e3e@ @XY<[@[~\60] TJcm ? TITLE OF THE | NVENTI ON SUBSTRATES ASSEMBLY
APPARATUS BACKGROUND OF THE | NVENTION (Field of the Invention) 5 The
present invention relates to apparatus for bonding substrates such as a
liquid crystal substrate, and nore particularly, to subsqmwﬂﬂmmmMNMWMLy
apparatus suitable for an assenbly process of a liquid cr

panel and the like, including the steps bfv in a 10 vacuum chager, hol di ng
substrates to be bonded opposite each other, reducing space «ggfyeen the
substr at es, TAMMEDORIITHE TNYENXAONr at es. (Description of the reIated art

i ncluding information) 15 The production process of theéwN

di spl ay panéUBSTRATEScASSEMBEY APPBBAHUAg two gl ass sub ﬂ@
substrates are hereafter referred to as a cell), which have tran rent

el ectrodes BRACKRRAUND| RFt AHRsI¥VENTAPNays thereon, at a very close distance

of some um using_20 _an adhesive (hereafter also referred to as a seal i ng
agent) applied e Sfodhearley nﬁéPPﬁherles and a step of sealing a
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and more particularly, to substrates assembly apparatus
suitable for an assembly process of a liquid crystal
display panel and the like, including the steps of, in a

10 vacuum chamber, holding substrates to be bonded opposite
each other, reducing space between the substrates, and
bonding the substrates.

(Description of the related art including
information)

15 The production process of the liquid crystal display
panels includes a step of bonding two glass substrates
(bonded substrates are hereafter referred to as a cell),
which have transparent electrodes or thin film transistor
arrays thereon, at a very close distance of some pyum using

20 an adhesive (hereafter also referred to as a sealing
agent) applied on the substrates' peripheries, and a step
of sealing a liquid crystal in the resultant space.

Japanese Application Patent Laid-open Publication No.
2000-284295 proposed that the liquid crystal is sealed in

25 by dropping the liquid crystal on one substrate in which
the sealing agent is drawn in a closed pattern not to
provide a filling opening, disposing the other substrate

over the one substrate in a vacuum chamber, and bringing



provide a filling opening, disposing the other substrate over the one
substrate in a vacuum chanber, and bri ngi ng - 2 closer and bonding the
upper and the | ower substrate. The conventional techniques disclosed in the
above descri bed Japanese Application Patent Laid-open Publication No.

2000- 284295 includes a configuration in 5 which the substrates are held in
a vacuum by nounting the | ower substrate en a flat stage, by sucking the
upper substrate by negative pressure in atnospheric air, and by hol ding the
upper subst cdbeeusand bondliagt thset apperhahdi hbebyoweecsnbstaate.force under
a predeterm ned 10 vacuum condition. Recent substrates tend to have a | arge
size over | nx| mThed cenyeatiionklc tesboiguescdigeilosed3 imthe abawe 1 mm
Thus, when a pressurizing plate (top tableé sucks and hol ds the substrate,
the middle 6?59ﬁéb§db§ﬁP§P€S§eﬁ§§1#§aBéoﬁD atgphr bajido@PeRe plate, so that
15 the pressurizin not hold the_substrate thereon when the plate

recei ves thgugéﬁgﬁgépé NPOH?%HQ ~28A2PPatBCLNdRE! 8r CRRAAGUTFRECHr &Bsuri zi ng
| at t h th bstrate b th bstrat
el udde. al PAREnEREagBPE EoRERE T PhBld arﬁdéi‘ggcé@mfng?ﬁ%‘%ﬁﬁnai BPFricult
to prevent gg §ugahr &gtgr H‘Qe gagg gg EICB aél k ntF Ig a substrate
for a large |§play ven mﬁ %e prSSs rizirhg pra 8 %s Pﬁersubstrate

a residual %hB%%%a@EbeCBB k&v&hﬁrgﬁgékéa&ﬁ QEmBQﬁ?EPE 9§'t58§ %gs

posi tioni ng substrates” may e out "o al i gnnent ot han

| onger finggpiqhifg Iﬂﬁled'upge%nguhrsﬁﬂﬁi:gr 0s9ggt AR laié%réhl@éﬂét es so that
the fingers may bénd e end during holding the substrates. As a result,

the substraheilatinghycedesitéosehttiberoebet unaed a prédetérmifieqnore apart
fromthe pressurizing plate so that the plate cannot suck the substrate.

The above deaecuuhedopdibliens Reteme subsecates cosndctd yhdbonda thwrdear ge
substrates. 5 BRI EF SUMVARY OF THE | NVENTI ON
size over 1lmXlm and a small thickness reducing from 3 mm
to 2 mm, 1 mm. Thus, when a pressurizing plate (top
table) sucks and holds the substrate, the middle of the
substrate bends to be more apart from the plate, so that
15 the pressurizing plate may not hold the substrate thereon
when the plate receives the substrate from the substrate
transfer means. The pressurizing plate can only support
the periphery of the substrate because the substrate
includes alignment layers or TFTs in the middle, so that
20 it is difficult to prevent the substrate from bending
particularly when holding a substrate for a large display.
Even when the pressurizing plate holds the substrate, a
residual stress may occur in the substrate or the mark
position for positioning substrates may be out of
25 alignment. The robot hand has longer fingers for holding
and transferring the large substrates so that the fingers

may bend at the end during holding the substrates. As a

result, the substrate at the end side of the robot hand



Therefore, the object of the present invention is to provide substrates
bondi ng equi pnent of high productivity, which can hold | arge substrates

wi th high accuracy and can bond themw th high accuracy and at hi gh speed.
10 To achi eve the above object, the present invention provides substrates
assenbly apparatus including: a chanber for producing a reduced pressure
at nosphere; a pressurizing plate (top 4able) configured to hold one
substrate in said chanber and to be novabl e up and down; 15 and a substrate
hol di ng t ablie @isbt mwreakhpa)xtf dromoittengrebeuatibéngsphateakte thptsite to
said one substrate held on said pressurizing plate with a space

t her ebet weefthes pild teubannatte sickdithg sabstrbteng The valrove gesiriled sai d
one and the other substrates, said pressurizing 20 plate being lifted and
| onered to PE@bdemshaussabe SelNedn toheosypstidt bondakbiesdpygsubst r at es
bei ng bonded in the reduced pressure atnosphere using adhesive provided on
one of the SYBSLLate€8: wherein said pressurizing plate conprises nmore than
one suction_hale 25 to hold the substrate thereon by sucking the substrate
by neg tiveBBF§§s§P§¥ARHr8FtW§ﬁ SHYEYILON, ost ati ¢ hol di ng mechani sm and
nore than one u -and3gomn vabl e SQFt&P%fPad- -t4. BRI EF DESCR%PTICN OF
THE SEVERAL VI EVEGEIRgE- RE S5 Qfe Hes REGS SR s (RYFRELON AEWSE t he

o Tt Bl ARSI o AR 5 RSB SR M, o
I 7t ool Bk SA0ETHhapesHbel BUER nELfUcecisbgiang seemtic

can bond them with high accuracy and at high speed.

