;e3e($3u&. ' <V(6(T(W4 TI TLE OF THE | NVENTI ON: SUBSTRATES ASSEMBLY
APPARATUS AND METHOD FOR ASSEMBLI NG SUBSTRATES 5 BACKGROUND OF THE

| NVENTI ON: <Fi el d of the Invention> The present invention relates to
substrat es bondi ng equi pnent, and nore particularly, to substrates assenbly

apparatus suitable for an assenbly process of a liquid

panel , including holding 1 o substrates-tb be bonded opam @m‘mm&m& her,
reduci ng spaci ng between the substrates, and bonding the substrates in a
vacuum chanber. <Description of the rel ate ng in é’r mati on> One
of the conventional manufacturing equi pnen ’u@m@’m’m&‘ﬂme d crystal display
panel is described in Japanese Application 5 Open Publication
No. Hei 10-26763. This reference di scl oses a b&¥UFMYg process in which a

liquid crystal the two gl ass substrates having
transparent el Ebﬁr‘%@ﬁf@?'@m Mn transistors t hereon, spacers are

di spersed, the other t sing pins
having lifting/l ovverl ng rrech ﬁsﬁ%%ﬁ'@%ﬁ%ghéﬁg@gﬁﬁ Méétqﬁe'k?é Fg%'i tioned

usi ng positi O”A%E%BEIN@@QI@TRRTESC" rection fromside to side of the

apparatus, the ch IS evacuated to overlay the other substrate on the
one substrate, the other substrate is positioned again, and the chanber
pressure is released to the atnosphere pressure to bond the substrates. 25
Japanese #ppl i BACKGREBUNDOETHE MHANPON: cati on No. 2001 - 2 305563

di scl oses a uni body vacuum chanber, which contains a fist table detachably
hol di ng one of t he <Fidldf tteclmventioris upper or | ower surface and a second
tabl e detachably hol ding the other one of the substrates on its |ower or
upper surface. The Thatpresentipyantioarrelatesier suhstratescsorglingepeipmentiandhol di ng
each substrate are opposed. One of the tables is air
more particularly, to substrates assembly apparatus suitable 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-



tightly and novably connected to the vacuum chanber via an el astic body.
The ane table also includes a driving neans 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. to Japanese Applicati on Patent
Lai d- Open Publication No. 2001-5401 discl oses substrates assenbly appar at us
that includes a chanber divided into top &and bottom chanbers, and the
bott om chanber includes a substrate transfer device and a liquid crysta
droppi ng device. In the above descri bed Japanese Application Patent
Lai d- 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

substrat es mushosshd ARLLSERl BESAPERIAPETaRRE:, LA cSHBRL AR TanT S,

much use of thé Sea erral s s neceSsary and e nmaterial's may 20

extend over t hgo@ABhRNJARAG oAB of e BRbchdtbe oAWESIDEBY 8P dvibrdu/BE WY t he

| ower substrate I's no I'at stage bu upper substrate iIs

supported by phRezbAQ eshblERBRRNBLEIhARIREIRE bi? PRIfith®BabFatbE@nsidbst rat e’ s
peri phery. Thus, a large substrate over 1 mx 1 mmay bend and i1t may be

difficult to ejow@rior upper buficd)otThedfabldie upp@esindivivdr @ifacds 5 substrates.
- 3 The chanber is evacuated from at nospheric pressure to a vacuum after
t he upper5and tespectieelpdioldingeeach substrate targy oppesest. e r@rel of thiedtables isairuum
chanber. Thus, it may take a long tine to evacuate the chanber. This may
make diffi cul ttightly and owyablyecopnediest tovhe yaoh umrehapbes séavbh plagipdrodyus. | n
t he Japanese Aﬁ?nl icati on Patent Laid-Qpen Publication No. Hei 2001-305563,
the top and bot f8@nedBPlesalse dydasr diiving AasaNsA LS dMespBeresyiderht it is
difficult to clean the tables in the %Scuhum chanper \gn

broken or any HEpRGUUMyEhIRReLCHEPAERERY ihgelasit Brdndoeaoving thedekle. A

bstrate el evat hani _Lift the bonded substrates bef i
Them or a subel PACLNORHIA BN EI VP 4O IR AR BERRDE 1 o pr event substrate

them , it g HeCh: | _
post 1+ on“Phe’ subst PaPEd-ar AP @Ro TR R-Sndr PulEalh NL A8RE AR o

on the 15 Struafsk}fo%e?s%sﬁé'ﬁe%iéé@eﬁ%?y a&@atq?qhag‘hemdeé\% chardserunigbgnber
I ch ot her

and bottomtable nove relatively to ea uring positioning the
substrates, a Mok Ean@BSHOM dHAMbErEcakpinetibBtionh thamBetmcieicBave | ar ger
grooves or holes for the substrate el evation nechanism for tenporarily
fasteni ng the sulbstratatensterdiehvime dritka liquild argstalgdvioppinig devigeosi tioning. 2 0
When pressurizing the substrates after positioning them |arger grooves and
hol es on the tabl elmthe akavsedesosibedriapanese dpplication Ratestlaid-Open s may nake

difficult to uniformy deformthe_adhesive. =
15 Publication No. Hei 10-26763, the potential difference between the

en the t{'s_lubstrat es are

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.



