; e3e#| | MfyHH K@ KL6( MT| MM C  METHOD OF MANUFACTURI NG LI QUI D CRYSTAL

‘DI SPLAY PAN CRYSTAL DI SPLAY PANEL MANUFACTURI NG APPARATUS 5
BACKGROUND m |ON This invention relates to a met hod of

manuf acturing a I gui'd crystal display panel and a liquid crystal display
panel manuf act ur'i §9apparatus. Generally, a liquid crystal display panel is
10 formed by superposing a pair of glass-substrates with spacers interposed
therebetmeen,“MﬁmmmmmmMﬂmlsubstrates with a franme-shaped seal i ng nenber

and injecting al into a space surrounded by the sealing nmenber
and the substrat eswoofe spacers azerar canged Idvimetnwesn t he pair of
substrates to keep a gap between the substrates uniformwth a

predet ermi ned t MEGKREs OF PRANUBACTUR ING fIorgH Idd SFRESTAuda I IBLAW FANRHTe whol e
screen is secured. As the spacers, used are spherical spacers such as

pl astic beads s@&dDt ¢l Idn RYSTISt MukSE LI RANE s pHOEFRAGTIBHING gl ass
fibers, or columar spacers arranged in desirable parts on the substrate by
phot ol i t hogr aph$FPEARRAIUSh phot o-sensitive resin is applied on the substrate
and subjegted to exposure and devel opnent. 25 In_a nethod of manufacturing
a liquid erystal display panelBHGHINheOBbbE ENYERTLPN, two substrates

in each of which tra arent el ectrodes and alignnent filns are

formed are bonded to lﬁéﬁpxﬂﬂF%qﬂHQEQqQﬁsI?Quécﬁ%ﬁ%@ﬁfﬂfis injected into
quidorystal Tarstec R s i SRR S smhnbaans T and dh enpt y
appar at o and LRSS S Sl Gl AR DR LR b fp e
[ aui d orystal, and Cioeihe s ebourafy Al Et L Raned £8 W 1T

at mospherdc pregsuied @y Huperddia dd QuighoF ¥t af1d 48 auide: disd ay; panel .

Further, proposed is a nmethod of shortening the Tnjecting tinme by raising

the tenperaturesphcilts dnspiriy spanelhcdWidivddl eBdrli rf tH &Il th St vt &l
under atnospheric pressure 15 to |ower viscosity of the liquid crystal.

This method is walthed Heatenghanjeertseml indf treamkidye, |ldriichgotstrgd | nj ecti ng
step, the liquid-crystal intake is sealed. As disclosed in, for
liquid crystal into a space surrounded by the sealing
member and the substrates. The spacers are arranged
15 between the pair of substrates to keep a gap between
the substrates uniform with a predetermined thickness.
Thereby, a uniform display quality over the whole
- screen is secured. As the spacers, used are spherical
spacers such as plastic beads scattered on a substrate,
20 rod spacers such as glass fibers, or columnar spacers
arranged in desirable parts on the substrate by
photolithography in which photo-sensitive resin is
applied on the substrate and subjected to exposure and
development.
25 In a method of manufacturing a liquid crystal

display panel having the above structure, two

substrates in each of which transparent electrodes and



e

exanpl e, Jpn. Pat. appln. KOKAI publication NO. 2-87114, 20 the sealing
method is pressurizing sealing nethod in which the |iquid-crystal intake is
sealed in the state where the liquid-crystal-injected display panel is
pressurized. Further, Exanple of the sealing nmethod is heating sealing
met hod in which the liquid-crystal 25 intake is sealed in the state where
the liquid-crystal injected display panel iz heated. Usually, display
panels are carried at room - 3 tenperature (about 25C) frominjecting
step to sealing step. Therefore, when a liquid crystal display panel
subj ected to healifgmeRjteElilaR a%ePdbrinddo arke reRAlddd cfc@ihet,h&nd
tenperature of the liquid crystal display 5 panel falls to about room
tenperature. Actbedendtete fLheulidqurgstmystial idijspltayl danel t$ia ugiaded as
descri bed above, in environnents of roomtenperature, the gap between the
substrates is kbptweshf shm bybsheaspacer 8, vamtiurheethicckiessisefd tdwe 4 i qui d
10 crystal held in between the substrates is kept uniformin each part.
Therefore, the PRREFElchjatad grypltay pasectday pethedn gdad thmagwmaiwpl ay.
However , spacers and liquid crystal form ng_|iquid crystal dlsplay panel
expand i n°hi gh- P@Fﬁ@?at%ﬁési5 ehvePehvefisPlay panglcwidgh a Hd Bidsknsi on
coefficient of Ii UId crﬁitgg is much greater than those of spacers and

n

glass and the | FKEStRE ¢ QPQQ$QK%§1QQF4ﬁ%ﬁﬁt%%p%r%%ﬁ?%meﬁppﬁéﬁﬁﬁﬁts
unevenness in dIS cur due to.the differ X nS|on
coefficient. E§ g%SIﬁﬁ ﬁﬁg PBBFH diSelftV a6H %%ﬁgarqékB§H§ip e c Httfimar
spacers contaln a S 8X% / ] l.ess |Ie t
coefficient of Fggggp ggg%ﬁgﬁoﬁﬁg % qs %%$§§%a %2%5&H} W%ﬁtgiRn

exanpl e, supposippgtt @%&ﬂeaew%ﬁ @% ‘(ﬁ‘é{”c ry%t%libstr%fec%e%é e 3 ésé%hg%

crystal display panel at nornmal eratu roon1tenperature)

[gyni, under a BBQBEQHHQU.QB/UE:%tQEnéQ{CtOt R nGApHEaI: & eRand {a-have
~4 the hei ght of 5.01 [gyn], while the thlckness of the thermal - expanded

liquid crystal tageligsi8. &be@ﬁﬁ] inthereforg sdike trerdmml - expantad |iquid
crystal presses the substrates outward, and the substrates are 5 def or med

to bul ge out. Asrapvesdl tis theethadebs kelod teeliweetHdd rsjdrstimg) asings e
separated fromthe substrates, and | ose the function of naintaining the gap
bet ween the subbyraeésinfuthketempleealtivge o fcrtyst alispieeasetl mwalngre by
thermal expansion noves 10 in the panel, and the space between the
substrates is déRdeREdonooRavéquitl Fﬁysﬁﬁdwumdwwgﬂ@maﬂhﬁﬂkg/Hﬁﬁﬂﬁunm this
state |s vertlcall stood up, the liquid crystal increased in volune in the
liquid ctystal FQyiPwaét Héls§°r3ﬁté( Péméhelél@mq s Ysttalhe 1ThhdE drelried al

di spl ay panel due to a result t he thickness of the
liquid crystal FaygFlhﬁérgﬁééénganﬁgA% - portion of the Iiquid crystal

di spl ay panel, and t Qh %gytggfﬁgﬂg cry %PH? o urs |n |n3§%?display
6t eriorat 6556 50

and the dlsplay qual i s in the
sealing step, t'ﬂgghaa%s!ggm btawea%% 522394 ed asftoe.LrscW SRR N1 he

panel to di scharge exces crystal.” In stch a case, (¥
crystal is dischapggdefro ?Sht h@artar ra%l%ﬁ | i £ ﬁuyﬂéétwﬁah@ Eh@hqflqrie

it takes at least 1 hour fo di schargé the excess liquid crystal, and
the di scharged thgukdaghiynsgt akthsddiisc prded@nd MastRtbling method in
which the liquid-crystal intake is sealed in the state
where the liquid-crystal-injected display panel is
pressurized. Further, Example of the sealing method is
heating sealing method in which the liquid-crystal
25 intake is sealed in the state where the liquid-crystal-

injected display panel is heated.

