0 6 FEB 2604 1 TITLE OF THE | NVENTI ON: SUBSTRATE ASSEMBLI NG APPARATUS
BACKGROUND OF THE I NVENTION: Field of the Invention 5 This invent'gwEBzmg
relates to a substrate assenbling apparatus and particularly to JL
substrate assenbling apparatus suitable for assenbling of a liquid crystal
di spl ay panel where substrates to be bonded to each other in the vacuum
chanber are held in a face-to-face position 10 and are bonded to each ot her
with reduced space between them Prior Art The production of a liquid
crystal display panel contains a step wherein two gl ass substrates
provided with 15 a transparent electrode and thin filmtransistor array
are bonded to each other at a position very close to each other about
several mcrons apart using the adhesive (also called "sealing material")
on the periphery of the substrate (the substrates subsequent to assenbling

s her el naf t err 30t pkered 9 g 8N: CobhBdTRIRE S BEUBIPRY APASRATS Ted

thereby is fi wth |qU| crystal. One of the exanples of said step of
sealing liquid crystal is disclosed in the official Gazette of Japanese
Pat ent Lai d-Open NO 26763/1998. According to this disclosure, 25 liquid

crystal is driggpeereonenerofgkhensehstpates where 06FEB2604
Field of the Invention
5 This invention relates to a substrate assembling
apparatus and particularly to the substrate assembling
apparatus suitable for assembling of a liguid crystal
display panel where substrates to be bonded to each other
in the vacuum chamber are held in a face-to-face position
10 and are bonded to each other with reduced space between
them.
Prior Art
The production of a ligquid crystal display panel
contains a step wherein two glass substrates provided with
15 a transparent electrode and thin film transistor array are
bonded to each other at a position very close to each other
about several microns apart using the adhesive {also called
"sealing material”} on the periphery of the substrate (the
substrates subsequent to assembling is hereinafter
20 referred to as a "cell"”). Then the empty space formed
thereby is filled with liquid crystal.
Oneof theexamplesofsaidstepofsealingliquidcrystal
is disclosed in the 0Official Gazette of Japanese Patent
Laid-Open N0.26763/1998. BAccording to this disclosure,

25 liquid crystal is dripped on one of the substrates where



- 2 sealing material is forned into a closed pattern in order not to
provide a filling port. The other substrate is placed on that subs?ﬁggﬁzmm

a vacuum chanber, and the upper and |ower substrates are brought close to
each other to nake 5 assenbling. According to said prior arts, the |ower
substrate is placed an a flat stage when the substrate is held in vacuum
The upper one has an appropriate position on the periphery supported by a
pi n- shaped nmenber. Then after having beeh 10 positioned, the upper and

| ower substrates are placed closer to each other and are bonded with each
other. At the time of positioning, the central portion of the upper
substrate is bent down by specific gravity, making it difficult to
provi de accurate positioning of upper and | ower substrate. 15 The greater
the size of a substrate, the greater the anmount of bend. The display panel

tends to increasei RGnRcr At 6.5 sUPREAAL £ @5 RIS phs te@eht i Ad Fase and
nore difficult according to the above prior art. Further, the upper and

| ower substraies tanrdviansé ginedngdddir echined bapyaeHumighardesq After
transfer, nmuch tine is required to discharge gas fromthe chanber to reach

the state ofoyachundildntdee dtmmasphetuus Pheabeie. anli shgi ypserrase to a
probl em that productivity cannot be inproved. 25 SUMVARY OF THE | NVENTI ON:

5 6 FEB 2064 lower substrates are brought close to each other to make

5 assembling.

According to said prior arts, the lower substrate is

placed on a flat stage when the substrate is held in vacuum.

The upper one has an appropriate position on the periphery

supported by a pin-shaped member. Then after having been

10 positioned, theupper and lower substrates areplacedcloser

to each other and are bonded with each other. At the time

of positioning, the central portion of the upper substrate

is bent down by specific gravity, making it difficult to

provide accurate positioning of upper and lower substrate.

15 The greater the size of a substrate, the greater the amount

of bend. The display panel tends to increase and accurate

substrate assembling is getting more and more difficult

according to the above prior art.

Further, the upper and lower substrates are transferred

20 directly in the vacuum chamber. After transfer, much time

is required to discharge gas from the chamber to reach the

state of vacuum from the atmospheric pressure. This gives

rise to a problem that productivity cannot be improved.

25 SUMMARY OF THE INVENTION:



The object of the present invention is to provide a substrate assenbling
appar atus which allows high precision assenbling of substrates ug%qmpzmg

vacuum Anot her object of the present invention is to provide a rate
assenbling 5 apparatus which ensures a high precision and high speed in
assenbling despite the increasing size of a substrate. The present

I nvention achieving said objects is characterized in that a substrate
assenbl i ng appar atus wherei n upper and 316 | ower substrates to be bonded
are held face to face with each other and are positioned, and the distance
between themis reduced so that the upper and | ower substrates are bonded
with each ot her under vacuum by the adhesive provided in at |east one of
said substrates; 15 said substrate assenbling apparatus further
characterized in that a first table where any one of the two substrates can

be removably f ?ﬁﬂeer Oiél%h‘b%petrheo 1T SL‘HJeEh cM‘e{sle aggkq?viche second

tabl e where the etw s strates can reana I Xed on the
| ower or upp c I gnggg Spich that
t he upper a% b%gMeﬁﬂéﬁ?%%ﬁégfﬁ? g&iéQnﬂﬁigﬁg%%glgféﬁgﬁggh ace %o face
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the present invention is to provide a substrate assembling
5 apparatus which ensures a high precision and high speed
in assembling despite the increasing size of a substrate.
The present invention achieving said objects is
characterized in that
a substrate assembling apparatus wherein upper and
10 lower substrates to be bonded are held face to face with
each other and are positioned, and the distance between
them is reduced so that the upper and lower substrates are
bonded with each other under vacuum by the adhesive provided
in at least one of said substrates;
15 sald substrate assembling apparatus further
characterized in that
a first table where any one of the two substrates can
be removably fixed on the upper or lower surface thereof
and
20 a second table where the other of the two substrates
can be removably fixed on the lower or upper surface thereof
are provided in a vacuum chamber such that the upper
and lower surfaces of said substrates are placed face to
face with each other,

25 one of the two tables is movably connected with said



vacuum chanber through an el astic body hernetically,

partitioned by said elastic body,

for reducing
each other.

said drive nmeans of the one of tables-ndves the one of tables
to the vacuum chanber through a |inear guide,

el asti c body

seal and bearing

t he one tables has a
drive neans for traveling at least in the horizontal direction mﬁthﬁmqﬁmqmm
to said vacuum chanber on the atnosphere side of the vacuum chanber 5

and one of two tables has a drive neans

the distance between substances | ocated face to face with

Further, the present invention is characterized in that

10

wi th respect
and is provided with an

bet ween the vacuum chanber and |inear guide, and a vacuum

on the atnospheric side partitioned by said elastic body.
15 Said elastic body refers to a bell ows shaped nenber conprising the

bellows and multiple annul ar di sh shaped diaphragns with their outer and
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partitioned by said elastic body, and

one of two tables has a drive means for reducing the
distance between substances located face to face with each
other.

Further, the present invention is characterized in that
said drive means of the one of tables moves the one of tables
with respect to the vacuum chamber through a linear guide,
and is provided with an elastic body between the vacuum
chamber and linear guide, and a vacuum seal and bearing
on the atmospheric side partitioned by said elastic body.
Said elastic body refers to a bellows shaped member
comprising the bellows and multiple annular dish shaped
diaphragms with their outer and inner peripheries connected
alternately to each other hermetically.

The present invention is further characterized in that
one of the tables is a lower table in the vacuum chamber.

The present invention is still further characterized
in that the other of tables has a vertical drive means for
reducing the distance between two substrates, while the
one of tables has a drive means which is specialized in

driving in the horizontal direction.



Furthernore, the present invention is still further characterized in that
a load | ock chanber and at nosphere rel ease chanber are provided on( & RER 2004
front and rear of said vacuum chanber, and each chanber is partitioned
with the 5 other by a gate val ve, and connecti on between chanbers or wth
at nosphere i s provided by opening of said gate valve, thereby permtting
substrates to be transported. Myreover, the present invention is stil
further characterized in that said drive means |located on the 10

at nosphere side outside said vacuum chanber to nove the one of tables at

| east in the horizontal direction with respect to the vacuum chanber is
linked to the one of tables by neans of multiple shafts each penetrating
through rmultiple openings which are provided separately fromeach 15 ot her
i n the vacuum chanber; and each opening of the vacuum chanber has an

el astic_body whi Gh, Bidmd s %W@%%rﬁqﬁren@% aeiLenaf teRml C-

BRI EF DESCRI PTI ON OF THE DRAW NGS 20 I's a draw ng representing the
confi gurat i 0Bnafrack SUbeky 3be cAAECADI 689 PODRIAIAIRES ANHP ARAN

H@ﬂé of the
present invention; Fig. 2 is a cross sectional view representing the

nternal stryehuzgeObnbhiBekOade IWy LhAMBA tRE frSHDSIRLBar29F ASSAIDI I N
apparatus in Fig. 1, o 6 FEB 2004 6 Fig. 3 is a cross sectional view
representingviak®um chamber, and each chamber is partitioned with the
5 other by a gate valve, and connection between chambers or
with atmosphere is provided by opening of said gate valve,
thereby permitting substrates to be transported.
Moreover, the present invention is still further
characterized in that said drive means located on the
10 atmosphere side outside said vacuum chamber to move the
one of tables at least in the horizontal direction with
respect to the vacuum chamber is linked to the one of tables
by means of multiple shafts each penetrating through
multiple openings which are provided separately from each
15 other in the vacuum chamber; and each opening of the vacuum

chamber has an elastic body whichmaintains a vacuum chamber

and each shaft hermetic.

BRIEF DESCRIPTION OF THE DRAWINGS:

20 Fig. 1 is a drawing representing the configuration of
a substrate assembling apparatus as one embodiment of the
present invention;

Fig. 2 is a cross sectional view representing the
internal structure of the load lock chamber of a substrate

25 assembling apparatus in Fig. 1;

’



I nternal structure of the vacuum assenbling chanber of a substrate
assenbling apparatus in Fig. 1; Fig. 4 is a cross sectional view 06 FEB 2004
representing the 5 internal structure of the atnosphere rel ease chanber of
a substrate assenbling apparatus in Fig. 1; Fig. 5is a draw ng
il lustrating the substrate assenbling process in the |oad | ock chanber
showmn in Fig. 2; 10 Fig. 6 is a dramﬁn% illustrating the substrate

I

assenbl i ng process in the vacuum assenblbi ng chanber showmn in Fig. 3; Fig.