In the conventional equipnment with a chanber divided into top and bottom
chanmbers, " the bottom chanber and bottomtabl a are not 25 integrated with
each other, the space between the bottomtable and - 4 bottom chanber is
seal ed, 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 wo3inding table for the substrate in
8 direction. Therefore, two sealing 5 structures are necessary: one between
the top and bottom chanbers; and the other one between the bottomtable and
bottom chanber. This may |lead to the problemof less air-tightly seal ed
equi pnent. SUMVARY OF THE | NVENTION: to Therefore, the object of the
present invention is to provide substrates bondi ng equi pent of high

product V1LY, oh ARG L 388 BBt B PG 00
substrates bongjggys 1 1bRer BOBGIAGS B Br bt RiRed fidiacuum 15

chanber, wherein't anber can rvid top an om chanbers, a

first table fOVa&ﬁlrﬁ%HQHbBér.hofﬁ&Qgt rﬂﬁgéﬂﬁwﬁttﬁg&ﬁb bYsedaepiehanmber and a

second table for detachably holding t er “substrate 1n the bottom

charber are pr g, Uls iy mike ARG ABROR oQBANMAY OAElD Of her, the
first table includes a driving mechani smoutside the top 20 chanber for

lifting asd | owesémplytapparast able in the top chamber, the second table is
integrated with the bottom chanber) and a driving nmeans for finely noving
t he bottom chanber Imthd daandser Aglication Paterit dbid-Open Ruldicatogn NbhaHber i s
provi ded outside the bottom chanber. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS:
- 5 Fig. 1 sh@@81:3056h3nthe top\ansibationstabies ateds the sipibody vagpamat us
according to an enbodi nent of thewgr esent invention. Fig. 2 shows a

schematic vi ewcBamRer aa thatiitig diiewhin Jaan Bie @HIAFILhe yagHIM §HEMRE  t he t op
hamb d Lzi |late. 5 Fig. 3 sk | f
cectton of t he el e sh e gaERAR Briken ofp Ricsh e Bs B anber .
DETAI LED SCRI NT, Y N f . t
i nvent i o%B\I/E\,i |1 ng{aﬁégélsgﬁ%t tg%;—'w é%?@ggﬁ%&bﬁﬁﬂé%@n&%& fﬁegpavm' ngs.
Fig. 1 shows S%Bﬁﬁé@%ﬁﬁst?été@@é\‘&e?Hﬁglﬁg%e@cspéﬁbﬁ%é@ tél’?\ggﬁérﬁ?ent
chanter er

invention, which i'ncludes a bottom ci _ 1 and a top ch T2. The top
chanber T2 i nckagiesing nhéthanfdth @ BreVaht Susirai® vl eHibriginfign by a

supporting leg 3 and nore than one adjusting
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, larger 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



15 legs 4 through the top chanber T2. The supporting |l eg 3 and adjusting
legs 4 are sealed with Orings 5 and wel ded bellows 6, respectively, to

i solate the top chanber T2 fromthe atnosphere. The supporting leg 3 and
adjusting legs 4 of the top chanber T2 are fastened to a pressurizi ng base
plate 7. 2 o The central part of the pressurizing base plate 7 is fastened
to an internmedi ate base plate 8. A driv+ng -nechani sm having a driving notor
10 and reduction gear 11 on a ceiling frame 9 and a ball screw 12 all ows
the internedi ate base plate 8 to nove up and down gui ded 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 - 6
| egs 4, one end of which is fastened to the pressurizing base plate 7, has

the other end bbﬂgﬁ%hta%l%r@@séalé g&%ﬁgﬁ@dﬂo‘fﬁfbﬁw can r&?)tf@{] e hbvaeh

i nternmedi ate base pl at ust ment mechanism ﬁaw ng the

dri vi ng mtorss&ﬁagg%@ hrasflw@e&téogﬁft&gﬁp%rﬁbépr RN ERBFRSSUr | 21 Ng

base plate 7 to t and | ower 2 wth keéeping its flatness.

