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| NVENTI ONSUBSTRACT ASSEMBLI NG APPARATUS BACKGROUND OF THE | NVENTI QY NDVENDS
OF THE | NVENTI ON The present invention relates to a substrate assenbling
apparatus in which substrates to be bonded together in a vacuum chanber
hel d opposite to each other and bonded tdbether by narrow ng the gap

bet ween the substrates in a vacuum PRIOR ART Fabrication of a

di spl ay panel has a process in which two sheets of gl ass subsmmﬂU%lwmmmmmp
transparent electrodes and thin filmtransistor arrays are bo

spacing extrenely as close as several ,u n1(hereinafter the subsﬂ%a%es
bei ngTbBhBeQFaTHEr ENFENEJONo as a cell)

after

W th an
(hereinafter, also referred to as a sealant), and the space f Mmﬁmnlmn

manner descri bed &ﬁBSERAEEsé&SEMBbiNEeAHQAﬂﬂﬂﬂéd with a liqui

prior art of sealing of the liquid crystal, as disclosed in Japanes®oPat
Application Laid- Cpen hb 62165622, proposes a nethod that preparing one of
substrates on_whic ﬂUId crystal is dropped and the other of

substr at es HQGKHBOENBI8§e3

and the
substra
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art
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25

BatM¥ENTdPNseal ant wit hout any injection port,

put th er trates on the one substrate to bond th
h&gge 8ﬁuﬁk IH&FH%&% themclosely to each other. Further

07 h@xezoogrgéent invention relates to a substrate
assembling apparatus in which substrates to be bonded
together in a vacuum chamber are held opposite to each
other and bonded together by narrowing the gap between the
substrates in a vacuum.

PRIOR ART

Fabrication of a liquid display panel has a process
in which two sheets of glass substrates having transparent
electrodes and thin film transistor arrays are bonded in
spacing extremely as close as several um (hereinafter, the
substrates after being bonded are referred to as a cell)
with an adhesive (hereinafter, also referred to as a
sealant), and the space formed in the manner described
above is sealed by being filled with a liquid crystal.

The prior art of sealing of the liquid crystal, as
disclosed in Japanese Patent Application Laid-Open No.62-
165622, proposes a method that preparing one of substrates
on which the liquid crystal is dropped and the other of
substrates having a closed pattern of sealant without any
injection port, and then putting the other of substrates on
the one substrate to bond the substrates in a vacuum by

bringing them closely to each other. Further, the prior art

are

ent

e
t he



of sealing of the liquid crystal, as disclosed in Japanese Patent 0
Application Laid-QOpen No.l0-26763, proposes a nethod that one of %ng¥?a2es
having a pattern of the sealant with an injection port is bonded to the

ot her of substrates in a vacuum and then,the liquid crystal is injected
bet ween them t hrough the injection port oz the sealant. In the both cases
of the prior art described above, the both substrates are bonded to each
other in a vacuumirrespective of the pattern of the sealant. In the
vacuum 10 the substrates can not be attracted each other by being
evacuated in making use of pressure difference, unlike_under the

at nospher i c Ofr S&AdINg Wi%ntgﬁeléﬁgédp&rltﬁﬁﬁﬁ]of 28 sdbseiafedpiacJ@paneasee
upper side (hereinafter, referred to as an ugge substrate) 15 is

mechani cal | Yah&RE, APRd IGaHICH Tid1QpeDiNen Séﬁgﬁ?atBrpgoﬁﬁﬁpédmeﬂﬂgdwarp
and Lt nner AT, PRG Rl & U AP 0T HS of BRECSEDSPEAtDE SPBLABE SR by
Gpper and LRE Fer LIk Epatt e Honddu £F, ERP: BEESRePFoP RPBOERERS iy 1
(S oub e i SARPELIEE LB SO0 O L0800 b

substrates becones w urt her, nce the central

portion of emURRS b%ﬁkﬁ“%r%%&ﬁ%d dﬁ¥n tepd tdudhgiSubstrate in the
| ower side_%ﬁepéina_Pgﬁ, refé?ﬂe to ag)t e(ﬁgmer éﬁ%girate) due o~NoO
v zoo2 3 side (heqgi Rafd epothetaledd d© Ret R iloeirvulesepl Beddu®dve,t he
warp in the upper substrate earlier than the peripheral portion of the

upper subst take,beflaceubsteatksepiry bbadeap dcteeeh bRBesubisd r at &@xcuum

di stributed between 5 the substrates are noved to scratch an orientation
filmand thdrrelspectrived afh tie pabserat ef. thet usddlantsi nte the wpoemumgnd
the | ower substrates to be bonded are the sane in size, it is difficult to
provi deld hethebssubsesates h camanpetl dpacestraotedr téachoosheim e bedsy
where the both substrates are bonded to each other in a vacuumirrespective
of the patt&vAacyptede d8al BAKiNgheusabs?¥ atRzesRWe t slif ayanney t gnddde
other so that positioning marks, at least, at two positions in the

i ndi vi dual §HS§Fr§P€éaﬁEP@Whﬁﬁﬁ?(ﬁ%ﬂ??&?%ﬂher Wi thin an accuracy of
Fine moti on mechalPSh T ERARDIRIEHPX. 9 fothgB AL R Ee D ESshott I8 do
gencr al |y mOSBA o8 et MUY REEt S shr gy 2 35 3Re EREL: FAPE earel
evacuat B he oy R T L e R o B eh Py e
productivity s syagdEmerye | Q4BHebbOfmRIES A difeN04d ZOAkalrecent substrate
is growing to be larger in dimension and thinner in
thickness.
Since positing of the substrates are performed by
20 using positioning marks provided in the peripheral edge
portions of the upper and the lower substrates, it is
difficult to perform positioning of the substrates when the
gap between the edge portions of the both substrates
becomes wider due to large warp.
25 Further, since the central portion of the upper

substrate comes in contact with the substrate in the lower

side (hereinafter, referred to as the lower substrate) due



25 fine notion nmechani smsuch as the X-Y stage is conplex in strqplumwﬂmpnd
has many bolts, screw holes, other holes, grooves, gaps and so on. 0
NOV 2002 4 SUMVARY OF THE | NVENTI ON An object of the present invention |s
to provide a substrate assenbling apparatys whi ch is capabl e of bonding
substrates to each other in a vacuumw th”a high accuracy even if the
substrates are large in size and thin in thickness. Another object of the
present invention is to provide a substrate assenbling apparatus which is
capabl e of 10 bonding substrates to each other in a vacuumin a short tife
so that positioning marks provided in the individual substrates match with
each ot her #ilde A harfinakipiacyrefarsedetor @satthg nlover apgbetyasen e
obj ect, an apparatus in accordance with the present invention is 15
charact eri z&@ bfhehaiafe dfhsithet eu§§§%thPE§téﬁﬁ%ﬁeﬂﬁﬁ§hﬁﬂrdstsﬁﬁstF%F%s

to be bonded o site to e ch ot her nd bonds t substrates t 0 eac other
with an adhBEPdR %ﬁlré@edPBH SPonePior thRo CORET, AURSTIALE o o ARARF

20"t he SubokPARATS WHIEHSRBnpPaEeRa YRkt EAER? nf aheiPBEpoReRa
attractiye Eﬁrc%d%ﬁtfﬁté ‘%4§¥H%v§§b§6rQEEa@ththoEE%n BRYon %H%h{%%%

onto the pl’eSSI ng plate aratus 1 n accor ance V\A

present inventl 90 deS fERHRC ST dRd Wb die substrate assenbling 25

appar at us ho s the upper substrate onto t e ‘pressing plate by a vacuum
suction force in ﬁb@&%ﬂ'l?yr,' %J}H@S@H@ uphEr CORRT LA8S 18wBRARS L@ atREeing NY

t he upper substrate falli o ~ 0 V zoo2 5
be bonded are the same in size, it is difficult to provide
the substrates with clamped spaces.

10 Furthermore, in the case where the both substrates
are bonded to each other in a vacuum irrespective of the
pattern of the sealant, the substrates need to be bonded to
each other so that positioning marks, at 1least, at two
positions in the individual substrates match with each

15 other within an accuracy of several 4m. In order to attain
the accuracy described above, a horizontal fine motion
mechanism, for example, an X-Y stage has to be disposed
inside the vacuum chamber because either of the upper or
the lower substrate 1is generally moved so that the

20 positioning marks on one substrate match with those on the
other substrate.

However, it takes a long time to evacuate the vacuum
chamber up to a required vacuum and accordingly the
productivity is extremely lowered because the horizontal

25 fine motion mechanism such as the X-Y stage is complex in

structure, and has many bolts, screw holes, other holes,

grooves, gaps and so on.



