5 SEPT 2006 - 1 TITLE OF THE I NVENTI ON SUBSTRATES ASSEMBLY APPARATST 2006
BACKGROUND OF THE I NVENTION (Field of the Invention) 5 The present invention
rel ates to apparatus for bonding substrates such as a |iquid crystal
substrate, and nore particularly, to substrates assenbly apparatus

suitable for an assenbly process of a liquid crystal display panel and the
i ke, including the steps of, in a 10 vgacuum chanber, hol ding substrates to
be bonded opposite each other, reducrha Space between the substrates, and
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substrate
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

ﬁ arrays thereon, at a very close distance of some pIn using

20 an adhesive (hereafter also referred to as a sealing
agent} applied on the substrafes'iperipheries, 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



over the one substrate in a vacuum chanber, and bringing 5 SEPT 20065 g 2006
cl oser and bondi ng the upper and the | ower substrate. The conventiona

t echni ques disclosed in the above described Japanese Application Patent
Lai d- open Publication No. 2000-284295 includes a configuration in 5 which
the substrates are held in a vacuum by nounting the |ower substrate on a
flat stage, by sucking the upper substyate by negative pressure in

at nospheric air, and by holding the upper substrate using an el ectrostatic

hol di ng bygbgetr QalidhbAiai RECEnENdBhe? RhGIEHE! Thiled 1An¥peyym,condition.
ﬁg EPge an g I

Recent substrates tend to ve a Sl ze over m and a snal

thi ckness r edughBdcbnqahd iBfik1! eegnfilubs i sEIUsedWian cheDaBavY | 2i g plate

(top table) sucks and hol ds the substrate, the mddle of the substrate

bends to b8e§9£§béﬂaﬁép£ﬁ@§bthﬁp@héh%ioﬁOP&BéhtlﬁaEBEogéﬁSSUfiZing pl ate may
not hold the substrate thereon "when the plate receives the substrate from

the substrphglitsBD8heRoTeAD60-3B42D5C$AH1dE89aPL8hEi§8PaRRbY §HPPOrt the
peri phery of the substrate because the substrate includes alignnent |ayers

or THIs inyhhenntAdl subserhbal 3Pel held hfhi ¢HbliumOLPr R¥EALihGetpLbstrate
frombending particularly when holding a substrate for a | argé display.

Even when 1bgeprespstirdtadon! at e18el geahbf BybsteRifgg 8hel @ppeual stress may
occur in the substrate or the mark position for positioning substrates may

be out of 2bbatrgbeeby.ndhetioboprbasdrbasnl atgesphepgeraiforahdl 8iyng and
transferring the | arge substrates so that the fingers

holding the upper substrate using an electrostatic
holding by electrostatic force under a predetermined

10 vacuum condition. Recent substrates tend to have a large
size over 1mXlm 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



may bend at the end during holding the substrates. As a result, thesgppraiss
substrate at the end side of the robot hand 5 SEPT 2006 3 is also nore
apart fromthe pressurizing plate so that the plate cannot suck the
substrate. The above described problens nust be solved to correctly bond
the large substrates. 5 BRIEF SUMWWARY OF THE | NVENTI ON Therefore, the
object of the present invention is to. provide substrates bondi ng equi pnent
of high productivity, which can hold |arge substrates with high accuracy

and can bong BNe® Wdre R bR Ohe i edisutigh ngPgaGtel Golan@hi eve the

above object, the present invention provides substrates assenbly apparatus

i ncludi ng: the @lankecamotPR@ICithg Bubduede .prensusBodknaepbeibeda
pressurizing plate (top table) configured to hold one substrate in said

chanber angrioblemsmanat ®elpodvddasn cokreand ya bonds thal @ diejedi ng tabl e
(bottomtable) for holding the other substrate opposite to said one
substrate habdtratezai d pressurizing plate with a space therebetween, said
substrate hol ding table being driven to position said one and the other
subst bat es BRI&ZFd SPiMMERY i0F THE2 CNVEMTEONei ng | ifted and | owered to reduce
the space between the substrates, and said substrates being bonded in the
reduced pressurthentafimherdiaisibipcddiagsithe prresdrdedirorerdriorofig He
substrates, wherein said pressurizing plate conprises nore than one suction
hol e 25 t o p¥evd dehshsigatas hondidun eguiprenthgof hbighbpreduetiyity,

which can hold large substrates with high accuracy and
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.



negative pressure, nore than one electrostatic holding mechanism ang P16
t han one up-and-down novabl e suction pad. 5 SEPT 2006 - 4 BRIEF
DESCRI PTI ON OF THE SEVERAL VIEWS OF THE DRAW NGS Figure 1 shows a schematic
view of the configuration of the substrates assenbly apparatus according to
an enbodi nent of the present invention. 5 Figure 2 shows a schematic view
of the robot hand wused for transferring substrates. Figure 3 shows a
schematic view of the general configuration of the suction pad on the

pressuri zi BgTEP! 8keCcRAPYIANDOFYITAN SEVERAN TYERSWOFOTHE ORhAWENEGbStrate 10
when it bends. Figure 4 shows a schematic view of the correction nechanism

for correcti ngFilg@areullstshaine kesdibegmatie vdewhef rthkocondiduidargens bendi ng.
Figure 5 shows a schematic view of another 15 configuration for holding the
bent subst @it ehaceabditrgtes askempigsappairavast aooorBER4l LEDaRESCRI PTI ON OF
THE |1 NVENTI ON An enbodi nent of the present invention wll be described

bel ow r ef eembpdimenthefappengeesensiniingentidf@.Fi gure 1 shows the substrates
assenbly apparatus according to the present invention, which includes a

bot t ol chanber Fliguaied 2a shewsc ltardedreni2 1cTd ewop fc hlwebeobot2 hiamel udes a top
table 2 (hereafter may be referred to as a pressurizing plate) which is
movabl e upugrd §ewntppnsferring substrates.

Figure 3 shows a schematic view of the general
configquration 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 confiquration for holding the bent substrate according to
the present invention.