10 To achieve the above object, the present invention
provides substrates assembly apparatus including: a
chamber for producing a reduced pressure atmosphere; a
pressurizing plate (top table) configured to hold one
substrate in said chamber and to be movable up and down;

15 and a substrate holding table (bottom table) for holding
the other substrate opposite to said one substrate held
on said pressurizing plate with a space therebetween,
said substrate holding table being driven to position
said one and the other substrates, said pressurizing

20 plate being lifted and lowered to reduce the space
between the substrates, and said substrates being bonded
in the reduced pressure atmosphere using adhesive
provided on one of the substrates, wherein said
pressurizing plate comprises more than one suction hole

25 to hold the substrate thereon by sucking the substrate by
negative pressure, more than one electrostatic holding

mechanism, and more than one up-and-down movable suction

pad.



pl ate, and a di agram expl ai ning how to hold the substrate 10 when it bends.
Figure 4 shows a schenmatic view of the correction nmechanismfor correcting
t he substrate bending due to the robot hand fingers bending. Figure 5 shows
a schematic view of another 15 configuration for holding the bent substrate
according to the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
An enbodi nent of the present invention Wl|d be described belowreferring to
t he appended draw ngs. 20 Figure 1 shows the substrates assenbly apparatus
accordi ng tBRIRF DESSROPTIONeOFi PHE SHVERALNCIEWSSOE DHEt!DRAGINGHer T1 and
a top chanber T2. The top chanber T2 includes a top table 2 (hereafter may
be referred to #dgurpr dsshowsi agspghemeriahvérwi ofnbhebrenfipgundtdonn by 25
a supporting leg 3 and nore than one adjusting |leg 4 through the top
chanber T2.0Antgﬁrﬁﬁb§t§a§éﬁlQsﬁﬁ@béﬂpﬁﬁpﬁrﬂguﬁe@CQOEﬂHHQBF@e@nbeIIoms 6
seal the adjusting legs 4 to isolate the toEachanber T2 fromthe

at mospher e. embodimenk oo, EB6r PFR§SPEGIBVEAELGR} usting | egs 4 of the top

O T2 oot B e 2P SRR o s ORgRAT Pk e S, SBEb ey’ 3 1

driving used for transferring substrates.

Figure 3 shows a schematic view of the general
configuration of the suction pad on the pressurizing
plate, and a diagram explaining how to hold the substrate
10 when it bends.

Figure 4 shows a schematic view of the correction
mechanism for correcting the substrate bending due to the
robot hand fingers bending.

Figure 5 shows a schematic view of another

15 configuration for holding the bent substrate according to
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the present invention will be
described below referring to the appended drawings.

20 Figure 1 shows the substrates assembly apparatus
according to the present invention, which includes a
bottom chamber T1 and a top chamber T2. The top chamber
T2 includes a top table 2 (hereafter may be referred to
as a pressurizing plate) which is movable up and down by

25 a supporting leg 3 and more than one adjusting leq 4
through the top chamber T2. An O-rings 5 seals the

supporting leqg 3 and welded bellows 6 seal the adjusting

legs 4 to isolate the top chamber T2 from the atmosphere.



5 mechani sm which has a driving notor 10 and reduction gear 11 on a
ceiling frane 9 and a ball screw 12, allows the internedi ate base plate 8
to nmove up and down guided by a ball spline bearing 13. Supporting posts
other than the ball spline bearing 13 on the base franme 1 support 10 the
sealing frame 9. Each of the adjusting legs 4, one end of which fastens to
the pressurizing base plate 7, has the-diher end linked to a ball screw 15
driven by a notor 14 attached to the internedi ate base plate 8. An

up- and- down Taej suppent imgc legi Smahdviadgushkéndr ilegsg416fnbher sop4 and bal
screws 15 can g&gly force on the pressurizing base plate 7 to lift and

| oner the tchambeire T2 fasihenedgi agpresshrizaagsbasgepilapecAanber T2 al so

i ncludes a fastening mechani smfor_ connecting the top chanber T2 and the 20
pressuri zi ng badhecandral weart ofe thep ern@gs%a&@a@é@tﬁr dm t he
bottom chamber T1, the fastening mechani sm conbi nes the pressurizing base
plate 7 and Ig&ensp tondRpdntermedagtenbagei PlagemBror® 1961Y32S the both

her. 25 i.d he .sid Il of .th h 2 d I 16
rosts Por t PERbABIFG bl PACee £ MAGS PBOFnd CcRBRDEPRIBRIPRG opposi t o
si doval | of g 4aPoGaTher Taqt Lite, Boshly aneedn' €3paNdog Loabhe door

val ve 16, an ioni zer rests for spraying an i onized PdSonic air

on the substial GLanTANE Bhal GIBKECH kel kol A LRAMIOOH! Sldackhe top

chanmber T2 near anot her i oni zer a rests. t he door

open, the 5pyoni £3M 1163 15RARa#1nlg0NRZe0sWhbbAE PRy Cpdéts OLhEE SMstrat es
to help rengég staticéglectricﬁtynP?onltheH%%bst$g?g% dﬁtside the ceiling

of the top ehanpan1Tdplifee bedaidngna 3pubahther Baker ¢rame- AUsdppdBtrests with
their center 10 shafts 19 extruded into the chanber. These center shafts 19

ent er 10he hahes seallilng Fraineusi.onEachuofl the ddpustbhg Ped® 4pkengossi bl e
hori zontal positioning of the top table 2. That is, the sub-guides 18 and
cent er shaf eadl @fwehiichs falseensr tpothal presisuiraming beskapilatef @, t he top
15 table 2. The top chanber T2 has nore than one observati on w ndow for

observi ng t hassibst odhermenkds 1inked focanbedlbscrew 1% dniwenelyvi ato the
observation w ndow, the canera recognizes the substrate_marks. The canera
barrel 20 2Rotedt d4doRtiaehsid &osithge interngdigter Basei Rdakge8 -i hori zont a
directions (X and Y direct.ions nd a.trgveling.axis_in vertical direction
(7 i rect i olfP- P deH: RaIuSATerEBeghanion HaVigy ThanBELvins The 1 op
tabl e al sg _has a.hol e éﬂg QSiti corresponding to the, 25 observation
i ndohot or  PEREER 2ingehbdlb ERRNE e on APPRSUGREERCOP: Eb8nt _enbod ment
uses a conf #&%@%‘r&%i‘n ‘ﬁ(\%,'{?%h f0& CaMRLA 1'i§t”§&{ﬁt TdwRKt ghdechpecghaaber.
anot her configuration i°n iIch'the camera™is directly

2 with keeping its flatness.

The top chamber T2 also includes a fastening
mechanism for connecting the top chamber T2 and the
20 pressurizing base plate 7. When the top chamber T2

separates from the bottom chamber T1, the fastening

mechanism combines the pressurizing base plate 7 and the

top chamber T2, and the driving motor 10 lifts the both

together.

25 Outside the sidewall of the top chamber T2, a door
valve 16 rests for transferring substrates to and from
the chamber. On the opposite sidewall of the top chamber

T2 at the position corresponding to the door valve 16, an



nmounted on the top table 2 may be used. This can bring the camera closer to
the substrate so that the camera can recogni ze the marks with inproved
accuracy and the substrates can be positioned with inproved accuracy. 5 A

| oad cell intervenes between the internedi ate base of the supporting leg 3
and the ball screw 12 to neasure the pressure applied on the substrate.
Each of the adjusting legs 4 on the presswizing base plate 7 also has a

| oad cell 23 to nonitor the notor 14, which drives 10 the each of the

adj usting | egaiderf &7 veetbofidrwhpnagidpgsannjohheedll alheasonictairtop table
2. A bottomtable 24 fastens to the bottom chanber T1. If the entire
surface of Phethet suhstabtes2iof zemeve sbathe bdecvmichbybéromlithemne bottom
table 24 may reduce its 15 flatness by the deformation transferred fromthe
bot t om chanBats¥dedeher feR ghambere@dceaapr EBsudeorTHalvetibmtable 24 is
then fastens only at its periphery to the bottom chanber Tl to elimnate
the effect PPOENERelABREPKed /BotEBRSchdier He d9RF IRReM WManber T1 has

on 20 its entire circunference a seal ri.n 5 as descri bed Ee|OML Wth the
Cop-oninber Lo8iERECOABAEPraR o ainio0s2Par TAEP2800AG RhE GBoFiGal ve 16

chanver 11 PASREEgReR Ko, BE1B, Khhd0hobeat o b Tn P By B eS b ot at e

by a notor %gb @r?@EE screw (not shown), and a rotating bearing 27. The B
base table PaSf6ns 'to the bottom chamber T1 with a boxshaped nenber

bet ween them t o RrYigde taPLedalifyTb?eehe tof chiRBES Ebeméﬂécﬁphﬁ
ol ding cl aws