Usually, display panels are carried at room



- 5. This invention has been nmade in view of the above points. The object
of the present invention is to provide a nethod and an apparatus of
manufacturing a liquid crystal display panel which can constantly 5

mai ntain a good display quality w thout being influenced by the tenperature
of its use environment. BRI EF SUMVARY OF THE | NVENTI ON To sol ve the above
problem a method of manufacturing a liqguid3crystal display panel according
10 to an aspect of the present invention conprises: bonding a pair of
substrates to each other with a gap naintai ned t herebetween, and defining

an i ntake bet weemnigeeatiihyst @t I25°€5t ERgn! igYedtehySkakpl RbOsBaIRAGE
between the 15 substrates through the intake in an environnent heated in
conpari son w t h sitegm t diyareftares; wineh sedlingid heryatakelinploasasdaet, with
t he environment kept heated fromthe injecting of the liquid crystal. 20
Further, a |i quisgibdrepdteal tdi Sysladyinmaniel ) emnidract uirpuly iappartdie ssextoigli ng
to anot her aspect of the present invention conprises: a chanber including a
liquid crystal 56&P/t Fhienjtespdtuagvine @y sthd Iimwid oqestmbeliwelan pair of
25 substrates, an applying nmechani smwhich applies a sealant to the pair of
substrates, andR&qﬁéaﬁéﬁﬁ§MiﬂtQQﬂﬁﬂ LA SRar afulehe i nvention will be

set - 6 forth in_the descriptiagn jch follows, and in part wll be
obvi ous fromthe des@f‘ﬁﬁﬁ‘ﬁrﬂg o nr(éiﬁ \Qﬁglq‘é]eﬁ Y HY2 hr&kIR Loy Pande

nvention. e ABAURILY s NS T AIEY B LRAISELAY SPraagY BY
temperature, the gap between the substrates is kept
uniform by the spacers, and the thickness of the liquid
10 crystal held in between the substrates is kept uniform
in each part. Therefore, the liquid crystal display
panel can perform good image display.
However, spacers and liquid crystal forming liquid
crystal display panel expand in high-temperature
15 environments. In particular, the expansion coefficient
of liquid crystal is much greater than those of spacers
and glass and the like. If the panel is used in high
~ temperature environments, unevenness in display occurs
due to the difference in the expansion coefficient.
20 Generally, the coefficient of linear expansion
Iof columnar spacers containing pigments is about
0.8X1074 [/C] or less, while the coefficient of linear
expansion of liquid crystal is 2.5%10"4 [/C]. For
example, supposing that the gap between the substrates
25 of a liquid crystal display panel at normal temperature
(room temperature) is 5.00 [um], under a high-

temperature of 50°C, the columnar spacers expand to have



5 instrunentalities and conbinations particularly pointed out hereinafter.
BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The accompanyi ng
drawi ngs, which are incorporated in and constitute a part of the
specification, 10 illustrate enbodi ments of the invention, and together

wi th the general description given above and the detail ed description of

t he enbodi nents given below, serve to explain the principles of the
invention. FIG 1 is a plan view of a manufacturing apparatus 15 conpri sing
an injecting device, a carrying nechanismand a sealing device, according

to an enbodi menthef Hehgyhpr eFer®, oinvienhi PrwhFL& tRei 8hackhess- s€cthanal view
of aliquid crystal display panel at nornmal tenperature according 20 to the

enbodi ment of théepmaderikpamdent ildrmuild Gry¥tasl d pefrspects veo vi gw] of the
liquid crystal display panel shown in FIG 2. FIG 4 is a schenatic di agram
of the liquid crystalThdirgfiene pdried ,thddmesktrextparyded | 1 gyl dd ceygsiohl 25
intake, in particular, a sealant suction width. FIG 5 is a plan view of a
nmodi fi cati on of PERE S@En (Hhec tSuisty admsarcattiveg kibe crdl righe csubhet matbesli aeat  of

t he present invention, which conprises an injecting device and a sealing
devi ce. DETAI LEBeBRSBRIAPTHOOR UG STIE T -NVENT 120N 9% Welhu f e weRage methetd and a
manuf act uri ng 5H§%§%ratus of a liquid crystal display panel according to

enbodi nent of t e S AFERETST SR 1A hsRhserabas! i 5 fhe detail with

reference to dr%%kg%%ates, and lose the function of maintaining the
gap between the substrates. Further, the liquid
crystal increased in volume by thermal expansion moves
10 in the panel, and the space between the substrates is
deformed to wave.

If the liquid crystal display panel in this state
is wvertically stood up, the liquid crystal increased in
volume in the liquid crystal layer gathers in a lower

15 portion of the liquid crystal display panel due to its
own weight. As a result, the thickness of the liquid
crystal layer increases in the lower portion of the
liquid crystal display panel, and thereby unevenness in
display occurs in image display and the display quality

20 deteriorates.

To solve such a problem, in the sealing step, the
liquid crystal intake is sealed after pressurizing the
panel to discharge excess liquid crystal. In such a
case, the liquid crystal is discharged from the narrow

25 liquid crystal intake. Therefore, it takes at least
1 hour to discharge the excess liquid crystal, and all

the discharged liquid crystal is discarded and wasted.



First, explained is a structure of a liquid crystal display panel
‘manufactured by the manufacturing 10 nmethod. As shown in FIGS. 2 and 3, a
liquid crystal display panel 1 conprises a first substrate 2 and a second
substrate 4 which are arranged opposite to each other. The first substrate
2 and the second substrate 15 4 are held, with a predeterm ned gap between
them by a plurality of columar spacers 3 For4ted on one of the substrates.
The first substrate 2 is provided with gate wirings, source W rings,

swi tching el enents, pixel electrodes and an alignment film which are not
shown. 20 Further, theisedoR@nsulst hale HedrS mi¥dViided, Wy b8 MEHbve

el ectrode and an orientation film which are not shown. Edge portions of
the first and theiseésondTaebsbriatesocZ aheé drarsentrondediivon firsamer shaped
sealing 25 nmenber 5. Aliquid crystal intake 7 is formed in the sealing
menber. Liquid prypytide msmiefihect etddi Anaaparea tersc lods edhninf adie rfiings ta
substrate 2, second substrate 4 g _ and the sealing nenber 5 to 6. The
liquid crystal LhBidegryatad. diertavdeeaieledhaicd ea Sansdamdduf act uri ng
appar atus_di spl ay ,panel structured as forma liquid crystal |ayer ke 7 is
seal ed with a nﬁﬁ&?‘éétlﬁr PngOREt Rd@PaRy Glalhe Y Wdhhe Ut ytidlg descri bed
above. As shown,i nufacturingéapparatus 10 whi ch manuf actures