DETATLED 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 leqg 3 and more than one adjusting leg 4
through the top chamber T2. An O-rings 5 seals the
supporting leg 3 and welded bellows 6 seal the adjusting

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



25 a supporting leg 3 and nore than one adjusting leg 4 through thes$iHr 2006
chanber T2. An O-rings 5 seals the supporting leg 3 and wel ded bel |l ows 6
seal the adjusting legs 4 to isolate the top chanber T2 fromthe

at nosphere. 5 SEPT 2006 5 The supporting leg 3 and adjusting |egs 4 of the
top chanber T2 fasten to a pressurizing base plate 7. The central part of
the pressurizing base plate 7 fastens go_an internedi ate base plate 8. A
driving 5 nechanism which has a driving notor 10 and reduction gear 11 on

a ceiling ff@%u%p%ﬁd:iﬁldd;gﬂé%@rﬁm 15 dd 0Wp 144 4 ermdide base plate 8

to nmove up and down gui y a ball spline bearing 13. Supporting posts

ot her than cHdubeiallz sldurn banrd rm:éér‘smiih? hasse fgadee 17 support 10 the
sealing frame 9. Each of the adjusting legs 4, one end of which fastens to

the pressuri zi nthdasentpt Al B%aYIt dpsthideprdd@ir enthd ibkes phatebal | screw 15
driven by a notor 14 attached to the internedi ate base plate 8. An

up- and- dowt aatjersd rmentameiaiteeynesd wne Naddlditerigng ASdratvdhg 14 and bal |
screws 15 can apply force on the pressurizing base plate 7 to |lift and
| ower & he tmegwHeatilsm, Avhdidih Heeep nipidvind InettoasslO Hied tgmdwhiaidrer T2 al so
I ncludes a fastening nechanismfor connecting the top chanber T2 and the
20 pressurigdamy ldasm @ ateslng\horaneh e taopl chdradelr Sk esepd ataeksldwsm t he
bottom chanber Ti, the fastening nechani sm conbines the pressurizing base
pl ate 7 and-hehenteamedigtiserbage piate He tdr indvey upptaod dpvn fasided bot h
by a ball spline bearing 13. Supporting posts other than
the ball spline bearing 13 on the base frame 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 other end linked to a ball screw 15 driven by a
motor 14 attached to the intermediate base plate 8. An
up-and-down adjustment mechanism having the driving
15 motors 14 and ball screws 15 can apply force on the
pressurizing base plate 7 to lift and lower the top table
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



together. 25 outside the sidewall of the top chamber T2, a door valygedi6,496
rests for transferring substrates to and from the chanber. On the opp05|te
sidewal | of the top chanber T2 at the position corresponding to the door
valve 16, an 5 SEPT 2006 - 6 ionizer 17 rests for spraying an ionized
ultrasonic air on the substrates to renove static electricity fromthem
Qut side the top chamber T2 near the dogy valve 16, another ionizer 17a
rests. Wth the door open, the 5 ionizer 17a sprays an ionized ultrasonic

air on the; éUQéirﬁﬁeﬁeE€sthP Eg?9¥§n§tﬁh'Eﬂﬁ%géﬁr§g££¥55598‘hﬁf

substrates tsid e ceiling e’to nore than one

push-struchyrensubyButLEgL8 £6S£émﬂbéhsﬁﬂ€i& €§8é€£1c19 SBabkhS thdmext r uded
into the chanber. These center shafts 19 enter the hol eg on the protrusion

around theohepitiabtBe 2obOcHBIBePO®S REErNBhEZABLR! vRQGEL 16NI Ng of the top
table 2. That is, the sub-guides 18 and center shafts 19 work as the

hOFIZonta|aﬁ@ﬁhétombﬁﬂzéﬁcmaalﬁébﬁ@r1ﬂMkﬁ(Hhe3dbéﬁHB$Fﬁ, tie top chanmber T2
has nore than one observation w ndow for observing t substrate nmarks.

Wth = canespizéar 1gh gprapseaheslohikedt herphsenyat hop whndpw, the canera
recogni zes the substrate marks. The canera barrel 20 21 rests on a nobile

stage i ncl pdbsgrate¥etongedpesenovehstaroot aledtrecitpnsroX and Y
directions) and a traveling axis in vertical direction (Z direction). The
substrates.

Outside the ceiling of the top chamber T2, more than
one push-structure sub-quide 18 rests with their center

10 shafts 19 extruded into the chamber. These center shafts
19 enter the holes on the protrusion around the top table
2 to make possible horizontal positioning of the top
table 2. That is, the sub-guides 18 and center shafts 19
work as the horizontal positioning mechanism for the top
15 table 2.

The top chamber T2 has more than one ocbservation
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



nobi | e stage fastens to the top chanber T2. The top table 2 also hagsgp¥sthe
at the position corresponding to the 25 observati on wi ndow for recogni zi ng
the substrate marks. Although the present enbodi ment uses a configuration
in which the canera is nounted outside the chanber, another configuration
in which the canera is directly 5 SEPT 2006 7 nounted on the top table 2
may be used. This can bring the canerajcloser to the substrate so that the
canmera can recognize the marks with inproved accuracy and the substrates

can be posigdened Wn RHITRIGY QAAGE W 3t pe AdeRd eplik bAhehyengs between
the internedi ate base of the supporting leg 3 and the ball screw 12 to

nmeasure t g DicRaEte ARFdret Pt HNgupstTaial o Edeh ahd timaad wdd ng | egs
4 on the pressurizing base plate 7 also has a load cell 23 to nonitor the

not or 14, whictlyndrdey ahel harfke &aiath dingdrivsreadjadsiuragy €@ 4hd or overl oad
when adjusting the flatness of the top table 2. A bottomtable 24 fastens

to the bottswbstiatesy cBh bd fpddig iondd &ritly fiape odfed ediatdacy t abl e 24
fastens to the bottom chanber Ti, the bottomtable 24 may reduce its 15