7 is adrawing illustrating the substrate assenbling process in the vacuum
assenbl i ng chanmber shown 15 in Fig. 3; Fig. 8 is a drawi ng representing
the configuration of the substrate assenbling apparatus in another

enbodi ment of the present invention; Fig. 9 is a drawing illustrating how
the |l ower substrate 20 is inserted in the vacuum chanber by a robot hand
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a drawing illustratin OW upper an ubstrates are

posi tioned andrassanl) ad e s Wpardh®s in Fig. 1;

Fig. 4 is a cross sectional view representing the
5 internal structure of the atmosphere release chamber of
a substrate assembling apparatus in Fig. 1;

Fig. 5 is a drawing illustrating the substrate
assembling process in the load lock chamber shown in Fig.
2;

10 Fig. 6 is a drawing illustrating the substrate
assembling process in the vacuum assembling chamber shown
in Fig. 3;

Fig. 7 is a drawing illustrating the substrate

assembling process in the vacuum assembling chamber shown
15 in Fig. 3;

Fig. 8 is a drawing representing the configuration of
the substrate assembling apparatus in another embodiment
of the present invention;

Fig. 9 is adrawing illustrating how the lower substrate

20 is inserted in the vacuum chamber by a rcbot hand in the
substrate assembling apparatus shown in Fig. 8;

Fig. l10isadrawingillustrating howthe lower substrate
istransferredtothelower table inthe substrate assembling
apparatus shown in Fig. 8;

25 Fig. 11 is a drawing illustrating how upper and lower



assenbl i ng apparatus shown in Fig. 8, and Fig. 12 is a drawing illustrating
how a nagnetic seal and shaft are noved in the positioning of the UPPELR 2004
and 5 | ower substrates in the substrate assenbling apparatus shown In
Fig. 8. DESCRI PTION OF THE PREFERRED EMBODI MENTS: The fol |l owi ng descri bes
one enbodi nent according to 10 the present invention with reference to
drawings: In Fig. 1, nuneral 1 denotes a substrate assenbling apparatus
according to the present invention conprfising a |load | ock chanber RI1,
vacuum assenbl i ng chanber (vacuum chanber) R2 and at nosphere rel ease
chanber R3. Nunerals 15 2 to 5 denote gate valves provided at the inlets
and outlets of chanbers RL to R3. In the structure illustration, when the
ternms, |oad | ock chanber R1, vacuum assenbling chanber R2 and atnosphere
rel ease chanber R3 indicate the housings constituting the chanbers. The

present ebogd,KERL»¢05CNDT bese IUhLAPL fq VACKHR FAZ P e %%é&%tgfygg

chanber for assenbling es 1s ed 'a vacuum "asse

chanber. In 5E§eﬁg§g“§ﬂ?8§éﬁ%%“§3Bh%W5r?@f%ﬁékpqﬂgéhﬁﬁated on the sane

hori zontal position thi's trans h e substrates to be

bonded are transfgiy edsfrom lgft, iy 9 EB220A8nb, 00t ing. A
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and shaft are moved in the positioning of the upper and

5 lower substrates in the substrate assembling apparatus

shown in Fig. 8.

DESCRIPTION OF THE PREFERRED EMBODIMENTS:
The following describes one embodiment according to
10 the present invention with reference to drawings:
In Fig. 1, numeral 1 denotes a substrate assembling
apparatus according to the present invention comprising
a load lock chamber R1, vacuum assembling chamber (vacuum
chamber) R2 and atmosphere release chamber R3. Numerals
15 2 to 5 denote gate valves provided at the inlets and outlets
of chambers R1 to R3. 1In the structure illustration, when
the terms, load lock chamber R1, vacuum assembling chamber
R2 and atmosphere release chamber R3 indicate the housings
constituting the chambers. The present embodiment
20 comprises multiple vacuum chambers, and the vacuum chamber
for assembling of the substrates is called a vacuum
assembling chamber.
In the chambers Rl to R3, a transfer path located on
the same horizontal position. Through this transfer path

25 the substrates to be bonded are transferred from left to



As will be discussed |ater, the vacuum assenbling chanber R2 except f or
the load | ock chanber R and atnobsphere 5 release chanber R3 is a (§FEB 2004
substrate assenbling apparatus in the narrow sense of the word. Fig.

shows the internal structure of the load | ock chanber RI. Nuneral 11
denotes nultiple feed rollers provided 10 inside the |oad |ock chanber R,
and nmakes f orward and reverse rotation so that the transfer (or feed) jig
carrying the substrates to be bonded-t® be discussed later is fed to the
right and left directions in the drawi ng. Qutside air can be _
vacuum separated fromthe inside 15 of the |load | ock chanber R by closing
of the gate valve 2. Nuneral 6 denotes a gate valve provided on the base
of the load | ock chanber RL. Wen it opens, the inside of the |I|oad |ock
chanber Rl by the vacuun1punp 12 is vacuum exhausted. Nuneral 7 is an

at nosphere r Ve dNMERN ope h | he, ;924 | ock
chanbgr RI |§h§urged by atnnsplgie R giegégﬁ%tﬁo %zgggg 1& ﬁf%(£é
pressure get ichagkHedt th&h aktergg,%%ereocﬂ SSHIha A HAL. va' ve 3 is located

bet ween the | oad | ock chanber "RI and vacuum asse ng chanber R2 to all ow

pressure in 25 eachychanierg e &hangee ndependeat by - agsénﬁfﬁnﬁg&l 9

Fig. 3 shows the internal structure of the vacuum assenbling c
chamber R2 except for the load lock chamber R1 and atmosphere

5 release chamber R3 is a substrate assémbling apparatus in
the narrow sense of the word.
Fig. 2 shows the internal structure of the load lock
chamber R1.
Numeral 11 denotes multiple feed rollers provided
10 inside the load lockchamber R1, andmakes forward and reverse
rotation so that the transfer (or feed) jig carrying the
substrates to be bonded to be discussed later is fed to
the right and left directions in the drawing.
Outside air can be vacuum-separated from the inside
15 of the load lock chamber Rl by closing of the gate valve
2. Numeral 6 denotes a gate valve provided on the base of
the load lock chamber R1. When it opens, the inside of the
load lock chamber R1 by the vacuumpump 12 is vacuum-exhausted.
Numeral 7 is an atmosphere release valve. When it opens,
20 the inside of the load lock chamber R1 is purged by atmosphere
or gas with the result that the pressure gets back to the
atmospheric pressure.
A gate valve 3 is located between the load lock chamber
Rl and vacuum assembling chamber R2 to allow pressure in

25 each chamber to be change independently.



Al t hough not illustrated in this drawing, a valve simlar to the gate
valve 6 of the |load |ock chanber is 5 |ocated on the | ower side ofﬂmq%HZML
vacuum assenbl i ng chanber R2 so that the interior of the chanmber can be
vacuum exhausted by a vacuum punp (not illustrated). Nunmeral 21 indicates
a lower table. The support structure will be described |ater. Nuneral 22
represents 10 nultiple feed rollers provided inside the vacuum assenbl i ng
chanber R2 so that the |ower table is-s8ndwi ched on the front and back in
the drawi ng. when they nake a forward and reverse rotation, the feed (or
transfer ) jig loaded wth the substrates to be bonded (described | ater)
is fed 15 in the right and left directions in the drawing. The | ower table
21 has a the pedestal 2la penetrating through the opening R2ZA in the | ower
portion of the vacuum assenbling chanber R2, and is supported by XYO stage

23 'in the pedestgl, 23asnBe XY 131205 A3 YIRS S 20,5h30e 232

and 0 stage 23b. XY st age supports the lTower table 21 novably in

the X- and YzaxbapdihgcthaRpeRyroeaNs of cross |linear guides in two upper
and |l ower steps crossing in the X- and Y-axis directions. 25 Nanely, 25

denotes a cross higghgiide WIIGh FeS 0P FIER 200find0 o d/dlriye. bl ock
24 by nmeans of a drive notor 26 and drive notor (not ﬁ} ustrated? in the
X-axis directiAn1a% to the gate valve 6 of the load lock chamber is
5 located on the lower side of the vacuum assembling chamber
R2sothat the interiorof thechamber canbevacuum-exhausted
by a vacuum pump (not illustrated).
Numeral 21 indicates a lower table. The support
structure will be described later. Numeral 22 represents
10 multiple feed rollers provided inside the vacuum assembling
chamber R2 so that the lower table is sandwiched on the
front and back in the drawing. When they make a forward
and reverse rotation, the feed (or transfer ) jig loaded
with the substrates to be bonded (described later) is fed
15 in the right and left directions in the drawing.
The lower table 21 has a the pedestal 21a penetrating
through the opening R2A in the lower portion of the vacuum
assembling chamber R2, and is supported by XYO stage 23
in the pedestal 2la. The XY 6 stage 23 comprises the XY
20 stage 23a and 0 stage 23b.
The XY stage 23a supports the lower table 21 movably
in the X- and Y-axis directions by means of cross linear
guides in two upper and lower steps crossing in the X- and

Y-axis directions.

25 Namely, 25 denotes a cross linear guide which moves



right/left direction in the drawing, and in the Y-axis direction as the
front/back direction in the drawing, with 5 respect to the vacuum ¢ FER 2004
assenbl i ng chanber R2. Nuneral 27 indicates a |linear guide which ensures
that the drive block 24 is pushed and noved in the X-axis direction by
means of a drive notor 26, even when the drive block 24 noves in the
Y-axis direction. 10 The O stage 23b is i8cated I nsi de the XY stage 23a,

X

and can be rotated with respect to the™ _
beari ng 28 and vacuum seal 29 by means of a drive notor 30. Furthernore,
| ower table 21 which | oads the substrate

the O stage 23b is fixed with the
the I ower table

on the 0 stage 15 23b. Wen a drive notor 30 has started, (
21 rotates with respect to the XY stage 23a and vacuum assenbling chanber

sfage 23a through a rotary

R2 through the rotary bearing 28 and vacuum seal 29. Nuneral 31 is a

bel | ows (el asta aliody)blvethnedn byhmesnsuwd a2drdseemditiony 26hanBenrRgeand
drive block 24 in the opening R2A and naintains airtightness in vacuum

Chmeotiver (R iH ustomaedd )t d mtyies phangis eMafeddidheaglri ve

assenbl i ng

24 is noved by the cross linear guide in each of the X- and Y-axis

directions to mighe Aleeft aligrecttaloine it .th2b dresiideyt alndy i hhev acigmsseal 29

mai ntains airtightness 06 FEB 204 - 11 - in vacuum assenbling chanber
for rotation cofinewsissdasttiie Zrent/back direction in the drawing, with

5

10
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25

respect to the vacuum assembling chamber R2. HNumeral 27
indicates a linear guide which ensures that the drive block
24 is pushed and moved in the X-axis direction by means
of a drive motor 26, even when the drive block 24 moves
in the Y-axis direction.

The 6 stage 23b is located inside the XY stage 23a,
and can be rotated with respect to the XY stage 23a through
a rotary bearing 28 and vacuum seal 29 by means of a drive
motor 30. Furthermore, the 6 stage 23b is fixed with the
lower table 21 which loads the substrate on the 0 stage
23b. When a drive motor 30 has started, the lower table
21 rotates with respect to the XY stage 23a and vacuum
assembling chamber R2 through the rotary bearing 28 and
vacuum seal 29.

Numeral 31 is abellows (elasticbody) between the vacuum
assembling chamber R2 and drive block 24 in the opening
R2A, and maintains airtightness in vacuum assembling
chamber R2 with respect to atmosphere, even if the drive
block 24 is moved by the cross linear guide in each of the
X- and Y-axis directions to move the lower table 21.