provided to contain a Wirradiati on nmechani sm 40, a substrate h

el evation ”Bﬁ@a?héﬁLé%ruéﬁdré subshhatie hBf teBEs™REBANLRBL A2-EREEE the
bottom chanber T1. The 6 base tablé 28 rests on a Y 5 table 32 via the

rotatilog beshafigs219 Axaruded23nEoveRet bBRanbeabl eriddsel ke |dhwmts rail on
an X table 33. A notor 30 noves the X table 33 along a linear rail on the
base frane 19 kbtert hhe bpdebabh bber pngtr84ibor arbendophehtopetabBPel0 and
swivel plates 35 with adjustnment mechani sns are provided on the periphery
of the 9 bagetpappke2possibdmshanikgntalopasihéonény eEnghestepen the top
chanmber T2 contacts with the seal ring 25 of the bottom chanber Tl to form
t he vacuum &ERBABeR.. THea®k b3y | thrasibrguidesintd 1and \gentien| shakt 851 %dj ust
the position to which the top chanber ;T2 npves down. ' To Erevent t he a base

p
tabl e 28 frYRFKeB8nth§ BeFrdzRBGalt RESpELPPABEYyMEFNARESE pRTethanFeP2s is
suppo&ged b¥aggge2than one ball bearings 37 for the a base plate 28 and

The top chamber T2 has more than one observation
window for observing the substrate marks. With a camera
barrel 21 inserted into the observation window, the
camera recognizes the substrate marks. The camera barrel

20 21 rests on a mobile stage including traveling axes in
horizontal directions (X and Y directions) and a
traveling axis in vertical direction (Z direction). The
mobile stage fastens to the top chamber T2. The top table
2 also has a hole at the position corresponding to the

25 observation window for recognizing the substrate marks.

Although the present embodiment uses a configuration
in which the camera is mounted outside the chamber,

another configuration in which the camera is directly



20 swivel plates 38 with adjustnment nechani sns, which rest on nenbers
fastened to the equi pnment base frame 1. Thus, the ball bearings 37 and
swivel plates 38 are configured to support the |oad of the a base plate 28.
Two types of the ball bears: the ball bearings 34 for the vacuum 25
chanber; and the ball bearings 37 for the a base table, support the |oad of
t he periphery of the top and bottom charbers as descri bed above, so that

t he chanbers can becone nuch | ess def or ned. g _ The bottom chanber T1
has nore thmpuohedt panthet top thblei Aamay Be usedecdijmig ecdrhedmsinst rat e
mar ks. The bottom table 24 has holes corresponding to the illum nators. The

bot t om chanbbe Tamgxs gdpserhsm the Bubstsatei gat tharViheradinaraonan
mechani sm 40 therein to deformand cure the Wadhesive to prevent the
di spl acenenrepegnéér the BaxKsdwitibsimpreyedTReCBEaEBmRBAaRBer T1 al so has

the follow ng; a substrate holding,clams el evati on nechani sm 41 to prevent
the substrafBPBETALER FERIPRgPPALFLSNGAJVWALR ABREPYRAJBFFHEASYibst r at e

t fer, tati d el ti i th bot. .hands f

bendi ng and to. (i 9B CED CSEEYRRES PRIVEERITHG LACEEBHARkeaRaSPort b

di tion, d i fti hani I te t d 15

substr atos. OtnsnEoPRBRPEL IR’ 25503, THE EReC R REr&ynLZ FaclBR SRE T ol W

'rrad'at'OntHECP?Q%§y§e4ggﬁiﬁeﬁo¥ﬁ 1] eaEngeﬁgtEer&ﬂ§1Qﬁ? tomtable 24.
on irra

The pressuri zat at1on nmechani sns al so act as rotation and

el evation ppagusthagbekhamat afl end4pabsaubasifhosxss ?ms&ehﬁsalea its
substrate supporting side such that the substrate |ifting mechanism 43 can

nove up andhgdews. 16Bdsceubsbrate hmbhitBe tRehabLs 42, alvhowh dpevesbot hand
to go into under the substrate during the 25 substrate transfer. These

hol es10r gr eheceathyolfiathet & jhedihgmaegsnd, beeauseetrhoalioivhem t abl e 24
fastens to the bottom chanber T1. The pressurization/Wirradiation
mechani sm 4@djusting thebsflmraneskobdi hhecktapstebgeai.on nechani sm 41, and
substrate lifting nechanism 42 each have a lifting/lowering nechani sm
passi ng through® hetiem éabdieadefaBLens itonghebbohson chambert §h.chanber

T1 and
If the entire surface of the bottom table 24 fastens to

the bottom chamber T1, the bottom table 24 may reduce its
15 flatness by the deformation transferred from the bottom
chamber T1 deformed under reduced pressure. The bottom
table 24 is then fastens only at its periphery to the
bottom chamber Tl to eliminate the effect from the
deformed bottom chamber T1l. The bottom chamber Tl has on
20 its entire circumference a seal ring 25 as described
below. With the top chamber T2 in contact with the seal
ring 25 and the door valve 16 closed, the chamber will be
airtight to form a vacuum chamber.
The bottom chamber T1 rests on a 6 base table 28,
25 which is configured to be rotated by a motor 26, a ball
screw (not shown), and a rotating bearing 27. The 6 base
table 28 fastens to the bottom chamber T1 with a box-

shaped member between them to provide a predetermined



5 these lifting/lowering nechani sns seal the gap between them The top
table 2 can hold the upper substrate thereon under reduced pressure using
either of an electrically holding nechanismw th an el ectrostatic chuck or
10 physically hol ding nechanismw th adhesive. For the electrically holding
mechanismw th the el ectrostatic chuck, the top table 2 can rel ease the
substrate by turning off the applied wolgtage and |ifting the top table 2
after predetermned tinme for renoving static 15 electricity fromthe
substrate. Bpacehe Ty ssSpaxte yishghxbvigderkdtmmiamhaiit ha aiheisinea]idthieornt op
table 2 can rel ease the upper substrate by nmechanically pressing the upper
substrat e omechanigfefOsubssnhsbratenhoidingt hbawsnelevatidon then |ifting
only the top table 2 | eaving the 20 pins pressed on the |ower substrate.
The bot t om Pgghanzamcah, apsg AofubehEatewbiftingipreckanhsnedd whder reduced
pressure using ei ther of an electricalu% holdinzﬁnechanisn1mjth an

el ect r ost at FRScRAEKOBr CPAPRLEAT Ly HN®ithdassc FaRLEmAR £8548hE% @eY The 25
top taple 2 bgttomtaple 24 can hold the bstrates thereon with, for
exanpl ®, boF%gggi % Via gﬁ@cf?B@fé?ﬂcbﬁﬂﬁwgoiyadﬂ’éé‘?‘ifé’,r cr)l%'g MYeRing the
el ectrostatjg_chu nd,th her using._ the.adhesive | di ng_ th

substrates kﬁ? glgggget%% g%%b%sau#ag?gfeﬁﬁ%gdoﬁrﬁgsﬁrgg%gedggtrﬁbed above
is preferab j e hav a I .{ he t es and
can help aségﬁg?eg?ﬁéog% s??gtgs€aﬁ?ﬁ ?%eggéégt%bﬁéggggrg%fél?nt e%eby
maki ng possphke k¥pgmeé 4ni form bonding of the top and | ower substrates. The
present enbodi nent uses a configuration in which the suction holding
nmechani sm by negiakrev@hBhesner Badldbbheiahectaosbat thehebgi 8BHaBeRaRRSM by
el ectrostatic force can both be used. 10 The vacuum chanber can be
evacubt ed bgndosweckilnglabescBanbétht adfusbtent) MétNgn 88ds vAEEUM punp, such
as dry punp or turbo nol ecul ar punp, through an exhaust port (not shown) on
ei ther top prowddednonhthbeperipkevucaofinthbatriisase arabiee VEttesl to t he

at nosphere by introducing an 15 inert gas, such as nitrogen, or the

at nospher i ccgastantdygdedoyal the(asalshing) 2bnwkéeén hehet bpp orhdmibenm
chanmber. To reduce water adhesion to the chanber wall to reduce the
evacuati on TZnEontaetenyibBrthe gealecribyy29enf cbhe cbekbomt phbaphe¥e with an
i nert gas S%Eh

tgsform the vacuum chamber. These ball bearings 34 and
15 swivel plates 35 adjust the position to which the top
chamber T2 moves down.