FIG 1, a
the liquid crys%ﬁEle—QEFé\/bb’aﬁ F Temprpritses &t ifiSedtSen §raavicd@ et whi ch
perfornms liquid 10 crystal ipj i eal. deyv] whi ch perforns
sealing, and a carrying nech§%?§%1gngﬁBihghaE%FeENgEﬁFééNd crystal display
panel between the i njecti devi ce,and the.,sealing _device. The injecting
device 11 conprises g% Fﬁ?%?tﬁﬁ& “ha Eﬁﬁiff“wﬁggﬁﬁﬁﬁﬁng%ns as aliquid

crystal inject! fgncRanber har Saldine 2n,emlhy (lipnay ﬂ%glg%eigsalfclofasaﬁé qui d

crystal. In the injecting chanber ater eating

neans andoa |iqubdaer ygbaktbeat th3 aresRneviidedntlie idmetidng device 11 20
also has a liquid crystal feeder 20 which feeds liquid crystal to the

liquid crystal boat b3nddmd anpeMacdt isudpsdadtes b ficrevwaauat ivioel he
i njecting chanber 14 and the display panel la set in the injecting chanber.
25 The seal i ng depi meihBadorpr thesecbetapphnyi pgdCisafier nko ashiicitdkd ds t he
di splay panel la injected with liquid crystal. In the applying chanber 16
.between the substrates;
injecting liquid crystal into a space between the

15 substrates through the intake in an environment heated

in comparison with room temperature; and

sealing the intake by. a sealant, with the
environment kept heated from the injecting of the
liquid crystal.

20 Further, a liquid crystal display panel
manufacturing apparatus according to another aspect of
the present invention comprises:

a chamber including a liquid crystal boat to
inject liquid crystal into a space between a pair of

25 substrates, an applying mechanism which applies a

sealant to the pair of substrates, and a heater.

Additional advantages of the invention will be set



- 9. serving as an application chanber, provided are a liquid crystal
‘W pi ng section 13a, an applying nmechani sm 13b which applies the sealant 8
to the panel, a waiting section 13c, and a heater 18c serving as 5 second
heati ng means for heating the inside of the applying chanber. The sealing
device 13 also has a curing chanber 17 which functions as an ultraviol et
irradiation chanber. In the curing chanber 47,-provided are an ul traviol et
irradiating section 13d and 10 a heater 18d serving as heating nmeans for
heating the inside of the curing chanber. The carrying mechanism 12 has a
carrier 15 whi clEdraipriovided dds e govsblen het Wesm éhe, | Hh&Cih nga sharmber 14
and the applying chanber 16. In the carrier, a 15 carrying chanber 22
serving as a camiylilngec hagthieyusivht odm hehslsdé der thispday Panghy!Bei sedpnagd.
Further, the carrier 15 is provided with a heater 18b which heats the

i nside of the cdny ywmgtchenhef 3% Asventrbsh fi CBié ondodnt Hige @&boFethe

manuf acturing apparatus 10, 20 there may be no carrying nechanism 12, and
the injecting chavsatibh gl the wgpl ided) ahdndietaitedryy dieans | gf the
comuni cate with each other. Further, the manufacturing apparatus may have
a structuPe in WS e tehaibleas cord afombinat iongi Rhet ot bdr bpapo 19fedhe
25 liquid crystal w_ping section 13a and the applying nmechanism 13b, and a
common heat er Wit BfegiRaftein i s provi ded. - 10 Next, detailed is a
met hod of manufa ' Lqui rystal display panel 1 which is

manuf act ur ed by %%%gﬁﬁfﬁﬁﬁﬁﬁaﬁ% ugE‘féﬁé{’rMEFW?e@FagHHe%ﬁWg@
above. 5 First, an empty display panel ;1a is prepared and carried iptq the
i nj ecting chanber 14. r%éc$ é%%%%?% %ﬁ%%ﬁ%%gbaﬁgfc&aaﬁ%sl?ﬁgrP?Fggeg

substrate 2 and Ct%ﬂ%;:sj 0 . seal i ng nenber 5, and
its liquid cr ystlg{]%llnzfa e q”g‘?érﬁrezé %\#ﬁg@%%ﬁ#{%%ﬁ%@g@ i s opened.
Arter theoenpty idispleds fangloddidén @i othe LSy hopo2Y ARGt GechLLeC! ed

with liquid crystal in the injecting chanber 14. In this step, first, the

evacuating devi Ga 2l teMAGH A% It heed dt §0E 1AW ehpahesndde agtlyt fige di spl ay
panel 1la disposed in the 15 injecting chanber. Then, the liquid crystal

intake 7 of the dditsgllayd pRlript ich | merise o d i it €s g yedal bUbwj N t he
liquid crystal boat 19. In this state, the atnosphere in the injecting
chanber 14 is grsadwal Iby restpiraied tthe 36 Atamsphere £ phessuwwent Ther eby,
liquid crystal is injected fromthe liquid crystal intake 7 into the
di spl ay panel |a by USitg kapi|d avlamcvien. ofuathanufabeurihe bppardtus
crystal is injected, the heater 18a is operated to heat the atnosphere
i nsi de 255t he i KEEPELFd NchafhdmiRr D menteen 2 eaT nyBey i hgchanbshat ur e
to be not |ess thadn a rna)ii,rrum use tenperature of the liquid crystal display
panel 1 in and a sealing device, according to an embodiment of the
present invention.
FIG. 2 is a cross-sectional view of a liquid
crystal display panel at normal temperature according
20 to the embodiment of the present invention.
FIG. 3 is a perspective view of the liquid crystal
display panel shown in FIG. 2.
FIG. 4 is a schematic diagram of the liquid
crystal display panel, illustrating a liquid crystal
25 intake, in particular, a sealant suction width.

FIG. 5 is a plan view of a modification of the

manufacturing apparatus according to the embodiment of



- 11 the range of its use tenperature. The injecting tenperature nmay be a
tenperature being 5C | ess than the maxi num use tenperature. Here, The
maxi num use tenperature of the liquid crystal display panel 1 is a 5

maxi mum tenperature in the range of tenperature at which the liquid crystal
di splay panel is used. In this enbodi ment, the atnosphere in the injecting
chanber 14 is controlled to be 505C on t-he lassunption that the maxi num use
tenperature is 50C. 10 By heating the inside of the injecting chanber 14 as
descri bed above, the display panel l1a into which liquid crystal is to be
injected is al schbeatredeatd imwentaioned wali ciin dofipeGlsddy drenpefeitingy of 505C
Further, the liquid crystal to be injected into the 15 display panel la is
al so heated to theicn] ectl agskefpexatierd cai.nul t aneously with injecting, and
injected in the thernmal -expanded state into the display panel. By the above
step, the area encl osed BETAEERDWPEIMSIRTI@S @F THe ONSNBIODanel la and
the sealing 20 nmenber 5 is filled with the expanded liquid crystal, and
injection is conpl et @dMapyiasduHad Ajeddydbmnd e mApiastyaded |a and the
i njected giquid crystal are maintained at the injecting tenperature.