Incidentally, the vacuum seal 29 maintains airtightness



Nuneral 32 denotes a substrate elevation pin built in the |ower table 21.
The | ower end of the pin contacts the 5 upper end of the drive shaft ﬂ%lﬁﬁ%ﬂk
pneumatic cylinder 33 |ocated on the |ower portion of the vacuum
assenbl i ng chanber R2. Therefore, even if the |ower table 21 noves in each
of the X- and Y-axis directions (front/back and right/left) , the pin 32
only slides in the horizontal direction on the 10 pin receiver on the top
end of the drive shaft of the pneumatT‘c1 cylinder 33. For the reason of
feed jig configuration to be discussed below, there are a total of three
pins 32; one at the center of the left end of the |lower table 21, and one
on each of both sides across the width vertical 15 to rightward feed
direction. Nuneral 35 indicates a frame | ocated on the external top
portion of the vacuum assenbling chanber R2. A servo notor 36 with its

rotary shaft gx&e6hnaseewmany éﬁaxﬁbéﬁﬁz 25 LR akh aﬁéghem SALafy shaft

of the servo notor 36 20 is engaged wth the nut 3 e arm 39 of
the shaft 3%jpenetrating through the vacuum assenbling chamber R2.
Nuneral 40 indicates a guide ensuring the airtightness between said shaft

37 and vacuum asseifditdlg 3chasheteRla subic miielelleathte A2piih HhXed ph the
| oner end of the shaft 25 37 through a pressure board 41 so that it is

|l ocated in O theFEBw2@0dabld 21 f acdet Dohideecriglat ke pontdent sves diadl e 21.
The upper table 42 is noved in the vertical direction by the operation of
5 upper end of the drive shaft of the pneumatic cylinder 33
locatedonthe lower portionof the vacuumassembling chamber
R2. Therefore, even if the lower table 21 moves in each
of the X- and Y-axisdirections (front/backandright/left),
the pin 32 only slides in the horizontal direction on the
10 pinreceiveronthetopendof thedrive shaftof the pneumatic
cylinder 33. For the reason of feed jig configuration to
be discussed below, there are a total of three pins 32;
one at the center of the left end of the lower table 21,
and one on each of both sides across the width vertical
15 to rightward feed direction.

Numeral 35 indicates a frame located on the external
top portion of the vacuum assembling chamber R2. A servo
motor 36 with its rotary shaft extending downward is fixed
on the frame 35. The rotary shaft of the servo motor 36

20 is engaged with the nut 39 fixed to the arm 39 of the shaft
37 penetrating through the vacuum assembling chamber R2.
Numeral 40 indicates a guide ensuring the airtightness
between said shaft 37 and vacuum assembling chamber R2.
The upper table 42 is fixed on the lower end of the shaft

25 37 through a pressure board 41 so that it is located in



the servo notor 36 through the shaft 37. As will be discussed below, to fix
a substrate on each 5 of the tables 21 and 42 and to perforn1posihi h@m
a sight glass 43 is provided hernetically on the opening penetratilﬁaz'rﬁ A
t hrough the vacuum assenbling chanber R2. An inmage recognition canera 44 is
| ocated on the frame 35 over this sight glass 43. An opening is also

provi ded on the upper 10 table 42 imedi ate below the sight glass 43 to
read out the positioning marks between tBe-upper substrate fixed on the

| ower surface of the upper table 42 and the | ower substrate fixed on the
upper surface of the lower table 21. 15 Each of the tables 21 and 42 is
provided with an electrostatic suction electrode to ensure that the
substrate is sucked by static electricity. In thefollow ng description,
both of the tables 21 and 42 nmay be called suction table. 20 The | ower

table 21 s elasliealdaouopor sl iy diet boYe 31 epEELbealiabor the

foll ow ng reason: when the vacuum asse e vacuum

atmospheri ¢ 4pr ¢3SphGel SifRHd §eritl cauchid e@'t&%?xtf)g“tﬁ‘é 6%@&'@%1&'% £ he

pedestal 2la, where the outer dianeter o t he bel lows 31 acts pressure
recei ving surfiRC@eriRe Mdidderanag Raigeahd &hdEB 2004 - 13 this

at nospheric pressure and gravity of pedestal 2la or the like is received
by the cross |ined w§uindgeZdithdd ¥Mow, to fix a substrate on each
5 of the tables 21 and 42 and to perform positioning, a sight
glass 43 is provided hermetically on the opening penetrating
through the vacuum assembling chamber R2. An image
recognition camera 44 is located on the frame 35 over this
sight glass 43. An opening is also provided on the upper

10 table 42 immediate below the sight glass 43 to read out
the positioning marks between the upper substrate fixed
on the lower surface of the upper table 42 and the lower
substrate fixed on the upper surface of the lower table
21.

15 Each of the tables 21 and 42 is provided with an
electrostatic suction electrode to ensure that the
substrate is sucked by staticelectricity. Inthefollowing
description, both of the tables 21 and 42 may be called
suction table.

20 The lower table 21 is elastically supported by the
bellows 31 hexrmetically for the following reason: When the
vacuum assembling chamber R2 is made vacuum, atmospheric
pressure is applied in such a direction as to push up the

pedestal 21a, where the outer diameter of the bellows 31

25 acts a pressure receiving surface. The difference between



bearing 28 so that the bellows wll not be |loaded. If this atnospheric
pressure is assuned as approximately equal to 5 the gravity of pedestﬂﬁfﬁﬂdmu
or the like, there is no need of worrying about the atnospheric pressure
acting on the Ilower table (suction table) 21 and bellows 31 during the
novenent of the lower table (suction table) 21 in each of X- and Y-axis
directions in the step of positioning the 10 substrates. This ensures
snoot h positioning of substrates. The Hive system of the | ower table
(suction table) 21 is present on the side of atnosphere. This nmakes it
possible to restrict the dinensions of the vacuum assenbling 15 chanber R2
to the narrow space enough to incorporate each of the suction tables 21
and 42 required for assenbling of the upper and | ower substrates. This
permts high speed evacuation of the interior. The space between the

vacuum assenilhiRd a¢haebaerke ﬁﬂgssageaéﬁasﬁf' agec%ﬁ Sasheapes; Ry,can be

vacuum separated by a gate valve I nt ernal structure of

the at nospherge Iekeaserebarbes H%Sthélla?dﬁl 1_5dae%\% £3e U2 h 88D AL
transfer ) roller to 25 feed thée cells assenbled Tn the vacuun1as§%nbllng

chanber 0 6 beEBrif@d2s skhtnRR ©e tRa 1t ws¥ethon Heabbgged. byxf%mfd and
reverse rotation. The flat suction table 52 has a suction hole f

atmospheric pressure is assumed as approximately equal to
5 the gravity of pedestal 21a or the like, there is no need
of worrying about the atmospheric pressure acting on the
lower table (suction table) 21 and bellows 31 during the
movement of the lower table (suction table) 21 in each of
X- and Y-axis directions in the step of positioning the
10 substrates. This ensures smooth positioning of
substrates.
The drive system of the lower table (suction table)
21 is present on the side of atmosphere. This makes it
possibletorestrict thedimensions of the vacuumassembling
15 chamber R2 to the narrow space enough to incorporate each
of the suction tables 21 and 42 required for assembling
of the upper and lower substrates. This permits high speed
evacuation of the interior.
The space between the vacuum assembling chamber R2 and
20 atmosphere release chamber R3 can be vacuum-separated by
a gate valve 4.
Fig. 4 shows the internal structure of the atmosphere
release chamber R3.
Numeral 51 denotes the feed (or transfer )} roller to

25 feed the cells assembled in the vacuum assembling chamber



vacuum suction of the substrate. The structure is so designed that the
vacuum suction chanber 53 installed inside 5 the atnosphere release qqggﬁg
R3 nmovably in the vertical direction is raised, and the flat suction

52 is loaded and made integral with it. Then evacuation is perforned

t hrough the tube 54 when the atnosphere rel ease chanber R3 is opened to

t he at nosphere. Thus, the cell is vacuum 10 sucked onto the flat suction
table 52 through the vacuum suction chadAber 53. Nuneral 8 denotes a gate
val ve provided on the lower portion of the atnosphere rel ease chanber RS,
and is connected to the vacuum punp 55. The atnosphere rel ease 15 chanber
R3 can be released to the atnosphere by the atnosphere release valve 9. An
el evation pin 56 is nounted on the |lower part of the vacuum suction
chanmber 53. Said pin raises the cell on the flat suction table 52 by

55 e ar o eI E e i et Bl T B e
56. There ar g Jiqur; 6l evahi.op pi g%c%qo%nﬁaﬂpgwsl?g 2 Stldder BoBE Al the

right, left, front and back, an ort our corners.” 25 A

gate valve 5da%dlﬂ§a§\lﬁ£nl%h;d]§;ﬁ+\%'s‘%}bﬁréw APRS RRENRQ R H FEB P04 - 15

rel ease chanber IS opened, pressure Is applied by
at nospheri ¢ RIRSYHR thHe thelJaciil 86t edoh@nbliber 53 installed inside

5 the atmosphere release chamber R3 movably in the vertical
direction is raised, and the flat suction table 52 is loaded
and made integral with it. Then evacuation is performed
through the tube 54 when the atmosphere release chamber
R3 is opened to the atmosphere. Thus, the cell is vacuum

10 sucked onto the flat suction table 52 through the vacuum
suction chamber 53.

Numeral 8 denotes a gate valve provided on the lower
portion of the atmosphere release chamber R3, and is
connected to the vacuum pump 55. The atmosphere release

15 chamber R3 canbereleased totheatmosphereby the atmosphere
release valve 9.

An elevation pin 56 is mounted on the lower part of
the vacuum suction chamber 53. Said pin raises the cell
on the flat suction table 52 by penetrating through the

20 flat suctiontable52 andvacuumsuctionchamber 53. Numeral
57 denotes a pneumatic cylinder to actuate the elevation
pin 56. There are four elevation pins 56 and pneumatic
cylinders 57 on the right, left, front and back, and support
the cell at four corners.

25 A gatevalveb is located at theoutlet of the atmosphere




assenbling process is fed out by a robot hand or the like. The foll ow ng
describes the step of aligning the 5 substrates and producing a cell dHW B 2004
this apparatus 1. The description starts fromthe time when the substréie
is carried into the |load | ock chanber RL. In Fig. 5 14 denotes a feed jig
having an external view of a U -shape forned by renoving one short side
from 10 a frame, and is used to nmount substrates Bl and B2 to be bonded
onto the bar and protrusion of the | onek> and upper portions of the inner
wal |, where a certain space is kept in the vertical direction. In the
substrate (Il ower substrate) Bl on the |lower side, the sealing material 15
15 is coated to on the peripheral area of the upper surface in a box form
and liquid crystal 16 is dripped at several positions within the box. The
upper substrate (upper substrate) B2 is placed is nounted on this

substrate BlrehkaldRecRERBEHHPN GRehhehé vl ofbnthe fAs8shig 4 at 20
a specified distance fromthe upper surface of the | ower ~ substrate Bl. The

gate val ve 2app1aRansf atiibl phiee igat Ley@h ve %h@@éﬁgﬁub?@%_t@aﬁtyﬁﬁﬁ!s and
lower substrates Bl and B2 installed on the feed jig I4 is fed into the

| oad | ock chageembRlinkyp2bckbe {eadd ehkepy Ll ropditt Bantihat . +Hd1q jgat.e val ve
2 is closed. 0 6 FEB 2004 - 16 Then the gate valve 6 is opened, and the

vacuum punp 12 iTheisfed Iiowiempleaior it 10ad dwagk ohaibegn flgatha hi gh
speed 5 substrates and producing a cell in this apparatus 1. The
description starts from the time when the substrate is
carried into the load lock chamber R1.
In Fig. 5, 14 denotes a feed jig having an extefnal
view of a U-shape formed by removing one short side from
10 a frame, and is used to mount substrates Bl and B2 to be
bonded onto the bar and protrusion of the lower and upper
portions of the inner wall, where a certain space is kept
in the vertical direction. In the substrate (lower
substrate) Bl on the lower side, the sealing material 15
15 is coated to on the peripheral area of the upper surface
in a box form, and liquid crystal 16 is dripped at several
positions within the box. The upper substrate (upper
substrate) B2 is placed is mounted on this substrate Bl
by the protrusion on the inner wall of the feed jig 14 at
20 a specified distance from the upper surface of the lower
substrate Bl.
The gate valve 2 is opened with the gate valve 3 closed,
and the upper and lower substrates Bl and B2 installed on

the feed jig 14 is fed into the load lock chamber Rl by

25 the feed roller 11. After that, the gate valve 2 is closed.