Fig. 2 shows apreyasmoredby dVRidiMal &itiré @hafibeY imgYidiectioparamder T2. The
top chanber T2 has a fastening nechanismfor fastening the top chanber T2

to the top tabhwutinghablsdohthei substrate ia dldirdctionr Theeforsgtwbgealimy! i nder 50
and a T-shaped fastening nenber 52. The pressurizing base plate 7 has a

t hrough hél e t birodghesstiectedsisealyasne bietweerethisetopsddanttanp ckampersnandown.
Wth the pressurizing base plate 7 down, the lever 51 will be inserted

bet ween t he T- §1fapléer pae hetveen thmlb@ttorazata\mngmtspmcrzarnlgerbaérénqonnam 7.
Thus, the lifting of 15 the pressurijzi nfcf base plate 7 can also |ift the top
chanber T2. Thieadde thearekienof Iessaisitigh Yré%led;?qwm“%m gui ded by the ball
spline bearing 13 but is alnost rigid in the direction back and forth and
fromside to side (horizontal direction). One end of the ball spline

can 117t and 1 SAYPOEY K T0R RERRCEAET " o) Chamber 12 toget her Lo move

the top ggamber T2 Th@{@fﬁféj‘i‘hé pre%lt QFBP{%' reSéntliffertdR i§ BFb‘i’/'idj g2, a door

valve 167 1's provided Tor trans e substrates to an fromthe

chanber. On thgupfipses b@nain@ayml ;bmeﬁt éfhﬁgﬁ BROARIEBVIBE which 84n bBEd RrgEt i ON

corresponding to the door valve 16, an ionizer 17 °i's provided for “spraying

an ionized 2 5substratesmith Igh acbutdeg apdiE high esedd) renove static
electricity fromthem Qutside the top chanber T2 near the door val ve 16,

anot her ionizer 17da achieweihteabovdidbjecththeduesemipnventidneprovideser 17a sprays
an ionized ultrasonic air on the substrates to help renove static
el ectricity frenbstraies bosdingtesuipmentiongonding biodmsulkstrates imavaeuwhanber i s
provided on the 5 top chanber T2 in Fig. 1, the ionizer can be provided on
anywher elpor  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 bottom 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:



spraying the ionized wind on the substrate surfaces. For exanple the

ioni zer can be provided on the bottom chanber T1. Through the door val ve
16, the substrates are transferred to the chanber and bonded |iquid crystal
panels are transferred fromthe chanber. 1 o Qutside 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 hanber. These center shafts 19
mat ch the holes on the protrusion around the top table 2 to make 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 nechanismfor the
top table 2. Thus, the horizontal position of the top table 2 can be finely
adjusted to help position the substrate and apply uni form pressure on the

substrate. The topgﬁyq@{ggwggsgﬁéng@égiew%e%@%g%%gfﬁ%ﬁwgpgp&@%w at the

bottom of the w ndow frames convex I nto bserving the 2 0

substrate mar kacodfig 8 AGREARRI Bt lore8atiheghticht 0 the observat i on

wi ndow, the camera réecognizes the substrate narks. The canera barrel 21 is

mounted on a nobi | g agrvd s EReMatE UiRWEH A \thstrfisg hidch@nisAPfakal directions
(X and Y directions) and a traveling axis in vertical direction (Z

direction). Theornsttihg ahidaaeving thefdeeeaber driteplespuridiagbase pRite. The 25 top
table 2 also has a hole at the position corresponding to the g

observati bn w ndowFig3 srewegan exagplehef & atoss rsectonref the.seal ting bgtweaedne
present enbodi nent nounts the canera outside the chanber, the canera may be
di rectly nount te top aheehesgnddintienechamnber.can el i ni nate the observation

Wi ndows to inprove the airtightness of the 5 chanber. It can also bring the
canera closer to the substrate so that the canera can recogni ze the marks

accuracy. A Dol A EBRE bR RO SR ENERN o raci ace bace of the
supportng 129, S A dMEe Rl BE bR Aol BRB T RSO BEBBRYBARY 120,10
Pt Sop 850 B oS Abharind BBt or e, 2] vstt g e Y2t ness of
Fig. 1 shows substrates assemble 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



adjusting leg 4. A bottomtable 24 is fastened to the bottom chanber T1. If
the 15 entire surface of the bottomtable 24 is fastened to the bottom
chanber T1, the bottomtable 24 nmay reduce its flatness by the deformation
transferred fromthe deforned bottom chanber T1 under reduced pressure. The
bottomtable 24 is then fastened only at its periphery to the bottom
chanber Tl to elimnate the effect fromthe~defornmed bottom 2 o chanber TI1.
The bottom chanber T1 has on its circunference a seal ring 25 as descri bed
bel ow. The top chanber T2 in contact with the seal ring 25 and the door
valve 16 closed will nake the chanber airtight to forma vacuum chanber.
The bottom chanber T1 is nounted on a B base table 28, which is 25 rotated
by a notor 26, a ball screw (not shown), and a rotating bearing 27. 9

The a base  ablgydh drfe éﬁébﬁgﬁféhtié’féégéné’d){&ﬂ@dﬁrggé;@gng}r%aé%@?e9 #&{Shaped_

menber therebetween to provide a predeterm ne e space tontains a

UV i 11 adi at | on yRB6{HuR ishARed 35 BTl Ao bl en Hy Ao eabh 88 mechani sm

41, and substrate lifting nechani sm 43 under the ottom chanber T1. The 8

base tabl e 28 iistermedibRobase flaté 8.abAR Up-and-BewhddpistmenberEhasiss/. A nmotor
29 noves the Y table 32 along a linear rail on an X table 33. A notor 30

nmoves the X talasing2haldrivingembionead anal balietréws 16aze dppiyidrde ofibs, a
driving nechani smoutside the bottom chanber T1 drives the bottom chanber

