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THE | NVENTI ON] METHOD AND APPARATUS FOR+ ASSEMBLI NG SUBSTRATE [BQC*EBQMNP
OF THE INVENTION] r The present invention relates to nethod and an
apparatus for assenbling substrates and nore specifically to nethod and an
apparatus for affixing substrates in a vacuum chanber to fabricate a
liquid crystal display panel and so forth. 110 Conventional ly, an apparatus
for assenbling a liquid crystal display panel has been disclosed in
Japanese Application Patent Laid-Qpen Publication No. 2000-284295. An
apparatus for affixing substrates, disclosed in Japanese Application

Pat ent Lai d- Qpen Publication No. '15 2000-284295, applies an adhesive
(thereafter also referred to as "sealant”) to a substrate according to its

shape al ong the pemNPper doquMENTONSPECIFIeAsUbRt rate and then di spenses
liquid crystal within an area confined within the boundaries of the

adhesi ve. Then, iTE'MROQR MEHANSNTION MEOHODLANDAABPARATWS CRORI qui d

crystal has been dispensed is placed on a table and a counter substrate is

vacuum held to AJSEMBLING I SUBJIRAMTE facing to the substrate bel ow, and

subsequently the gap between the substrates is narrowed
[BACKGROUND OF THE INVENTION]

5 The present invention relates to method and an
apparatus for as.sembling substrates and more specifically
to method and an apparatus for affixing substrates in a
vacuum chamber to fabricate a liquid crystal display panel
and so forth.

10 Conventionally, an apparatus for assembling a liquid

~ crystal display panel has been disclosed in Japanese

Application Patent Laid-Open Publication No. 2000-284295.
An apparatus for affixing substrates, disclosed in
Japanese Application Patent Laid-Open Publication No.

15 2000-284295, applies an adhesive (thereafter also referred
to as "sealant") to a substrate according to its shape along
the peripheral portions of the substrate and then dispenses
ligquid crystal within an area confined within the
boundaries of the adhesive. Then, in a vacuum chamber, the

20 substrate on which liquid crystal has been dispensed is
placed on a table and a counter substrate is vacuum held
to a pressurizing plate facing to the substrate below, and
subsequently the gap between the substrates is narrowed

so that the substrates are pressurized and affixed together.

25 Further, the above-mentioned Japanese Application Patent




so that the substrates are pressurized and affixed together. 25 Further,

t he above-nenti oned Japanese Application Patent - 2 Laid-Open Publication
has di scl osed a nmethod for holding and pressurizing the upper substrate in
a vacuum chanber in such a way that, at first the substrate is held in

pl ace by a vacuum hol di ng nmechani sm and after pressure has been 5 reduced
to a specified level, the substrate is héeld in place by an electrostatic
hol di ng mechani sm and then pressurized. |In this procedure, if pressure
continues to decrease while the substrate is being held by a vacuum
hol di ng mechani sm the vacuum hol ding force is reduced causing the
substrate 10 to separate fromthe pressurizing plate and drop on the
substrate bel ow. Therefore, to prevent the upper substrate fromfalling,
an appar at us whi thiflaépenvitdkeicadivlah hgscasslosed & alethode fper h@ehdimd
portions of a substrate in the vicinity of the pressurizing plate, has 15
al so been di scl 0388 presser ibove-thentppaidsUbpinase ingpivacuunoshaabent

Lai d-Qpen Publication. Incidentally, when the size of a substrate increases
and the thi cknes3njsughe@ueay that t 4k fHasitohbe fulppgimatends hgld isuptacat e
only are held as, shown in the above 20 conventional exanple, the center
portion of the sBBst Varsum RolLinepechapiffnaf adéer PIIRSUES HRE BFSR he
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by an electrostatic holding mechanism and then pressurized.
In this procedure, if pressure continues to decrease while
the substrate is being held by a vacuum holding mechanism,
the vacuum holding force is reduced causing the substrate

10 to separate from the pressurizing plate and drop on the
substrate below. Therefore, to prevent the upper
substrate from falling, an apparatus which has movable
holding claws that hold the peripheral portions of a
substrate in the vicinity of the pressurizing plate, has

15 also been disclosed in the above-mentioned Japanese
Application Patent Laid-Open Publication.

Incidentally, when the size of a substrate increases
and the thickness is reduced, if the peripheral portions
of a substrate only are held as shown in the above

20 conventional example, the center portion of the substrate
is deflected downward due to the weight of the substrate
itself. As a result, when the pressurizing plate is
lowered and pressed onto the substrate, an electrostatic

attraction force does not act on the center portion of the

25 substrate, which causes a problem that the substrate cannot
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attraction force does not act on the center portion of the 25 substrate,

whi ch causes a problemthat the substrate cannot 3 be electrostatically
hel d accurately to the pressurizing plate. Furthernore, even when only the
peri pheral portions of a substrate are electrostatically held and
deflection remains in the center portion of the substrate, 5 in sone cases,
the substrate is progressively attracted = th the pressurizing plate from

t he peripheral portions toward the center portion. In this case, however,
there 1is a problemthat strain remains on a glass substrate that has been
held to the pressurizing plate. If strain remains 10 on a substrate, a cel
wll be easily damaged by slight stress or inpact, or the cell' s display
function as a liquid crystal display panel deteriorates due to a :

repetitive strede ébactrdBHITa IINDISUNMARYu Lt dHE dNVENTHEREsdbidheg mai n
pur pose of the present invention is to provide an apparatus and nethod for
assenbl i ng subst paate . Wwiwttheaawrel,i mveat @heheoafigr ehenpéeniphepadbbl ens and
accurately assenble substrates without putting strain on substrates even
t hough the size pprhicndsofad esilsstratresrsl enttitostazdoaiilykhedd asd

reduced. In order to attain the above purpose, the present invention

pl aces a subst r afefiechionffemnaddsohn heaperter Poattd@nont tthe swbetsatier of a

vacuun1chan§er and al so hol ds . .
in some cases, the substrate is progressively attracted

to the pressurizing plate from the peripheral portions
toward the center portion. In this case, however, there
is a problenlthat strain remains on a glass substrate that
has been held to the pressurizing plate. If strain remains

10 on a substrate, a cell will be easily damaged by slight
stress or impact, or the cell's display function as a liquid
crystal display panel deteriorates due to a repetitive
stress load.

[OBJECT AND SUMMARY OF THE INVENTION]

15 The main purpose of the present invention is to provide
an apparatus and method for assembling substrates which
can eliminate the aforemeritioned problems and accurately
assemble substrates without putting strain on substrates
even though the size of a substrate is increased and the

20 thickness is reduced.

In order to attain the above purpose, the present
invention places a substrate to be affixed on a table
located on the underside of a vacuum chamber and also holds
a counter substrate to be affixed directly above the

25 substrate below facing to it by a pressurizing plate which




a counter substrate to be affixed directly above the 25 substrate bel ow
facing to it by a pressurizing plate which - 4 has a vacuum hol di ng
mechani sm and an el ectrostatic holding nechanism Further, in order to
prevent the counter substrate, which has been vacuum held to the
pressurizing plate under atnospheric pressure, .fromdropping due to a 5
decreasi ng vacuum hol ding force in the prod%ss of pressure reduction in a
chanber, the present invention provides substrate hol ding nmechani sns that
mechani cally hold the peripheral portions of the counter substrate. A
substrate hol di ng mechani smthat holds a pair of opposite sides of 10 the
counter substrate has a plurality of holding claws, and anong the hol di ng
claws, holding claws that hold the mddle portions of the substrate edges

are set to be hi ghgya viabaRmAdIRIidiPhetRgntémwad atheseconsds gat bt hoddéngbl es
the control so that the pressure of the vacuum chanber has been 15 reduced

and the substrat gndchaiglsth.byrhstiéng th avsdendd harevenlite thebsonater s
progressively held fromits center portion to the peripheral portions by
el ectrostatic at tagitireite,nehhish HBRbeEnDESGRIP Tledd ©OF tHE pPDRABNIZLNZ0
FIG1 is a schematic diagramof a substrate assenbling_ apparatus which is
an enbodi ment of pleEeuedent atmosphenic PIBSEUE,s IXORBLIPRIAGFARE it Bum

chanber for the substrate assenbli ng.;L apparatus ,shown in FIG 1
5 decreasing vacuum holding force in the process of pressure

reduction in a chamber, the present invention provides
substrate holding mechanisms that mechanically hold the
peripheral portions of the counter substrate. A substrate
holding mechanism that holds a pair of opposite sides of
10 the counter substrate has a plurality of holding claws,
and among the holding claws, holding claws that hold the
middle portions of the substrate edges are set to be higher
than other holding claws. This configuration enables the
- control so that the pressure of the vacuum chamber has been
15 reduced and the substrate is held by holding claws and then
the substrate is progressively held from its center portion
to the peripheral portions by electrostatic attraction
means .
[BRIEF DESCRIPTION OF THE DRAWINGS]
20 FIG.l is a schematic diagram of a substrate assembling
apparatus which is an embodiment of the present invention.
FIG.2 is a top view of a vacuum chamber for the
substrate assembling apparatus shown in FIG.1.
FIG.3 is an enlarged view that illustrates the main

