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ASSEMBLI NG SUBSTRATES
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5 BACKGROUND OF THE | NVENTION: <Field of the
i nvention relates to substrates bondi ng equi prent,

and nore particularly, to substrates assenbly apparatus suitable for an

assenbly process of a

liquid crystal display panel, including holding 10

substrates to be bonded opposite each other,  reducing spacing between the
substrates, and bonding the substrates in a vacuum chanber. <Description of
the related art including information> One of the conventional manufacturing
equi pnent for the liquid crystal display panel is described in Japanese
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d- 15 Open Publication No. Hei 10-26763. This

bondi ng process in which a liquid crystal is coated in
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direction from side to side of the apparatus, the chanber is evacuated to
overlay the otARPEMBLNGBUYBSIRMEDne substrate, the other substrate is

positioned again, and the chanber pressure is released to the atnosphere

pressure to bond the
Publ i cati on No.

substrates. 25 Japanese Application Patent Laid-Open

5 BACRGROGND OF THE INVENTION:

<Field of the Invention>

[ The present invention relates to substrates bonding equipment, and

more particularly, to substrates assembly apparatus suitabie for an

assembly process of a liquid crystal display panel, including holding

10 substrates to be bonded opposite each other, reducing spacing between

the substrates, and bonding the substrates in a vacuum chamber.

<Description of the related art including information>

One of the conventional manufacturing equipment for the liquid

crystal display panel is described in Japanese Application Patent Laid-

15 Open Publication No. Hei 10-26763. This reference discloses a bonding

process in which a liquid crystal is coated in one of the two glass

substrates having transparent electrodes or thin film transistors thereon,

spacers are dispersed, the other substrate is mounted over the one

substrate using pins having lifting/lowering mechanisms, the other

20 substrate is positioned using positioning pins located in a direction from

side to side of the apparatus, the chamber is evacuated to overlay the

other substrate on the one substrate, the other substrate is positioned

again, and the chamber pressure is released to the atmosphere pressure

to bond the substrates.

25 Japanese Application Patent Laid-Open Publication No. 2001-



305563 di scl oses a uni body vacuum chanber, which contains a fist table

det achably hol di ng one of the substrates on its upper or |ower surface and

a second tabl e detachably holding the other one of the substrates on its

| ower or upper surface. The tables' upper and | ower surfaces 5 respectively
hol di ng each substrate are opposed. One of the tables is air tightly and
nmovably connected to the vacu um chanber yia an elastic body. The one table
al so includes a driving nmeans on the atnosphere side of the vacuum chanber
conparted by the elastic body, for noving the table at |east horizontally
relative to the vacuum chanber. 10 Japanese Application Patent Lai d-Open
Publ i cati on No. 2001-5401 discloses substrates assenbly apparatus that

i ncludes a chanber divided into top and bottom chanbers, and the bottom
chanmber includes a substrate transfer device and a I|qU|d crystal dropping
devi ce. In the 396668 difningssmednibagy naswumspambear,i winiclPgoaiaing alfigt igblen 15
Publication No. Hei 10-26763, the potential difference between the pressure
bet ween t he sulsietachiebly %@idlmr@%@féggwbsiﬁ@@&%t&W@'lﬂﬁé@waﬁ%-ﬂ'fac@rﬂ presses
the substrates. Then the sealing materials between the substrates nust
reliably seal [#$6q08 tablgdetashably,halding fheqtherene atiiie substratesi@bitsf t he
sealing materials is necessary an? mgteri al s ma xtend over the

di spl ay porti ofOWEIOMIREr SHEaCE NS IP é@% Npﬁeﬁé‘BGMe& a%dwer substrate is

e o e g
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The one table also includes a driving means on the atmosphere side of
the vacuum chamber comparted by the elastic body, for moving the table
at least horizontally relative to the vacuum chamber.
10 Japanese Application Patent Laid-Open Publication No. 2001-5401
discloses substrates assembly apparatus that includes a chamber divided
into top and bottom chambers, and the bottom chamber includes a
substrate transfer device and a liquid crystal dropping device.
in the above described Japanese Application Patent Laid-Open
15 Publication No. Hei 10-26763, the potential difference between the
pressure between the substrates and the pressure outside the substrates
only presses the substrates. Then the sealing materials between the
substrates must reliably seal between upper and lower substrates. Thus,
much use of the sealing materials is necessary and the materials may
20 extend over the display portion. To hold the substrates in a vacuum, the
lower substrate is mounted on a flat stage but the upper substrate is
supported by pin shaped members at appropriate positions on the
substrate’s periphery. Thus, a large substrate over 1 m x 1 m may bend

and it may be difficult to exactly position both of the upper and lower

25 substrates.



The chanber is evacuated from atnospheric pressure to a vacuum after the
upper and | ower substrates are directly transferred into the vacuum
chanber. Thus, it nmay take a long tine to evacuate the chanber. This may
make difficult to inprove the productivity of the 5 assenbly apparatus. In

t he Japanese Application Patent Laid-Open Publication No. Hei 2001- 305563,
the top and bottomtables are in the unibgdy vacuum chanber so that it is
difficult to clean the tables in the vacuum chanber when the substrates are
broken or any deposit on the substrates 10 contami nates the tables. A
substrate el evation nechanismto |lift the bonded substrates before renoving
them or a substrate tenporarily fastening nechanismto prevent substrate
di spl acenent, a mark recognition nechanismor illum nation nechanismto
position the substrates are also fastened to the uni body vacuum chamnber or

on the 15 struct ur €lts cleamberss évathated dom atmdsphizeic. préssure taawacuamanber and
bottom table nove relatively to each other during positioning the
substrates, a m@ftebtreuppena ibiver substrates arendiretilyetransieised intbdhe | ar ger
grooves or holes for the substrate el evation mechanism for tenporarily

f ast eni ng the sabsumath@mband Tbustihmaydake adengytimeitoevacugtedhei oni ng. 20
When pressurizing the substrates after positioning them |arger grooves and
hol es on the tabembeny Thisseay makealifficult timprove the produstvtyedf thieéi s nay make
difficult to uniformy deformthe adhesive. In the conventional equi pnent
with a chénber assembbtapparatusop and bottom chambers, the bottom chamber and

bottomtab[ e are not 25 integrated wth each other, the space between the
bottomtabl e and - Inthe Japanese Application Patent Laid-Open Publication No. Hei

{ 2001-305563, the top and bottom tables are in the unibody vacuum
chamber so that it is difficult to clean the tables in the vacuum chamber
when the substrates are broken or any deposit on the substrates

10 contaminates the tables. A substrate elevation mechanism to lift the
bonded substrates before removing them, or a substrate temporarily
fastening mechanism to prevent substrate displacement, a mark
recognition mechanism or illumination mechanism to position the
substrates are also fastened to the unibody vacuum chamber or on the

15 structure side outside the vacuum chamber. As a vacuum chamber and
bottom table move relatively to each other during positioning the
substrates, a problem occurs that the bottom table needs to have larger
grooves or holes for the substrate elevation mechanism, for temporarily
fastening the substrate, and for the mark recognition or positioning.