Tl to whi 6h t h@réssuriaimgt kesleeplate 7 o lifoahd divesratie tdh tabte 2 evitnkeading ite bot t om
chanmber T1 can position the substrates on the bottomtable 24. Because the
chanber is ti glﬂﬁmﬁs§eal ed and the driving nmechanismis outside the chanber,

the substrates will_not encounter any dust fromthe drjving nechani sm
operated and can bd&$ohdtvaasExampls of a maghagisnhios diMEgBBeItoOBeari ng 34 for

i I I ith adj hani
B e L eyt
wh h 1 |, rd 25 of, t tt
then {he Lop CBalipg e SanLAEtae 4 b biSohSBherd " i sl gy £
I 3 dj Py | d o
P 2 s 33000 U3 Gehay b sl ol Ehaberpdugpuse doun 11

t he present enbodi nent, connects the top

chanber T2 andm@tﬁr@&&hﬁr@sésewatewﬁab@th?&?g”ﬁoﬁélemfoﬁgﬁwmﬁh@t_ can apply
enough force on the chanbers to connect themwth a | arge connecting force,

because the pr éastemiagnestabér St cam mdve uhand downc awilbthenireys@dlghg i onal
force on the chanbers fromthe atnosphere.
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.
Outside 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.



- 10 To prevent the a base table 28 from becom ng deforned, the periphery
of the a base table 28 is supported by nore than one ball bearing 37 for
the a base plate 28 and swivel plates 38 with adjustnent nechani sns 38

whi ch are nmounted on nmenbers fastened to the 5 equi pment base frame 1. The
bal | bearings 37 and swi vel plates 38 support the |load of the a base plate
28. Two types of the ball bearings: the BalH bearings 34 for the chanber;
and the ball bearings 37 for the 8 base table, support the |oad of the
peri phery of the top and bottom chanbers as descri bed above, so that the
chanbers can becone nuch 10 | ess defornmed. The bottom chanber T1 has nore
than one transmtted illumnator 39 to recogni ze the substrate marks. The
bottomtable 24 has holes corresponding to the illum nators. The bottom

Theroin to dor N R BnaPanray T2 7 B 800Vl 18 LR Ioe T Y o

cure esive to prevent the al splacenment

betveen the bopdfictlbeyiiniRSdod Mpeho e BhERRTIE kpTdhsrPRonlzas t he

foll owi ng: a substrate ding claws el evation ne nism4l to prevent the

substrate bendyjtisbhie i ¢H theuiReatedtothEp REmev Statia tefedtiiéyStaih the ot at i on
and el evation pins to prevent the robot hands bend and to prevent the

substrate bendsibstrates.i tAtHoRgK-tAe orfigert 17 it thechamber &nprogidedustthet e 1ifting
mechani sm 43 to el evate the bonded substrates. The bottom table 24 has

hol es such t hatoptdhanberdQuiniEigt 1,ahé ibhizer e e providestdraangwiergédfocan nove up

and down through the bottomtable 24. The pressurization/ UV irradiation

nmechani sms 40 spragingdhe denizedswinst am thmsubadrate svdacesn gioiexampte hét t om t abl e

24 al so has grooves - notches) on its substrate su '\%)Hti n(g si de such
1€ §Rprs

11
that the supstpai@rpanﬁernjowégﬁmt@mwomh%ww ULEEELY
Substrate dur | HAVEHE, SiBHeles sis e e b Ber s Arihssied i be
ided with the 5 | east in. b t tomtable 24 is fastened
Focthe bot tom clatberas o ensraeiasIfe GFmRet  Taui ati o mechan; sm 40,
o SF00S dLop Blie Healihgp; HRABBUEMUE T2 3R] bR Buth | "
afliftirn ng p

mechani sm 43 each have ower mechani sm passi ng rough the

bot t om chamber stwctaﬂehs@-@bi@% é’lﬁrtevkﬁ%mdea%vihp%ﬁr@e%m%hs-ﬁb aadideese

lifting/lowering nmechani Sns seal the gap between them The top table 2 can
hol d the upperirse bt Erfdrebdr ermprege teftar shafts d@dnachise helesmipeei t her of an

electrically holding nmechanismw th an
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



el ectrostati c chuck or physically hol ding mechanismw th adhesive. For 15
t he hol diing nmechani smusing the electrostatic chuck, the top table 2 can
rel ease the substrate by turning off the applied voltage and lifting the
top table 2 after predetermned tinme for renpving static electricity from
the substrate. For the physically hol di ng nechani smusing the sheet
adhesive on the top table 2, the top tabl& 2 can rel ease the upper 2 o
substrate by mechanically pressing the upper substrate on the | ower
substrate with nore than one pin and then lifting only the top table 2