down at a position slightly distant fromthe pressing plate when @7ﬁwgqaﬂum
suction force disappears during a process of evacuating, and nakeS't

el ectrostatic attractive force act on the upper substrate to make the
pressing plate hold 5 the upper substrate on the receiving neans agai n, and
t hen bonds the substrates. Further, as a fubstrate assenbl i ng appar at us
bondi ng the substrates in a vacuum the substrate assenbling apparatus
conpri ses divided vacuum chanber units holding 10 the substrates to be
bonded opposite to each other; a coupling neans for formng the vacuum
chanber by coupling the vacuum chanber units through a seal; a vacuum neans
for evacuating the inside of the vacuum chanber fornmed by coupling the
vacuum chanber units; a positioning nmeans for 15 positioning the substrates
to be bonde@UMHABXcRFolHEr IFYENSVONg one of the vacuum chamber units with
respect to the other of, the vacuum chanber units, and a,bondi ng nmeans for

narrowi ng the gap®BetdBich nefsih& rBF8Eent| dyESsidk 18 & rPEPhide a

Furth . th bstr at senbl | 20, ' .
or essur o1 CEPERERR Ro e UL My TR EE TOS pHEREE. pioeottRdb L1 phg PORYiAg

| d_b [ he inside af th m h
of the h&aﬁsﬁ%ﬁ%&??% o2ie, B5bSRoouy 4 YHCRBMDLEEH o | niSh ABPuyABane”
of the vaculieBhatber b cutiRaRtes YhTARRGR IR el HOR TG

the upper +fiskhedss0~? s substrate and the |ower substrate, respectively,
and t he neans ?or hol di ng the upper substrate hol ds the upper substrate by

an el ectrostatic ghbtheki ¥BieCOOMIRe HELBEN S UCKTESt {OhCes Ibeﬁawahieng
means descri bed above forns the 5 vacuum chanber by coupling both of the

vacuum chanfer subistts ad@s Cradseranpibione tdppamdtidde wiedth ansd t bapavdeuabifng
nmeans descri bed above evacuates the vacuum chanber. The pressure resistant
nmeans dgFcr bbadiagovsulhetarsted mopheack ptéesurén a vacuum in a short
time so that positioning marks provided in the individual
substrates match with each other with a high accuracy.
In order to attain the above-described object, an
apparatus in accordance with the present invention 1is
15 characterized by that the substrate assembling apparatus
holds substrates to be bonded opposite to each other, and
bonds the substrates to each other with an adhesive placed
on either of the substrates in a vacuum by positioning the
substrates and at the same time narrowing the gap between
20 the substrates, which comprises a means for making an
electrostatic attractive force act on the upper substrate
to hold the upper substrate onto the pressing plate.
Further, the apparatus in accordance with the present
invention is characterized by that the substrate assembling
25 apparatus holds the upper substrate onto the pressing plate

by a vacuum suction force 1in atmospheric pressure, and

comprises a means for receiving the upper substrate falling



applied to the seal caused by the evacuati on, and makes one 10 of tb?NUVZWZ
vacuum chanber units novable with respect to the other of the vacuum
chanber units so that positioning of the one of the vacuum chanber units
novable with respect to the other of the %acuun1chanber units can be
performed by using the positioning nmeans Uescri bed above. After 15
positioning, the bonding neans narrows the gap between the substrates held
opposite to each other to bond the substrates together. BRI EF DESCRI PTI ON
OF DRAWNGS 20 FIG 1 is a schematic vertical cross-sectional view show hg
an enbodi rent of a substrate assenbling apparatus in accordance with the
present invEAWRoAt A @OsAGiom sAdightthpvihgtant Euelt EheePXeSE6APHI Rdate
apparatus of FIG 1 in which a vgcuumchanber is forned; FIG 3 is a

per spect i veWDEDy e KRR SUGtdd 1IRTCe afpFREPEATEp SRIL Nithsk r REQCERS: he
substrate assenbling, apparatus of FI 1, FlI 4 is,a partial

cr oss. cect | BhaPVRSPRLATE AN drkehothé f elpaheostitieRAbtpassdye; torce
bondi ng an upper._and a |lower supstrates.in _the substrate assenbling

appar atus of B @n Thd FEEE; SURBLERLES ol e NS HRASeRGCPERERY nond,,
showing a f ur, 1 di.0ni ng.xh pRer t r tr S4hn t he
substrat aggénﬁﬁ%}p%tgr g%gdaérﬂa usé]o('rntl F?&g %:eczieﬁgﬂlﬂ%q“% I's %a%gir?f i gf\ﬁy theén

cross-secti gaaksVehb S8bstiraWeghoW ng a feature at positioning the upper
and the | ower substrates in another enbodi ment of a substrate assenbling

apparatus in aCCOFQ%Eﬁ%ﬂNtJBtQGSBbgﬁﬁﬁEd'Bé%gﬂﬁlﬁnfﬂa 4! RIndhingHE
PREFERRED EMBODI MENTS An enbodi nent in accordance with e present
invention wche bgudesaaitked bal ova red@iimpg theFl GubstiratEl Gaséembling
apparatus comprises divided vacuum chamber units holding
10 the substrates to be bonded opposite to leach other; a
coupling means for forming the vacuum chamber by coupling
the vacuum chamber units through a seal; a vacuum means for
evacuating the inside of the vacuum chamber formed by
coupling the vacuum chamber units; a positioning means for
15 positioning the substrates to be bonded to each other by
moving one of the vacuum chamber units with respect to the
other of the vacuum chamber units, and a bonding means for
narrowing the gap between the substrates held opposite to
each other. Furthermore, the substrate assembling apparatus
20 comprises a pressure-resistant means for bearing
atmospheric pressure acting on the seal caused by
evacuating the inside of the vacuum chamber so that the one
of the vacuum chambers unit may be moved with respect to
the other of the vacuum chamber units using the positioning
25 means.

In other words, both of the wvacuum chamber units

described above comprise the means for holding the upper



15 Referring to FIG 1, the substrate assenbling apparatus in ac%?rmnﬁ]@,
with the present invention is conposed of a liquid crystal dropping portion
S1 and a substrate bonding portion S2, and the both portions are arranged
on a base table 2 adjacent to each other. 20 A frame 3 for supporting the
substrate bonding portion S2 is arranged Bbove the base table 2. Furt her,
an X-Y- 8 stage T1 is also placed on the upper surface of the base table 2.
An X-stage 4a is novable in an X-axis direction, left-hand side and right
hand side in the figure, 25/ that is, is novable to and fro between the-
l'iquid dropping portion S1 and the substrate bonding portion S2 by a drive
motor 5. A subsigatsh ardplthedlewerhesvbstiagee darespedisively,7 amd 2@ 8
movable to and fro in a Y-axis direction intersecting the X-axis direction
at right andleansy £ogri helgdngr &hea Bppelgesubstrapfackeldd tHie v-upRee
4b, and is horizontally rotatable to the Y-stage 4b through a rotating
bearing 7 byPuRskhale ¥ ofngelectIgsd ag icoratfhARt Wi af QLP8t PEL & iRFYuRg
anber unit .10 is fixed to th

to the 8 -st 4 Furth | h
O age an AHOIIGa et 5 e Sous)L PhaoRannRe, dRgEriBar, Haves Farms, e
| hanb it 0 t.h h i i 11 d 10 seal 12
Lo has B o Sfastibint At H SquBLEht nBoRRA0E Fonl w3 %y SARHER SRR ¢
so that Pl " G . . i
Geade ar  Hscnibid] £0900 StnfolOR IALULLT Sa' En8O TG tind means

Lauid orYSiRls A4Hd thdld Wehcdt S4PEhEAYRCUANS LHRREES] Bhd NE LS

supported by a bracket 14, the dispenser 1 el ng projecte

3; a Z-axis rdsagtabr ffda®r HesaklibetD U d hBedt SPaREBsphéridnGrdBfy 16
for driving the Z-axis stage 15. The XY- 8 stage T1 hol ding and 'nounti ng

the | over supgilrizice 4 e 28ed hechdabbe Byl sheDe®dcuatlibs , Xan@thakes one
Y-directions with respect to a nozzle 18 of the dispenser 17 for dropping

the |iqupd efystheé agentum Bghdmbeg supits demiviadd eanwihh fedpgect | goi dthe
crystal agent can be dropped onto an arbitrary position on the |ower

substrate | @thfrerefi $henovaenums chiagpherseunivs @oscilalyi pgsatdealiagt dm
the frame 3, not shown in FIG 1, in addition to the dispenser 17 for

dri ppi ng t h&heg Qnel of yshe vagewn. cRymbBpscHai§EngovRdle withyuepsperip i@

the other of the vacuum chamber units can be performed by

using the ©positioning means described above. After

15 positioning, the bonding means narrows the gap between the

substrates held opposite to each other to bond the

substrates together.

BRIEF DESCRIPTION OF DRAWINGS

20 FIG. 1 is a schematic vertical cross-sectional view
showing an embodiment of a substrate assembling apparatus
in accordance with the present invention; FIG. 2 is a view
showing the substrate assembling apparatus of FIG. 1 in
which a vacuum chamber is formed; FIG. 3 is a perspective

25 view showing a means for clamping an upper substrate in the
substrate assembling apparatus of FIG. 1; FIG. 4 is a

partially cross-sectional vertical view showing a feature



seal ant while the |ower substrate la is being noved in the X-, Y- HBﬁﬁB%@ns
using the notors 5, 6 of the X-Y- 8 stage T1l, a closed pattern ca WN
on the | ower substrate la with the sealant. That is, this dispenser and the
noving 5 nechani smof the X-Y-B stage Tl conpose a patterning neans for the
seal ant (an adhesive). The liquid crystal7agent is dropped into the pattern
formed with the sealant. The X-Y- 8 stage T1 hol ding and nounting the | ower
substrate |la after being dropped with the liquid crystal is 10 noved to a
position under the substrate bonding portion S2 using the drive notor 5.
FIG 2 shows the substrate assenbling apparatus in which a vacuum chanber
is formed betnbendgnghanx-uppey sandjed Tiovert sebgbsatesninndibe shbsdyader at e
bondi ng portion S2. 15 In the substrate bonding portion S2, an upper
chanber uni 8sgemphdng pREBArA§upl € FAGnsilde FRE-upPerifhanb®arydiad Lyl
are independently novable_in the vertical direction. That is, the upper
chanber uni ET9¥Sh&ECA1RBALI ngVeBLEEALai IR a SNR¥ANDUsR ankP3CWER uURT
seal, and is npved i.n 20 %he Z-directign by a shaft of a cylinder, 22 fixed
to the franBOSLitARNANG t F8E aPREL; t 71 ti\-‘/%epljaﬂ"éerZB gubsfhafififed i8h &he

b f f_th ' | 27, As the X Y-8 i s npved
the Subdt 1 abBEBORAT Ay PRI SREAEAL Al THnbbi BREL T30 <& mbBed 25
e oSt e TPr . .

