be fornmed by

stai nl ess Hewule- @du@qdeatmpmerw@mmrt@nmﬁlawo sibstrates, plrl@s@rﬂtTE'ﬁbodr ment is
fornmed such,t hat an ac orrm)d e r.at es onded to each
ot her. Vaci'l’lHFﬁr%ﬁd e‘?(’:h‘rilb Prﬂ ?Wée\lﬁoai“f[ !@Ssql?a‘ifr"ﬁvét d’g‘ nd is kept
seal ed {1 Oighen i} ifimeli AR &ifan %@Wﬂ&ﬂéﬁ%&mﬁ& 20 wacﬁu&p&rarnbeaﬁﬁs 21 are
formed facing to each ot her, nbers for arranging the 15 substrates.

Suppddt basesedlby alnmirdunr, rmﬁdorgh it may be fermeddy stad¢ss ateekott the flike boNdadint 0  each

ot her can rranged as aligned, verticall rt bases 21 are fixed to
the bott 093\ eq,%lQ:{%Lpg; gwg%@%lbg iment }s formedy such tha? ?c can accommodate the two

substrates to be bonded to each other. Vacuum chamber 20 1s formed so that it is
hollow inside and is kept sealed from the outside. Inside vacuum chamber 20, two
support bases 21 are formed facing to each other, as members for arranging the
15 substrates. Support bases 21 are formed so that the two substrates to be bonded to
each other can be arranged as aligned vertically. Support bases 21 are fixed to the
bottom of vacuum chamber 20.
To vacuum chamber 20, vacuum evacuating means 16 for evacuating vacuum
chamber 20 is connected. Vacuum evacuating means 16 includes an evacuation pipe
20 17, an evacuation valve 18 and a vacuum pump 19. In the present embodiment,
vacuum evacuating means 16, vacuum chamber 20 and support bases 21 formed inside
vacuum chamber 20 constitute pressure-reduced atmosphere forming means for
arranging the substrates in a pressure-reduced atmosphere.
To vacuum chamber 20, inert gas introducing means 11 is connected as releasing
25 means. Inert gas introducing means 11 includes an air supply pipe 12, an air supply
valve 13 and a cylinder 14.  Cylinder 14 is filled with an inert gas such as N> or Ar.
Fig. 3 is a cross-sectional view of the vacuum chamber through line ITI-III in Fig.

2. Vacuum chamber 20 is formed substantially as a rectangular parallelepiped. The
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To vacuum chanber 20, vacuum evacuating neans 16 for evacuating vacuum
chanber 20 is connected. Vacuum evacuating nmeans 16 includes an evacuation
pipe 20 17, an evacuation valve 18 and a vacuum punp 19. In the present
enbodi ment, vacuum evacuating neans 16, vacuum chanber 20 and support bases
21 formed inside vacuum chanber 20 constitute pressure-reduced atnosphere
formng neans for arranging the substrates in a pressure-reduced

at nosphere. To vacuum chanber 20, inert gas introducing neans 11 is
connected as releasing 25 neans. Inert gas introducing neans 11 includes an
air supply pipe 12, an air supply valve 13 and a cylinder 14. Cylinder 14
is filled with an inert gas such as N2 or Ar. Fig. 3 is a cross-sectional

view of the vacuum ch nber i,ne Vacuum chanber
2071t or e SEHLARTPRGY £ 11 $t¥le it o St ars firpdic ofebbes

Subst r at esp 4k 23lhs03t'h§t théid mattaddseart hé‘t%n% sohshd fbt s'ﬁie%t@a&xﬁrﬁnge‘j on
support bases 21 so that their main surfaces are horizontal. On the front
si de of vashamber 2hanmbopen/dose dovrop2 aredbosed mmspomlmeeﬁmnwstagesrdspondl ng
to respective s bases, 2 ges. Qpen/cl ose