To prevent the 6 base table 28 from becoming deformed,
the periphery of the 6 base table 28 is supported by more
than one ball bearings 37 for the 6 base plate 28 and

20 swivel plates 38 with adjustment mechanisms, which rest
on members fastened to the equipment base frame 1. Thus,
the ball bearings 37 and swivel plates 38 are confiqured
to support the load of the 6 base plate 28. Two types of
the ball bears: the ball bearings 34 for the vacuum

25 chamber; and the ball bearings 37 for the 6 base table,
support the load of the periphery of the top and bottom
chambers as described above, so that the chambers can

become much less deformed.



20 nitrogen, which includes | ess water nol ecules. As an exanpl e of
substrates assenbly apparatus according to the present invention, a
configuration in which the vacuum chanber is divided into two chanbers has
been explained. In addition to this configuration, the 25 present invention
can also apply to other assenbly equi pnment configured to have a uni body
vacuum chanber in which the top table-havi-ng one substrate noves toward the
bottom tabl e having the other substrate (to reduce space - 12 between

t he substrat es) The botdomhehamberr AlehasFmgreetBashone a&ransmitted of a
hand portion of a robot hand for transferring substrates into the vacuum
chanber. Fi gllominshons38 dpageangsipeathengubhstrahe Barksti dthepad on the
pressurizing glate sucks the substrate. In Fig. 2, the hand portion of the
robot hand Rasta®Br tabhgn24nbasi hgdesseosxesnandgngr benh the arm 52 to support
substrates 60. The finger 51 has nore than one suction pad 53. The suction
pad 53 has &l4UBLP8HOKS!e Bhe 1pPtEam FheMBRY hl Qi WRIE tHhes M rate 60 by
negati%g pressure. i on the an pove up and

.The .suct.i.on ag.S%. finger 81
down.  PopenBTRGSBEIFAELADALY, LEPatEntsQReRechaR e 4P, ther8E0: EObo hel .

f th ti 53. . whi¢ch tact with the |i id t
GPer ] ovs: orapnethoRnBRR 2 Ln k" JIRY 100! 88| phbynt"Epe 90 T SV
iti d RN .

oo L O MasbabpficRRonatytih) cRE LEAREACkubAFraLESLT i Abat 200,

60, the mi dghenpuc! ranapgdsha3LAL EB218MEhONaPRHBsERLLNbEENGN t he

center 20 finger evacuate not to contact w e substrate 60 surface, and

the peri IOhebihw§a€§e5§@iéﬂpﬂ@EhahfﬂQmS|4@_Si:baﬁﬁe@_@ntC@HéeQHSQEH{tet he
supported substrate 60 will be concave in the mddle as showm in Fig. 2(b).

Wen tbe 25fgumt bendiabesnontkheigtRsairesgibhatier (hgpstbbteaté suck and
hol d such a concave substrate by negative pressure, the negative pressure
cannot act awanbéem,ddbéatfionhandubievatéofiOpinst hat preeehbpthabl e 2 nay
not hold the - 13 substrate 60 thereon. Even when the top table 2 hol ds
t he robot hands from bending and to prevent the substrate
from bending in its back-and-forth direction, and a
substrate lifting mechanism 43 to elevate the bonded
15 substrates.
The bottom table 24 has holes such that the
pressurization/UV irradiation mechanisms 40 can move up
and down through the bottom table 24. The
pressurization/UV irradiation mechanisms 40 also act as
20 rotation and elevation pins. The bottom table 24 also has
grooves (notches) on its substrate supporting side such
that the substrate lifting mechanism 43 can move up and
down. This substrate lifting mechanism 43 allows the
robot hand to go into under the substrate during the
25 substrate transfer. These holes or grooves may have the
least margin, because the bottom table 24 fastens to the

bottom chamber T1.

The pressurization/UvV irradiation mechanism 40,



substrate 60, the suction holes may not suck the substrate 60 uniformy and
the substrate 60 nay locally have a large tensile stress. This may
contribute to 5 reduce the accuracy of bonding the substrates. In the
present enbodi nent, the top table (pressurizing plate) 2 has nore than one
suction pad novable up and down in the mddle of the table 2 to securely
suck the mddle of the substrate 60, asl8hewn in Fig. 3 (a). 10 The suction
pad consists of an air cylinder 55 for causing up-and-down notions, a rod
57 ext endi ngubstiratet hadtding b}awkeedevatybnnuech8bismndla pad 56 at the
end of the rod 57. Although not shown, it is configured to nake the rod 57
hol | ow and Supptyake diftindemecbBanagmt A%cepebsbave anto the hol | ow portion
of the rod 57. The pad 56 at the end of the rod 57 al so has a hole

conmuni cat i h&ERARA/LA¥ERdNDoREFBARLEN BRSERBIr BATSRIhALRACRERLABL shown in

Fig. 3 (a), the gresiuri %gggglate 2 has, on its substrate suction surface,
more than ofi@aBBeL &t or HPHOYEER orhe RGN haRkeE i T MEssure. In
such a_conf| urathog .th? robot. _hand EO can tranifgﬁ t he sgbétrate 60 by
operat Png t hBS8GcAtEHIRYY dPHGT ARENBRFEAPEF ReggR v ERGr 48R PECERCRhe
pressuri zing Ehate 2, and by extendi ng the up-and-down novable rod 57 of
the suction E pad toward the substrate 60 by a given anobunt, as shown in

Fig. 3. After t&ﬁep%gpgﬁa%ﬁ ds tha ﬁBEﬁtEﬁEeugﬁﬁaggﬁPﬁegaég RRSEROHP to the

substrate hol ding surface of the top table 2. e suction holding

hol es in th@nder #éduBkddbeegbutBeul®Rqgt 8RtRe? 68NaAcEUELLYi8HEKyt he
substrate 60. During bonding of the sugstrates 60 by applying pressure to

them the phdl8éngl mechaaesmewifRgahi ¥2epte66HaLiEOCHAEk 88 suction hol ding
hol es. The pad 56 is 5 made of elastic body such as rubber not to danmage

t he slibst r aphySficafilghhbidingcmethahinint Witheaghdshte. | rFdhechy esent

enbodi nent, the air cylinder 55 lifts and lowers the rod 57. Al though this
act uat or reellectutichdéyt heldangumechanbem ¥#2thntheeepeetrostatbedi nent, 10
it my be configured to rest on the pressurizing plate on the surface
opposite it§hpﬂg$sﬁthFﬁg tabilacé. cFneredegase thet Aubstratenbpad can extend
to a predeterm ned extent by previously positioning, appropriately,

dependi ng oﬁuFHénHr8@?oGQPyaHE&%B@eHO%gHEeaﬁBGnilgglﬂﬁetgﬂbE?PaFéPl?he 15

st opper whi ¢h ntrols .the extension of. the rod,.57. |t nmay be configured to
usepgther agtﬁ§£8fsp§ﬁéﬁ SEmﬁBFSrﬁ%mﬁ g@ﬁsﬁ?m?glﬂﬁa§ﬁ?ﬁl?ﬁe bend angunt of

CrgE, g eBER R PR R BRehPaRE. M S Lty e extension
holding mechanism with adhesive, the top table 2 can
release the upper substrate by mechanically pressing the
upper substrate on the lower substrate using more than
one pin and then lifting only the top table 2 leaving the

20 pins pressed on the lower substrate.