flatn&ss by then defaat el onintteansdress debtfwern tHiee hoitamediwrdasadd def or ned
under reduced pressure. The bottom table 24 is then fastens only at its
peri phery tof tthe suptpcorhichpriieey 3Thnid tdle maldt ecdres dfX et rfaazmnee
def ornmed bottom chanber T1. The bottom chanmber Ti has on 20 its entire
ci rcunf er ertide preswundg rpHlSiet ceddre sadstireitew. Bach ofiethep chanber T2 in
contact with the sea
adjusting legs 4 on the pressurizing base plate 7 also
has a load cell 23 to monitor the motor 14, which drives
10 the each of the adjusting legs 4, for overload when
adjusting the flatness of the top table 2.
A bottom table 24 fastens to the bottom chamber TI1.
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 T1 to eliminate the effect from the
deformed bottom chamber Tl. The bottom chamber T1 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



ring 25 and the door valve 16 closed, the chanber will be airtight g@Eﬁpﬁm%
a vacuum chanber. The bottom chanber Ti rests on a 0 base table 28,

which is configured to be rotated by a notor 26, a ball screw (not shomm),
and a rotating bearing 27. The O base table 28 fastens to the bottom
chanber Ti wth a box- shaped nenber between themto provide a predeterm ned
5 SEPT 2006 - 8 space. The space is_pgovided to contain a UV irradiation
mechani sm 40, a substrate hol ding claws el evati on nechanism4l, and a

substrat e LsEBEle”g 'Fﬁ% h%ﬂégg‘ {2 BQPQGEdeﬁ he, bebh P £ hamger Ji:adIQElQn bas gg

table 28 resSts on via the rotating bearing 27. not or

MoVes them¥ch§%h%m3aoal%n%u%skk%%%rhb@ﬁhn@nCQBwé kakkatidn A nDtor 30
noves the X table 33 along a linear rail on the base frane 1. More than one

bal | beari pgehdfikar atihe ahep aCRaMaerat? 11¢tang ﬁa\@cvl@hlaknamqs uddedi th
adj ust rent mechani sns are provided on the periphery of the 0 base table 28

to const aghkybeetommchagmbeealr 1. Nghd S i thih 1o Ehasdes o Za cont act s
with the seal ring 25 of the bottom chanber Ti to formthe vacuum chanber.

Thesesbal | theaei 3gs vi4 and rotawivg belaatiag 39 .adpusbtéhezposbiegn to which
the top chanber T2 noves down. To prevent the O base table 28 from becom ng

def orned, theevpeabpeeny aflcnige a0 ldasart ablia 28 an Xuppdleed3ny more than
one ball bearings 37 for the O base plate 28 and 20 swivel plates 38 with
adj ust nent moeolrados meyveshithle Xestable 33 along a linear rail on the
base frame 1.
More than one ball bearings 34 for the top chamber T2
10 and swivel plates 35 with adjustment mechanisms are
provided on the periphery of the 6 base table 28 to
constantly deform the seal ring 25 when the top chamber
T2 contacts with the seal ring 25 of the bottom chamber
Tl to form 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 8§ 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 configured
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.



on nenbers fastened to the equi pnent base frame 1. Thus, the ball bgggpgse
37 and swivel plates 38 are configured to support the |oad of the O 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 0 base table, support the |oad
of the periphery of the top and bottom chanbers as descri bed above, so that
the chambers can become nmuch | ess defogned. 5 SEPT 2006 9 The bottom
chanber Ti has nore than one transmitted illumnator 39 to recognize the

substrate markspnel gt Qs (HAARDY O P4 {8 5ndY 840765 RO 41 {4Qed he

I 1lum nators. The bottom chanber Ti has nore then one 5 pressurization/ W

i rradi ati on MREHFADR 49 thenRidbdrd zed e Bt rGte nidi&kd)V adbesive to
prevent the displacenent between the bonded substrates. The bottom chanber

Ti al so hapdthen daiw ol ha s WRSldA R MAsHidding aes tgleevati on nechani sm 41
to prevent the substrate 10 frombending in its wdth direction during

substrate itamsifretorst arhenbafdofl eranber PinBakomprevenknt Bae robot hands
from bending and to prevent the substrate frombending in its

back- @nd- f qrids sthirriestiemn /BN dra adidhsion e dhaiiisig 4teahatiesm 4 to el evate
t he bonded 15 substrates. The bottomtable 24 has hol es such that the
pressuri zatdefiodol and adirat ithre BC Ratheainved@occ arevend whe and down t hr ough
the bottomtable 24. The pressurization/UV irradiation nechanisnms 40 al so
act as displacement between the bonded substrates. The bottom
chamber T1 also has the following: a substrate holding
claws elevation mechanism 41 to prevent the substrate
10 from bending in its width direction during substrate
transfer, rotation and elevation pins to prevent the
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/UV irradiation mechanism 40,



20 rotation and el evation pins. The bottomtable 24 al so has grooveasgpr 2006
(notches) on its substrate supporting side such that the substrate lifting
mechani sm 43 can nove up and down. This substrate lifting nechani sm 43
allows the robot hand to go into under the substrate during the 25
substrate transfer. These holes or grooves may have the |east margin,
because the bottomtable 24 fastens toq,the bottom chanber Ti. The

pressuri zation/Wirradiati on nechani sm 40, 5 SEPT 2006 - 10 substrate

hol di ng cl gypselayat heldTRgNaNLe dlevaRdonSHBEhaAL 8l isfit, | BRgTEChani sm 42
each have a lifting/loweri'ng mechani sm passing through the bottom chanber

Ti. O-ringgubstyaee hhethayt aechladber 421 cabd hatlese |ifting/lowering
mechani snms seal the gap betfween them The top table 2 can hold the upper

substrate t1he¢teag/1bheeingehectdnitRSpHESiHg BHreughethef bdrtemectrical Iy
hol di ng mechanismw th an el ectrostatic chuck or 10 physically hol ding

mechani sm whhfibaghesi.veo-foigs Neetwéest the abdirtdip! EhagbsEChanasm Wi th the
el ectrostatic chuck, the top table 2 can rel ease the substrate by turning

off the appheed ldftdgq/abdelrihy ngchbaiktnp tahlieth2 ahpebepwedat er m ned
time for renmoving static 15 electricity fromthe substrate. For the
physi cal | ytheml.di ng mechani sm w th adhesive, the top table 2 can release
t he upper substrate by nmechanically pressing the upper substrate on the
| ower substrat hesitogp rabdet Bawan hold the upper substrate thereon
under reduced pressure using either of an electrically
holding mechanism with an electrostatic chuck or
10 physically holding mechanism with adhesive. For the
electrically holding mechanism with the electrostatic
chuck, the top table 2 can release the substrate by
turning off the applied voltage and lifting the top table
2 after predetermined time for removing static
15 electricity from the substrate. For the physically
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



one pin and then lifting only the top table 2 |eaving the 20 pins prsegpedodn
the | ower substrate. The bottomtable 24 can also hold the | ower substrate

t hereon under reduced pressure using either of an electrically holding
mechanismw th an electrostatic chuck or physically holding nmechanismwth
adhesive. The 25 top table 2 and bottomtable 24 can hold the substrates
thereon with, for exanple, both using jhe electrostatic chuck or adhesive,
or one using the electrostatic chuck @and the other using the adhesive.