1th f
doors 22 aﬁ“@p?%i)ﬁ%gaééhaf‘ﬁ%“for%a%escaﬁ)%%/cf?ﬁ%a%gé&n tmg%@ﬁgs%ﬁ%ﬁtﬁléﬁ'yrred to be

| ar geg enoyg t il t

Open/clos g %@%%{re %%ﬁgg ﬁkl(e)erbgl %erlxnv.%ﬁgﬁpédtﬁﬁ%g{’%}ﬂtﬁﬁﬁl ?1)8;5 are

cl osed. Figspedtivesibstsabe Mdped/oloserdabls 30 &efsrinetihe kegnitedsdidy deakdasmipar at us of
the present enbodinent. A plurality of the same manufacturing apparatuses
each incl Lﬁbﬂh@felci@ﬁd 10 gas introducing means 11, vacuum evacuating nmeans
16 and vacuum are arr acu ves um chanber 20
are connect ed fpolg e’sspaescgg‘f’r{}aemwgfﬁl ‘gag?%p’r?t ?Pgh{ﬁlgr?é’gﬁ? s ‘Eipv&%um
evacuat i NGeriAitentd, Agilerafi9ToTekk Siend Matufidd@ing HphrafReS¥RBUAISHna AN | nert
gas can be introduced |ndependently of each other. Inside each vacuum
chanb@r 20gassupphicingbesaes 1 BWasmmvaquaﬁ@meals dbenfl yacmun shanbteat2025e t wo
substrates to b‘f bonded to &aj the@a{%an be acconmmodat.ed. The ‘present

appar at us 15EET NeNEAHYP &C43E Y BEUNEFBARPETR) AE SRINFLted P ApRpPAve iREt

gas introducing means 11 and vacuum evacuating means 16, and formed so that they

can be evacuated and an inert gas can be introduced independently of each other.
Inside each vacuum chamber 20, support bases 21 shown in Fig. 3 are formed so that
15 two substrates to be bonded to each other can be accommodated.

The present apparatus is for example used in a deaerating step of arranging the
substrates in a pressure-reduced atmosphere and a releasing step of releasing the
pressure-reduced atmosphere by an inert gas, after forming the alignment films in the
manufacturing method shown in Fig. 1.  First, open/close door 22 is opened and TFT

20 substrate 1 and CF substrate 5 are set to respective stages of support bases 21 in
vacuum chamber 20. The substrates are arranged so that they are fully accommodated
in vacuum chamber 20, In the present embodiment, TFT substrate 1 is arranged above
and CF substrate 5 is arranged below, although the arrangement of them is not limited
thereto, and either of the two may be arranged above. In order to mainly allow

25 moisture in the formed alignment film to evaporate, it is preferable to arrange the
substrates so that the side with the alignment film faces up in order to avoid contact
between the alignment film and support base 21,  After the substrates are arranged, all

open/close doors 22 (see Fig. 3) are closed to seal vacuum chamber 20.
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substrates in a pressure-reduced atnosphere and a rel easing step of

rel easing the pressure-reduced atnosphere by an inert gas, after formng
the alignnment filns in the manufacturing nmethod shown in Fig. 1. First,
open/ cl ose door 22 is opened and TFT 20 substrate 1 and CF substrate 5 are
set to respective stages of support bases 21 in vacuum chanber 20. The
substrates are arranged so that they are fully accommpbdated in vacuum
chanber 20. In the present enbodi nent, TFT substrate | is arranged above

and CF substrate 5 is arranged bel ow, although the arrangenent of themis
not limted thereto, and either of the two nay be arranged above. I n order
to minly allow 25 noisture in the forned alignnent filmto evaporate, it is

preferable to 1T . i i i gnment
i faces up | ooy debBunlRas uBkASaRERkich VB 135 Mhehed ¥ &R
support bagseudd chAhbee20t ha7asubs thahles 20ieeaknabd &faboat B0 Papely gkose doors 22

(see Fig. 3) are closed to seal vacuum chanber 20. -16 Next, vacuum punp 19
i s driven rpguviagdevdconmalpmber29 is deerpaned danidly éhveaaligament flasuoay bharber 20.

Vacuum chapber 20 | s evacuated t out 30 Pa. If the ressure inside
vacuum cha%%@ngeago %‘%CO&%‘B@M échrthfﬂ%g‘ﬁ '#]jatt'ﬁg péﬁsﬁ‘ﬁﬁﬁﬁ}# VF‘F‘F Cﬁ"iﬁ}gﬁ Bamaged.
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degree of opepgiingraidsallyrchanpehbly as beargatidnl elhas] v atuaatwmionaklve B3of tAs
evacuati on val ve E’JL8 .of the resent. enbodi ment, a valve that can_increase

the val ve RSp¥AE #Y HIRETnASHE {hab fep infrepse the Nalve ePEuRRECankiauQusly and fehi ng