25 portions of a holding claw mechanism in the vacuum chamber




FIG3 is an enlarged viewthat illustrates the main 25 portions of a

hol di ng cl aw nechani smin the vacuum chanber 5 - shown in FIG2. FIG4 is a
configuration diagramthat illustrates a table, pressurizing plate and
auxiliary claw nechanismin the vacuum chanber shown in FIG2. 5 FIGS5 is
a plan view of a substrate hol di ng mechani §m for another enbodinment. FIG 6
is a cross-sectional view of another substrate holding mechanismfor the
enbodi mrent shown in FIG 5. [DESCRI PTION OF THE EMBODI MENTS] 10 A substrate
assenbl i ng apparatus which is a first enbodi nent of the present invention
will be described in detail belowreferring to FIG1 through FIG4. FIG1
Is a schematic diagramthat illustrates a substrate assenbling apparatus
according to the present invention, 15 and FIG 2 is a top view of a vacuum
chanber for the shbethraherrassenbling apparatus shown in FIG 1. FIG3 is

an enlarged viewthat illustrates the main part of a substrate hol di ng
cl aw nmechani sm | ocat #3Gi.A tibeaveeufng ety dlwgman thEtGil2nstapatell & 4 i s
a diagramthat illustrates a table, 20 pressurizing plate and substrate

hol di ng mechani stebbeatpeessuriziang pdatim ardAved ldhswncl aWw meGchanism hown
in FIGi, a substrate assenbling apparatus 100 in accordance wth the
present inventiokh@oNargu® ghamber shown in FIG.2.

5 FIG.5 is a plan view of a substrate holding mechanism
for another embodiment.

FIG.6 is a cross-sectional view of another substrate
holding mechanism for the embodiment shown in FIG.5.
[DESCRIPTION OF THE EMBODIMENTS ]

10 A substrate assembling apparatus which is a first
embodiment of the present invention will be described in
detail below referring to FIG.l through FIG.4. FIG.1l is
a schematic diagram that illustrates a substrate
assembling apparatus according to the present invention,

15 and FIG.2 is a top view of a vacuum chamber for the substrate
assembling apparatus shown in FIG.1l. FIG.3 is an enlarged
view that illustrates the main part of a substrate holding
clawmechanism located in the vacuum chamber shown in FIG.2,
and FIG.4 is a diagram that illustrates a table,

20 pressurizing plate and substrate holding mechanism located
in the vacuum chamber shown in FIG.2.

As shown in FIG.1l, a substrate assembling apparatus
100 in accordance with the present invention consists of
a stage S1, a substrate assembling -section S2, and a Z-axis

25 direction moving stage S3. A frame 2 which supports the
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a stage Si, a substrate assenbling section S2, and a Z-axis 25 direction
novi ng stage S3. A frame 2 which supports the 6 substrate assenbling
section S2 and a frame 3 which supports the Z-axis direction noving stage
S3 are located on a base 1, and the stage Si is located on the top surface
of the base 1. 5 The stage Si is equipped wth an X stage 4a having a
drive notor 5 which allows a Y stage 4b [Tocated on the X stage 4a to nobve
in the X-axis direction as shown in FIG 1. Further, the Y stage 4b has a
drive notor 6 which allows a 6 stage 4c |located on the Y stage 4b to nove
in the -Y-axis 10 direction perpendicular to the X-axis and the Z-axis, as
shown in FIG 1. Furthernore, a support 9a which supports a shaft 9 is

| ocated on the a stage 4c having a drive notor 8, and the drive notor 8

al | ows the suppogub8@rh@er asseMblihg Nse@siacis2 anda Yramage dhicha
rotating bearings 7. 15 A table 10 on which a | ower substrate is placed is

| ocated on the uppppoend tiie thaxdibadiréct fom iMosringoatagad3 afreabocatedl is
nounted to the Y stage 4b and the other end is nmounted to an airtight
hol di ng body 13. ofihe baiset L gland hbeds tagd&dyid daeamdondde $opt parfage
surrounds t.he shaft 20 9 via rotating bearings and vacuum seal. The | ower
end of a vacuunrfethewbase 1s nounted to the airtight holding body 13.
The upper end of the vacuumbellows 12 is nmounted to the external wall of
a vacuum chinber 14. Thgchtage S1 is equipped with an X stage 4a having a
drive motor 5 which allows a Y stage 4b located on the X
stage 4a to move in the X-axis direction as shown in FIG.1.
Further, the Y stage 4b has a drive motor 6 which allows
a B stage 4c located on the Y stage 4b to move in the Y-axis

10 direction perpendicular to the X-axis and the Z-axis, as
shown in FIG.1l. Furthermore, a support 9a which supports
a shaft 9 is located on the 8 stage 4c having a drive motor
8, and the drive motor 8 allows the support 9a to rotate
with respect to the Y stage 4b via rotating bearings 7.

15 A table 10 on which a lower substrate is placed is
located on the upper end of the shaft 9. Further, one end
of an arm 11 is mounted to the Y stage 4b and the other
end is mounted to an airtight holding body 13. The airtight
holding body 13 is provided so that it surrounds the shaft

20 9 via rotating bearings and vacuum seal. The lower end of
a vacuum bellows 12 is mounted to the airtight holding body
13. The upper end of the vacuum bellows 12 is mounted to
the external wall of a vacuum chamber 14. Such a

configuration of the airtight holding body 13 ensures

25 smooth rotation of the shaft 9 as well as excellent



configuration of the airtight holding body 13 ensures 25 snooth rotation
of the shaft 9 as well as excellent 7 airtightness and prevents the arm 11
and the vacuum bellows 12 fromrotating together with the shaft 9 when the
shaft 9 rotates. The substrate assenbling section S2 consists of a 5
vacuum chanber 14; a table 10 and a pressurizing plate 15 |ocated in the
vacuum chanber 14; a first substrate hol di g~ mechani sm 40 and a second
substrate hol di ng mechanism 60 both of which hold, lift, and | ower a
substrate as will Dbe described later; and a gate valve 16 |ocated at an 10
inlet/outlet port of the vacuum chanber 14. As shown in FIG1, the
pressurizing plate 15 is nounted to a Z-axis direction noving base 27 via
shafts 25. A shaft 25 is enclosed by a vacuum bell ows 26. one end of the

vacuum bel | ows %@ﬂt&gﬁ%ﬁ@gg%ﬁ&Fkbeeﬁfsé@H@&nmalll aRd theeva@ouwbelfowbanber
14 and the other end iI"'s nounted to the Z-axis direction noving base 27.

The vacuum bel | ows 26ofBdtaE NSy tdgeRBerMEtAlthe Bhalfe 9achemmtdiasbeftls.
The undersi de of the vacuum chanber 14 has a duct 20 for |ow pressure

exhaust from the gvaouareshanber 14. The 20 duct 20 is connected to a
vacuum punp (not shown) via a swi tching valve (not shown). Further, a duct
21 and a vent swi tchiheg sulistera2? aseepmbtangdseatine %%s¢@@5%ﬁt$HEthcuum
chanber 14 to convert the chanber froma pressure reduction
5 vacuum chamber 14; a table 10 and a pressurizing plate 15
located in the vacuum chamber 14; a first substrate holding
mechanism 40 and a second substrate holding mechanism 60
both of which hold, lift, and lower a substrate as will
be described later; and a gate valve 16 located at an
10 inlet/outlet port of the vacuum chamber 14. As shown in
FIG.1l, the pressurizing plate 15 is mounted to a Z-axis
direction moving base 27 via shafts 25. A shaft 25 is
enclosed by a vacuum bellows 26. One end of the vacuum
bellows 26 is mounted to.the external wall of the vacuum
15 chamber 14 and the other end is mounted to the Z-axis
direction moving base 27. The vacuum bellows 26 maintains
a vacuum state in the vacuum chamber 14.
The underside of the vacuum chamber 14 has a duct 20
for low pressure exhaust from the vacuum chamber 14. Thé
20 duct 20 is connected to a vacuum pump (not shown) via a
switching valve (not shown). Further, a duct 21 and a vent
switching valve 22 are located on the upside of the vacuum
chamber 14 to convert the chamber from a pressure reduction

state to an atmospheric pressure state. Furthermore, the

25 upside of the vacuum chamber 14 has an observation window



state to an atnospheric pressure state. Furthernore, the 25 upside of the
vacuum chanber 14 has an observation window - 8 23 to | ook at alignnent
mar ks (not shown) so that two substrates can be affixed w thout