| eaving the pins pressed on the |ower substrate. The bottom table 24 can
al so hold the | ower substrate thereon under reduced pressure using either
of an electrically holding nechanismwith 2 5 an electrostatic chuck or

physi cal |y hol gb&q'v Cﬁ%ic{%wy&rtrggs%@éwﬁsubgra}gm&ﬁ@ top table 2 and

bottom tabl e 247Tan e su ereon under reduced pressure

e Lo

using the el ectros e ot her using the adhesive. Hol ding the

substrates on thambablife LAMBFa ﬁ@g%@e&re‘ztlprmé@ ofidRe kaeRblde. strigdar d
flatness of the table and keep the two tables parallel to help assenble the

substrates. Thuan eliffhat® hedliséroaidin fiftdiwsoampesve the didighekssoftte m y. In
t he present enbodi nent, the suction clanp by a negative pressure and the

el ectrostgti c ehamnbehy lecarehiRotbripgttht icanfera cosento thetsubstratessalthat the The
vacuum chanber can be evacuated by connecting to a vacuum val ve and vacuum
punp such as dcgmprarpamredognize thelneanks at inppnoped lacourgicy anddha substratest  ( not
shown) on either top or bottom chanber. The chanber can be vented to the
at nosphere by FCamels@Re Resitanedhat impjavedaetiragdy-ni t rogen or the at nospheric

?gzuigran%?&%éﬁél?@%%?eﬁ%%“%ﬁ o 153&%%5% erfredRe R0 on 11 o, h
%segft rogen. oo B redn ERRUEE ool b IR HRA8LFe HeipleRRueriied ™ or
Dor! 19 182, b Bl Spist k. RP3Eh B R ARl el SuRE Ssuisioialy |
First, the upDRlaisals F}&Ea%éﬁ'cé‘ﬁ‘zgﬁ?%ng%r,%d &eusthdtd ftRediibf ern on

or near the bl matri X around the crystal "panel 1s inverted such
that the adhesiyetoprBbieesl thecvaad af®® Hetwn 1andhidhedrives thewated on the

| ower robot arm of the robot. The | ower substrate with a 25 |iquid crystal
previously applidrgtihiésgedo is provided such that the liquid
A bottom table 24 is fastened to the bottom chamber T1. Ifthe
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.



- 13 crystal -dropped surface faces up and then is nounted on the upper arm
of the robot. The robot with the two substrates on its upper and | ower arns
noves to the front of the substrates assenbly apparatus. T he controller of
the substrates assenbly apparatus commands that the door 5 valve 16 of the
top chanber T2 open. The robot inserts into the chanber the inverted upper
substrate on its lower arm After the upp®er- substrate is inserted, the
controller commands that top table 2 lower and the suction clanp by a
negative pressure hold the invented upper substrate on the top table 2. If
the tip of the extended 1 o robot arm bends too nuch so that the suction

cl anp cannot hold the substrate, the rotation and elevation pins in the
chanber will lift and support the robot arms tip. After the | ower robot

Zli,?aféi : conmiiag He 8asad iaSRMbH b o Bahar 11 FERABEET Yol ding
! ; . S ar |

the ot t om 1 aoT IR TRl HRr el b by e T mt o

under the 'iqug;gavcg%/cﬂgai:n_s%ovlirrbaiatibﬁn%&mh%rm 40} dupstrafendiaing clawsl backs up

the hand to re iquid crystal panel fromthe ch anber. Then the

control | er congrésor RechERBhi 21 carld SulshrateTriting MeoMaARnaa8 updbstheat e
hol ding 2 0 claws el evati on nechanism 41 to |ower. The robot then inserts

i nto t he shanbpettérhehbewsr THUbShead base tdbl@ 2Biis motintadysn alY fabdy viauké y
applied thereto on the upper robot arm After the |ower substrate inserted
into the chanbeotatinghbearis27at A rhatod 28 gnaviesvtbe o tabin 82 mlongchlinéarmaill ri ses
tolift the | ower substrate. After the robot 25 armexits fromthe chanber,
t he mechani sm 2n anotiakde 88e Pometor 30-maves theps tatie 83@ontha lipeart Ghonabl e 24.
The suction clanp by a negative pressure then holds .the substrate. The

canera barrel Q"Pli’%sqbfé"a\@ﬁeﬁ u@%gatqﬁ@iﬂgr'ﬁ9§mim§';a%t§d?H"‘?/E?ttt?real di rection

t Eet Cravel i ng SOaEBEnThorivastapoliih sbarbas b WP PRk iaE s, 51 "Fs
{ h

the v kibent elRS - o opaiefi SEeios@in GambaTE! BaftBokfibnfe T2 B1CS

overed and ! e, EAfERES SRTNE Bottar BBRSHY ©édiisdithB LAAREBALs Rityhe mark

positions between e upper an ower 10 substrates. The fine height
el evati on nmechggaeidncthedtRiMY mebiRanibmlié dutdide BR) dndpasri thessubdtratesus, the

swivel plates with adjustnent nmechani sns on the top chanber T2 and the top
chanber T2 ar ewdll a6t éridduaiter any dust frioe thei drivivdeeehahismsesdrateidrand?éarbar el y

touches the top chanber T2. Then the A axis driving notor 26, Y axis
driving notor B8bonded 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.