st epwi se i ] Rede) 0 : P i I pnt ai ned
For "about 30 arease RN e sSARTRL oo MBpe ooyl (0 debl 70" 21 0
for exanplwehich & maiapmed fedbolihdGmirtutes, deisturatn thg saifegesiof tipedlipgamead filmshe
pressure’ipside the vacuum chanber and the tinme for, maintaining the reduced
press¥ire ofPBe¥AIPle.inpYapaTatefer dihys, tha desesrting,signys gerfermedpr essure i nside t he

vacuum chanber t. I [ on. t t he al i gnment
vacuum charber ey plBelh bl ARBRIHRE A AR i o' 90T
deaer at | NgregliRA pR@shRrAE ot liGitddthéree, Ad B RdaBplRSthe peest@RamideGeon the type
of the forned alignnment filns and the |ike.

vacuum chamber may be at most 1 Pa, depending on the type of the alignment films,

In other words, it is preferable to change the conditions of the deaerating step performed

15 in the reduced pressure depending on the type of the formed alignment films and the like.

When the deaerating process i1s completed, subsequently, evacuation valve 18 is

closed and air supply valve 13 is opened to introduce an inert gas from inert gas
introducing means 11 into vacuum chamber 20. That is, the releasing step is performed.
As air supply valve 13 of the present embodiment, a valve that can adjust the opening

20 degree so that the pressure inside vacuum chamber 20 is gradually increased is used.
Introduction of the inert gas is continued until the pressure in vacuum chamber 20
reaches the atmospheric pressure. When the pressure in vacuum chamber 20 reaches
the atmospheric pressure, air-supply valve 13 is closed to stop introduction of the inert
gas. In this state, until performing the sealant arranging step, the substrates are stored

25 in vacuum chamber 20.  Alternatively, if the time until the sealant arranging step is at
most about 30 minutes, the substrates may be taken out of vacuum chamber 20 and
stored.

As the manufacturing apparatus used in the liquid crystal dropping scheme
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When the deaerating process is conpl eted, subsequently, evacuation valve 18
is closed and air supply valve 13 is opened to introduce an inert gas from
inert gas introducing neans 11 into vacuum chanber 20. That is, the

rel easing step is performed. As air supply valve 13 of the present

enbodi nent, a valve that can adjust the opening 20 degree so that the
pressure inside vacuum chanber 20 is gradually increased is used.

I ntroduction of the inert gas is continued until the pressure in vacuum
chanber 20 reaches the atnospheric pressure. Wen the pressure in vacuum
chanber 20 reaches the atnospheric pressure, air-supply valve 13 is closed
to stop introduction of the inert gas. In this state, until performng the
seal ant arrangi ste the substrates.are stored 25 in, vacuum chanber 20.
A ter nat | viepyaes e eS8 reiofd Rob RS G mate ang TR LA SRS PR DT most
about 30 m ; t : ehggber 20 and
st or ed. A2k$%gﬁ ﬂﬁ&??ﬁ?ﬁ??%%ﬁggggr tquagggﬁ?ﬁ%#ﬁéﬁ§§%€€gH@%ystaI dr oppi ng

schene - 17surfacésusfabe fubstrpeessiinehd dipnard: Aldsphel @ the mmingurfiensf thad t he
rel easing neans for rel easi ng t he pressure-reduced at nosphere by the inert
gas, noi st Perates eanederpabsiitutsd by ge ingricgass whersbmpistire & piavEnied fram bsinggnnent
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i f the subgdfecivedispla§ oftEHea@ReryRalldighlA fanbNRh BBk QlentedS Aflef Fotintation
defective display of the liquid crystal display panel can be prevented.
Af t er f or nefithealignafent filmseand gutibile bbnding stepdit ismot necdssarp tmebmeplsheep, it is
not necessary. to control the istyre and the |ike contipuously, and the
subst r at esm8§$’r‘f%8ncg{%r"§8 C?ﬂ"?‘ﬂgﬁﬁiﬁnﬂéﬁ‘? pstrates ﬁaé’tl?eosﬁor(?a “fﬁ\?aéﬂ nment films
and until jorRBGhRbEhy aRGRLE AR A0 UnfDinth&ifeg! hingt gche 1 quid
crystal.. Thus, the facility lcasnﬁigr gatll y béﬁg?rtr)gfbltr? %%@?_%hgggégﬁb%t rates
can a0so bédropping ¢sslapud egstal y Thandhe Feeilppy catugreatly teysiinplifietpr daege
Additionally, as the vacuum chanber is fornmed to, acconmpdate the two