| nj ecting®t he | PHRRE2ERYsPE & A 1Rd Sheavsdadt sierday medfde adronsing

vi scosity of thg [ i ig.cr%%tal %Eq shorten the injecting tine. .In the
above injecting Qtéﬁgo pBeREG it tRFy SESS SRS HewEaF 1% % dpl ay
panel | a. - 12 wever . it i s.alsg _possible to heat,the liquid crystal
itself to the iﬁ?@c?%ﬁ&gt%Hpgfgﬁﬁieylgﬁdri §?§5¥F§%q T N95 Y nt o the
enpty display panel. EFar,.ex l.e,: t A J qui i nore, expanded
than the liquid 5 cr;:/ﬁéL aslt’a{% &%ﬁntete&enﬁegr%[us?ceﬁn%ﬁy}%ée ﬁja{;gjtlre%hi%to t he
di splay panel . Af{er.¢0ARLEY 9N oahehi GUint relHSh@ly Y 8Gd Handdedisplay
panel la is carrigd ?ron1t§eagﬂfecfing device 11 i%ﬁ% t he cé?f%%%gzéhéﬁber
22 of thepcarryipaghdg.nechani sm 12. The atnosphere in the carrying chanber
22 is maintained in advance at a carrying tenperature of 505C by the heater
18b. Then, the carrypggsthambdn 226l & rghd s & sipl yiPpanefstal i nj ect ed
with liquid crystal is carried by the carrier 15 fromthe 15 injecting
device 11 to thdispabiynpadeli decbBpranest herfdafstersudyr rditsploayarphnel i s
carried fromthe carrying chanber into the applying chanber 16. Thereby,
t he di spl ay panekct¢adaadbshealtieqdi dhdcystale ianjrectoedl tdpgrosiiteaarts ssath in
the state 20 maintai ned at the nmaxi numuse tenperature after liquid crystal
i nj ecting, fronPERETinjdBeEi fgrefamer trateo 2 padapplyisaraithbBrstimterhe
at nosphere in the applying chanber 16 is maintajined in advance at an
appl yi ngl Penper &t 8F& BF150 BETHy 3t REeedCEMmiPsd IR hafdiarn dh ey thie a
appl yi ng chamnber 1@ hstnai%taiged at atnn%pheri%. ressure, and éftﬂs not
necessary to apBlyany ¥paéi FPEUPRESs FPE TS T He [HEH DY AR . TR 13
Next, the liqui i nt .of .t i.spl el i | osed in the
app! yi ng chanbegu§é¥§%§gﬁﬁis%ggeéfgﬁFrg@%ﬂ*ﬁgﬂﬁyéﬁﬁ'¢ﬁ%§§%§%%;é%€% section
o

13a wi pes avay gxegsyilhAdkd Coysldl oMy At diliG didih i £f uslal:

n
intake 7. Then, "the applyirng mechani sm 13b appl i es seal ant tot

liquid crystal bntakeodek0a6kio$8 BhE gni@itd fGrivst alhidH ake RiNcehddhe.
sealant 8 is applied after wiping awnay the liquid crystal attached to the

liquid ceystal rakaker,exsel serbntl sappldreatd an iGAp RSy Retd afined. 3 W pi ng
away the liquid crystal as described above produces a space, into which the
seal ant 8 i s tookminn efetheocdeqund emystrdlentitalken film, which are not
shown.,
Edge portions of the first and the second
substrates 2 and 4 are bonded by a frame-shaped sealing
25 member 5. A liquid crystal intake 7 is formed in the

sealing member. Liquid crystal is injected in an area

enclosed by the first substrate 2, second substrate 4



As the sealant 8, for exanple, an ultraviolet-curing sealant is used. By
the above step, the liquid crystal 15 intake 7 of the display panel lais
sealed by the sealant 8 in the state where the injected liquid crystal is
mai nt ai ned at the maxi mum use tenperature and thernmal -expanded. After the
liquid crystal intake 7 is sealed by 20 the sealant 8, the display panel 1la
is noved to the waiting section 13c. Then, & he- heater 18c changes the

at nrosphere in the applying chanber 16 fromthe applying tenperature to a
waiting tenperature of, for exanple, 555C. In this state, the display pane
la is held in 2&ntheheaisteiand nseeden®e 13 Horf armpredetpiin ned/didme 10,@8j ust
an suction width Wof the sealant 8 with respect to the liquid crystal

i ntake 7, as shéwn iTheFllGqud crysthl Hertmkellle isticiddredMwditn W can be
controlled to a desired value by adjusting the waiting tenperature, or
controlling theseadeodi By of the liquid crystal injected into the display
panel la. Although the 5 tenperature is changed during the waiting tine
after the liquid crysteit i fiefled Ird arpedihal ngnufatiaisasd amthod tdang

enbodi ment, the ée erature mgy have been already changed when the seal ant
8 is appl Ped. Tit ersTB@ﬁlu'ffaGrtﬁlirﬁﬁlgt RERSEA AR °F Fheild Bhsbdimesiial ncl udes 10

both abol cat | on, 309 e, vl (109, Lite o Ler abpl oLl on, Supposing that 't he
[3470,C hionen than e il e tG fommerof W, s BUEL ofbut S0, Vo1 < he

The. 1 qui d crystal o RO SACCEy (ool P e i Sh e Blithet the
Sgglt: gg \?vieglt ﬁntzggm ilftsis%];sr iaroﬁ\i/eilzrlf.jcé#lcqt e)a%evgllncte: %?@uigc&o [ ngﬁ{rﬁg{ﬁiﬁ/\%l ting

tenperat upe or thestanPanatdsa dr) aPRdLaldPHdw &1 3 QG WH £ igs 20C
| ower than the injecting tenperature, the suction width Wof the sealant 8

is 5.0 mm 25 Speeilfineg! lapd idf dadie waid i@ H=L1Rer ataung ioth tde-fedgef at ure
in application is lower than the injecting tenperature, the liquid crystal
in the display panmelidiarystals diepitayagtiasie lane tweers edlanin feappld ed to t he
liquid crystal intake 7 is taken into the liquid crystal intake 7. Thereby,
the suction w deRvWcef afide thealsestl i8:d sldwismdened. 5 If the waiting
tenperature or the tenperature in application is controlled within the
range of -20C to +50&hen idumsdrinbiriaiiitde tHe ¢arectser arnpberetieg as
descri bed_above, . the suction width Wcan be adjusted within the range of

0.0 mm t6°5. 0 nfPaPRETsdét e cho TG onS & reeflerabld @ttt | ed wit hin
the range of 0.1 nmtq 1.0 This i ecause the first substrate 2 and
t he second subst1‘F1§te(5§1;C3rr’ign'sllr)‘r"il rcifrsﬁrt }ng‘dltnr‘?e 4 q%ﬁ%%r%p&raY Ra& Lare
provi ded with a_.di;spl:ay,.ar r_.i ma i.spl.ay., d.t hys to r oad
suction 15 wi dt ﬁq{% ﬁal?%%l %%\yfesr & ef ?Lglcsehoegji nage drSpl %/ngbefrn Lfﬁ &

erbodi ment. {NCheRes! 1BA ARALA W 45 Sehd A SO G AN LR Sl lboty

tenperature or the tenperature in application Is set t

the suction w dehyWiah thatsaa ae %ﬂ&rm&rolﬂrﬁéﬂ 10 L& thP aagsiddefgfore,
the suction width Wof the seal ant inthe liquid crystal 1ntake 7 can be
controlled by also has a liquid crystal feeder 20 which feeds liquid

crystal to the liquid crystal boat 19, and an

evacuating device 21 for evacuating the injecting

chamber 14 and the display panel la set in the

injecting chamber.