di sl ocati on. Through the observation wi ndow 23 and a mark recognition hole
(not shown) located in the pressurizing plate 15, a recognition 5 canera
24 nmeasures the dislocation of alignnent narks for both upper and | ower
substrates, and based on the obtained neasurenents, alignnents are nmade to
correct the dislocation of both substrates' positions. Now, the
configuration of the vacuum chanber 14 will 10 be described in detail with
reference to FIG 4. A table 10 has vacuum hol ding ports to vacuum hold a

| ower substrate B2, and each vacuum hol ding port is connected to a
vacuum hol di ng valaveo( nebkshewa)igmeetednarksi (et rehownge somtdld&ntbae 14 vi a
a duct 17. Furthernore, the table 15 10 has el ectrostatic chucks 10a to 10c
for el ectrostati aubstirazesi oanp hadaffinded fwitport tdislasiaddionodeEhaprgh
negative electrodes are drawn out fromthe vacuum chanber 14. Nbreover, a
pressuri zi ng pl atdelsbatsvahien wisdom 2haeindi Aghazdy recegaitianp hoﬂ@c(ﬁﬂﬂ
ducts 19a, 19b, 19c, and 20 vacuum hol di ng 6 val ves (.not shown) for

duct are provi de¢howndi Hecatrd JRCERRPEREFHELZiRT PRALS deu fhre BHBFﬁéopange
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both upper and lower substrates, and based on the obtained
measurements, alignments are made to correct the
dislocation of both substrates' positions.
Now, the configuration of the vacuum chamber 14 will
10 be described in detail with reference to FIG.4. A table
10 has vacuum-holding ports to vacuum hold a lower
substrate B2, and each vacuum-holding port is connected
to a vacuum-holding valve (not shown) located outside the
vacuum chamber 14 via a duct 17. Furthermore, the table
15 10 has electrostatic chucks 10a to 10c for electrostatic
attraction, and leads for positive electrodes and negative
electrodes are drawn out from the vacuum- chamber 14.
Moreover, a pressurizing plate 15 also has vacuum-
holding ports 18a, 18b, 18c and ducts 1%a, 19b, 19c, and
20 vacuum-holding valves (not shown) for each duct are
provided outside the vacuum chamber 14. The vacuum-
holding range of vacuum-holding ports 18a to 18c is, as
shown in FIG.4, divided into three areas corresponding to
each port: right, center, left; as seen on the drawing.

25 This configuration allows each vacuum-holding valve to



each port: right, center, left; as seen on the drawing. 25 This
configuration allows each vacuum hol ding valve to 9 swtch the
vacuum hol ding area that corresponds to each vacuum holding port 18a to
18c. Furthernore, ducts 19a to 19c are connected to vacuum vent val ves,
and opening the valves will restrict or rel ease vacuum hol di ng areas t hat
5 hold a substrate. Moreover, the pressuri?iﬁg plate 15 has a plurality of
el ectrostatic chucks 15a to 15c¢c which divide the electrostatic holding
range into plural areas. Leads for positive electrodes and negative

el ectrodes of the 10 electrostatic chucks are drawn out fromthe vacuum
chanber 14 so that each electrostatic chuck can individually control the
el ectrostatic holding area. The Z-axis direction noving stage S3 consists
of a Z-axis direeiten ohyivgohasholbing Reaa ghadegozBespohas| toléasier ew
29 and an electrical notor 30, and the Z-axis direction noving base 27
lifts and | ower svhbeuprbsidingipogt ate Ifc. Fiurbermoee , adwoid 16k to
apparatus 80 controls various drive nmeans which include a drive notor 5
through air 20 t9¢iadercomBetadd té2bactnam wert pradwiededand ohenabgvehe
mentioned stage Si, substrate assenbling section S2 and Z-axis direction
movi ng st age S3. Vak¥es wijgsregteiablan ngleashavaenynflmrldingpsenst ehat

5 hold a substrate.

Moreover, the pressurizing plate 15 has a plurality
of electrostatic chucks 15a to 15¢ which divide the
electrostatic holding range into plural areas. Leads for
positive electrodes and negative electrodes of the

10 electrostatic chucks are drawn out from the vacuum chamber
14 so that each electrostatic chuck can individually
control the electrostatic holdiﬁg area.

The Z-axis direction moving stage S3 consists of a
Z-axis direction moving base 27, linear guides 28, a ball

15 screw 29 and an electrical motor 30, and the Z-axis
direction moving base 27 1ifts and lowers the pressurizing
plate 15.

Furthermore, a control apparatus 80 controls various

drive means which include a drive motor 5 through air

20 cylinders 62a and 62b that are provided in the above-
mentioned stage S1, substrate assembling section S2 and
Z-axis direction moving stage S3.

Next, substrate holding mechanisms for a substrate
assembling apparatus in accordance with the present

25 invention will be described with reference to FIG.2 through



assenbl i ng apparatus in accordance with the present 25 invention will be
described with reference to FIG 2 through 10 - FIG 4. As shown in FIG 2, a
first substrate hol ding mechanism 40 is |ocated on the right and left of a
substrate in the vacuum chanber 14, seen froma gate valve 16. Also, a 5
second substrate hol di ng nechanism 60 is | Sated at the front and back of
a substrate in the vacuum chanber 14, s€en froma gate valve 16. Now, the
configuration of the first substrate holding mechanism40 will be
described. Holding claws (holding 10 bodies) 4la, which are disposed in

hi gher | ocations than holding claws (hol ding bodies) 41b by the anount of
defl ection (shown as "d" in FIG 3) applicable to the upper substrate B1,

are mounted to coupling plates 42 respectively. This is, as illustrated by
broken lines in EBGFEG 4, for the upper substrate Bi to be held in a convex
shape by claws 4la and 41b, as will be described later. 1In this

embodi ment, the hei ghAs fowrhan®lGihgadiaes gubstiateihbildiaginécivmidmt of
the holding claws 41b. However, by setting both holding claws 4la and 41b
to be at al nost %9 ihdogakRedhenghie anibhthangi hefv el grshbstiragecdndihe ons,
It is possible to obtain the sane result as the case where the upper
substrate Bi is VRFEUPCRAamRer M stgr TXam@puats yerave 16-i AMRint&d to a

| near gu'qf 43 second substrate holding mechanism 60 is located at the

front and back of a substrate in the vacuum chamber 14,
seen from a gate valve 16. .
Now, the configuration of the first sﬁbstrate holding
mechanism 40 will be described. Holding claws (holding
10 bodies) 4la, which are disposed in higher locations than
holding claws (holding bodies) 41b by the amount of
deflection (shown as "d" in FIG.3) applicable to the upper
substrate Bl, are mounted to coupling plates 42
respectively. This is, as illustrated by broken lines in
15 FIG.4, for the upper substrate Bl to be held in a convex
shape by claws 4la and 41b, as will be described later.
In this embodiment, the height of the holding claws 4la
is different from that of the holding claws 41b. However,
by setting both holding claws 4la and 41b to be at almost
20 the same height and changing vacuum-holding conditions,
it is possible to obtain the same result as the case where
the upper substrate Bl is held in a convex shape.
A coupling plate 42 is mounted to a linear guide 43
which is mounted to an elevating plate 44 so that it can

25 horizontally move in the direction of the arrow Rl shown



which is nmounted to an elevating plate 44 so that it can 25 horizontally
nove in the direction of the arrow RI shown - 11 in the drawi ng. Further,
the coupling plate 42 is mounted to a linear guide 46 via a netal fixture
45, and the linear guide 46 is configured to nove up and down along a
guide plate 47 in the direction of the aryrLow R2 showmn in FIG 3. 5 The
above-nmentioned configuration will now be &es’cri bed in detail. The guide
plate 47 is penetrated by a ball screw 48a which is screw threaded to nuts
48b. The guide plate 47 can nove horizontally in the direction of the
arrow Rl by rotating the ball screw 48a by a notor 49. 10 Further, a |inear
guide 52 is provided at the ower end of the guide plate 47 so that the

| ower end of the guide plate 47 does not shake when the notor 49 rotates
and al so the guind&hplditawidiy.caffustberhltherovepil ing e adig é2t iomountedhe
arrow R1L. 15 This configuration allows the |linear guide 46 to nove

hori zontal |y intthe Hinewr guadefd (¢ Ndaaa mebal finbwe 45 + Apd thewliimgarhen
the guide plate 47 noves horizontally driven by the notor. 49. As a result,
the coupling pl &Ede 4phpshconil deP MPVEhaP| ARG Ao alonp angidgle
horizontally in 20 the_direction of the arrow Rl shown in the drawing via a

li near guide 43 Rk 4d 10 B SrEesting Bf athe ArrowaRe ofewiy iR FGi-di-ng

clavs 4la and 41b myynted Lo the. ;coualLag oLate 42, moye horl zgptal ly Tn

described in detail. The quide plate 47 is penetrated by
a ball screw 48a which is screw threaded to nuts 48b. The
guide plate 47 can move horizontally in the direction of
the arrow Rl by rotating the ball screw 48a by a motor 49.