0-Tihg (a SBaFF Lakdr PRS- AR Rl TN, PRB) MR a oo iRen
to be coupl Sgb‘é"FBQ i.tiQn%g'ao‘/t”ﬁQUZ ugage'rhe 3‘:13‘“’erth‘"eha'1%€vreru_r“shb's’h%t‘é%' t,jpand

the both cha units , 21 are upled to be brought into a state

capabl e of fHBEhE®N @fbdy MreNbehaTbghbdPPat st e i dd1Cagph¥EL ARt A S
descri bed above serves as a noving neans for horizontally noving the | ower

chanmber uni hcéBraapaet bd tootplel R dsintedmvidia ilogwer chanmber unit 10 and the
upper chanmber unit 21 is released. The cylinder 22 serves as a coupling
nmeans fgy the both chanber units 10, 21. Since a flattened anount of the
O-ring 44 is adjusted
DESCRIPTION OF THE PREFERRED EMBODIMENTS
An embodiment in accordance with the present
invention will be described below, referring to FIG. 1 to
FIG. 4.
15 Referring to FIG. 1, the substrate assembling
apparatus in accordance with the present invention is
composed of a liquid crystal dropping portion S1 and a
substrate bonding portion S2, and the both portions are
arranged on a base table 2 adjacent to each other.
20 A frame 3 for supporting the substrate bonding
portion S2 is arranged above the base table 2. Further, an
X-Y-60 stage Tl is also placed on the upper surface of the
base table 2. An X-stage 4a is movable in an X-axis
direction, left-hand side and right hand side in the figure,
95 that is, is movable to and fro between the liquid dropping

portion S1 and the substrate bonding portion S2 by a drive

motor 5. A Y-stage 4b is placed on the X-stage 4a, and is



10 by adjusting a downward novi ng stop position of the upper cﬁzy&gg ﬁ}it
21 using a ball bearing 87 to be described |ater, the vacuum i nsi {
vacuum chanber can be nmaintained and the flattened anbunt can be set to a
degree at which the maxi nrumelasticity cap be obtained. 15 The housi ng 30
contains a vacuum seal which is vertically novable w thout causing vacuum
break even if the vacuum chanber 100 forned by the upper chanmber unit 21
and the | ower chanber 10 is deformed. Therefore, a force caused by the

def ormati on of the vacuum chanber 100 acting on the 20 shaft 29 can be
absorbed, and accordingly it is possible to prevent the pressing plate 27
fi xed to t h&oyadrle 2o aaBdhdiud ni t Re Yelaotis cdirectiont Aatersectiage tdee
fromdeformng. Therefore, it is possible to bond the upper substrate |b
hel d by t he Xsedts dAHERTELRN t Ahc gty anElogbys agir iR MeWRE §ubdt r8ie | a

held by the table 9 to etqgr wth keeging ingg$rallel to,each other, as to
be descri bef%33erdc 18 PRSI Vpodbhe 1 YTHEaG8F doncandhdfadiqiizoptally

i ndi cat | , th f h t 4 i i cat. i pi
oot s TR o R g B DRSO A Rk Logn bt b
i d t 100 i dt )
Further 3t ne. r4PEPedBiis, Ue of “5881e" ¥ o rden ENAL ERg o 3 SrEBERE ke dnce
character 2@ 3% w-eIe%agea&%.C%ggg%eﬁd B0 1wl 9A SURP! Y

such as a nitrogen or clean air supply, uséd ‘when the vacuum chanber is

returned to;@an a3/ RREHHe R & a4 anflid iﬂrht%hﬁ upper substrate Ib is
held in closely contact to the bottom surface of the electrostatic

attractive plate 3de Butsthgeupper isubsbtatgphh istedSedehd tenthaover
el ectrostatic attractive plate 28 by a suction attractive 15 force under

at nospheri ¢ chyaeb®ar exnifthai 0 i shrblighr af efotzad et g 4111 addcat e&cuum
suction attraction joint, and the reference character 42-indicates a
suctionlfubeealheid ase ddmiectde t bowevacwhamiserr amitnotl 0shoan, mad ibe t he
surface of the electrostatic attractive plate 28 there are a 20 plurality
of suction Rdifestesd byametadriosued ﬁdmadg-ﬁéhaﬁnécbhe substrate Ib by a
vacuum suction attractive force) connected to the vacuum source. In the
case where the sufPSuddidigd Suifder! ArRRpIRG i BobEEcBUEE, isheompesedostiat i ¢

attractive for may be al so_used, o the,
a gfspe ser (a lgqugd Jropplng means) 17 for dropping a

desired amount of a 1liquid crystal agent to a lower
15 ~substrate 1la supported by the table 9 supported by a
bracket 14, the dispenser 17 being projected from the frame
3; a Z-axis stage 15 for vertically moving the dispenser
17; and a motor 16 for driving the Z-axis stage 15. The X-
Y-0 stage Tl holding and mounting the lower substrate la on
20 the table 9 is moved in the X- and Y-directions with
respect to a nozzle 18 of the dispenser 17 for dropping the
liquid crystal agent. By doing so, a desired amount of the
liquid crystal agent can be dropped onto an arbitrary
position on the lower substrate 1la. There is another
25 dispenser for discharging a sealant in the frame 3, not
shown in FIG. 1, in addition to the dispenser 17 for

dripping the 1liquid crystal agent. By discharging the



25 suction attractive force may not be used when the electrostati97NUV%@2
attractive force is strong enough. The electrostatic attractive plate 28 1s
attached to 07 NOV 2002 12 the pressing plate 27 supported by shafts
29, and the shaft 29 is fixed to housings,31, 32. The housing 31 is
attached to the franme 3 through a |linear guide 34 so that the electrostatic
attractive plate 28 is vertically novable. 5 The vertical novenent can be
performed by a notor 40 fixed to a bracket 38 on a frame 35. The driving
force is transmtted using a ball screw 36 and a nut housing 37. The nut”
housing 37 is connected to the_housing 32 though a load cell 33 to be
oper at ed t oF&HANEN WKLk ctReedOWEEt HUhS IRt thancis veepngt @aoygdp|idc dehe
bel ow. Therefore, the shaft 29 i s myyed down by the notor aqg t he

0

el ect r ost at % rat 1 TR PRt BS 2BIN GG H@tt"d:e"'bﬂ)'pe? ng§PF28%Y-b i SYRA”Rd
doun, 2nd {115 UEPel) SUbPLL oL SOIPR ! She 2o ARt I ANS L guer,
Loree oL PR 0S80 CFbLy 3300 VR SRuReRiSES ! BRRU R
V! sl Vg OELEOH. Beaber T Bhede S e
for the sealant (an adhesive). The liquid crystal agent is
dropped into the pattern formed with the sealant.
The X-Y- 8 stage Tl holding and mounting the lower
substrate la after being dropped with the liquid crystal is

10 moved to a position under the substrate bonding portion S2
using the drive motor 5.

FIG. 2 shows the substrate assembling apparatus in
which a vacuum chamber is formed by moving the X-Y-6 stage
Tl to the position under the substrate bonding portion S2.

15 In the substrate bonding portion S2, an upper chamber
unit 21 and a pressing plate 27 inside the upper chamber
unit 21 are independently movable in the vertical direction.
That is, the upper chamber unit 21 has a housing 30
containing a linear bush and a vacuum seal, and is moved in

20 the Z-direction by a shaft of a cylinder 22 fixed to the
frame 3. An electrostatic attractive plate 28 1is arranged
on a bottom surface of the pressing plate 27.

As the X-Y- 8 stage Tl is moved to the substrate
bonding portion S2 and the upper chamber unit 21 is moved

25 down, a flange of the upper chamber unit 21 is come in
contact with an O-ring (a seal) 44 arranged in the

periphery of the lower chamber unit 10 to be coupled with



gravitational direction, it is sufficient to position and fix the | ower
substrate | a by being horizontally pushed using pushing rollers 81 AN HEt
positioning nenbers 81 25 arranged in the table 9, as shown in FIG 3.
However, there is a possibility that the per substrate 1b is in contact
with the sealant or the liquid crystal agent on the | ower 0 7 NOv 20D2 13
substrate la to displace or |ift up the | ower substrate |a when fine
positioning is performed just before bonding, or that air contai ned between
the |l ower substrate la and the table 9 flows out to vibrate and displ ace-
the lower 5 substrate la during the process of evacuating the vacuum
chanber 100.thEhelevere chamber pugfidr abhe & hanithe ard| &he abebhhazhamber

el ectrostatic attractive function_(an electrostatic attractive plate).
Further, by 9¥&A dityg $hea¥anfeunlafdt hoabgi Rredghll dnse Beist@tfbvaapramle he
Z-axis 10 direciion and grounding the pin, it is possible to prevent the
cel |l after t?(f'nd#?l@c’fﬁ%ns st aY*SURR o FPBEPRYG It geliharatexe; s thes\Axive

renove the cell fr%mthe ta%l 9. . The reference character, 60 shown in_Fl G

3 i ndi cat es WP&&&i ving IFESKS F%ec@f’?i"ﬁg RELNES 1BF r3cdMYHRIt HEDerfas
bstratg 1 . It 1 ght di bel ow t he el.ectrqstatic

Z;Jt ?a(r:?! \E/e pogilg%fg_‘%ﬁpyt ﬁgw?&g%]okﬁxgt {ié‘g%%ve&*%?w%%r di* é%peiﬁs ‘g%%nt othe

evacuati on Q{18 NACHYELEBA™M¥e lower chamber unit 10 and the upper

chamber unit 21 is released. The cylinder 22 serves as a
coupling means for the both chamber units 10, 21.
Since a flattened amount of the O-ring 44 is adjusted

10 by adjusting a downward moving stop positian of the upper
chamber unit 21 using a ball bearing 87 to be described
later, the vacuum inside +the vacuum chamber can be
maintained and the flattened amount can be set to a degree
at which the maximum elasticity can be obtained.