20 When pressurizing the substrates after positioning them, iarger grooves
and holes on the table may cause the variation of local pressure. This
may make difficult to uniformly deform the adhesive.

In the conventional equipment with a chamber divided into top and
bottom chambers, the bottom chamber and bottom tabl e are not

25 integrated with each other, the space between the bottom table and



bott om chanber is sealed, and the bottomtable can do free novenent such as
rotation relative to the bottom chanber. Thus, the substrates are
positioned by noving the entire chanber in XY direction and the nounting
table for the substrate in O direction. Therefore, two sealing 5 structures
are necessary: one between the top and bottom chanbers; and the other one
between the bottom table and bottom chanbgr. This may |ead to the problem
of less air-tightly seal ed equi prent. SUMMARY OF THE | NVENTI ON: 10
Therefore, the object of the present invention is to provide substrates
bondi ng equi pnment of high productivity, which can bond | arge substrates
with high accuracy and at hi gh speed. To achi eve the above object, the
present invention provides substrates bonding equi prent for bonding both
substrates in a vacuum 15 chanber, wherein the chanber can be divided into
top and bott ombottambehasnber i§ isegled; abdl the botterottallraahyddivee mayement subst r at e
in the top chanber and a second table for detachably hol ding the other
substrate in thehastrotatiophialative tathe bettam gbambach Thig, thensuksitales at es are
opposite each other, the first table includes a driving nmechani sm outside
the top 20 charﬂﬁepos@pnedbvm@lmwa enlireiohgmies in &Y dikgstieniandithe t op
chanber, the second table is integrated with the _bottom chanber, and a
driving means M@ntingiable fﬁbmwhtsl%'@t%tﬂﬂgﬁﬁﬁmmém‘eéﬁfof%m se¥ingont aI ly
relative to the top chanber is provided outside the bottom chanber.

BRI EF DESGRI PTISUNCEeS AES DRgeRsrns.one betweegq the taphaR ba %'Br?@ﬁﬁ‘theés \ﬁf@l/v of

substrates assenbl ar at us ccording to an enbodi resent
i nventi on. ihe other dne between the bottom table and bottom cnembe +h|s

{ lead to the problem of less air-tightly sealed equipment.

SUMMARY OF THE INVENTION:

10 Therefore, the object of the present invention is to provide
substrates bonding equipment of high productivity, which can bond large
substrates with high accuracy and at high speed.

To achieve the above object, the present invention provides
substrates bonding equipment for bonding both substrates in a vacuum

15 chamber, wherein the chamber can be divided into top and bottom
chambers, a first table for detachably holding one substrate in the top
chamber and a second table for detachably holding the other substrate in
the bottorn chamber are provided such that the substrates are opposite
each other, the first table includes a driving mechanism outside the top

20 chamber for lifting and lowering the top table in the top chamber, the
second table is integrated with the bottom chamber, and a driving means
for finely moving the bottom chamber at least horizontally relative to the

top chamber is provided outside the bottom chamber.

25 BRIEF DESCRIPTION OF THE DRAWINGS:



Fig. 2 shows a schematic view of a fastening nmechanismfor connecting and
nmovi ng the top chanber and pressurizing base plate. 5 Fig. 3 shows an
exanple of a cross section of the seal ring between the top chanber and
bott om chanber. DETAI LED DESCRI PTI ON OF THE | NVENTI ON: An enbodi nent of the
present invention will be described below 10 referring to the appended
drawi ngs. Fig. 1 shows substrates assenblg equi pnment according to the
present invention, which includes a bottom chamber Tl and a top chanber T2.
The top chanber T2 includes a top table 2 which is novable up and down by a
supporting leg 3 and nore than one adjusting 15 legs 4 through the top
chanber T2. The supporting leg 3 and adjusting legs 4 are sealed with
Orings 5 and wel ded bell ows 6, respectively, to isolate the top chanber T2
fromthe atnosphere. The supporting leg 3 and adjusting legs 4 of the top
chanmber T2 are fastfdgetishowa apmchematicaliew of babsirgtésaesambly@pparatugnt ral part
of the pressurizing base plate 7 is fastened to an internediate base plate
8. A driving mashardingiichan ermpodiraentafiige prasent inventiond r educti on gear 11 on a
ceiling frane 9 and a ball screw 12 allows the internedi ate base plate 8 to
nmove up and down guUfided shgwa agxghematisiviews obadastaginganechaniwnfeomg posts ot her
than the ball spline bearing 13 25 on the base frane 1 support the sealing
frame 9. Each sPnpaeingiand Mavyg the tOPé’BéW@e" 8Rd Pé?ﬁfué*?"\ﬂmf@l@ plates ast ened to

the pressurizing base plate 7, has other end linked to a ball screw 15
dri ven by 2a notor ﬁgoﬁshﬂ‘ﬁs anﬁ’@l"i'ﬁi%P ACTERSREGh0R S the segl rlﬂaﬂ%ﬁﬂﬁ’—eéﬂ\/\n

adj ust ment mecqﬁe top thamber and bottom chamber.
{
DETAILED DESCRIPTION OF THE INVENTION:
An embodiment of the present invention will be described below
10 referring to the appended drawings.

Fig. 1 shows substrates assembie equipment according to the
present invention, which includes a bottom chamber T1 and a top
chamber T2. The top chamber T2 includes a top table 2 which is
movable up and down by a supporting leg 3 and more than one adjusting

15 legs 4 through the top chamber T2. The supporting leg 3 and adjusting
legs 4 are sealed with O-rings 5 and welded bellows 6, respectively, to
isolate the top chamber T2 from the atmosphere. The supporting leg 3
and adjusting legs 4 of the top chamber T2 are fastened to a pressurizing
base plate 7.

20 The central part of the pressurizing base plate 7 is fastened to an
intermediate base plate 8. A driving mechanism having a driving motor
10 and reduction gear 11 on a ceiling frame 9 and a ball screw 12 allows
the intermediate base plate 8 to move up and down guided by a ball
spline bearing 13. Supporting posts other than the ball spline bearing 13

25 on the base frame 1 support the sealing frame 9. Each of the adjusting



having the driving notors 14 and ball screws 15 can apply force on the 5
pressuri zing base plate 7 to lift and lower the top table 2 wth keeping its
flatness. Fig. 2 shows an exanple of a nechanismfor driving the top

chanmber T2. The top chanmber T2 has a fastening nechanismfor fastening the
top chanber T2 to the top table 2. The nechanism has a 10 | ever 51 driven by
a cylinder 50 and a T-shaped fastening nepber 52. The pressurizing base
plate 7 has a through hol e through which the fastening nenber 52 can nove
up and down. Wth the pressurizing base plate 7 down, the lever 51 will be
I nserted between the T-shaped fastening nenber 52 and pressurizing base
plate 7. Thus, the lifting of 15 the pressurizing base plate 7 can also lift
the top chanber T2. The top chanber T2 can al so nove up and down gui ded by
the ball spline bearing 13 but is alnost rigid in the direction back and

forth and fromlegsi4, érie endef whivhris fasteaéd th theqiress\rizifdbasedlaté 7{ has bal |
spline bearing 13 is fastened to the base frame 1. Thus, the fastening
mechani sm can lihé btreneénddinked 26 atbed opewtisdrived ynal micdpr thanitlee T2 t oget her
to nove the top chanber T2. CQutside the sidewall of the top chanber T2, a
door val ve 16 iisterpediatedeasd plate 8anAhamr-amdrdoive axljisttneat exechanisnd from t he
chanber. On the opposite sidewall of the top chanber T2 at the position
correspondi ng thavingthedisiving/motars 18, anahbalbsdrews 157cansagplpiordednitoe sprayi ng
an ionized 25 ultrasonic air on the substrates to renove static electricity
fromthem5 - 7 presawizing bage plale ¢talifhandiowerthe topsakle &rwilthkeeping itsanot her
lonizer 17a is provided. Wth the door open, the ionizer 17a sprays an

i oni zed ul tradGEigsSair on the substrates to hel p renove static electricity

fromthe ) ) o
i Fig. 2 shows an example of a mechanism for driving the top

chamber T2. The top chamber T2 has a fastening mechanism for
fastening the top chamber T2 to the top table 2. The mechanism has a