10 Further, a linear guide 52 is provided at the lower end
of the guide plate 47 so that the lower end of the guide
plate 47 does not shake when the motor 49 rotates and also
the guide plate 47 can smoothly move in the direction of
the arrow Rl.

15 This configuration allows the linear guide 46 to move
horizontally in the direction of the arrow R1 shown in the
drawing when the guide plate 47 moves horizontally driven
by the motor 49. As a result, the coupling plate 42 which
is mounted to the linear guide 46 moves horizontally in

20 the direction of the arrow R1 shown in the drawing via a
linear guide 43 mounted to an elevating plate 44.
Accordingly, holding claws 4la and 41b mounted to the
coupling plate 42 move horizontally in the direction of
the arrow Rl.

25 Furthermore, the elevating plate 44 can move up and



the arrow R1. 25 Furthernore, the elevating plate 44 can nove up and - 12
down al ong a support plate 51, which is vertically nounted to the bottom
surface of the vacuum chanber 14, via a linear guide 50. Both ends of the
el evating plate 44 have rack gears 54. A drive force, provided by a notor
55, is 5 transmtted to the rack gears 54 Xia a screw gear 56, a shaft 57
and a pinion gear 58 to lift and | ower the élévating pl ates 44. Thus, the
coupling plate 42 nounted to the elevating plate 44 noves up and down.
That is, holding claws 41la and 41b nounted to the coupling plate 42 nove
10 up and down in the direction of the arrow R2. Next, the configuration of
the second substrate hol ding mechanism 60 wll be described. Hol ding cl aws
6la and 61b, which are nmounted to air cylinders 62a and 62b respectively,
can move up and MM &logg aBUppoOnt platiehsl lSidictedsi verticaliky awnofeRks
shown in FIG 4) and can rotate 90 degrees (i.e. novenent in the direction
of the arrow R4 tshbha bottbhG&)fadaipthdrg vatuis givasberabl e vilhad liR€arupper
surface of the holding claws 4la, 41b and 6la, 61b is rounded so that when
the hol di ng cl awsyudaiee 50R cBetmoendz0 ofi thet Bdevatbng spkatr & bhayie &apkr
substrate Bl they do not damage the substrate surface. Now, referring
again to FIG 1, ®egow 5dl- abpdrihyest®re s ey RS &Y én "ot§%alPs «t d8vari ous

drive means which . .
5 transmitted to the rack gears 54 via a screw gear 56, a

shaft 57 and a pinion gear 58 to 1ift and lower the elevating

plates 44. Thus, the coupling plate 42 mounted to the

elevating plate 44 moves up and down. That is, holding

claws 4la and 41b mounted to the coupling plate 42 move
10 up and down in the direction of the arrow R2.

Next, the configuration of the second substrate
holding mechanism 60 will be described. Holding claws 6la
and 61b, which are mounted to air cylinders 62a and 62b
respectively, can move up and down (i.e. movement in the

15 direction of the arrow R3 shown in FIG.4) and can rotate
90 degrees (i.e. movement in the direction of the arrow
R4 shown in FIG.2). Further, it is preferable that the
upper surface of the holding claws 4la, 41b and 6la, 61b
is rounded so that when the holding claws come in contact

20 with the lower surface of an upper substrate Bl they do
not damage the substrate surface.

Now, referring again to FIG.1l, a control apparatus 80
sends operation signals to various drive means which
include a drive motor 5 through air cylinders 62a and 62b

25 that are included in the above-mentioned stage S1,



i nclude a drive nmotor 5 through air cylinders 62a and 62b 25 that are

I ncl uded in the above-nentioned stage S1, - 13 substrate assenbling
section S2 and Z-axis noving stage S3. An operator of the assenbling
apparatus 100 determ nes whether to send operation signals based on the
out put of detection sensors (not shown) which are annexed to various 5
drive neans or neasured results of alignﬁeﬁ marks for both substrates
nmeasured by a recognition canmera 24. For some portions, a sequence program
(i.e. an appropriate portion of the assenbly process, as will be described
| ater, has been programmed) which has been incorporated into the 10
control apparatus 80 is executed. Next, the substrate assenbly process
executed by the above-nentioned substrate assenbling apparatus will be
descri bed i n det aubstkiatet asgaénbling geéct i@l \82 hadhgs-akéenmoopagestage
substrate transfer hand of a transfer machine 15 (not shown) installed
out si de t he vacuéd.chbmoperagornsfeths asapmbpprg applasatasel Bldetehmingsfi|l m
surface faced down into the vacuum chanber 14 fromthe gate. valve 16

si de. Subsequenwhgthepfeteudrnd apenatdesf gighahs preedam the oupput elirf ace
of - the upper substrate Bl onto the |ower 20 surface of the pressurizing
plate 15 and si mietgrEans| sensasudRrhdcthymhshigharesapaered Brapionkans

of vacuun}holdigg_eorts 18a to 18c of the press rjzin%nPlate 15. After
the upper sdbstrSFEVEIMERARS BEMPARILFHT FR1HLS PRl ignment marks for both

substrates measured by a recognition camera 24. For some

portions, a sequence program (i.e. an appropriate portion

of the assembly process, as will be described later, has

been programmed) which has been incorporated into the
10 control apparatus 80 is executed.

Next, the substrate assembly process executed by the
above-mentioned substrate assembling apparatus will be
described in detail. First, after a gate valve 16 has been
opened, a substrate transfer hand of a transfer machine

15 (not shown) installed outside the vacuum chamber 14 inserts
an upper substrate Bl with its f£film surface faced down into
the vacuum chamber 14 from the gate valve 16 side.
Subsequently, the substrate transfer hand presses the
upper surface of the upper substrate Bl onto the lower

20 surface of the pressurizing plate 15 and simultaneously
vacuum holds the upper substrate Bl by means of
vacuum-holding ports 18a to 18c of the pressurizing plate
15. After the upper substrate Bl has been vacuum held, the
substrate transfer hand is retracted to the outside of the

25 vacuum chamber 14.



substrate transfer hand is retracted to the outside of the 25 vacuum
chanber 14. - 14 Subsequently, a notor 55 which is included in the first
substrat e hol di ng nmechani sm 40 noves hol ding claws 4l1a and 41b to the

hei ght between the pressurizing plate 15 and the table 10, and a notor 49
noves hol ding claws 41a and 5 41b to the lZosition where the upper substrate
Bl can be accepted, and then, the subsTr e transfer hand located outside
t he vacuum chanber 14 transfers a | ower substrate B2 onto the hol ding
claws 4la and 41b. After the |lower substrate B2 has been set in place, the
hol di ng cl aws 41a 10 and 41b which carry the | ower substrate B2 are | owered
by a nmotor 55 to an anti claw interruption groove (not shown) which is
provi ded on the table 1(c). By doing so, the lower substrate B2 is set in
pl ace on the table $0bséqgaentdyf a metsobe6wibRM iednicd uded pertheheiedt
portion of the upper 15 surface of the |lower substrate B2 so that it forns
a frame, and asdestrate doddimgohethanish dbysdvads haddhagreliwpdiseand and
contained within the boundaries of the frame formed by the sealant. After
t he above proce4tbhts thermdiglithstwesnnther pressa2pindngzphatte| I5 mwks t he
hol ding claws 41la and 41b away from the table 10 and then the claws_ becone
in a stand-by nble.talFle ti{br andhe BoBRY 4l araveshdpdidimgnglpysrélaaridd to

the outside of the vacuum chanber 14 and_then the gate val ve
5 41b to the position where the upper substrate Bl can be

accepted, and then, the substrate transfer hand located
outside the vacuum chamber 14 transfers a lower substrate
B2 onto the holding claws 4la and 41b. After the lower
substrate B2 has been set in place, the holding claws 4la
10 and 41b which carry the lower substrate B2 are lowered by
a motor 55 to an anti claw interruption groove (not shown)
which is provided on the table 10. By doing so, the lower
substrate B2 is set in place on the table 10. A sealant
has been applied to the peripheral portion of the upper
15 surface of the lower substrate B2 so that it forms a frame,
and a desired amount of liquid crystal has been dispensed
and contained within the boundaries of the frame formed
by the sealant.
After the above process has been finished, a motor 49
20 horizontally moves the holding claws 4la and 41b away from
the table 10 and then the claws become in a stand-by mode.
Further, the substrate transfer hand is retracted to the
outside of the vacuum chamber 14 and then the gate valve
16 is closed.