subst r at ess'%étrﬁésfﬂ?rﬂil & Rogasssd esihe and theprodirtivitly & iMpr@®dean be processed

st mul taneous! y, AgfiftoRu1ehd thlYadiulPcabibef RTBINRd B LAimBARE BRSS One

substrate, that TS,
substrates to be bonded to each other, the two substrates can be processed

simultaneously, and a waiting time for completing the process of one substrate, that is,
15 the lead time until the next step can be minimized. Thus, the i)roductivity is improved.
As shown in Fig. 4, since multiple of small vacuum chambers 20 are formed so
that each chamber is evacuated and supplied with an inert gas independently of each
other, the substrates can be arranged in the atmosphere of the inert gas until immediately
before the sealant arranging step or until immediately before the liquid crystal dropping
20 step if necessary. Thus, adsorption of moisture can more surely be prevented.
Additionally, the manufacturing apparatus from which the substrates have been taken
out can then be fed with the next substrates individually to perform the deaerating step
and the releasing step, whereby the substrates can be processed successively. Thus, the
waiting time in the manufacturing process can be minimized and the productivity is
25 improved, whereby an inexpensive liquid crystal display panel can be provided.
While the manufacturing apparatus of the present embodiment is formed so that
two substrates can be arranged inside the vacuum chamber, the invention is not limited

to this manner and the apparatus may be formed so that one substrate or three or more
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15 the lead tinme until the next step can be mi nimzed. Thus, the
productivity is inproved. As shown in Fig. 4, since nultiple of small vacuum
chanbers 20 are fornmed so that each chanber is evacuated and supplied with
an inert gas independently of each other, the substrates can be arranged in
the atnosphere of the inert gas until imediately before the seal ant
arranging step or until immediately before the liquid crystal dropping 20
step if necessary. Thus, adsorption of noisture can nore surely be

prevented. Additionally, the manufacturing apparatus from which the
substrates have been taken out can then be fed with the next substrates
individually to performthe deaerating step and the releasing step, whereby

h b d iyely.  Th h it ime inth
nuf act uP g i SydE PREEoR o TEE° L Kb Bl ns AR P s | oy ovedt
wher eby aRtthdh@d Benshe fichid léhﬂnl&‘crrﬁ§ pRikality SP&AYLRRAPpCARY BecotiRiiededa Wi l €

t he manuf acturing apparatus of the present enbodimnment i's fornmed so that two
subst r at efargavadoemammgnspetiiat the vaauimhehambershave Hemieteynal heessune adjusted i s not

limted o this. manner .and the ratus be forped so that one
SuDSt r at e PBFEPRIE CSFURHPRVANG: s SHBNIL: s FRY NERSHFY i GRINEH e chanber .
Furtfeer, ‘{Hﬂdd‘éciﬂg%e‘éﬁﬂ&l@v%@ﬂubtﬁ e R iAFMRLinE Gh iR ARUYR CAaReT . 2
plurality of evacuation pipe nay be “connected to a E1arge vacuum punp so
t hat the vhanhen subhibephirdiay of sinewpply pipes craineqaed ssamaltgpdy ofStazallel by

respective evacuation valves. Simlarly, it is only necessary for the inert
gas 5 inteF Ing means to have a structure for introducing an inert gas

into the vacuu ggﬁr . as a plurality of air supply pipes connected
to a multiple g)?ec%g?a e lrgf‘:}(glyri nders. (Second Enbodi nent) Referring to Fig.

5, a manuf act Ulde@Tiﬂ?id"Pi@. SNOmanyTRGUHiRE iefhod And B Rddnafadfuridf apparkfusldfgui d
crystal display panel of a second enbodi nent of the present Invention is

desch bed liquittteystal désplay pend ofie vecomdiesabsidimdnaof the présentinventias itidésagbedet hod
ubst rat es and THeqFANRRRRARAT & sifel SabemenEUarb RS e oo
crystal  drpQRidtditdh Pthat dHgnRERASHR atdWeMbd BR substrates and liquid crystal is
enclosed in accordance with the liquid crystal dropping scheme. The present invention
is also similar to the first embodiment in that the substrates on which the alignment films
15 are formed are arranged in a p-ressure-reduced atmosphere that is later released by an
inert gas.