15 The housing 30 contains a vacuum seal which is
vertically movable without causing vacuum break even if the
vacuum chamber 100 formed by the upper chamber unit 21 and
the lower chamber 10 is deformed. Therefore, a force caused
by the deformation of the vacuum chamber 100 acting on the

20 shaft 29 can be absorbed, and accordingly it is possible to
prevent the pressing plate 27 fixed to the shaft 29 and
holding the electrostatic attractive plate 28 from
deforming. Therefore, it is possible to bond the upper
substrate 1lb held by the electrostatic attractive plate 28

25 and the lower substrate la held by the table 9 together
with keeping in parallel to each other, as to be described

later.



and the upper substrate |b attracted to the electrostatic attractige Npvang
28 by the vacuum suction force falls 20 downward. The receiving hooks are
arranged in two positions corresponding to two diagonally opposite corners
of the upper substrate |b, and each of the receiving hooks is supported in
a hung-down shape by a shaft 59 extendindidomnmard. In nore detail, the
shaft 59 is vertically 25 novable and rotatable wth being seal ed through a
housi ng 58 of the upper chanber unit 21, as shown in FIG 4. In other word,
the shaft 59 is not only vertically novabl e by 0O 7 NOvV 20D2 14 a verti cal
actuator 62 fixed to the bracket 63 provided in the shaft 29 independently
of vertical novemiine ofefidwerndenf cha@adacber Rdsdoindicates abl waopum rnotlate on
actuator 61. That is, the rotation actuator 61 conposes a neans for draw ng
in the recei@dfidhgtheokrsleranee dchanagtar mgdnsindicates despipbed |hase.
The electrostatic attractive plate 28 for attracting the substrate will be
descri bed bd@hGfie BEe cFRREPEEEAL FO &t (FAFIUN SHELR, 28Ot s SARWIRS @Nst drhelo

pl ate, and has two square depressed paortions. A flat-shaped el ectrode .

cont ai ned i V3SR oSS defr eS8 potSonshis cRRIE WhaTReTi ¥t rit so
LDt e Tl RUL26e OF LG g oheC G DecOES, eyepot il N5 DOLhe oo
Lt ohape ) S L RE° BB VP cCphS, PUBSTAI Y SRR G heTh o
gas tube. These are connected to a compressed gas supply
such as a nitrogen or clean air supply, and used when the
vacuum chamber is returned to an atmospheric pressure
10 condition. |
The upper substrate 1lb is held in closely contact to
the bottom surface of the electrostatic attractive plate 28,
but the upper substrate 1b is also held to the
electrostatic attractive plate 28 by a suction attractive
15 force under atmospheric pressure. That is, the reference
character 41 indicates a suction attraction joint, and the
reference character 42 indicates a suction tube. These are
connected to a vacuum source, not shown, and in the surface
of the -electrostatic attractive plate 28 there are a
20 plurality of suction holes (a means for sucking and holding
the substrate 1b by a vacuum suction attractive force)
connected to the vacuum source. In the case where the
surrounding is under atmospheric pressure, the
electrostatic attractive force may be also used, or the
25 suction attractive force may not be used when the

electrostatic attractive force is strong enough.

The electrostatic attractive plate 28 is attached to



When a positive or negative voltage is applied to each of the flahﬁﬁgﬂP@§%
el ectrodes, negative or positive 20 charges are induced in the nai r e
of the dielectric even with the bottom surface of the electrostatic
attractive plate 28 to electrostatically attract the upper substrate |b by
a coul onb force produced between the char@%s on the main surface and the
transparent electrode 25 film of the upper substrate |b. The voltages
applied to the flat-shaped el ectrodes nay be either the sane in polarity or
opposite in polarity, that is, double-pole. 0o ~ Nov z~02 15 Balls of a-
bal | bearing 87 arranged with appropriate spaci ng over the whol e periphery
of a fl ange ther tpressiing helatoeve? 7 chapberteadi byl8hbdds 299 amdbdptersimft
pressure applied between the upper and the | ower chanber units 10, 21
caused 5 by 28vacuafixedt he havsimgshaiber3200The hdpaingt B filsatatdraghed
amount of the Oring 44 (pressure-resistant nmeans), and are capabl e of

bei ng set t&Cantlebi fFaRy pbsithirondh BheliRBedrcduiie edd ofOpythat the
appropriategﬁ_fastenin bal |l nuts for fixing t he bal | bearing“87 to the 10

| ower chanb&lQFHHOSIRL s SRERACTAVE PLAteTHd f L& t BREHLGABINL MFVatHe -
100 can be. WS GndhaY SERECS SR Mo aR P SBA o 8) BOEPEI B Coroh
above, the K- %6 EEAERSFL 2n Wi o Al y Seovedihy SEHERIRG CRRCTaRE
st or uend e N d s B Plapey, SEIERSTINE R g (0, he ©

(approxi mat gl hdyf iy B 7 28 &bRdesPLl8R0RHENBOLR iAg28 2V HdUe a load
projection area of the upper chanber unit 21 and can not be elastically

defornmed. | rdihe presest wabafidmited t Rogedhes fQieR PEREUGERIBrdd@tm@EUUM
is supported by the | ower chanber unit 10 through the ball, bearing 87, and

accor di ngl y atteraotiivey pldtoarn Oepledast ilnslldw. def ormed. 25 Further, since
the balls of the ball bearing 87 arranged in the | ower chanber unit 10 are
rotatabl e in all Theredidrens,titheshafit B9 siagmoVedcdowne by ridley moovoed 44 & hi n
the eIaStICand the electrostatic attractive plate 28 holding the upper
substrate 1b is moved down, and the upper substrate 1b
comes in close contact with the lower substrate la on the
15 table 9 to be applied with a pressing pressure force. In
this case, the load cell 33 serves as a pressing pressure
sensor, and a desired pressing pressure force can be
applied to the upper and the lower substrates la, 1lb by
controlling the motor 40 based on a signal sequentially
20 fed-~back.

Since the lower substrate 1la is mounted 1in the
gravitational direction, it is sufficient to position and
fix the lower substrate la by being horizontally pushed
using pushing rollers 81 against positioning members 81

25 arranged in the table 9, as shown in FIG. 3. However, there

is a possibility that the upper substrate 1b is in contact

with the sealant or the liquid crystal agent on the lower



0~ NovVv zoo2 is range of the O-ring 44 to performfine positioni&g of the
substrates when the substrates are bonded to each other, as to be J@Vildd
| ater. An anount of the fine novenent of the X-Y- 8 stage Tl is set as
descri bed bel ow using an i mage recognitign canera 46 shown in FIG 5. That
is, the image recognition camera 46 is filded to the shaft 29 t hrough a
bracket 51 and vertically noved together with the pressing plate 29. The
ref erence character 47 in the figure is a vacuum proof sight glass fixed to
an opening 48 in the 10 upper chamber unit 21, and in the pressing plate 27
and the electrostatic attractive plate 28 there are holes 49 through which
t he substrasubstzatee lsecin disphaee an dpdtatumnthe stavers cubsssakel dagt h)
L1 of the inmage recognition canera 46 is adjusted to a substrate 15

posi ti oni ngWhenk Hme pes Helepped dsbPerfioames just UppEereubsndang.| 195 s
noved downward together with the pressin late 27 in keeping this state.
Then, when %hétbd¥at OPbILReEnbeEWReTk ‘%ﬂ% bPVERe SURRST At Fostd afBA| FhGnes

it hi d f f L2, th itiaqni ks, 50a, 30b of th 0
and the | oweRPL8bsPr atdeWn, OB 637 bdTPacEsn PE AL b ne IOHRE
46. Th d._th bst | a, | Db b (AN d with
respect 1o BHPRCORNE: 1 SPFIRG: ot nneless The MACIE HBSoGRT | SACHr as
46, 1or cXampbfincdt AI0RRLLL-gRBOSILe OSELLOBSABI o! RhAMPRAS 2PaBRATRC"
unit 21, executing i'mage procéssing on the positioning marks at the two

posi ti ons i gikBe URRET agfl the1doppssEabst! AlgEcldorive COMRILIMI aNan

di spl aci ng anount 7 NOV 2002 17 into an anount of fine novenent of the

X-Y- 8 stage1bttraBdatiieel s tEydttvé hg1Xt¥H8 Fhaddnell. J)Eagrbeid&hg iviRge
recognition caneras 46 recogni zes the positioning marks 50b at the two

corner portitapiencd afitangedptife daeaM ngfhakindOholea riecetneng-lalxds
substrate 1b in FIG 3 and the positioning nmarks 50a on the | ower substrate
| a bel oW t hdirecdiivnngntboksowiding hehef prim, tite iscpasgibie tpp@revent
substrate |Ib is supported at the diagonally opposite positions by the 10
recei vi ng htbles &8l Hupifigryvdeondipynpihey $ebstratesg)froandoe tngoshairgedd by
the i mage recognition caneras 46 nmaki ng use of the positioning marks 50b at
the ot her dPagodil Ly 63§¥sitoe regwve e edd themphe @ hte Ib is

el ectrostatically_adhered by the electrostatic attractive 15 _pl.ate 28. The
i mage recognitionT§§m5%£$r ChChMeaFTRE %Btﬁ@ﬁ“ﬁbdﬁhﬁf%ﬁTo? g 1gakesg
stage T1 conpose_a _positi.oni means for the upper and t.he |o substrates
Ta, Ib to bEESHIA o MU of KEFE IRBIBRUR) oF b0 LHS SEBE( PRREE

usi ng t? 2 [ substrate_as €P i '.% Jﬁ#d Q%pe
bel ow. ﬁitgggﬁ$?%g%é Egpe%%su%st§§ ékiggiggggéﬁﬁgz g%é'%e agﬁg' , aﬁg t he
X-Y- 8 stageiblithr®sTRaed R SURSISAL e PPRJi POLRAr ELER 18R WEHtHAIRe
drive notor 5. Therein, the
force disappears due to evacuation of the vacuum chamber
and the upper substrate 1lb attracted to the electrostatic
attractive plate 28 by the vacuum suction force falls
20 downward. The receiving hooks are arranged in two positions
corresponding to two diagonally opposite corners of the
upper substrate 1b, and each of the receiving hooks is
supported in a hung-down shape by a shaft 59 extending
downward. In more detail, the shaft 59 is vertically
25 movable and rotatable with being sealed through a housing