10 lever 51 driven by a cylinder 5¢ and a T-shaped fastening member 52.
The pressurizing base plate 7 has a through hole through which the
fastening member 52 can move up and down. With the pressurizing
base plate 7 down, the lever 51 will be inserted between the T-shaped
fastening member 52 and pressurizing base plate 7. Thus, the lifting of

15 the pressurizing base plate 7 can also lift the top chamber T2. The top
chamber T2 can also move up and down guided by the ball spline bearing
13 but is almost rigid in the direction back and forth and from side to side
(horizontal direction). One end of the ball spline bearing 13 is fastened
to the base frame 1. Thus, the fastening mechanism can lift and lower

20 the top table 2 and top chamber T2 together to move the top chamber T2.

QOutside the sidewall of the top chamber T2, a door valve 16 is

provided for transferring the substrates to and from the chamber. On the
opposite sidewall of the top chamber T2 at the position corresponding to
the door valve 16, an ionizer 17 is provided for spraying an ionized

25 ultrasonic air on the substrates to remove static electricity from them.



substrates. Although the ionizer 17 in the chanber is provided on the 5 top
chanmber T2 in Fig. 1, the ionizer can be provided on anywhere for spraying
the ionized wind on the substrate surfaces. For exanple the ionizer can be
provi ded on the bottom chanber T1. Through the door valve 16, the
substrates are transferred to the chanber and bonded liquid crystal panels
are transferred fromthe chanber. 10 CULdeg the ceiling of the top chanber
T2, nore than one push structure sub-guide 18 are provided with their
center shafts 19 extruded into the chanber. These center shafts 19 match
the holes on the protrusion around the top table 2 to nmake possible

hori zontal positioning of the top table 2. That is, the sub-guides 18 and
center shafts 19 work 15 as the horizontal positioning mechanismfor the top
table 2. Thus, the horizontal position of the top table 2 can be finely

adj ust ed t o helQuipimei thedop chambsub2 ear thendabra@bley 16,rdrfathen ipnizesdiraison t he
substrate. The top chanber T2 has nore than one observation w ndow at the
bottom of the wiraddeds r Withsthesiops open; ibetibrizehhirepraysrandosigedi ng the 20
substrate marks. Wth a canera barrel 21 inserted into the observation

wi ndow, the carkrasonie aionbe sulstraigsde halrerameevesstatip elestiipity drapatheel 21 is
nmounted on a nobile stage including traveling axes in horizontal directions
(X and Y dir ectSubsatesnd Althergh éhe gizexi1d in the ehambar isdirpvided @R the

direction). The nobile s e | s fastened to the top chanber T2. The 25 top
Cable 2 albo haePERAEDET 1B TR RIS, dodng [V SPEERIRIRG GToARETedor

embodi ment  moUrFEAYNG T AT et LT DS R B aCken e FeRREABP I ebe —
O!i rectly mount elgniggr E:arl]ne btta %?o&iggcli on %he -Il;g{tcsjm chamber T1. Through the door

valve 16, the substrates are transferred to the chamber and bonded liquid

crystal panels are transferred from the chamber.

10 Outside the ceiling of the top chamber T2, more than one push
structure sub-guide 18 are provided with their center shafts 19 extruded
into the chamber. These center shafts 19 match the holes on the
protrusion around the top table 2 to make possible horizontal positioning
of the top table 2. That is, the sub-guides 18 and center shafts 19 work

15 as the horizontal positioning mechanism for the top table 2. Thus, the
horizontal position of the top table 2 can be finely adjusted to help position
the substrate and apply uniform pressure on the substrate.

The top chamber T2 has more than one observation window at the
bottom of the window frames convex into the chamber for observing the

20 substrate marks. With a camera barrel 21 inserted into the observation
window, the camera recognizes the substrate marks. The camera barrel
21 is mounted on a mobile stage including traveling axes in horizontal
directions (X and Y directions) and a traveling axis in vertical direction (Z

direction). The mobile stage is fastened to the top chamber T2. The

25 top table 2 also has a hole at the position corresponding to the



can elimnate the observation windows to inprove the airtightness of the 5
chanber. It can also bring the canera closer to the substrate so that the
camera can recogni ze the marks at inproved accuracy and the substrates can
al so be positioned at inproved accuracy. A |load cell 22 intervenes between
the internedi ate base of the supporting leg 3 and the ball screw 12 to
measure the pressure applied 10 on the_sybstrate. Each of the adjusting

|l egs 4 on the pressurizing base plate 7 also has a load cell 23 to nonitor,
when adjusting the flatness of the top table 2, the overload of the notor
14, which drives the each adjusting leg 4. A bottomtable 24 is fastened to
the bottom chanmber T1. If the 15 entire surface of the bottomtable 24 is
fastened to the bottom chanber T1, the bottomtable 24 may reduce its
flatness by the deformation transferred fromthe defornmed bottom chanber Ti
under reduced obsesstion winitew far recagnizinigehe 4ubstrateanarkast ened only at its
periphery to the bottomchanber Tl to elimnate the effect fromthe

def or med bot t om 20 Althenigbrthe presemé epiodimentiraatye the cameraautsids the
circunference a seal ring 25 as described below. The top chanmber T2 in
contact with tf8agber, theicagers maube Hﬁeﬁbﬂmanﬂeﬂ@m@%%é@He\ﬁ | [Thifake t he
chanber airtight tg forma vacuum chanber. The bottom chanber T1 is nounted
on a 0 base tale8 ei‘g"nﬁﬁltbﬂ opgervalop yrindews t/impraye e aitichiness of ter ew (not

Do O e o 53 Bl i e Pl sSebaher e
pr edet er i ggﬁdfqgafegﬁ%eco RS OIS Bpriled LT O FRRt A0,
e can also be positioned at improved accuracy.
A load cell 22 intervenes between the intermediate base of the
supporting leg 3 and the ball screw 12 to measure the pressure applied
10 on the substrate. Each of the adjusting legs 4 on the pressurizing base
plate 7 also has aload cell 23 to monitor, when adjusting the flatness of
the top table 2, the overload of the motor 14, which drives the each
adjusting leg 4.
A bottom table 24 is fastened to the bottom chamber T1. If the
15 entire surface of the bottom table 24 is fastened to the bottom chamber
T1, the bottom table 24 may reduce its flatness by the deformation
transferred from the deformed bottom chamber T1 under reduced
pressure. The bottom table 24 is then fastened only at its periphery to
the bottom chamber T1 to eliminate the effect from the deformed bottom
20 chamber T1. The bottom chamber T1 has on its circumference a seal
ring 25 as described below. The top chamber T2 in contact with the seal
ring 25 and the door valve 16 closed will make the chamber airtight to
form a vacuum chamber.