Hol di ng thg, SUPStEA £Ss Sumlibl 1.2(9&)@0? %%?s&&éhf tc@é’é@ﬁb‘é‘cﬁe{x p&gduced

pressure as described above is prefe e1n It can have the standard

fl at ness %@T {?% I g@%l ?Mﬁé the two
t abl es par£$ % rgﬁy ngﬁﬁﬁg ggsf? éhéun| orm f%ﬁ%%?ﬁgéég the top
and | over sgibghd aé%leghéndpé&ﬁ%lﬁ@%m HSESs@SOPALEEr@itRN 1 n which
the suction hol ding nechani sm by negative pressure and the electrostatic

hol di ng megh@niwin by EEECHaLS1 BE1 ¢ ERELSDY q&ékbﬁ)rpmsi@ﬁ@ td€ The vacuum

chanber can be evacuated by connectlng t he er to a vacuum val ve and

Vacuwsn pungni sehem ]@éndiixy% @rté%r.b@d DSkl fibPeraced hr qugh an exhaust
port (not shown) on either top or bottom chanber. The vacuum chanber can

be vent ed preddet admpspheset byseat 4 astvet Ngudat ddn | e ryh eis, tiseich as
nitrogen, or the atnospheric gas through a valve (not shown) on either top
or bott om swhiaixxerho Idineduechawmt em layl hesgoni ¢e pihesadeerbend wahée t o
electrostatic holding mechanism by electrostatic force
can both be used.

10 The wvacuum chamber can be evacuated by connecting the
chamber to a vacuum valve and vacuum pump, such as dry
pump or turbo molecular pump, through an exhaust port
(not shown) on either top or bottom chamber. The wvacuum
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 wvacuum chamber in
which the top table having one substrate moves toward the

bottom table having the other substrate (to reduce space



reduce the evacuation time, the chanber is preferably vented to thegppra006
at nosphere with an inert gas such as 20 nitrogen, which includes | ess water
nol ecul es. 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 al so apQIX to other assenbly equipnent
configured to have a uni body vacuum chanber in which the top table having

one substrnggg%égﬁhéggggngggesgokgogbh?bkﬁeh%ébggFéggsother substrate (to

reduce space etween the sSu fo bond the

substrates. = Fqyif.e? ;s Bs? o5 BUGEHGE b AN AP BidBa0be2 o T ObOt hand

for transferring”substrates into the vacuum cha igure 3 shows a

di agram ex LRI o] h i p pE Ui 2l te sucks the
substrate.Pb?geF?gﬁaz?b%hgrﬁgﬁgg%g???oﬁqggefEggfo%gﬁéh%hé ﬂgggkgre t han one

finger 51 eKLRBEYNT Fiphré he @swé%t&a&mp%ipfmm%n%w%eme finger 51

has nore than one suction pad 53. The suction pad 53 has a suction hole at

10 its endguwbieh pad %ﬂc&@?ﬁﬁﬁiﬂi&tﬁ&%n}t@%&g%h@rQﬁ;ﬁ!sltﬁaté'be
suction pad 53 on the finger 51 can nove up and down. Depending on the

nunber of LCD panelig.per, thebsbhdl pot@ibd bE hekdrobotehahd hassuction pads
53, which may contact with the liquid crystal displays on the 15 substrates

60, are combrgutRdntonpgr €¥hgesl $legaceadéngnfaomporet aem Bhete t he pad 53
wi Il not contact the substrate

support substrates 60. The finger 51 has more than one
suction pad 53. The suction pad 53 has a suction hole at

10 its end, which can suck the substrate 60 by negative
pressure. The suction pad 53 on the finger 51 can move up
and down. Depending on the number of LCD panels per
substrate 60 to be held, some of the suction pads 53,
which may contact with the liquid crystal displays on the

15 substrates 60, are confiqured to previously evacuate in a
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



60 surface. Thus, as shown in Fig. 2 (b), when one LCD panel is prggﬂﬁgqmm
per substrate 60, the mddle suction pads 53b of the suction pads

provi ded 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 nmiddle as
shown in Fig. 2(b). Wien the 25 sucti holes on the pressuring plate (top
table) 2 suck and hold such a concave sSubstrate by negative pressure, the

t t t t hat th
fop table SURSVEELECROPLnAELoRT (D HIS e O SIfe P lie Mt ML en”
when the t gauteblec?e Olﬁ?ytgﬁctiUHSBB fee iy hoe suekienphol es my not suck

the substrate 60 uni and the substrat ocally have a large

tensile St§§§§tr3@ésGUHMniﬁakﬁEPUEEdt@hé §€Q§€§a£896@Cﬁ593§¥c9i190”d'“9 the
substrates. In the present enbodinent, the top table (pressurizing plate) 2

has nore thageORe15¥gki €BnBaleBY 2BLS, uprRg Yot # NNl e of the
table 2 to securely Suck the mddle of the substrate 60, as shown in Fig. 3

(a). 80 Theegueki hepadci®nsiysbs Bbndingi theykubsetrabést orin causi ng
up- and-down notions, a rod 57 extending and contracting by the air cylinder

55, and a pﬁdséﬁtaémbbdlmeﬁd othéheopotabYe {ptressghindhgspdade)il is
configured to make the rod 57 hollow and supply an air under 15 negative
pressure ihas hbeehbhhnwoner suonioh phd modab¥e up and down in the
middle of the table 2 to securely suck the middle of the
substrate 60, as shown in Fig. 3 (a).