15 and X axis driving notor 30 horizontally nove the bottom chanber T1 in
XY6 directions to roughly position the alignnment nmarks of the upper and

| ower substrates. After roughly positioning, the ball bearings 34 are

| owered. If the top and bottom tables have the el ectrostatic chucks,
voltages are applied 2 0 on the electrostatic chucks to electrostatically
clanp the substrate onto the table. ThenlOhe door valve 16 is closed and
t he vacuum punp exhausts air fromthe chanber. The top table 2 is lifted
before the exhaust to hel p exhaust gas between the upper and | ower
substrates. After a constant reduced pressure is reached, again the top
table 2 is 2 5 lowered and the canera barrel 21 neasures the displ acenent
of the mark - 15 positions between the upper and | ower substrates. Then

t he notor 26, not .O'Cl‘o? g&?qhg%wses‘gﬂg%é ﬁ,ﬁ@t%c%%mﬂg&gfotnp\ggbmet om chanber

Tl in XY a direction i nel’y posi nt nmarks of the upper

and | ower subs i [ g he bottom
chanber 5 T1 iEéﬁgﬁéﬁgg?ﬁg%Eﬁ@emﬁ%#ﬁggf%%sg%ﬂ%gﬁa@rgngF?Sgges with the

bot t om chanber pddsing B¢ 16/ the (B Bate 28 ahB W ihites BB BT adjlstnienY a

directions wll not nove the top chanber T2. As described above, the

substrates ar emgehénismg & whidiaeitsentat toh méebstclastemeditanipe by a negative
pressure followed by the electrostatic to clanp by an electrostatic force.

In this case | eguipaicrapasadetse 10 Tee bpjhbeardngoH37 madevdedl piateatdiBc chuck to
prevent a discharge between the substrate and el ectrostatic chuck. The
appl i ed vol t ageupp@tithe lvapofithe b base platpta8. r danactypgs ohtheeall bearigsi e. Thus,
a predeterm ned voltage may be applied to the el ectrostatic chuck after a

predet er mi ned & P@hbg@’@%%gwﬁ'_ée Faambegs ed tha bedearRatAY dAaiEdt . Fig. 3
Zﬁgﬁﬁn Egme ixarTrﬁ. 3@%3@&5 %&SﬁiststﬁﬁﬁéﬂO‘Eﬁﬂs&%?ﬁEﬁLgﬁﬁﬁgﬁg gngi%ﬁﬁaégzs;iﬁsem
S 1o s e ROATPRTS ps deneHiRd Ak S AT KRREBR Al fec e ) ' " 2

descri bed  above,..t chanber T2 is provided on the ball spline bearing
13, whi c(rj%ocan %&e@%ﬁﬁ% down but can hardly nove back and forth from side

to side (horizont alngpotih Shahbsr 11Phiagd Midrd!théh Bie TRSHRRSD MlmidioPot t om
chanber T1 will not nove the top chanber T2 so that the bottomtable 24 can

be positioned Beltatrbysyriife tHeesubirateblagks?. e Hdttons &dle RUntastgse in the
present enbodinment is not limted to the shape - 16 shown in Fig. 3 and

may be any shagerrespondieglto thesilltmimadbrast iTheprodtoar tharsbersT ibasmdred above.
After finely positioning as described above, the top table 2 is further
| onered with r&®h age preasudaatiorydViivagietion mmechaniand48 dheretie dafes®r at es.
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



5 After a predeterm ned pressure for deform ng the adhesive is reached, the
pressurization is stopped. The pressurization/ UV irradiation mechani sm 40

t hen pressurizes and gives WV |ight over the W adhesive for tenporarily
fastening, which is previously applied to the position for tenporarily
fastening, to tenporarily fasten the substrates such that they to will not
be di spl aced. After tenporarily fastenindl the pressurizati on/ W
irradi ati on mechanism 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. After the period for renoving
static electricity, the top table 2 rises. To save tinme for renoving static

o ounded. 11t KRR ISR SuGRHIG S S e PRl " o

than one pin cafcRBARANLS 8hh YndVeAsiP ahd BoWRPE ThisdiistateifAg ehaAlRs 2 o
substrate. Lifting only the top table 2 | eaving pins pressed on the | ower

substrate can a8ejloiveahdedistitmanafto igoantepitder Shb stibstiate dUfiggdh@nber is then
vented to the atnosphere by introducing an inert gas such as nitrogen or