The manufacturing apparatus of the present embodiment is formed to have the
structure of the manufacturing apparatus of the first embodiment that is further provided
with a dispenser for arranging a sealant in the vacuum chamber, so that the sealant can

20 be arranged in the vacuum chamber.

In the manufacturing method according to the present embodiment, a sealant
arranging step of arranging a sealant on a main surface of one of or each of two
substrates to be bonded to each other is performed in a pressure-reduced atmosphere.

After reducing the pressure where the substrates are arranged, the pressure is maintained

25 for a prescribed period so that moisture on the surface and inside the arrangement film is
evaporated. Next, under this pressure-reduced atmosphere, the sealant is arranged on
one of or each of the substrates.

After the arrangement of the sealant is completed, an inert gas such as N; gas or
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Is also simlar to the first enbodinent in that the substrates on which the
alignnment filns 15 are forned are arranged in a pressure-reduced atnosphere
that is later released by an inert gas. The manufacturing apparatus of the
present enbodinment is forned to have the structure of the manufacturing
apparatus of the first enbodinment that is further provided wth a dispenser
for arranging a sealant in the vacuum chanber, so that the sealant can 20
be arranged in the vacuum chanber. In the nmanufacturing nmethod according to
the present enbodi nent, a sealant arranging step of arranging a seal ant on
a main surface of one of or each of two substrates to be bonded to each
other is perfornmed in a pressure-reduced atnosphere. After reducing the

pressur e WgIds IArsHRR RIEIhA Ruhl ABEBE soR L AP leS,BRUAL a1 ned 25
e (0] r

for a prescri peri so that noisture on the surface and 1nsSide the
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Al ternativel I,f the tinme unt.il the liguid,crystal dropping step is short,
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In the manufacturing metho aliquidiocry ay panel" of the present
enbodi ment embbhdinpeag|thniealast @arrangpedn ianstae shetesubdimtes selsingetiés aar e ar r anged
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moisture is prevented from being retained in the alignment film in a region where the
sealant is arranged, and defective display around the region where the sealant is arranged
can be prevented.  Further, by releasing the pressure-reduced atmosphere in the
15  vacuum chamber with an inert gas, moisture can be prevented from being mixed when
dropping the liquid crystal.
When the substrate to which the liquid crystal is dropped and the substrate to
which the sealant is arranged are different, the substrate to which liquid crystal is
dropped is also arranged in the pressure-reduced atmosphere in the vacuum chamber in
20 advance, and thereafter subjected to the releasing step of releasing the vacuum chamber
by an inert gas. By employing this method, also from the substrate to which liquid
crystal is dropped, the moisture of the alignment film can be removed in advance, and
defective display in the region to which liquid crystal is dropped can be prevented.
Similarly to the first embodiment, it is preferable to drop the liquid crystal within 30
25 minutes after releasing the pressure-reduced atmosphere by an inert gas. By employing
this method, defective display can surely be prevented even if the liquid crystal dropping
step is performed in a normal atmosphere.  Accordingly, the structure of the liquid

crystal dropping apparatus can be simplified, and the productivity improves as works are
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seal ant is arranged, and defective display around the region where the
sealant is arranged can be prevented. Further, by releasing the
pressure-reduced atnosphere in the 15 vacuum chanber with an inert gas,

noi sture can be prevented from being m xed when dropping the liquid
crystal. Wien the substrate to which the liquid crystal is dropped and the
substrate to which the sealant is arranged are different, the substrate to
which liquid crystal is dropped is also arranged in the pressure-reduced
at nosphere in the vacuum chanber in 20 advance, and thereafter subjected to
the releasing step of releasing the vacuum chanber by an inert gas. By
enploying this nethod, also fromthe substrate to which liquid crystal is
dr opped, t@ﬁﬁ gsture of the alignnent filmcan be renoved in advance, and
defective s%?gy in the region to which liquid crystal is dropped can be
prevented. Si mAlsahid ¥ cis@ viittee fhefsedlaRTPREAARA LN thd subStrAE 86 Whathl Rps® drop the
liquid crystal within 30 25 mnutes after rel easing the pressure-reduced
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panel of the first enbodinent is forned to accommbdate two substrates to be
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the substrate to which the liquid crystal is dropped are the same, so that this substrate

only is processed.
The rest of the manufacturing method and manufacturing apparatus is the same
15 as in the first embodiment, and therefore description thereof is not repeated.
(Third Embodiment)
Referring to Fig. 6, a manufacturing method and a manufacturing apparatus of a
liquid crystal display panel of a third embodiment of the present invention is described.
The present embodiment is similar to the manufacturing method according to the
20 first embodiment in that alignment films are formed on substrates and liquid crystal is
enclosed by the liquid crystal dropping scheme. The present invention is also similar to
the first embodiment in that the substrates on which the alignment films are formed are
arranged in a pressure-reduced atmosphere that is later released by an inert gas.
In the present embodiment, the sealant arranging step and the liquid crystal
25 dropping step are performed in a pressure-reduced atmosphere. Thereafter, the
pressure-reduced atmosphere in the vacuum chamber is released by an inert gas, and the
substrates are stored in the vacuum chamber until the bonding step.