58 of the upper chamber unit 21, as shown in FIG. 4. In

other word, the shaft 59 is not only vertically movable by



25 pressing plate 27 is noved down using the nmotor 40 through thﬁ fﬁb*bfz‘nnzzg
to attract and hold the upper substrate Ib on the table 9 by vac J
suction, and then the pressing plate 0O 7 NDV 2002 18 27 is noved up to
keep the upper substrate Ib in a standby state. The X-Y- B stage Tl is
returned to the liquid dropping portion é , and the | ower substrate la is
nmounted on the 5 table 9 to be fixed and held at a desired position. The
seal ant is discharged using the seal ant di spenser, not shown in FIG 1,
while the | ower substrate la is being noved in the X- and Y-directions
using the notors 5, 6 of the X-Y- B stage T1 to draw a cl osed pattern on
the ower 18 JEB&CRle 3GEYREPr ¢ hE SaERANtC A rb¥agkett hd pPravides, yid al

agent is dropped onto the |lower substrate |la fromthe dispenser 17, |n that
case, the ngﬁpeﬁhPfEui@ch%e’H%émliﬂoé’; nHFrFllﬁﬁﬁaV\B98ﬁ‘B€ﬁEsep‘? héhe

| ant T Lbn, it i ible that th trat
avi ng a 1550aE et ardtn TR LAeTEbAAHLANG o BFOELSS ARLHRRET, ¢ he

t [ [ t.ed .t abl t ! | i guid I t
571 mect at 419 ar Upbect e 5ot E Bl o EtBEPFar 6 s HBs e S b o O
Next, t XY t [ t ' ' S2,
an)c(l t he ppgr¥agﬁ'g§bglg€u%&?l %fg:%\é%&gj%vﬁggzl %%Sh%p%vgﬁ%%%? ’ggj["h%ﬁ “the
fl ange portignpelaeseraPell 9dtw it h the Iower chamber unit 10 by bringing in

contact with the Oring 44 to formthe vacuum chanber 100, as shown in FIG

4. Then, the insi ggeofeldia AR € hatbeacEdvéORliateeVAg Uabed Aty reRaninkg
the vacuumvalve 23. At that tinme, the upper substrate Ib is attached to

the el ectroghat sabatiraaet wid 1plbat eledd ripdddesasuum suction o ~ Nov Zoo2
19 force. Therefore, the vacuum suction force acting on the upper substrate
| b i s di sappeari nGhas elllee tevastaatiicoratits grtoigreespkalt e aRfl fisnainl yinslud akpper
substrate Ib falls dowmmward by the self-weight. The falling upper substrate
| b 10 plate, and has two square depressed portions. A flat-shaped
electrode contained in each of the depressed portions is
covered with a dielectric so that the main surface of the
dielectric becomes even with the bottom surface of the
electrostatic attractive plate 28. Each of the embedded
15 flat-shaped electrodes is connected to a positive and
negative direct current power supply through an appropriate
switch, respectively.
When a positive or negative voltage is applied to
each of the flat-shaped electrodes, negative or positive
20 charges are induced in the main surface of the dielectric
even with the Dbottom surface of the electrostatic
attractive plate 28 to electrostatically attract the upper
substrate 1b by a coulomb force produced between the
charges on the main surface and the transparent electrode
25 film of the upper substrate 1lb. The voltages applied to the

flat-shaped electrodes may be either the same in polarity

or opposite in polarity, that is, double-pole.



5 1is received by the receiving hooks 60, as shown in FIG 4, and is held at
the position slightly distant below the electrostatic attractive pl @t7eN®R80?
as shown in FIG 4. At the tinme when the inside of the vacuum chanber 100
becones a sufficiently high vacuumstate, a voltage is 10 applied to the

el ectrostatic attractive plate 28 to attrct and hol d the upper substrate
1b on the receiving hooks 60 onto the electrostatic attractive plate 28 by
the coulonb force. In this situation, there is no air renai ning between the
el ectrostatic attractive plate 28 and the upper 15 substrate |b because the
vacuum chanber 100 is in a sufficiently high vacuum state, and accordingly
t he upper substraBalllls icf nat balbr dtead ing r&T easrapgefl whishaiappropmwiate
inportant thing is that discharge due to induced charge does not occur
because t hels®acing aver 2the cwke he npebephesy elfieacifdangdesspomtdon fadihee

pl ate 28 and the upper substrate Ib. When there is air remnaining between

t he el ect r odOMEc tamhex Wit KR ePoBT athet REMQSPELTIGo RLERSSH aRASkathr ge

easily occurs. Wien the dischar occurs, the Coul onb force is akened. and
the alr ret HETHESTS T RRFE LI EEEr bOFEFi ENAPPRECBRIESHILre Do St dthe

xpans o iy T AT ppbRe 54 o kg0 LOBC: FRTe At rom e

el ectrostati Qe | v ALl © 8B SRy RigAK Whe lElahstIAe el @

thin glass p ccor e présent éenodi ment, an “abnor ma

failure canyiandiseundieoayee baBapILS BY BbEiRG!VEER 105 ShEciipiaidsy

attractive ate 'Z8 and the uppef substrate wn in

upper substrfss iy S gheciiRst apeeahibyiat ldadadidNd Bl d dpprdiriatel
el ectrostatic attractive plate 28, and is noved down up'to a position I0

where the paisitieaiingd BRI KkSnhea, R PIxihe YRREebadnd Bdierimyes7substyr es
la, Ib can be observed by the i mge recognition canera 46, and then is
posi ti ongd \idwen etypadier airtite loowers |hxsén aire #BG. HL ghly accurate
positioning the substrates la, Ib 15 with respect to each other is
perfornmed by readilthg tfleattomied oahognbaprks threo\d-teichg nd4 hasugptr tandudle

| ower substrates la, |b usi ng the inmage recognition caneras 46 through the
si ght gl ass& Amundy|elat | Rhehyagypar adthadrer vaanam 2¢hapbgtad (e cae be
positions thraough imge processing, 20 and by finely noving the stagers 4a
to 4c in th&@atneaifed grd Tat Fhet 5ame felfpvEhenlaxipum, glasfdedityg aan

IR U S R TR PRl M NN R A S
CraTher 187 Wi A%, PRARE RS BT B, b
bal | bearing §61PkRSvel RRSSsPIEkIRG! tilke L P¥eF GRAM™EHe URblelO diamber
units 10, 21 on each other because the O-ring 44 is almost
crushed by the upper chamber unit 21 with a large vacuum
force (approximately 1 kgf/cm?> = 98 kPa) corresponding to a
20 vertical projection area of the upper chamber unit 21 and
can not be elastically deformed. In the present embodiment,
the large force produced by the vacuum is supported by the
lower chamber unit 10 through the ball bearing 87, and
accordingly the O-ring 44 can be elastically deformed.
25 Further, since the balls of the ball bearing 87 arranged in

the lower chamber unit 10 are rotatable in all directions,

the X-Y-60 stage Tl can be finely moved within the elastic



07 NO V 2002 21 finely noved using the stagers 4a to 4c in the X-Y- B
stage Tl by reducing friction resistance between the upper and t hd 7 NiNe002
chanber units 10, 21. After that, the shafts 59 are noved down by the
vertical actuators 62 and then rotated by, the rotating actuators 61 so that
t he receiving hooks 60 do not interrupt b%%ding of the upper and the | ower
substrates. Then, the pressing plate 27 is noved down by the notor 40 to
bond the upper and the |l ower substrates la, |Ib together 10 with a desired
spacing by controlling the notor 40 while the applied pressure force is -

bei ng nmeasured using the | oad sensor 33. Because a |inear bush is contained
i nsi de the FRGenPBothenO-1dng Mt 36caperinem iHide BOShtipBRiRg Ofe the
housi ng 15 serve as a defor i on _absor bi ng nea&ﬁ wi t hout affecting the

0

t
shaft 29 whEMPSHEALESs HRP pHat S9PSTEahBT BT BoRANEREN tOf Q358 IRET «c Rfber
it 21 i f by t. t her | fi bet th
ipper and t#6 | BReRSRERHBEA L 3 oARy AL coF 16 oo et hE SBOTEREEY 17 s
20 cl | t | t tatl ttr.acty | at e .28 d . t
bent | downat e & ctaney 1A S, A, Gl Bt BBl Ry A duladt?

ubst 12t €5 Lacddh a1ebondee d 08! Wilcurl N UPREL 310 i | puT (DSBS

la, 1b are ba toget her according to positioning w

on 25 spaceh®eddyriitadn dhflepsyHe! i #9¢RkeANEM LU KIS i £l t¥rBligh a
positioning the 'substrates with respect to each other. After conpletion of

bondi ng, thereketmshaghgr vée®ically Mdved 208¢e et SwitRPkhed piddsing
nitrogen or clean dry air by closing the vacuum val ve 23 and openi ng the
gas purge valeee?5290 lThe erafeednte aihaysutasr C4PreissutRe Hikfurd heésgas

purge valve 25 is closed, the upper chanmber unit 21 being noved up by 5 the
cyl i nder 22yvachamm<pYoof ssaghtTlghassg friotad ne€d tant hepdniqy d48r oppi nde
portion S1, the cell being disnounted fromthe table 9 to be ready for next
bondi ngl10 Thaippex, dhambepryiit abl ¢ andt inhtheepressingnplatealt’erand the
perform ng di_scharge processing by contacting a grounded di scharge bar
electrostatic attractive plate 28 there are holes 49
through which +the substrates can be seen. Further, an
operation distance (a focal 1length) L1 of the image
recognition camera 46 is adjusted to a substrate
15 positioning mark 50b on the upper substrate 1lb. the upper
substrate 1lb is moved downward together with the pressing
plate 27 in keeping this state. Then, when a substrate
positioning mark 50a of the lower substrate la comes within
a depth of focus L2, the positioning marks 50a, 50b of the
20 upper and the lower substrates la, 1lb can be recognized at
a time by the camera 46. The upper and the lower substrates
la, 1b can be positioned with respect to each other by
arranging two set of the image recognition cameras 46, for
example, at diagonally opposite positions of +the upper
25 chamber unit 21, executing image processing on the

positioning marks at the two positions in the upper and the

lower substrates la, 1b, converting an displacing amount



10 to the cell or blowng ion wind to the cell because the cell aﬁﬁfmqyzmz
bonded is sonetine charged. The sealant of the cell disnounted fromthe
table 9 is cured by a UV irradi ation apparatus or a heating apparatus in

t he downstream process. 15 In the enbodi nent described above, the
substrates are hardly affected by dust ankf accordingly the production yield
can be inproved because the bonding process is perforned i medi ately after
di scharging the seal ant and dropping the liquid crystal agent. Further, the
apparatus 20 can be made small in size because the X-Y-8 stage Tl can be-
used for transferring the upper substrate |b to the vacuum chanber 100.