The bottom table 24 can also hold the lower substrate
thereon under reduced pressure using either of an
electrically holding mechanism with an electrostatic
chuck or physically holding mechanism with adhesive. The

25 top table 2 and bottom table 24 can hold the substrates
thereon with, for example, both using the electrostatic

chuck or adhesive, or one using the electrostatic chuck

and the other using the adhesive. Holding the substrates



A nmechani sm has been expl ai ned whi ch operates when the substrate 60 bends
in the mddle. Wen nore than one finger 51 of the robot hand 50 transfers
the substrate 60, a larger stiffness of the finger 51 woul d cause a bi gger
25 finger 51, which may prevent the operation of the robot hand 50. Thus,
the finger 51 cannot have a large stiffness. Therefore, as shown in Fig. 4,
when | arge substrates are transferreds 1he-finger 51 nmay bend at the - 15
end so that the pressurizing plate 2 cannot suck the substrates by negative
pressure. Tonsbheetabisspuntiéenredhieed hanbesurendai deser ilsddralsoige
correction nechani sm 70, which has a correction claw for lifting the wafer
60 5 edges befprefenakieginnthabl &t ngar heavefehe 69t ander daf bateess
correction mechani sm 70 i ncludes a wafer edge holding part 71 for hol ding

t he wafer e@éethﬁnﬁahlﬁﬁngéﬁ fan chelp pagsendle okhe | subsrates fviger 51 of

t he robot hand. The wafer e ge hol ding part 71 |ntervenes. between 10 the

P R el o ek i i i
he suber s SEBTESRR T hbRALho naFr Bat okOR g Fabb L 8o fedtel L e ot ding
PP nger o 1 n EFEReit GRobqiRet 408s SR e FafPReton 1T R T ?%@%ﬁfeoﬂpt ond
52"0f e r SESkARoL82ha Met i P | BT HOBIPRYe Iiredditty MMFTLASS L 19Fhe
20 subst al g1 8epebBEat ocahb M hgenBERSRYEh 2bpte PLat Fodrd €1 SCRYFELY suck the

substrate 60. It may be configufed to provide, 1nstead of the wafer edge
correction gRahBALtENbLEOusEhe suction pad with the up-and-down actuator as
described in the preceding 25 enbodi nent on the pressurizing plate 2 at the
posi tion corresphedivaguum thembpekecahobdi agapastedt biyheorndctifng ohet he
finger 51 of the robot hand 50 (at the position opposite the
waf er - t r ans€¢bambar ehtr anvacotmt elebaahdr yacuum ljpump, esuychtas hdryery back
of the chanber). Figure 5 shows another enbodi nent of the present
i nventi on. pwmpherpteskat meheodlarnpumnp hethueugbnaerexpanst egooh t he
pressurizing plate 2 divide_ into nore than 5 one group (Rl, R2, and R3).
Each group gaﬁtsgbgwaﬂepp either top or bottom chamber. The vacuum
chamber can be vented to the atmosphere by introducing an
15 inert gas, such as nitrogen, or the atmospheric gas
through a valve (not shown) on either top or bottom
chamber. To reduce water adhesion to the chamber wall to
reduce the evacuation time, the chamber is preferably
vented to the atmosphere with an inert gas such as
20 nitrogen, which includes less water molecules.
As an example of substrates assembly apparatus
according to the present invention, a configuration in
which the vacuum chamber is divided into two chambers has
been explained. In addition to this configuration, the
25 present invention can also apply to other assembly
equipment configured to have a unibody vacuum chamber in

which the top table having one substrate moves toward the

bottom table having the other substrate (to reduce space



receive a variabl e negative pressure either by separate negative pressure
sources for each group, or by one negative pressure source with branched
supply lines to each group. Each supply line has a pressure-regulating 10
val ve for regulating the pressure separately. In the Fig. 5, the suction
cranp holes divide into three groups Rl, R2, and R3, and each group
connects to either of two types of negal2ve pressure sources applying two
negative pressures Al and A2. Because the m ddle of 15 the substrate 60

i ncl udes al bghween thgessbetrahes)Chophand, thaéesphdtrdBesn both the sides
of the robot hand support the substrate 60 and transfer it into the
assenbl y equi pnEagureh@r shows, at séructure of ahbasdbporatiens0fbends and is
nmore apart fromthe 20 pressurizing plate 2, as shown in Fig. 5 (a). At
first, the KPRAtehand: fex KspAPRErRéngG RebsbEaleesintpakhe viegwenve
pressure Al and sucks the mddle of the, substrate (Fig. 5 (b)). Then, the
suction hol BPAPPREI et FHULR S NS ot H-AHAR | IR F T NV ddifat i ve

25 A2 | t.h th ti Al lied to th i ddl
prSSULE 25 2kaien i LI NSNS ML WA A B0RL LS SulE 80
def ti . th Fi q. . t t
oy o1 1 UL 0 o A MR BURSHCLE LA o8 R kobeLBERLFRE S ave peer

odi men . fig 1 it >
Chat “the holoe oo Betr SAGarryoshont RecelRpdafEOF, ERECRER F23HE S The cage

of the SUbsbﬁ?bért5shB§E§Q¥e§| 6O NEhdTOf £nFEE Y Pliga S Ud Ot hal i 0V e
descri bed suctron can al so be done by sequentially sucking and lifting the

substrate fpaatiba paai BBEr yri® swecibridbad o3 tHies bsid@ich GoM Gt ver sa
usi ng nore than one up-and-down novabl e suction pad 56 on the 10

presswuoi zi ngtpl ehd, 2whictesani badki thé&i gub8tratd 60rbgspegatigeéy sucking
the substrate on the pressurizing plate 2 using nore than one suction

hol di ng hol presstine.plBhe fuctiomdohdiDh ¢ the Simdemwrb hatati mpwveat@mni sm
as descri bed above, the pressuring plate 2 also includes an 15 adhesive
hol di ng nechadi 9awpr dPepé¢rdindsemtike Minkery g dthipanels pewent the
substrates drop during evacuating the chanber of the substrates assenbly
appar at us, ﬁPPﬁBE@ﬁengp §ﬁohﬁ.hﬁgdﬁtﬁ@mﬁePﬁloﬁﬁFPCEéOHeBéﬁﬁbéa'belOM/for

R A I L R
e A AR e e LR R
position where the pad 53 will not contact the substrate
60 surface. Thus, as shown in Fig. 2 (b), when one LCD
panel is produced per substrate 60, the middle suction
pads 53b of the suction pads 53 provided on the center
20 finger evacuate not to contact with the substrate 60
surface, and the peripheral pads 53a support the
substrate 60.
Consequently, the supported substrate 60 will be
concave in the middle as shown in Fig. 2(b). When the
25 suction holes on the pressuring plate (top table) 2 suck
and hold such a concave substrate by negative pressure,
the negative pressure cannot act on the middle of the

substrate 60 so that the top table 2 may not hold the



25 adhesi ve-applied surface faces down and then the upper substrate is
nmounted on the | ower finger of the robot hand. The | ower substrate to which
a liquid crystal is previously applied is provided such that the |iquid -
18 <crystal-dropped surface faces up and then is nmounted on the upper
finger of the robot hand. The robot hand with the two substrates on its
upper and lower fingers noves to the #rbBt-of the substrates bondi ng

equi pnent. The 5 substrates assenbly apparatus opens the door valve 16 of
the top chasbbet¥ateThe tbboeohanEverserien ithe tdr tHielhkber hdleds ez t ed
upper substrate on its lower finger. The substrates assenbly apparatus

| owers the svbstzpte 60anghensustienohohesdinay nethancknthg negative 10
pressure sucks and holds the invented upper substrate on the top table 2.
When t he suBEPFEFétBeﬁesPn#ﬁerMAYePnédegec§FP§E¥FBﬁ ﬁ%cﬂ%ﬁi%ﬂ??glﬁr t he
suction pad ogerat s together _to hold the substrate evenly on the top table