When the degree of vacuum of the |load | ock chanber R1 has reached

approxi mately the sane value as that of the 5 vacuum assenbling charfidefFEg 7004

R2, the gate valve 3 is opened, and the feed jig 14 is fed into the vacuum
assenbling chanber R2 by forward rotation of the feed roller 11 of the

| oad | ock chanber R1 and the feed roller 22 of the vacuum assenbling
chanber R2. The vacuum assenbling chamber R2 10 is evacuated in advance by
a vacuum punp (not illustrated) . Wthlpeference to Fig. 6, the follow ng
describes how the substrates Bl and B2 on the feed jig 14 are |oaded onto
t he upper and | ower suction tables 21 and 42 in the vacuum assenbling
chanber R 15 After the feed jig 14 has noved into thevacuum assenbli ng
chanber R2, the servo notor 36 is operated. The upper suction table 42 is
| ed by the guide 40 through the shaft 37 and is |lowered together with the

b , r this
P orartt on. g el tHe SR vaARRL QRAY Uiy MRARE PSR B EF T ("
buil't in the J}éoﬁ’@éd%ébQ@u&@@lt‘?}eA'%oaarl%ém EndRBEL R?lggﬁta( a&gp%ec P tabl e

el ectrostatically sucked onto the lower surface o

42. Then the presyie tieandqdle sf é@éé@ﬁ,o@&@ﬁt ﬁsaupggakseﬁéﬁlﬁé%ﬁ? 's
lifted fromthe feed 25 jig 14 Furt her nore rarsed

B1
pneumatic 0 GafeEB R0k a%;rcﬁéﬁ.rﬂd’&eiry 3t§1e %an%Mm&éeaé %/}ﬁ%ff ﬁ&és)attb ate

to be lifted fromthe feed jig 14 as well. At this tinme strates
5 vacuum assembling chamber R2, the gate valve 3 is opened,

and the feed jig 14 is fed into the vacuum assembling chamber
R2 by forward rotation of the feed roller 11 of the load
lock chamber R1 and the feed roller 22 of the vacuum

assembling chamber R2. The vacuum assembling chamber R2

10 is evacuated in advance by a vacuum pump (not illustrated).

With reference to Fig. 6, the following describes how
the substrates Bl and B2 on the feed jig 14 are loaded onto
the upper and lower suction tables 21 and 42 in the vacuum
assembling chamber R.

15 Afterthefeed jig1l4 hasmoved intothevacuumassembling
chamber R2, the servo motor 36 is operated. The upper
suction table 42 is led by the guide 40 through the shaft
37 and is lowered togetherwiththepressureboard41, thereby
approaching the upper substrate B2. Under this condition,

20 voltage is applied to the electrostatic suction electrode
built in the upper suction table 42, and the upper substrate
B2 is electrostatically sucked onto the lower surface of
the upper suction table 42. Then the pressure board 41 is
raised, and the upper substrate B2 is lifted from the feed

25 Jig 14. Furthermore, the pin 32 is raised by a pneumatic



Bl and B2 are still away from each other. Under this condition, both the
feed rollers 11 and 22 5 are rotated in the reverse direction to fee@ H&BZ%&
feed jig 14 back to the load | ock chanber R1L and to close the gate gl

3. Then the pin 32 is lowered and voltage is applied to the electrostatic
suction electrode built in the lower suction table (lower table) 21. Then
the I ower substrate 10 Bl is electrostatically sucked onto the | ower
suction table 21. Then the upper sucttoh/table 42 is |lowered on the side

of the | ower suction table 21, so that the upper substrate B2 cones close
to the Il ower substrate Bl1. 15 In this state, the positioning marks | ocated
on the substrates Bl and B2 are read out by neans of an inmage recognition
canmera 44 through the sight glass 43 located on the upper portion of the
vacuum assenbl i ng chanber R2, and positions are nmeasured by inmage

processing.  E4elna@:nsgh ORGSO HOSIIANEND5ERAE! b NG, O 545 T At es

Bl and B2) chieved by fine venent of each o ages a and 23b

on Xv8 stage r23m {he 86 1199 MY GANL, B BEl koe  Ho (RN aLhe

vacuum i nsi de t cuum I ng cha vacuum anber for the

moverent in gheafy 890aYeasha1di GRRY G9om QrFERAN - 18 and the vacuum
seal 29 maintains it for novenent in the O direction (rotary novenent).
Under this condition, both the feed rollers 11 and 22
5 are rotated in the reverse direction to feed the feed jig
14 back to the load lock chamber Rl and to close the gate
valve 3. Then the pin 32 is lowered and voltage is applied
to the electrostatic suction electrode built in the lower
suction table {lower table) 21. Then the lower substrate

10 Bl is electrostatically sucked onto the lower suction table
21.

Then the upper suction table 42 is lowered on the side
of the lower suction table 21, so that the upper substrate
B2 comes close to the lower substrate Bl.

15 In this state, the positioning marks located on the
substrates Bl and B2 are read out by means of an image
recognition camera 44 through the sight glass 43 located
on the upper portion of the vacuum assembling chamber R2,
and positions are measured by image processing. Then

20 high-precision positioning (positioning of substrates Bl
and B2) is achieved by fine movement of each of the stages
23a and 23b on XYO stage 23.

In said fine movement, the bellows 31 maintains the

vacuum inside the vacuum assembling chamber (vacuum

25 chamber) R2 for themovement in the X- and Y~axis directions,



After positioning, the pressure board 41 is lowered wuntil the |ower
surface of the upper substrate B2 contacts 5 the sealing naterial 156&08 2004
liquid crystal 16 of the |lower substrate Bl. Pressure is applied to both
substrates Bi and B2. In this | owering process, positioning marks are

read out and the position is neasured by inage processing, thereby
avoi di ng possible msregistration of the upper and 10 | ower substrates.
when the upper substrate B2 contacts thE8sealing material 15, the liquid
crystal 16 is surrounded by both substrates Bl and B2 and sealing nmaterial
15. When pressure is applied to the upper and | ower 15 substrates Bl and
B2, an ultraviolet light source (not illustrated) is used to apply the
ultraviolet ray to the UV adhesive (sealing material) 15 coated in advance
between the upper and | ower substrates Bl and B2, through the sight glass

(not illustratad)pal (LG, yaguum 3ssaabli19,chqabern 20 Fenand G qyah the
re goar f ané)t

penetration hole on each of thé pressu € Uppeér suction

table 42. ThUSdiFBEQioﬁUQ§BEﬁ%gSm@%eﬁ%ﬂt 2 are fixed tenmporarily. Until

this tenporary tixing is perfornmed, both substrates Bl and B2 are sucked

in parallel ontoafe URRAS (3R IYek helElreQ 22 HRRIES 41" §SPACkINRIY: Thi's
makes it possible to achieve O 5 °FEB 2004 19 hi gh precision positioning.

EU{t hernore, uwktih the 1cbsthgtraseBlr ant BapkenrtubstPatald Lleontthetd stance
et ween

5 the sealing material 15 and liquid crystal 16 of the lower
substrate Bl. Pressure is applied to both substrates Bl
and B2. In this lowering process, positioning marks are
read out and the position is measured by image processing,
thereby avoiding possible misregistration of the upper and

10 lower substrates.

When the upper substrate B2 contacts the sealing
material 15, the liquid crystal 16 is surrounded by both
substrates Bl and B2 and sealing material 15.

When pressure is applied to the upper and lower

15 substrates Bl and B2, an ultraviolet light source (not
illustrated) is used to apply the ultraviolet ray to the
UV adhesive (sealingmaterial) 15 coated in advance between
the upper and lower substrates Bl and B2, through the sight
glass (not illustrated) of the vacuum assembling chamber

20 R2 and through the penetration hole on each of the pressure
board 41 and the upper suction table 42. Thus, both
substrates Bl and B2 are fixed temporarily. Until this
temporary fixing is performed, both substrates Bl and B2
are sucked in parallel onto the upper and lower suction

25 tables, respectively. This makes it possible to achieve



them can be reduced. Therefore, the spacer which keeps the distance

bet ween both scattered substrates Bl and B2 5 constant can be kept 6EEB 2000
unchanged at the present position. Then the voltage applied to elect &@
for electrostatic suction built in the |ower suction table 21 is cut off,
and the pressure board 41 is raised while the pin 32 is noved upward.
Voltage is applied to the electrode for, 10 el ectrostatic suction built in
t he upper suction table 42. The upperzﬁ%d'lomer substrates Bl and B2 nade
integral by tenporary fixing are electrostatically sucked on the | ower
surface of the upper suction table 42. After that, the pin 32 is |owered.
The gate valve 4 is opened which is |ocated 15 between the vacuum
assenbl i ng chanber R2 and the atnosphere release chanber R3 with the
degree of vacuum set at the same value in advance. The flat suction table

52 is fed inightpeevasium psseribniagCharbethBenbyel e¥gEgechet ation of
the feed roller 22 of the vacuum assenbl i ng chanber R2°20 and the feed

roller 51 ofsthetatgesmenad sl gape chyaren 1R3., the dikthawspkhakenhe flat

suction table 52 has noved under the upper suction table 42 of the vacuum
assenbl i ng thamam B2 . réthadéw®n tiherégeete ,Stiséispadablridl Hélq% Rge with

the O 6 FEB na - 20 pressure board 41 are lowered onto the f lat suction
table 52 todistanoéfbtheeenl bagh appliedetosuibetelateisr ede aher B2
5 constant can be kept unchanged at the present position.
Then the voltage applied to electrode for electrostatic
suction built in the lower suction table 21 is cut off,
and the pressure board 41 is raised while the pin 32 is
moved upward. Voltage is applied to the electrode for
10 electrostatic suction built in the upper suction table 42.
The upper and lower substrates Bl and B2 made integral by
temporary fixing are electrostatically sucked on the lower
surface of the upper suction table 42. After that, the pin
32 is lowered. The gate valve 4 is opened which is located
15 between the vacuum assembling chamber R2 and the atmosphere
release chamber R3 with the degree of vacuum set at the
same value in advance. The flat suction table 52 is fed
into the vacuum assembling chamber R2 by reverse rotation
of the feed roller 22 of the vacuum assembling chamber R2
20 and the feed roller 51 of the atmosphere release chamber
R3.
Fig. 7 shows that the flat suction table 52 has moved
under the upper suction table 42 of the vacuum assembling

chamber R2.