The bottom chamber T1 is mounted on a 6 base table 28, which is

25 rotated by a motor 26, a ball screw (not shown}, and a rotating bearing 27.



el evati on nechani sm 41, and substrate lifting nmechani sm 43 under the 5
bottom chanber T1. The 0 base table 28 is nounted on a Y table via the
rotating bearing 27. A notor 29 noves the Y table 32 along a linear rail on
an X table 33. A notor 30 noves the X table 33 along a linear rail on the
base franme 1. Thus, a driving nmechani smoutside the bottom chanber T1
drives the bottom chanber Tl to which the_bottomtable 24 is 10 fastened.
The novenent of the bottom chanber T1 cangpﬁsition the substrates on the
bottom tabl e 24. Because the chanber is tightly sealed and the driving
mechani smis outside the chanber, the substrates w Il not encounter any
dust fromthe driving nechani smoperated and can be bonded accurately. 15
More than one ball bearing 34 for the top chanber T2 and swivel plates 35
wi t h adj ust nent nechani sns are provided around the 0 base table 28 to

constantly def oFhe ¢ base eatle 281y flenddio theddtiom chamber TTdsinganbact s with
the seal ring 25 of the bottom chanber Ti to formthe vacuum chanber. These

bal | bears 34 asmhpedimerhbal thersbedweanljtaiptovideea phegeteintined spbacahi The t he t op
chanmber T2 noves down. In the present enbodinent, the top chanber T2's own
wei ght connect sspaice coatainhardé rradi@iamuebloaniom 4(h) aobsirai€holdihg ctaws chanber
T2's own wei ght can apply enough force on the chanbers to connect themwth
a large conneatlévajiohaneeharisoails andisabgiratedifiing medoaniso3 undérehe hanber s
can 25 apply additional force on the chanbers fromthe atnosphere. - 10 To
prevent tHe 0 dtom abarsbesTt.r onhée ddmsertgbigs?Bisrmpayntedeon a¥rtaplesvigtd t he 0
base table 28 is supported by nore than one ball bearing 37 for the 0 base
pl ate 28 and swpPtadinghesriag 238 i meter@Umonesthe Y table 32 along a linear rail

on an X table 33. A motor 30 moves the X table 33 along a linear rail on
the base frame 1. Thus, a driving mechanism outside the bottom
chamber T1 drives the bottom chamber T1 to which the bottom table 24 is

10 fastened. The movement of the bottom chamber T1 can position the
substrates on the bottom table 24. Because the chamber is tightly
sealed and the driving mechanism is outside the chamber, the substrates
will not encounter any dust from the driving mechanism operated and can
be bonded accurately.

15 More than one ball bearing 34 for the top chamber T2 and swivel
plates 35 with adjustment mechanisms are provided around the 6 base
table 28 to constantly deform the seal ring 25 when the top chamber T2
contacts with the seal ring 25 of the bottom chamber T1 to form the
vacuum chamber. These ball bears 34 and swivel plates 35 adjust the

20 position to which the top chamber T2 moves down. In the present
embodiment, the top chamber T2's own weight connects the top chamber
T2 and bottom chamber T1. The top chamber T2's own weight can
apply enough force on the chambers to connect them with a large
connecting force, because the pressure reduction in the chambers can

25 apply additional force on the chambers from the atmosphere.



mechani sns 38 which are nounted on nenbers fastened to the 5 equi pnent base
frame 1. The ball bearings 37 and swivel plates 38 support the |oad of the
0 base plate 28. Two types of the ball bearings: the ball bearings 34 for

t he chanber; and the ball bearings 37 for the 0O base table, support the

| oad of the periphery of the top and bottom chanbers as descri bed above, so
that the chanbers can becone nmuch 10 le def ormed. The bottom chanber T1
has nore than one transnmitted illumnator - 39 to recogni ze the substrate

mar ks. The bottomtable 24 has holes corresponding to the illum nators. The
bottom chanber T1 has nore then one pressurization/ UV irradiation nechanism
40 therein to deform 15 and cure the UV adhesive to prevent the displ acenent
bet ween the bonded substrates. The bottom chanber Ti al so has the

followi ng: a substrate holding claws el evati on nechanism 4l to prevent the
substrate bend in Ta premedt thed) bass taite 88 fionybscdmingadeformend) dfieer, rot ati on
and elevation pins to prevent the robot hands bend and to prevent the
substrat e bend penipheny ofthe Adkasertableo?d Is slippecteddy, maredthansmedallat e 1ifting
mechanism 43 to elevate the bonded substrates. The bottomtabl e 24 has

hol es such t hatbeanag@7dos the ¢ hase plats 28i andswisel Patessihwith adiistroentan move up
and down through the bottom table 24. The pressurization/ UV irradiation
mechani sms 40 dne@anams 38 renichhara menntadoremerhers fagtensd tothe bottom tabl e
24 al so has grooves - 11 (notches) on its substrate supporting side such
that the Subst mmemttbasgfraf@eﬁan &g el haatings Bs ans smivetigiates 3t s

substrate lifting nmechanism 43 allows the rqobot hand to go intqg under the
substrate duri riyPpRE the load of the 6 base piate 28. Two types of the ball bearings:

the ball bearings 34 for the chamber; and the ball bearings 37 for the 6
base table, support the load of the periphery of the top and bottom
chambers as described above, so that the chambers can become much
10 less deformed.
The bottom chamber T1 has more than one transmitted illuminator
39 to recognize the substrate marks. The bottom table 24 has holes
corresponding to the illuminators. The bottom chamber T1 has more
then one pressurization/UV irradiation mechanism 40 therein to deform
15 and cure the UV adhesive to prevent the displacement between the
bonded substrates. The bottom chamber T1 also has the following: a
substrate holding claws elevation mechanism 41 to prevent the substrate
bend in its width direction during substrate transfer, rotation and elevation
pins to prevent the robot hands bend and to prevent the substrate bend in
20 its back-and-forth direction, and a substrate lifting mechanism 43 to
elevate the bonded substrates.
The bottom table 24 has holes such that the pressurization/UV
irradiation mechanisms 40 can move up and down through the bottom
table 24. The pressurization/UV irradiation mechanisms 40 also act as