10 The suction pad consists of an air cylinder 55 for
causing up-and-down motions, a rod 57 extending and
contracting by the air cylinder 55, and a pad 56 at the
end of the rod 57. Although not shown, it is configured
to make the rod 57 hollow and supply an air 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. In
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



The pad 56 at the end of the rod 57 also has a hole conmunicating WgePrbiR
hol | ow portion of the rod 57. Al though not showmn in Fig. 3 (a), the
pressurizing plate 2 has, on its substrate suction surface, nore than one
20 suction holding hole for suction by negative pressure. In such a
configuration, the robot hand 50 can transfer the substrate 60 by operating
t he suction hol di ng nechani sm by nng%iqp pressure on the pressurizing
plate 2, and by extending the up-and-down novable rod 57 of the suction 25

pad towar g, i t j \/ qﬁggﬂg [ | Af ter
the pad Sg“%%és%e{%g%c&?aﬁb%%% tﬁg] ro ?yﬁzscﬁwﬁhet oéq?t éeigrséh%?strate

hol ding_suyd ACeuingBonkaig! 8 end sEBEraths ecbiorppaldimg holes in the
S5 SEPT 2006 - 14 mmddle of the top table 2 can seturely suck the substrate
60. DuringphRing «f i sulsd rpd eSS Sh i apRleivis dERasife to them the

pad 56 al so receives negative pressure to work as suction hol ding hol es.

The pad S56prdssur@Bad Gfor asd | Sud0bh Ssiiiafy Méad. Nohet padammogst he
substrate 60 which is in contact with the pad 56. In the present enbodi nent,

the @ r cylddelesf i dddfics bald dwerss thbbad ot @ t tfhe actuator
rests outside the vacuum chanber T2 in the present enbodinent, 10 it may be

confi gur edsulsstiestie B0 tWEidH eSS Ui ot qutatel N tHhgelirfeace opposite its
pressuri zing surface. The rod 57 of the suction pad can extend to a

predet er m ned Extent pieysqnievemusd imemis) tilomi aigr agopl pdenat ®5 y]liflependi ng on
the previously neasured bend anobunt of the substrate, the
and lowers the rod 57. Although this actuator rests
outside the vacuum chamber T2 in the present embodiment,
10 it may be confiqured to rest on the pressurizing plate on
the surface opposite its pressurizing surface. The rod 57
of the suction pad can extend to a predetermined extent
by previously positioning appropriately, depending on the
previously measured bend amount of the substrate, the
15 stopper which controls the 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



15 stopper which controls the extension of the rod 57. It nmay be cerkpgv§RA
to use other actuators such as notors. A sensor to neasure the bend anount
of each of the transferred substrates can be provided to control the
extension of the rod 57 according to the neasured bend 20 anpbunt. A
mechani sm has been expl ai ned whi ch operates when the substrate 60 bends in
the m ddl e. Wien nore than one finggrlél of the robot hand 50 transfers the
substrate 60, a larger stiffness of t%e'?inger 51 woul d cause a bigger 25

fingor 5L YhhiSt Tote U Bied G LAHE Rt 2 (S BHe P11
when | arg b%tﬂ-% f he of.i 5 !II}%Q t the 5 SEPT
2006 - 15 @n s%éét%q%ﬁé%ﬁyegssﬁ%%{ﬁ]ébl g%e%%q'é’aenr:l;'g{{%é/ ck tegl' substrat es
by negati T E&Sas hi o] dﬂﬂﬂ-' waf er
edge corr\gf:}%elpon mec an?‘gnn?é?)%f,{g %Ah?%ﬁgﬁaghg@cgﬁﬁggfﬁggﬁgﬁ%w orl |f87toia'ng t he

wafer 60 § %é%?fér@o&é‘cliﬂf& Ah OF si NG Ay aifd BPser Ngp Waf er  edge

correction mechanism 70 i ncludes a wafer edge Holding part 71 for hol ding

the wafer gdge EﬁfbfbfédﬁkiﬁgfHHd“H&thHé thée W fdr féd NO rhize Wfaiprger 51 of
the robot hand. The wafer edge holding part 71 intervenes between 10 the

adj acent fddigeldor¥edtion Andiaidn 7idei ol el Pardfer! ledg® correct the
waf er bends between the fingers to help the pressurizing plate 2 to suck
the subst nadRiinkp pdnd therfdel hb Bdialkg tilee selrdr addye t hendvaf efimglge hol di ng
holding part 72 for lifting the finger 51 of 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 T1l. 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,



parts 71 are provided both at the end side and at the arm 15 side QlgbPSsps
fingers In Fig. 4, the wafer edge correction nechanisns 70 novable up and
down by the cylinder rest on the bottom chanber T1. Thus, when the fingers
51 of the robot hand 50 bend, the correction nechanism 70 will correct the
20 substrate bending to allow the pressurizing plate 2 to securely suck the
substrate 60. It may be configured to Péqyide, I nstead of the wafer edge
correction mechanism 70, the suction pad with the up-and-down actuator as

descri bed jn.the,pr | Eggq$gi t ressurizing plate 2 at the
position %g??bs%%n |§8‘5%%{t e wa erﬁﬁ%l%l?ér}%ﬁ%ﬁ)r? at the end side of the
finger 51 of the,;pbok SOnhbeheth b PPPRSI
mafer-transfer?F% g%traﬁggg%fg? e %%aﬁ%ggéi%éggﬁ% 28@6 E)?e:gL%ﬁti.e., at the

very back plydhe; shanes )t-herFTEﬁ@s%n& TR iR S RMRHYTRIH Qlani1e present

invention. In the present enbodi nent, the suction cranp holes on the

pressuri ziggn &b ab® ehdli i &lesi P £i AP $1408m S OPEIE Do (R¥dre RPaamnd R3).

Each group can separately receive a variable negative pressure either by

separqte dwdarog PIIEES WE, SOl Ge3) [ OERIC iR amsdparet@1yegative
pressure source with branched supply lines to each group. Each supply line

has a presgaderve sl vit b 1d vedaei fOrpragsipd | athde By esspdeateparatel y.
In the Fig. 5, the suction cranp holes divide into three groups Rl, R2, and
R3, and eatdgarDip porswets deurces for each group, or by one
negative pressure source with branched supply lines to
each group. Each supply line has a pressure-regulating
10 valve for regulating the pressure separately.