Fur t her nor e, indincan tarouahsef af éngorvensnig oft &de K-<chdr gitageari®l dwandg
reduci ng pressure is arranged outsjde the vacuum chanber 100 and the vol une
of the vacu@ﬁﬂ@iﬁﬂﬂﬂﬁ*ﬂg:ﬁkﬁiﬁr | I5ta@€e Tlacuum chanmber 100 can be

rapi dly evacuated, and fhe positioning can be mai ntai ned highly accurate,
and accordingly t @& obfict FHft P IMGIeIRGRAR Hgl O OCHMRERS 2 LECQHN-3R5

o0V TSP SR RIST I B TS, 8" B T oo
bstratg Ih b lied to.th | ect tatli t ti | ate 28 .i
pubst e ! NG SUBRh: L 15! SRARGEL W o HAFC UELALS 214,
hooks 60 of b tLcal i;ng s j int
hocks, 0, sihtee oL ehaves 0GB LNGEERGIIBR,AE R S 10

of hooks m%’bv{}é?)i&@é‘t&% aGe el dw dle gﬁf‘coéitxﬂiéﬁcgulgéé(ﬁéaéogfolopi ng portion

S1, and then t B stage T1 Is nove strate bondi ng portion

S2. (2) O herw sepHdiefHReEr st rlagcq-_,ﬁﬁyul@f didﬁ;é,} y shibdtansd erfed 4 om
a robot hand to the electrostatic attractive plate 28 to be attracted and
hel d. supported at the diagonally opposite positions by the
10 receiving hooks 60 during vacuum-pumping (e&acuating), and
is positioned by the image recognition cameras 46 making
use of the positioning marks 50b at the other diagonally
opposite positions when the wupper substrate 1b is
electrostatically adhered by the electrostatic attractive
15 plate 28. The image recognition cameras 46 and the fine
motion mechanism of the X-¥Y- @ stage T1 compose a
positioning means for the upper and the lower substrates la,
1b to be boned to each other.

The process of bonding the substrates using the

20 present substrate assembling apparatus will be described
below.

Initially, the upper substrate 1b is mounted on the
table 9, and the X-Y-8 stage Tl is moved to the substrate
bonding portion S2 using the drive motor 5. Therein, the

25 pressing plate 27 is moved down using the motor 40 through

the shaft 29 to attract and hold the upper substrate 1b on

the table 9 by vacuum suction, and then the pressing plate



(3) The upper substrate Ib falling during progressing of evacuation may be
recei ved by the receiving hooks arranged in the X-Y-8 stage Tl dedkt NBetll?
the above item (1). 20 (4) Further, the upper substrate Ib nay be held by
pushi ng agai nst the electrostatic attractive plate 28 using the receiving
hooks 60 of FIG 3 or the receiving hookslSarranged inthe X-Y-8 stage T1
descri bed the above item (1) before the upper substrate |b falling down,
and by 25 switching fromthe suction attraction to the electrostatic
attraction while the vacuum chanber is being evacuated. In this case, the
recei vi ng hooks serve as a pushi ng neans, o0 ~ No a 2002 24 and the upper
substrate | B7 sishngwoved papsteakiegpctdee upprracsubsthataelbl dot @osytarnidby
attractive plate 28. By doing so, air between the upper substrate Ib and

t he el ectro$ttaétiee attractive plate 28 can be evacuated as being 5
depressuri zed. (S)T Further, the up%er Substrate |b may be held at a
position slightlyI@estatr 9 r 5kPOReTd| d&t FoSuamed &0 the iMdWidhOFoRPing ng
t he receivin%#pqoks 60 of FIG, 3 gr t he receiving rooks arranged in the
X-Y- B st ag®°FEi®8scF} he@ndo ¥R LBHEE SURAYEALSN LAode ARG aPPr 4§ on,

d el taticall tt t to, th | ect tall tt I | ate 28
The miadt e SO SRt 1010 B AL )T R Th P ULREI R Lot rate 1b |
in FIG 3 i t t . : k i ~5
opposi te) by t hoEc SRR naske b haoR b RS shE BeSIRY, MAgRRAY O

four sides of,t g dipPeln SEPELT i‘t,ewlrﬁ.’lgiortﬁémlé&gﬁssﬁﬂs{:bﬁtleo'iQi tiudiyalng

direction, or two sides in the w dt rection using an appropriate neans.

(7) The bal hkear i 11y Ble MY hhd ePLacedcbyondyLBiiRG WHE metois sapablgy of
wi t hstandi ng the atnospheric pressure force acting on the vacuum chanber

100. For exame x-ws@shgwagen THl Go 6drswahkl ddicywrt g5abivesn 88nardestlendkand
arranged in the flange portion of the | ower chanber unit-10 with
appropr ijgt e sypstiratd 0 lad] witht hehél aséebhadtanonfitenf tlnet 25 the i Ngiqidid and
the fine horizontal novenent of the X-Y- 8 stage Tl is perfornmed within a
range of thedystdilngpetnist iisi droppadeonhal thei diostesr dabpsBBatex Rer iz a
07 NOYV 2002 25 L
the dispenser 17. In that case, the dropped liquid crystal
agent does not flow away because the sealant servers as a
dam. Therein, it is possible that the substrate la having a
15 pattern drawn with the sealant using a process machine in
the upstream side is mounted on the table 9, and then the
liquid crystal agent is immediately dropped onto the lower
substrate la from the dispenser 17.
Next, the X-Y-6 stage Tl is moved to the substrate
20 bonding portion S2, and the upper chamber unit 21 is moved
down using the cylinder 22, and the flange portion 2la is
coupled with the 1lower chamber unit 10 by bringing in
contact with the O-ring 44 to form the vacuum chamber 100,
as shown in FIG. 4. Then, the inside of the wvacuum chamber
25 100 1is evacuated by opening the vacuum valve 23. At that

time, the upper substrate 1b is attached to the

electrostatic attractive plate 28 by the vacuum suction



bel |l ows capabl e of being elastically deforned is arranged in the flange
portion of the |lower chamber unit 10 so as to surround the Oring mlNgMJMHn
contact with the whol e periphery of the flange portion of the upper chanber
unit 5 21. (8) The X-Y- 8 stage Tl is only finely novable and only
assenbl es the substrates at the substratégbonding portion S2, and
patterning of the sealant and the dropping of the liquid crystal onto the
substrate are performed in another 10 upstream process apparatus. In this
case, l|loading and unl oading of the substrates are perforned by a robot
hand, as descri bed above. (9) In a case where the seal ant deteriorates the
property of fomee.i qiherefgreal thgenvacawd suditsisirayfpupel ashingy enizhe
pattern of a substance inside the sealant pattern to divide between the
seal ant andUPREI]  HWPEtERYSt AP adént d152BPSRERBEr For tHECHLERAGNYT HPRg 18
substance may be provided in the franme 3 to draw the dividing substance
pattern usi REOLFESEeSyag@neh. Binahly THR®apPBPSE usSPESKERLE nilPed fad 1s

f act ly t l'iquid tal, di spl . but b d.f
el 2ot e et abhe ) G eryaLal A enlpy pencl b ey b e Lo
11). Bondi n. th bst r at es. b f d in_the.25
vacuum {1 UL LSS 65 TN bS o R itk as i
charber 100, eYgCURad AL eLBoSAERine Kh Y AlGRale, B ney,

are bonded 49eeRcBaAMRSE: dut it A Iat N, e RS | B ] % al ready

conpl eted before evacuating the vacu er, there 1s an advantage in

that the pressureateging aiimdBalsn dogs DR igenNeedthe RAavQuimhenhmber awo
allowing relative novenent of the upper and the | ower chanber units 10, 21,

and the prepdomessi at agilf feebenbBEgdshigh haxuui Yy s&atiepl & Skdlcdge e igf a
pressure-resistant function. As having been descri bed above, according to
the 10 pp esappliledertdo drhe tdibecstlsd tat bc agsenbtt hgeappatat @8 ite @daialor of
bondi ng the substrates to each other in a vacuumw th a high accuracy even
i f the subsangt dwla ethar yppenr suvkstarate hih on ttHieckpecsivingt hepks 60
according to the present invention, the 15 substrate assenbling apparatus
i s capabl e enteordhegelretsgpiaticeatitraticivetRéaten 28 icutihei woalomdy ¢
time so that the pasitionin nark%agrovided i,n the individyal, substrates

match with €8RSt H&r Wit SEHIgRARcutheye 28 no air remaining between

the electrostatic attractive plate 28 and the upper

15 substrate 1b because the vacuum chamber 100 is in a

sufficiently high wvacuum state, and accordingly the upper
substrate 1b is not vibrated by releasing of the air.