Inside the vacuum chamber of the present embodiment, in addition to the
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the substrate to which the liquid crystal is dropped are the sane, so that
this substrate only is processed. The rest of the manufacturing nethod and
manuf acturi ng apparatus is the sane 15 as in the first enbodi nent, and
therefore description thereof is not repeated. (Third Enbodi ment) Referring
to Fig. 6, a manufacturing nmethod and a manufacturing apparatus of a |iquid
crystal display panel of a third enbodi nent of the present invention is
descri bed. The present enbodinent is simlar to the manufacturing nethod
according to the 20 first enbodinent in that alignnent filnms are fornmed on
substrates and liquid crystal is enclosed by the liquid crystal dropping
schene. The present invention is also simlar to the first enbodi nent in
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crystal is
the pressure-reduced atmosphere in the vacuum chamber is released by an inert gas and

the substrates can be stored immediately before being bonded, moisture is prevented
from being adsorbed by the substrates and the alignment films during this period, and

15 therefore defective display of the liquid crystal display panel is prevented. If the périod
after the releasing step during which the substrates are stored in the air is short,
adsorption of moisture by the substrates can be prevented and a deaerating step
immediately before the bonding step can be eliminated, and thus the manufacturing time
can be reduced.

20 The rest of the manufacturing method and manufacturing apparatus is the same
as in the first embodiment, and therefore description thereof is not repeated.

In the above-described embodiment, the deaerating step is mainly performed
before the sealant arranging step. However, if it is only intended to prevent moisture
from mixing in the liquid crystal dropping step, the deaerating step and the like may not

25 be performed to the substrate to which the sealant is arranged before the sealant
arranging step. The substrate to which the liquid crystal is dropped may only subjected
to the deaerating step before the liquid crystal dropping step and to the releasing step

before the bonding step.
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dropped and in the region around the sanme can nore surely be prevented.
Further, as the pressure-reduced atnosphere in the vacuum chanber is

rel eased by an inert gas and the substrates can be stored i mredi ately

bef ore being bonded, noisture is prevented from being adsorbed by the
substrates and the alignnment filns during this period, and 15 therefore
defective display of the liquid crystal display panel is prevented. |If the
period after the releasing step during which the substrates are stored in
the air is short, adsorption of noisture by the substrates can be prevented
and a deaerating step imediately before the bonding step can be
elimnated, and thus the manufacturing tine can be reduced. 20 The rest of
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above- descémthriimenbodiineation isht Graed & £d18r Bquad ciyStal@idrit 3 aperapplicase tdef or e
the seal ant arranging step. However, if it is only intended to prevent

moi sture 4 block-andeivhge liquit iseystal displdy oayadt al  dr oppi ng step, the deaerating
step and the like not, 25 Db erforned to,.the substrate to.which the
sealoant is arr aﬁé@‘g‘?‘%@ Qﬂd_érsfcﬁg fgﬂéﬁ}%ﬁﬂ%ogﬁf}e&ﬁ&%‘f _s%‘fléeﬁ‘?m q‘l"ré]ﬁ’éﬁi’)%‘fer eto

whi chst he hdnqﬂéktﬂftﬁrem?&@y ieggégf.ogr%gcéﬂ%f ﬂﬁ?};esgfg]{ vehti sd&ﬂhlea B¢ wileRehat | Ng

step before the liquid cry oppl'ng st to the releasing step

bef or e t heofttbendaing, rathepthan th2 de¥eripgoreandekanplk kpvegardriymteatieddiosmilade apgnel has
mai nl y been scribed in the above enbodinent, the invention is not limted
to col or IW&&SEPU@PWMHWF‘ﬁmit@ SePR&AN sRRaNg sAwvalent toythg terme of e whi t e
liquid cryﬁgjﬂlls di splay panel. It should be understood that the enbodi nents
di scl osed herein are illustrative and 5 non-restrictive in every respect.
The scope of the present invention is defined by the terns of the clains,
rather than the description and exanpl e above, and is intended to include
any lRodi f IndustrdfiAppicabilfiges within the scope and neani ng equival ent to