In the Fig. 5, the suction cramp holes divide into
three groups R1, 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 (¢)). In the present embodiment, the



either of two types of negative pressure sources applying two negati¥fraoos
pressures Al and A2. Because the mddle of 15 the substrate 60 includes
alignnent | ayers of the LCD panel, the pads 53 on both the sides of the
robot hand support the substrate 60 and transfer it into the assenbly
equi pnent. Therefore, the mddle of the substrate 60 bends and is nore
apart fromthe 20 pressurizing plate 2,-as shown in Fig. 5 (a). At first,
the mddl e suction holding hole R2 recelves a |large negative pressure Al

and sucks %@@tféﬁdéﬁhgéaégﬁi%%#ﬁs§%€5et é%g;%fbﬁgg)haneg ehhe suction

hol di ng hol es e’ sl ceive a négafive pressure 25 A2

| ower thaneftéfaf‘ﬁ ti \ﬁqké)rw%kﬂ% qe%ol i%%ﬁéh%mwﬁgqﬁﬁ. Thus,

the pressurizing plate can su e 'su out any deformation

left on thg, substy e?&&gthé%(ﬁﬂé:héfegh@axﬁ”glf&&‘ﬁaf %&gggiﬁhet he 5 SEPT

2006 - 17 suction holes dividing into three groups expl ai ned.
The suct i ogbel Bsre NBHEHCERe "RYAGI Y1 €5 L1 Coqf®T 5 HERUPSuSSERaLBAt the holes

can gradual Iy suck the substrate fromthe mddle to the edge of the

substs at e, ¢ et H6y CHY1 3 Y Or 804 Ec @EEUE b8 BUSH | Ol hRove  descri bed
suction can al so be done by sequentially sucking and lifting the substrate

fromthe pges@hepydt Suctién kgl £186 HoedsSwdShy aeg@entyigBlyer sa using nore
than one up-and-down novabl e suction pad 56 on the 10 pressurizing plate 2

as descri begek Indri gnd 31i Bbiing CORé eSplosEh M9 VI Bt ki@ pELiphesyrase on the
pressuri zi ng
the middle of the substrate or vice versa using more than
one up-and-down movable suction pad 56 on the
10 pressurizing plate 2 as described in Fig. 3, and
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-



plate 2 using nore than one suction holding hole on the plate 2. In
addition to the suction hol ding mechani smas described above, the 5SEPT2006
pressuring plate 2 also includes an 15 adhesive hol di ng mechani smor an

el ectrostatic holding mechanismto prevent the substrates drop during
evacuating the chanber of the substrates assenbly apparatus, although not
shown. Now the nethod will be described below for bonding 20 the liquid
crystal panels using the substrates -asEenbly apparatus according to the
present invention. First, the upper substrate_in which an adhesive is
applied i rF1%1‘17f’r’lif%ﬂfrﬁdlﬁjwﬁ%ﬁ!l rBWHEaRe neares e AnE KEheR ris mepsedl @he | i qui d

crystal panel is inverted such that the 25 adhesive-applied surface faces
down and tHh 4RREphdtIes Stthe ereRotdiandd e robctwdand gdh of the
robot hand. The | ower substrate , to which a liquid crystal is reviously
appl i ed i sHH? HUSRPRYSH #9101 hEL§ | WRPYE SIBERPWRI06F NS 1&‘?‘9& al - dr opped
U100 1 AGSoE, Bh ISP 5. TBUDL GBI i, NpPer, RSt Of ghle, obot and,
Lo L1 1o, o he, stbetel oo, bondl g, squ o, e S sylet s assortly
et o e SRBREE e TR URRR SUBRER 500 i | over i nger.
hol di ng megham i fie "GARLLYE: WpBLe Sttt SHAE o 4ol et heshguient ed upper
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
i 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



the top table 2. Wien the substrate bends, the wafer edge correctiQRepr2006
mechani sm 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 fromthe 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 tq tjie position of the top table surface
so that the top table 2 can hold the substrate evenly thereon. 20 If the

suction hol &5 difstlOP g’ Bry e B kol Wb id1 3y Q{EJ[JI% Qip. the

negative pressure sequentially acts on fromthe mddle s ion hole to the

edge side gyt Mol & i Nl WecHAIE S 6P Wi Isitb R @t& hernidy! d the
substrate evenly without any deformation left on the 25 substrate. Next, the

| ower robaildiandiangs @ mfediaMmdmes1 SuRsthatae asnaAl yaaeparatus. After
the robot hand exits, the substrates assenbly apparatus 1 |lifts the bonded

S SEPT 2006 fted,9 tHe @ibbiatsisla @Sy ipgdrathed tomisdies Ahdlsi ng the
substrate lifting mechanism 43 and substrate holding claws el evation

mechani smMiweWitdbdthehamhderh ipanalto tlid tarbstteenikaidaitssy assenbl y
apparatus 1 inserts the 5 |l ower robot hand again into the substrates
assenbly agpparstus 1 umiter tthee ligquid coyettadl pearess, thwan 1lifts the hand,
and backs up the hand to renove the liquid crystal panels fromthe
subst r at esthees denhil )y aappdreatkss Wp thEhdmridhecos utestawedt esheaslsierhid) apparatus 1
overs thimystal panels from the substrates assembly apparatus 1.

Then the substrates assembly apparatus 1 lowers the

10 substrate lifting mechanism 43 and substrate holding
claws elevation mechanism 41.

Next, the substrates assembly apparatus 1 inserts
into the apparatus 1 the lower substrate with a liquid
crystal previously applied thereto on the upper robot

15 hand. The apparatus 1 1lifts 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



10 substrate |ifting mechanism 43 and substrate holding claws el eval i 1906
mechani sm 41. 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 ding claws el evation nmechanism4l to |lift the | ower substrate. After
the robot hand exits fromthe apparaLuggl. the nechanism 41 nounts the

| ower substrate on the bottomtable 24, which sucks the substrate. 20 The

canera barggbyvdtibi hBERah9WR' ¢Ho¥SsRBwhethbhayektBILAX Balll vertica
direction to neasure the substrate mark positions of the upper substrate.