t he at nospheri sulpstrate tramseh. aThese holes drigpoesvhey be Previded withGhes t hen
opened to transfer the substrates. 25 Mii ntenance such as cl eaning can be
done i nsi Be t hieashmabgin, bécause the botthen tebles24 ist fasteasddatthe batbprar at us as
follows. Wth the pressurizing base plate 7 down, the cylinder-driven |ever
51 on the top € efTT2 is inserted between the pressurizing base plate 7
and the fastening nenber 52 on the top chanber T2. Then the driving notor
10 lifts the top tdPPdressirgation/My tragiation mechanisr 0z suksteatainolding on.
Thus, the fastening nechani sm can fasten the top..chanber T2 anpd t tabl e
2, and the dri GPNG SlovdrEeRREee srE st meehgnsaiiLestan 1 1t

e Lo chanhera 2o 1R, Rt akaRYthELERSL, lihgban =m (o
0 mai ntepgnce gy t bﬁriﬁ@%’btéﬂfeééﬁ%b%tfoﬁ%ﬁénbé PPandy mé‘se"ﬂf{iﬂtib/m?erﬁr anber

open. Thus, according present 1 nvention, a series of  operations can
be done in thepf¢hahistseseA 8RR YeiasthenM th the top and bottom chanbers
conbi ned, but the maintenance on the equi pment after bonding 15 a

predet er mi ned nunb@heabp 3aible 2r cxireioldane bgf)d:omos\matéltrtéa@orﬁ QRdeneédbesd om
chanbers separated, thereby nmeking possible to save tinme for bonding

subst r at es andpfessurmusingreitheeof 4 elbetrinailp ddldidpmechanistrheittsabst r at e

bondi ng apparatus according to the present invention, the bottom and top

chanbers are cél@sirasigtic ghpcl orakysieaily hHding ragchaniam with adhesiveanbers are
osi ti oned usi the driving.mechani sm qutside,the chanbers, so that the
1I‘O ewest hdPes cﬁ% 'B‘Qg'rﬂgd@e I$8 L@H&%@@%W@%Mﬁ%@@éa@&#%‘ bonded
wi th high accur upder .const ant reduc ressure, and the.to hanber
movabl 6 up. andralses TS daase BltunfidSF i Az Bragd et s Bad08

chamber. 25 g4}85 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.



WHAT IS CLAIMED I S: 1. Substrates assenbly apparatus for hol di ng substrates
to be bonded opposite each other at top and bottom respectively, and for
positioning 5 the substrates, reducing spaci ng between the substrates, and
bondi ng the substrates in a vacuum chanber using adhesive provided on at

| east one of the substrates, wherein said chanber consists of a top chanber
and a bottom chanber, a top table for deflachably hol ding one substrate in
the top chanber 1 o and a bottomtable for detachably hol ding the other
substrate in the bottom chanber are provided such that the substrates are
opposite each other, said top table includes a driving mechani sm out si de
the top chanber for increasing and |owering the top table in the top
chanber, 15 said bottomtable is integrated with the bottom chanber, and a

el ative ot nEEs A el BRIR BTSRRI iR iRl 2 2.
The subst rat es, asseihl kod BRRLAIAIAT of 3T, bEH GRY OBkl BbRHC "

el evati on nechanismnc Ing a guide an rrving ne _ ting said
top chanber. 3ehddkeositdidshl BF ofs L8IHY thedMRAFAtatR Pucklafidthé oder2, further

conprising 25 a door valve on the top chanber for transferring the
substrates. using the adhesive. Holding the substrates on the table under reduced
5 pressure can keep the standard flatness of the table and keep the two
tables parallel to help assemble the substrates. Thus, the top 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
walll 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-



- 19 4. The substrates assenbly apparatus of clainms 1 to 3, further
conprising a seal ring and nore than one ball bearing around said bottomch
anber for connecting the bottom chanber air tightly and horizontally
novably to 5 the top chanber. 5. The substrates assenbly apparatus of
claims 1 to 4, further conprising a substrate el evati on nechani smfor
lifting the bonded substrates before renpginag them or a substrate
tenporarily fastening mechanismfor 1o prevent substrate displacenent, a
mark recognition mechanismor illumnation mechanismfor positioning the
substrates in the bottom chanber, said nechanisns of which are integrated
wi th and novable wit h the bottom chanber and bottomtable. 15 6. The
substrates assenbly apparatus of claims 1 to 5, further conprising a fine

where. the top SNSHEEosELeBioa s U8 Abeibd B eRERELen e Sorel Bl Ot o
G2 top chamnr 506t IETobol Giff ind Mo Bibetii¥ bhls begr Boffile”™ “*"

et 2o o" TSRS AR P ibaPRas ol Al Thel, L
a controller of the substrates assembly apparatus commands that the door
5 valve 16 of the top chamber T2 open. The robot inserts into the chamber
the inverted upper substrate on its lower arm.