the terms of t h?he Srlegémnve% on ﬂ%ﬁﬁﬁcraia%lto'%l?eo 1lniar(1:u ét{ni'eta/f a liquid crystal display
panel. In particular, it is advantageously applicable to a manufacturing method of a
liquid crystal display panel and a manufacturing apparatus thereof which are carried out
in accordance with the liquid crystal dropping scheme.
15
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The present invention is applicable to the manufacture of a liquid crystal
display panel. In particular, it is advantageously applicable to a

manuf acturing method of a liquid crystal display panel and a manufacturing
apparatus thereof which are carried out in accordance with the liquid
crystal dropping schene. 15 - 23 CLAIMS 1. A manufacturing nmethod of a
liquid crystal display panel, conprising: a sealant arranging step of
arranging a sealant on a nain surface of one of or 5 each of two substrates
to be bonded to each other; a liquid crystal dropping step of dropping
liquid crystal on one of said two substrates; and a bonding step of bonding
said two substrates to each other, wherein said nethod further includes: 10
to be performed prior to said sealan&L ngi ng step, a deaerating step of
arranging in a pressure-reduced atnosphere at |east a substrate on which
said sealant is to be arranged out of said two substrates; and to be
performed prior to said bonding step, a releasing step of rel easing said
pressure-reducdd at mesplaetuang methediaeriquigasystalslisplayTiaeeleerofrasingir i ng et hod

of a liquid crystal display pan according to claim]l, erein said
rel easing step aisgglfi’étrq‘rbq%ﬁ@é_sgeﬁ cgjlﬂntaﬁglg%t?de_ %‘ﬁloé’rﬁmaa‘fnls‘é%@e%g} OBFOHOT20 3. The
manufmsct urea oMl R stdtePto beBbndef fy&kRbidspl ay panel according to claim
2, wherein said sealant arranging step is perfornmed within 30 minutes after
sai d rel easi ng adiqujgl cr@$aldrofipieg step of dcippimigriguidetrhstal afore dfisgiditdocr yst al
di spl ay panel acco&ping to
substrates; an
a bonding step of bonding said two substrates to each other, wherein said
method further includes:
10 to be performed prior to said sealant arranging step, a deaerating step of
arranging in a pressure-reduced atmosphere at least a substrate on which said sealant is
to be arranged out of said two substrates; and
to be performed prior to said bonding step, a releasing step of releasing said
pressure-reduced atmosphere by an inert gas.
15 '
2. The manufacturing method of a liquid crystal display panel according to

claim 1, wherein

said releasing step is performed prior to said sealant arranging step.

20 3. The manufacturing method of a liquid crystal display panel according to
claim 2, wherein
said sealant arranging step is performed within 30 minutes after said releasing

step.

25 4. The manufacturing method of a liquid crystal display panel according to
claim 1, wherein
said deaerating step includes a step of arranging said two substrates together in

said pressure-reduced atmosphere.
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claim1l1, wherein said deaerating step includes a step of arranging said two
substrates together in said pressure-reduced atnosphere. -24 5. The

manuf acturing method of a liquid crystal display panel according to claim
4, wherein said releasing step is perfornmed after said seal ant arrangi ng
step and said liquid 5 crystal dropping step. 6. The manufacturing nethod
of aliquid crystal display panel according to claim1, wherein said

rel easing step is perforned prior to said liquid crystal dropping step, and
10 said liquid crystal dropping step is perforned within 30 m nutes after
said releasing step. 7. A manufacturing nethod of a liquid crystal display
panel , conprising: a sealant arranging step of arranging a sealant on a nmain
surface of one of or 15 each of two substrates to be bonded to each other;
a liquid crystal dropping step of dropping liquid crystal on one of said two

substrates; and a HeRMIAcHAR T IDAIEEY St NEBIASE RESRIAEFACh. Ot her.

wherein said nethod further I'ncludes: to"be pertornmed prior to said
| i qui d crykimM, whespini ng step, a deaerating step of arranging in a
pressure-reduced atnosphere at ] east a sugstrate on which said |iquid

crystal is to sad dﬁ_’lﬁﬁﬁ LERE pS‘ffo%ma‘?doEﬁce&\éa‘ Seadant afrasgingsigp e _Eféd perdor med
b eocir o- oAUL e PRPRESHEr e By an i nert gae 25 8. The manufacturing met hod
of aliquid crystal display panel according to claim?7, wherein
6. The manufacturing method of a liquid crystal display panel according to
claim 1, wherein
said releasing step is performed prior to said liquid crystal dropping step, and
10 said liquid crystal dropping step is performed within 30 minutes after said

releasing step.