25 Next, holding claws 6la and 61b are lifted by air



16 is closed. 25 Next, holding claws 6la and 61b are lifted by air 15
cylinders 62a and 62b and after being rotated 90 degrees at the ascendi ng
end, the holding claws are | owered. This mechanismallows the | ower
substrate B2 to be supported sandw ched by the holding claws 6la, 61b and
the table 10. 5 In such a position, the Iogr substrate B2 is vacuum hel d
to the table 10 by using vacuum hol di ng dutts™ 17 provided on the table 10.
The-reason that the | ower- substrate B2 is supported sandw ched by the

hol ding claws 6la, 61b and the table 10 is to prevent the | ower substrate
B2 fromnoving 10 off the table 10 when a trace of air which remains
between the table 10 and the | ower substrate B2 is discharged in the
process of reducing pressure in the vacuum chanber 14. After the | ower
substrate B2 haschéendens Uiln leeidl 62b ahdeafiaht delig hotdiag 86 avegrdeas and
41b whi ch have been 15 in the stand-by node at the hei ght between the
pressuri zi ng pl adt tie: aadendéngayidy tbedraldiorg zbawaldne rowddednd Thig ed
until the holding claw 41a comes in contact with the |ower surface of the
upper substrat e BECHRREFN Rkl theadewer Kubgtratehd? ptedssersuparisdt e

15. Further, the u (ﬁ)er 20 _substrate Bl has been horizontally vacuumheld to
the pressurizi n@a‘g wiched by ghe o lshing Agavs i 416 1bsand dhectablewed- t han

the hol di ng. cl aw.41a the appunt of "d"; therefore, at this point, the
hol ding cl gsw 41\3&%(556%09%& position, t%e lower substrate B2 is vacuLFljm held

to the table 10 by using vacuum-holding ducts 17 provided
on the table 10. The reason that the lower substrate B2
is supported sandwiched by the holding claws 6la, 61b and
the table 10 is to prevent the lower substrate B2 frommoving
10 off the table 10 when a trace of air which remains between
the table 10 and the lower substrate B2 is discharged in
the process of reducing pressure in the vacuum chamber 14.
After the lower substrate B2 has been vacuum held to
the table 10, holding claws 4la and 41b which have been
15 in the stand-by mode at the height between the pressurizing
plate 15 and the table 10 are horizontally moved and lifted
until the holding claw 41a comes in contact with the lower
surface of the upper substrate Bl which has been vacuum
held to the pressurizing plate 15. Further, the upper
20 substrate Bl has been horizontally vacuum held to the
pressurizing plate 15 and the holding claw 41b is located
lower than the holding claw 4la by the amount of "d";
therefore, at this point, the holding claw 41b does not
come in contact with the lower surface of the upper

25 substrate Bl.



cone in contact with the | ower surface of the upper 25 substrate Bl. 16
After the upper substrate Bi and the holding claw 41a cone in contact with
each other, vacuum hol ding ports 18a and 18c which are | ocated on both
ends of three vacuum areas on the pressurizing plate 15 are vacuum vented
(i.e. to 5 return to an atnospheric pressugg state), and only a

vacuum hol ding port 18b located in the nmddfe is providing a

vacuum hol ding force. By doing so, the upper substrate Bl is deflected
downward due to the weight of the substrate itself and both ends of the
upper substrate Bl sag, i.e., 10 the substrate becones convex with a md
point on the line between holding claws 4la as a center. As a result, as
illustrated by broken lines in FIG 4, the gate valve 16 side peripheral
portion of the upperAftbsttle eppercaubderapé &ledndntize tuldiing ellaw 41b.
Subsequently, the 15 vacuum holding port 18b located in the m ddle on the
pressuri zi ng pl agemesin conjegtnwienteath ather, thacwbmve Jptioseporhasl deen
finished, the vacuum_ chanber 14 begi ns an exhausting process by using a
vacuum punp con®Rétlde vivigh azetlogntes padtd prds siff bhree Masuwuacanea0

chanber 14. After pressure reduction _has started and when the vacuum
condition in the®athERTeRfiHekz g Pdatfed Saarge¥pFEEMpYERtade(i.-e. to

electrostatic attracti on between the .pressurizin | ate 15 and_t he upper
B% andre@urn to an atmosp erl% pressure %tgte), and only a PP

substrate

vacuum-holding port 18b located in the middle is providing
a vacuum-holding force. By doing so, the upper substrate
Bl is deflected downward due to the weight of the substrate
itself and both ends of the upper substrate Bl sag, i.e.,

10 the substrate becomes convex with a mid point on the line
between holding claws 4la as a center. As a result, as
illustrated by broken lines in FIG.4, the gate valve 16
side peripheral portion of the upper substrate Bl can be
placed on a holding claw 41b. Subsequently, the

15 vacuum-holding port 18b located in the middle on the
pressurizing plate 15 is vacuum-vented.

After the above process has been finished, the vacuum
chamber 14 begins an exhausting process by using a vacuum
pump connected to a duct 20 to reduce pressure in the vacuum

20 chamber 14. After pressure reduction has started and when
the vacuum condition in the vacuum chamber 14 reaches a
desifed pressure, electrostatic attraction between the
pressurizing plate 15 and the upper substrate Bl and

electrostatic attraction between the table 10 and the lower

25 substrate B2 are executed. An appropriate degree of the



el ectrostatic attracti on between the table 10 and the | ower 25 substrate B2
are executed. An appropriate degree of the 17 pressure reduction is the
pressure at which discharge between electrostatic el ectrodes and
substrates hardly occurs when the electrostatic force is acted on (i.e.

di scharge state which does not damage substrates). 5 Because the | ower
substrate B2 is placed directly on the ra&ﬁe-lo, it remains on the table
10 when vacuum holding is switched to electrostatic hol ding. Mreover, if
substrates are electrostatically held fromthe begi nning under an

at nospheric pressure w thout activating the 10 electrostatic force when the
pressure has been reduced to sonme extent as shown in this enbodi nent, a
probl em occurs that applying voltage to electrostatic chucks to make them
approach subst r atgrsesmr e« adBRictiisthdsgehbepyegsut eat Wisict dbsanwk gde

el ectrostati c chucks, causing danages 15 to the substrates. Therefore, in
t hi s enbodi nent, beudeshr alestanastadtichelldchyodbecandssabsitrattex eandilty | t he
pressure is reduced to a specified level. On the other hand, because the
upper substrate Bicdurs cdrerethieciedgchebdtbyicl forcd 1as ancttad on sfigey
activating 20 the electrostatic force to the pressurizing plate 15 will

not hori zont al | y Higichange $hade shbshr deesppot odanageraalskiater) pl ate 15.

Therefore, first, an electrostatic chuck 15b | ocated in_the mddle is
oper at ed Because the lower substrate B2 is placed directly on the

table 10, it remains on the table 10 when vacuum holding
is switched to electrostatic holding. Moreover, if
substrates are electrostatically held from the beginning
under an atmospheric pressure without activating the

10 electrostatic force when the pressure has been reduced to
some extent as shown in this embodiment, é problem occurs
that applying voltage to electrostatic chucks to make them
approach substrates may cause discharge between the
substrates and the electrostatic chucks, causing damages

15 to the substrates. Therefore, in this embodiment,
substrates are not held by electrostatic chucks until the
pressure is reduced to a specified level.

On the other hand, because the upper substrate Bl is

convex being held by claws 4la and 41b, simply activating

20 the electrostatic force to the pressurizing plate 15 will
not horizontally hold the upper substrate Bl to the
pressurizing plate 15. Therefore, first, an
electrostatic chuck 15b located in the middle is operated
to electrostatically hold the center portion of the

25 substrate. Subsequently, agatevalve 16 side holding claw



to electrostatically hold the center portion of the 25 substrate.
Subsequently, a gate valve 16 side holding claw 18 6la is lifted so that

t he saggi ng gate valve 16 side edge of the upper substrate Bl which has
been supported by the holding claw 41b can be lifted. Thus, the hol ding
claw 61a |lifts the saggi ng edge of the upggr substrate Bl close to 5 the
pressurizing plate 15 until the electrosTatPc force acts onit. After
that, by applying voltage to an electrostatic chuck 15a, the gate val ve 16
si de edge of the upper substrate Bi can be electrostatically held to the
pressurizing plate 15. Next, in the sane manner as the 10 above, the other
saggi ng edge of the upper substrate Bl, which is |ocated on the opposite
side of the gate valve 16, is lifted close to the pressurizing plate 15 by

lifting a holdi myackava fitedinio khhbetlé esdggisiggatel valee di side edge
Then, voltage is applied to an electrostatic chuck 15c 15 so that the other
saggi ng edge of tdfethppespet safsatratBlBl adnidie helsebeenstupadted byektet o
the pressurizing plate 15. Thus, the upper substrate Bl can be

el ectrostati cal | ynolkdng dioaw dhtcd petbiftrd pr 8bvar idienjopling akavw phat he
above-nentioned upper substrate electrostatic 20 process, if a holding
claw 61b, which idfitécEhedsagging edgedet rheumbpers BREEEREe B) IS9QS RO s

not supported by a holding claw is lifted befaore a_holdin l.aw_6la has
been |ifted, or Hh& WﬁésBFé%nﬁlﬁl%\Hﬁ B g et §%Ietl§ﬁé?56’§%?%lc force