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



25 canera on said table for recognizing the substrate position. - 20 9.
The substrates assenbly apparatus of clains 1 to 7, further conprising a
canmera on said top table for observing the alignnment marks of the
substrates. 5 10. The substrates assenbly apparatus of clainms 1 to 8,
further conprising an adjustnent nechani smon said top chanber for finely
adj usting the horizontal position of thelda+d top table. 10 11. Substrates
assenbly apparatus conprising: a XY6 table on a base frane; a chanber for
form ng a vacuum chanber; a top table and a bottomtable for holding two
spaced opposite upper and | ower substrates in said chanber; and a driving
mechani sm out si de said chanber for lifting and Iowering said top table,
said driving nmechanismlowering the top table 15 to reduce spaci ng between

the tables to r ef ' r St f t
chanber and a %8‘?@5%%@%?@?‘%2@8'%‘5 ﬁ%ﬁﬁﬁoﬂs&%ﬁﬁgﬁeﬁ%fé Zuiodeasugﬁ
that the top CB%ggfe g@g%w@th%rghggg%_al ong said guide, said top table and

said top chanber are ~connected by a fastening nmechanism said top
chamber is nmoved bynha @merh BarrdPLPis foWerd®ubing thatrdveiy 4da8ireveriiéal

Substrates assenbly apparatus conprising: a XY6 table on a base frane; a
chanber for fogirgctitg @Z\teesasuedthestibistratd mark podittoranef the upper
5 substrate. Using the traveling axes in horizontal directions CX, CY, the
camera barrel 21 is then moved to the point where the center of the
camera barrel 21 matches the mark center position of the upper substrate.
The top table 2 is then lowered and the camera barrel 21 measures the
displacement of the mark positions between the upper and lower
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 6 axis driving motor 26, Y axis driving motor 29,
15 and X axis driving motor 30 horizontally move the bottom chamber T1 in
XY@ directions to roughly position the alignment marks of the upper and
lower substrates.
After roughly positioning, the ball bearings 34 are lowered. [f 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



2 5 bottomtable for

hol di ng two spaced opposite upper and | ower substrates

- 21 in said chanber; and a driving nechani smoutside said chanber for
lifting and lowering said top table, said driving mechanism | owering the
top table to reduce spacing between the tables to bond the substrates,
wherein, 5 said chanber consists of a top chanber and a bottom chanber, a
seal ring between said top chanber and-bdbt em chanber has stiffness | ower
in the horizontal direction than in the vertical direction. 13. A nethod
for assenbling substrates in a vacuum chanber consisting 10 of a top
chanber including a top table and a bottom chanber including a bottom
tabl e, including: applying sealing materials circularly on one substrate;
hol di ng on the bottomtable said one substrate on which a liquid crystal is

dropped 10 an aégioRbEMIR tRY upBEr 8R@1dVG JIBsRaleR! S ThBAIHE Abtarad e t Op

tabl e the other substrate opposite to sa

one 15 substrate; and reducing

spacing bet weepofdiz, 38 madr BOMcAEBRGID RS/ e Bbiib SeibérTer piskpbr at es,

sai d net hod conpri sing:

n bondi ng the substrates, lifting and | owering

only the top tgpdctionand finBRpobitiohthBRilighRRADeRrkd6f the upper ahdnbhesr,
T

connecting the top table an

top chanber with a fastening nenber and

lifting both tégbdticgies 0A¢$ dbs@ibeachbove, tHeasdaringfa5 o thebiodttarmchhmbber .
A Uy. AAN9. A9l . Asu& A & AL. A" u& AsN& A & Asu& AlLa. A" u& A99. AL& AL. AL&. A u.
A & A u& BL. A9Dtwhdeasigned such that when the top chamber T2 engages with the

bottom chamber T1, the fine movement of the bottom chamber T1 in XY 0

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 (0)). 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
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10%.t. & ()-Y 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 turned 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 substrates, 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
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34NAe444444dYNeBsel Bfate 7 down, the cylinder-driven lever 51 on the top chamber T2 is
inserted between the pressurizing base plate 7 and the fastening member
52 on the top chamber T2. Then the driving motor 10 lifts the top table 2

5 and top chamber T2 in the Z-axis direction. Thus, the fastening
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 b onded with high
accuracy under constant reduced pressure, and the top chamber movable
up and down can facilitate the maintenance inside the vacuum chamber.

25
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1. Substrates assembly apparatus for holding substrates to be bonded
opposite each other at top and bottom, respectively, and for positioning
the substrates, reducing spacing between the substrates, and bonding the
substrates in a vacuum chamber using adhesive provided on at least one
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
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 outside the top
chamber for increasing and lowering the top table in the top chamber,

said bottom table is integrated with the bottom chamber, and

a driving mechanism for moving said bottom chamber at least
horizontally relative to the top chamber is provided outside the bottom

chamber.

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

top chamber.

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

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

10 10 10s3
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a seal ring and more than one ball bearing around said bottom chamber
for connecting the bottom chamber air tightly and horizontally movably to

5 the top chamber.

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
illumination 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.
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substrates.

10. The 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 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 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
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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 stifiness

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 substrate 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.