25 The sealing device 13 comprises an applying

chamber 16 which holds the display panel la injected

with liquid crystal. 1In the applying chamber 16



changing the tenperature in injection of the liquid crystal to a
tenperature in sealing of the liquid crystal intake. The tenperature in
sealing of the 25 liquid crystal intake 7 is different fromthe tenperature
ininjection of the liquid crystal. After the suction width Wof the
sealant 8 is - 16 controlled, the display panel la is carried fromthe
appl yi ng chanber 16 into the curing chamberd 17~ The atnosphere in the
curing chanber 17 is maintained in advance at a curing tenperature of 555C
by the heater 5 18d. Specifically, the curing tenperature is adjusted to a
t enper at ure equakridnyheswaint iapg ltiempdoat Whanb¥ext prdv idwl crd ng chanber
17, the sealant 8 applied to the liquid crystal intake 7 is cured to seal
the intake. |In fhihsist epystthé witoiaw eleett lionr ddisgt iarg aldb Iseiatg on 13d
irradiates the sealant 8 with ultraviolet rays. This cures the sealant 8 in
the state of kempchgntlha 6ot Wbriohi dpplWeshitdle ke lzeen ddjaidttesd gandhe
wai ting section 13c. Thereby, the liquid crystal intake 7 is seal ed, and
the liquid crystabaditépPagets ipandl3ct iamdect ddatiath k8w seepaimtedds i quid
crystal is finished. According to the nethod and the apparatus of
manuf act uPi ng t RECPPREubGaElyst &eagiss flogy heatdindadder dinfgide aheksrbodi nent
of the present invention, 20 structured as described above, the liquid
crystal displ ayaBBEé(Ilnf chapbetaqg H‘Elq rﬁe&s}ﬂinﬁg IS o ystSA isated to a
tenperature higher.than,the nmaxi-mum.use tenperature into the enpty display
g9 haf“i%&tfi TP flt &P & 13 t%tlfae‘f*ﬁpr@r%q ure of

panel 1la and segf‘llrﬁg t fre
25 the liquid cr L .k _in I mai-nt ai.ne : e |4 quid crystal
di spl ay panel 1&%42%%%?3@\%&% ﬁ%t%h%)%%ﬁl -el%pger%l egzﬁrﬁglﬁ caknié allp}df a proper
gquantity - 17 : p [ t vl i he 4.1 gul r Vst i.spl ay
panel . Ther ef Orgf%?&&%ﬁi ?Q%hggll ?lg't}i%%cl\réa_gtgﬁfﬁsﬁ)ﬁ%}ylﬂp%;ge%%ﬂyrg ﬁésdecdi’alﬂgctIP any
tenperatupe withi Rebher ange s@frtifg Wse HaMmelAiEm s the IHau 4 erysd al
| ayer 5 is maintained at uni formthickness over the whole liquid crystal
di spl ay panel, andigeodrditspl ayirdwdl idianbsrconst antly nmai nt ai ned. For
exanple, if the liquid crystal display panel 1 is used in an environnment of
t he maxi num use t enp&hal @atrurye nge actthconisin tifetta el 2 nent r sechl aswhi cui d
crystal and the columar spacers 3 expands by heat. However, as descri bed
above, the |iquitd pryyidedhéiod bien moveblieglied werersttdle dirsid atyipansgtandbas set
to a proper anmount in the thermal-expanded state heated to a 15 tenperature
hi gher than t helfaRPAuirhesarpdpacacieaberhdrtef orld Wwerrafridwe 1a quid
crystal expands in a high tenperature environnment, no excess liquid crystal
exi sts ih°the | FRGFYLEPY SHAMPEITs Filap Paield BS ehFarryinpodamper twhirvent
such a defect tEagL thg first 20 substrate 2 and the second substrate 4 are
g+pP a

def ormed by bei A3 pPe b&q 5 FRIEYd P elhd 2 99 quitP iRt al . .
Therefore, 41 (Lot godseqend substralee £.and. ¢ o, congt anl ket 1

contact with the 'spacers, and the*“gap

Z)‘jgs”at es 1s ?Eeﬁ%is”ttﬁienﬁ s%tdeao%rech%t ﬁa’?r‘}ﬁ% Uy, t .SF&??C%S- For
nple, even if the l'iquid crystal display parel iIs verticallTy stood up,
the thickness ofohheibb@4ybd of the above manufacturing apparatus 10,
20 there may be no carrying mechanism 12, and the
injecting chamber 14 and the applying chamber 16 may
directly communicate with each other. Further, the
manufacturing apparatus may have a structure in which
one chamber contains the liquid crystal boat 19, the
25 liquid crystal wiping section 13a and the applying

mechanism 13b, and a common heater which heats them is

provided.



- 18 crystal layer 6 is maintained uniformover the whole liquid crystal
‘di spl ay panel, and good inmage display is possible with display quality
retained. Therefore, it is possible to obtain a liquid crystal display
panel 1 5 which prevents occurrence of unevenness in display and maintains
good display quality in any tenperature within the range of the use
tenperature. Further, according to the rethod of manufacturing a |iquid
crystal display panel according to the 10 enbodi ment, when sealing the
liquid crystal intake 7, it is unnecessary to discharge excess liquid
crystal fromthe |iquekior yadtadilied ake Dyngtessi oY, nasupesf@F ey tHet he
prior art. Therefore, the lead tinme is shortened and manufacturi ng
efficiency is iAdowdsedryEsaSi miilsdpdrgogsingl iasttel dh qild dnaiyfd@tuisd by
reduced, and the efficiency in use of liquid crystal as material is

i ncreased. Furt f&e, Mapufies taealnngrsteeia tushd G enpercttures af démchiboddr s
18c and 18d are controlled within a range 20 of 20C | ower to 50C hi gher.
t han t he tenper&?@ﬁ@-of the panel in the liquid crystal injecting step.
Ther eby, éhe suction width Wof the sealant 8 is adjusted to an optinum
val ue, and the |iqui & '&Sot A7 iRke A ixlaedarrhila o paerarey.ang | n

t he above enbodi nent,, expl.ained i,s .the .case where the |iquid crystal
di spl ay panel i S3FERGFadtin’e 1t %i%ﬁ%@% Yenpdretitn 8 Sty