acts on it. After that, by applying voltage to an
electrostatic chuck 15a, the gate valve 16 side edge of
the upper substrate Bl can be electrostatically held to
the pressurizing plate 15. Next, in the same manner as the
10 above, the other sagging edge of the upper substrate Bl,
which is located on the opposite side of the gate valve
16, is lifted close to the pressurizing plate 15 by lifting
a holding claw 61b until the electrostatic force acts on
it. Then, voltage is applied to an electrostatic chuck 15¢
15 so that the other sagging edge of the upper substrate Bl
can be electrostatically held to the pressurizing plate
15. Thus, the upper substrate Bl can be electrostatically
held horizontally to the pressurizing plate 15.
In the above-mentioned upper substrate electrostatic
20 process, if a holding claw 6lb, which is located on the
side on which substrate deflection is not supported by a
holding claw, is lifted before a holding claw 61a has been
lifted, or holding claws 6la and 61b are simultaneously
lifted toward the pressurizing plate 15, the upper
25 substrate Bl is set to be held by holding claws 4la, 6la



lifted toward the pressurizing plate 15, the upper 25 substrate Bl is set
to be held by holding claws 4l1la, 6la - 19 and 61b, however, at this point,
a convex shape of the substrate is inverted to a recessed shape. As a
result, the distance between the recessed portion and the pressurizing

pl ate 15 increases, which makes it inpossi lile 5 for the upper substrate Bl
to be electrostatically held horizontally tgo"t he pressurizing plate 15.
Therefore, to avoid such inverted deflection, a holding claw 6la which is
| ocated on the same side as a holding claw 41b, is first Ilifted. Once an
el ectrostatic chuck 15a has 10 electrostatically held the gate val ve 16
side edge of the wupper substrate Bl, when the other edge of the substrate
is lifted by a holding claw 61b, the upper substrate Bl is not deforned
into such a shaperss 6ddschowesrezboat, thhd pohet upperorudstghape RIE dde be
hel d horizontally to the 15 pressurizing plate 15. Mreover, in the
above- ment i oned elubsthredieatisc inpeseed sto inesgssed sbapent A8 18y rgsPiited to
each electrostatic chuck 15a to 15c. However, it is possible to apply

vol tage to el ect itdt stiistapege bstyvsanakie156cqesed PHEC ARG i Shen
voltage is applied to an electrostatic chuck 15pb. b

substrate Bl is CORFSREEIRG PHRThIPAMFASEL W é?gf‘f‘%g(sé%n%{];"g’%%tesﬁ@le
electrostatic Torge I°%pn2 26hsflatl®Po09 N SRS W dWUat 1§ reld

horizontally to the pressurizing plate 15. Therefore, to
avoid such inverted deflection, a holding claw 6la which
is located on the same side as a holding claw 41b, is first
lifted. Once an electrostatic chuck 15a has

10 electrostatically held the gate valve 16 side edge'of the
upper substrate Bl, when the other edge of the substrate
is lifted by a holding claw 61b, the upper substrate Bl
is not deformed into such a shape as described above, and
the upper substrate Bl can be held horizontally to the

15 pressurizing plate 15. |

Moreover, in the above-mentioned electrostatic

process, voltage is sequentially applied to each
electrostatic chuck 15a to 15c. However, it is possible
to apply voltage to electrostatic chucks 15a and 15c at

20 the same time when voltage is applied to an electrostatic
chuck 15b because the upper substrate Bl is convex being
by holding claws 4la, 41b and also the electrostatic force
does not act on the sagging edges but only on the center
portion of the substrate.

25 As described above, after the upper substrate 81 has



portion of the substrate. 25 As descri bed above, after the upper substrate
81 has 20 been electrostatically held to the pressurizing plate 15 and
the | ower substrate B2 has been electrostatically held on the table 10,

hol ding cl aws. 6l1a and 61b are rotated and retracted fromthe substrate
surface, and also holding 5 claws 41a and é%b are horizontally noved away
fromthe substrate surface, and then thé aWws enter into a stand-by

node. Under the above condition, an electrical notor 30 Ilowers a Z-axis
direction noving base 27 to make the upper 10 substrate Bi approach the

| ower substrate B2. At this point, a recognition canera 24 detects

al i gnnent marks which are provided on the upper and the | ower substrates
Bl and B2 and neasures the dislocation of the substrates' positions. Based
on the obtai ned messueteettssthbicslbgthellbtsi the msdsutizichg pPrateppsr
substrate Bl and | ower substrate B2 are panel aligned by noving the | ower
substrate B2 by andethe dédwenosmbstrattddl hdebeppeel anthsigtatacaBllyahdldhe

| ower substrate B2 are accurately affixed. After the panel alignnent has
been made, the ZoaxtBe tEplH dfct hohdinwicAgwsatla 2nd § lbuaxdaotadesr atidso
that the upper substrate Bl is stacked on the |ower substrate B2 to which

a seal ant has be&®tapptrddframpibguewpsiratysustianar Ansk adsioc rodeddg n

liquid crystal therebetween
g y 5 cﬁaws 4la and 41b are horizontally moved away from the

substrate surface, and then the claws enter into a stand-by
mode.
Under the above condition, an electrical motor 30
lowers a Z-axis direction moving base 27 to make the upper
10 | substrate Bl approach the lower substrate B2. At this
point, a recognition camera 24 detects alignment marks
which are provided on the upper and the lower substrates
Bl and B2 and measures the dislocation of the substrates’
positions. Based on the obtained measurements, the stage
15 S1 is controlled. The upper substrate Bl and lower
substrate B2 are panel aligned by moving the lower |
substrate B2 by a desired amount so that the upper substrate
Bl and the lower substrate B2 are accurately affixed.
Affer the panel alignment has been made, the Z-axis
20 direction moving base 27 is further lowered so that the
upper substrate Bl is stacked on the lower substrate B2
to which a sealant has been applied. Subsequently, the
substrates which contain liquid crystal therebetween
within the boundaries of the frame formed by the sealant

25 are affixed. Further, to avoid the dislocation of the



wi thin the boundaries of the frame fornmed by the seal ant 25 are affi xed.
Further, to avoid the dislocation of the 21 upper substrate Bl and the

| ower substrate B2 after they have been affixed, it is recomended that a
phot osetting adhesive be applied spottedly to the film surface of the
substrate. 5 After the above-nenti oned assgnbly process has been

conpl eted, voltage application to the el & toStatic chucks 15a to 15c of
the pressurizing plate 15 is stopped, the Z-axis direction noving base 27
is lifted, and then voltage application to the electrostatic chucks of the
table 10 10 is stopped, and finally a vent switching valve 22 is opened to
vent the vacuum chanber 14 so that it returns to atnospheric pressure.
After the pressure of the vacuum chanber 14 has reached atnospheric
pressure, the gatwppez! ¥@bdfrateOPEna ane ldbeyasubumimtiealibly afvetrsthy of
the table 10-are opened. Then, holding claws 4l1la and 41b |lift the cell, and
then the substr ala®et besaf&f f heed, aft tisereceamsérdedudiitha photoshbBARY is

i nserted under the cell to transfer the cell onto it, and finally the
substrate transf edhesidei berapphited s ted)yatot shanf b sHefacs T £Bfh t he
vacuum chanber 14. \Wen the state of the vacuum chanber 14 returns to

at nospheri c presswbstiradm-a vacuum an airflow may occur in the vacuum

chanber 14 which may result in the cell being
5 After the above-mentioned assembly process has been

completed,voltageapplicationix)theelectrostaticﬁhucks
15a to 15¢ of the pressurizing plate 15 is stopped, the
z-axis direction moving base 27 is 1ifted, and then voltage
application to the electrostatic chucks of the table 10

10 is stopped, and finally a vent switching valve 22 is opened
to vent the vacuum chamber 14 so that it returns to
atmospheric pressure.

After the pressure of the vacuum chamber 14 has reached
atmospheric pressure, the gate valve 16 is opened and

15 vacuum-holding ports 17 of the table 10.are opened. Then,
holding claws 4la and 41b lift the cell, and then the
substrate transfer hand of the transfer machine (not shown)
is inserted under the cell to transfer the cell onto it,
and finally the substrate transfer hand is retracted so

20 as to unload the cell from the vacuum chamber 14.