A more important thing 1is that discharge due to

induced charge does not occur because there 1is no air

20 remaining between the electrostatic attractive plate 28 and

the upper substrate 1b. When there is air remaining between

the electrostatic attractive plate 28 and the upper

substrate 1b, discharge easily occurs. When the discharge

occurs, the Coulomb force is weakened and the air retained

25 between the electrostatic attractive plate 28 and the upper

substrate 1b is expanded by rapid evacuation

(depressurization). This expansion may remove the upper



0 7 NOV 2Q0 27 WHAT IS CLAIMED IS: 1. A substrate assenbling apparatus for
bondi ng substrates to each other with an adhesive placed on any ore/ BBV 106k
substrates by hol ding one of the substrates to be 5 bonded on a bottom
surface of a pressing plate arranged in upper position inside a vacuum
chanber; hol ding the other of the substré&t'es to be bonded on a table
arranged in a |lower position inside the vacuum chanber opposite to said one
of the substrates; and narrowi ng the gap between said 10 both substrates in
a vacuum fornmed by evacuating the vacuum chanber, wherein said pressing -

pl ate conprises an electrostatic attractive plate for holding said one of

t he substraﬁ@?S@F@¥¢(ﬂhﬂﬁ#Q&t%ﬁ?ceb@@F§@¥F%El¢oﬁééFa§§FHee teoA8at i 15
attractive plate hoIdigglsaid one of the substrates to bond said both

substrates f§YeaRFedf hdheyuRREF oiURF IR &apP bétfnedn tHE pBLRSS ukiatfes
in a vacuum_ 2. .Substrate_assenbling apparat.us according to claim11, 20
wher ei n sai 86L& t &0 c r REGSFE Yl %O%ﬁﬁ'\ts'es:sq?g’ané‘q oAy
said one of _.th ubstrates b§ a_va uun1suctg8n for.ce; means Lo recei%{ng

f S rom

said one of [PHEE STt BEET BoFg KRNAISE BOBESI oIS ght Py R ar
sai d 25 £l eghLastaliia A TAELLYE LA G1UREN 40 HACUHI SHELEAN JBAG ate
a process ing de"'of s

di sappears during of evacula t hé i nsi vacuum
chanber; Qp/ Nov 2002 28 neans for meking the electrostatic attractive

force act on said one of the substrates to make said electrostatic

attractive plate Rgl dgspaig ong ofpridie substuipt ey SHgs R Of e is
substrates is on said receiving neans; and neans for drawi ng back said

recei vi ng meaestwostatdichlalechteshated alrd apélye Hy atRe h@1dstyist aie: of
the substrates by the electrostatic attractive force.
attractive plate 28, and is moved down up to a position
10 where the positioning marks 50a, 50b on thé upper and the
lower substrates 1la, 1b can be observed by the image
recognition camera 46, and then is positioned with respect
to the lower substrate la.
Highly accurate positioning the substrates 1la, 1b
15 with respect to each other is performed by reading the
positioning marks provided in the upper and the lower
substrates la, 1lb using the image recognition cameras 46
through the sight glasses 47 provided in the upper chamber
unit 21 to measure the positions through image processing,
20 and by finely moving the stagers 4a to 4c in the X-Y- 0
stage Tl. In the fine movement, the ball bearing 87 bears
the atmospheric pressure force acting between the upper and
the lower chamber units 10, 21 and maintain the gap between
the upper and the lower chamber units 10, 21 in order to
25 keep the vacuum without extreme deformation of the O-ring.

At the same time, rotation of the balls of the ball bearing

87 makes it possible that the lower chamber unit 10 is



10 3. A substrate assenbling apparatus according to claim1l1, wherein said
el ectrostatic attractive plate conprises: neans for hol ding said @?ﬁ EfWQhe
substrates by a vacuum suction force; neans for pushing said one p g
substrates falling 15 down to said electrostatic attractive plate when the
vacuum suction force di sappears during azﬂrocess of evacuating the inside
of said vacuum chanber; neans for naking the electrostatic attractive force
act on said one of the substrates to nmake said 20 electrostatic attractive
pl ate hold said one of the substrates when said one of the substrates is on
sai d pushing neans; and neans for draw ng-back said pushing neang when said
el ect r ost at ifdngler Moviade Ui e Hee dstagersoha &P #Fe iP5 thehsir¥at és shagenhe

el ectrostatic attractive force, 4, A substrate assenbling apparatus

accor di ng t &lclRY mreducipngy frictionoxresd shange cbapyeses thf viERarvandum
chanber units having said pressing plate and said table for holding the
substrat es ttglebéo&’ d&ﬁ‘aﬂ‘@eé:ad"r?]d‘tgsnéfo,' ridspecti vel y; a coupling nmeans for

Seal: 3 vacuum meMtEeFor EBoke athg THEE hsitfe G4 hEOVABLLAPERanber T ned
posi 1 oriing VERE et PRERE B oot bortil (e  FOSRER oY rotag T8 6 he
vacuum RIS AT TESPRiaLo LAE OHHEal e nlaRMLTRReRRET
substrates §aeR ML HEhdiRY A drde RiPPEY Nend! A aNgweR! Gudirdites.
Then, the pressing plate 27 is moved down by the motor 40
to bond the upper and the lower substrates la, lb together
10 with a desired spacing by controlling the motor 40 while
the applied pressure force is being measured using the load
sensor 33.
Because a linear bush is contained inside the housing
30, the housing 30 and the linear bush inside the housing
15 serve as a deformation absorbing means without affecting
the shaft 29 when the pressing plate 27 is moved down even
if the upper chamber unit 21 is deformed by the atmospheric
pressure force acting between the upper and the lower
chamber wunits 10, 21. Since the upper substrate 1lb is
20 closely attached onto the electrostatic attractive plate 28
and is not bent downward in the central portion when the
upper and the lower substrates la, 1lb are bonded together,
the upper and the Jlower substrates 1la, 1b are bonded
together according to positioning without any ill effect on
25 spacers in the liquid crystal agent and without difficulty

of positioning the substrates with respect to each other.

After completion of bonding, the vacuum chamber 100



5. A substrate assenbling apparatus according to claim4, which congri3§®2a
pressure-resistant neans for bearing atnospheric pressure acting o / 3,

seal caused by 20 evacuating the inside of the vacuum chanber so that said
one of the vacuum chanbers unit may be n& ed with respect to said other of
t he vacuum chanber units using said posit¥oni ng neans, said
pressure-resistant neans being arranged in a coupled portion forned by
coupling the vacuum 25 chanber units. 6. A substrate assenbling apparatus
according to claim4, 0 7 NOV 2402 30 which conprises a deformation -
absor bi ng neans arranged between the vacuum chanber fornmed by coupling said
vacuum chanb&r swirlsiethowithopdicigIeBany, ebean daryr wdt d?Y aBsef bheg tieans
absorbing deformation in the bondi ng nmeans caused by defornation in either
of the vacu¥AFEHEnDELYMi £3 @Reh APRNIRG| §BCofIasai BULER uYML¥Rarber tpsbe
evacuat ed, said bonding nmeans bondi ng the substrates each held by said

pressuring EﬁﬁPénﬁﬂdtQmQ}mﬂ§BQ?qﬂfrﬁﬁ?%ﬁﬁ?@'t%%e@aptB%tﬁéEnPPﬁgésﬁﬁéﬁﬁates
ite t h ot .10, 7. A bst r.at nbl i t di t
CPorm 1 whPSh ot raed: 5o PoRs islumdt SRSt od HeHbd SVAL LR B 1
chaber for fRd Ry GOl ng) | hey Lok hyvaguum.ehanbier, did Seo 8t flod S BOYHAY
means hoti zontaly noving elther of 'the vacuum chanber? unrts rélease rom

coupl | ng; 239 ggtal Aoy Yo AH 8101 KRR 30 fy 12BRLAR: BRARSOnSA! d

patterni ng nmeans draw oseéd pattérn wt ve on the other of

the substragge aha dot /il 8,20-8R83NFRA- OMéSE dBondli AgyacHiEpLpTbeE . jgai d
droppi ng neans dropping a liquid crystal inside the closed pattern drawn

with the adpesireeadnet hamithertf tdelsubssrakesovadsandteabl perZorhifg
substrate assenbling apparatus according to claim11, which conprises an

el ectrost at disahhiget iprodesating by archti@dt tng sai greturdedodiathargkt baceti ve
pl ate hol di ng the o0 ~ Nov 200 :

10 to the cell or blowing ion wind to the cell because the
cell after bonded is sometime charged. The sealant of the
cell dismounted from the table 9 is cured by a UV
irradiation apparatus or a heating apparatus in the
downstream process.

15 In the embodiment described above, the substrates are
hardly affected by dust and accordingly the production
yield can be improved because the bonding process 1is
performed immediately after discharging the sealant and
dropping the liquid crystal agent. Further, the apparatus

20 can be made small in size because the X-Y-8 stage Tl can be
used for transferring the upper substrate 1b to the vacuum
chamber 100. Furthermore, since the substrate positioning
stage discharging air during reducing pressure is arranged
outside the vacuum chamber 100 and the volume of the vacuum

25 chamber 100 is small, the vacuum chamber 100 can be rapidly

evacuated, and the positioning can be maintained highly

accurate, and accordingly the productivity of assembling



ot her of the substrates 31 by an electrostatic attractive force.
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10NNIn'10%WM&o&hdéd[ln the X-Y-6 stage Tl, and the upper substrate 1b

10 is mounted on the plurality of hooks when the X-Y- 68 stage
Tl is at the liquid crystal dropping portion S1, and then
the X-Y- 68 stage Tl is moved to the substrate bonding
portion S2.

(2) Otherwise, +the wupper substrate may be directly

15 transferred from a robot hand to the electrostatic
attractive plate 28 to be attracted and held.

(3) The upper substrate 1b falling during progressing of
evacuation may be received by the receiving hooks arranged
in the X-Y-6 stage T1 described the above item (1).