?. That is P8 ?g?, fREf fﬁ@séﬁﬁs§ﬁﬁ?ﬁsbgﬂﬂ%saﬁﬁ’§mﬁf§ﬂpCi kS prEjeﬁts
sﬁﬁg‘tﬁ { gf “Readper ﬁﬁei3%??%_%0_%38%5fﬁeﬁ@fi‘tﬂégﬁabéﬁf’%tﬁﬁ?ﬁ? sﬁ?&ﬁcpﬁé °
Cabl e 2 canthePanbnehBSaliBhl, °End bBrkaBs, tBEsSHEL ARG B EE) 13es of

the top tabhgedildechghOofiD’ gukiainopgaOhOyHn1LNEpNEAAL h¥En PERSEHE ®

sequentially acts on fromthe m uctiron o the edge si suction

hol e. Thus,miaalersisuhbzhaglelQteOZSGéaraggdsﬁeﬁ EHAShiGhEe CYENLYeW T hOut
any deformation left on the 25 substrate. xt, the | ower robot hand once

exits from ghibsguhskr 8hgsaasspoWhyiappagat gs(afMter the robot hand exits,
the substrates assenbly apparatus 1 lifts the bonded - 19 liquid crystal

panel $0on t he ba@hkosucalilon péddusongithe sfibahr atie btifiindgrnmesh&orsm 43 and
substrate hol ding claws el evati on nechanism 41. Wth the bonded panel s
lifted, thecsubsngatipsandsdowhymappanaiyus todnSérestendibgl amdér robot hand
again into the substrates assenbly apparatus 1 under the liquid crystal
panel s, thef@ontrasting hxnabeaﬁarbgyﬁgndprtﬁé,hand aopadndeathehei qui d
crystal panels fromthe substrates assenbly apparatus 1. Then the

substrates §8deRbl $hgppafabis Aleh@rgh (1t Whawmstitates I9anfignsrdhani sm
43 and subsirate, 1OLALGoG! B nSL 7Y LA SEEREY 3 &Lt under
15 negative pressure into the hollow portion of the rod 57.
The pad 56 at the end of the rod 57 also has a hole
communicating with the hollow portion of the rod 57.
Although not shown in Fig. 3 (a), the pressurizing plate
2 has, on its substrate suction surface, more than one
20 suction holding hole for suction by negative pressure. 1In
such a configuration, the robot hand 50 can transfer the
substrate 60 by operating the suction holding mechanism
by negative pressure on the pressurizing plate 2, and by
extending the up-and-down movable rod 57 of the suction
25 pad toward the substrate 60 by a given amount, as shown
in Fig. 3. After the pad 56 holds the substrate 60, the
rod 57 backs up to the substrate holding surface of the

top table 2. Thus, the suction holding holes in the



Next, the substrates assenbly apparatus 1 inserts into the apparatus 1 the
| ower substrate with a liquid crystal previously applied thereto on the
upper robot 15 hand. The apparatus 1 lifts the substrate hol di ng cl aws

el evation mechanism4l to |lift the | ower substrate. After the robot hand
exits fromthe apparatus 1, the nechanism 41l nounts the | ower substrate on
the bottom table 24, which sucks the sub4t+ate. 20 The canera barrel 21 is
then | owered using the traveling axis in vertical direction to neasure the
substrate maiddbesofithe bépthablipp2rcanbsecarelysuck the subserabg axes
in horizontal directions, the canera barrel 21 is noved to the point where
the center 60.tHRUDEGhandingrofltir suhatvates s Gk apmtwimdgosi ti on of

t he upper substrate. The top table 2 is then | owered and the canera barrel
21 neasur esPERESHFSpltacEhemr bhetRadndf kapeli FeeRivest NReAtive upper and

| ower substrates. An - el evat i, on hani sm (not shown thenlgfts t he

bal | bear|n§§e§ﬂur?h59 W?ﬁkoﬁﬁhsFﬂElgﬂﬁQgidbpﬁt%§£9ﬁtr1§ﬂﬁ

ani sms hat the seal ring 25

bargly toucﬂ@g ﬁbgrggéguﬁﬂc ﬁgs{%ﬁ %ﬁﬁﬁﬁ%ﬁuﬁa %?%a%?eEQ%t the | oad
of the top EQBQPEE\ Lfeg}ﬁﬁ&&gg%ge \éhgoﬁgg‘ét 591)1 B}T%O;?aéhg driving motor

26, the driving rrvin |zon ally nove the

bot t om chanber ﬂ 2Rd E;Q%FEHU @beé%@n%”f %H eEQEr #rﬁ.'ﬁ%@fd!séeﬂf gs to

roughly position 10 th i gnment nar ks Of t e uppe ower su strates.

After roughhyiap@siveirantng. rbeshal |ahasidiscits |fWRiatdd Adwd op and
bottom tables hold the substrate using the electrostatic chucks, voltages

are appl i edogBsibie ehectvaeaumt tEagbeeks2t onhehd ﬁ)héséﬂbsélﬁl@é&lmémth the 15
substrate held, the door valve 16 is closed and the vacuum punp exhausts

t he vhcuun1mbamhyrbeEhonﬁggthedetbaneSt dhethepprasser?zingl plaed 6w hel p
exhaust gas between the upper and | ower substrates. After the pressure
reaches a cbhst anrfaeducprogdter éssupresaurheingasbrface he Thep bl 2 is
again lowered and the displacenent of the mark positions is neasured

bet ween t heofippbe aRatienepaduBanraxesnd Thenatpeedetermiped ¢steptor 29,

and the notor 30 horizontally nove the bottom chanber T1 in xY[err
directions P3 PFﬁEF?uﬁéglPPﬁﬁt%ﬂElES %Ppﬁﬂﬁﬁh?tﬁ%Yksd%Pe?ﬂén%p%%rt Ad | oner

et At oS, Ll L hYsBEEeh BhASmblE SR HAR! Fubelebbil BEE hovered
predei§r”in§908£8§swﬁ§cﬁoéoggi8i§1Qﬂe extension of the rod 57. It
may be configured to use other actuators such as motors.
A sensor to measure the bend amount of each of the
transferred substrates can be provided to control the
extension of the rod 57 according to the measured bend
20 amount.
A mechanism has been explained which operates when
the substrate 60 bends in the middle. When more than one
finger 51 of the robot hand 50 transfers the substrate 60,
a larger stiffness of the finger 51 would cause a bigger
25 finger 51, which may prevent the operation of the robot
hand 50. Thus, the finger 51 cannot have a large
stiffness. Therefore, as shown in Fig. 4, when large

substrates are transferred, the finger 51 may bend at the



- 21 the adhesive is reached, the pressurization is stopped. To
tenporarily fasten the substrates to prevent them from being displaced, the
pressuri zation/Wirradiati on nechani sm 40 pressurizes and gives WIight
over the W5 adhesive previously applied to the substrate at the position
for tenporarily fastening the substrates. After tenporarily fastening, the
pressurization/Wirradiation nechanism 39 &s lifted. If the top table 2
uses the electrostatic chuck to hold the substrates under 10 reduced
pressure, taedvebttbhataphei pdessurheirgeplabetatcanndtickuck thened of f. The
top table 2 is |lifted after the period for renoving static electricity. If
the top tabPabstyatesabyienegativehpressacesul®n renlese thiis mymdrlesubstrat e
is mechanically Rressed on the lower 15 substrate using nore than one pin,
and only thER€oSNARBRE ZonFafnst ad WadRFi Rel%eh € QRTRE Qs Jear v 0 4 o

rel ease the ugg substrate. The vacuum chanber is then vented to the

at nosphere B HIPBEUEIﬁgrﬁﬁCFﬁ@Pthég gﬂEhlégtther%hW%$e¥h@OZO

openet Lo f?&ﬁ‘éﬁéFe?ﬂﬂesagg?mgegndRﬁ%%iéﬁa‘n‘%%m Soody ;fﬂw” ‘Eﬁt done
de th T

or essur i 21 n6 BasEohF apELgnHAEhARL Bl 7L EHELdB"E BAER: BaeR 1 U i g ¢ e

fastening nﬁsgap#mgwa FQP £i8 gg § fhe RO ! 08qL OPahAPL Cr il ! OP

chanmber T2 ar t ogéet Z-axi s drrectroh using riving
mot or 10. THHidihaepH?t”flﬁnﬁafeli’ftm& tRe APHgEPIEPNBE the robot

hand. The wafer edge holding part 71 intervenes between
10 the adjacent fingers of the robot hand. The holding part

71 can correct the wafer bends between the fingers to

help the pressurizing plate 2 to suck the substrate. To

further help suck the substrate, the wafer edge holding

parts 71 are provided both at the end side and at the arm
15 side of the fingers

In Fig. 4, the wafer edge correction mechanisms 70
movable up and down by the cylinder rest on the bottom
chamber Tl. Thus, when the fingers 51 of the robot hand
50 bend, the correction mechanism 70 will correct the

20 substrate bending to allow the pressurizing plate 2 to
securely suck the substrate 60.