When the state of the vacuum chamber 14 returns to
atmospheric pressure from a vacuum, an airflow may occur
in the vacuum chamber 14 which may result in the cell being
moved on the table 10. If the cell has been moved on the

25 table 10, even though the holding claws 4la and 41lb are



noved on the table 10. If the cell has been noved on the 25 table 10, even
t hough the holding claws 4la and 41b are _ 22 attenpted to lift the cel

to transfer it onto the substrate transfer hand, it is inpossible for the
cell to be lifted because it has noved away fromthe hol ding claws 4la and
41b. Therefore, when the vacuum chanber 14 _is vented and 5 returns to

at nospheric pressure, it is recommended thif ~“the cell be | ightly supported
sandwi ched by holding claws 61l1a, 61b and the table 10, which have been
retracted, so as to prevent the cell fromnoving. As descri bed above, a
substrate assenbling nethod and 10 a substrate assenbling apparatus in
accordance with the present invention can nmake it possible to accurately
assenbl e long-lived substrates without putting a strain on the substrates
even when the sizeteinpd edubsiliftaliscel Dabeasetss fer ihorth thasabstsate
reduced. 15 FIG 5 illustrates another enbodi nent of the present invention.
FIG6 is a cross+yemisiferahandewit iiseimpodsabiagfosade EedintddeClidtedon)

of a vacuum chanber shown in FIGS5. The difference between this enbodi nent
and the previ ouslbeomaste dhebasnbodedrentay Sromathenheléimpdilaws 4120apds a
third substrate hol ding nechanism 70 in addition to a first substrate

hol di ng nechani shld0 akHeseferenyhamsheavecuyn dhapbesc hanis Megd-edaptdher

a first substrate hol ding nechanj sm 40 has additj onal hoIdin%
5 returns to atmospheric pressure, it is recommended that

the cell be lightly supported sandwiched by holding claws
6la, 61b and the table 10, which have been retracted, so
as to prevent the cell from moving.

As described above, a substrate assembling method and

10 a substrate assembling apparatus in accordance with the
present invention can make it possible to accurately
assemble long-lived substrates without putting a strain
on the substrates even when the size of a substrate is
increased or the thickness is reduced.

15 FIG.5 illustrates another embodiment of the present
invention. FIG.6 is across-sectional view (i.e. adrawing
seen from the C section) of a vacuum chamber shown in FIG.5.

The difference between this embodiment and the
previously-mentioned embodiment is that this embodiment

20 has a third substrate holding mechanism 70 in addition to
a first substrate holding mechanism 40 and a second
substrate holding mechanism 60. Further, a first
substrate holding mechanism 40 has additional holding
claws 4lc. The third substrate holding mechanism 70 is

25 configured as described below. Holding claws (holding



claws 41c. The third substrate hol di ng nmechani sm 70 is 25 configured as
descri bed bel ow. Hol ding claws (holding -
edges of the table 10 at four locations (it is preferable that the third

substrate

hol ding claw 71 is nounted to a shaft 76 vj
fixture 73 of an elevating c‘yl%
surface of the vacuum chanber

to a netal

hol di ng mechanism 70 is provided at four |ocations or nore)

der 72 mounted to the | ower

noves up and down in response to the R5 direction novenent of the

cylinder 72. Furthernore,

angle in the direction of R7 driven by the notor 74, and the rotation

angl e can be set so that the

contact with a seales] 7r aredeshriedats Wisd edbes ddDrehexaaple,lwhenfeur
seal ant has been applied to a substrate so that nine panels 15 can be

produced from t hkosabsémat it tie motfariadl ecantylas che thérdesubstaapesition

between | ocations where the sealant is applied. Furthernore, this
enbodi nent has ahehdirg sebbanass 70hbs draylided drfen Yocatspnarrfreare cor ners

of the upper and 20 |ower tables, and by having a plurality of it, the
flatness of a subsitlding ghawe? hilghmpunhpdt &9 e Shekér ébyWiner BasPhg’ 44 he

el ectrostatic force. Moreover, providing the third _substrate_hol din

mechani sm

10

15

20

25

al I%kdfh’esc,‘%‘?ﬂrétie drd i me al fixture 73 of an elevatin

cylinder 72 mounted to the lower surface of the vacuum
chamber 14, and a coupling 75. The holding claw 71 moves
up and down in response to the R5 direction movement of
the cylinder 72. Furthermore, the ﬁolding claw 71 can move
in an arbitrary angle in the direction of R7 driven by the
motor 74, and the rotation angle can be set so that the
tip of the holding claw 71 does not come in contact with
a sealant provided on a substrate. For example, when a
sealant has been applied to a substrate so that nine panels
can be produced from the substrate, the rotation angle can
be set at a position between locations where the sealant
is applied.

Furthermore, this embodiment has a third substrate
holding mechanism 70 each at four corners of the upper and
lower tables, and by having a plurality of it, the flatness
of a substrate can be highly maintained thereby increasing
the electrostatic force. Moreover, providing the third
substrate holding mechanism 70 allows the center portion
of the substrate to be easily held in a convex shape. This

makes it more effective to activate an electrostatic force

14, and a coupling 75. The holding claw 71
the holding claw 71 can nove 10 in an arbitrary

tip of the holding claw 71 does not cone in

23 bodies) 71 are nounted to the

A

:ﬁa notor 74, 5 which is rmuhted



of the substrate to be easily held in a convex shape. This 25 nmakes it nore
effective to activate an electrostatic force 24 on the center portion of
the substrate to hold it without it being strained. In other words, by
nmoving the third holding nmechanism 70 to hold the substrate so that the
center portion of the substrate becones convex and 5 sinultaneously hol ding
it by nmeans of the first and second substréft & hol di ng mechani sns 40 and 60
at a position |ower than the third substrate hol di ngnmechanism the sane
result as in the first enbodi nent can be obtained. At this point, the
hol di ng cl aw 40b | ocated in the m ddle can be higher 10 than hol di ng cl aws
40a and 40c provided in the first substrate hol di ng nechani sm 40 or they
can also be at the same height. - 2 5 L nlpuitlillil%1L1!'ik [WHAT IS
CLAIMED 1S] [d abfischd cAntepppsat Lon fof theSSubd ¢ gk s Wes hoad et caAMNidud Ng a
vacuum chanber, a table on which a substrate to be affixed 5 is placed in
t he vacuum chanbeit beithq presivied.zi Ig pthee whidd, ae mowimy dhen tdaumt er
substrate to be affixed facing to said substrate and presses it onto said
substrate bel ow, hobhdimg mechanism 70 to hold the substrate so that the

center portion of the substrate becomes convex and

5 simultaneously holding it by means of the first and second
substrate holding mechanisms 40 and 60 at a position lower
than the third substrate holding mechanism, the same result
as in the first embodiment can be obtained. At this point,
the holding claw 40b located in the middle can be higher

10 than holding claws 40a and 40c provided in the first
substrate holding mechanism 40 or they can also be at the

same height.



sai d pressurizing plate conprises a nechanismthat 10 vacuum holds said
counter substrate until the pressure in the vacuum chanber is reduced to a
specified pressure from atnospheric pressure before both substrates are

affixed, and a mechani smthat—electrostatically holds said counter

substrate in a |low pressure state where the gap bet ween 15 the substrates
I's narrowed an mmlﬂ;w strates are25affixed; a first substrate
hol di ng mechanmm ' {10 substrate hol ding mechani sm ar e provided to
mechani cally hal d¢t he |d‘er| pheral portions of said counter substrate in 20
order to prevent said counter substrate fromfalling onto said substrate
bel ow as the vacuum hol di ng force decreases; and the height of hol ding
claws located in the mddle anong a plurality of holding claws | ocated in
said first 25 squAqt gshelrdirpgpneghani smis set to be higher than other -
26 - il jilr11 Il If 1I1f holding claws. [Claims 2] An apparatus for
assenbl i ng substrat es[@mgdllr]g to Caiml, further conprising a third
substrate holding 5 nechanismwhich holds the vicinity of the center
portion of said countar applaztratefon asislembbing oswgad ok dtiass tcompd issegoad
substrate hol di ng mechani sms whi ch hold the

vacuum chamber, a table on which a substrate to be affixed

5 is placed in the vacuum chamber, and a pressurizing plate
which vacuum holds a counter substrate to be affixed facing
to said substrate and presses it onto said substrate below,
wherein |

said pressurizing plate comprises a mechanism that

10 vacuum holds said counter substrate until the pressure in
the vacuum chamber is reduced to a specified pressure from
atmospheric pressure before both substrates are affixed,
and a mechanism that electrostatically holds said counter
substrate in a low pressure state where the gap between

15 the substrates is narrowed and finally the substrates are
affixed;

a first substrate holding mechanism and a second
substrate holding mechanism are provided to mechanically
hold the peripheral portions of said counter substrate in

20 order to prevent said counter substrate from falling onto
said substrate below as the vacuum holding force decreases;
and

the height of holding claws located in the middle among
a plurality of holding claws located in said first

25 substrate holding mechanism is set to be higher than other



peri pheral portions of said counter substrate. [Clains 3] 10 An appar atus
for assenbling substrates according to Caim2, wherein substrate hol di ng
claws provided in said first substrate hol ding nmechanismare all set to be
at the sane height and substrate hol di ng bodies provided in said third
substrate hol ding nechanismare set to be higher than 15 other hol ding

claws | ocated i” [y ge hol di ng~™ #®chani sns. [Cainms 4] A nethod
of assenbling sl mu E”mEI aces a substrate on a table |ocated on
t he undersi de of*a %aéuut 20 *chanber, electrostatically holds a counter
substrate to be affixed with said substrate to a pressurizing plate facing
said substrate placed on said table in a vacuum chanber, and narrows the
gap between said substrates in a vacuumto affix said substrates together
by neans of an 8blafhescyawprovi ded on either substrate, whereby said |
M2iii.Jd 111111100 [[ [~ [[ [ I - 2 7 - Ms counter substrate becones
convex like a surfac¢chhims 2ylinder with its upper surface out under

at nospheric pressure, the center portion of the upper surface is

el ectrostatically heRd appsratiuprissassdamigl jpigatsabstdetes hovopdesgute, and

after one free edge of said counter ) ]
Claim 1, further comprising a third substrate holding

5 mechanism which holds the vicinity of the center portion
. of said counter substrate in addition to said first and
second substrate holding mechanisms which hold the
peripheral portions of said counter substrate.
[Claims 3]

10 An apparatus for assembling substrates according to
Claim 2, wherein substrate holding ¢laws provided in said
first substrate holding mechanism are all set to be at the
same height and substrate holding bodies provided in said
third substrate holding mechanism are set to be higher than

15 other holding claws located in other substrate holding
mechanisms.