25 Then the upper suction table 42 together with the



el ectrostatic suction built in the upper suction table 42. Thus, the
substrates Bl and B2 made integral with each other 5 by tenporary fi xihgFEB200i
transferred onto the flat suction table 52. After that, the flat suction
table 52 is fed into the atnosphere release chanber R3 by forward rotation
of the feed roller 22 of the vacuum assenbling chanber R2 and the 10 feed
roller 51 of the atnosphere rel ease chanber R3. Then the gate valve 4 is
closed. After the flat suction table 529s fed into the at nosphere rel ease
chanmber R3, the vacuum suction chanber 53 is raised by the raising shaft
58 (see Fig. 4), and is nmade to contact 15 the |ower surface of the flat
suction table 52 on the feed roller 51. The vacuum suction chanber 53 is
evacuated through the tube 54. Under this condition, the gate valve 8 is
cl osed, and the atnosphere release valve 9 is opened. when the 20

at nospher e rﬁk%@%ﬁr@“@ﬁ@?& £8 dre neheasloh®odt ABSPIEE SuctildPIRIMAIEL 1S

applied to the tenporarily fixed substrates Bl and B2 bei ng vacuum sucked

onto the flat)suet k@pnt ablfethevolRabli appased the thleate1sedlicde trf e 52
mai ntains the flatness of the substrates Bl and B2 fixed tenporarily. 25

After atnDspbeectrpseatices hésidrduianplinethe eipperabuenifarERRD4 >, 21 by
the tube 54 of the vacuum suction chanber 53 is suspended, and release to
the at nosphergukgkeése phbdeeratee Ml And6B2 Made integral with each other
5 by temporary fixing is transferred onto the flat suction
table 52.

After that, the fiat suction table 52 is fed into the
atmosphere release chamber R3 by forward rotation of the
feed roller 22 of the vacuum assembling chamber R2 and the

i0 feed roller 51 of the atmosphere release chamber R3. Then
the gate valve 4 is closed.

Aftertheflatsuctiontable52is fedintothe atmosphere
release chamber R3, the vacuum suction chamber 53 is raised
by the raising shaft 58 (see Fig. 4), and is made to contact

15 the lower surface of the flat suction table 52 on the feed
roller 51. The vacuum suction chamber 53 is evacuated
through the tube 54.

Under this condition, the gate valve 8 is closed, and

the atmosphere release valve 9 is opened. When the

20 atmosphere release chamber R3 is released to atmosphere,
atmosphere is applied to the temporarily fixed substrates
Bl and B2 being vacuum-sucked onto the flat suction table
52. 1In this case, the flat suction table 52 maintains the

flatness of the substrates Bl and B2 fixed temporarily.

25 Afteratmosphericpressurehas beenapplied, evacuation



rai sed, and the gate valve 5 is opened to insert a robot hand (not
illustrated). After the bonded cell to which 5 atnospheric pressure ij$ FEB 2004
applied is transferred onto the robot hand, it is taken out. Wen the gate
valves 3 and 4 are opened, and the vacuum assenbling chanber R2 and the

| oad | ock chanber Ri or atnosphere release chanber R3 are to be connected,
each 10 of the chanber R1 and R3 is kept. vacuum so there is no need of
evacuati ng the vacuum assenbl i ng chanbef! Ro. At mospheric pressure is not
applied to the vacuum assenbling chanber R2 to cause its defornmation

Thus, this ensures high precision assenbling of substrates Bl and B2 in a
short 15 tine. Then the substrates assenbled with the flat suction table
52 are fed out to the atnosphere rel ease chanber R3. Wen the gate valve 4
is closed, the gate valve 3 opens, and the substrates Bl and B2 installed

on the feed 5otAd (@Be P olothd AR LAG A BRknSBRHR c Rhdtmddie vacuum

assenbl i ng chanber . Since these operations can be perf

paral lel, proguctietiehge $of thé NAmddiHEas @bk PIRERSENTHENYERt 49N d S not
restricted to said enbodinent. The follow ng enbodi nents are al so

possi bl e:  2%alisele arcun® gagenbhive shaghepensa nad iuided Migdt 0 6 FEB
2004 - 22 a l|load | ock chanber or atnosphere rel ease chanber. Each
substrate anthzassqmyted loeldt@ited)ed hfitand thel bByidele ce@hotto which
5 atmospheric pressure is applied is transferred onto the
robot hand, it is taken out.

When the gate valves 3 and 4 are opened, and the vacuum
assembling chamber R2 and the load lock chamber Rl or
atmosphere release chamber R3 are to be connected, each

10 of the chamber Rl and R3 is kept vacuum, so there is no
need of evacuating the vacuum assembling chamber R2.
Atmospheric pressure is not applied to thevacuumassembl ing
chamber R2 to cause its deformation. Thus, this ensures
high precision assembling of substrates Bl and B2 in a short

15 time.

Then the substrates assembled with the flat suction
table 52 are fed out to the atmosphere release chamber R3.
When the gate valve 4 is closed, the gate valve 3 opens,
and the substrates Bl and B2 installed on the feed jig 14

20 are fed from the load lock chamber R1 into the vacuum
assembling chamber R2. Since these operations can be
performed in parallel, productivity is further increased.

The present invention is not restricted to said

embodiment. The following embodiments are also possible:

25 1. The vacuum assembling chamber is not provided with



hand or the like. Since the | oad | ock chanber and atnosphere rel ease

chanber are not connected with each other,
evacuation of the vacuum assenbling chanber vacuum Despite that, th
vol une of the vacuum assenbling chanber

assenbl i ng

evacuation does not take tinme. 10 2.

body to be

shaped nmenber where the outer and inner edges of multiple

chanber does not contain any drive systemof the table.

waiting 5 tine is required

is smaller since the vacuum

b ®E8 2004

So

| nstead of the bellows 31, an elastic

used is a bellows type or-f@dkdirng or tel escopic type lantern

formed netallic plates are hernetically connected with each other
alternately such as a Chinese 15 lantern. Furthernore, it is also possible

to separate

functions of hernmeticity and elasticity of the bellows,

annul ar di sh

and

to use a concentric dual structure consisting of a cylindrical elastic
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time is required for evacuation of the vacuum assembling
chamber vacuum. Despite that, the volume of the vacuum
assembling chamber is smaller since the vacuum assembling
chamber does not contain any drive system of the table.
So evacuation does not take time.

2. Instead of the bellows 31, an elastic body to be
used is a bellows type or folding or telescopic type lantern
shaped member where the outer and inner edges of multiple
annular dish formed metallic plates are hermetically
connected with each other alternately such as a Chinese
lantern. Furthermore, it is also possible to separate
functions of hermeticity and elasticity of the bellows,
and to use a concentric dual structure consisting of a
cylindrical elastic body with greater emphasis placed on
hermeticity and a screw spring with greater emphasis placed
on elasticity.

3. The lower table in Fig. 3 is fixed in the X- and
Y-axis direction, and the upper table is movable in each
of X-, Y- and B-axis directions by the elastic body and
linear guide, vacuumseal and rotary bearing. Inthiscase,

the weight of the upper table is transmitted to the vacuum



4. Vacuum suction (suction) is also used for assenbling of the substrates
on the | ower and upper tables in Fig. 5 3. A drop preventive clawis ER 2004
provided so that it can be retreated w thout disturbing pressure applqgglig
substrates. Said clawis intended to prevent the substrate from dropping
due to extinction of substrate suction force on the upper table and to
keep the substrates a little below the upper 10 table before electrostatic
suction is applied, when the vacuum asgénbling chanber is in the vacuum
state. 5. An elevating neans of the |ower suction table 21 is incorporated
in the pedestal 2la, and the | ower suction table 21 is raised to the side
of the upper suction table 15 42. Substrates Bi and B2 are tenporarily
fixed. The foll ow ng descri bes anot her enbodi nent of the present invention
W th reference to drawings: In Fig. 8 100 denotes a substrate assenbling

appar atus  aGLargifig 1o dSuBLSEo | Y S Ok o WRREId abl £ 107, 4

hol d t he sub e "an one o es? are bEOV|ded

i nside the Varfd‘li@&ﬁ]al@eafgpllolze&% ta{e?rglaéé)lé/al%'&g‘ assenbl i ng chanber R2

shown in Fig vacuum chanbér 1S provided in the present

chanber 102 has & pard varbe Goet bEeEel i ELaPREse FAAPTEYT,
the substrat gs ah xhalsds voéH \t%elqw&r SR O al ed hfn MAGHUM punp

(not illustrated). Furthernore,
5 3. A drop preventlve claw is provided so that it can be

retreatedwithoutdisturbingpressureappliedtosubstrates.
Said claw is intended to prevent the substrate fromdropping
due to extinction of substrate suction force on the upper
table and to keep the substrates a little below the upper
10 table before electrostatic suction is applied, when the
vacuum assembling chamber is in the vacuum state.

5. An elevating means of the lower suction table 21
is incorporated in the pedestal 21a, and the lower suction
table 21 is raised to the side of the upper suction table

15 42. Substrates Bl and B2 are temporarily fixed.

The following describes another embodiment of the
present invention with reference to drawings:

InFig. 8, 100 denotes a substrate assembling apparatus
according to the present invention. A upper table 103 to

20 hold the substrate and a lower table { one of the tables)
104 are provided inside the vacuum chamber 102 equivalent
to vacuum assembling chamber R2 shown in Fig. 1. Only one
vacuum chamber is provided in the present embodiment, so
it 1is directly called a "vacuum chamber".

25 A vacuum chamber 102 has a gate valve 105 to feed in



vacuum chanber 102 incorporates a holding claw 107 to hold the substrate
and a hol di ng nechani sm 108 to nove said holding 5 claw 107 in the v ég 5%4
direction (Z-axis direction) and front/back direction (Y--axis dire ﬁf
of the drawing. A pair of said holding claw 107 and sai d hol di ng mechani sm
108 are located in the front/back Y-axis direction of the draw ng. The
edge portions on both sides of the substrate 10 are held to ensure that
the substrate can be held horizontal Tn24¢he direction horizontally crossing
the direction of the substrate to be fed in and out in the X-axis
direction (right/left) when the gate valve 105 opens. The upper table 103
I's nmounted on the Z-axis traveling 15 base 110 through the shaft (the
second shaft) 109 penetrating the opening 102a of the vacuum chanber 102.
The Z-axis traveling base 110 is noved in the Z-axis direction by the

| inear QUidef&ﬁ%*ﬂ??ﬁ@%ﬂﬁ@tgﬁkggaﬂﬁﬁﬂ?ggﬂ?ggﬁé¥@é%%f@%;gﬁ@gﬁﬂgc 112 and
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vacuum chanber 102 is kept vacuum he | ower t 'S connected to a

Lravel ing t i@ dhifs iR 200 ahod i rignélih 245 SR 208 ddd e s ATk 3l
irection) Tl outside the vacuum chanber 102 by the multiple shafts 115
i ndividyal | yclaw 107 in the vertical direction (z-axis direction) and
front/back direction (Y-axis direction) of the drawing.
Apairofsaidholdingclawl07 andsaidholdingmechanism
108 are located in the front/back Y-axis direction of the
drawing. The edge portions on both sides of the substrate
10 are held to ensure that the substrate can be held horizontal
in the direction horizontally crossing the direction of
the substrate to be fed in and out in the X~axis direction
(right/left) when the gate valve 105 opens.
The upper table 103 is mounted on the Z-axis traveling
15 base 110 throughtheshaft (thesecondshaft) 109 penetrating
the opening 102a of the vacuum chamber 102. The Z-axis
traveling base 110 is moved in the Z-axis direction by the
linear guide 111, motor (a drive means in the vertical
direction) 112 and ball screw 113. This raises the upper
20 table 103. Furthermore, the vacuum bellows (bellows type
elastic body) 114 is provided between the margin of the
opening 102a and shaft 109 to surround the shaft 109.
Hermeticity is maintained to allow the upper table 103 to

riseand fall even when the vacuumchamber 102 is kept vacuum.