25 rotation and elevation pins. The bottom table 24 also has grooves



substrate transfer. These holes or grooves may be provided with the 5 | east
mar gi n, because the bottomtable 24 is fastened to the bottom chanber T1.
The pressurization/ UV irradi ati on nmechani sm 40, substrate holding claws

el evation nechani sm 41, and substrate |ifting nechanism 43 each have a
lifting/lowering mechani sm passing through the bottom chanber 10 Ti. O rings
bet ween the bottom chanber Tl and these ljfting/lowering nechanisns seal
the gap between them The top table 2 c'an”ho? d the upper substrate thereon
under reduced pressure using either of an electrically holding nmechani sm
with an electrostatic chuck or physically hol ding nmechanismw th adhesive.
For 15 the hol di ng mechanismusing the electrostatic chuck, the top table 2
can release the substrate by turning off the applied voltage and lifting
the top table 2 after predetermned tine for renoving static electricity
fromthe subst(netches)onm its Babstmateistippbstingdide sgchrthab dne subsista dftinge sheet
adhesive on the top table 2, the top table 2 can rel ease the upper 20
substrate by nenéchanisth 43 qanassvegptamd dowrer Ehibsubstrate diftinghraetamsm
substrate with nore than one pin and then lifting only the top table 2

| eavi ng t he pi S pllavessting robot ihand tonge indebadernthe. subistrateodwring thabl e 24 can

al so hold the | ower substrate thereon under reduced pressure using either
of an el ectri caiubgtratsl isansjerre dineseeled engropves mayl kecprayidegkwith 81euck or
physi cal ly hol ding mechanismw th adhesive. - 12 The top table 2 and bottom

tabl e 24 dan clleag nagin esaves e beitara table 2dde fastenrd utherkadtom e with, for

exanpl e, both using the electrostatic chuck or adhesive, or one using the
el ectrostatic &ﬁlﬁ’@ﬂ’%ﬂa-t he ot her

‘ The pressurization/UV irradiation mechanism 40, substrate holding
claws elevation mechanism 41, and substrate lifting mechanism 43 each
have a lifting/lowering mechanism passing through the bottom chamber

10 T1. O-rings between the bottom chamber T1 and these lifting/lowering
mechanisms seal the gap between them.

The top table 2 can hold the upper substrate thereon under reduced
pressure using either of an electrically holding mechanism with an
electrostatic chuck or physically holding mechanism with adhesive. For

15 the holding mechanism using the electrostatic chuck, the top table 2 can
release the substrate by turning off the applied voltage and lifting the top
table 2 after predetermined time for removing static electricity from the
substrate. For the physically holding mechanism using the sheet
adhesive on the top table 2, the top table 2 can release the upper

20 substrate by mechanically pressing the upper substrate on the lower
substrate with more than one pin and then lifting only the top table 2
leaving the pins pressed on the lower substrate.

The bottom table 24 can also hold the lower substrate thereon under
reduced pressure using either of an electrically holding mechanism with

25 an electrostatic chuck or physically holding mechanism with adhesive.



usi ng the adhesive. Holding the substrates on the table under reduced 5
pressure can keep the standard fl atness of the table and keep the two

tabl es parallel to help assenble the substrates. Thus, the top and | ower
substrates can be bonded uniformy. In the present enbodi nent, the suction
clanp by a negative pressure and the electrostatic clanp by an

el ectrostatic force can both be used. 10 e vacuum chanber can be evacuated
by connecting to a vacuum valve and vac “punp such as dry punp or turbo
nol ecul ar punp through an exhaust port (not shown) on either top or bottom
chanber. The chanber can be vented to the atnosphere by introducing an inert
gas such as nitrogen or the atnospheric gas through a valve (not shown) on
15 either top or bottom chanber. To reduce water adhesion to the chanber

wal | to reduce the evacuation time, the chanber is preferably vented to the

at nosphere wi t Thartopnatsle 20arsd boitdmaablei 24 cgeclampithelsubstrbteddledeesns wat er
nol ecul es. Now the nmethod for bonding the |iquid crystal panels using the 20

substrat es assemaey reduzadgirassure sith iforgexamplécbgih ey therelesttostation | | be
descri bed below. First, the upper substrate with an adhesive applied in a
frame pattern ahuck onadhesihie, dlanckusing thexelactvostdtic bbudk god thecothst al panel is
inverted such that the adhesive-applied surface faces down and then is
nmount ed on t he usbwetherasihesiver mHgliding dhe sulsiratahonithetable ubder mdacedit h a 25
liquid crystal previously applied thereto is ?rovided such that the liquid
13 cryst & - dr (peayre gan xeepfthe standardiflatnese af the tableandikeep theetWipper arm
of the robot. The robot with the two substrates on_its upper and | ower arns
noves to the frapesparaiebishepasserblathesuhsiratgsarliugsthettee and lower
( substrates can be bonded uniformly. in the present embodiment, the
suction clamp by a negative pressure and the electrostatic clamp by an
electrostatic force can both be used.
10 The vacuum chamber can be evacuated by connecting to a vacuum
valve and vacuum pump such as dry pump or turbo molecular pump
through an exhaust port (not shown) on either top or bottom chamber.
The chamber can be vented to the atmosphere by introducing an inert gas
such as nitrogen or the atmospheric gas through a valve {not shown) on
15 either top or bottom chamber. To reduce water adhesion to the chamber
wall to reduce the evacuation time, the chamber is preferably vented to
the atmosphere with an inert gas such as nitrogen, which includes less
water molecules.
Now the method for bonding the liquid crystal panels using the
20 substrates assembly apparatus according to the present invention will be
described below. First, the upper substrate with an adhesive applied in a
frame pattern on or near the black matrix around the liquid crystal panel is
inverted such that the adhesive-applied surface faces down and then is
mounted on the lower robot arm of the robot.  The lower substrate with a

25 liquid crystal previously applied thereto is provided such that the liquid-



controller of the substrates assenbly apparatus commands that the door 5

val ve 16 of the top chanber T2 open. The robot inserts into the chanber the
i nverted upper substrate on its lower arm After the upper substrate is

i nserted, the controller commands that top table 2 | ower and the suction
clanp by a negative pressure hold the invented upper substrate on the top
table 2. If the tip of the extended 10 robot arm bends too nuch so that the
suction clanp cannot hold the substrat®e,13 e rotation and el evation pins in
the chanmber will |ift and support the robot arms tip. After the | ower
robot armexits fromthe chanber, the controller of the substrates assenbly
appar atus commands the substrate [ifting nmechanism 43 and substrate hol di ng
claws el evation 15 nechanism4l to lift the bonded liquid crystal panels on
the bottomtable 24. The robot then inserts the |l ower robot armagain into

under the [i quidi'ystﬁll’-arfbbﬁ}edréaﬁabe ifébéshfp SRGTRS is médﬁﬁédbhﬁtg%@ﬂﬁeraﬁﬁ bagks up

the hand to renobve the liquid crystal panel fromthe chanber. Then th

controll er corgraglfodle THE$oBAIWALH thbttivasubeaRR Giits dppéardarfdipwidrat e
hol ding 20 cl aws el evati on nmechanism 41l to | ower. The robot then inserts

into the chanberrmishaovenerthe dizst bathe suldsirates ddswmisly appatadlis. prewea ousl y
applied thereto on the upper robot arm After the |ower substrate inserted