Usi ng thepkhayfbkngsaxephiud, hi+aogH athdli s@tie DNSlatde wapgra barrel 21 is
noved to the point where the center of the 25 canera barrel 21 matches the

mar k cent eadpastieAd Réchhfiskppetheubspr ahembéheTROpst abke 2iifsetihen
| ownered and the canmera barrel 21 neasures the displacenent of the mark

posi tions hptween thetupher seall rongr 25ubsteayesoudnes SEPd028060t20
el evation nechani sm (not shown) then lifts the ball bearings 34. Thus,
t hr ough t hecashveheptapeshaibbr @dj ysonpneéventhahesiwadt bE thp tbpnber T2 is
also lifted up such that the seal ring 25 barely touches or does not 5
t ouch the thambbanbeomTacttingporvehe shell padgdpt tTreern ophe cduainpimg from
acting on the seal ring). Then the driving notor 26, the driving notor 29,
and t he drirotog @6t oth80drhwvingomotbtry2fpvandhtheodrémingambtexrTdOand t he
Pottom horizontally move the bottom chamber T1 and the bottom
table 24 together in XY6 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 XY¥6 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



table 24 together in XYO directions to roughly position 10 the ali gny&iphr 2006
mar ks of the upper and | ower substrates. After roughly positioning, the
ball bearings 34 lower. If the top and bottomtables hold the substrate
using the electrostatic chucks, voltages are applied on the electrostatic
chucks to hold the substrate. Wth the 15 substrate held, the door valve 16
is closed and the vacuum punp exhaustgjithe vacuum chanber. During the
exhaust, the top table 2 is lifted to hel p exhaust gas between the upper

and | ower gsHbshaRES8SveAliketehbRell CEREr Bré83Ghesati 6ANSEABEoppdEced 20
pressure in the chanber, the top table Is again |lowered and the

di spl acemend témpbeafily pastehofhei BupBasHtes tbepyweeanthehefpperoand | over
substrates. Then the notor 26, the notor 29, and the notor 30 horizontally

move the beihgndibpibeed]i the p¥éesuridatechyuusitpaflineliynposition the 25
al i gnment marks of the upper and | ower substrates. After finely
posi ti oni ngechritmp4Oapres8urizésar shdrgioeervd liwhh oeeadi el vad cel | 22
to pressurize and bond the substrates. After a predeterm ned pressure for
def orbi ng &dBhERPivé0pbevioRilyt appaidbdstuethe sehshedtet At phessuri zation is
stopped. To tenporarily fasten the substrates to prevent themfrom being
di spl aced, pohitporsfari temponaAtNlyr fadiening thechahssmiéspressuri zes and
gives Wlight over the UV 5 adhesive previously applied to the substrate at
the position Afteretpopararylyagastengnghetbebpressusizanfioar Wenporarily
fastening, the pressurization/W . .
irradiation mechanism 40 is lifted. If the top table 2
uses the electrostatic chuck to hold the substrates under
10 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
15 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
20 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
25 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



irradiation mechanism40 is lifted. If the top table 2 wuses the 5 SEPT 2006
el ectrostatic chuck to hold the substrates under 10 reduced pressure,'ﬁﬁe
voltage applied to the electrostatic chuck is turned off. The top table 2 is

lifted after the period for renoving static electricity. |If the top table 2
uses adhesive to hold the substrates, the upper substrate is nechanically
pressed on the | ower 15 substrate usi nore than one pin, and only the top

table 2 is lifted | eaving the pins préssed downward to rel ease the upper

subst r at e S & AR YILANTRE udlch WHEN HERS (hele ALTRSRNES Beqby

i ntroduci ng an i1 nert gas such as nitrogen of the 20 atnospheric gas through

a valve ongdife Vagidl BreladilielemboliaéiiOsohG dlsS t%*éeg)z%‘l}ﬂ%fja:th%tt hapsfer the

substrates. Mdintenance such as c¢leaning can be done inside the chanmber of

the subst Pt 2% HAINM AP RIS P HJ1Y LS 1arlee SR Wi Ng base plate 7
and the top chanber T2 are 25 connected using the fastening mechani smon the

top champpicalide HHRN sulbthQRd HinRs? cﬁ&‘inbgl%_h"eh%@i%rr tra¥sFed, fled

together in the Z-axis direction using the driving notor 10. Thus, the

nai ntsenanageiebyn e mipHdvand R B Sy 20dRnddhg i eubstri@sy.ble with

t he chanber open. As described above, 'the present enbodi nent solves the

probl em that tAdie ddsr il esRnnotacsemdigly tolthd haidsagasaibstrate
because the substrate bends during the wafer transfer, 5 thereby inproving

t he accur amndingapgiaie tuze ofulitie giresentAd ndendricngd thzowap aadtdiedi ng to
t he substrates
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.



bondi ng apparatus of the present invention, the top table can secuggkyrgﬁkd
the substrate in a predetermned position wthout the effect of the
substrate bending 10 which occurs when3the substrates are transferred into
the apparatus, and particularly when the top table holds the [|arge upper
substrate. Thus, the substrates can be bonded wth inproved accuracy and in
reduced tEpRIMEB SEPT 2006 -23 CLAIMS: 1. Substrates assenbly apparatus

i ncluding: a chanber for producing a reduced pressure atnosphere; a
pressurizing plate configured to hold upside substrate in said chanber and
to be novable up and down; and a substrate hol ding table for hol ding
downsi de subst I at¥ulgppeseteasvemaivd apperaubstiratiedhey d @nctsaibér fressuri zi ng
plate with a space therebetween, said substrate holding table being driven
to positiprodaiidgore r@adcttiepotberre sAAlpisphtes; sapdepswesisainigzirdgtel at e
being lifted and | owered to reduce the space between the substrates, and
sai d substrfiteegedeitnghbbadedside tshdstedteedn psess wiemmdenospHerte besi ng
adhesi ve provided on one of said upside substrate and said downside