25 The lower table 104 is connected to a traveling table



penetrating the openings 102b of the vacuum chanmber 102. it can be noved

in the horizontal surface (novable in X 5 and Y-axis directions para

the surface of the
inside the surface) by the traveling table TI.

Il el

to

substrate to be bonded, and in the rotary directi &f FEB 2004
The traveling table Ti

conprises XY O stages. Nanely, the X stage 116 is designed to nove the Y
stage 118 in the 10 X-axis direction (right/left) in the drawi ng by neans
of the drive notor 117. The Y stage 1482%s-located on the X stage 116, and
I's designed to nove O stage 120 in the Y-axis direction by neans of

drive notor

designed to rotate 15 the conbi ned body 115A of the each shaft 115 in the
direction with respect to the 0 stage 120 through the rotary

hori zont al

119. The O stage 120 is located on the Y stage 118 and

a
i's

bearing 121 by nmeans of the drive notor 122. The each shaft 115 to support

the lower table 104 is fixed o
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and Y-axis directions parallel to the surface of the
substrate to be bonded, and in the rotary direction inside
the surface) by the traveling table T1.

The traveling table T1 comprises XY 8 stages. Namely,
the X stage 116 is designed to move the Y stage 118 in the
X-axis direction (right/left) in the drawing by means of
the drive motor 117. The Y stage 118 is located on the X
stage 116, and is designed to move 8 stage 120 in the Y-axis
direction by means of a drive motor 119. The 6 stage 120
is located on the Y stage 118 and is designed to rotate
thecombinedbody115Aof£heeachshaft1151nthehorizontal
direction with respect to the 8 stage 120 through the rotary
bearing 121 by means of the drive motor 122. The each shaft
115 to support the lower table 104 is fixed on the combined
body 115A.

A vacuum seal S1 is provided between the margin of the
each opening 102b and each shaft 115 to surround the each
shaft 115. Sealing is provided to ensure that vacuum can
be maintained in the vacuum chamber 102 even if the each
shaft 115 moves on the traveling table T1.

In other words, said vacuum seal S1 comprises vacuum

t.he conbi ned . body 115A. 20 A. vacuum sea
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The magnetic seal 124 is conposed of bearings 124a and 124b, magnetic body
sealing portion 124c, housing 124d_ 5 The vacuum bel |l ows 123 has itsﬂﬁﬁﬂlmm
end fixed to the |lower surface of the nmargin of the each opening 102b

t he vacuum chanber 102, and has the |l ower end fixed to the top end of the
housi ng 124d. The | ower end of the housing 124d is fixed to the plate 125a
on the cross roller guide 125. 10 The | gwer portion of the cross roller
guide 125 is fixed to the support base?%26 fixed to the vacuum chanmber

102. Each shaft 115 penetrates the openings (not illustrated) having a
great diameter provided on the upper plate 125a of the cross roller guide
125 and support base 15 126. Wien each shaft 115 noves in conformty to

t he novenent of the traveling table Ti, it noves together in the horizontal
direction since the |ower end of the vacuum bellows 123 is connected in

the directi omatheses t(Bel%Qgs%su E8hs94bdH Ayl P22 Aen Ve d e aWEy [ he

traveling table Ti nmakes a O novenment (rotary novenent), a nagnetic body

seal 124c aksids rbolali Qidle GenpeRenSér pach shafdugpert Paenpoyy, 127

used to neasure the substrate positioning mark through the hole (not

i 'lustrated) proviglechagmetie supper24 akl eodfssea Pf ®eadaGhq@n1bhg pper
portion of the 25 vacuum chanber 102. An optical system Cl for nmark 06 FEB

2004 - 27 ohsevatmaynetsid neidt |shloimg tporSaich amdcalhsysigg Clad or mark
observation are provided

5 The vacuum bellows 123 has its top end fixed to the lower
surface of themargin of the each opening 102b in the vacuum
chamber 102, and has the lower end fixed to the top end
of the housing 124d. The lower end of the housing 1244d is

fixed to the plate 125a on the cross roller guide 125.
10 The lower portion of thecross roller guide 125 is fixed
to the support base 126 fixed to the vacuum chamber 102.

Each shaft 115 penetrates the openings (not

illustrated) having a great diameter provided on the upper
plate 125a of the cross roller guide 125 and support base
15 126. Wheneachshaft ll5moves inconformity tothemovement
ofthetravelingtableTl, it moves together inthehorizontal
direction since the lower end of the vacuum bellows 123
is connected in the direction where the cross roller guide
125 can be moved. When the traveling table T1 makes a 6

20 movement (rotary movement), a magnetic body seal 124c

absorbs rotational component of each shaft 115.

A window 127 used to measure the substrate positioning
mark through the hole (not illustrated) provided on the

upper table 103 is provided on the upper portion of the

25 vacuum chamber 102. An optical system Cl for mark



in multiple nunbers to all ow observation of the positioning mark provided
on the substrate at two or four diagonal 5 positions. Said C conprises an
i mage recognition camera 128 and XYZ stages 129. In XYZ stages 129,06akEB 2004
electric nmotor is installed for each axis so that imge recognition canera
128 can be noved in each axial direction. Furthernore, each of the tables
103 and 104 has an 10 el ectrode for elggtrostatic suction and suction hole
for vacuum suction, and is designed fo“énSure that substrates can be held
by static electricity or vacuum suction. Wth reference to Fig. 9 and
thereafter, the followng describes how upper and | ower substrates are
held and 15 assenbled on tables 103 and 104. The sealing material is
coated on one of the upper and |ower substrates to a specified height and
specified coated cross section in a solid square formw th a single stroke

of a brush i nyaeratimoenid osswale®abnthe, iquid crystal 20 in a
specified franme when the upper and | ower substrates are bonded. Al so, the

upper substrate hedid optibaluypaien ¢hlibe i}k dbs&Lvet s€4 alrie PEaIg&s SO t hat
the filmsurface is |ocated on the | ower position. A certain anount of

liquid crystial madtdpippeohierd he dldwer obsbstasatenhef dherpddiet iowbig 25
table 104 in order to get the optimum gap when bonded. B6FEB2OR - 28 1In
Fig. 9, the seatk rrowided an ithecatrskiata aoliwb squtserfaiayonalhe
substrate feeding robot hand 130 installed
5 positions. Said Cl comprises an image recognition camera
128 and XYZ stages 129. InXYZstages 129, anelectricmotor
is installed for each axis so that image recognition camera
128 can be moved in each axial direction.
Furthermore, each of the tables 103 and 104 has an
10 electrode for electrostatic suction and suction hole for
vacuum suction, and is designed to ensure that substrates
can be held by static electricity or vacuum suction.

With reference to Fig. 9 and thereafter, the following

describes how upper and lower substrates are held and
15 assembled on tables 103 and 104.

The sealing material is coated on one of the upper and
lower substrates to a specified height and specified coated
cross section in a solid square form with a single stroke
of a brush in order to enclose and seal the liquid crystal

20 in a specified frame when the upper and lower substrates
are bonded. Also, the upper substrate held on the upper
table 103 is reversed in advance so that the film surface
is locatedonthe lower position. Acertainamountof liquid

crystal is dripped on the lower substrate held on the lower

25 table 104 in order to get the optimum gap when bonded.



outside the substrate assenbling apparatus 100, and the |ower substrate B2
where liquid crystal is dripped is fixed 5 inside the solid square fpgIFERPY(04
suction. The gate valve 105 of the vacuum chanber 102 is rel eased, and the
robot hand 130 is inserted through this opening 102c. Then suction of the
| ower substrate B2 is released. In the holding nechanism 108, the hol ding
claw 107 is fed forward in the 10 direcé%on (Y-axis direction) of the |ower
substrate B2, and is then raised (noved*in then-axis direction). Through
this step, the |lower substrate is received and transferred on the hol ding
claw 107. After transfer, the robot causes the hand 130 to retreat. After
this hand 130 has retreated, 15 the hol ding nechanism 108 is |l owered to
transfer the lower substrate B2 onto the |lower table 104. The | ower
substrate 82 is vacuum sucked by the | ower table 104. Here the | ower table

104 has a groove mherigyt e holdsedl ibhawatering REaE8Stedhenhg! shngy cl aw
107 is put inside this 20 groove. As it is |owered bel ow the upper surface

(substrate hagliarg sorihaaahesubidierd ongeelabha ot hihe 130bSidd BRI B2 IS
transferred onto the |l ower table 104. Fig. 10 shows that the holding claw

107 is | over editlyide hehehalubisty atec hamienb 11508 aipbdrhed OWEro subsd rate B2 is
25 transferred onto the lower table 104 fromthe holding claw 0 6 FEB 2004
- 29 107. Aflicsrert hebbownetedbeheatel B e ryeenlvas dimppeked fixed
5 inside the solid square form by suction. The gate valve
105 of the vacuum chamber 102 is released, and the robot
hand 130 is inserted throughthisopeningl102c. Thensuction
of the lower substrate B2 is released. In the holding
mechanism 108, the holding claw 107 is fed forward in the
10 direction (Y-axis direction) of the lower substrate B2,
and is thenraised (moved in the Z-axis direction). Through
this step, the lower substrate is received and transferred
on the holding claw 107. After transfer, the robot causes
the hand 130 to retreat. After this hand 130 has retreated,
15 the holding mechanism 108 is lowered to transfer the lower
substrate B2 onto the lower table 104. The lower substrate
82 is vacuum sucked by the lower table 104.
Here the lower table 104 has a groove where the holding
claw 107 is placed. The holdingclaw 107 is put inside this
20 groove. As it is loweredbelow the upper surface (substrate
holding surface) of the lower table 104, the substrate B2
is transferred onto the lower table 104.
Fig. 10 shows that the holding claw 10-7 is lowered by

the holding mechanism 108 and the lower substrate B2 is

25 transferred onto the lower table 104 from the holding claw



the | ower table 104, the hol ding nechani sm 108 causes the hol ding claw 107
to retreat fromthe |ower substrate B2 5 and to rise. Then it pushes () FER 2004
forward the holding claw 107 again so that the upper substrate Bl can be
transferred. Then the reversed upper substrate Bl is fixed by suction on

t he robot hand 130, and the robot hand 130 is inserted through the opening
102c of the vacuum chanber 102. Then 10 suction of the upper substrate Bl
is rel eased, and the hol ding claw 107-i 8%rai sed by the hol di ng mechani sm
108. This allows the upper substrate Bl to be transferred onto the hol ding
claw 107. After transfer, the hol ding nmechani sm 108 rai se the upper
substrate Bl on the holding claw 107 so that the 15 upper substrate B
vacuum sucked onto the upper table 103. After the upper table 103 has
vacuum sucked the upper substrate Bi, the holding claw 107 is kept at the
current posijtgon. Then the robot hand 130 is retreated. After retreat 20
of this hand, the gate valve 105 is closed to switch the exhaust valve