Ho , th =34 [ t t ' t limted t 0C, but
e chanbed 1o af BAET SEVA e TP e OGS BAE (4 THe Tk mum use
Seal ing Step 5 SSROBS SOrFAPASS in iRE R e SEY MRS kb o

sealing step 5 can be perforne manner & dbove

the maximum use ;t@MelALU & v tAefienahly ﬁeéoﬁ&ob%r{,goeg?é 48, 0f %i gher than
I enbo K

the boiling point of Iiquid ¢rystal. In the above iment, 1 i njecting

tenperat uoe, 10mch®egars ishdeerREr atate ranthd heyahplyi i erpatat ur e are
set to the maxi mum use tenperature 5C. Further, the carrying tenperature

and the appl yi ndst emperiadyr ehar elipiafsr akine 1t hes same @sedrwitgherqihan the
injecting tenperature. 15 Also wth respect to other points, the present

i nvention is notrlisfiatled nt dhtehe rgleae nemaddinieyt |1 4ut ranchies vattémusl y
nodi fied within the scope of the invention. For exanple, as shown in FIG
5, the manuf act §ErRg, afper #vasubd imey dey ifaer 1#8d dpaiatest | the Ol rcpeuteixtd ng
the injecting device 11 with the sealing device 13 such that they

comuni cat e wi t FheBER rotlepndaddier dilsp Loy mine Isthauctigrnsed dar rifieg
mechani sm_bet ween .t he i njecting device 11 and the sealing device 13 can be
om tted, *and t héPABREERG GPRYSZpparatus 10 25 is miniaturized. Further,

when the display pan la i.s carried fron1th§ injecting device jnto the
seal i ng devi ce, this%gﬁ cﬁ%?%%ﬂfﬁﬁﬁﬁn%¥¥ﬁﬁﬁ zﬁﬂﬁqﬁFt{L9§ith%ddl?%%%%rature
of the injectedjLiayid_cr sgﬁhf %5 orqt. g% qtti ...In.the above
manuf act uri ng aBpar at as fé 0 I]%\%_ S'L hlel ‘ﬁh&ep:er Sﬁ%lc L}Orlg Jtrhg?ké%f are the
same as (hose |n13uhe cahavaIenRod MRNt. i ke consldddlent &1 AN nés &
denoted by |ike referencé nunerals, and detalled
in the injecting chamber 14 is gradually returned to
20 atmospheric pressure. Thereby, liquid crystal is
injected from the liquid crystal intake 7 into the
display panel la by using capillary action.
Further, when the liquid crystal is injected, the
heater 18a is operated to heat the atmosphere inside
25 the injecting chamber 14 and maintain the injecting

temperature to be not less than a maximum use

temperature of the liquid crystal display panel 1 in



explanations thereof are omtted. Further, the sealant 8 is not limted t
ultraviolet-curing materials, but can be selected 10 according to

ci rcunst ances. Various neans for curing the sealant 8 can be sel ected
according to the adopted sealant. Wping of the liquid crystal may be
performed with the liquid crystal being nore expanded than the liquid 15

crystal at roomtenperature. The suctior wildt h-of the seal ant

may be controlled by changi ng an expanded state of the liquid crystal in
injection of the liquid crystal to an expanded state of the |liquid crystal
in sealing of thael fhake. oFhets qised tempsdralt 3@ J n gealimpafidde intake
may be nore expanded than the liquid crystal in injection of the liquid
crystal . - 21tefHATatSrel AlVERd & thempkmehthrad afimpraiCactysi agaa | i quid
crystal display panel, conprising: bonding a pair of substrates to each
other with a 5 gap makniaimnese hemgretamere. antkrsf iThHenguaninund ake: bet ween
the substrates; injecting liquid crystal into a space between the
substrat es t hr otighretie tiufeakd itheand iemiid ompstta hehitsal 4 yn waorplard sion ani t h

roomtenperatures and 10 sealing the intake by a seal ant,

with the

envi ronneft keplaKéBiEd tRreRrEfe Heanjide thhey romaehe T itpireaystalat 2. A
nmet hod according to, claim1, further caonprising: 15 wiping away a |liquid

crystal adherin

hight f8e ddgiid hirers e AIRIAY RPFFL the Y§%fid d Brystal ,

wh inth i pi f the.liquid tal i f. d i, nvi t
neat ed i n conpabTesn SPER TSI 20 RIGRATIE S 3 A IfeCNO GO0t i g o

claiml, further risi,ng: ol.l;i ng .an.suctipp. W dt h.of the seal ant
the intake by cﬁ?%%g%é’ 2‘4t gr‘?’p?r%g][tel’froelller?pt Te blenquedc‘flggrllmcfrb eZBastseL}ﬂPe Hre
in sealing of tQﬁa%nkﬁ%ema&q%uhﬁﬁgﬁwgéﬂﬁirature is 50°C.

10 By heating the inside of the injecting chamber 14

as described above, the display panel la into which

liquid crystal is to be injected is also heated and

maintained at an injecting temperature of 50*+5C.

Further, the liquid crystal to be injected into the

15 display panel la is also heated to the injecting

temperature simultaneously with injecting,

and injected

in the thermal-expanded state into the display panel.

By the above step, the area enclosed by the two

substrates of the display panel la and the sealing

20 member 5 is filled with the expanded liquid crystal,

and injection is completed. During the injection, the

display panel la and the injected liquid crystal are

maintained at the injecting temperature.

Injecting the

liquid crystal in the heated state can reduce the

25 viscosity of the liquid crystal and shorten the

injecting time. In the above injecting step, the

liquid crystal is heated through the display panel la.

(0]

in the intake

in



in sealing being different fromthe tenperature in the injecting of the
‘liquid crystal. - 22 4. A nethod according to claim3, wherein the
tenperature in the sealing of the intake is higher than the tenperature in
the injecting of the liquid crystal. 5 5. A nethod according to claim1,
wherein the sealing of the intake is performed under atnospheric pressure.
6. A nethod of manufacturing a liquid crystial @i splay panel, the nethod
conprising: 10 bonding a pair of substrates to each other with a gap

mai nt ai ned t herebet ween, and defining an intake between the substrates;

i njecting |iquidosreystrgl iittics alspage Letyreend heestibsis at asuidiropghe s he
intake, the liquid crystal being 15 nore expanded than the [iquid crystal
at room t enper atitpsel farkd sdad | ing ddiel it takep drya tuseal and , thé tdather | i qui d
crystal kept expanded fromthe injecting of the liquid crystal. 20 7. A
met hod accor di ngrj@cd ditmigtd iitehemmonptispay mapehg ooy exdmolé d
crystal adhering to _the intake after the injecting of the liquid crystal,
wherein 25 the \%h@i Ad drl & K VSt daimsingre sxymatdedrethan tthe hei digdi d
crystal bging nmore expanded than the liquid crystal at roomtenperature.

- 23 8. A net h6dYEEEdr dithd A demnamtung tayr honriettird tome rgheing an
suction width of.thﬁ seal ant. in the intake by changi ng an expanded state of
the liquid 5 cr VSR 3B nj ecting of the liquid crystal to wn expanded

Zf:ifafdi()];\gt Pg L: g?ind8gf§1e;rflacic§r§rppferlceicjsz‘?aéfn rﬁgic(ﬁ];ié hc:ergzgéaafein:?écéigr?} ht?lclie

display panel la is carried from the injecting device
11 into the carrying chamber 22 of the carrying

10 mechanism 12. The atmosphere in the carrying chamber
22 is maintained in advance at a carrying temperature
of 50x5C by the heater 18b. Then, the carrying
chamber 22 holding the display panel la injected with
liquid crystal is carried by the carrier 15 from the

15 injecting device 11 to the sealing device 13, and
thereafter the display panel is carried from the
carrying chamber.into the applying chamber 16.