20 (4) Further, +the wupper substrate 1lb may be held by
pushing against the electrostatic attractive plate 28 using
the receiving hooks 60 of FIG. 3 or the receiving hooks
arranged in the X-Y-6 stage Tl described the above item (1)
before the wupper substrate 1b falling down, and by

925 switching from the suction attraction to the electrostatic

attraction while the vacuum chamber is being evacuated. In

this case, the receiving hooks serve as a pushing means,



wu@1!j 10 10! m(109%& ()-21!' Am(10%& ()-21!'n(109%& ()-1! Km(109%& ()-1'm(10%& ()-1
oM+1! S: $10%0z0&' () - - & NV: $10%u0u0& ()--& N 07 NOV 2002
: $10%0u0& () --& | :$10%o0po& ()--&s10% o0& () - &10% o0& () -
10" XYZ[wi [ ML! S: $10%0z0& ()--& 1000 1000 iOoo!tFlNﬁlO%@o&'()-Z
| f VEIMB10%00& () - Z 2
la: $10%00& () --& S: $10%0z0& ()--& hj k~\: ML! S: $1!a: $10%&R' ()-/!:$10% : & () -/
I'SM $10%& ()-/ S:$10% ()-/al0% & ()-f&M0% & ()-, rw&@1!S:$ 10
10V k: $109&' ()-/!:$10% : & ()-/!f:$10%& ()-/'\:$109%& ()-/!:$10% : & ()-/90oM+1!
X $10%& ()-, ! X[:$109& ()-,!S :$109%& ()-,!1:$10%& ()-, 10% & ()-'110% & () -
and the upper substrate 1b 1is not in physically close
contact with the electrostatic attractive plate 28. By
doing so, air between the upper substrate 1b and the
electrostatic attractive plate 28 can be evacuated as being
5 depressurized.
(5) Further, the upper substrate 1lb may be held at a
position slightly distant from the electrostatic attractive
plate 28 using the receiving hooks 60 of FIG. 3 or the
receiving hooks arranged in the X-Y-8 stage T1 described
10 the above item (1) without suction attraction, and
electrostatically attracted to the electrostatic attractive
plate 28 in the middle of the evacuating process.
(6) Although the upper substrate 1b in FIG. 3 is
supported at the two corner portions (two edges diagonally
15 opposite) by the receiving hooks 60, the upper substrate 1b
may be held at four sides of the upper substrate 1lb, or two
sides in the longitudinal direction, or two sides in the
width direction using an appropriate means.
(7) The ball bearing 87 may be replaced by anything which
20 is capable of withstanding the atmospheric pressure force
acting on the vacuum chamber 100. For example, as shown in
FIG. 6, small-diameter bars 88 are stood and arranged in
the flange portion of the 1lower chamber unit 10 with
appropriate spacing to adjust the flattened amount of the
25 O-ring 44, and the fine horizontal movement of the X-Y-60

stage T1 is performed within a range of the bending

elasticity of the small-diameter bar 88. Otherwise, a



109$; Fzl "P1X&10% & ()- 10:: 10:

10::1s,8/10%: & ()-610% & ()-!k: $109%& ()-,!S: $109%& ()-,1! ] 7 NOV 2002
APAPIXE@! 109% & ()- ! #100A\ & ()-! #10%\ & ()-, ! 109% & ()- @ 10% & ?) S10% & (
)-1 111b"W }[<APIX&@, 10% & ()-!ay ' $10%\ u\ & () -

I Sy

' $10%g\ g\ & ()- @ 10% & ()-! X $10%\ & () - @P10% & ()-w'"" A##b$c$d$e$aSETX
10u\ u\ 10u\ u\

10u\u\!a6: $10%N\ U\ & () - @3 10% & ()-SF/!T10%N & ()--:$10% & () - @}IlO@&&f() e$
t $VvP[ & &&&N<SE7X

10! XL$109%&' () -! S$10965& ( 1096&f()-'&#109&(&f&) 10% & ()-&10% & () - &312)))
)) } 0P1X10% e@ﬂoyﬁup@pgqie of frping elastically deformed is arrange
0|\$10%&'()-'\$10%&'()-'X$10%&f()/% : /wUBoPlX'aN$10%&'S 1! aMp109%& ()
- 11 f [ Mb10%&1D) thek Vidpoge (Do iam o E@%)iQW9N$9bambey EPAF//P/@Pl@SlXDX$$1
0%\1\& ()-21! N10%\ b\ & ()-1s10% & g) &Y10% & () -

10! aMB1O%&! 6}¢fP1‘92‘23&h§5m8365MI | 103/&‘;12\1?21()0(1%61‘6‘6/& \"&L‘(l} 1“*?%10%11% & (

) - 1I\$10%p\ \&' - 11 s 0%g\ g\ 1! $10% \ & 55555U67X Y7 #10%)0&'
()-@10% o& F5% (}ﬂﬁoiﬁ&g %1’6%% %’% jf’?'(?z\‘i]?pei’éz(: ham ber ‘unit
102\ z\ 7 rcz 88}"’?XY7X' 11 @ 10% 0& () -

) -

1 10% 0& $10%10u0&' ()-!V@ 10% o} 0 ()- @10% & ()-@! 10% o0& () -89=99: F;
OXY7XI 111, 00 Vg
_3&[ 107 08 ‘%g%ogfo &,%9 ERadL0%0" P& Gh1ly £ %P Aovdpfe andl ¥y ()

= =X 's's'ené[l%%o"/@&ét EubEE$A0%s0’ 08 Ehel BAEdds | BbAa¥h8& Yortion
S2, and patterning of the sealant and the dropping of the
liquid crystal onto the substrate are performed in another

10 upstream process apparatus. In this casé, loading and
unloading of the substrates are performed by a robot hand,
as described above.

(9) In a case where the sealant deteriorates the property
of the liquid crystal agent, and a display panel having a

15 pattern of a substance inside the sealant pattern to divide
between the sealant and the 1liquid crystal agent, a
dispenser for such a dividing substance may be provided in
the frame 3 to draw the dividing substance pattern using X-
Y-8 stage T1.

20 (10) The apparatus is not limited to manufacture only the
liguid crystal display panel, but may be wused for
manufacturing of anything which needs to be positioning and
bonding in a vacuum.

(11) Bonding of the substrates may be performed in the

25 manner that the upper and the lower substrates 10, 21 are
coupled, and the vacuum chamber 100 is evacuated after

positioning the substrates 1la, 1b with respect to each
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5 need to have the function allowing relative movement of the

upper and the lower chamber units 10, 21, and the pressure-

resistant means needs to have only a simple structure of a
pressure-resistant function.

As having been described above, according to the

10 present invention, the substrate assembliné apparatus is

capable of bonding the substrates to each other in a vacuum

with a high accuracy even if the substrates are large in

size and thin in thickness.

Further, according to the present invention, the

15 substrate assembling apparatus is capable of bonding the

substrates to each other in a vacuum in a short time so

that the positioning marks provided in the individual

substrates match with each other with a high accuracy.

20
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- $109& () - 1. A substrate assembling apparatus for onding
substrates to each other with an adhesive placed on any one
of the substrates by holding one of the substrates to be

5 bonded on a bottom surface of a pressing plate arranged in
an upper position inside a vacuum chamber; holding the
other of the substrates to be bonded on a table arranged in
a lower position inside the vacuum chamber opposite to said
one of the substrates; and narrowing the gap between said

10 both substrates in a vacuum formed by evacuating the vacuum
chamber, wherein

said pressing ©plate comprises an electrostatic
attractive plate for holding said one of the substrates by
an electrostatic attractive force, said electrostatic

15 attractive plate holding said one of the substrates to bond
said both substrates to each other by narrowing the gap

between the both substrates in a vacuum.

2. A substrate assembling apparatus according to claim 1,
20 wherein said electrostatic attractive plate comprises:
means for holding said one of the substrates by a
vacuum suction force;
means for receiving said one of the substrates
falling down at a position slightly distant from said
25 electrostatic attractive plate when the vacuum suction
force disappears during a process of evacuating the inside

of said vacuum chamber;
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means for making the electrostatic attractive force
act on said one of the substrates +to make said
electrostatic attractive plate hold said one of the
substrates when said one of the substrates is on said
receiving means; and

means for drawing back said receiving means when said
electrostatic attractive plate holds said one of the

substrates by the electrostatic attractive force.

3. A substrate assembling apparatus according to claim 1,
wherein said electrostatic attractive plate comprises:

means for holding said one of the substrates by a
vacuum suction force;

means for pushing said one of the substrates falling
down to said electrostatic attractive plate when the vacuum
suction force disappears during a process of evacuating the
inside of said vacuum chamber;

means for making the electrostatic attractive force
act on said one of the substrates to make said
electrostatic attractive plate hold said one of the
substrates when said one of the substrates is on said
pushing means; and

means for drawing-back said pushing means when said
electrostatic attractive plate holds said one of the

substrates by the electrostatic attractive force.

4. A substrate assembling apparatus according to claim 1,
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5 a coupling means for forming said vacuum chamber by
coupling said vacuum chamber units through a seal;

a vacuum means for evacuating the inside of the
vacuum chamber formed by coupling the vacuum chamber units;
and

10 a positioning means for positioning thé substrates to
be bonded to each other by moving one of the vacuum chamber
units with respect to the other of the vacuum chamber units
in said vacuum chamber formed by coupling the vacuum
chamber wunits, said substrates each being held by said

15 pressing plate and said table.

5. A substrate assembling apparatus according to claim 4,
which comprises a pressure-resistant means for bearing
atmospheric pressure acting on said seal caused by
20 evacuating the inside of the vacuum chamber so that said
one of the vacuum chambers unit may be moved with respect
to said other of the vacuum chamber units using said
positioning means, said pressure-resistant means being
arranged in a coupled portion formed by coupling the vacuum

25 chamber units.

6. A substrate assembling apparatus according to claim 4,
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absorbing means absorbing deformation in the bonding means
5 caused by deformation in either of the vacuum chamber units
when the inside of said vacuum chamber is evacuated, said
bonding means bonding the substrates each held by said
pressuring plate and said table by narrowing the gap
between the substrates opposite to each other.
10
7. A substrate assembling apparatus according to claim 1,
which comprises:
a moving means arranged outside the wvacuum chamber
formed by coupling the both wvacuum chamber units, said
15 moving means horizontally moving either of +the vacuum
chamber units released from coupling; and
at least one of a patterning means and a dropping
means, said patterning means drawing a closed pattern with
a adhesive on the other of the substrates on said table
20 arranged outside said vacuum chamber, said dropping means
dropping a liquid crystal inside the closed pattern drawn
with the adhesive on the other of the substrates on said

table.

25 8. A substrate assembling apparatus according to claim 1,
which comprises an electrostatic attractive plate in said

table, said electrostatic attractive plate holding the
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