7. A manufacturing method of a liquid crystal display panel, comprising:
a sealant arranging step of arranging a sealant on a main surface of one of or

15 each of two substrates to be bonded to each other;

a liquid crystal dropping step of dropping liquid crystal on one of said two
substrates; and

a bonding step of bonding said two substrates to each other, wherein said
method further includes:

20 to be performed prior to said liquid crystal dropping step, a deaerating step of
arranging in a pressure-reduced atmosphere at least a substrate on which said liquid
crystal is to be dropped out of said two substratesi and

to be performed prior to said bonding step, a releasing step of releasing said

pressure-reduced atmosphere by an inert gas.

8. The manufacturing method of a liquid crystal display panel according to
claim 7, wherein

said releasing step is performed prior to said liquid crystal dropping step, and
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said releasing step is performed prior to said liquid crystal dropping step,
and -25 said liquid crystal dropping step is performed within 30 m nutes
after said releasing step. 9. The manufacturing nethod of a liquid crystal
di spl ay panel according to 5 claim7, wherein said deaerating step includes
a step of arranging said two substrates together in said pressure-reduced
at nosphere. 10. A manufacturing apparatus used in a manufacturing nmethod of
a liquid 10 crystal display panel, the nmethod including: a seal ant
arranging step of arranging a sealant on a main surface of one of or each
of two substrates to be bonded to each other; a liquid crystal dropping step
of dropping liquid crystal on one of said two substrates; and 15 a bondi ng
step of bondi ng.gaid,two bstrates to each other, wherein, said apparatus
conpri ses: pr eg@a ﬁ@‘-“ﬁé&ﬁg’i TORPRES R P P%fiqo‘f“ﬂjﬁﬁégﬁ%m‘f“ﬁ? afer S3thi ng t he
substrat egeitfding sty €ssure-reduced atnosphere; and rel easing neans for

rel easi ng sal d pressure-reduced atnosphere by an inert gas. 20 11. The

manuf acturi ng apparatus of a liquid crystal display panel according to
claim 10, wherein _said pressure-reduced. atnosphere creating neans incl udes

a vacuum chanbdr , The manufsguring methad efridiqwd erysplaisplar pasek acharding the
subs%;ate%mi 7sg%gﬁ%hanber, and a vacuum punp for evacuating said vacuum
chanber, wherern said rel easi ng nmeans includes inert gas introducing

nmeans for intrggddengatalp stéfintlubessa 4tB Of HRdidinga@idRo substrates together in

said pressure-reduced atmosphere.

10. A manufacturing apparatus used in a manufacturing method of a liquid
10 crystal display panel, the method including:
a sealant arranging step of arranging a sealant on a main surface of one of or
each of two substrates to be bonded to each other;
a liquid crystal dropping step of dropping liquid crystal on one of said two
substrates; and
15 a bonding step of bonding said two substrates to each other, wherein said
apparatus comprises:
pressure-reduced atmosphere creating means for arranging the substrates in a
pressure-reduced atmosphere; and

releasing means for releasing said pressure-reduced atmosphere by an inert gas.

20
11. The manufacturing apparatus of a liquid crystal display panel according to
claim 10, wherein
said pressure-reduced atmosphere creating means includes
a vacuum chamber,
25 a substrate arranging member for arranging the substrates in said chamber, and

a vacuum pump for evacuating said vacuum chamber, and wherein
said releasing means includes

inert gas introducing means for introducing an inert gas into said vacuum
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-26 chanmber. 12. The manufacturing apparatus of a liquid crystal display
panel according to claim1l, wherein 5 said vacuum chanber is fornmed so
that the two substrates to be bonded to each other can be acconmodat ed.

chamber.

12.  The manufacturing apparatus of a liquid crystal display panel according to
claim 11, wherein
5 said vacuum chamber is formed so that the two substrates to be bonded to each

other can be accommodated.
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