subst r at epowtigreiup sadddpyessurd 2 rgbptadte: duniplingesahpbs efdthdmldhnegsucti on
hole to hold the substrate thereon by sucking the substrate by negative
pressur e, dsaigd dor esbarirzingnrostieei sopsoid ded phbsaratsadidleh opadsidhavi ng a
up- and- down noti on nmechani sm near and around the mddle thereof so as to
provi de negmtswezpnespupeet @ithi d spacti chepaldstween, said substrate

holding table being driven to position said one and the other
substrates, sald pressurizing plate being lifted and lowered
to reduce the space Dbetween the substrates, and said
substrates being bonded in the reduced pressure atmosphere
using adhesive provided on one of said upside substrate and
said downside substrate, wherein

said pressurizing plate comprises more than one suction
hole to hold the substrate thereon by sucking the substrate by
negative pressure,

said pressurizing plate is provided plural suction pads
having a up-and~down motion mechanism near and around the
middle thereof so as to provide negative pressure to said

suction pads.

2. The substrates assembly apparatus of c¢laim 1 wherein
more than one suction pad is provided at the end side of said

pressurizing plate opposite the wafer-transfer-in entrance.



2. The substrates assenbly apparatus of claim1l wherein nore than gg 0
suction pad is provided at the end side of said pressurizing plate E‘E)"B%‘} fe
the wafer-transfer-in entrance. 5 SER?42006 -24 3. Substrates assenbly
apparatus including: a chanber for producing a reduced pressure atnosphere;
a pressurizing plate configured to hold upside substrate in said chanber
and to be novabl sunstaadeslowsseantly a appbsatat eiholddirg 4 abl ecHamberhol di ng
downsi de substrate opposite to said one substrate held on said pressurizing
pl ate withoa gpadecidier ebekrveend pakbdsusaibstmedmharel;diagptabdwerizéngg driven
to position said one and the other substrates, said pressurizing plate

bei ng |if pedtantbniigwerddtbohriedugesidee spaceabet ieesaidectsuirstr ands, and
said substrates being bonded in the reduced pressure atnosphere using
adhesi ve peowededvaniong odndalavnupsinde assobtt at ee andldisal daddengode
substrate, wherein the chanber contains a wafer edge correction nmechani sm
for liftihgldive sisstide estloswarad et beppsessurd zang phat eubsieparediiegdon t he
benoi ng anobunt of the end of the finger of the robot hand which transfers

t he upsi densuhstir girestsorsainy plessurizhng pitee YherSudesweathes sasdenbl y
apparatus including: a chanber for producing a reduced pressure atnosphere;
a pressur szbsig gileathe® Ldcoaf Lgoutededinchalmd vapstdepssibstarats iidn cg@i dndhanber
and to be novable up and down; and a substrate holding table for holding
downsi de sudbsttrtatre supposatest cssal ¢prensusihisty aflethebdimn kiaitehkd pmdssuri zi ng
plate wth a space therebetween, said substrate holding table being driven
to positidoowsd onerexhatet heheotdparre between the substrates, and said

substrates being bonded in the reduced pressure atmosphere
using adhesive provided on one of said upside substrate and
said downside substrate, wherein

the chamber contains a wafer edge correction mechanism
for 1lifting the substrate toward the pressurizing plate
depending on the bencing amount of the end of the finger of
the robot hand which transfers the upside substrate to said

pressurizing plate.

4, Substrates assembly apparatus including: a chamber for
producing a reduced pressure atmosphere; a pressurizing plate
configured to hold upside substrate in said chamber and to be
movable up and down; and a substrate holding table for holding
downside 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, sald pressurizing plate being lifted and lowered

to reguce the space between the substrates, and said



substrates, said pressurizing plate being lifted and | owered to reggﬁpr&mg
space between the substrates, and said 5 SEPT 2006 -25 substrates berng
bonded in the reduced pressure atnospbere using adhesive provided on one of
sai d upside substrate and said downsi de substrate, wherein in order to suck
t he upside substrate on said pressurizing plate, nore than one suction

hol di ng hellestdiatiedesbeimyt obdideat on Mmiee rdues, EECisureouptnaisphiereh
includes a negative pressure source or a pressure regulating valve to
separatel ysappl y varadirsiwucti on porcieled5. The wubstr at ese assenbby
apparatus according to one of clainms 1, 3 and 4, further conprising or an
el ect rost aticd upsdkddi agbnecti@niasm saidnricadkbéde veullsdlrditrg weetsmim smto hol d
the wupside substrate during evacuation of the chanber. 6. A nethod for
assenbl i ng substrabegerncitadi mgcki n the vagsidechanberraopposhng sewd
substrates at top and bottomwi th a space therebetween, hol ding by suction
hol di ng necéemnirsmingaphaitd, tiveresihshr abesswrtignt bpladng ahdist tdimides
respectively, positioning the substrates, reducing the space between the
subst r at esntandhbendiong nidye sufisipsat esichsigupuadhesSi vbipn ovndéddesonaone of

t he substrates, wherein the substrate is held on said top table by applying
a sucti onedwlidiengpferscereonsdureem add| e giresaude subgthiateng S5vE&ER 2006 - 26
7. A nethod for assenbling substrates including, in a vacuum chanber,
opposi ng b&warsattedtyr abeby atatieplansudioitdno fowee h

5. The substrates assembly apparatus according to one
of ¢laims 1, 3 and 4, further comprising or an electrostatic
holding mechanism or an adhesive holding mechanism to hold the

upside substrate during evacuation of the chamber.

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

the substrate is held on said top table by applying a

suction holding force on the middle of said substrate.



a space therebetween, holding by suction each of the substrates on o)
and a bottom respectively, positioning the substrates, reducing t space
between the substrates, and bonding-4die substrates using adhesive provided
on one of the substrates, wherein the substrate is held on said top table
by sequentially sucking and lifting the substrate fromthe mddle to the
periphery of the substradefusi Rgsamsutid osulpartkdcrel udidlgdanyp- iands down
notion nechani sm and by sucking the substrate on the top table.

vacuum chamber, opposing two substrates at top and bottom with

a space therebetween, holding by suction 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

the substrate is held on said top table by 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 sucking the substrate on the

top table.