i nto the chanbeyontroher sfithetsubtkates!adisombly apparakiscomrandstv ame doodl ri ses
tolift the lower substrate. After the robot 25 armexits fromthe chanber,
t he mecharfi sm Ahlveo B béthehteploavamber TRAopesu b Sthearobobimseits itotthe@ohambee 24.
The suction danp by a negative pressure then holds the substrate. The
canera barrel 2heinvdrietaspgper ssbsigateron its bweriang. axi s in verti cal
i After the upper substrate is inserted, the controller commands that
top table 2 lower and the suction clamp by a negative pressure hold the
invented upper substrate on the top table 2. If the tip of the extended
10 robot arm bends too much so that the suction clamp cannot hold the
substrate, the rotation and elevation pins in the chamber will lift and
support the robot arm’s tip.  After the lower robot arm exits from the
chamber, the controller of the substrates assembly apparatus commands
the substrate lifting mechanism 43 and substrate holding claws elevation
15 mechanism 41 to lift the bonded liquid crystal panels on the bottom table
24. The robot then inserts the lower robot arm again into under the liquid
crystal panel in the chamber, lifts the hand, and backs up the hand to
remove the liquid crystal panel from the chamber. Then the controller
commands the substrate lifting mechanism 43 and substrate holding
20 claws elevation mechanism 41 to lower.
The robot then inserts into the chamber the lower substrate with a
liquid crystal previously applied thereto on the upper robot arm.  After the
lower substrate inserted into the chamber, the substrate holding claws

elevation mechanism 41 rises to lift the lower substrate. After the robot

25 arm exits from the chamber, the mechanism 41 mounts the lower



direction CZ to neasure the substrate mark positions of the upper 5
substrate. Using the traveling axes in horizontal directions CX, CY, the
canmera barrel 21 is then noved to the point where the center of the canera
barrel 21 matches the mark center position of the upper substrate. The top
table 2 is then |lowered and the canera barrel 21 neasures the displacenent
of the mark positions between the upper_ aing_l ower 10 substrates. The fine
hei ght el evati on nmechani sm (not shown) then lifts the ball bearings 34.
Thus, the swivel plates with adjustnment nechanisns on the top chanber T2
and the top chanber T2 are also lifted, up to the point where the seal ring
25 barely touches the top chanber T2. Then the 9 axis driving notor 26, Y
axis driving notor 29, 15 and X axis driving notor 30 horizontally nove the
bottom chanmber Tl in XYO directions to roughly position the alignment marks
of the upper amstdbsiratessn thebsattomn éable 24t e Thesugtidy claoyp by ameagafiveé he bal |
bearings 34 are lowered. If the top and bottomtables have the

el ectrostatic gneskee then halgedhesubsipei ed 20 on the el ectrostatic chucks
to electrostatically clanp the substrate onto the table. Then the door valve
16 is closed and thEheeamern parg 21dgheweres using thednavalisgaximipaerticate t op
table 2 is lifted before the exhaust to hel p exhaust gas between the upper
and | ower substdirgctian CZao reeasuredhe sHbstratedurk Positions of dhe Ypp&iached, agai n
the top table 2 is 25 lowered and the canera barrel 21 neasures the

di spl acemént ofSUPRkatear Hsing the tsavglingsxes e hazentaldiregtioes Eh Y dner
substrates. Then the or .29, and notor 30 horiz?g_ﬁ ally nove the

not or 26 not
bot t om chanber CRAN4rd W9821dﬁ theay mayed {the Rt vheRrsi the AN OT 119 gnrent  nar ks

f th I "
? the upper anc%meor\é\%%rrel 21 matches the mark center position of the upper substrate.

The top table 2 is then lowered and the camera barrel 21 measures the
displacement of the mark positions between the upper and lower

10 substrates. The fine height elevation mechanism (not shown) then lifts
the ball bearings 34. Thus, the swivel plates with adjustment
mechanisms on the top chamber T2 and the top chamber T2 are also
lifted, up to the point where the seal ring 25 barely touches the top
chamber T2, Then the 8 axis driving motor 26, Y axis driving motor 29,

15 and X axis driving motor 30 horizontally move the bottom chamber T1 in
XY#8 directions to roughly position the alignment marks of the upper and
lower substrates.

After roughly positioning, the ball bearings 34 are lowered. If the

top and bottom tables have the electrostatic chucks, voltages are applied

20 on the electrostatic chucks to electrostatically clamp the substrate onto
the table. Then the door valve 16 is closed and the vacuum pump
exhausts air from the chamber. The top table 2 is lifted before the
exhaust to help exhaust gas between the upper and lower substrates.
After a constant reduced pressure is reached, again the top table 2 is

25 lowered and the camera barrel 21 measures the displacement of the mark



substrates. As described above, the seal ring 25 on the bottom chanber 5 T1
I s designed such that when the top chanber T2 engages with the bottom
chanmber T1, the fine novenent of the bottom chanber T1 in XY O directions
wi |l not nove the top chanber T2. As described above, the substrates are
held in the atnosphere with the suction clanp by a negative pressure

foll owed by the electrostatic 10 clanp by;@an el ectrostatic force. In this
case | ow voltage needs to be applied to:Fﬁe el ectrostatic chuck to prevent
a di scharge between the substrate and el ectrostatic chuck. The applied

vol tage needs to be increased with reducing chanber pressure. Thus, a
predeterm ned voltage may be applied to the electrostatic chuck after a
predeterm ned 15 reduced pressure is reached in the vacuum chanber. Fig. 3
shows an exanple of a cross section of the seal ring 25 used in the present
enbodi ment . Thepasiiminstiehyeas thenupprr anddower substcatesenThemthe motrdee such
that the elastic force is lower in the direction back and forth and from
side to side tHaotor 39; ard meterip betizonialerove the Pottemshaber T2on XY §. As
descri bed above, the top chanber T2 is provided on the ball spline bearing
13, which can riiestions tninelywasikan thealignmentymatsof theurperand from si de
to side (horizontally). Thus, the horizontal fine novenent of the bottom
chamber T1 wi | Isubstraesy e Astiesciped by rthg seabring Rawntthe bsdieroeharapgte 24 can
be positioned relative to thetﬁggw%able 2. 25 The seal ring shape in the

present erfbodi nEhtS designad sych 6N thiptopeljpenber 12 ergRAGE Wi Mgy, 3 and nmay
finely posi t1 olHGaeneiBesr | baheaUeovamenasie BeremsTraten ey o o
!;_ directions will not move the top chamber T2.
As described above, the substrates are held in the atmosphere with
the suction clamp by a negative pressure followed by the electrostatic
10 clamp by an electrostatic force. In this case low voltage needs to be
applied to the electrostatic chuck to prevent a discharge between the
substrate and electrostatic chuck. The applied voltage needs to be
increased with reducing chamber pressure. Thus, a predetermined
voltage may be applied to the electrostatic chuck after a predetermined
15 reduced pressure is reached in the vacuum chamber.
Fig. 3 shows an example of a cross section of the seal ring 25 used
in the present embodiment. The seal ring 25 in the present embodiment
has a shape such that the elastic force is lower in the direction back and
forth and from side to side than in the up and down direction (Fig. 3(a) or
20 (b)). As described above, the top chamber T2 is provided on the ball
spline bearing 13, which can move up and down but can hardly move
back and forth from side to side (horizontally). Thus, the horizontal fine
movement of the bottom chamber T1 will not move the top chamber T2 so
that the bottom table 24 can be positioned relative to the top table 2.