106, and the vacuyumshaher d isumacHat e 1R $MapurR

dda
illustrated). Wen the desired vacuum preset pressure has been reaé%ed

insi de the vageumoeBambsp1d02hy @MAGBALIAG mB@th&‘QmOios 221 5185 Uine
substrate Bi by the upper table 103 is swtched O 6 FEB 2004 - 30 over to

el ectrost ati GouritiPr 1Y alerC 0 Hedlrdea tCHyEh tHUNIRRIT @ st d Gyer
substrate B2 is sucked and fi xed
5 and to rise. Then it pushes forward the holding claw 107
again so that the upper substrate Bl can be transferred.
Then the reversed upper substrate Bl is fixed by suction
on the robot hand 130, and the robot hand 130 is inserted
through the opening 102c of the vacuum chamber 102. Then
10 suctionof theupper substrateBl isreleased, and theholding
claw 107 israised by theholdingmechanism108. This allows
the upper substrate Bl to be transferred onto the holding
claw 107. After transfer, the holding mechanism 108 raise
the upper substrate Bl on the holding claw 107 so that the
15 upper substrate Bl vacuum sucked onto the upper table 103.
After the upper table 103 has vacuum sucked the upper
substrate Bl, the holding claw 107 is kept at the current
position.
Then the robot hand 130 is retreated. After retreat
20 of this hand, the gate valve 105 is closed to switch the
exhaust valve 106, and the vacuum chamber 102 is evacuated
by a vacuum pump (not illustrated).
When the desired vacuumpreset pressure has been reached

inside the vacuum chamber 102 by evacuation, holding of

25 the upper substrate Bl by the upper table 103 is switched



in position by the electrostatic chuck of the lower table 104. 5
Incidentally, the following step is also possible: Wen the hol ding 5%?&7%4
107 is raised, the substrate is held by the holding claw 107, mﬁtho&

bei ng vacuum sucked by the upper table 103. When a desired vacuum pressure
has been reached, the upper substrate Bl is directly is held 10 by

el ectrostatic suction. After the upper substrate Bl is held by the upper
table 103, the holding claw 107 is ret#@ated by the hol ding nechani sm
108. After this retreat,Z-axis traveling base 110 is lowered 15 by the
motor 112 as shown in Fig. 11. Through this step, the upper substrate Bl
Is made to cone close to the Iower substrate B2. Wen the upper and | ower
substrates are close to each other, the positioning mark of the upper
substrate Bl is observed by the image recognition canera 128 of the 20

optical syst rpeg;l l%l&s&ro\éactlgr& K 1 sqgrpqﬁﬁ éleegct%rosltzig r&lll ﬁ to adj ust

the position so that e centr axl's canmera ed to the

posi tioni ng Iﬁr Qaf DE,I% en §;ég_5 l%tsem%]t Bhae rk of
the | ower substrgkénb 2 @EE obser&% er t con on o neasure t he
deviation 0 §FEBs2096n bpkndle IRRSIAIQHNG: FRLKS Q@tw N &@r%@ﬁr
substrate Bl ghg S omep sﬁbstrgie B2. Based on this dev?af%on t he

traveling 104.

5 Incidentally, the following step is also possible:
When the holding claw 107 is raised, the substrate is held
by the holding claw 107, without being vacuum sucked by
the upper table 103. When a desired vacuum pressure has
been reached, the upper substrate Bl is directly is held

10 by electrostatic suction.
After the upper substrate Bl is held by the upper table
103, the holding claw 107 is retreated by the helding
mechanism 108.
Afterthisretreat, Z-axis travelingbase 110 is lowered
15 by the motor 112 as shown in Fig. 11. Through this step,
the upper substrate Bl is made to come close to the lower
substrateB2. Whentheupper and lower substrates areclose
to each other, the positioning mark of the upper substrate
Bl is observed by the image recognition camera 128 of the
20 optical system Cl for observation. XYZ stages 129 are
controlled teo adjust the position so that the central axis
of the camera 128 is matched to the positioning mark of
the upper substrate Bl.
Then the positioning mark of the lower substrate B2

25 is observed under this condition to measure the deviation



table Tl is driven to ensure that the mark positions of the upper and

| ower substrates Bl and B2 agree with each 5 other. Fig. 12 is a schefrfER 2004
representation of the behavior of the each shaft 115, vacuum bellows 123
and cross roller guide 125 when the upper and | ower substrates Bl and B2
are positioned by the traveling table T1. 10 Fig. 12 shows that the

conbi ned body 115A of the each shaft 115 noved by the traveling table T1
has nmoved in confornity to rotation wi#h respect to the support base 126
integral with the vacuum chanber 102. In Fig. 12, P denotes the centra
position of the support 15 base 126, and indicates the central position of
the conbined body 115A. To facilitate understandi ng, the conbi ned body
115A is shown a little bigger than the support base 126, conversely to
Fig. 8. The Y-axis of the cross roller guide 125 is fixed on 20 the side

of the suppoids Bass thdrfing harkshdetiRledRYRA WfbstrhaXid) Ishdroved by

t he novenent of "t he conblned body 115A throug the novenent of the each

shaft 115 thneught 508stPReE BP) Bheb284 tqflst ReveheSSnl, Ot h&m Qi) &ie
However, the lower end of the vacuum bellows 123 is fixed to the hou3|ng

124d 25 of thepmonatiie sraveh?4d ionediren thie XmXinard Joie ey 4k 6 FEB
2604 -- 32 plate 125a, so the | ower end of the vacuum bell ows 123 travels
in the XY di e u@ppedi bRaUl oletashpatrStasepeaghd SHAfdgrldd with each

5 other.

Fig. 12 is a schematic representation of the behavior
of the each shaft 115, vacuum bellows 123 and cross roller
guide 125 when the upper and lower substrates Bl and B2
are positioned by the traveling table T1.

10 Fig. 12 shows that the combined body 115A of the each
shaft 115 moved by the traveling table T1 has moved in
conformity to rotation with respect to the support base
126 integral with the wvacuum chamber 102.

In¥Fig. 12, Pdenotes thecentral positionof the support

15 base 126, and indicates the central position of the combined
body 115A. To facilitate understanding, the combined body
115A is shown a little bigger than the support base 126,
conversely to Fig. 8.

The Y-axis of the cross roller guide 125 is fixed on

20 thesideof thesupport basel26, so ithasnotmoved. However,
X axis is moved by the movement of the combined body 115A
through the movement of the each shaft 115 through the upper
plate 125aof thecross roller guide 125. However, the lower

end of the vacuum bellows 123 is fixed to the housing 124d

25 of the magnetic seal 124 fixed on the X axis of the upper



Is integral with the conbined body 115A, rotation is perfornmed as a whole.
However, the individual deviation 5 in rotation between each shaft Jb5FE8rfli
vacuum bel l ows 123 is sucked by the nagnetic seal 124. Therefore, the
novenent of each shaft 115 is absorbed by the magnetic seal 124 and cross
roller guide 125, even if the lower table 104 is noved in each of the XYO
directions 10 by the traveling table Ti through the conbi ned body 115A and
each shaft 115 in order to position the3ipper and |l ower both substrates Bl
and B2. Thus, a vacuum can be maintained w thout damagi ng the vacuum
bellows 123. Simlarly to the enbodinent in Fig. 1, the traveling 15 table
Tl is located outside the vacuum chanber 12, so the vacuum chanber 102 can
be smal|l. The degree of vacuuminside the vacuum chanber 10 can be
increased to a desired value at a high speed. In positioning of the upper

d | b , . WWh ' d b i
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5 in rotation between each shaft 115 and vacuum bellows 123
is sucked by the magnetic seal 124.

Therefore, the movement of each shaft 115 is absorbed
by the magnetic seal 124 and cross roller guide 125, even
i1f the lower table 104 is moved in each of the XY9 directions

10 by the traveling table T1 through the combined body 115A
and each shaft 115 in order to position the upper and lower
both substrates Bl and B2. Thus, a vacuum can be maintained
without damaging the vacuum bellows 123.

Similarly to the embodiment in Fig. 1, the traveling

15 table T1 is located outside the vacuum chamber 12, so the
vacuumchamber 102 canbesmall. Thedegreeof vacuuminside
the vacuum chamber 10 can be increased to a desired value
at a high speed.

In positioning of the upper and lower both substrates

20 Bl and B2, what is moved by the traveling table T1 is only
the portion from the combined body 115A of each shaft 115
to the lower table 104. The lower table 104 is supported
by multiple shafts 115. There is no need of use a rigid

one for improved stiffness. The lower table 104 can be a

25 light one. It is not bent by dead weight, or flatness is



A sl ender shaft wll be sufficient for the purpose. Each nmagnetic seal 124
can be a small one. Therefore, when a 5 vacuumis produced inside the
vacuum chanber 2, the external pressure applied to each magnetic ?FPQ%%E&
is also reduce. As discussed above, the flatness of the |ower table

mai nt ai ned according to the present apparatus. Hence, both substrates Bl
and B2 are parallel. Mreover, theweight 10 and external pressure have
been reduced. This ensures hlgh precrsPédn-and hi gh speed positioning using
an image recognition canera 128. In the illustrated configuration, external
pressure applied to the nagnetic seal 124 is applied in the direction 15
of conpressing the vacuum bellows 123, but is transmtted to the support
base 12 through the cross roller guide 125 and is borne thereby. This
reduces the | oad of the vacuum bellows 123. The service life is not

reduced at ¢ fgebnaged Rodobne 30wt val Ml 194 9fs LS LFKeq ROfher AORL Ui oni ng

of the upper and | ower both substrates e upp 03 is

further |oweiagthy 1988 edoR*d1saft a8l ki REeh2SEedd ot *Heog pa%éé ep,

substrates Bl and B2 are bonded, and a cértain ampunt o ing material

25 i's crushed bebweer Lhar8upst] ales Bk RAGR2eod @hEE&B%Séﬁ. %h cH'S
di scussed above, both substrates Bl and B2 are parallel th each other.
Hence, when wagneeald B@a1miie dan be a small one. Therefore, when a
5 vacuum is produced inside the vacuum chamber 2, the external
pressure applied to each magnetic seal 124 is also reduce.
As discussed above, the flatness of the lower table
104 ismaintained according to the present apparatus. Hence,
bothsubstratesBl andB2areparallel. Moreover, theweight
10 and external pressure have been reduced. This ensures high
precision and high speed positioning using an image
recognition camera 128.
In the illustrated configuration, external pressure
applied to themagnetic seal 124 is applied in the direction
15 of compressing the vacuum bellows 123, but is transmitted
to the support base 12 through the cross roller guide 125
and is borne thereby. This reduces the load of the vacuum
bellows 123.
The service life is not reduced at the bonded portion
20 by welding or the like.
After positioningof theupper and lower both substrates
Bl and B2, the upper table 103 is further lowering by the
Z-axis traveling base 110. Through this step, substrates

Bl and B2 arebonded, and acertainamount of sealingmaterial

25 is crushed between the substrates Bl and B2.