[Claims 4]
A method of assembling substrates which places a
substrate on a table located on the underside of a vacuum

20 chamber, electrostatically holds a counter substrate to
be affixed with said substrate to a pressurizing plate
facing said substrate placed on said table in a vacuum
chamber, and narrows the gap between said substrates in
a vacuum to affix said substrates together by means of an

25 adhesive provided on either substrate, whereby said



substrate is electrostatically held to said pressurizing plate, the other
free edge of said counter substrate is electrostatically held to said
pressurizing plate, thereby the entire surface of said counter substrate
being 10 electirostatically hefd to said pressurizing plate facing said
substrate bel oiEEE I IE ¥ fiiret hod of assenbling substrates which places
a substrate omuﬂﬂwﬂ"m"mmﬁ‘aon t he undérsirde of a vacuum 15 chamnber,
el ectrostatical Iy Kol s ® coumter substrate to be affixed with said
substrate to a pressurizing plate facing said substrate placed on said
table in a vacuum chanber, and narrows the gap between said substrates in
a vacuumto affix said substrates together by neans of an 20 adhesive
provi ded on either substrate, whereby the entire surface of said counter
substrate is vacéintelrdsuBst2hfle PEESHES | dbiged Bl WARIr RO HING i C
pressure, the mddle portions of a pair of opposite sides of said counter
substrate are nmechdindell wiksl dtst hppyacsuitded diwtg widdhati spridie
portions of said pair of opposite sides is released f Of I1lii~ 11 I[i

lii! - 28 - * c Iprisshtrer, the vantem pottioy of tHdarpmppesidface des has
been released to nake the sides becone free, and when the pressure in the
vacuum chanber i eleetrostiatdcaldigsheld tgramsislipgessurtizgag plapel uedero

sai d pressurizin% pl at e )
5 ow pressure, and after one free edge of said counter

substrate is electrostatically held to said pressurizing
plate, the other free edge of said counter substrate is
electrostatically held to said pressurizing plate, theréby
the entire surface of said counter substrate being
10 electrostatically held to said pressurizing plate facing
said substrate below.
[Claims 5]
A method of assembling substrates which places a
substrate on a table located on the underside of a vacuum
15 chamber, electrostatically holds a counter substrate to
be affixed with said substrate to a pressurizing plate
facing said substrate placed on said table in a wvacuum
chamber, and narrows the gap between said substrates in
a vacuum to affix said substrates together by means of an
20 adhesive provided on either substrate, whereby the entire
surface of said counter substrate is vacuum held to said
pressurizing plate under atmospheric pressure, the middle
portions of a pair of opposite sides of said counter
substrate are mechanically held, the vacuum holding of the

25 middle portions of said pair of opposite sides is released



5 to electrostatically hold the mddle portions of said pair of opposite
sides of said counter substrate, and sequentially other free edges are
el ectrostatically held, thereby the entire.surf ace of said counter
substrate being EIECIFOS[atlcaI|y held to said pressurizing plate facing
10 sai d substr prgPsk irs 6] A nethod of assenbling substrates

according to CHRilB.H g after one~f#@e- edge of a pair of opposite
sides of said counter substrsat e has been nechanically held at 15 a

| ocation | ower than the position where the mddle portion is being held,

t he vacuum hol ding of the mddle portions of said pair of opposite sides
of said counter substrate is released. [Cains 7] 20 A nethod of
assenbling substrates according to Claim 4 or 5 whereby each free edge of

sai d counter subgigalberné Sydddinftol @idglOFdither m?pbgle@ ©ildud hast béen
attraction force provided by said pressurizing plate becones active so

that each free edgecgaBabeceharér obé adided |hedmial free ,2amshmtiepr &bsuri zi ng
plate. 29 [dains 8] An apparatus for assenbling substrates which places
a substrate on apiabkarkodat edeovatinen uritEnstdei ofreduceslhn acd@viaed
el ectrostatically holds a counter substrate to
pressure, voltage is applied to said pressurizing plate
5 to electrostatically hold the middle portions of said pair
of opposite sides of said counter substrate, and
sequentially other free edges are electrostatically held,
thereby the entire surface of said counter substrate being
electrostatically held to said pressurizing plate facing
10 said substrate below.
[Claims 6]
A method of assembling substrates according to Claim
5, whereby after one free edge of a pair of opposite sides
of said counter substrate has been mechanically held at
15 a location lower than the position where the middle portion
is being held, the vacuum holding of the middle portions
of said pair of opposite sides of said counter substrate
is released.
[Claims 7]
20 A method of assembling substrates according to Claim
4 or 5, whereby each free edge of said counter substrate
is 1lifted to a location where an electrostatic attraction
force provided by said pressurizing plate becomes active

so that each free edge can be electrostatically held to

25 said pressurizing plate.



5 be affixed with said substrate to a pressurizing plate facing said
substrate placed on said table in a vacuum chanber, and narrows the gap

bet ween said substrates in a vacuumto affix said substrates together by

means of an Wn ei ther substrate, conprising 10 neans for

vacuum hol di ng the ¥ Wi ce of said _counter substrate to said
,“““ﬁ"mpherl C prés%%ré, means for nmechanically

pressurizing pl i? ‘ w
hol di ng the m dd¥k L1 enssof* a pair of opposite sides of said counter

substrate, 15 neans for releasing the vacuum hol ding of the niddle

portions of said pair of opposite sides after the vacuum hol ding of other
opposite sides of said counter substrate has been released to nmake the
edges free, neans for applying voltage to said pressurizing plate 20 for
el ectrostatic attractjicoaiwgegjthe vacuum state of the vacuum chanber
becones a desired vacuum | evel, and neans for electrostatically holding the
entire surface of sandappaptenssiidstasdaemidlaspistbsteasesi ghighpphbeedy

el ectrostatically holding the mddle portions of said pair 25 of opposite
sides of said coanswhstrdist pate tablealelcdtied onl{he uidiersiidetof lal tatuum 30 -
L Rs pressurizing plate and then electrostatically holding other free
edges of sai d coghtEbesubsieatrosiritignlly hplds a counter substrate to

5 be affixed with said substrate to a pressurizing plate

facing said substrate placed on said table in a vacuum
chamber, and narrows the gap between said substrates in
a vacuum to affix said substrates together by means of an
adhesive provided on either substrate, comprising

10 means for vacuum holding the entire surface of said
counter substrate to said pressurizing plate under
atmospheric pressure,

means for mechanically holding the middle portions of
a pair of opposite sides of said counter substrate,

15 means for releasing the vacuum holding of the middle
portions of said pair of opposite sides after the vacuum
holding of other opposite sides of said counter substrate
has been released to make the edges free,

means for applying veltage to said pressurizing plate

20 for electrostatic attraction when the vacuum state of the

vacuum chamber becomes a desired vacuum level, and
means for electrostatically holding the entire surface

of said counter substrate to said pressurizing plate by

electrostatically holding the middle portions of said pair

25 of opposite sides of said counter substrate to said



[Clains 9] An apparatus for assenbling substrates according to 5 Claim8,
wherein said pressurizing plate conprises neans for individually vacuum
hol ding the mddle portions of said pair of opposite sides of said counter
substrate and rmeans for 1 ndividually vacuum hol di ng ot her opposite sides

I -

pressurizing plate and then electrostatically holding
other free edges of said counter substrate sequentially.
[Claims 9]
An apparatus for assembling substrates according to
5 Claim 8, wherein said pressurizing plate comprises means
for individually vacuum holding the middle portions of said
pair of opposite sides of said counter substrate and means
for individually vacuum holding other opposite sides of

said counter substrate.