25 The seal ring shape in the present embodiment is not limited to the shape



| ownered with reading |load cell 22 to pressurize and bond the substrates. 5
After a predeterm ned pressure for deform ng the adhesive is reached, the
pressurization is stopped. The pressurization/ UV irradiation nmechanism 40
then pressurizes and gives UV |ight over the UV adhesive for tenporarily
fastening, which is previously applied to the position for tenporarily
fastening, to tenporarily fasten the substdates such that they 10 will not
be displaced. After tenporarily fastening, the pressurization/UV irradiation
mechani sm 40 rises. The voltage applied to the electrostatic chuck is then
turned off, if the top table 2 uses the electrostatic chuck to clanp the
substrates under reduced pressure. The ionizer then renoves static 15
electricity fromthe substrates. Aftér the period for renoving static
electricity, the top table 2 rises. To save tine for renoving static
electricity, tlsbovndetigitdandrmayde aohakepethat ccalizes faselastic propesties
grounded. If the top table 2 uses adhesive to clanp the substrates, nore
than one pin c#% dassHbed ahPY§. press the upper substrate on the |ower 20
substrate. Lifting only the top table 2 | eaving pins pressed on the |ower

substrate can st op AftRS TiRGlYIPORIISTNG RS depprivecaprve; Shetopriablecd ifivether s t hen

vented to the atnosphere by introducing an inert gas such as nitrogen or
the at nospher i dOWEEAWtbIRAMIRG Iparcell#? TorrreseyTizemd bantbtheoibstigiess "t hen
oo ok s BoS s SRR e AR el °
51 on the top GRETBLERISN |<1OTRRd: : Dof BERHGFA Ry TEadalPa M BASE pl at 0 7
a}nd the fast eniibgthgﬁng?gsrsurizes and gives UV light over the UV adhesive for
temporarily fastening, which is previously applied to the position for
temporarily fastening, to temporarily fasten the substrates such that they
10 will not be displaced.
After temporarily fastening, the pressurization/UV irradiation
mechanism 40 rises, The voltage applied to the electrostatic chuck is
then tumed off, if the top table 2 uses the electrostatic chuck to clamp the
substrates under reduced pressure. The ionizer then removes static
15 electricity from the substrates. After the period for removing static
electricity, the top table 2 rises. To save time for removing static
electricity, the substrates may be connected to the power line to be
grounded. If the top table 2 uses adhesive to clamp the substirates, more
than one pin can mechanically press the upper substrate on the lower
20 substrate. Lifting only the top table 2 leaving pins pressed on the lower
substrate can stop the holding of the upper substrate.
The chamber is then vented to the atmosphere by introducing an
inert gas such as nitrogen or the atmospheric gas through a valve on the

chamber. The door 16 is then opened to transfer the substrates.

25 Maintenance such as cleaning can be done inside the chamber of



52 on the top chanber T2. Then the driving notor 10 lifts the top table 2 5
and top chanber T2 in the Z-axis direction. Thus, the fastening nmechani sm
can fasten the top chanber T2 and top table 2, and the driving notor 10
used for pressurizing the top table 2 can |ift the top chanber T2.
Therefore, no need for additional driving nmechanismfor [lifting the top
chanber T2 can provide sinpler assenbly aratus. Also, 10 nmintenance on
the top and bottomtables is possible wth the chanber open. Thus,
according to the present invention, a series of operations can be done in
the substrates assenbly process with the top and bottom chanbers conbi ned,
but the mai ntenance on the equi pnent after bonding 15 a predeterm ned nunber
of substrates can be done with the top and bottom chanbers separat ed,

t her eby nmaking possible to save tinme for bonding substrates and for

mai nt enance. Adhelesbstrated asbembly apparitesasiioiows.e Withdhe gregsusiziigus
according to the present invention, the bottom and top chanbers are

conbi ned to 2Mmasakdatehedown) theatylinder-driven lewer Thanike topachkarplar T2 isned usi ng
the driving mechani smoutside the chanbers, so that the fewest holes can be
made on the chadngsstes betweendhe prrisuszing hase atebband thedastering meraksasur acy
under constant reduced pressure, and the top chanber novable up and down
can facilitate 32n@n e wpshanderidsi dhenHbe waivingnmetes 19difts thedop tatde 2 WHAT 1 S
CLAIMED I S: 1. Substrates assenbly_apparatus for_hol ding substrates to be
bonded op?)ositaé‘déQBWWTgtmttB%za s pteetinn. rRuseths @sispinging f or

posi tioning mechanism can fasten the top chamber T2 and top table 2, and the
driving motor 10 used for pressurizing the top table 2 can lift the top
chamber T2. Therefore, no need for additional driving mechanism for
lifting the top chamber T2 can provide simpler assembly apparatus. Also,
10 maintenance on the top and bottom tables is possible with the chamber
open.

Thus, according to the present invention, a series of operations can
be done in the substrates assembly process with the top and bottom
chambers combined, but the maintenance on the equipment after bonding

15 a predetermined number of substrates can be done with the top and
bottom chambers separated, thereby making possible to save time for
bonding substrates and for maintenance.

As described above, in the substrate bonding apparatus according
to the present invention, the bottom and top chambers are combined to

20 make the whole chamber and the chambers are positioned using the
driving mechanism outside the chambers, so that the fewest holes can be
made on the chambers and the substrates can be bonded with high
accuracy under constant reduced pressure, and the top chamber movable
up and down can facilitate the maintenance inside the vacuum chamber.

25



5 the substrates, reducing spaci ng between the substrates, and bonding the
substrates in a vacuum chanber using adhesive provided on at | east one of

t he substrates, wherein said chanber consists of a top chanber and a bottom
chanber, a top table for detachably hol ding one substrate in the top chanber
10 and a bottomtable for detachably holding the other substrate in the
bott om chanber are provided such that the. substrates are opposite each
other, said top table includes a driving nechanism QAtsicle the top

chanber for increasing and lowering the top table in the top chanber, 15
said bottomtable is integrated with the bottom chanber, and a driving
mechani sm f or nmowiHWT O MBI .chanber at | east horizontally relative to
the top chanber is provided outside the bottom chanber; and wherein the top
chanmber is noved upwardly and downwardly using the driving mechanismfor
noving the top table upwardly and downwardly. 20 2. The substrates assenbly

apparat us of cl aj rBupstfaid hesertONRdESrAWsE6r heldevpsuesrares kapke9vndadl udi ng a
gui de and driving nmeans for lifting said top chanber. 3. The substrates

assenbly appar atgispafitedihnotheoat @p drid bbESmC ampecavaly, ard fer siamtoniad ve on
the top chanber for transferring the substrates. - 19 4. The substrates

assenbl y appar atthe substrhasyeeduding Spafingtdatweconips sabstgates, seabonding thed
nore than one ball bearing around said bottom chanber for connecting the
bot t om chanber asubdtiatdd inya aaclidrardhaoiealUsyngadiaddive peovided be Ht dpast hhawber .
of the substrates, wherein
said chamber consists of a top chamber and a bottom chamber,
a top table for detachably holding one substrate in the top chamber
10 and a bottom table for detachably holding the other substrate in the
bottom chamber are provided such that the substrates are opposite each
other,
said top table includes a driving mechanism Quiside the top
| bhamber for increasing and lowering the top table in the top chamber,
15 said bottom table is integrated with the botiom chamber, and
a driving mechanism for moving said bottom chamber at least
horizontally relative to the top chamber is provided outside the bottom
chamber; and wherein

the top chamber 1s moved upwardly and downwardly using the driving

mechanism for moving the top table upwardly and downwardly.