Thereby, the display panel la and the liquid

crystal injected therein are sent, in the state

20 maintained at the maximum use temperature after liquid
crystal injecting, from the injecting chamber 14 to the
applying chamber 16. The atmosphere in the applying
chamber 16 is maintained in advance at an applying
temperature of 50x5C by the heater 18c. The inside of

25 the applying chamber 16 is maintained at atmospheric
pressure, and it is not necessary to apply any specific

pressure to the display panel 1la.



the {iquid crystal in the sealing of the intake is 10 nore expanded than
the liquid crystal in the injecting of the liquid crystal. 10. A nethod
according to claim6, wherein the sealing of the intake is perforned under
atnospheric pressure. 15 11. A liquid crystal display panel manufacturing
apparatus conprising: a liquid crystal injecting chanber having a first
heater and a liquid crystal boat to inject1Biquid crystal into a space
between a pair of substrates; and 20 an applyi ng chanber whi ch comuni cates
with the liquid crystal injecting chanber and has an appl yi ng mechani sm

whi ch applies a seal arixtt,0 tre IpajuiDfcsuhstr atresland a seganditest gy, 12.
A liquid crystal display panel manufacturing 25 apparatus according to

claim 11, furtheanedniri disng:losedarinyitig regHanimmdranibey a4 hi rth heater,

wherein - 24 the liquid crystal injecting chanber and the applying

chanber comuni s&ep wiftlly sgaclthet Herquiwd tdy e Ic avipjingy seecthiaon slida nt er posed

therebetween. 13. A liquid crystal display panel manufacturing 5 apparatus

accordi ng to cl #i-ReFl aWalYe & Stshd 18I0 idiy sdiveniiemaigsiney 19yl cryst a

Wi pi ng section, _and the liquid crystal_ w ping section is provided between

the liquid crystadulf] Ecvisng lcHarfisere and tHhemo Higpl3amly st Hetianism. A

liquid crystal giﬁpla panel manufacturing apparatus. conprising: a chanber

including a |iqdd @P@‘tlﬁs Bo&gtadithj%ed© IhfLid R tHYshib B igse’

between a pair @f 15 substrates, .an appl.yin hani sm which applies a

sealant to the pdi F§8f5653%”§[ ﬁd‘[qjélsl&ﬁfg%aty%gtng&ﬁS &I}Cieqtﬁqhe g%]tafﬂt

di spl ay panel nyf.a . I .acear di toclaim?l rein the

chanber furt he;r%i Egl %&g)s'}lagjl %(%C?egawjosﬁ%aqc aigﬂang:&englls cﬁ o%yg@ael

. Al . AHy. A99. A&9 A& ASAIX A ﬁg%t%&ﬁ& AL AR] & Al L A A9. A9&. A9&.

AL9% A9&. A9&. A9S. ASETT pIW riT T AR Sl

e} xsni d17] ca) cabpalicalake akoakea il calna an) elplodl crlgelgal cal o
al =

aJca]ca] calcalcalca]calcalca]cTa]c

crystal as described above produces a space, into which
the sealant 8 is took in, in the liquid crystal intake.
As the sealant 8, for example, an ultraviolet-curing
sealant is used. By the above step, the liquid crystal

15 intake 7 of the display panel la is sealed by the
sealant 8 in the state where the injected liquid
crystal is maintained at the maximum use temperature
and thermal-expanded.

After the liquid crystal intake 7 is sealed by

20 the sealant 8, the display panel la is moved to the
waiting section 13c. Then, the heater 18c changes the
atmosphere in the applying chamber 16 from the applying
temperature to a waiting temperature of, for example,
55£5C. 1In this state, the display panel la is held in

25 the waiting section 13c for a predetermined time to

adjust an suction width W of the sealant 8 with respect

to the liquid crystal intake 7, as shown in FIG. 4.
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+ty#10%& {(D-F ) 10%& Gppllication and the waiting time after application.

Supposing that the waiting temperature or the
temperature in application is set to 100C which is
50 C higher than the injecting temperature, the suction
width W of the sealant 8 is 0.0 mm. If the waiting

15 temperature or the temperature in application is equal
to or higher than the injecting temperature like this,
the liguid crystal in the display panel la further
expands and pushes the applied sealant 8 out of the
liquid crystal intake 7. Therefore, the suction width

20 W is narrowed.

In the meantime, supposing that the waiting
temperature or the temperature in application is set to
30C which is 20°C lower than the injecting temperature,
the suction width W of the sealant 8 is 5.0 mm.

25 Specifically, if the waiting temperature or the

temperature in application is lower than the injecting

temperature, the liquid crystal in the display panel 1la
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10%& ()-10%&' () cbntracts, and the sealant 8 applied to the liquid
crystal intake 7 is taken into the liquid crystal
intake 7. Thereby, the suction width W of the sealant
8 1s broadened.

5 If the waiting tempe£ature or the temperature in
application is controlled within the range of -20C to
+50°C in comparison with the injecting temperature as
described above, the suction width W can be adjusted
within the range of 0.0 mm to 5.0 mm. The suction

10 width W is preferably controlled within the range of
0.1 mm to 1.0 mm. This i1s because the first substrate
2 and the second substrate 4 in the vicinity of the
liquid crystal intake 7 are provided with a display
area for image display, and thus a too broad suction

15 width W has an adverse effect on image display.
In this embodiment, the injecting temperature is set to
50x5%C, and the waiting temperature or the temperature
in application is set to 55+x5C, and thereby the
suction width W of the sealant 8 is controlled to

20 0.9 mm. Therefore, the suction width W of the sealant
8 in the liquid crystal intake 7 can be controlled by
changing the temperature in injection of the liquid
crystal to a temperature in sealing of the liquid
crystal intake. The temperature in sealing of the

25 liquid crystal intake 7 is different from the

temperature in injection of the liquid crystal.

After the suction width W of the sealant 8 is
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controlled, the display panel la is carried from the
applying chamber 16 into the curing chamber 17. The
atmosphere in the curing chamber 17 is maintained in
advance at a curing temperature of 55*x5C by the heater

5 18d. Specifically, the curing temperature is adjusted
to a temperature equal to the waiting temperature.

Next, in the curing chamber 17, the sealant 8
applied to the iiquid crystal intake 7 is cured to seal
the intake. 1In this step, the ultraviolet irradiating

10 section 13d irradiates the sealant 8 with ultraviolet
rays. This cures the sealant 8 in the state of keeping
the suction width W which has been adjusted in the
waiting section 13c. Thereby, the liquid crystal
intake 7 is sealed, and the liquid crystal display

15 panel 1 injected with the expanded liquid crystal is
finished.