It may be configured to provide, instead of the wafer
edge correction mechanism 70, the suction pad with the
up-and-down actuator as described in the preceding

25 embodiment on the pressurizing plate 2 at the position
corresponding to the wafer holding part at the end side
of the finger 51 of the robot hand 50 (at the position

opposite the wafer-transfer-in entrance of the chamber,



- 22 tables is possible with the chanber open. As described above, the
present enbodi nent solves the problemthat the top table cannot securely
hol d the | arge substrate because the substrate bends during the wafer
transfer, 5 thereby inproving the accuracy of bonding the substrates. As
descri bed above, according to the substrates bondi ng apparatus of the
present invention, the top table can setérely hold the substrate in a
predeterm ned position without the effect of the substrate bending 10 which
occurs whenitae, sabsthat eerwgrbatkansftheechamberj he apparatus, and
particularly when the top table holds the | arge upper substrate. Thus, the
substrates can Bégbvrdédshows anptberdembodimeptanfi ther pdesentti ne. - 23
CLAIMS 1. Substrates assenbly apparatus including: a chanber for producing
a reduced piBY¥SDEEORE NOEpHEIR; PEESANs Mhod PPl attdie difatgere e adithol d one
substrate in 5 said chanber and to be novabl e up and, down; and a substrate
hol di ng t abhel FﬁrOHOFBPnBrFﬁéuﬁ%ﬁéPgsEb%F?a?edb$b6§|%%t?omgﬁ?dt%%%

bstrate held | at th t he t d
ubst rate HaPe) ABORRLYBEhcRAg BATLEA 1 a%&ﬁﬁ%ﬁ%é%""a&?mre R other 10

Shoce et weEElh iR EoRHE %Bﬂ?g BeghEiVe' Bativte alfhier T Spdfafelce (e
reduced preﬁéﬁsm&nggegsﬁfe%begcéghféws %&gghse ﬂ the

substrates erein sal d pressuri zing p re than one

suction hol ﬁe&QtE@édﬁfggsﬁk'ngéﬁ‘f@et@fﬁﬁoﬂrgﬂcﬁé@ké%igelfh'é@tfé‘t e by

negative pressure, e suction holes near and aroun m ddl e of the
pressuri zi ngaghageolp . S LLHEH cfslfyimﬂ{@ K td Prdrale g adigyg ded on

nore than one suction pad including a up-anddown notion nmechani sm
10 valve for requlating the pressure separately.

In the Fig. 5, the suction cramp holes divide into
three groups R1l, R2, and R3, and each group connects to
either of two types of negative pressure sources applying
two negative pressures Al and A2. Because the middle of

15 the substrate 60 includes alignment layers of the LCD
panel, the pads 53 on both the sides of the robot hand
support the substrate 60 and transfer it into the
assembly equipment. Therefore, the middle of the
substrate 60 bends and is more apart from the

20 pressurizing plate 2, as shown in Fig. 5 (a). At first,
the middle suction holding hole R2 receives a large
negative pressure Al and sucks the middle of the
substrate (Fig. 5 (b)). Then, the suction holding holes
R1 and R3 on both the sides receive a negative pressure

25 A2 lower than the negative pressure Al applied to the
middle hole R2. Thus, the pressurizing plate 2 can suck
the substrate 60 without any deformation left on the

substrate (Fig. 5 (c)). In the present embodiment, the



2. The substrates assenbly apparatus of claim1l, wherein said nore than one
suction pad is provided near the mddle of the pressurizing plate. 25 3.
The substrates assenbly apparatus of claiml1l or 2, wherein nore than one
suction pad is provided at the end side of said pressurizing plate opposite
the wafertransfer-in entrance. - 24 4. Substrates assenbly apparatus

i ncludi ng: a chanber for producing a +etluced pressure atnosphere; a
pressuri zing plate configured to hold one substrate in said chanber and to
be novabl e spchidndbohesadilvadbngubsto ateréel grogps albdee floeemol di ng t he
other substrate opposite to said one substrate held on said pressurizing
plate with axsbamedherﬂmtmommqiembdmmx@mmmgimmﬁae imdiong driven
to position said one and the other substrates, said pressurizing plate
bei ng |ifteBCEAJITOUPSWEREH FBaFeH%%eh@h@Ss%%%egﬁﬁ@%@%¢Nt$MP%uﬁ%¢rates and
sai d substrates being _bonded in, the reduced pressure atnDsphere usi ng
adhesi ve pr8YPakHabs Sﬁ%mth?h%lgﬁ%gtF%tE%e oRee cPh the SHRFBEItRontains a

waferugdge co rrect|02%15 mechani smfor Jiftin the sybstrate toward the

pressu?i zi ngRBFEPE ALPRWHNA GRS t ASCHERTE nguGhicR & PR of the finger

Efdtsﬂﬁgifii’éggég a4 54 pbé{fi%% “RhE5 i ra0h By t“ %?édbf?ﬁfs‘éiééhging' 2
Cubstrato | Riekrad REATEEFEing, ERECEIRLELREe 5%9%“* I R A e

hol di ng tab{ﬁefﬁidﬁ@édbfgtBQGSQBE€fa§§b§£r@i@e°@@9§ét@siﬁ ﬁﬁbﬁeoﬂﬁan

substrate held on said pressurizing 25 plate with a space t her ebet ween,

sai d substrghe HpLehagdbah! Robebl8 Sttt eontPadosétéRntal d one and the
ot her substrates, said pressurizing plate belng lifted and | owered to

reduceot he ppGQSubEEmﬁgnPLQEesmbsérdéeerlbéd in-F2§. 3piangubstrates being
bonded in the reduced pressure atnosphere using adhesive provided on one of
t he correspondingly sucking the substrate on the pressurizing
plate 2 using more than one suction holding hole on the
plate 2. In addition to the suction holding mechanism as
described above, the pressuring plate 2 also includes an
15 adhesive holding mechanism or an electrostatic holding
mechanism to prevent the substrates drop during
evacuating the chamber of the substrates assembly
apparatus, although not shown.
Now the method will be described below for bonding
20 the liquid crystal panels using the substrates assembly
apparatus according to the present invention.
First, the upper substrate in which an adhesive is
applied in a frame pattern on or near the black matrix
around the liquid crystal panel is inverted such that the
25 adhesive-applied surface faces down and then the upper
substrate is mounted on the lower finger of the robot

hand. The lower substrate to which a liquid crystal is

previously applied is provided such that the liquid-



substrates, wherein in order to suck the substrate on said pressurizing 5
pl ate, nore than one suction holding hole divides into three or nore
groups, each group of which includes a negative pressure source or a
pressure regul ating valve to separately apply variable suction force. 6.
The substrates assenbly apparatus of clains 1 to 5, 10 further conprising
or an electrostatic hol di ng nechani sm o018 an adhesive hol ding nechanismto
hol d the substrate during evacuation of the chanber. 7. A nmethod for
assenbl i ng supstaidt+ésopped usunfjace nfacescupnandavlen , ispposhned tomw
substrates at top and bottom 15 with a space therebetween, hol di ng by
sucti on hol theguppehafiingesaeh thethebgtibkandi esThen rehadp hamngl avitdy t om
respectively, positioning the substrates, reducing the space between the
substrat es, thﬂdtﬁ@néﬂh§t¥ﬁ§e§u%%t%ﬁﬁe%PB§¥n@n@dh@§¢Vefbm%%¥%é®°%%§one of
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The substrates assembly apparatus lowers the top
table 2 and the suction holding mechanism by negative

10 pressure sucks and holds the invented upper substrate on
the top table 2. When the substrate bends, the wafer edge
correction mechanism 70 or the suction pad operates
together to hold the substrate evenly on the top table 2.
That is to say, when the substrate bends, the suction pad

15 projects from the top table 2 surface to the position
where the pad can suck the substrate. After the suction
pad sucks the substrate, the suction pad surface backs up
to the position of the top table surface so that the top
table 2 can hold the substrate evenly thereon.