20 2. The substrates assembly apparatus of claim 1, further comprising an
elevation mechanism inciuding a guide and driving means for lifting said

top chamber.

3. The substrates assembly apparatus of claim 1 or 2, further comprising

25 a door valve on the top chamber for transferring the substrates.



5. The substrates assenbly apparatus of clains 1 to 4, further conprising a
substrate el evation nechanismfor [ifting the bonded substrates before
renoving them or a substrate tenporarily fastening mechanismfor 10 prevent

substrate displacenment, a mark recognition nechanismor illum nation
mechani sm for positioning the substrates in the bottom chanber, said
mechani snms of which are integrated with novable wth the bottom chanber

and bottomtable. 15 6. The substrates assenbly apparatus of clainms 1 to 5,
further conprising a fine height elevation mechanismfor lifting the top
chanber up to the height where the top chanber does not touch the bottom
chanber. 7. The substrates assenbly apparatus of clains 1 to 6, further
conprising 20 an ionizer on said top chanber for renoving static
electricity fromthe bonded substrates. 8. The substrates assenbly
apparatus of clainms 1 to 7, further conprising a table novable in XYZ
directions outside said top chanber, and a 25 canera on said table for
recogni zi ng t het. Jinesaubstratesoassembly apparatusoof clainsslibes 8y irther agmpriving
apparatus of clainms 1 to 7, further conprising a canmera on said top table
for observing theearingraRshnoraihas ate balkbearingsanosnd saicsbattom thambghst r at es
assenbly apparatus of clainms 1 to 8, further conprising an adjustnent
mechani sm on sdPdcempciing i Pottern ahamiey airdighly @nddrargentally imeyabl toposi ti on
of the said top, table. 10 11. Substrates assenbly apparatus conprising: a
XYO t abl e on a H&IP ChaBR. a chanber for forming a vacuum chanmber; a top
table and a

{ 5. The substrates assembly apparatus of claims 1 to 4, further comprising
a substrate elevation mechanism for lifting the bonded substrates before
removing them, or a substrate temporarily fastening mechanism for

10 prevent substrate displacement, a mark recognition mechanism or
ilumination mechanism for positioning the substrates in the bottom
chamber, said mechanisms of which are integrated with and movable with

the bottom chamber and bottom table.

15 6. The substrates assembly apparatus of claims 1 to 5, further comprising
a fine height elevation mechanism for lifting the top chamber up to the

height where the top chamber does not touch the bottom chamber.

7. The substrates assembly apparatus of claims 1 to 6, further comprising
20 an ionizer on said top chamber for removing static electricity from the

bonded substrates.

8. The substrates assembly apparatus of claims 1 to 7, further comprising
a table movable in XYZ directions outside said top chamber, and a

25 camera on said table for recognizing the substrate position.



bottomtable for holding two spaced opposite upper and | ower substrates in
sai d chanber; and a driving nmechani smoutside said chanber for lifting and
| owering said top table, said driving mechanismlowering the top table 15 to
reduce spaci ng between the tables to bond the substrates, wherein, said
chanber consists of a top chanber and a bottom chanber, said top chanber is
attached to a guide such that the top chajper noves up and down along said
guide, said top table and said top chanber are 20 connected by a fastening
mechani sm said top chanber is noved by a driving notor for noving said top
table. 12. Substrates assenbly apparatus conprising: a XYO table on a base
frame; a chanber for formng a vacuum chanber; a top table and a 25 bottom
tabl e for holding two spaced opposite upper and | ower substrates - 21 in
sai d chanber; and a driving nmechani smoutside said chanber for lifting and
| owering said top table, said driving nmechanismlowering the top table to
reduce spaci ng between the tables to bond the substrates, wherein, 5 said
chanber consi st% The substptasrraseabinapparabist efsraioisahte?, futheseamprising bet ween
said top chanber and bottom chanber has stiffness |ower in the horizontal

di rection than 8 ¢amera eresaiddap taple denohserving thenalignment marks 5 dherbl i ng
substrates in a vacuum chanber consisting 10 of a top chanmber including a
top tabl e and #UBSH&EH chamber including a bottomtable, including:
applying sealing materials circularly on one substrate; holding on the
bottomtall e said one substrate on which a liquid crystal is dropped in an

area surround b e sealing naterial s; ]
‘I%. T'IJt”'ua substrates assembly apparatus of claims 1 to 8, further

( comprising an adjustment mechanism on said top chamber for finely

adjusting the horizontal position of the said top table.

10 11. Substrates assembly apparatus comprising: a XY 0 table on a base
frame; a chamber for forming a vacuum chamber; a top table and a
bottom table for holding two spaced opposite upper and lower substrates
in said chamber; and a driving mechanism outside said chamber for lifting
and lowering said top table, said driving mechanism lowering the top table

15 to reduce spacing between the tables to bond the substrates,

wherein,

said chamber consists of a top chamber and a bottom chamber,
said top chamber is attached to a guide such that the top chamber moves
up and down along said guide, said top table and said top chamber are

20 connected by a fastening mechanism, said top chamber is moved by a

driving motor for moving said top table.

12. Substrates assembly apparatus comprising: a XY 8 table on a base
frame; a chamber for forming a vacuum chamber; a top table and a

25 bottom table for holding two spaced opposite upper and lower substrates



hol ding on the top table the other substrate opposite to said one 15
substrate; and reduci ng spaci ng between said one and the other substrates
to bond the substrates, said method conprising: when bonding the substrates,
lifting and lowering only the top table; and when doi ng mai ntenance inside
t he chanber, connecting the top table and top chanber with a fastening
menber and lifting both the top 20 taglﬁlagd top chanber off the bottom
chanber.

in said chamber; and a driving mechanism outside said chamber for lifting
and lowering said top table, said driving mechanism lowering the top table
to reduce spacing between the tables to bond the substrates,
wherein,
5 said chamber consists of a top chamber and a bottom chamber, a
seal ring between said top chamber and bottom chamber has stiffness

lower in the horizontal direction than in the vertical direction.

13. A method for assembling substrates in a vacuum chamber consisting
10 of a top chamber including a top table and a bottom chamber including a
bottom table, including: applying sealing materials circularly on one
substrate; holding on the bottom table said one substrate on which a
liquid crystal is dropped in an area surround by the sealing materials;
holding on the top table the other subsirate opposite to said one
15 substrate; and reducing spacing between said one and the other
substrates to bond the substrates, said method comprising:
when bonding the substrates, lifting and lowering only the top table;
and when doing maintenance inside the chamber, connecting the top
table and top chamber with a fastening member and lifting both the top

20 table and top chamber off the bottom chamber.