I's crushed, there remains no uncrushed portion. Spacing is uniformy
reduced, so if liquid crystal is pushed, a 5 small anmount of liquid crystal
spreads into the internal area surrounded by the sealing material ilb EEB 2004
solid square form Under this condition, to ensure that positioning of
substrates Bl and B2 is not deviated, a light source (not 10 illustrated)
Is used to apply light to the photo-cured type tenporary fixing adhesive as
a msregistration preventive applied- between the substrates in advance,
thereby fixing the substrate in position. After that, electrostatic
suction of the upper table 15 103 and |lower table 104 is cut off, and the
upper table 103 is raised. After the exhaust valve 106 is closed, the
interior of the vacuum chanber 102 is released to the atnosphere using an
at nosphere rel ease valve (not illustrated). 20 Atnospheric pressure is
appl i ed between substrates Bl and B2 by said step of release to the
at nosphere. Furt Bér dlﬁrcé‘sgs‘iﬁde 3hoven NAdd! S RHE Attt Bhd@T¢ qui d
crystal sprea rroupded b seallng materhEe in a solid square

I
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is uniformly reduced, so if liquid crystal is pushed, a

5 small amount of liquid cxrystal spreads into the internal

area surrounded by the sealing material in a solid square
form.

Under this condition, to ensure that positioning of

substrates Bl and B2 is not deviated, a light source (not

10 illustrated) is used to apply light to the photo-cured type
temporary fixing adhesive as a misregistration preventive
applied between the substrates in advance, thereby fixing
the substrate in position.

After that, electrostatic suction of the upper table

15 103 and lower table 104 is cut off, and the upper table
103 is raised. After the exhaust valve 106 is closed, the
interior of the vacuum chamber 102 is released to the
atmosphere using an atmosphere release valve (not
illustrated).

20 Atmospheric pressure is applied between substrates Bl
and B2 by said step of release to the atmosphere. Further
pressure is applied to the substrates, and liquid crystal
spreads into surrounded by sealingmaterial inasolid sguare
form.

25 After release to atmosphere, the holding claw 107 is



forward. The holding claw 107 is raised, and tenporarily fixed substrates
Bl and B2 (cell) are transferred onto the 5 holding claw 107. Then the
gate valve 105 is opened and the robot hand 130 illustrated in Fig.0®FER 2004
used to take out the tenporarily fixed substrates Bl and B2 on the hol di ng
claw 107 as one integral nmenber (cell). It is transferred to a downstream
10 systemto performfinal fixing. Incidentally, final fixing can be
conpleted in the vacuum chanber 102. 4 m%a+td enbodi ment, the | ower table
104 is supported by four shafts 115. The nunber of shafts 115 is not
limted to four. A desired nunmber of shafts may be used. 15 Furthernore,

di fferent nunbers of the upper and | ower shafts 109 and 115 nmay be used.
In addition, the substrate assenbling apparatus discussed above is not
limted to the production of the liquid crystal display panel. Application

Cubstrate | OBEPFAEA s HL IR SRR L AR o7 BRERIRIG 61 pr i nt
substrates is performed in .the . vacuum.chanber, .25 0 F 004 -36 WHAT IS
QA MED 118 B et n e A AEapBa BPRe S TAcr Lt Tbber® @Y= over
o el o e L S35 T, D R e
fixed substrates Bl and B2 {(cell) are transferred onto the
5 holding claw 107.

Then the gate valve 105 is opened and the robot hand
130 illustrated inFig. 9 is used to take out the temporarily
fixed substrates Bl and B2 on the holding claw 107 as one
integral member (cell). It is transferred to a downstream

10 systemtoperformfinal fixing. Incidentally, final fixing
can be completed in the vacuum chamber 102.

In said embodiment, the lower table 104 is supported
by four shafts 115. The numbex of shafts 115 is not limited
to four. A desired number of shafts may be used.

15 Furthermore, different numbers of the upper and lower shafts
109 and 115 may be used.

In addition, the substrate assembling apparatus
discussed above is not limited to the production of the
liquidcrystaldisplay panel. Applicationcanalsobe found

20 in cases where bonding of the resist film to the substrate

is performed inside the vacuum chamber, or assembling of

print substrates is performed in the vacuum chamber.

25



I's reduced so that the upper and | ower substrates are bonded wth each

ot her under vacuum by an adhesive provided in at |east one of Sai%ﬁﬁgBZML
substrates; said substrate assenbling apparatus further characterized'in
that a first table where any one of the two substrates can be renovably
fixed on the upper or lower surface thereof and a second table where the
other of the two substrates can be renpvably fixed on the | ower or upper
surface thereof are provided in a vacuum chanber such that the upper and

| ower surfaces of the substrates are placed face to face with each other,
one of the first and second tables is coupled with a drive neans which is
di sposed at the atnosphere side of the vacuum chanber and which permts

t he one t 3OHATHS GABMED IS} east in the horizontal direction through a
partitioning elastic body provided at the wall of the vacuum chanber which
permts hernetical coupling of the one table with the drive means, %Qﬂ one
of the first land »ecows tirabiees3FSempiiREr LORPIRELS wi'tIF 5t hEFPE vE means

for reducing the distance between _ the substances .l ocated fac f Wt h
each ot H&WeDn GURETTAfES - t97 be  DORARR:t Afi% g?i&rrb 1o e{cpopa%g:c%s 43%n

one of {SRSIbSORBEEs 1L BHE SPRANrEEaw (11 cSBct ey g et eBRnEnch the

is reduced so that the upper and lower substrates are bonded
with each other under vacuum by an adhesive provided in at
least one of said substrates;

said substrate assembling apparatus further
characterized in that

a first table where any one of the two substrates can be
removably fixed on the upper or lower surface therecf and a
second table where the other of the two substrates can be
removably fixed on the lower or upper surface thereof are
provided in a vacuum chamber such that the upper and lower
surfaces of the substrates are placed face to face with each
other,

one of the first and second tables is coupled with a
drive means which is disposed at the atmosphere side of the
vacuum chamber and which permits the one table to move at
least in the horizontal direction through a partitioning
elastic body provided at the wall of the wvacuum chamber which
permits hermetical coupling of the one table with the drive
means, and

one of the first and second tables is further coupled

with another drive means for reducing the distance between

the substances located face to face with each other.



5 vacuum chanber through a linear guide, and is provided wwth a beIhBWi
type el astic body between the vacuum chanber and |inear guide, and B 2004
vacuum seal and bearing on the atnospheric side partitioned by said

el astic body. 3. A substrate assenbling apparatus according to Claim 10 1
further characterized in that the one of tables is a lower table in the
vacuum chanber. 4. A substrate assenbling apparatus according to Caim 1
further characterized in that the other 6/ tables has a vertical drive
means for reducing the distance between 15 two substrates, while the one of
tables has a drive neans which is specialized in driving in the horizontal
direction. 5. A substrate assenbling apparatus according to Claim!|

further characterized in that a | oad | ock chanber and atnosphere rel ease
chanber are provided on the front and 20 rear of said vacuum chanber, and
each chanber is partitioned with the other by a gate val ve, and connection
between chanbers or with atnosphere is provided by opening of said gate

val ve, thereby permtting substrates be transported. 25 6. ubstrate
bl e o ar et B heUP AL Rt G ERTEh i Rt SRty S s A1 p 01t T TR
characterized Ln that said drive ans, |l ocated on the atnnsgherf @ide

n

out si de sai d vhchht ﬂ%n%}é?r?%t%gge the Bhet of 1BtV at 243t °F nthe

horizontal di rectiop whthL, [ERRECLHLOGHDS Y AHMBLRATREL cLpebinksdihe the

5 vacuum chamber through a linear guide, and is provided with
a bellows type elastic body between the vacuum chamber and
linear guide, andavacuumseal andbearingonthe atmospheric
side partitioned by said elastic body.

3. Asubstrateassemblingapparatus accordingtoClaim
10 1 further characterized in that the one of tables is a lower
table in the vacuum chamber.
4. Asubstrateassemblingapparatus accordingtoClaim
1 further characterized in that the other of tables has
a vertical drive means for reducing the distance between
15 two substrates, while the one of tables has a drive means
which is specialized indriving inthehorizontal direction.
5. Asubstrateassemblingapparatus accordingtoClaim
1 further characterized in that a load lock chamber and
atmosphere release chamber are provided on the front and
20 rear of said vacuum chamber, and each chamber is partitioned
with the other by a gate valve, and connection between
chambers or with atmosphere is provided by opening of said
gate valve, thereby permitting substrates to be
transported.

25 6. Asubstrateassemblingapparatus accordingtocClaim



5 by nmeans of nultiple shafts each penetrating through multiple openings
whi ch are provided separately fromeach other in the vacuum chanbe @?jm‘
each openi ng of the vacuum chanber has an el astic body which naint ﬁ
vacuum chanber and each shaft hernmetic. 10 7. A substrate assenbling
apparatus according to Claim 6 further characterized in that said elastic
body is a bellows type elastic body which encloses each shaft, fixes one
end to the margin of the each opening #8 said vacuum chanber, and allows
the other end freely slidable with the 15 circunference of each shaf t
through the magnetic seal. 8. A substrate assenbling apparatus according
to Caim 7 further characterized in that the other end of the of the

bell ows type elastic body in said elastic body is linked wth said vacuum
chanmber through a slide nenber novable 20 in the direction parallel to the

surfaces of SUBsIiales opbg e banded; nornAcsubshr @l ey assetbl i 1o Apagr at us

according to her characterized I1n that said drive neans for

reduci ng th%ndbcﬁtea%ﬁo YEET e L2BGES éggg}%mﬁ&%h%ﬁ egfﬁo%a

each other drives the other table, 0 6 FEB 2 sal Ive neans S
linked to thept hge 613@51%1% é‘?qré%sto‘ln”&ﬁé hB&‘iz%%%%rlddﬁéf:E%oﬁa&ﬂh

penetrating through multiple second openings whi are provided separately
fromeach othapddt thayaGHERuRAMe NG 1inked to the one of tables
5 by means of multiple shafts each penetrating through
multiple openings which are provided separately from each
other in the vacuum chamber; and each opening of the vacuum
chamber has an elastic body whichmaintains a vacuum chamber
and each shaft hermetic.

10 7. Asubstrateassemblingapparatus accordingtocClaim
6 furthercharacterizedinthat saidelasticbody isabellows
type elastic body which encloses each shaft, fixes one end
to the margin of the each opening in said vacuum chamber,
and allows the other end freely slidable with the

15 circumference of each shaft through the magnetic seal.

8. Asubstrateassemblingapparatus accordingtoClaim
7 further characterized in that the other end of the of
the bellows type elastic body in said elastic body is linked
with said vacuum chamber through a slide member movable

20 in the direction parallel to the surfaces of substrates
to be bonded.

9. Asubstrateassemblingapparatus accordingtoClaim
6 furthercharacterized inthat saiddrivemeans for reducing

the distance between substances located face to face with

25 each other drives the other table,



5 each of said second openings has an elastic body which nmaintains said
vacuum chanber and each second shaft hernetic. 10. A substrate assefpBIFER@I0L
apparatus according to Claim1l or 6 further characterized in that said
first and 10 second table has at |east one of said vacuum suction means

and el ectrostatic suction neans, and each of one and the other substrates
I's renovably fixed thereon. _ 39 -

sald drive means is linked to the other table by means
of multiple second shafts each penetrating throughmultiple
second openings which are provided separately from each
other in the vacuum chamber and
5 each of said second openings has an elastic body which
maintains said vacuum chamber and each second shaft
hermetic.
10. A substrate assembling apparatus according to
Claim 1 or & further characterized in that said first and
10 second table has at least one of said vacuum suction means
and electrostatic suction means, and each of one and the

other substrates is removably fixed thereon.