20 If the suction holes of the top table divide into
more than one group, the negative pressure sequentially
acts on from the middle suction hole to the edge side
suction hole. Thus, the pressurizing plate 2 can hold the
substrate evenly without any deformation left on the

25 substrate.

Next, the lower robot hand once exits from the
substrates assembly apparatus. After the robot hand exits,

the substrates assembly apparatus 1 lifts the bonded
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crystal previously applied thereto on the upper robot

15 hand. The apparatus 1 lifts the substrate holding claws
elevation mechanism 41 to lift the lower substrate. After
the robot hand exits from the apparatus 1, the mechanism
41 mounts the lower substrate on the bottom table 24,
which sucks the substrate.

20 The camera barrel 21 is then lowered using the
traveling axis in vertical direction to measure the
substrate mark positions of the upper substrate. Using
the traveling axes in horizontal directions, the camera
barrel 21 is moved to the point where the center of the

25 camera barrel 21 matches the mark center position of the
upper substrate. The top table 2 is then lowered and the
camera barrel 21 measures the displacement of the mark

positions between the upper and lower substrates. An
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motor 26, the driving motor 29, and the driving motor 30
horizontally move the bottom chamber T1 and the bottom
table 24 together in XY8 directions to roughly position

10 the alignment marks of the upper and lower substrates.
After roughly positioning, the ball bearings 34 lower. If
the top and bottom tables hold the substrate using the
electrostatic chucks, voltages are applied on the
electrostatic chucks to hold the substrate. With the

15 substrate held, the door valve 16 is closed and the
vacuum pump exhausts the vacuum chamber. During the
exhaust, the top table 2 is lifted to help exhaust gas
between the upper and lower substrates.

After the pressure reaches a constant reduced

20 pressure in the chamber, the top table 2 is again lowered
and the displacement of the mark positions is measured
between the upper and lower substrates. Then the motor 26,
the motor 29, and the motor 30 horizontally move the
bottom chamber T1 in XY8 directions to finely position the

25 alignment marks of the upper and lower substrates. After
finely positioning, the top table 2 is further lowered
with reading load cell 22 to pressurize and bond the

substrates. After a predetermined pressure for deforming
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mechanism 40 pressurizes and gives U& llght over the UV
adhesive previously applied to the substrate at the
position for temporarily fastening the substrates.

After temporarily fastening, the pressurization/uv
irradiation mechanism 40 is lifted. If the top table 2
uses the electrostatic chuck to hold the substrates under
reduced pressure, the voltage applied to the
electrostatic chuck is turned off. The top table 2 is
lifted after the period for removing static electricity.
If the top table 2 uses adhesive to hold the substrates,
the upper substrate is mechanically pressed on the lower
substrate using more than one pin, and only the top table
2 is lifted leaving the pins pressed downward to release
the upper substrate.

The vacuum chamber is then vented to the atmosphere
by introducing an inert gas such as nitrogen or the
atmospheric gas through a valve on the vacuum chamber.
The door 16 is then opened to transfer the substrates.
Maintenance such as cleaning can be done inside the
chamber of the substrates assembly apparatus as follows.
The pressurizing base plate 7 and the top chamber T2 are
connected using the fastening mechanism on the top
chamber T2. Then the top table 2 and top chamber T2 are

lifted together in the Z-axis direction using the driving

motor 10. Thus, the maintenance on the top and bottom
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Y<Y:Y>YEY”VB§%9&ng apparatus of the present invention, the top table
can securely hold the substrate in a predetermined
position without the effect of the substrate bending
10 which occurs when the substrates are transferred into the
apparatus, and particularly when the top table holds the
large upper substrate. Thus, the substrates can be bonded

with improved accuracy and in reduced time.
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pressurizing plate configured to hold one substrate in
5 said chamber and to be movable up and down; and a
substrate holding table for holding the other substrate
opposite to said one substrate held on said pressurizing
plate with a space therebetween, said substrate holding
table being driven to position said one and the other
10 substrates, said pressurizing plate being lifted and
lowered to reduce the space between the substrates, and
said substrates being bonded in the reduced pressure
atmosphere using adhesive provided on one of the
substrates, wherein
15 said pressurizing plate comprises more than one
suction hole to hold the substrate thereon by sucking the
substrate by negative pressure,
the suction holes near and around the middle of the
pressurizing plate of said more than one suction hole are
20 provided on more than one suction pad including a up-and-
down motion mechanism.
2. The substrates assembly apparatus of claim 1,
wherein said more than one suction pad is provided near
the middle of the pressurizing plate.
25 3. The substrates assembly apparatus of claim 1 or 2,
wherein more than one suction pad is provided at the end

side of said pressurizing plate opposite the wafer-

transfer-in entrance.
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plate with a space therebetween, said substrate holding
table being driven to position said one and the other
substrates, said pressurizing plate being lifted and
10 lowered to reduce the space between the substrates, and
said substrates being bonded in the reduced pressure
atmosphere using adhesive provided on one of the
substrates, wherein
the chamber contains a wafer edge correction
15 mechanism for lifting the substrate toward the
pressurizing plate depending on the bending amount of the
end of the finger of the robot hand which transfers the
substrate to said pressurizing plate.
5. Substrates assembly apparatus including: a chamber
20 for producing a reduced pressure atmosphere; a
pressurizing plate configured to hold one substrate in
said chamber and to be movable up and down; and a
substrate holding table for holding the other substrate
opposite to said one substrate held on said pressurizing
25 plate with a space therebetween, said substrate holding
table being driven to position said one and the other
substrates, said pressurizing plate being lifted and

lowered to reduce the space between the substrates, and
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O in order to suck the substrate on said pressurizing
5 plate, more than one suction holding hole divides into

three or more groups, each group of which includes a

negative pressure source or a pressure regqgulating valve

to separately apply variable suction force.

6. The substrates assembly apparatus of claims 1 to 5,
10 further comprising or an electrostatic holding mechanism

or an adhesive holding mechanism to hold the substrate

during evacuation of the chamber.

7. A method for assembling substrates including, in a
vacuum chamber, opposing two substrates at top and bottom

15 with a space therebetween, holding by suction holding
mechanism each of the substrates on a top and a bottom,
respectively, positioning the substrates, reducing the
space between the substrates, and bonding the substrates
using adhesive provided on one of the substrates, wherein

20 the substrate is held on said top table by applying a
suction holding force on the middle of said substrate.

8. A method for assembling substrates including, in a
vacuum chamber, opposing two substrates at top and bottom
with a space therebetween, holding by suction each of the

25 substrates on a top and a bottom, respectively,
positioning the substrates, reducing the space between

the substrates, and bonding the substrates using adhesive

provided on one of the substrates, wherein
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sequentially sucking and lifting the substrate from the
middle to the periphery of the substrate using a suction
pad including a up-and-down motion mechanism, and by

5 sucking the substrate on the top table.