According to the method and the apparatus of
manufacturing the liquid crystal display panel
according to the embodiment of the present invention,

20 structured as described above, the liquid crystal
display panel 1 is formed by injecting liquid crystal
heated to a temperature higher than the maximum use
temperature into the empty display panel la and sealing
the liquid crystal intake 7, with the temperature of

25 the liquid crystal in injection maintained. Thereby,
the liquid crystal display panel 1 is held with

thermal-expanded liquid crystal of a proper quantity
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corresponding to the volume in the liguid crystal
display panel. Therefore, even if the liquid crystal
display panel 1 is used at any temperature within the
randge of the use temperature, the liquid crystal layer
5 is maintained at uniform thickness over the whole
liquid crystal display panel, and good display quality
is constantly maintained.
For example, if the liquid crystal display panel 1
is used in an environment of the maximum use tempera-
10 ture, each constituent element such as liquid crystal
and the columnar spacers 3 expands by heat. However,
as described above, the liquid crystal held in the
liquid crystal display panel 1 is set to a proper
amount in the thermal-expanded state heated to a
15 temperature higher than the maximum use temperature.
Therefore, even if the liquid crystal expands in a high
temperature environment, no excess liquid crystal
exists in the liquid crystal display panel 1, and it is
possible to prevent such a defect that the first
20 substrate 2 and the second substrate 4 are deformed by
being pressed outward by the expanded liquid crystal.
Therefore, the first and second substrates 2 and 4 are
constantly kept in contact with the spacers, and the
gap between the first and the second substrates is
25 maintained at a predetermined value by the spacers.
For example, even if the liquid crystal display panel 1

is vertically stood up, the thickness of the liquid
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crystal layer 6 is maintained uniform over the whole
liquid crystal display panel, and good image display is
possible with display quality retained. Therefore, it
is possible to obtain a liquid crystal display panel 1
5 which prevents occurrence of unevenness in display and
maintains good display quality in any temperature
within the range of the use temperature.
Further, according to the method of manufacturing
a liquid crystal display panel according to the
10 embodiment, when sealing the liquid crystal intake 7,
it is unnecessary to discharge excess liquid crystal
from the liquid crystal intake by pressing, as
performed in the prior art. Therefore, the lead time
is shortened and manufacturing efficiency is increased.
15 Simultaneously, waste liquid crystal is reduced, and
the efficiency in use of liquid crystal as material is
increased.
Further, in the sealing step, the temperatures of
the heaters 18c and 18d are controlled within a range
20 of 20C lower to 50°C higher than the temperatufe of the
panel in the liquid crystal injecting step. Thereby,
the suction width W of the sealant 8 is adjusted to an
optimum value, and the liquid crystal intake 7 is
sealed with reliability.
25 In the above embodiment, explained is the case
where the liquid crystal display panel is manufactured

with the maximum use temperature of 50°C. However, the
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injecting step, the applying step and the sealing step

5 can be performed in the same manner as the above.
However, the maximum use temperature is preferably set
to be equal to or higher than the boiling point of
liquid crystal.
In the above embodiment, the injecting temperature,

10 the carrying temperature and the applying temperature
are set to the maximum use temperature *5°C. Further,
the carrying temperature and the applying temperature
are preferably the same as or higher than the injecting
temperature.

15 Also with respect to other points, the present
invention is not limited to the above embodiment, but
can be variously modified within the scope of the
invention. For example, as shown in FIG. 5, the
manufacturing apparatus 10 may be formed by directly

20 connecting the injecting device 11 with the sealing
device 13 such that they communicate with each other.
According to this structure, a carrying mechanism
between the injecting device 11 and the sealing device
13 can be omitted, and the manufacturing apparatus 10

25 is miniaturized. Further, when the display panel la is

carried from the injecting device into the sealing

device, this structure prevents decrease in the
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5 the above embodiment. Like constituent elements are
denoted by like reference numerals, and detailed
explanations thereof are omitted.

Further, the sealant 8 is not limited to
ultraviolet-curing materials, but can be selected
10 according to circumstances. Various means for curing
the sealant 8 can be selected according to the adopted
sealant.
Wiping of the liquid crystal may be performed with
the liquid crystal being more expanded than the liquid
15 crystal at room temperature. The suction width of the
sealant in the intake may be controlled by changing an
expanded state of the liquid crystal in injection of
the liquid crystal to an expanded state of the liquid
crystal in sealing of the intake. The liquid crystal

20 in sealing of the intake may be more expanded than the

liquid crystal in injection of the liquid crystal.
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910%&'()-§ gap maintained therebetween, and defining an intake
between the substrates;
injecting liquid crystal into a space between the
substrates through the intake in an environment heated
in comparison with room temperature; and
10 sealing the intake by a sealant, with the
environment kept heated from the injecting of the
liquid crystal.
2. A method according to claim 1, further
comprising:
15 wiping away a liquid crystal adhering to the
intake after the injecting of the liquid crystal,
wherein
the wiping of the liquid crystal is performed
in an environment heated in comparison with room
20 temperature.
3. A method according to claim 1, further
comprising:
controlling an suction width of the sealant in the
intake by changing a temperature in the injection to a
25 temperature in sealing of the intake, the temperature
in sealing being different from the temperature in the

injecting of the liquid crystal.
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4, A method according to claim 3, wherein
the temperature in the sealing of the intake is
higher than the temperature in the injecting of the
liquid crystal.
5 5. A method according to claim 1, wherein
the sealing of the intake is performed under
atmospheric pressure.
6. A method of manufacturing a liquid crystal
display panel, the method comprising:

10 bonding a pair of substrates to each other with a
gap maintained therebetween, and defining an intake
between the substrates;

injecting liquid crystal into a space between the
substrates through the intake, the liquid crystal being

15 more expanded than the liquid crystal at room
temperature; and

sealing the intake by a sealant, with the liquid

crystal kept expanded from the injecting of the liquid

crystal.
20 7. A method according to claim 6, further
comprising:

wiping away a liquid crystal adhering to the
intake after the injecting of the liquid crystal,
wherein
25 the wiping of the liquid crystal is performed with
the liquid crystal being more expanded than the liquid

crystal at room temperature.
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comprising:

controlling an suction width of the sealant in the

intake by changing an expanded state of the liquid

5 crystal in the injecting of the liquid crystal to an
expanded state of the liquid crystal in the sealing of
the intake.

9. A method according to claim 8, wherein

the liquid crystal in the sealing of the intake is

10 more expanded than the liquid crystal in the injecting
of the liquid crystal.
10. A method according to claim 6, wherein

the sealing of the intake is performed under
atmospheric pressure.

15 ~ 11. A liquid crystal display panel manufacturing
apparatus comprising:

a liquid crystal injecting chamber having a first
heater and a liquid crystal boat to inject liquid
crystal into a space between a pair of substrates; and

20 an applying chamber which communicates with the
liquid crystal injecting chamber and has an applying
mechanism which applies a sealant to the pair of
substrates and a second heater.

12, A liquid crystal display panel manufacturing

25 apparatus according to claim 11, further comprising:

a carrying mechanism having a third heater,

wherein
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carrying mechanism interposed therebetween.
13. A liquid crystal display panel manufacturing
5 apparatus according to claim 11, wherein
the applying chamber has a liquid crystal wiping
section, and
the liquid crystal wiping section is provided
between the liquid crystal injecting chamber and the
10 applying mechanism.
14. A liquid crystal display panel manufacturing
apparatus comprising:
a chamber including a liquid crystal boat to
inject liquid crystal into a space between a pair of
15 substrates, an applying mechanism which applies a
sealant to the pair of substrates, and a heater.
15. A liquid crystal display panel manufacturing
apparatus according to claim 14, wherein

the chamber further includes a liquid crystal

20 wiping section.



